PROCESS FOR THE ANIMOKIDATION OR OXIDATION OF PROPANE AND ISOBUTANE
BACKGROUND OF THE INVENTION 5The present invention generally relates to a process for the
ammoxidation or oxidation of a saturated or unsaturated hydrocarbon to produce an unsaturated nitrite
OT an unsaturated orgapic acid. The invention particularly relates to a process for the gas-phase
conversion of prop%lvr?e%ﬂg 5rfﬂonitrile and isobutane to methacrylonitrile Kﬁg%ﬁ%%ﬁéﬂon) or of
propane to acrylic acid and isobutane to methacrylic acid (via 10 oxidation). Description of the Prior Art
Mixed metal oxide catalysts ha&@ﬁ&&ﬁse%?&%%@’fﬂmi% BFPoJARY to acrylonitrile and
isobutane to methacrylonitrile (via an amnYS&FRRA FeARRIAPEHEASEOr conversion of propane to
acrylic acid (via an oxidation reaction). The art known in 15 this field includes numerous patents and
patent applications, including for exampig.dkSrPaiendNepR fadieedQ Ushikubo et al., U.S. Patent

No, 6,036,880 to Kqmada et-al. Iler,e'ﬁt Fgg%%% A g%ﬁ%%gqgo Komadg eghal.mU.S.dPatent No.
6,143,916 to Hinago et aé., U.S pPaten?No. 0, 12 902 1o Inoue Iértméﬁsf L??S.GP%ténr?'}[ﬂAagBﬁcoétion No. US

2003/0088118 Al by KSHIAYA &t Al THE" PAISHERRDIATER NS BBEE1 SbESYE 4 Wi dfney et al., 20
and PCT Patent ApplicatisfNege g0 082 7Eeptinyaialrk sbueKab pslie aidhass-  Oxide ‘-
promoters such as niobresn ctetiarivmf amebamntimenylaiite stk avdheendntradaggadiinko (mixed metal
oxide catalysts for propapexasidafion gontaining MeN-Qiby-incipiantid Rpregnaianshmeial
isopropoxide solutigns, the jmpregnated catalysts 25 were then dried and calcined. Mixed metal
oxide catalysts have been surface-modified ti)y Q/ag\%grndﬁ%sgtrion of tellurium and improved catalyst

. Bse 0 Art P . .
performance was reported. Further improvement was seen when'a post-modification treatment with

oxygen was performed.  MEtantiriHESATBETG ahero HBREt < frofyBuaiat esmiound have
been added 30 as catdlystdetivitonrd totutasripoinddxidelcatapstoontditimgemtiybdeium, tellurium,
vanadium, and niobiunge: Eheeabalyshastatorigiadde dvio dhededaeiotafien Shinattimeoir stream in :
order to maintain catalys! agsivity:aés IaHdiNm LR RRURE ABRLAMARIS R Wh.coMmROYRd have been

added as a compensalie ¢IROUAY 0, A SR CAAYS) COBAINRG MAYAEEAUE yangdim, niobium,

35 and antimony. More generally, it has been known to add a m num compound to'a reactor
employing a catalyst cb’r%ra%ﬁ?@%ﬁ'oﬁ%ﬁé%@“‘a%ﬁﬁBluéﬁsa]c}ﬁ}%{ﬁ Sntdiits Habd Beehhikde in the art

in connection with cataiyStBagshaifiatf A8t sl Janddiarmiemigtienycald BHR&CBIfponents
effective for conversiomobpropane so:aandomitsicsapittisebutat®10aFethacrlohitrile rid.an ;
ammoxidation reacfion}aneriRELEESIRR & asrylisiasidand isobytangitemethaskylic acid (viaan
oxidation reaction) the gatalyst need further improvement before becoming commercially viable. In '
general, the art-known catalytic systems for EUCh r%acticn?jsuﬁer gom‘ ﬂc1;enera$ Igw yéelds of the
desired product Process §‘?ﬁ£{°&%‘ﬁﬁé&° i?_:]%{él? 3}?@1’(1 () ﬁ%rélfualnpraélaug?%%xd bé desirable. Also
desirable would be catéiyatethathaiadnmsibrstistapiity ihaerrs RS HERTERIBRS MAdst improved
resistance to temperattiyeritipéintationgisttheteastoscBuMNARons| T enenbudinmsirsthe present
disclosure providesa preacess facdheiasamaxidation or oxidation of a saturated or unsaturated or

mixture of saturated and unsgtirated hveiocarRan fRdsaduce.antiasasated D itkla.a8An unsaturated
organic acid, said procegg complising IOVIENO 3 alalslIANE SopIISng. A flesh gixed metal
oxide catalyst comprisir?g rrﬂiglyab enum, vana |uﬁ1, niobium, and at least one fement selected from
the group consisting of%??tfi‘ﬂ?i‘rﬁ}’%ﬂ‘?éﬁﬁ?ﬁfﬁf?tﬁ?@dv RIS BRI Catalyst comprising
molybdenum, vanadium, niobitsHwrimdattens ruieriskeienduidated Goprardigiotpredidisting of
antimony and telluriumaad aspedatmance-nmgdifie osetaategkironthiszgiolypieonsisting:af aluminum
compounds, antimony ¢omRAHRAS.EISeNIGCORRAURHSPRMEEAMRLILS £SHHB GRBROUNTS,

gem:minium compoundﬁg,%!g}%u ! eg?gnnggn%qggﬁa@glyc%g%num compounds, heodymium compounds,.
niobium compounds, phosphorus compounds, selenium compounds, tantalum compounds, tellurium

compounds, titanium compotrEL A GERI RO A AP PAISHT BB IR B & DA/ i compounds,
and mixtures thereof; andsostactiyadatursaee oyt reutinag ar Brdamiitu ranetivattiekied and
unsaturated hydrocarben: aitinaty. oxyg eenaentainggasnerwithian oxtygenweontapoing gas and
ammonia, in the presence of the catalyst mixture. In certain embodiments, the catalyst mixture
includes two or more performance modifier compounds, In a first aspect, there is provided a
process for the ammoxidation or oxidation of a saturated or unsaturated or mixture of saturated and
unsaturated hydrocarbon to produce an unsaturated nitrile or an unsaturated organic acid, said
process comprising: providing a catalyst mixture comprising a fresh mixed metal oxide catalyst
comprising molybdenum, vanadium, niobium, and at least one element selected from the group
consisting of antimony and tellurium, '



a used mixed metal oxide catalyst comprising molybdenum, vanadium, niobium, and at least one
element selected from the group consisting of antimony and tellurium, and a perfomaance modifier
selected from the group consisting of antimony (lI) oxide, antimony (lll) oxalate, antimony (TTT)
tartrate, antimony (V) oxide, antimony tetroxide, Sb6013and mixtures thereof; and contacting the
saturated or unsaturated or mixture of saturated and unsaturated hydrocarbon with an
oxygen-containing gastte Rt RHTG:AFERN-E SRR MgHE4MEI-ammonia, in the presence of the catalyst
mixture. The present distlogureatsenachides B:qprocess for théammoiidatitnefasaturated Or

unsaturated or mixturecgl(tgﬁggqﬁggmtgpm@&gd AAERCaRa0R:R REgUSE AN sRSatarated nitrile,
said process comprisirfl% ri%:os\{ulgigg a-cg}t}gl)(gta@%%@ﬁg%g&pg%@gng De%%@%g% QQ%@EP nselected from
the group consisting of aluminum @%pounds antimony compounds, arsenic compounds, boron
compounds, cerium coPBSTHEST GRVRIAI G /o Rh o AUE it ATEEm ATtne. ReBERfRilm
compounds, niobium cestipouiiesip ive prorkisaEoNReRTsthe cRritEnreshbdim ds Pl m
compounds, tellurium cermp Guiidsnditanider-BDMPOLEN GS gt StRNCORPO URESHYanasis m: compounds,
zirconium compounds, and MiKweshereoka-ssamikacmetaknde satalyst and a used mixed
metal oxide catalyst wherein said fresh an saigl1 Lésed cat; Ia/ssxtu%\re0 u%gmgﬁq%er{;ggg&gy A(ils((e)fined by the

empirical formula: MothbN%%?ﬁ'fe t PrWheremn X is sélected from the group consisting of W, Te, Ti,

Sn, Ge, zr, EIf, Li, and Assble s aeras ca=iesscfut r sromrre §raly BAKSHYSr B pr, lid, Sm,
Eu, Gd, Th, Dy, Ho, Er zfiia; Mipolved sasdtrmixtiaresndmnsofo@uitengintit G:@01 < b < 0.001 <c<0.25,0
Sd5.0.6,0e5 1; nis the number of oxygsmvedpirg required to satisfy valance requirements of all
other elements present in the, @g&%gﬂ&%@ﬁ@gﬁ@mw@gg@@ Pperegfibenthaialaments in
the mixed oxide can be present in an oxidation sta%e;ILO\g/er tharguirtas ctljgsgersatt id%tigg g}tg;[ ,a,b,c,d
and e represent the moPFFaT Bf th&EEHEsSonaing elemant 6 one mols of Mu: and Contacting the
saturated or unsaturatebyépasberuie BPIBIE ERSHSERTH ith &8l STt I HBEkb SRR MBnia and an
oxygen-containing gas icthe presehee pfdihdrgatadipdammtaresempiringraiesn bogdihment ol present
disclosure provides a prgessfanthesnunexdsaticansexidatun ahaSali atediardnsabsated or
mixture of saturated and unsaturated hydrocarhon (o preduce.an, yosatwated itile. aran,unsaturated
organic acid, said process coniprising: providing.a cat%%st mcixttfre com risint%??&t}y icatLInixture of a
mixed metal oxide catalfEE R B EHSHANCE oSy Wherein the mixed metar oxide catalyst
comprises molybdenumgroemesatisireabBImREE T 48 e aet She e fEnrSeRAdEH AoTTFtHEYroup
consisting of antimony and @ittt Wie néiring p evfomomrdn centiodifi erdnmetdstadsfriym the group
consisting of aluminum gg@p@gg%@n@m@aynegmﬁmdﬁnmmigaﬁwﬁmummmmmpounds,
cerium compounds, gerr&anggga&c%%&gg,g, JiRimLom <SRN B CRMRRHRLS, niobium
compounds, phosphorus cx:%’mpounds, selenium compoun O%h%ntmmgognopnou&%, tgﬂyxglil%m .
compourids, titanium cofipBIES, AR compounds, vanadium compounds, zirconium compounds,
and mixtures thereof; arriesesetirtHRRs toFREE s GRS r SERVPHixIEPa B s attiFRREY and
unsaturated hydrotiarbogxadthuanansgeis, cohthiring tasobmd/ntinde eaioditel ihmygEd and
ammonia, in the presencg gfihe salalystmidurssnrr=d heipiasenvHiselosye-alsaitnelyses a process
for the ammoxidation or oxidation gggﬁgo%@tgg Q{ﬂ%&;{g&%%@g@gﬁﬁ%@@

unsaturated hydrocarbon to produce an u satlg{;lts?d %rile qr an unsaturated prganic acid, said
process comprising: 3 cEASHFICERRENET Briposition and a performance modier to form a catalyst
mixture, wherein the catabystosethposition comprises a mixed oxide defined by the empirical formula:
Mor-V,Shi,Nict3CaLzOn  wherein X is selected from the group consisting of W, Te, Ti, Sn, Ge, Zr, IIf,
Li, and mixtures thereof; L is selected from the group consisting of Ce, La, Pr, Nd, Stri, Eu, Gd, Tb, Dy,
‘Ho, Er, Tm, Yb, Lu and mixtures thereof; 0.1 <a<1.0,0.01 <b<1.0,0.001 <c50.25,0d50.6,0e<
1; n is the number of oxygen atoms required to satisfy valance requirements of all other elements
present in the mixed oxide with the proviso that one or more of the other elements in the mixed oxide
can be present in an oxidation state lower than its highest radiation state, a, b, ¢, d and e represent the
molar ratio of the corresponding element to one mole of Mg, and wherein the performance modifier is
selected from the group consisting of aluminum compounds, antimony compounds, arsenic
compounds, boron compounds, Cent= compounds, germanium compounds, lithium compounds,
neodymium compounds, niobium compounds, phosphorus compounds, selenium compounds,
tantalum compounds, tellurium compounds, titanium compounds, tungsten compounds, vanadium
compounds, zirconium compounds, and mixtures thereof; and contacting the saturated or unsaturated
or mixture of saturated and unsaturated hydrocarbon with an oxygen-containing gas, or with an
oxygen-containing gas and ammonia, in the presence of the catalyst mixture. In one embodiment,
the present disclosure relates to a process for the ammoxidation of a saturated or unsaturated or
mixture of saturated and unsaturated hydrocarbon to produce an unsaturated nitrile, said process
comprising; combining a catalyst composition and a performance modifier to form a catalyst mixture,

wherein the catalyst composition comprises a mixed oxide defined by the empirical formula: Ivfo
\V/a<hbhlbaXecil 2D wherain Y ic calected from the aroirin concictina 0FNI1T7 Te Ti1 <n Cea 7r hf



DETAILED DESCRIPTION OF 1HL INVENTION  The present invention generally relates to a
process for the (amm)oxidation of a saturated or unsaturated hydrocarbon, and catalyst compositions
that may be used in the process. Such processes are effective for the anunoxidation of propane to

acrylonitdle and isqhutanggo yethagpdonitdle.ansiar far the cepversian obRrapaageaerylic acid and
isobutane t%%%‘ét ervlie acid (i an,oXidalion1eRClion):y1uiD GPe.RLMREE sRbadimeRiss unsaturated
nitrite is TR BRI essdncluding the-ammaxidation of g sathirated,orHRsalyatedqor mixture of

saturated and uns turat drocarbon and includes the steps of combining a performance modifier,
a fresh mlxearoxﬁ% catg st omposition, and a used mixed oxide catalyst composition to form a
catalyst mixture, anﬂ@dﬁ%ﬁﬁ@t étH%ﬁlBE%\PBB??WHgammonla éj an oxygen contalnlng gas in the
presence of the cat&[%thﬁ%ﬁiiénml?h@%@@ﬁftlﬁ%ﬁ’ﬁﬁﬁlﬁm §B © moxwlaﬂon or

oxidation of dskiuratERRdt SR Sled TRt &%&@Fa%‘dl%ﬁanﬁ’ﬁ %?%@ﬁl bon to
produce an UEHETEted nitrile or an unsaturated organlc aC|d Fﬁeocess cqQm smg providing a
g r;%‘ﬁ“

catalyst mixture corﬁﬁ?ﬁq num, vanadium,
niobium, andaphExE: B %&?F§M{?ﬂgﬂiﬁg%p§%‘ﬁg8ﬁglg nglaﬁ oBS & lurium, a

used mixed FHAEIBRHAEE atalyst co rlsm m lybdenum, vanadlum nio |um and east one

element selected frérﬁ gp"i %W?eﬁ?ﬂfbs ﬁ ngfldt ce modifier
n
8

selected fronPTH& g% Atis ARG Stpauhds ar.’éenlc
compounds, B rmamum m ogera
neodymium compod‘t“?HEa a@tﬁaﬁ %Bﬁ ap 3% ico% Or corﬁé}oﬁn l%,dnlum cor pounds
tantalum conBEHRRRE %Igﬁ g}ﬂ% %m?t%ﬁﬁ?t gro%lpouna %ungsflen A compounds, vanadium
compounds, ZREBARATL I BEERTS, AR Lﬁesn%nereof and contacting the saturated or unsaturated -
or mixture of saturated and unsaturated hydrocarbon with an oxygen-containing gas, or with an
oxygen- containing Gaspemahiabrentalinithiadsre seree bf thicremenifstioppdafavated As an embodiment,
the catalyst mod {},Jfﬁte%e@%%&,f[@gﬂ Be-prauRLonsisting el AluRRL® B!&E@E% Alumina, antimony(lll)
oxide, antlmony %oxalate antlmoné/ (mz tartarate annmon%% nu)%i:r antimen IVA tetroxide, Sh6013,
arsenic(lll) oXigE™E )s('“f)’m SrArsenic acre, rgoror% 0X oric amd gerie- ammonium nitrate,
cerium acetat@@%@?ﬂarﬁﬁﬂ}aﬁx%ﬁ‘af?%?dﬁt@e c%‘ﬁ’ﬂrﬁ?i%ﬁfe"hﬁﬁ‘ﬁ‘ﬁﬁrﬂ?}?ﬁffwgomde lithium oxide,
lithium hydroxigiendithitsmmacetaterskithiurrmmritrate, Heriurrrteperate, srmrrorPeRiGhium oxalate, niobium
oxalate niobium oxide, phosphorus pentoxide, ammonium phosphate, selenium dioxide, tantalum(V)
oxide, telluric acid, tellurium dioxide, tellurium trioxide, rutile titanium dioxide (TiO2), anatase titanium
dioxide (h02), titanium isopropoxide, 10 TiO(oxalate), tungsten trioxide, vanadyl oxalate, vanadium (lll)
oxide, vanadium (V) oxide, vanadium(V) oxide, zirconyl nitrate, zirconia, and mixtures thereof

Further as an embodiment, the catalyst mixture comprises at least about 0.01 moles of performance
modifier per mole of Mo in the total amount of fresh and used mixed metal oxide catalyst. In another
embodiment, the present invention comprises 15 combining a fresh mixed oxide catalyst and a
performance modifier via wet impregnation. As an aspect of the present invention one or both of the
fresh mixed oxide catalyst and the used mixed oxide catalyst are prepared by using a
non-hydrothermal synthesis method. Futther, the present invention can comprise physically mixing the
fresh mixed oxide catalyst, the used fresh mixed oxide catalyst, and the performance 20 modifier;
wherein said step of providing further comprises the step of pre-mixing the fresh mixed oxide catalyst
composition and the performance modifier. Moreover, the present invention can comprise the step of
heating or calcining said catalyst mixture. In an embodiment, the fresh catalyst composition
comprises a mixed oxide defined by the empirical formula: 25MoVaSbbNbcXzLeOn  wherein Xis
selected from the group consisting of W, he, Ti, Sn, Ge, Zr, Hf, Li, and mixtures thereof; L is selected
from the group consisting of Ce, La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and mixtures
thereof; 0.1 <a51.0,0.015b51.0,0.001 <c<0.25,0<d<0.6, 05 e <1;nis the number of oxygen
atoms required to 30 satisfy valance requirements of all other elements present in the mixed oxide with
the proviso that one or more of the other elements in the mixed oxide can be present in an oxidation
state lower than its highest oxidation state, a, b, c, d, and e represent the molar ratio of the
corresponding element to one mole of Mo. In an embodiment, the used catalyst composition
comprises a mixed oxide 35 defined by the empirical formula. Meg VoShbNbcXeLsOn wherein X
is selected from the group consisting of W, Te, Ti, Sn, Ge, Zr, Hf, Li, and mixtures thereof; L is
selected from the group consisting of Ce, La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and
mixtures thereof; 0,1 <a<1.0,0.01<b<1.0,50, s ¢ 50.25,0d S 0.6, 0 Se < 1; n is the number
of oxygen atoms required to satisfy valance requirements of all other elements present in the mixed
oxide with the proviso that one or more of the other elements in the mixed oxide can be present in an
oxidation state lower than its highest oxidation state, a, b, c, d, and e represent the molar ratio of the
corresponding element to one mole of Mo. 10The present invention also provides a process for the

ammoxidation or oxidation of a saturated or unsaturated or mixture of saturated and unsaturated
hvvdroecarbon to nrodiice an 1ineatiirated nitrite or an 1ineatiirated nraanic acid <aid nroceacce

c{lthlum colgtpounds



oxide, vanadium(V) oxide, zirconyl nitrate, zirconia, and mixtures thereof. = As an embodiment, the
mixed metal oxide catalyst further comprises at least one element selected from the group consisting
of lanthanum, cerium, praseodymium, neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, 5 thulium, ytterbium, lutetium, tungsten, titanium, tin, germanium,
zirconium, lithium, and hafnium. One or more of the mixed metal oxide catalyst and the perfomance
modifier comprises a SEPEERTS e SRR mtHE Y AP RBASI ST R FF Sic 52t iha "Hh&Bhia, titania, or
mixtures thereof. Alsogdiagocatalysorixter cosprrndm pasaint |caspainéut Buelmolesrofggerformance
modifier per mole of Mglﬁmgmp@mm%m%m@ﬁ%m&&meﬁﬁm&e&ay@mﬁgn, the step of
physically mixing comglrr[;sc}gts m:izéin &&%M&m%%%j%ﬂg@@@kg@gc%f%@ance modifier.
iné

In an embodiment, the mlxélaime oxide catalyst comprises a mixed, oxidée de by the empirical
formula: Mo VaSht,NbBSUPESh 5L AEFE RS SHEER St o thE o8 G E8raRtRg S Te, Ti, Sn,
Ge, Zr, Hf, Li, and mixtiesdsatiadeireids brovteofimiie group consisting of Ce, La, Pr, Nd, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and mixtures tharesfsab&a.£.1.0, 0.01 <b < 1.0,0.001 <c<0.25,0
<d<0.6, 0 Se < [; ais the numbekaf Mxaerriansreguieg:ie satish:valance.requirements of all
other elements present in the mi ecge%idg with the 20, provisq that.one or rﬂ%){:g ffi thg efher elements
in the mixed oxide can®Be Bresent in an oxidaton state lower than its highes oxidation State, a, b, ¢, d,
and e represent the m&&r Ry FFthEcBfreh SHAM BIEEAETRoAd mbRe b h! = Ad4n
embodiment, the ammosidatios bEa &tdraldd of urshuiatererye i v Bh ST atelrdia unsaturated
hydrocarbon, wherein saichsiepnef egitagtingoteinisesnmeqniaet dgithexsatwatedior tansaturated or

mixture of saturated ang unsaturaies BydracarbeR-Wilh. AW B eRiaADCAR.AXY 86 BrEARIRAIRING gas in the
presence of the catalyst mixture. Aqhas eﬁtigf the invention provides that tekge dt@é Qgéred metal
2 . S

oxide catalyst is prepafBFBYE REARY T H8dish

a?hgrn‘%aﬁg%lt%tetsls meathod. (‘ﬁdd"‘itlona ly, an embodiment of
_ the invention provides it ¢ prFSReAIEAISAIT b MbReE NS PPERFEH SR ST B ftially calcined
dry mixed metal oxide eatatystamndréxperfdrrrarictambeificrid opdraarrix i samddermpiemcomprises
the step of calcining the,mixitee 3 Reriotnreee-dadifietlys dikeuperformance modifier may be
mixed with the catalyst prior {0 introduging the catalyskiniQ. fRARIQN RIS RIHNHE SHhedipents, the
performance modifier is a compound or a Qwixture of cgp&oggg%ﬂs%lpc&%gagargrar}&h%%ro%gdconsisting of
aluminum 5.c:ompound§’f‘§?ﬂ‘f’r’i‘1cﬁ‘ﬁ)/a(:f)a“tn‘”ln'ﬁ%eun%is‘,Ll arsenic compounds, boron compounds, cerium
compounds, germaniurhvémaTiebirtel STORPEIF BTG FETTR A 130 SR EH PBTH IS B8y mium
compounds, niobium casapet aasphesplvris compon msnsefemtnre GrapoirAdsemtaidm
- compounds, tellurium compodRaStitaRFHGAIPREHSyHRGAIAG, compo trdsaanadiwiicompounds,
and zirconium compoungs, In gne ot saois.A0.embadinmentsyihe Rerformarse madifiermay be
_supported on an inert support includin%s?sut no; Q%%d tg giltie% 'tita}nsi% .%%i%wiﬁmé%gg, thereof

Examples of aluminum EBW\&?UWiﬁC Se & fimmum ni rate and alumina (Al203). Examples of
antimony compounds inehiésaistieelenis? GXaaede HHm GPRF s Ao 8 ERE" AtTREMT TR 5P s, Specific
examples include antimesnyt)oxidepantimpmyds | PaBrosaiaeandsn SFTR St REB R
antimony(V) oxide, antinmatettoxsdentsShiRdgurind bbiidn Examples, ohalsenicegmpéunds include
arsenic(ll) oxide, arsenic(V) oxide, and arsenicacid, Examples otheren compasids-dieiude boron

oxide, and beric acid...- =~ Examples of.cerium co oungS incLlégneoggg e @&g&g&iug@ﬂ&@&g, cerium

acetate, cerium(lll) oxal&E IR ate "G cefiumil V) oxide, Examples of germanium compounds 20

include germanium(1V) cieheimxemmmesotIR FErFEShTRbu IS IRATRR REHATHR R SR T hium oxide,
lithium nitrate, lithium acetatemenet kitiand it ateturated Exdaprshes w0 FHEENEFTESHRBBURIS include
molybdenum (V1) oxide (Motd )y Rrunanisnhepiameiaateapemelyhikcascie. mxamples of
neodymium compounds includg g5ody iycﬁﬁs%u)agm%igu%s Dgadmibm AR aaRnSAIM (1) 25
isopropoxide, and neodymium acetate rate. Examples of niobium compounds include
ammonium niobium oxal%é, ?ﬁFé’BWoYEF&Fgwédn" ﬁ?%%ﬁrﬁposﬁmtfg _mglf_g?garﬁmgg%%ﬂf) ”aoré%%rus
compounds include phosphisraspemesiss Biemn SrrEh SEHa M SR AREE SPeaTshum
compounds include selenium dioxide. Examples of tantalsm Compounds include tantalum(V) oxide.
Examples of tellurium 30 compounds include telluric acid, tellurium dioxide, and tellurium trioxide.
Examples of titanium compounds include nitile and/or anatase titanium dioxide (Ti02), titanium.
isopropoxide, and TiO(oxalate). Titanium dioxide is available as Degussa P-25, Tronox A-K-1, and
Tronox 8602 (formerly named A-K-350). Examples of tungsten compounds include tungsten trioxide,
tungstic acid, and ammonium




35 tungstate. Examples of vanadium compounds include vanadyl oxalate, vanadium (lll) 9 oxide,
vanadium (V) oxide, ammonium metavanadate, and vanadium(V) oxide. Examples of zirconium
compounds include zirconyl nitrate and zirconia (Zr02).  In one or more embodiments, two or more
performance modifier compounds are employed, The modifier compounds may be added to the
catalyst mixture 5 simultaneously or sequentially.. The modifier ¢ ds may be pre-mixed or
added to the catalyst rﬁ‘?ﬁﬁl?ﬁﬁc?ﬁﬁﬁf}iﬁqﬁmmc’f‘%&n@%ﬁ%ﬂﬁ%re“ﬁ%%#e% Lé%r Srmance: [r)’ﬁ%néifier is a solid
that may be physicallywhisetl SritbeeiisiseepeieeceBBlRt foiirGFee kiR shp&ifsrmiite. The
performance modifier may:Be heat treated or mechanically treated, including for example by grinding,
10 sieving and/or pressing, prior to use in the PiacessaftheRgsent invention. In other
embodiments, the performarl%eﬁﬁo)glpg_gg@m%%bg ﬁ%{ﬁoﬁ%ﬁd ‘”g%ﬁ??i?ﬁ?gn% ﬁs,lgrrrﬁft,tﬁt may be used
cata i the sr%n

to impregnate a mixed oxide yst’composition performance modifier, The amount of
performance modifier truTSErRA&HEE6 e CHERISTom HE BIP AEF TR p AT fiEar Bt i one
embodiment, the amouft, akparicimnaneumbdifienthmxpecesioredstlss erhd bt mbled 8f the
performance modifier pgfpmele<of malyhdenym kethei iatal amaaibeef regh aneusedradixed oxide
catalyst In one or more cbogenis e Gela LI B AADRIISER Bk IRash ahaul g moles

performance modifier per mole of molybdeqtt;nrythrértré:esgn%rgt}ggr egab% iments }_ngnggnt%lyst mixture
comprises up to about PE DT TS hance hadmer per mole of molyb ehum in the total amount

of fresh and used mixedrsxine BEEARREE. G GRBIERR LSRR ER TR ca ta R A A RS §MBAkES from about
0.01 to about 1.0 moles=gerdomaancammddifidepar moke ahancil/bidermndrnhiriafsthefenbidiment, the
catalyst mixture compriggs:#0m aboutk 04 Jnto ahgitasmapdhinyeaimnoihesembodiment, from about
0,012 to about 0.2 moles perloimance madiie Ser DAl abbHeRum e eialamount of
fresh and used mixed oxide catalyst.  Also, nerform nce modifier féjrther. comprises aamolybdenum
compound. The perfornieafdifFEaf EBMprise antimony (i oxide, antimony (1) oxalate,
antimony (I1l) tartrate, aptimbeyf\ Foderedan e te‘ﬁ%‘?Rfé‘%Sb‘B’G‘i‘g? g &FTRSHEM de, telluric
acid, lithium hydroxide, eigeni (Byiexideeraniixttrethercofrdddn anmefivodimertitie
performance modifier c%ggmgmgm&phﬁ[%@&g%@a&w&ﬁ%MmMiBﬂﬁlﬁkyz(drhlx):dartrate,
_antimony(V) oxide, antimon& Jetraxide, < b69%%hgga@e&%%%gg@@ifaﬂwm&r?ggQjc;e modifier

~ can further comprise a t&IffIM compou_n?f. As an embodiment, one or more of the performance

modifier, the fresh mixed SR BHAFGSIERTA 510 81 ARTIRE (s Ba P ATse Tetal oxide catalyst comprises a
support 10 selected from the GrowrobreiishchesrmaisIReaHI2 B AAASFHiilfes thereof. Mixed
Oxide Catalyst Compositigactiagiimpf aved:pedcessehthed e Sertinvd sivritizsdppitatieh for a
number of 5 fresh and uged mixedOxidaReMaxaation ARtk OxidaieacainlBhgompoisiigns. As used

herein, the term fresh catalys'gc refergﬁoﬁc&@w&%@&gﬁﬁp@)%@gg%g leateastanfegdstream. As
used herein, the term usceﬁglgsatéﬂvg? rg?ers to ,catalxs_t hat dh sJJe-ebn gxposed to a reactor feedstream.
In certain embodiments, WEYRESREH O ST RStAIVSIS ave %ﬁ%n%% &nitial composition, and in other
embodiments, the initial compositions of 10 the fr%ﬁ‘éﬁﬁ%@ﬂ‘@&talysts are different. The description
hereinbelow of the mixed oxidegadalyst etepidsiticheamaitensieprifiohctAbigoFarsiiEs té both the
fresh and used catalyst composifions ofthe: pErsentriy ety contiiapef eabodimentthBunixed oxide

catalyst composition com riseSéandvbgre%W@ﬂaﬁgwwpyng@g Qne9hbeth ef,antimony and
tellurium. In one or 15 m&fe Embodimerits, the mixed oxide catalyst further includes at.least one
element selected from th&§ioap 28r%iStmY oF falthamum™ cefam. praseodymium, neodymium,
samarium, europium, gadﬂmﬁmﬁpwmm%@ﬁﬁ?ﬁﬁﬁﬁﬁﬁﬁ%ﬁmﬁﬁmﬁ%ﬁ%&%ﬁ%, and
lutetium. In certain embogingptsathe catalyst compesHioratdy fnohité atide st retEEie?t selected
from the group CO”SiSti”QQ%E%{r‘Q&L%ﬁo%%H%m oliRARIRtB: AR-0ENMARiE: Bseenium mand hafnium.
As used herein, "at least one element sele%[%qe Jrom the aroup. ..+ 9¢ "Alleastone lanthanide selected

from the group ..." includ &R RhHEEEBPe mixtures of two,or moye, of the listed elements or
lanthanides, respectively modifisoiiesititiodiReHt, BRF FoBEIrBIthE Trash and used mixed oxide
catalysts comprise molybdenum, vanadium, antimony andiobium, and may be indépendently 25
defined by the empirical formula: M o VaSbbNbtXdLe0"



wherein X is selected from the group consisting of W, Te, Ti, Sn, Ge, Zr, Hf, Li, and mixtures thereof,
L is selected from the group consisting of La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, 30 Ho, Er, Tm, Yb, Lu
and mixtures thereof, 0.1 <a<1.0,0.01 <b<1.0,0.001 <c<0.25,0<d<0.6, 350 <e<l;and nis
number of oxygen atoms required to satisfy valance requirements of all other elements present in the
mixed oxide with the proviso that one or more of the other elements in the mixed oxide can be present
in an oxidation staé_g lower @g@&gé@g@p&t Qsidatien siale @Jﬁ%&u@; CaebhnARiEh € represent the molar
ratio of the cor?espondlng 5 eIemen to on mole of Mo. ds m ne of more gmbodlments where the
catalyst cor‘??&?gﬂ?&hs Q%m’ﬁn in AR EMmoxioa o‘ﬁ] focess, X ma;g be Selected from the group
consisting ohyihTes Torgeundiy, ZfﬂGWleéWG“ﬁ‘FFxtu*Fgg‘lfﬁ’eré?ﬁp?ﬁngfheF]@m‘%d|ments X may be

_ selected fromuifengsoufraonsistimepoiyV, thesd, Swm@endd, Hnakhmperresdhereof. In other 10
embodimenjs of:the catalyst cempestions.sesaiheday;tire akave empitisatdormulas X is one of W,

Te, Ti, Li, or Sn. In other emfodim u%%roééfh%&&t&%t&ﬁmﬂmgﬁddﬁﬁs%eﬁibythe above empirical

formulas X 1§ mere Th’one or more embo diments, where the catalyst compositions are employed in
an ammOX|cfaﬁ%ﬁ“E?r€éé‘§§wEr?fF3§fBEﬂ§e%tﬁlﬁ'éto"'ﬁ‘om the group consisting of La, Ce, Pr, Nd, 15 Sm, Eu,
Gd, Th, Dy, Ho, Er, Tm, Yb, and Hu. In other embodiments of the catalyst compositions described by
the above empiricahforngedasd LaipRd, lihisrdlds bisvEind laipEaets ifoGdhe. minaidatioy, ¢fis Ho, L is
Er, Lis Tm, bxiginant & isduathdl othersahadih entsof the ca?tadmw@mp@éltm@d@é@ﬁlbed by the
above empiticatiesrulas, isduae ok Ndsheaedniflinotherestiodiek ntgaf thecthtalyst

' composmon&gg@@rg@ﬁ%ﬁmﬂge above empirical formulas, a, b, ¢, and d are each independently within

e Jolowing rangeg 1 5 P 5030 350,308 LBaldst ahde Qo ffinOeQfotitie0. 1 < b, b
<03,b <06, el s % ﬁ&} B e 0 M S 85eB50 1, C 0,15, 0 < 0.2,
<0.25,0< 5f 000 e 0002811 0004 e B 59ER0G:1 650 Bbmhire 2002, l < 0.05, <
0.1,d<0. 2 sz tmo ant o%y @tgﬁuﬁuilp ar. %&Q@%c%&@z%mﬁénﬂb&iﬁﬁs]sﬂeaﬂhe catalyst of
the present i ven 10 Oqlglﬁ%ﬂﬁ@,r{m eumg@ytgﬂjbgame @gfafyﬁiymay comprise a
support or \A@{fm%l %@gﬁg%@ﬁ%@@lm{g@g@hg@@{ymlna zirconia, titania, or mixtures
W

thereof. Ho hen zirconia or Mania are used as support materials then the ratio of
molybdenum to zircopiwnkeridanitipringreases over the values shown in the above formulas, such
that the Mo to Zr OchhEQétﬁng@@Eﬁtafﬁﬂeab@uhaaﬁxﬁﬁédb@mr{dmagqsmaﬂmm&@bmder for the
catalyst resulingdmhaifer anckmeieatittiongesistant thtalystykiowentriviog gesrmercial
applications, apmaREORY Btebiendob bothche getvietptmse (i.e. 35 the complex of catalytic oxides
described above) and the support is helpful to obtain an 12 acceptable activity and hardness (attrition
resistance) for the catalyst. Directionally, any increase in the amount of the active phase decreases
the hardness of the catalyst The support comprises between 10 and 90 weight percent of the
supported catalyst. Typically, the support comprises between 40 and 60 weight percent of the
supported 5 catalyst. In one embodiment of this invention, the support may comprise as little as about
10 weight percent of the supported catalyst. In one embodiment of this invention, the support may
comprise as little as about 30 weight percent of the supported catalyst. In another embodiment of this
invention, the support may comprise as much as about 70 weight percent of the supported catalyst.
toMixed Metal Oxide Catalyst Preparation = The method of making the catalyst to be used in this
invention is not critical. Any method known in the art such as but not limited to hydrothermal synthesis
methods and non-hydrotherinal synthesis methods may be used. In one or more embodiments, the
mixed metal oxide catalyst may be prepared by 15 the hydrothermal synthesis methods described
herein. Hydrothermal synthesis methods are disclosed in U.S. Patent Application No. 2003/0004379 to
Gaffney et al., Watanabe et al., "New Synthesis Route for Mo-V-Nb-Te mixed oxides catalyst for
propane ammoxidation”, Applied Catalysis A: General, 194-195, pp. 479-485 (2000), and Ueda et al.,
"Selective Oxidation of Light Allcanes over hydrothermally synthesized Mo-V-M- 20 0 (M=A1, Ga, 13i,
Sb and Te) oxide catalysts.", Applied Catalysis A: General, 200, pp. 135-145, which are incorporated
here by reference.  in general, the catalyst compositions described herein can be prepared by
hydrothermal synthesis where source compounds (i.e. compounds that contain and/or provide one or
more of the metals for the mixed metal oxide catalyst composition) are




25 admixed in an aqueous solution to form a reaction medium and the reaction medium is reacted at
elevated pressure and elevated temperature in a sealed reaction vessel for a time sufficient to form the
mixed metal oxide. In one embodiment, the hydrothermal synthesis continues for a time sufficient to
fully react any organic compounds present in the reaction medium, for example, solvents used in the
preparation of the catalyst or any 30 organic compounds added with any of the source compounds

supplying the mixed metal oxide ¢ ition. The source compounds are -
reacted in the sealed reaction vesgé%%ri%%r%%gg gfgﬁw aa%d at a pressure greater
than ambient pressure. In of&SRFBUINEHE ERCOU EFED NP STHTES Br AR Scthled reaction
vessel at a temperaturexofagt loast352d ouirtRS @, ndarsivrtrompsidimbamtydtamspérsiure of at least
~ about 150 C, and in ygtaastkemerbedimenimtadan peratieiaiat epgopeus 1fhdmimn one
embodiment, the sourcg compaunds ate.raaaied indhe:sealedreaction yesas! ata-pressyre of at least
about 25 psig, and in angther embodimentléat a ressuredggogtrégc%'?j%about 50 psig, and in yet another
embodiment at a pressiifa ST AR SFABBUT 150 paid” iR one of Moré 5 embodiments, the source
compounds are reacted in tHé §BaRITEECHBIPYREES A PrEdstf oI upRFShdt 3PSy, Such
sealed reaction vesselsushaiind éreguippadtinithia prossdrer comraitetovicetorawbishiowed préssurizing the
vessel and/or to regulatgthe: rRactinp.prese exithe GOLESS L ompaipdHTaybesereied, By a protocol
that comprises mixing the, 10. saurce compounds.during:he.Leastion sket.Jdihe Laicuar anixing
mechanism is not crltlcng, and can include for exa”mlg)k%H rgl in ()e. .,,tgtlrrln or agltatln .the
components during thef?g‘éléﬁﬁfﬁ}%r&‘ﬁ?‘%’haengt?\t}%mrﬁ’eﬁ]o?j.éﬁ"(%‘ r%ngmoc?? hcude, foredample, agitating
the contents of the reactigineses/infe Bxemp R B SRARIRTtinbling or oscillating the
component-containing reactiohe yesselinSushr methicds pisesiietiganford&exampidastradirg by using a
stirring member located alleas) padiats it hindheraactinn massehandandrvingdokcaantpled to the
stirring member or to the (I%Sa&ggirg vaseelio.Riuide relative metion };‘gg\gg@%g}g@jg;ggépgmber and
the reaction vessel. The stirring member can.be a s aﬂ-driyegl %%Oggggf'g%gygo&%%%irring member.
The driving force can bé A8kl B8tBfe T8 HE Stitring mamber oF can be indirectly Coupled to the
stirring 20 member (e.gnokbémEgnERepHAR T AR FHXFR) FEBRBTEIRP ST oM 1o B for efficient
reaction between companesisgofftheireartion wiedunmm: ard wxormeEimede RiFhsyemeosiszreaction
medium (e.g., and resulfjng,iA-m L8 Femaganeg usdixrek et adimdaiesacestiBat) Bs gampared to an
unmixed reaction. This may resuylt ggﬁ@%[f Sificient.consunpiiannfsfarting.malerialsandin a more
uniform mixed metal oxide pro%luct. 25 |xm%r£he reaction medium during the reaction step also
causes the mixed metaBBXRIEBPERET B TBIM In SoTaton rather than on the Sides of the reaction
vessel. This allows mor&oremdyrecsde rseay e SEFRLRb FOPHRET SEEMETa B3t SRRty
techniques such as centifugation  cdepamtationgtrdilwratmmdn d Rigeithsugh earpotfs. rédover the majority

of product from the sideg,of the:reasiany esseluld Enasdvaiageats -havisgridmies:36 metal oxide
form in solution allows fg{) %réz';%ls? rowth %gnﬁjg‘jg&egiggmg RadicledatherfanLnhedinied exposed
faces when the growth occtrs odt from the reactor wall.di o %5&95”&@4(%}(&??'2%‘9'% {0 maintain some
headspace in the reactof*&#s<H. SR PRSP ro1‘“ﬂseatéffllv’sepace may depend on the vesse 3esign or the
type of agitation used if tydrsesiptiorifniRUrES BETHEE® Fy h At Stif P HERRARBIF 0B S8 2TDr example,
may take 50% 35 headspaasnid oiealtysche didadspaseisdiled with ambient air which provides some
14 amount of oxygen to the reaction. However, the headspace, as is known the art, may be filled with
other gases to provide reactants like 02 or even an inert atmosphere such as Ar or Nz. The amount of
headspace and gas within it depends upon the desired reaction as is known in the art. 5The source
compounds can be reacted in the sealed reaction vessel at an initial pH of not more than about 4.
Over the course of the hydrothermal synthesis, the pH of the reaction mixture may change such that
the final pH of the reaction mixture may be higher or lower than the initial pH. In one or more
embodiments, the source compounds are reacted in the sealed reaction vessel at a pH of not more
than about 3.5. In some 10 embodiments, the components can be reacted in the scaled reaction
vessel at a pH of not more than about 3.0, of not more than about 2.5, of not more than about 2.0, of
not more than about 1.5 or of not more than about 1.0, of not more than about 0.5 or of not more than
about 0. In one or more embodiments, the pH may be from about 0.5 to about 4, in other
embodiments, from about O to about 4, in yet other embodiments, from about 0.5 to 15 about 3.5, In
some embodiments, the pH is from about 0.7 to about 3.3, and in certain embodiments, from about Ito
about 3. The pH may be adjusted by adding acid or bage to the reaction mixture. The source
compounds can be reacted in the sealed reaction vessels at the aforementioned reaction conditions
(including for example, reaction temperatures, 20 reaction pressures, pH, stirring, etc., as described
above) for a period of time sufficient to form the mixed metal oxide, In one or more embodiments, the
mixed metal oxide thus formed comprises a solid state solution comprising the required elements as
discussed above, and at least a portion thereof includes the requisite crystalline structure for active

and selective propane or isobutane oxidation and/or ammoxidation catalysts. The exact 25 period of
reactinn tfime ic not narrowhy eritical and can inchhiide for eavamnle at leaact ahniit three hnotire at laeact




provided to the reaction vessel as aqueous solutions of the metal salts. Some source compounds may
be provided to the reaction vessels as solids or as slurries comprising solid particulates dispersed in

an aqueous media. Some source compounds may be provided to the reaction vessels as solids or as :
slurries comprising solid particulates 5 dispersed in non-agueous solvents or other non-aqueous '
media.  Exampl&P3FEEHER compounds for synthesis of the catalysts ¥ #8%s B herein include
the following. Examples of lithium sources include lithium hydroxide, lithium oxide, lithium acetate, 5
lithium tartrate, and lithium nftf &t B3Rt biorapriaandifirstristsd v de vampdyisstitiateé, ammonium |
metavanadate, and vanbiehigwm \iretzicdntiG: Eseirmpte 81pbeidti momssounces g uglenantimpny (111) oxide,
antimony(lll) acetate, antiasgRyitoxalateiantineRY d)-exde: 8 N!IRQRY(HY ég&@gqssggg,?ntimony(lm 5

tartrate. Examples of nighium.sauiges iRkdg oM xalaie . ammenium, piobium oxalate, niobium
oxide, niobium etho>§|d% QBQ @Boblc augl. TU”,%%?QXSESWCF‘S include ammonium méatdtungstate,
sou

tungstic acid, and tungsten f tr?é%%ee; %ﬂ effcivitim Sourcas mAtaatafitne gi; Ehtmumittoxide,
tellurium trioxide, orgariG BB ColTiBn AtRe G Eiaa Fietry ity st dimethyl nobiTitanium
sources include mule aridisT: anbitasexitetnitinhviosidie. ERigRgrtitaritidsopropexidgchitd(@xalate),
TiO(acetylacetonate)2,seladktitaritide, alkexide complexes; Such-asihyzehkid kolilapiwm.doxide is
available as Degussa Rsg «Lrano¥ifal trahd 20.17 900X AA0R:lormes v named AK:330). Tin
sources include tin (1) ?&ﬁ@%ﬁt&‘ﬁf@s@@ ms ULCG%%PQ}MQ,:% g/aegggggi%(lw doxide. Zirconium sources
include zirconyl nitrate and zirconium I\/,Lg oxide, ﬁa ium sources may naiude’ %’fjﬁ‘fﬁ}rﬁ%) chloride
and hafnium (V) oxide T ShiAZRUR Lot daL U dE R s il M eHeTRse9Rnthanum (I11) oxide, and -
25 lanthanum (111 ) acetate hifeessGarnvrédouroale sehive rearemsityichleridet ebsitimolll) oxide, '
cerium (I1l) isopropoxidesiand eefiuim:{ raddiate-hydrie Meraseodymnididsareas nelude
praseodymium (IIl) chlesida, suiasaasy i (th MoRxide araseady mikm (Hisapangxide, and ?
praseodymium (I11) acefate; ivdrate, Neogymiym,sourges inglude neodymium (1) chioride, neodymium

(111) oxide, neodymium (lIl) 30 lsopro&)omde, and neo lymium (Il1) acetate hyrarate. Samarium sources
may include samarium [Ty FRICAE P IAE AT SR LGRS E5 b s%ae 24ffd samarium
(1) acetate hydrate. EGFBPRIATSHrEES misstiAtice BUf oA Shlstitea avroplenthe(ity oxide, and
europium (lll) acetate hydhate. ris@ddlifitirer starpesmayemclude gadelirighysithl)ychiekiges.gadolinium
(HI) oxide, and gadolinin (hike@ceiate.ah Ay deaiesd TRER IS QuIEEE MG d tebikrMlh.chloride, 1
terbium (HI) oxide, and,feiilin 1641 Aceiate Rvsrate:, RYSRIGSIHE SQUSes AV icluge dysprosium
(1) chloride, dysprosmglsg Irlgb%lgg.,dg)ég%{og,lc%m QI'Ii)) gglpdrgg)oxuiie, and dy Rrosium Illj acetate
hydrate. Holmium sources may inciude Retmitim iy chloride? fioimiim Ui oxide- shahBfmium (it
acetate hydrate. Erbiurfr S8t RES RSP hiemRIEcarb i b Emor ik indmiarhc sy wikiere, erbium (111)
isopmpoxide, and erbium (IllraetatecfiyyrateeThrglivnaisurcesesiay irrolatresthubiinm (tH)ichloride,
thulium (HI) oxide, and détakiging g¢ymmcatsitedmtrate. Ytterbium sources may include ytterbium (111)
chloride, ytterbium £4I) oxide, ytterbium (lll) isoprapexddenand yiterbium (lll) acetate hydrate. Sources
oflutetum may include lutetygg, 1) Pl WU, @K, QPG istum () agefate hydrate.
p S.

Nitrates of 10 the above listed metals may also be employed as source compoun The amount
of aqueous solvent in tA% FRARFSIPRSHIrS TSI ARP iR RaEsIB et b e Ko tfeéompounds
combined to form the p&ttiéblal rmiketrmetal byigerd netsisictries bhddous $dvert sRddid at least be
sufficient to yield a slurpyoga st .of sdlids.aridguids whiehisiable teybe: stivadjsfthe reactants. It
is typical in 15 hydrgthqrmal syhthasisiebriked met:-Qudestpdeave an ameuntef heagspace in the
reactor vessel.  Follgwing iheJeaction.siem. Wb erslers.oldis.salalstRrspaiatign.qethods may

include work-up steps, m,c(:iludlngafO{ exam I,et:s %ogllng th, reaction megllunél comprising the mixed metal
oxide (e.g., to about antBIEHPIeHpers 1'ureag'), EPEFAHRGIING £8fieRod HarARt FFBE SEHITAY the mixed
metal oxide from the licfaid &% cF EeriaifimG andmsEeiMing the supernatant, or alternatively, by
filtering), washing the separdtedrsehtoparticulates(e gizlusingugdistite dewatéreor detedizedavater),
repeating the separgting-gtep-and washing.staps one or more times, and effecting a final separating
step. In one embodiment, the work up step comprises dr(ying the reaction medium, such as by rotary
25 evaporation, spray drying, freeze drying, or similar methods of removing liquid. After the
work-up steps, the washed and separated mixed metal oxide may be dried. Drying the mixed metal
oxide can be effected under ambient conditions (e.g., at a temperature of about 25 C at atmospheric
pressure), and/or in an oven, for example, at a temperature ranging from about 40 C to about 150 C,
and in one or more embodiments 30 at about 120 C over a drying time ranging from about five to
about fifteen hours, and in one or more embodiments of about twelve hours. Drying can be effected
under a controlled or uncontrolled atmosphere, and the drying atmosphere may be an inert gas, an
oxidative gas, a reducing gas or air. In one or more embodiments of this invention, the mixed
metal oxide catalyst 35 may be prepared by non-hydrothermal synthesis methods described herein.
Non- 17 hydrothermal syntheses are also disclosed in US Patent Application No. 2006/0235238 to
Satoru Komada and Sadao Shoji, and in WO 2006/019078 to Kato Takakai and Fukushima Satoshi,

which are incornorated herain hy reference One non-hvdrothermal methond mavyvy be aenarallyv




10 optionally other source compounds. The first and second aqueous solutions/slurries are combined
to form a third aqueous solution/slurry. Precipitate and/or suspended solids may be removed, and the
agueous mixture is dried to form a dry mixed metal oxide catalyst. Various work-up steps and methods .
of drying and/or calcination may be employed. 15In one embodiment, a non-hydrothermal method may :
be more specifical W 8&4Ef§EEF as follows, where the first aqueous solutionyslusryssdenoted (A), and
the second aqueous solution/slurry is denoted (B). Ammonium heptamolybdate, ammonium _
metavanadate and diantimony trioxide are added¢o/wadesallowed by heating of the resultant mixture |

to temperatures of at least 5@teisitti e bycabigiaingan.anueasmmbdre. 20, @) 4t is pseferred that the
heating is performed whilestitrine.dResmidug.Advaniagequsly the agueoys mixtyre is heated to
temperatures in the rar&eﬁff gorghg@gu%nzoyg cﬁ?JQI QQ@%oiﬁn%nggntié;d ﬂﬁer’)rﬁg&tgrrné. he heating
may be performed under’reflux by Using equipment having a refux cortiender:1h Teche of heating
under reflux, the boflind Poift‘gefigtally S5 thd fengé srifbrnupsari o worg2gisdavated 25
temperatures may be rfaFtaREEIEREHISOUTS & Nbalsrolamorte pigdre intihe hiaadingidempesature is from
about 80 C to about 1080:@stktetheatingdime ie bipicalindian aboitd Riahaubs Hausiihen the |
heating temperature is fataiivehtoun6e g lawerdhanahautR0.G), dhe Heating.fime.ngeds to be longer.
Optionally, hydrogen pgjg ggge%glgés g%%gle%gn%}égpggt g‘o‘?‘é@{}ﬂ% such as silica sol, 30 may be added to

the aqueous mixture (A) after heating as described above. en hydrogen peroxide is added to the

aqueous mixture (A), the amotiREB R HPGY R BEr dE°Risy B B RATHEA e st Patio of
hydrogen peroxide to ditiBH HZORRE St FitGE CSrimpousbein tevmigofiantmerhpisidn the range

of from about 0.01 to apredic2ey imsemeteizotimentyintiec-tangeioidinmiabouid hdeakgut 3, in
another 35 embodimentyiiihesange el kemsabaubddoabaul 4 priflahaddiierotwdiQgen 18
peroxic, aqueous MIULR A, A, s S1ed. 4 FIRAETBNUIGE 1, a0 01 Tom, abou 30C to abou

70 C for from abouzt530 minutes to about 2 holurs. In one qr more embbdimen \ aqurél’ous
solution/slurry (B) may B& torméq %?ncﬁrrhdb?ﬁiﬁ@swg?e?{e’éfeﬁfoaﬁmfﬁés%‘ﬁ?c@ec%rﬁ’fﬁo‘i?ﬁﬁt‘aﬁ)ﬁ’énaIIy
diearboxylic acid and/cPEHEY BrEdtiEa BoATROtATER! Wittveemenier arrdiSarrinesletetdbynobtaining a
preliminary niobium-cogtainingiagquedudsdiuticnaomobisnimogntamingaoeniscmtureshaving
suspended therein a pastaf theppiahiusa-aampepnsad he-pialiminagoniehiumsoRtaipiRgaqueous
solution or niobium-confaining.AAUGRS.RIX I MaYHsnke %QQJ&Qm‘Q’hc%@Q%J&? dicarboxylic acid

was added, a porti%p ogoil%rgg}/ ﬂg}%g}irtnagg. TOQE dgt%gntl)f Igggling a bewlo foIIowded y removing the
precipitated dicarbxylie acid Torh the praminaty Aob L COREiNT SouaBiE S NHEH"dr removing
the precipitated dicarb SR A FEE RS SUSpidRd RoBRItE et A8 R & fBBiI-containing
aqueous mixture, therebseotiteainingrécmiobili neeaistamin greauraol byiqeib (B ) witk eneceredsodiment, an
aqueous liquid (B) may:he:iahtpgac drbyitadding @:niokime ldhscampatsc (8. the Biabiceagidh: to water,
followed by heating of thgygsultant mixture to temperatures in a range of from about 50 C to about 100
C. Where niobic agi is the niphlR.SQIER SRITIPAHAT, A disREbaIMIG ACI DAy, aleg 08 added
Dissolution of the niobium compound may be romoteg Y. tﬁe addition of a small amourt of agueous
ammonia. 20Examples°6‘?1§ﬁi?§ﬁlgﬂﬁﬁt(?a?h’g‘)‘(%g’%}&‘gﬁ%IW’&QET?B“&@B.W}?}F@@FHB’&WHent, niobic
acid and oxalic acid aré&@atetirie Wiy Cfsifo WMy FEStiAY She stiErm@Diredesueantixture to :
thereby obtain an aquesiss. liguid:(B)d.Gereradlys, theimoldroati arahshient iwasoxydiaagieste the niobium -
compound in terms of pipbivim)isndbeyange eEfmaba Liseheutd) enegmbodiment, inthe
range of from aboul,2 iRyl &2 iAIlETEAROIMEN S e ekl Spues compannd includes

niobium hydrogenoxalate or ammonium niobium oxalate. When either niobium hydrogenoxalate or ;
ammonium niobium ox&HSE s TS AEtHE hiSB T m RSB TG AHE URESF Sy %8s Mot required. In
general, the niobium sdfeE coitipoutFRTBYBe I FYRE fo¥pRHR a8l A'30uMiXAfs, or as a :
dispersion in an approptiettmediemxiiVhaen-nicine gicighiga seehas: thiexideobivmbeoiVipoxitd, in order to
remove acidic impuritiesaithaubichitheaiolis, asismanhavehesnsoniaminaiagavsingdhe production
thereof, the niobic acid.may he washed with.an AgUELYS.AMMANIR.FoISRANCIOLWAtEL prior to use. It
may be advantageous to Use, as the niobium compound, a freshly prepared hiobium compound. :
However, a 35 niobium compound that is slightly denatuted (for example by dehydration) as a result of :



a long-term storage and the like, may be used. The concentration of the niobium compound (in
terms of niobium) in the preliminary niobium-containing aqueous solution or aqueous mixture is, in one
or more embodiments, maintained within the range of from about 0.2 to about 0.8 molikg of the 5
solution or mixture. The dicarboxylic acid is, in one or more embodiments, used in an amount such

that the molar ratio BPdW&F5%Vlic acid to niobium compound in terms of PfEBiIBH¥81 85I about 2 to
about 6. When an excess amount of the dicarboxylic acid is used, a large amount of the niobium
compound can be dissSN&d rafEmaylsiiisseut oiret dicarsoxdieiseies towéver, the amount of the
dicarboxylic acid that precipitstes anpotini@tcboling dhewbidiredpre limirarynpiohilme.eaptaining
aqueous solution or mixfsenmandeacame feogtaig ol degreasing-dhe wilization of the,dicarboxylic
acid. On the other han%ggp,g;g_&rgmgtgggggrg%ig,g)%g&lii%mqegg%%fgi%)%%qu%mggﬁﬁged,fna large amount

of the niobium compsou%gﬂmay regnalniundlssolve and suspende the agueous ’.565 UtiGn or mixture, ;
and as such may be suBSEquEnty removed from the agueoll SR Hig 5 ddkiwnsHy the degree
of utilization of the nioblafH*EbMPotiiERTe of hnigedamid risaaist cobfng ey wwdtfieFor example,
the cooling can be perfermcesimplydsy e Srofiahe e lrationsisting Pheliemovainef thespiecipitated
dicarboxylic acid (or preeigitatesicicarbexylicaascidransihe dispersadaighivm campennd);can be easily
performed by conventignala® MEEHS ok cXamRIe. By deARiation AL AR w,. Whenthe
dicarboxylic amd/mg lum 11 %ﬁaﬁr%gonggntql% Obt%l dsQ.-'a blrlém-contalnln(?na ueous_solution is outside
the range of from about 2 {0 abOUL 6, €ither The NibBium compound of tiearBox S iy be added
to the aqueous liquid (I3RS TSI BERESEMAIBBiUM molar ratio of the solution falls within
the above- 25 mentioned rangeHohsieatirthgemerdimsatlxity opdysitiomisiunnecassanjdisince an :
aqueous liquid (B) havinguhthgisashexylicaridiniobium molar ratio within the range of from about 2 to
about 4 can be prepared by appropriately controling fegoneesntration of the niobium compound, the
ratfo of the dicarboxylic acid g, i, Ripiuin, sampgud,and.ng coglincilemperature of ihe
above-mentioned preliminary niobium-containing 30 aqueous S(%I_utlon of aqueous mixture. The
aqueous liquid (B) may FirHereoRspiked é{““cfaf‘ff’é‘?%éﬂf%%ﬁ@ﬁﬁ%ﬁ‘?‘wﬁé’ﬁg%%@’%rﬁﬂdﬂﬁments,
aqueous liquid (B) mayS e Ptoripiise hydPobearparsiige (feteh2). frethdde blotHer éfbodiments,
aqueous liquid (B) maytogther sériprisedone o mere iohantiantimion yconpo uatls egu-edantimony
trioxide), a titanium corspeNdiRgrdiianim: 35 diaddeambichcamhs anixiireekWileand anatase

forms), and a ceriugy comporRd {&-G GRHYPEACRIAELIRCRSe TReSImENt, he amoynt of the
hydrogen peroxide is suc]a tuhat ttargéaimoltr rag%,of hydr,g) en %eroxlljde to niobium compound (11202/N6
molar ratio) in terms of RIOBIGM 1S il The Tange BrTTom about o5 tb abotit S6°AReriasHer
embodiment, in the ranBE°SE PO RTEERSAE 1B(CeRFERIR 265 M Cit4in embodiments, an 5 antimony
compound is mixed with at leastreependinfith dagerecubtiguitk (B)and dhedpredenpenaxitie such that

the molar ratio (Sb/Nb malardaiin) efitheantypaysampesas iidenns of antisaendadhesniobium
compound in terms,ef nighiumyisJaoL.mats thanabeut?. Andinenerembodiment. jothetange of from
about 0.01 to about 2. Agucouis mixture (A) and,agueous liguid. (B) may be mixed,together in an 10
appropriate ratio to formy_an agueous scﬂhtlon?slurry.y%e ratio of a)‘}o \{B))I Will be In-aceardance with
the desired compositior*8fifie catalyst. The amount of solids in the aqueous mixture is generally in a
range upward from about 10 e reesat )i diegvtion repridesriisbiimdsnmithe mepboridofadidsin the
aqueous mixture is fromrghedtbi O dmeQipereent dihweiglthdd another embodiment, from about 15 to

55 percent by weighy, and in Axaoethelrmbesinent dhe.amauntel.solids iadhemixture is from about |
20 to about 50 percent by weight bgssed.ul{)on the fota We[ijgﬁt ?f tqe md'xc%re.. In_one gr more '
t

. oxing COmpris Xin un-calgmed or ally calcine ixed metal oxide
embodiments, where a si ich U ported ca alyst is aeswed, e aqueous solutlon/gllurry IS prepared so

as to contain a source 684 FPRGREA EH B RIS & 43¢ FHERIRBRHEDERERBurce of silica -
may be appropriately adjisstod ts 2otEcordance with the desired amount of the silica carrier in the
catalyst to be obtained. The aqueous solution/slurry may be dried to remove the liquid portion. :
Drying may be condycted by conventional methods, such as spray drying or evaporation drying. Spray
drying is particularly useful, because a fine, spherical, dry solid is obtained, The spray drying can be
conducted by centrifugation. 25The aqueous solution/slurry may be dried to remove the liquid portion.
Drying may be conducted by conventional methods, such as spray drying or evaporation drying. Spray
drying is particularly useful, because a fine, spherical, dry solid is obtained. The spray drying can be
conducted by centrifugation, by the two-phase flow nozzle method or by the high-pressure nozzle
method. As a heat source for drying, it is preferred to use



30 air which has been heated by steam, an electric heater and the like. It may be advantageous if the
temperature of the spray dryer at an entrance to the dryer section thereof is from about 150 C to about
300C, At this point, the dried material, whether formed via hydrothermal or nonhydrothermal methods, .
may be referred to as dry mixed metal oxide catalyst. It will 35 be understood that the terms "dry" and
"dried" describe a sBRFHEFWhich most liquid 21 has been removed, altFetigirSememoisture may
remain, Therefore, unless otherwise indicated, the terms "dry" and "dried" should be interpreted to
mean substantially dry. For purposes of this sp&eifwatiors Hgifesm "dry mixed metal oxide catalyst"
continues to refer to this substanedotiroughotifieptional fitthent ertoarnts faovhichdas.dry mixed 5
metal oxide catalyst may ba.subiested.dacluding salchalian.and.ginding-as.dessaibed hereinbelow,

Additionally, the term "dry mixed qng&gtlupx(;ge cata%st" efer to catalyst.that has been used in a
reactor. Thus, a dry mixedﬂgnue al oxide catalyst may Beeecé%\écglrr?g SR ARSHSTE St SiRE Btushed,

pelleted, extruded, 6r o‘“t?f%’?‘\)/\‘}f’sgé’ fOTTSE oF SIREPYE: AR &S BE S PR EredBetEDAS stated
hereinabove, the dried {¥ieEr fhetalneide carnystmaihbe femtherisarstib8uwh treamedits can include
for example calcinations{é&mgivinclodig e atitkbatmenistiice poxtizingonesidsingeanditions)
effected under various ¢tegtmentaanesphasesqd audnpbixed.metakatige.sa8.08 Giished or ground

prior to such treatment gﬂg/&ﬁgpt@{rﬁmggngg Wring sygh treatment. In one embodiment, for example,
15 the dry mixed ml%talc%léégem%%rs‘l be optional cr%f%hagd, anc 13(?1%5%3?8?5%%% Fhetaltiftation may be
effected in an inert, redlicing, of OXidZing atmosphere: ih SHEPRIHECHiATENT: StrReEsre AR of the |
calcination is conducteBfi it SsiirarEtdfeatiteain g aiey hurrder a flow of an inert gas), such as

nitrogen gas that is substantiaiisrftee of dxygen. tprgnedr imdré emibodimeints; the calgination
conditions include tempgratyiresRHargngdio gaaert: 20046 1830000 Sk Qthesgmbodiments,

from about 400 C to aBEHLEHAE ralflee AFANGLE SBAIMERIS, 1R ACAIAC [Emperaigire of the dry
mixed metal oxide %atal tisc %i%ﬁa?]ﬂglr%r intermit?entlm%%gverlﬂtlf?j t}t}glré} Iescspe?h% aQB}(j)@MOO Cto fromé
m 3 _

about 550 C to abot 700 ¢ [ Certai odiments: mu-stepca1éitEiish ey ssHeUmployed. In
these embodiments, thEURMHixEGTREC GRIFE catarretyinal beraitidhy edicireni-ay keriskatively low
temperature of at leastabeutR00i€ Esmb it ehbaton perormisfechigherteniperadibres sidat least about

400 C, within the ranges set feitipheseiaabovenpoundhetkRataed 4engnicalcingd ) mixedmetal oxide may
be further mechanically.irgatad Jnsluding:{onexample @Y, QHNdNg, Aeyng.ARd Rrassingdhe mixed
metal oxide 30 into,jfs final form n;lo&rri.g%?ﬁ' the,pragess, of g@e&ggseg&i}ng&r%iop.ll other embodiments, -
the catalyst may be shape§ in%o_lts hna_ orm prior to any calcinations or ot er heat treatment. For
example, in the prepardtGREed R BE ChRErtfd Py AR Brad HbreriFRFis typically dried by
heating at an elevated tempéattrssah ebieaiapaer e, instuisdedbietiatidd odte PMoQhe desired

fixed bed 35 catalyst siaeramdiednfiguedtidnepmo riclalcindti xSkl at ysoitythenpteparation of fluid

bed catalysts, the catalysi.precessanstirgmmaybeusprayaashtoyieldmicrospheraidalgatalyst
partcles having paiels.gimeies,n fasanae dipm.ahowd0doiahout 209migions andhen calcined.

Variations on the above methods will bebr,eco%r}lzed.t%)y thos? skilled In the art. 5Ca crf(r’latlons can be
conducted using a rotafy Kifh AT Aa B A RIA o PIRE RS 8K PRSP 8 mbodiments, calcination
is conducted in a non-stationAétetefamieptesbe nTergPHey Brlws chigtb e ativgdo ardeterioration

of the properties and/orarbreak agesprer délumpcofdh eletalystobtained)giresavoitedioGénditions of _
calcination may be preselagted sush:thatthecaimystiormadhas)ald spesificsurfasaiehfrom about 5 |
m2/g to about 35 mg/g. Advantageously. e sonsiinns:lealcination.May he preselected such that

the resulting catalyst comprises one or more c%s,talline. p ses,, Method of Formjn F?h)ysical Mixture
. xamples 0 Btamum ounds i ¥u e rufile 311 otrf tase tifaniud dioxide
The catalyst mixture may be preﬁ’are y combining the fresh catalys composition, used catalyst

composition, and perfoffianc& FHEEfEPRECHRY sl R e tirragtiatith orgdis ¢émbination of
these techniques. One Dezmoré-of, thengomifohaendsTmeay BEp(Bmmiked:Rdesdtdét ofaddition is not
critical. In one embodiment:aempesfasnancacmedifiesenddiesb, catalystanay Re prensixed, and then

mixed with the used calglyst, .The, ReHormanss.medifistmay.he.addad atyataus.siagespf the

9



20 preparation of the fresh catalyst composition. However, in certain embodiments performance
improvement is seen where the modifier is added to the final form of the fresh catalyst composition.
In one embodiment, the performance modifier and used catalyst may be premixed, and then mixed
with the fresh catalyst, In one embodiment, the performance 25 modifier is a solid, and may be finely
ground prior to comBiHifig & odifier with the catalyst compositions. In ZREH&HEMBEHIMent, the
performance modifier has a more coarse particle size, i.e. on the order of the particle size of the
catalyst. In one or B8 eATBHEIMENS O¥iE: puRfeRHEN ceeATefEr Frsly Toadidaléd toxaive or both of
the used and fresh catdy=trtompositions-vigwatimpregatiphninethedsrchioped0 embodiment, the

physical mixture of performanca.negifieafreshdmixes oxidecriaNsh-arddusedomxedioxide catalyst
may be subjected to a heatfgatment Qhigalcinalionas mi) c&rtgmegmgoq;gn%Qz‘t%syvr}lgr%ggvo or more

performance modifigr csgrmlﬂ%égds aogesee@ipfg egh Jpﬂe {pfeerformancde modifier com ounds may be added -
to the catalyst mixture Separately: or m f)efpre-m&eld {0 8RN A TS R e ¥H& Rodifier 35
mixture may then be mY%ﬁWfﬁ‘?ﬁ‘@‘ﬁﬁ%gﬂdﬁ fete catalyst compositions via physical 23 mixing or
impregnation. Conversion of Propanbedirdnistib utaftengice Amviifiexidatioil énth@xigatigsicReaction The
present invention provigesdawptoeess:oscanderning propas etaaciyinnitile and sabuwianre to
methacrylonitrile. The pﬁ@@;ﬁ&%ﬂ%@ﬂ@ég{%@@d&%&lE;Qcﬁam%f}lﬁ@a%ﬁﬁhﬁ&%{é%mﬂgp%%},Qgrmgggg fresh mixed
oxide catalyst compgsition, aglngj% urgsesg gnéégrdtoou)éledig tggtfag\%/essg giotggp?agéggnvéas{_ escribed hereinabove,
and contacting the catallyst%uxturg with propane or isobutane'in the pre%eﬁé%"of oxygen (e.g. provided :
to the reaction zone in a feeddtPEShFERINBHEH P ar GRTHERe CBwtlliniRg s neererried dpa &ypically air)
and ammonia under re&RHéR eoHEiiohy efebavestofdrmeanyylamitiel oridsetvdonydonitsiéo10 For this

reaction, the feed streaniticomprisespropaiferor isobutane, an oxygen-containing gas such as air, and
ammonia. In one or more embydifents: shemak #alig.ptranang o SCRLIAPRIRRYYEN is from
about 0125 to aboy 5., |8 BRI AL EHIAHDNb IR RUNDEDI0 R0 f.on B IN ANINET

embodiment, from about 0.35 to about 4. In one or more embodiments, the molar ra’ﬂ%vofepropane or
isobutane to ammonia [R¥FGI AbSTEC 3181 &' A SEr A 41 a TS Ao BTE P RA A SRk FrBitabout 0.5 to
about 3. The feed stredRPtAFPEISE EGFABAS B BB Hidtecaabiftidharteeaes spuhErmss ifeluding
acrylonittile or methacryigsittiterroduti(esgat frarmiaret|tecsty pafnoafronmdifice petieristaige of a ;
multistage reactor), and{elsieamn. i oeexabipientbaiiendsikeam ganicampsiseifiom ahes 5% to about
30% by weight of agditional feeg. samponsnisrelativa.to: theJeial.anmeunt of the.20 fegdistream, or by

mole relative to the amg%ntsg% propane or |s[olgl.ftane in the fee stre§m. In one embodiment the

process described heréip for the ammoxidation of prapane. f%t’g’cerﬁfgrﬁffiféﬁ%%Cgﬁ“@3§fﬁ%’l?bh process,
i.e., it operates without Ty A& ofr&euler@ a8t aRfEHERsY RSHiThatemas. Propai&wah Bso be
converted to acrylic aciehethd isdbditente fo paatrrhovytice seitb2SsHrndvidihel b reornictendf the

aforementioned catalysissit agas-pliasaiorseattor cant wabiaotine.the eatalyskyiwbigrwpane in the
presence of oxygen{e.g-avidediiediereaeH e zana i AR dIeamcIBRRSIDGAD _
oxygen-containing gas, such s, angiypieally a.1ndsLIeaglion, sondlians efseive fo form acrylic

acid, The feed stream for this reaction_preferably comprises propane or iIsobntane to oxygen ranging
from about 30 0.15 to aSEIFEEn FEFErar A8y FERIELBURES 54D aBtif 7FREYEEY S8 can also
comprise one or more adéon S featiso MPBABINYS crtavaitPacir atitbS mestraem e ¥eid product
(e.g. from a recycle streatieo¢lfuoimcah @@Enlickystage, of @dnul{istage reacton)caneiat steam. For
example, the feedstgam can gomprissiakaytR% to-aRdt 3Dy ngight salalive tertheidotal amount of

the feed stream, or by male telaiive.Ia. ¢ AmaY S %ALRIGRARG.JEAPHIANE. IR0 fogd sream.  The

specific design of the ga%-gg)hase flow reaﬁcl:tor Is r110t Q‘arror\lgvl crltlcala_lfjence, fthe gas-phase flow reactor
can be a fixed-bed reacttt 4 fllHLEG BT TEAGER: SF AROMEPE L O Fe S A EFNEOF can be a
single reactor, or can b&byTEaBS It a multi-stage reactor system. In one or more embodiments, the -
reactor comprises one or more feet:édntets for feeuinghtie aotantleedstidanmttio Zedeadtidn zone of the
reactor, a reaction zeng,cRMIRINGINS, GatalysStEIXiMEE: aRdianiauiakier disshatinggaaction '
products and unreacted reactants.  The reaction conii ions may be controlled to be effective for
converting the propane to acrylonitrile or acrylic acid or 1or converting the isobutane to 10
methacrylonitrile or methacrylic acid respectively, or the isobutane to methacrylonitrile. Generally,
reaction conditions include a temperature ranging from about 300 C to about 550 C, in one
embodiment from about 325 C to about 500 C, in some embodiments from about 350 C to about 450

C, and in other embodiments from about 430 C to about 520 C. The pressure of the reaction zone can
be controlled to range from about 0 15 psig to about 200 psig, in one embodiment from about 0 psig to
about 100 psig, and in some embodiments from about O psig to about 50 psig.  Generally, the flow
rate of the propane or isobutene containing feedstream through the reaction zone of the gas-phase
flow reactor may be controlled to provide a weight hourly space velocity (WHSV) ranging from about
0.02 to about 5, in some 20 embodiments from about 0.05 to about 1, and in other embodiments from

about 0.1 to about 0.5, in each case, for example, in grains propane or isobutane to grams of catalyst
nar horir The raciiltina acrviaonitrile and/ar acrvliiec acid or methacrvionitrile and/or methacrvlie acid



25 unreacted reactants according to method known in the art. Side products in ammoxidation may
include CQO" (carbon dioxide + carbon monoxide), hydrogen cyanide (HCN) and acetonitrile or methyl
cyanide (CH3CN). The effluent of the reactor may also include unreacted oxygen (02), ammonia
(NH3), nitrogen (N2), helium (He), and entrained catalyst fines. 30SPECIFIC EMBODIMENTS In
order to illustrate tREH&4HERvention, samples of various catalyst mixtuf&3/{&t&BrEpared and then
evaluated under similar reaction conditions. The compositions listed below are nominal compositions,
based on the total metEi&&d &t the e priviion of thescabans: rilktore. Bincecsoriemetals may be
lost or may not completetyefeact 35 during the catalyst preparation, the actual composition of the ‘
finished catalyst mixture 25 may vary slighhedromitiaagainahsampositions shown below. Fresh
catalyst was prepared in its §nal f3iLaccaudingo F&a@m‘é@nﬁmggbﬁﬁibﬁie'&‘m §°f£'0“ pf the fresh

catalyst was comblged with gse% catgrjystdand a catalyst modjfier an mixed in a dry Stat e, by using a
mechanical mixer. SCAIAlyE ySt was evalua eaﬁﬁ“’é" ﬁwd’ B&S ?‘e%&g?%a{?ﬁ?@‘?‘éﬁa‘?ﬁe@r of 1-inch.

The reactor was charg%edveHeéb‘Bh??@ Tb‘%bﬁf"'%‘@ B‘fﬁb“cﬂﬂ]&ﬁﬁI%“@hﬁﬁfyﬁxé?seﬁfalyﬁmxture
Propane was fed into thedreaotofratgddiaws, dlvoist0 Gddtoshoutdeb SN (i @ap Weighdnof :
propane/weight of catadysiitionn). faenerilyrammoniawasiamkinie, the reaciar atadawdtate such that

ammonia to propane rafiQ W@%J{%tﬁp&%kﬁ%ﬁgﬁw&%t?er%gﬂ:ﬁ%&%rghm gzﬁ &Qrgpeg%%% Lvas

maintained at abo%Z%g %Ut 5 actl em&ergturesw re in the range o out 420 to about;
460 C.  Comparative I%e(?imp {és%ga alys vsffgtp ared h a\ﬁﬁm ?‘Ieleﬁgﬁlga B sition: ’

MoV0,21S1/0.24Nb0.d88 St TRER it 45 o RRPIER %ﬁlﬁaﬁ@ﬁﬁbé}tb%é‘%%ﬂ/gﬂmdevaluated ina
40 cc fluid bed reactor sFhetresmstine siovpresentetohticn. 15 Example 1-1 - The used catalyst of
Comparative Example 1 wasscambireshuitiniresh catalysthiavirgdhe nempaalicongasition

MoV0.21Sba.24NbO0. 3%@@&@&9&&3&3 M@ﬁ@r&@ﬁ@'&%%%oﬁ%&@%ﬁklﬁ?ﬂ&'ﬁ%ﬁ@@bined with

Sbh203 in an amourllg of 0.1 m%O tSSbﬂ@er male Mo cgﬂt@ﬁe %%%éialé’ a(%qm%osmop The catalyst
was evaluated in a 40 Cc fluid bed reactor. T e resylts are shown in Tab omparatlve Example

2 - A catalyst was prepéfe@&%g%?lngﬁt‘?é“‘épaﬁ%“ﬁ%ﬁﬁé?“é‘%i"ﬁ?ﬁﬁ%ﬁ‘ a"éaE?Biiﬁ‘B%‘f‘éttRFé Yffple I. The
catalyst was evaluatedsiaii) cErfiRildrh e pERER r I HIMSHIE SHEWHFINTtle thulivm,Example 2-1
- The used catalyst of GerparativiEianiple2weasbotintineae with/freshpoatalyst:having the nominal
composition MoV0.238b0Q: 24N 1e2(0Q303iNsRmatioel2 3nebiusecheataly stifailss dreshncatalyst and also -
combined with MoQg 'négaa@ms?%&m%m%wume%m%%eé&L@%&aﬁ%@{@ﬁ%omposmon

The catalyst was evaluated ina 4Or<;ct ngégogeegn actor, Th%r [esu ts s are shg% JgéTm le % Example
2-2 - The used catalyst SFERmplE F 1 haLeChBHed resh catalyst having the nominal

composition MoVoliSh&:F4NBBESof it 81AHS ‘bff“?/és’i‘jgé‘ﬁ‘%‘%ﬁtﬁm‘tﬁﬁfgsﬁﬁé%ﬁléatalyst and also
combined with Sb203 in an &meantbbtdnkrholescob8b Pehaiche Mé mctheibaseridatedybtsomposition.
The catalyst was evaluaiesliin adRaadhidhaclreastenny hedreswilis, sl showa inddmblendy 35 WO

20091048553 PCD};S%QQ@&%@QJ@}I;@QIQJn@gampIe No. VAYS8i Press., pig
Mo V,SbpNb X0,
wherein X is selected from the group consisting of W, Te, Ti, 8n, Ge, Zr, Hf, Li,
and mixtures thereof,
L is selected from the group consisting of La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy,
30  Ho, Er, Tm, Yb, Lu and mixtures thereof,
0.1=<a<10,
001 £b <10,
0.001 £c=0.25,
0<d=04
35 g<e<iand



Temp, C Propane Com., % Auglonia%) Sel.,% Amylaetrile Yield,64 HON Meld, % Amicable Yield, %
Acrylic Acid Vied, % CO2 Yield, %Yield, CO % Hours Il Stream Comparative Example 1 0,160 10 439
76.0 46,8 37.1 4.7

WO 2609/048583 PCT/US2008/011551

n i5 number of oxygen atoms required to satisfy valance reguirements of all other
elements present in the mixed ax.ide with the proviso that one or more of the other
elements in the mixed oxide can be present in an oxidation state lower than its highest
oxidation state, and a, b, ¢, d, and e represent the molar ratio of the corresponding

5 element to one mole of Mo,

In one or more embodiments, where the catalyst compositions are erployed in an
ammoxidation process, X may be selected from the group consisting of W, Te, Ti, Ge,
Sn, Zr, Hf, Li, and mixtures thereof. In other embodiments, X may be selected from the
group consisting of W, Te, Ti, Sn, Zr, Hf, Li, and mixtures thersof In other

10 embediments of the catalyst compositions described by the above empirical formulas X
is one of W, Te, Ti, Li, or Sn. In other embodiments of the catalyst compositions
described by the above empirical formulas X is W.

In one or more embodiments, where the catalyst compositions are employed in an
ammoxidation process, L may be selected from the group consisting of La, Ce, Pr, N4,

15 Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu. In other embodiments of the catalyst
compositions described by the above empirical formulas, L is Pr, L is Nd, L 1s Sm, L is
Fu,Lis G4, L is Th, L. is Dy, L is Ho, L is Er, L is Tm, L iz Yb, and L is Lu. In other
embodiments of the catalyst compositions described by the above empirical formulas, L
is one of Nd, Ce or Pr.

20 In other embodiments of the catalyst composttions described by the above
empirical formulas, a, b, ¢, and d are each independently within the following ranges: 0.1
<a 02<aa<03,a2<04,a2<082<1.0, 001 <b,0605<b, 0.1 <b,b<03,b<06,
h<10,0001<c, 001 <¢,0.02<¢,003 <¢, QM <c,c<f05,¢c<0.1,c<0.15,¢c<
02,c<0250sd, 0.001 <d, 6.002 <d, 0003 <d, 0004 <d,d<0.006,d<0.0],d<

25 0.02,d<0.05,d<0.1,4<02,0<e, 0.00] <e,e<0.006,e<0.0],e<0.02,c<0.04, ¢
<{.l,e<l

The catalyst of the present invention may be made cither supported or
unsupported {(i.e. the catalyst may comprise a support or may be a bulk catalyst).
Suitable supports are silica, alumina, zirconia, titania, or mixtures thereof. However,

30 when zirconia or titania are used as support materials then the ratio of molybdenum to
zirconium or fifanium increases over the values shown in the above formulas, such that
the Mo to Zr or Ti ratio is between about 1:1 to 1:10. A support typically serves as
binder for the catalyst ‘rcsuiting in a harder and more aftrition resistant catalyst,
However, for commercial applications, & appropriate blend of both the active phase (i.e.

35 the complex of catalytic oxides described above) and the support is helpful to obtain an

12
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acceptable activity and hardness (attrition resistance) for the catalyst. Directionally, any
increase in the amount of the active phase decreases the hardness of the catalyst, The
support comprises between 10 and 90 weight percent of the supported catalyst.
Typically, the support comprises between 40 and 60 weight percent of the supported

5 catalyst. In one embodiment of this invention, the support may comprise as little as about
10 weight percent of the supported catalyst. In one embodiment of this invention, the
support may comptise as little as about 30 weight percent of the supported catalyst. In
another embodiment of this invention, the support may comprise as much as about 70
weight percent of the supported catalyst. ‘

10 Mixed Metal Oxide Catalyst Preparation

The method of making the catalyst to be used in. this invention is not critical. Any
method known in the art such as but not limited o hydrothermal synthesis methods and
non-hydrothermal synthesis methods may be used.

In one or mors embodiments, the mixed metal oxide catalyst may be prepared by

15  the hydrothermal synthesis methods described herein. Hydrothermal synthesis methods
are disclosed in U.S. Patent Apphceation No. 2003/000437% to Gaffney et al.,, Watanabe
et al., “New Synthesis Route for Mo-V-Nb-Te mixed oxides catalyst for propane
ammoxidation”, Applied Catalysis A: General, 194-195, pp. 479485 (2000), and Ueda
et al., “Selective Oxidation of Light Alkanss over hydrothermally synthesized Mo-V-M-

20 O (M=Al, Ga, Bi, $b and Te) oxide catalysts.”, Applied Catalysis A: General, 200, pp.
£35-1435, which are incorporated here by reference.

In general, the catalyst compositions described herein can be prepared by
hydrothermal synthesis where source compounds (1.e. compounds that contain andfor
provide one or more of the metals for the mixed metal oxide catalyst composition) are

25 admixed in an agueocus solution to form a reaction medium and the reaction medium is
reacted at elevated pressure and elevated temperature in a sealed reaction vessel for a
time sufficient to form the mixed metal oxide. In one embodiment, the hydrothermal
synthesis continues for a time sufficient to fully react any organic compounds present in
the reaction medium, for example, solvents used in the preparation of the catalyst or any

30 organic compounds added with any of the source compounds supplying the mired metal
oxide compaonents of the catalyst composition.

The source compounds are reacted in the sealed reaction vessel at a temperature
greater than 100 °C and at a pressure greater than ambient pressure. In one embodiment,
the source compounds are reacted in the sealed reaction vessel at a temperature of at least

35 about 125 °C, in ancther embodiment at a temperature of at least about 150 °C, and in

i3
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yet another embodiment at a temperature of at least about 175 °C. In one embodiment,

the source compounds are reacied in the sealed reaction vessel at a pressure of at least

about 25 psig, and in another embodiment at a pressure of at Jeast about 50 psiz, and in

yet another embodiment at a pressure of at least about 100 psig. In one or more

5 embodiments, the source compounds are reacted in the sealed reaction vessel at o

pressure of up to about 300 psig. Such sealed reaction vessels may be equipped with a

pressure contrel device to avoid over pressurizing the vessel andlor to regulate the

reaction pressure.

The source compounds may be reacted by a protocol that comprises mixing the

10 source compounds during the reaction step. The particular mixing mechanism is not

eritical, and can include for example, mixing (e.g., stirring or agitating) the components

during the reaction by any effective method. Such methods include, for exampie,

agitating the contents of the reaction vessel, for example by shaking, tumbling or

oscillating the component-containing reaction vessel. Such methods also include, for

15 example, stirring by using a stirring member located at least partially within the reaction

vessel and a driving force coupled fo the siirring member or to the reaction vessel to

provide relative motion between the stirring member and the reaction vessel. The stirring

member can be a shaft-driven and/or shaft-supported stirring member. The driving force

can be directly coupled to the stirring member or can be indirectly coupled to the stirring

20  member (c.g., via magnetic coupling). The mixing is generally sufficient to allow for

efltcient reaction between components of the reaction medium, and fo form a more

homogenecus reaction medium (e.g., and resulting in 2 more homogensous mixed metal

oxide precursor) as compared to an unmixed reaction. This may result in more efficient

consumption of starting materials and in a more uniform mixed metal oxide product.

25 Mixing the reaction medium during the reaction step also causes the mixed metal oxide

product to form in solution rather than on the sides of the reaction vessel. This allows

more ready recovery and separation of the mixed metal oxide product by techmiques such

as centrifugation, decantation, or filtration and avoids the need to recover the majority of

product from the sides of the reactor vessel. Mors advantageously, having the mixed

30 metal oxide form in solution allows for particle growth on all faces of the particle rather
than on the limited exposed faces when the growth occurs out from the reactor wall.

It is generally desirable to maintain some headspace in the reactor vesssl, The

amount of headspace may depend on the vessel design or the type of agitation used if the

reaction mixture is siirred. Overhead stirred reaction vessels, for example, may take 50%

35 headspace. Typically, the headspace is filled with ambient air which provides some
14
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amount of oxygen 1o the reaction. However, the headspace, as is known the art, may be
filled with other gases to provide reactants like Oz or even an inert atrnosphere such as
Ar or Na. The amount of headspace and gas within it depends upon the desired reaction
as is imown in the art.

3 The source compounds can be reacted in the sezled reaction vessel at an initial
pH of not more than about 4. Over the course of the hydrothermal synthesis, the pH of
the reaction mixture may change such that the final pH of the reaction mixture may be
higher or lower than the initial pH. In one or more embodiments, the source compounds
are reacted in the sealed reaction vesse! at a pH of not more than zbout 3.5, In some

10 embodiments, the components can be reacted in the scaled reaction vessel at a pH of not
more than about 3.0, of not more than about 2.5, of not more than about 2.0, of not more
than about 1.5 or of not more than about 1.8, of not more than about 6.5 or of not more
than about 0. In one or more embodiments, the pH may be from about 0.5 to about 4, in
other embodiments, from about 0 to about 4, in yet ofher embodiments, from about 0.5 to

15 about 3.5, In some embodiments, the pH is from about 0.7 to about 3.3, and in certain
embodiments, from about 1 to about 3. The pH may be adjusted by adding acid or base
to the reaction mixture,

The source compounds can be reacted in the sealed reaction vessels at the
afcrementioned reaction conditions (including for example, reaction temperatures,

20 reaction pressures, pH, stirring, etc., as described above) for a period of time sufficient to
form the mixed metal oxide. In one or more embodiments, the mixed metal oxide thus
formed comprises a solid state solution comprising the required elements as discussed
above, and at least a portion thereof includes the requisite erystalline structure for active
and selective propane or isobutane oxidation and/or ammoxidation catalysts. The exact

25  period of reaction time is not narrowly critical, and can include for exampie at least about
thres hours, at least about six hours, af least about twelve hours, at least about eighteen
hours, at least about twenty-four hours, at feast about thirty hours, af least about thirty-six
hours, at least about forty-two hours, af least about forty-eight hours, at least about fifty-
four hours, at lesst about sixty hours, at lcast about sixty-six hours or at least about

30 seveniy-two houss. Reaction periods of time can be even more than three days, including
for example at least about four days, af least about five days, at least about six days, at
least about seven days, at least about two weeks, at least about three weeks, or at least
about one month.

Some source compounds containing and providing the metal components used in

35 the synthesis of the catalyst (also referred to herein as a “source” or “sources”™) may be

15
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provided to the reaction vessel as aqueous solutions of the metal salts. Some source

compounds may be provided to the reaction vessels as solids or as slurries comprising

solid particulates dispersed in an aqueous media. Some source compounds may be

provided to the reaction vessels as solids or as slurries comprising solid particulates
5 dispersed in non-aqueous solvents or other non-aqueous media.

Examples of source compounds for synthesis of the catalysts as described herein
include the following, Examples of lithium sources include lithium hydroxide, lithium
oxide, lithium acetate, lithium tartrate, end lithium nifrate. Examples of vanadium
sources inciude vanadyl sulfate, ammonium metavanadate, and vanadium(V) oxide.

10 Examples of antimony sources include antimony(Il} oxide, antimeny(l1) acetate,
antimeny(HI) oxalate, antimony(V) oxide, antimony(II) sulfate, and antimony{III)
tarfrate. Examples of niobium sources include nioblum oxalate, ammonium niobium
oxalate, niobium oxide, mobium ethoxide and niobic acid.

Tungsten sources include ammonium metatungstate, tungstic acid, and tungsten

15 frioxide. Teilurium sources include tellurie acid, telluriim dioxide, tellurium trioxide,
organic tellurium compounds such as methyltellurol and dimethyl tellurol.

Titanium sources inclade rutile and/or anatase titantum dioxide (Ti0y), titantum
isopropoxide, TiO(oxalate}, TiO(acetylacetonate),, and titanium alkoxide complexes,
such as Tyzor 131. Titanium dioxide is available as Degussa P-25, Tronox A-K-1, and

20 Tronox 8602 (formerly named A-K-350). Tin sources include tin {II) acetate.
Germandum sources include germanium{IV) oxide. Zirconium sources include zirconyl
nittate and zirconium (IV) oxide. Hafnium sources may include hafoium IV} chloride
and hafirium {IV) oxide.

Lanthanum sources include lanthanum (IH) chloride, lanthanum (NI} oxide, and

25  lanthanum (IIT )} acetate hydrate. Cerium sources include cerium (III) chloride, cerium
(HII} oxide, cerium (IX]) isopropoxide, and cerium (I} acetate hydrate. Praseodymium
sources include praseodymium (II) chloride, praseodymivm (I, IV) oxide,
praseodymium (I} isopropoxide, and praseodymiur {III) acetate hydrate. Neodymivm
sources include neodymium (HI) chloride, neodymium (III} oxide, neodymium (0

30 isopropoxide, and neodymium (III} acetate hydrate. Samarium sources may include
samarivm () chloride, samarium (HI) oxide, samarium (I} isopropoxide, and
samarium (I} acetate hydrate. Buropium sources may include europium (II) chioride,
guropinm (U1} oxide, and europium {III} acetate hydrate. Gadolinium sources may
inclede gadolinium (1) chloride, gadolinium (D) oxide, and gadolinium (IH) acetate

35 hydrate. Terbinm sources include terbium (III) chloride, terbium (1M1} oxide, and terbium

16
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Propane Cons Aonile AenEtawork-up steps, including for example cooling the reaction medium comprising

the mixed metal oxide (e.g., to zbout ambient temperature), separating the solid
20 particulates comprising the mixed metal oxide from the liquid (e.g, by centrifuging
and/or decanting the supernatant, or alternatively, by filtering), washing the separated
solid particulates (e.g., using distilled water or defonized water), repeating the sepazating
step and washing steps one or more times, and effecting a final separating step. In one
embodiment, the work up step comprises drying the reaction mediuma, such as by rotary
25  evaporation, spray drying, freeze drying, or similar methods of removing tiguid.
Afier the work-up steps, the washed and separated mixed metal oxide may be
dried. Drying the mixed metal oxide can be effected under ambient conditions (e.g., at a
temperature of about 25 °C at amospheric pressure}, andfor in an oven, for exampie, at a
temperature ranging from about 40 °C to about 150 °C, and in one or more embodiments
30 at about 120 °C over a drying time ranging from about five to about fifteen hours, and in
one or more embodiments of about twelve hours. Drying can be effected under a
controlled or uncontrollad atmosphere, and the drving atmosphere may be an inert gas,
an oxidative pas, a reducing gas or air,
In ene or more embodiments of this invention, the mixed metal oxide catalyst

35 may be prepared by non-hydrothermal synthesis methods described herein. Non-
17



led C 114 ' Auto Yield, % A rAlAcid le d CC kid Hours on Stres Com, arative Exam a le 3 00* am=
797 *=MI=38.1 1113102.8 1.7 2.2 lliInIMIMMIMMI NffitillECI 063 aim 143 22.3 20.0 220

WO 2009/048553 PCT/US2008/611551

hydrothermal syntheses aze also disclosed in US Patent Application No, 2006/0235238

to Satoru Komada and Sadao Shoji, and in WO 2006/019078 to Kato Takakai and
Fukusaima Satoshi, which are incorporated herein by reference.

One non-hydrothermal method may be generally described as follows. A first

5 aqueous solution/slurry is prepared by combining, with heating and stiring, a

molybdenum source compound, a vapadium source compound, an antimony source

compound, optionally other source compounds, hydrogen peroxide, and a support sol,

such as silica sol. A second agueous solution/slurry is prepared by combining, with

heating and stirring, a niobium source compound, optionally a2 dicarboxyiic acid, and

16 opticnally other source compounds. The first and second aqueous solutions/slurries are
combined to form a third aqueous solution/slurry. Precipitate and/or suspended solids
may be removed, and the aqueous mixture is dried to form a dry mixed metal oxide
catalyst. Various work-up steps and methods of drying and/or calcination may be
employed.

15 In one embodiment, a non-hydrothermal method may be more specifically
described as follows, where the first aqueous solution/shurry is denoted (A}, and the
second aqueous solution/slurry is denoted (B). Ammonium heptamolybdate, ammonium
metavanadate and digntimony trioxide are added to water, followed by heating of the
resultant mixture to temperatures of at least 50° C, thereby obtaining an aqueous mixture

20 (A). It is preferred that the heating is performed while stiming the mixture,
Advantageously the aqueous mixture is heated to temperatures in the range of from about
70° C to the normal boiling point of the mixture. The heating may be performed under
reflux by using equipment having a reflux condenser. In the case of heating under reflux,
the boiling point generally is in the yange of from about 101° C to 102° . Elevated

25 temperatures may be maintained for about (.5 hours or more. When the heating
temperature {s from about 80° C to about 100° C, the heating time is typically from about
1 to gbout 5 hours. When the heating temperature is refatively low (e.g., lower than about
50¢ ), the heating time needs to be longer.

Optionally, hydrogen peroxide and/or a sol of support materizl, such as silica sol,

30 may be added to the aqueous mixture (A) afler heating as described above. When
hydrogen peroxide is added to the aqueous mixture (A), the amount of the hydrogen
peroxide may be such that the molar ratio of hydrogen peroxide to antimony (HQ2/Sb
molar ratio) compound in terms of antimony is in the range of from about 0.01 to about
20, in one embodiment, in the range of from about 0.5 to about 3, ir another

15  embodiment, in the range of from about 1 to about 2.3, After addition of hydrogen

i§ -
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peroxide, aqueous mixture (A) may be stirred at temperatures in the range of from about
30° C to about 70° C for from about 30 minntes to about 2 hours.

In one or more embodiments, aqueous solution/slurry (B) may be formed by
combining water, a niobium source compound, optionally dicarboxylic acid and/or other
source compounds, with heating and stirring, thereby obtaining a preliminary niobium-
containing aqueous solution or niobium-containing aqueous mixture having suspended
therein a part of the niobium compound. The preliminary niobifum-containing agueous
solution or niobium-containing aqueous mixture may then be cooled, whereby if a
dicarboxylic acid was added, a portion of it may precipitate, The step of cooling may be
followed by removing the precipitated dicarboxylic acid from the preliminary niobium-
containing aqueous solution, or removing the precipitated dicarboxylic acid and the
suspended nicbium compound from the niobium-containing aqueons mixture, thereby
obtaining a niobium-containing aqueous liquid (B).

In one embodiment, an aqueous liquid (B) may be obtained by adding a miobium
compound {e.g., niobic acid) te water, followed by heating of the resultant mixture to
temperatures in a range of from about 59° C to about 100° C. Where niobic acid is the
niobium source compound, a dicarboxylic acid may also be added. Dissolution of the
niobium compound may be promoted by the addition of a small amount of aqueous
ammonia.

Examples of suitable dicarboxylic acids include oxalic acid. In one embadiment,
niobic acid and oxalic acid are added to water, followed by heating and stirring of the
resultant mixture to thereby obtain an aqueous liquid {(B). Generally, the molar ratio of
the dicarboxylic acid to the niobium compound in terms of niobium is in the tange of
from about 1 to about 4, in ons embodiment, in the range of from about 2 to about 4,

In other embodiments, the mioblum source compound includes nicbinm
hydregenoxalate or arnmoniunt niobiuvm oxalate. When either niobium hydrogenoxalate
or ammonium niobium oxalate is used as the niobium compound, the dicarboxylic acid s
not required.

In general, the niobivm source compound may be added in the form of a solid, a
mixture, or as & dispersion in an appropriate medium. When niobic acid is used as the
nicbium compound, in order to remove acidic impurities with whick the niobic acid may
have been contaminated during the production thereof, the niobic acid may be washed
with an aguecus ammonia sotution and/or water prior to use. It may be advantageous to
usc, as the niobium compound, a freshly prepared niobium compound. However, a

nichium compound that is slightly denatured (for example by dehydration) as a result of

19
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a long-term storage and the like, may be used.

The concentration of the miobium compound (in terms of niobium} in the
preliminary niobium-containing aquecus sofution or aqueous mixture is, in one or more
embodiments, maintained within the range of from about 0.2 to about 0.8 mol/kg of the
solution or mixture. The dicarboxylic acid is, in one or more embodiments, used in an
amount such that ¢the molar ratio of dicarboxylic acid to niobium compound in terms of
niobium is from about 2 to about 6. When an excess amount of the dicarboxylic acid is
used, a large atﬁount of the nichbium compound can be dissolved in the agueous solution
of dicarboxylic acid; however, the amount of the dicarboxylic acid that precipitates upon
cooling the obtained preliminary niobium-containing agueous solution or mixture may
become too large, thus decreasing the utilization of the dicarboxylic acid. On the other
hand, when 2n inadequate amount of the dicarboxylic acid is used, a large amount of the
niobium compound may remain undissolved and suspended in the aqueous schuiion or
mixture, and as such may be sobsequently removed from the agueons mixture, thus
decreasing the degree of utilization of the niobium compound.

Any suitable method of cooling may be used. For example, the cooling can be
performed simply by means of an ice bath.

The removal of the precipitaied dicarboxylic acid (or precipitated dicarboxylic
acid and the dispersed niobium compound) can be easily performed by conventional
methods, for example, by decantation or filtration.

When the dicarboxylic acid/niobium molar ratio of the obtained niobium-
containing aqueous solution is outside the range of from about 2 to about 6, either the
niobinm compound or dicarboxylic acid may be added to the aqueous liquid {B) so that
the dicarboxylic acid/miobium melar ratio of the solution falls within the above-
mentioned range. However, in general, such an operation is unnecessary since an
agqueous liquic (B) having the dicarboxylic acid/nichium molar ratio within the range of
from about 2 to about 4 can be prepared by appropriately controlling the concentration of
the niobium compound, the ratio of the dicarboxylic acid to the niobium compound and
the cooling temperature of the above-mentioned preliminary niobium-containing
agueous solution or agueous mixture,

The aqueous liquid (B) may further comprise additional component(s}. In one or
more embodiments, aqueous liguid (B) may further comprise hydrogen perexide (Hz0;).
In these or other embodiments, aqueous liquid (B} may further comprise one or more of
ap antimony compound (e.g. diantimony trioxide), a titanium compound (e.g. Htanium

dioxide, which can be a mixture of rutile and anatase forms), and a cerium compound

20
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{e.g. cerium acetate). In one embodiment, the amount of the hydrogen peroxide is such

that the molar ratic of hydrogen peroxide to niobium compound {(HO7/Nb molar ratio)

in terms of nicbium is in the range of from about 0.5 to about 20, and in another
embodiment, in the range of from about 1 to about 20. In certain embodiments, an
5 antimony compound is mixed with at least a part of the aqueous liquid (B} and the
hydrogen peroxide such that the molar ratio {(Sb/Nb molar ratio) of the antimony
compound in terms of antimony to the niobium compound in terms of nmiobitm is not
more than about 3, and in one embodiment, in the range of from about 0.01 to about 2.

Aqueous mixture (A) and aqueous liguid (B) may be mixed together in an

10 appropriate ratio to form an aqueous solution/slutry. The ratio of (a) to {b) will be in
accordance with the desired composition of the catalyst. The amount of solids in the
aqueous mixture is generally in a range upward from about 19 percent by weight, In one
embodiment, the amount of solids in the aqueous mixture is from about 10 to 60 percent
by weight, in another embodiment, from about 15 to 55 percent by weight, and in

15 another embodiment, the amount of solids in the mixture is from about 20 to about 50
percent by weight, based upon the iotal weight of the mixture.

In one or more embodiments, where a silica supported catalyst is desired, the
aqueous solution/slurry is prepared so as te contain a sowce of silica (namely, a silica sol
or fumed silica). The amount of the source of silica may be appropriately adinsted in

20 accordance with the desired amount of the silica carrier in the catalyst to be obtained.

The aqueous solution/shurry may be dried to remove the liquid portion. Drying
may be conducted by conventional methods, such as spray drying or evaporation drying.
Spray drying is particularly useful, because 2 fine, spherical, dry solid is obtained, The
spray drying can be conducted by centrifugation.

25 The aqueous solution/slurry may be dried to remove the liquid portion. Drying
may be conducted by conventional methods, such as spray drying or evaporation drying.
Spray drying is particularly useful, because a fine, spherical, dry solid is obtained. The
spray drying can be conducted by centrifugation, by the two-phase flow nozzle method
or by the high-pressure nozzle method. As a heat source for drying, it is preferred to use

30 air which has been heated by steam, an electric heater and the like. It may be
advantageous if the temperature of the spray dryer at an entrance to the dryer section
thereof is from about 150° C to about 300° C,

At this point, the dried material, whether formed via hydrothermal or
nonhydrothermal methods, may be referred to as dry mixed metal oxide catalyst. It will

33 be understood that the terms “dry” and “dried” describe a solid from which most liquid
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has been removed, although some moisture may remain. Therefore, unless otherwise
indicated, the terms “dry” and “dried” should be interprefed to mean substantially dry.
For purposes of this specification, the term “dry mixed metal oxide catalyst” continues to
refer to this substance throughout optional further treatments to which the dry mixed
metal oxide catalyst may be subjected, including calcination and grinding, as described
hereinbelow, Additionally, the term “dry mixed metal oxide catalyst” may refer fo
catalyst that has been used in 2 reactor. Thus, a dry mixed metal oxide catalyst may be
calcined or uncalcined, ground, crushed, pelleted, extruded, or otherwise formed or
shaped, and may be fresh catalyst or used.

As stated hereinabove, the dried mixed metal oxide catalyst may be further
treated. Such treatmenis can irclude for example calcinations {e.g., including heat
treatments under oxidizing or reducing conditions) effected under various treatment
aimospheres. The dry mixed metal oxide can be crushed or ground prior to such
treatment, and/or intermittently during such treatment. In one embodiment, for example,
the dry mixed metal oxide can be optionally crushed, and then calcined.

The calcination may be effected in an inert, reducing, or oxidizing atmosphere. In
one embodiment, at least a part of the calcination is conducted in an atmosphere of an
inert gas (e.g., under a flow of an inert gas), such as nitrogen gas that is substantially free
of oxygen. In one or more embodiments, the calcination conditions include temperatures
ranging from about 200 °C to about 700 °C, in other embodiments, from about 400 °C to
about 650 °C.

In one or more embodiments, the heating temperature of the dry mixed metal
oxide catalyst is continvously or intermittently elevated from less than about 400° C 1o
from about 350° C fo about 700° C, In certain embediments, multi-step caleination may
be employed. In these embodiments, the dry mixed metal oxide catatyst may be partially
caleined at a relatively low temperature of at least about 200 °C, and then at one or more
higher temperatures of at Jeast about 400 °C, within the ranges set forth hereinabove.

The treated (e.g. calcined) mixed metal oxide may be fimther mechanicaily
treated, including for example by grinding, sieving and pressing the mixed metal oxide
into its final form for use in the process of the present invention.

In other embodiments, the catalyst may be shaped into its final form prior to any
calcinations or other heat ireatment, For example, in the preparation of a fixed bed
catalyst, the catalyst precursor slumry is typically dried by heating at an elevated
temperature and then shaped (e.g. extruded, pelietized, etc.) to the desired fixed bed

catalyst size and configuration prior to calcination. Similarly, in the preparation of fluid
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bed catalysts, the catalyst precursor slurry may be spray dried to yield microspheroidal
catalyst particles having particle diameters in the range from about 10 io about 200
microns and then calcined. Variations on the above methods will be recognized by those
skilled in the art,

Calcinations can be conducted using a rotary kiln, a fiuidized-bed kiln or the like.
In one or more embodiments, caleination is conducted in 2 non-stationary state, and
problems of sneven calcination (leading to a detedoration of the properties and/or 2
brezkage or cracking of the catalyst obtained) are avoided.

Conditions of calcinstion may be preselected such that the catalyst formned hag a
specific surface of from about 5 m*/g to about 35 m/g, Advantageously, the conditions
of calcination may be preselected such that the resulting catalyst comprises one or more
crystalline phases,

Method of Forming Physical Mixiure

The catalyst mixture may be prepared by combining the fresh catalyst
composition, used catalyst composition, and parformance modifier via physical mixing,
wet impregnaiion, or some combination of these technigues. One or more of the
components may be pre-mixed. The order of addition is not critical. In one embodiment,
the performance modifier and fresh catalyst may be pre-mixed, and then mixed with the
used catalyst. The performance modifier may be added at various stages of the
preparation of the fresh catalyst composition. However, in certain embodiments
performance improvement is seen where the modifier is added to the final form of the
fresh catalyst composition.

In one embodiment, the performance modifier and used catalyst may be pre-
mixed, and then mixed with the fresh catalyst. In one embodiment, the performance
modifier is a solid, and may be finely ground prior to combining the modifier with the
catalyst compositons. In another embodiment, the performance modifier has a more
coarse particle size, i.e. on the order of the particle size of the catalyst.

In one or more embodiments, the performance modifier may be added 1o ons or
both of the used and fresh catzlyst compositions via wet impregnation methods. In one
embodiment, the physical mixture of performance modifier, fresh mixed oxide catalyst,
and used mixed oxide catalyst may be subjected to & heat treatment or calcination.

In certain embodiments, whete two or more performance modifier compounds
ate employed, the performance modifier compounds may be added to the catalyst
mixture separately, or may be pre-mixed to form a modifier mixture. The modifier

mixture may then be mixed with the mixed oxide catalyst compositions via physical
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mixing or impregnation.
Conversion of Propane and Isobutane via Ammoxidation and Oxidation Reaction

The present invention provides a process for converting propans to acrylonitrile
and isobutane to methacrylonitrile. The process includes preparing a mixture of 2
performance modifier, a fresh mixed oxide catalyst composition, and & used mixed oxide
catalyst composition as described hereinabove, and contacting the catalyst mixture with
propane or isobutane in the presence of oxygen (e.g. provided to the reaction zone in a
feedstream comprising an oxygen-contzining gas, such as and typically air) and
ammonia under reaction conditions effective to form acrylonitrile or methacrylonitrile.
For this reaction, the feed stream comprises propane or isobutane, an oxygen-containing
gas such as air, and ammonia. In one or more embodiments, the molar ratio of propane or
isobutane to oxygen is from about (.125 to about 5, in another embodiment, from about
0.25 to about 4.5, and in another embodiment, from about §.33 to about 4. Ins one or more
embodiments, the molar ratio of propane or isobutane to ammonia is from about 0.3 to
ahout 4, and in another embodiment, from about 0.5 to about 3. The feed stream can also
comprise one or more additional feed components, including acrylonitrile or
methacrylonitrile product (e.g., from a recyele stream or from an eariier-stage of a multi-
stage reactor}, and/or steam. For example, the feedstream can comprise from about 5% to
about 30% by weight of additional feed components, relative fo the total amount of the
feed stream, or by mole relative 1o the amount of propane o isobutane in the feed stream.
In one embodiment the process described herein for the ammoxidation of propane to
acrylonitrile is a once-through process, ie., it operates without recycle of recoverad but
unreacied feed materials.

Propane can also be converted to acrylic acid and isobutane to methacrylic acid
by providing one or more of the aforementioned catalysts in a gas-phase flow reactor,
and contacting the catalyst with propane in the presence of oxygen {e.g. provided to the
reaction zone in a feedstream comprising an oxygen-containing gas, such as and
typically air) under reaction conditions effective to form acrylic acid, The feed stream for
this reaction preferably comprises propane or isobutane to oxygen ranging from about
(.15 to about 5, and preferably from about 0.23 to about 2. The feed siream can also
comprise one or more additional feed compenents, inclueding acrylic acid or methaerylic
acid product (e.g. from a recycle siream or from an earlier-stage of a multi-stage reactor),
and/or steam. For example, the feedsteam can comprise about 5% to about 30% by
weight relative to the total amount of the foed stream, or by mole relative to the amount

of propane isobutane in the feed stream.
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The specific design of the gas-phase flow reactor is not narrowly critical. Hence,
the gas-phase flow reactor can be 2 fixed-bed reactor, a fluidized-bed reactor, or another
type of reactor. The reactor can be a single reactor, or can be one reactor in a multi-stage
reactor system. In one or more embodiments, the reactor comprises one or more feed
inlets for foeding a reactant feedstream to a reaction zone of the reactor, a reaction zone
comprising the catalyst mixture, and an outlet for discharging reaction products and
unreacted reactants,

The reaction conditions may be controlled to be effective for converting the
propane to acrylonitrile or acrylic acid or for converting the isobutane o
methacrylonitrile or methacrylic acid respectively, or the isobutane to methacrylonitrile.
Generally, reaction corditions include a temperature ranging from about 300 °C to about
550 °C, in one embodiment from about 325 °C to about 500 °C, in some embodiments
from about 350 °C to about 458 °C, and in other embodiments from about 430 °C to
about 520 °C. The pressure of the reaction zone can be controlled to range from about 0
psig to about 200 psig, in one embodiment from about 0 psig to about 100 psig, and in
some embodiments from about § psig to about 30 psig,

Generaily, the fiow rate of the propane or isobuienc containing feedstream
through the reaction zone of the gas-phase flow reactor may be controlled to provide a
weight hourly space velocity (WHSV) ranging from about 0.02 to about 5, in some
embodiments from sbout 0.05 to about 1, and in other embodiments from about §.1 to
about 0.5, in each case, for example, in grams propane or isobutane 1o grams of catalyst
per hour.

The resulting acrylomitrile and/or aerylic acid or methacrylonitrile and/or
methaerylic acid product can be isolated, if desired, from other side-products and/or from
unreacted reactants according to method known in the art. Side products in
ammoxidation may include CO, (carbon dioxide + carbon monoxide), hydrogen cvanide
(HCN} and acetonitrile or methyl cyanide (CH,CN). The effluent of the reactor may also
include unreacted oxygen (Op), ammonia (NHj), nitrogen (N;), helium (He), and
entrained catalyst fines.

SPECIFIC EMBODIMENTS

In order to illustrate the instant invention, samples of various catalyst mixtures
were prepared and then evahiated under similar reaction conditions. The compositions
listed below are nominal compositions, based on the total metals added in the preparation
of the catalyst mixture. Since some metals may be lost or may not completely react
during the catalyst preparation, the actual composition of the finished catalyst mixture
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may vary slightly from the nominal compositions shown below.

Fresh catalyst was prepared in its final form, according to methods described
herein. A portion of the fresh catalyst was combined with used catalyst and a catalyst
medifier and mixed in a dry state, by using a meehanical mixer.

Catalyst was evaluated in a 40 cc fluid bed reactor having a diameter of I-inch.
The reactor was charged with about 20 to about 45g of particulate catalyst or catalyst
mixture. Propane was fed into the reactor at a rate of about 0.04 to about 0.15 WWH
(i-e., weight of propane/weight of catalysthour). Generally, ammonia was fed into the
reactor 4t 4 flow rate such that ammonia to propane ratio was from about 1 to about 1.5,
Pressure inside the reactor was maintained at about 2 to about 15 psig. Reaction
temperatures were in the range of about 420 to about 460 °C.,

Comparative Example 1 ~ A catalyst was prepared having the nominal
composition: MoVy2:5bg24NbagsOy, and including 45 % by weight silica support. The
catalyst was evaluated int a 40 cc fluid bad reactor. The results are shown in Table 1,

Example 1-1 — The used catalyst of Comparative Example 1 was combined with
fresh catalyst having the nominal composition MoV 18824ND0eCy in a tatic of 2/3
ased catalyst to 1/3 fresh catalyst and slso combined with SwO; in an amount of 0.1
moles of Sb per mole Mo in the base catalyst compesition. The catzlyst was evaluated in
2 40 ce fluid bed reactor. The results are shown in Table §,

Comparative Example 2 — A catalyst was prepared having the same nominal
composition as Comparative Example 1. The catalyst was evaluated in a 40 cc fluid bed
reactor. The results are shown in Table 1.

Example 2-1 — The used catalyst of Comparative Exampie 2 was combined with
fresh catalyst having the nominal composition MoVya;Sbo24NbogeOy in a ratio of 2/3
used catalyst to 1/3 fresh catalyst and also combined with MoQ; in an amount of 0.02
moles of Mo per mole Mo in the base catalyst composition. The catalyst was evaluated
in a 40 cc fluid bed reactor. The resulis are shown in Table 1.

Example 2-2 — The used catalvst of Example 2-1 was combined with fresh
catalyst having the nominal composition MoVp215bg24Nby g0, in 2 tatio of 2/3 used
catalyst to 173 fresh catalyst and also combined with SbyO3 in an amount of 0.1 moles of
Sb per mole Mo in the base catalyst composition. The catalyst was evaluated in a 49 cc

fluid bed reactor. The results are shown in Table L.
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Comparative Exemple 3 ~ A catalyst was prepared having the nomina)
composition: MoVg218be2aNbggeOy, and including 45 % by weight silica support. The
catalyst was evaluated in a 40 ce fhuid bed reactor. The results are shown in Table 2.

Example 3-1 — The catalyst of Comparative Example 3 was combined with 0.05
moles of Sb0; per mole Mo in the base catalyst composition. The catalyst was
evaluated in a 40 c¢ fluid bed reactor. The results are shown in Table 2.

Example 3-2 ~ The catalyst of Comparative Example 3 was combined with 0.}
moles of Sk0; per mole Mo in the base catalyst composition. The catalyst was
evaluated in a 40 cc fluid bed reactor, The resulis are shown in Table 2.

Example 3-3 — The catalyst of Comparative Example 3 was combined with 0.2
moles of Sb;O; per mole Mo in the base catalyst composition. The catalyst was
evaluated in a 40 cc {luid bed reactor. The results are shown in Table 2.

Example 3-4 — The catalyst of Comparative Example 3 was combined with 0.02
moles of TiOy per moie Mo in the base catalyst compogition. The catalyst was evaluated
in & 40 cc fluid bed reactor. The results are shown in Table 2.

Example 3-5 — The catalyst of Comparative Example 3 was combined with §.02
moles HgTeOg per mole Mo in the base catalyst composition. The catalyst was evaluated

in & 40 cc fluid bed reactor. The rasults are shown in Table 2.
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Ixample 3-6 — The catalyst of Comparative Example 3 was combined with 0.1
moles of 85;0; per mole Mo. The catalyst was evaluated in 2 40 cc fluid bed reactor,
Catalyst performance after an extended time on-stream is summarized in Table 2.

Example 3-7 — The catalyst of Comparative Example 3 was combined with 0.05

Ln

moles of H3BO; per mole Mo in the base catalyst composition. The catalyst was
evaluated in a 40 cc fluid bed reacter. The results are shown in Table 2.

Example 3-8 ~ The catalyst of Comparative Example 3 was combined with 0.1
moles of SbyO4 per mole Mo. The catalyst was evainated in a 40 ec fluid bed reactor,
The results are shown in Table 2,

10 Example 3-9 — The catalyst of Comparative Example 3 was combined with 0.05
moles of (NH4):HPO, per mole Mo. The catalyst was evalvated in a 40 cc flvid bed
reactor. The results are shown in Table 2,

Example 3-10 — The catalyst of Comparative Example 3 was combined with 0.04

moles of LiOH per mole Mo in the base catalyst composition. The catalyst was evaluated

15 ina 40 co flnid bed reactor. The results are shown in Table 2.
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IS 440 784 MINHIMIIIIIIIIM 0. 53.8 39.8 EN2.66.9 20 Comparative Example 4 - A catalyst was
prepared having the nominal composition MoV0.381)0,2Nba.osTioiCeo0.00sOx, and including 45 % by
weight silica support. The catalyst was evaluated in a 40 cc fluid bed reactor. The results are shown in .
Table 3. 5Example 4-1 - The catalyst of Comparative Example 4 was combined with 0.025 moles of
6e02 per mole Mo WYH¥H4EE catalyst composition. The catalyst was evalOEseM @40 cc fluid bed
reactor. The results are shown in Table 3. Example 4-2 - The catalyst of Comparative Example 4 -
was combined with 0.025 mdfearsrte0P*perimdle Mo jrtlve baseroatadystotmpbsitionindine catalyst
was evaluated 10 in a 40posftisid bedviesistdmh, il eults, asedshomamin 6akle3 LaklegSxample | |
Press, psig Temp, eC Rigpanemé e Yaksianina aRe ot \IVISRILE U8 YIEI% e shown in

Table 3.

5 Example 4-1 ~ The catalyst of Comparative Example 4 was combined with 0.025
moles of GeQz per mole Mo in the base catalyst composition. The catalyst was evaluated

in a 40 cc fiuid bed reactor. The results are shown in Table 3.
Example 4-2 — The catalyst of Comparative Example 4 was combined with 0.025
moles of CeQz per mole Mo in the base catalyst composition. The catalyst was evaluated

10 ina 49 oo fluid bed reactor. The results are shown in Table 3.
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GOBRL 10 14401 833 | 483 7 1521 5 18| 691U &9

Example 42 GO 10 1440 B1S 482 05 3 34 WlBEr i o
15 While the foregoing description and the above embodiments are typical for the

practice of the instant invention, it is evident that many alternatives, modifications, and
variations will be apparent to those skilled in the art in light of this description.
Accordingly, it is intended that all such alternatives, modifications and variations arc

embraced by and fall within the spirit and broad scope of the appended claims.

29



RCN Yield,% AttleeMile TWO% Acrylic Add Yield, % CO2 Yield, % CO YM14, 'A Hours on Swam
Comparative Example 4 0.060 10 440 84.7 449 77.85.7 2.7 1A 20.6 15.2 17’

We claim:

1. A process for the ammoxidation or oxidation of a saturated or
unsaturated or mixture of saturated and unsaturated hydrocarbon to produce an
unsaturated nitrile or an unsaturated organic acid, said process comprising:

providing a catalyst mixture comprising

a fresh mixed metal oxide catalyst comprising molybdenum, vanadium,
niobium, and at least one element selected from the group consisting of antimony and
tellurium, '

a used mixed metal oxide catalyst comprising molybdenum, vanadium,
niobium, and at least one element selected from the group consisting of antimony and
tellurium, and

a performance modifier selected from the group consisting of antimony (I1)
oxide, antimony (III) oxalate, antimony (II1} tartrate, antimony (V) oxide, antimony
tetroxide, SbsO3and mixtures thereof, and

contacting the saturated or unsaturated or mixture of saturated and unsaturated
hydrocarbon with an oxygen-containing gas, or with an oxygen-containing gas and
ammonia, in the presence of the catalyst mixture.
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2. The process of claim 1, wherein one or more of the performance modifier, the
fresh mixed metal oxide catalyst, and the used mixed metal oxide catalyst comprises a
support selected from the group consisting of silica, alumina, zirconia, titania, or
mixtures thereof.

3. The process of claim 1, wherein the catalyst mixture comprises at least about
0.01 moles of performance modifier per mole of Mo in the total amount of fresh and
used mixed metal oxide catalyst.

4, The process of claim 1, wherein one or both of the fresh mixed oxide catalyst
and the used mixed oxide catalyst are prepared by using a non-hydrothermal synthesis
method.

5. The process of claim 1, wherein the fresh catalyst composition comprises a
mixed oxide defined by the empirical formula:

wherein X is selected from the group consisting of W, Te, Ti, Sn, Ge, Zr, Hf, L1, and
mixtures thereof; L is selected from the group consisting of Ce, La, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu and mixtures thereof; 0.1 <a <1.0, 0.01 <b<1.0,0.001 <
c<0.25,0<d<0.6, 0<e<I;nisthe number of oxygen atoms required to satisfy
valance requirements of all other elements present in the mixed oxide with the proviso
that one or more of the other elements in the mixed oxide can be present in an oxidation
state Jower than its highest oxidation state, a, b, ¢, d, and e represent the molar ratio of |
the corresponding element to one mole of Mo.

6. The process of claim 1, wherein the used catalyst composition comprises a
mixed oxide defined by the empirical formula:
MOV, SbNb X410,
wherein X is selected from the group consisting of W, Te, Ti, Sn, Ge, Zr, Hf, Li, and
mixtures thereof; L is selected from the group consisting of Ce, La, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu and mixtures thereof; 0.1 <a <1.0, 0.01 <b<1.0,0.001 <
c<0.25,0<d<0.6, 0 <e<1;nis the number of oxygen atoms required to
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satisfy valance requirements of all other elements present in the mixed oxide with the
proviso that one or more of the other elements in the mixed oxide can be present in an
oxidation state lower than its highest oxidation state, &, b, ¢, d, and e represent the
molar ratio of the corresponding element to one mole of Mo.

7. The process of claim 1, wherein said step of providing comprises physically
mixing the fresh mixed oxide catalyst, the used fresh mixed oxide catalyst, and the
performance modifier. ‘

8. The process of claim 7, wherein said step of providing further comprises the

step of pre-mixing the fresh mixed oxide catalyst composition and the performance
modifier.

9, The process of claim 1, wherein said step of providing comprises combining
» fresh mixed oxide catatyst and a performance modifier via wet impregnation.

10. A process for the ammoxidation or oxidation of a saturated or unsaturated or
mixture of saturated and unsaturated hydrocarbon to produce an unsaturated nittile-or -
an unsaturated organic acid, said process comprising: .

physically mixing a dry mixed metal oxide catalyst and a performance modifier
to form a catalyst mixture, wherein the mixed metal oxide catalyst comprises
molybdenum, vanadium, niobium, and at least one element selected from the group
consisting of antimony and tellurium, and wherein the performance modifier is selected
from the group consisting of antimony (III) oxide, antimorty (TIT) oxalate, antimony
(I10) tartrate, antimony (V) oxide, antimony tetroxide, SbgO1s,
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is selected fremathe.group consisting of Ce, La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and
mixtures thereof; 0.1 <a < 1.0, 0.01 <b < 1.0, 0.001 <¢c<0.25,0<d<0.6,0<e<1;nisthe number of
oxygen atoms required to satisfy valance requirements of all other elements present in the mixed
oxide with the proviso that one or more of the other elements in the mixed oxide can be present in an
oxidation state lower than its highest oxidation state, a, b, ¢, d, and e represent the molar ratio of the
corresponding element to one mole of Mo. 6. The process of claim 1, wherein the used catalyst
composition comprises a mixed oxide defined by the empirical formula: MOIVaShbNheXalLeOn
wherein X is selected from the group consisting of W, Te, Ti, Sn, Ge, Zr, Hf, Li, and mixtures thereof; L
is selected from the group consisting of Ce, La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and
mixtures thereof; 0.1 <a < 1.0, 0.01 <b < 1.0, 0.001 <¢c<0.25,0<d<0.6,0<e<1;nisthe number
of oxygen atoms required to satisfy valance requirements of all other elements present in the mixed
oxide with the proviso that one or more of the other elements in the mixed oxide can be present in an
oxidation state lower than its highest oxidation state, a, b, ¢, d, and e represent the molar ratio of the
corresponding element to one mole of Mo. 7. The process of claim 1, wherein said step of
providing comprises physically mixing the fresh mixed oxide catalyst, the used fresh mixed oxide
catalyst, and the performance modifier. 8. The process of claim 7, wherein said step of providing
further comprises the step of pre-mixing the fresh mixed oxide catalyst composition and the
performance modifier. 9. The process of claim 1, wherein said step of providing comprises
combining a fresh mixed oxide catalyst and a performance modifier via wet impregnation.
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10. A process for the ammoxidation or oxidation of a saturated or unsaturated or mixture of saturated
and unsaturated hydrocarbon to produce an unsaturated nitrile or an unsaturated organic acid, said
process comprising: physically mixing a dry mixed metal oxide catalyst and a performance modifier
to form a catalyst mixture, wherein the mixed metal oxide catalyst comprises molybdenum, vanadium,
niobium, and at least one element selected from the group consisting of antimony and tellurium, and
wherein the performance modifier is selected from the group consisting of antimony (lll) oxide,

antimony (Ill) oxalate, agtimony. (W} [artrate, AHmAny, (Y L @xide, RHIMAN, felhid6,31.0013, and
i D i S o S

mixtures therh%%irp%}g alciS:
unsaturated hydro ar%on with an oxygen-containirig gas, or with an oxygen-containing gas and

ammonia, in the presenge pf e Catalysh MXWiRrein td hilheRiosesnotalaial O,wherain the mixed

metal oxide cafalyst SENel SPESeR AiFARkPRG RlgMent selected from the group consisting of
lanthanum, cerium, praseodymium, neodymiugp, SRR europium, gadolinium, terbium,

dysprosium, holmium, erbium, thulium, ytterbium, lutetium, tungsten, titanium, tin, germanium,
zirconium, lithium, apgkRaNIuD selecteidrdheHRracRS:ohGkIM 1Y, whesein, ares, Rmgof the mixed
metal oxide cal@alystand the-RerfomaneerarifiercomprisemasgRat sglacldomegroup
consisting of gilicas, atming Ercanigptitaniadanmixiey aeiberanf. < a < 13, Oha preeess,of claiml 0,
wherein the qatalyst ;mbgurg geraptisss @kleast;abpubRinteleslpeifasnanequinatifier per mole of
Mo in the mixadsmatalaxtdeqatedysits of all dthEhelprepessrafepiaimitininbé eikisaittstiep of physically
mixing comppsessa ki@ aeelgioatmies nnctidnxteirdialysk ahoxalpesiobnancenriadiier. 15.
The process efidiaion 3Qiathereithihétshiddsnetalaoxit e aatalystoc dmprisesmaminethoxide defined by
the empiricalifemamiaididitia ShibddbaXateéement wheremokisSklected from the group consisting of W,
Te, Ti, Sn, Ge, Zr, Hf, Li, and mixtures thereof; L is selected from the group consisting of Ce, La, Pr,
Nd, Sm, Eu, Gd, Tb]®heprdersTof cMbn L@, gd theixtoresxideteofy s bataated. Oy GuSdfurhted 1.0, 0.001
<c <0.25, O< @ mx@roof sirrited imdhersammided b dropgdatvins saguidedep Watishpaialance
requirementscofpitisth epehstne e préwatad ntiesiinedbyideiwite tiearovisbatdt one or more of the
other elemertgiattraiahixstositiencaribapresenid amGyigatiornstaiadare i apiesighest oxidation
state, a, b, c,of thmepeaksprasémiethe molar ratio of the corresponding element to one mole of Mo.

16. The process of claim 10, for the ammoxidation of a saturated or unsaturated or mixture of
saturated and unsatiiatéd PrpsrsEafsmWRe FdsTsEIdhStEpY hissA e G SR HHARlEE &bntacting the
saturated or BF&SGHPEG spdiehsraatsraiBesEasihturated hydrocarbon with ammonia and an
oxygen-containing gas in the presence of the catalyst mixture. 17. The process of claim 10,
wherein the dry mixed metal oxide catalyst is prepared by a non-hydrothermal synthesis method.
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