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t he ammoxi dati on or oxidation of a saturated or

unsat ur at . r e an_unsat ur at ed
nitrile o qqﬂ%ﬂﬁgiﬁ}f iﬁ&[ﬁ%ﬁg§%¥] AJION ORRXMATION o
particul arly rel at @F PROPANPARPISOBUTANEOasphase
conversion of propane to acrylonitrile and isobutane
to nethacrylonitrile (via amoxi dation) or of propane
to acrylic aci d @XCKEROURDOF THEINVERNYIOS acid (via
oxi dation). Description of the Prior Art M xed netal
oxi de dhe AIeRisNKeRfonpsaeraliyselafn & £ armogase fafote camyneidation or
OfoxRIa QBB sAudfel or ARidnirh e hfitEcdrERPIdt ct @n ungaturated nitrile or
met hacrylonitrile (via an aniroxi dation reacti on3
awa/lmﬁatnr@tedcsxﬁmm aniGThefinyangpm perticwardyc refdtesctozecprgegsy ifer the gas-
bl AALLARN GAGLRANY to FoAE

ﬁ’c?udes AUMer ou Bat etr?t 3&28 p%\iSl ggp&é"b‘%f‘% tcuc%lfhll %ha?r}qommle (via
i roimakidagiof)opr ek ampkee tdJagyliPacid rand Nsobubang 30, ii@badrdic acid (via
Usom(*g%g et al., U S Patent No. 6,036,880 to Konada

., ‘U S. Patent No. 6,043,186 to Komada et al.,

U S. Patent No. 6, 143)&1:ﬁptmn bﬁthagoioeiAral ., US
Pat ent 4,902 al .S, ., Pat ent .
nopl 1 AR RBT oH2 S BRUTOh frtays i Eo BB sign of propane

U. tSacr?bheﬂﬁ aAp fdobctaihe mnné‘thacr)aﬁlﬁﬂri’l@(i%%ﬁmﬁbmﬁﬁn@%idﬁey) and/or
and PCT Pat ent li.cati 827 )
AoRiPue N ket ac S AR oG oR FeAtg (F 4 known in

s Ukib fidRl ifi¢10dYs hiimetoRk patehts @hd pdicht applications, mxludiag fhivesample, U.S.

n intr i nf.o .m.xed ne oxi de. cat al s for
o ikt Nor 78 560 1o LRt Al LS RSt o ASsiEh fo komada et .
I rmsemahwmﬁs R4 & KbHady & I@DXU@GP&@ﬁthé Q;nm 9Tbeo Hmago et al.,
Nﬁi Sgnated catalgsts were then dried and cal ci

aient Ao- i 4207 e lapypest al HiS P et dpslisation é“W&u 3003/g088118

bya IVEP RonfdEP 8BAIL P8, Rited: @lﬂ’gﬁéduumbﬁﬁ 004700639661 AGab @asfﬁltey et al,
erforrrance was rep orted urt her |rrprovement was se

V\/r@@ﬁ %C%d’@tenw‘eﬂpflp%@m e QARS8 Al Dy deshivlaasei Kabushiki
pq{gléglgned A tel lurium conmpound and optionally a

nmol ybdenum conpound have been added as catal yst

act i vaQyids promgters sprbusdniokinge tellriamy ond @ptimenhpxiges have been
CapEERkRl, bt el D (ABAATr GR6baRl Belakln Cclfning Mo-v-0
t ibyeincipisnt @apregnation ¢€ meta) isepropoaida sohutighyy khe dotpragnatpd catalysts

Avg,eer(l3 gadggﬁgn%rgg%%g_ and/ or a nol ybdenum conpound have
ed as a

Mixed metal oxide catalysts have been surface-modified by vapor deposition of -

tellurium and improved catalyst performance was reported. Further improvement was
seen when a post-modification treatment with oxygen was performed.

A tellurium compound and optionally a molybdenum compound have been added
as catalyst activators to a compound oxide catalyst containing molybdenum, tellurium,
vanadium, and niobium. The catalyst activator is added to the reactor after some time on-
stream in order to maintain catalyst activity.

A tellurium compound and/or a molybdenum compound have been added as a
compensative compound to a used catalyst containing molybdenum, vanadium, niobium,

and antimony. More generally, it has been known to add a molybdenum compound to a
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conpensative conmpound to a used catal yst contai ni ng

nol ybdenum vanadi um ni obi um and anti nony. More
w@emenassy, it has been known to add a nol ybdepems2008/011551

conmpound to areactor enploying a catal yst containing

nol ybdenum Al t hough advancenents have been nmade in

t HeacgremployiRgerialy S fonipininganaldhdgaum. cont ai ni ng

ol ybdeninu g advadtenBnesAikive BREY m3idinChB &ft i ABRAREGE Svith catalysts

effective for conversion of propane to acrylonitrile ,

arf@niaging melbdepurne tvARRGIYM, 0 ARtimgnye aifd) josheg ncomponents  effective for

argaRYdrdah | ANplop el kPt i I £ itri i

acry |rc; a_c(?gp gﬁa&i sobult'ygdr}}lzél?eg aIrlr(gtl (g’g%éﬁ% glgfhg&({ﬂné\ml@fn (via an
5 oxaminexidation erpectiam)) andder dort adrystsgonnée cactydict heid and isobutane to

[ ng .. r 1N cialldly viable. In

TREBLATRELBTLA y BESATT RpSRATHEC b 8P g hprovmen

r drbire beeonsng temnferaatiygenide.alnl genbmaly thé eftdtaowh chtabtic systems for

desi.r r t.« Processes tha duce hi r.yield
ot St BB A poi BHEAR vl o BEPE USSRt Vot
woul d Peocesses ithas peoduba highervdeld rafrusefetpstiadiiwduld beldegable. Also

reaction copditio nd/ or inproved resjstance to.. ..
101 GRSt ol bt cBARERORE’ haver w6 Rt SEngmesactin conditions

ThdloNidghdvddYedistate@o eiipethinre flictudtions intHe rattern

provi des a process_for the ammoxidation or oxidation

of a saturated or GHYYIARYX OF THEINVENHON <at ur at ed

and unsalons aidedimedt, IR iR ektich QpriVi@siUE Brodbss UBS el dation or
nitrjile or, an unsaturated organic acid, said process

comsierian . aprapiad iy anwemelrd < miXiwEr of SRl R wpsaturated
15 f g cabs e do Rbdlce Ol URsafidtad YisthileCOHMRA Iudkdtbrated organic acid, said

nmol ybdenum  vanadi umy ni obium _and at | east one | N

e FEPREPY COTITSEER Previding ta_r?étab’lsbli!}ﬁ‘“% RSMBE{IRG2 frestamiiegupsal oxide

angiahy&l tdthpriie Roly6@Gum, ¥aHaiiRt alobfi, 384 Q?Iegé&mg efement selected

conprising nol'ybdénum vanadi um niobium and at | east

orfeone thergsonp eqasistingeef antisteny ed tpilatigm conssid geikedymetal oxide catalyst

a r : e

CoPaP e PR TE it et A oM i FRR e TRl ffectd from e
20 c enpwueasistizgnef antimony gard delhivm, and e pedomumnpomediier selected from

b n CEF I o) er ' .
0SB SPOHR o, S TGP Wilen i TRAT, s, i
neotpnindn dorepocomimunds, gisiiuwm compoudsd germenisp hompeunds, lithium
co nds, .s ni d I onpounds

C TP mRREh A SHBOH Reod AL ARSI HBERm compounds,
c pipsphods, compachdsm sedeniuon ndempainds;, o rtantahumo ngmpodsds, tellurium

and m xtures, thereof: and contacting the,saturated or
25 o, FORPAPIEE GBIV ((aROURdS < BBTER o COMRONT(h o JATATINR, g Compounds,
hyzilc o aih bompwirids, atd mxygenthereof; andiédntacgas theGhatuvdtédlorathsaturated

(I AERE DL B d oL n R B PR ion o i PoEE Rt o, or

catit b bdxyFex-tortginingQab debarhinonia) inthe pregedcd of MBREALyst mixture. In
nodi fi er cg ounglie. The pr.esent 1 aventi on al so .
i (fEMRip&mbe ﬁpea edile gAYt XA ERiuges MonoTomoyy Regfogpapcg nodifier

30 compounds.

The present invention also includes 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 providing a catalyst mixture comprising a
performance modifier selected from the group consisting of aluminum compounds,

35 antimony compounds, arsenic compounds, boron compounds, cerium compounds,

2



or unsaturated or m xture of saturated and unsaturated

hydr ocarbon to produce an unsaturated nitrile, said
WEe@eesssSTonpri sing providing a catal yst m xt uP@€r/US2008/011551

conprising a performance nodifier selected fromthe

group ¢onsi sting of al um num conpounds, anti nony
c ERPEAINYE, camBeds, JHRNBLNAIPONBYSH n NEQSHABWHIRA d §OMPKdsm niobium

CRORPUIESR, FH6EFNOHEMCcERPRMIEdSeletibiNcHRpSAARO ¥iium  compounds,
neodym um conpounds, ni obi um conpounds, phosphor us

c SPBBUAtROMROENds, FtaRHvED FRTRRAYES, tungpien PP JaRRgEum compounds,
t &l Hibid "BofrpOBRS! NAs mideidd ﬂféf@o@ W&quﬁed ) %&ﬁ@ catalyst; and a

conpounds, vanadi um conpounds, zi rconi um conpounds,

5 andedrimizedr wetal REide chtalyst; fwhesein shidefesireand] saisk sed catalyst are each
c . oxi de catal yst;
m@é&égﬁeg%fg&}x@gg %e@ﬁs{g‘%%g cat al yst are each
i ndependent |y defined bMaiNeSteNpiXaléal f or mul a:

g/g:n;/fl ss&w%%%&%d@?&f @&H t]é rér&@se&lr%‘éﬁﬁwff \FVO‘T‘e tﬂe%éﬂ 'G&I0, Hf, L,

maxt nrigeres tieredf L 1d_seﬂect&ddimt}mcgrc§upmnmktmggnfmpLa Pr, Nd, Sm, Eu,

1o ERE R, ThY R et Rt Bl aitens i1 S2< P g <o <10

0 0001 b<0.25,® <@.905, & <Te < 10 1S thelnulibr of Oxy@en QtomELrequired to
is the nurtber f torrBre uired to.satisfy .

v 3P S e PRUTEIEG: offoIL P BF PEAET £ 5 BaEH i with the

t Reovidoxek énel d#anoik lolf tHd“rﬁhéHeﬂBﬁhéilfs B¢ mdted oXidendah &e@resent in an

t he other elements jn t ed oxi de can be_ present
i PXidation StataHlows thamitehig ?m? Hion statss anp-gnd pd xPRIEEP ke molar

15 StradiCof fhe cBrredpondin@Blénfni RPSRSANE of Mo; R %bmﬁa{ §Qh9fsaturated or
the corresponding el ement to one nole “of Mb;

c ansatepied r mHatuE el saatrafad and prratiratedihyckiocarboR il pamgpia and an
Sakyg éﬁtc%%aﬁg% PRIA tHepEBReY HeRGaIRPARMLEN ammoni a and
an oxygen-containing gas in the presence of the
cat al y3r op¢ smbpdiment, thgymventopdireides a prasess fok thej aspmoxidation or
pro%’daﬁ@& & PrQaRaRd & uhARrALITO¥ 91@&1'11‘9 NoOlsatthtdd@bhd rhnsaturated
a saturated or unsaturated or m xture of saturated
20 adwdtmgréorm rtatrsedusy canodeseeried oitpleodtuer vasatirmtsdt ereariedeid, said
ni e
c rbser et IRANHEE WGl Ml foreCorforishl & PR ER Hixture of a
phmspd: wletalroxide cataly$t aad i pegfgrmance modifiedevksacia ityesmixad anegal oxide
per, t X
¢ 3p eSS P ol 8Lyt i 180 Bl WPREL oBE W ifhent selected
atfrdnedbd gomp @hneistbry of ehtambnydarfd e, gmd) tw[herem the performance
riu ere

25 gg{q?ddﬁ%;aﬁg e(l)el%e frl er{l‘ﬁé gargxgq L elims ng ol all.uﬁunum compound? antimony

C woiipsind3g antnial comipoundsc bofrau ciispouads, | ceriny ocﬁﬂmmudsj Sgermamum
arsenic co unds boro&ﬁoI $§)unds ceriu

g SPHRATAS HRPBY nERImPoup BB uHEEPe uﬁlg]%d u‘}ﬁ‘ Cbmpounds

C PHRSPHOES, ddmpbunds) cwmﬂdsompdmﬂghamslumormmdﬁds tellurium
sel eni u coirl]ﬁgo,unds, t ant al um conpounds, gel [ urium

corpvl PU UFATRSHR G n HOESteR nGUPRANEAS, nyaRadim  compounds,
30 V A6k coipp@idsnd 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.
The present invention also includes a process for the ammoxidation or oxidation
of a saturated or unsaturated or mixture of saturated and unsaturated hydrocarbon to

35 produce an unsaturated nitrile or an unsaturated organic acid, said process comprising:
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zi rconi um conmpounds, and m xtures thereof; and
contacting the saturated or unsaturated or m xture of

W@ 2090885631 and unsat ur at ed hydrocarbon wi t h anPCT/US2008/011551
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oxygen cont ai ni ng gas, or with an oxygen-cont ai ni ng

gas in t esence of the cata

m%R F‘B“g arff’éa ES?‘ @g@msmw&qﬁ RsFformange medifigy ﬁr°6‘élé’§%m‘xmfe
f Qpherdif tRETOBKIyStod dniibsiton VohipAkdsOA nitked okiaé ldéﬂﬁesadbp the empirical
unsaturated or m xture of saturated and unsaturated

hy! @& d&r bon t o produce an unsaturated nitrile or an

unsat urated organi c aci gyo,Y24HINBIOERSS

corrprl si ng: conbi ni ng a cat al yst conposition and a

> per f or hgesan Fodiseleased fromften grovp eensisting of Wi TeiFieSn, Ge, Zr, H, 1,
WhE ShiknfAfné&adat Y Eel&%ﬁﬁﬁ'ﬁﬁ'{ g;o@oamglgé%i facé%eﬂ Nd, Sm, Eu,

oxl de defined by t e enpirica mul a: erern

s €Fb cite Pyt HomErhEmgYbupu eohsiixtuies ghastolP. 1 Tea <T1.0, @m <b<10,
Mg o Hf | nd tu 0

fGr% o%)ztt%g g? %%fpo éginspsrg} |6n gé %1?1 éfe’i? rﬂE Su"bﬁ?'r 0?@%?%%%%% required to

Gd;atls'sz) valyge tdqulrequntsTaﬁ all{btheﬂ_elelaclds pres¢ny rma$hd neredaixjde with the

pﬁov(%soaglat c';l'ne or n_JLore of <he ?tHer e;l1 %gs 1nqt%e mlxed ox tzcgaﬁ,sb% p<resg:nt in an
r extidationd sthte lewaén lﬁﬁryltyhxlgm‘sc exxdaqmlstammnb Sc dfan&lelre]ﬁbdbﬁf the molar
el enen pr esent xed oxi de t h rOVISO
CHERS h BeCyoamadisg IetEerbigre HoUEh Mo nd (g fhperformance
OXheliifieras setecpide femt thlengraﬁp @zsmm*rngcuf ﬂhﬁhﬁn{ @mpoaﬂda,nannmony
its hig&gst oxi dati on a, 5
r SFRSEHE AREMfroTCHIPOPELS: fﬂ“ i"ﬂ‘é‘”&‘& Y &BBWdF?@P%‘F‘QWam“m

t @oRipBunts) ehtﬁfun{\/bcongflﬁlnweh&idﬂnﬁlhﬁ BEMpAUNAEN Qﬁoblum compounds,
nDdl ier is selected fromthe group consisting o

RO c SOPBARRES; SR N FOrRtHIdun dantalgms e?ﬂrrtpounds, tellurium

Cm‘@bjﬁ‘rﬂﬁ; RALRMH CORMPMAES . tmBstbtMm ﬁélsﬂdsranadlum compounds,
ger mani um conpounds, | i t hi um compounds,. neodyni um

C S BRINACOmBPEIis RRISBISERereot h%wagg evsrﬁpmm%ﬁsor unsaturated

S&)r Gk iR GPHRRMAE and hARRRAThFREGARHRASith L@bﬂg@h%ﬁhmmmg gas, or
conpounds, titani um conpounds, tungsten conpounds,

vmédawygmm@@g 299 3 FIMAI%G Fhipe Brseence ghthe gpbysimixture. |
t her eofy, hﬁ%tng ggpséﬁt HiveeRd it ! urg;o‘ééss for the

or m xture of sat urat’e unsat ur at ed drocar
wi amkmexidagiop g g @thaggdnq)mg]sg@ytedopr miixthregef saturated and unsaturated

SRS AAR 3 A8 % BIONS ol RRRROEE, Wnviing o
i rmaiytst compositanesd amedorpraowmgdlﬁolr totfbmemn ambystdraixmqn wiferein the

uns%ﬁys{ ac{ng%osh{oaﬁgcgﬁ%g tanedOJxl | CEHL Loy e %ﬁch?fxggnﬁ”d

ur a uce an-unsa
nitrile, said process chnNaSthchdt@ml ning a catal yst

con‘posn t| ol .0 %r nce nodi f .
cat ol ystrein i slefEL i3 TR BEug onsrpis ob§rnBolt ay0e 20 HE L
C QiFg mhikRiSesahdreofed loyeldmeddia(fdx tecréyp donsistigfrCe; &k, Pr, Nd, Sm, Eu,
form a: N?'B{J/aSﬁbN% dLeé))n wher I,S_sel ect
oG AR RSl 8 20l S PR <b <10,
Hf0.004i = cangl2s) 0(t<u¥ €$) (i, loes e@ifl. nLls Itﬁe ehiee o dxydedrtdri€required to
roup. consi st | ng
g satlspfy valance requlrements of all' ofher elements prersrclent Lf'n '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, and wherein the performance

modifier is selected from the group consisting of aluminum compounds, antimony
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&d, Th, Dy, Ho, Er, Tm Yb, Lu and m xtures thereof;

0.l <a<1.0, 0.0l <b<1.0, 0001 <c <0.25 0<d
WO2@9048588 < e < 1; n is the nunber of oxygen apOmES2008/011551

required to satisfy valance requirenents of all -other

el ements present in the m xed oxide with the proviso

¢ KATPBHEISO P e°°8¥P°’c“H§ SPTPBY QRO LMt FRIRAURES germanium

0XbofPowl, DRhRARE S&MpouRdsaNnébdlyAain OBorﬁﬁtﬁltnS | @¥¥®hurh h8snpounds,

its highest oxidation state, a, b, nd e

r MBPhEnE (CRBPAWIdS Felaniwn oFOIPPFémé%r r@&ﬂbﬁdl‘%ﬁ’glpé}‘@ﬁe ntellurium

tQ:o ?gurﬂ?gl etthlfuuMb coRtpdudMie” RinBstéd ec&ﬁﬂcfuﬁ&m'@%dlum compounds,

ier is selected fromthe group consi $ting
5 alzumrnumcemnpwiﬁo@d raiptureschsreefiprsleratacting &wersatvrated or unsaturated

C Q)m%ﬂﬁjé of Q%&%d‘?m ﬁ&ated: ﬁ{fdrUéQr&gl'TQrﬂﬁ glg‘g-noma and an oxygen-

ger mani um conpounds, I um conpounds
c@npt@masm@bpmmgnﬁth@ndslystpmmorus corrpounds

sel eni um cowﬁﬁ %@ﬂﬁpﬂ: ‘]‘?ﬁ:lﬁﬁ;&’ﬁbgm
conpounds, titani um conpounds ungsten conpounds,
vanadi C[in: pospo umdestionr gereally uelates hpa prctess fanthe r(tmmonmaon of a
there and .co cting,the rated or. t.urat.e

10 tH]r duorreung%tu E: % Eog%b § %J]F% cg{ngaslﬂw g%t éll'}ZB’Olhe used in the
Wlphh:emch ﬁro&éﬂeﬁﬁe @f&g%dbﬂﬂﬂlamm@uwnldﬁ ptd'pane to acrylommle

f th t al yst DETAI LED
e S R PERSTHE 5 B 91 P PEppApe o e acd
I ahdisebuthie 18 nistiReAsis aéﬂr(vfaiaﬁ okidaignaéaddiah). on of a

saturaﬁed or unsatur % drocarbog and . cat al

onpostt (BRT TAFe FBYOBBeSodmeRrtiRg Tl L6 roragianby a process

15 PrifdeERE theadrBmEXifl@ni ofta §iiraled ®r aREANLRAdr GRixfike of saturated and
propane to acrylonitrile and i sobutane to

mep Aty SHITOFATPen, 2 s ot e SIBS RPN A peFforprapisamedifier, a
t Gredl FifkddCoxddel At compiRitioRNghdl PusiB I R&T didCcadtlyd cbdMpdiition to
an oxidation reaction). In one or nore enbodi nents,
urfem acaplyst WiNe4 andi conaeag-the Bydrgcabs Witk smmontsl andi angpxygen-
t hend a6 & thO BreRincd oB Ak Whidly&dniRhurdinsat ur at ed or
m xture of saturated and unsaturated hydrocarbon, and
20 j ncl uddse Pf?éefﬁtl@f%tl@? Prewidps hipmyess fpethe apvaxedation or oxidation of a
gfur'ét or saftﬁt% o 'rﬂﬁ)@lqreo(ﬁ" sgﬁra(féﬁt &'dMﬁant&r%H %?tho?%on to produce
used m xe oxi de catal yst conposition
C amalmmraw sittifeeor aanasaterated organiy ackle s4ig grosessroomprising:tproviding
nt ai
o Bt il XORERGQHA RN InaR hBil [ Bu RIENRE Blnprising
pnmlglkaﬁror vaﬂaélummmbiwkat ph ablreaijomta@ltmmt cs&:leated from the group
25 Sa Hrls Ing. o qaxﬁlmnsagaglﬁg%lﬁur{u%{ %Big{éxgcgg unsa 1(ilet aqacﬁadcomprising
nnﬁcrly‘rbcEnmh amwmatmolaumd amd gateasi e dememlsdlepneddasm the group

¢ e ety 450 oo AR pEIGHRHDG, R SR rom he
MYProtipdesiittingy af aldininim rcbmbmmm andloay cbmﬁsﬁnde,nﬁ'semc compounds
el enent selected fromthe fzglgconsl St ng{lgﬁf aF mny_
2T PRI, SPrEle SOMPYBES ngTRATHD; GampoRpds, (Jipum compounds,
30 CQféBdl}}rﬁlhﬂlg oBHJpM&}QB,n Widbivian adrlnw[lndﬂl PhogphbrudNeoripouna S kelenium

one el enent selected from { he ¢ do
compounds, tantalum compounds, tel unum com ounds, 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
35 ammonia, in the presence of the catalyst mixture.
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consisting of antinony and tellurium and a
performance nodifier selected fromthe group

weengigtssing of al umi num conpounds, anti nony coPEDUSZYES/011551
arseni ¢ conpounds, boron conpounds, cerium conpounds,

ger mani um conpaounds, . |ithi um conpounds, neodym um o
conpoudfn W%}‘Eﬁﬂt dBnprsalie anodifies dntelscied UgReMp consisting of

s thﬁmhuxm GEMRONNHna, taAfihShy{IIT)COIRD URSony (BN sHalddd! antimony (III)
npounds, titani um conmpounds, tungsten conpounds,

v a‘?FE&‘eu AREBORYEVh 8§lde’24‘}t1@m1>’ (eH beRis, aragmir (H)xaxidep grsenic(V)
t RO brse@P A cOBLAR dxidk, R 28HY EéHceM bnidRS A2t &shm acetate,

or mixture of saturated and unsaturated hydrocarbon
> wicerumdIlyoxalete- byhetai perivgn(Beks oxide, sarmaniam(IV) oxide, lithium oxide,

OB %QMC“ 'llﬁﬂurg R etdfd dm%ﬂﬁ'f? Hfééte hﬁnm farlPheE S&%gxtnmn niobium

t he cat st m xture.As an nent, the cat
rrtmthlhtee mqbsms ekaéctt: endbbliyro mp(tdheplglsmﬂpusnpﬁmmmﬂ, laglrrm‘nium phosphate,

gl@hiﬂ“ﬂ} ?ch P% oxa (Wb{iﬁ tglﬂltxfcq?ﬁ%/ Fe;llll%l?ér}'l?(frl((l)a){ilgé’, tellurium trioxide,

ant 1 non ‘i rony
ambtilediignivm dwoudke(T@m); Iammsp titatinvroxdiaiade GHOEK), tltamum isopropoxide,

10 bolf Ax%ale lgun%% Oé% eS $£]nlé§§l\gxa )ﬁﬁﬁgﬁ?iﬁlﬁ ?ﬁ# cfe vanadium (IV)
cexxndemaadahm(@) onéer izitednlyl hijraexdicahia, diddhiatuees thereof
ceriungl oxi de er.mani un{ | xi.de, lithium oxide,
CFE bt o O R, e alal sniSfRrs FoORSRY o foegt about 0.0
| ichdlesiof peaformaide, medifienped thale @b MuirOthal tétaPaméiir If Yesh and used
oxal a %e n| obi um oxi de )%F%té hor usgﬁent Xi de, ammonj u

pHBEh Atete! oxidecsafalyst-oilhy r qmppd PESSERfe! invention Comprises

15 t @lohbirify acCifibsht flied okide deAxydeand & Ipéffbﬁﬁant;é i ﬁzsdhﬁes via wet
rytile tjtaniumdioxide (Ti Q2 anatase titaniu

di 1BRTERALOT; (N aine%ﬂﬂeﬁwrpgeab\n&wfep @ae orbath sk effeél) mixed oxide

t uaaHiend fHeOuskd Snix¥PBAHY at@at! /b Prepiraas amg h lnbh-hydrothermal
oxi de, -vanadi um (IV) oxide, vanadiumV) oxid

ZisyeiBes) methodafutther; the HPSENt HIVENtiANXqaTir CEIrise rpéwcally mixing the

FUfdsh 6ix& ofle SHARS 'ﬁ?enﬁsedtﬁ@h Qﬁk@d ¥Rille r&%w @nd the performance
conprises at |east about 0.01 noles of perfofmance

20 noeedifiesy Wﬂielielfmﬂl‘é si§P qi)tprmﬁdma durther gpmprises ke efep fof @shmixing the
rrqge %Qedrb%ﬁﬁ c%d@ﬁwﬁ%ﬁltXékerf&LrH‘saﬁaeoHaﬁ{ er. Moaeover the

I ment esent |1 nvention conprises co
a prgsestrinyeniiex cmoumr@aﬂwalssbstof herting opealdiningsaid eatalyst mixture.

nmodi f i | c
or esenth {ty SnitiebiiD RORAY By 1% RboRiBE otk 'E miged oxide
cakefihgdslty thee@mpirizalfosuulai xed oxi de catal yst are

prepared by using a non t syntheS|s nmet hod.
25 Further, the present i n\;\gg&réo}o c‘g{rﬁT‘E&d‘rrpH se physically

m Xi ng WHeealri Kas Iselmtetbﬂom)thejgomatcaisyeng of We TasEid SA,r@s IZr, Hf, Li,
cat per f or nance
i iR R RS PR g A S R T s b8 TG, S, B
st@:p T, Dyt eforiEx,i Thg, YbeLb raﬁ&lmimmreedh@erofde lcahad ¥.610.01 <b < 1.0,
co SItIO t rfor nodi fier. .Moreover, .
R L 28 07 0158 Tl B b L pRuRR s frguired o
30 Orsaﬁéﬂf Grhlahébgreﬁallréinﬁﬁ?d off Y15 bthet Aemes ptelertfin @DMEMedBIXide with the
thefrehcatal o) 1Slltlon conpri ses an(]lxed oxi de
deﬂf?‘ﬂ%t Bg,oqehtg % q% tlggq)t ¢ £I¢RgnLs 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.
In an embodiment, the used catalyst composition comprises a mixed oxide

35 defined by the empirical formula:



MO VaSbbNocXdLeOn wherein X is selected fromthe group
consisting of W Te, Ti, Sn, Ge, Zr, H, Li, and

WOorRoon0#8583 t hereof ; L is selected fromthe groupCT/US2008/011551

15

20

30
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consisting of Ce, La, Pr, Nd, Sm Eu, Gd, Thb, Dy, Ho,

Er, Tm Yb, Lu and m xtyre he 0.1 <a< 1.0,
0.01 <b < 1.0, 0.001 < g’éh%‘g%abe%d<06 0<e<

1; n i svHehsn Rusbaected fron Xestoas edtBistigglof Wede !, SALGS 2y, HE, Li,
valance requi renents of all other el enents resent in

t ried mixwEes Shsrert it selackrd g thegsouprransiging ofCenbr.ProNd, Sm, Eu,

t &4, o) &Yy, GoP FBNEA, Y8, LE @ndmiftre@ thSorCn & P1.8SE0T < b < 1.0,
in an OXI datl on state | ower than its hi ghést ~oxi dati on

5st00M, = 8= $25.0 =d = 8% 0 ¢ &pls aasi ithe pumeberof axygeatetanprequired to

t NG GO VhRRROREh iRk L HEANT otthQr a6fedt? g)f%seq}‘t iMhe thike@dxide with the
enbodi nent, the used catal yst conpoSition conprises a

mi Prexiscothrtenechsfrnere of e ether edempints inethe frm:qhﬂxadel\nao be\prient in an

1 r

CO#gﬁg?#%g@g&ﬁtﬁwtﬁkﬁeséﬂl&%g q?te Q,ﬁ, , . a%{ig#gpresent the molar

mixtiaiofdhe tdrsnsgmfd;ngLelerrsemsi tmctxmie 6me t he gr oup

(é?nSI S%Q%re% Ibt%v 5 ro’\\lll%[ %e chs farG%b gmnio%(%han or oxidation
O dla satirated Jor Gmszﬁu@@:ﬂl ot mlxﬁlré) oP satufated zd1d<ur£§atﬁratdal hiyd%ocsarbon to

is the en at e
© B o Aot RE e o AP o i gl Lt Riphrising
t hmymalﬁdmaiﬁgdlﬁiry\nmimdrhﬁa]ﬂfxﬂw canlyishaid aqrefoftfian® hﬁ;dﬁ‘fet to form a
t her. el erre ts in the H‘uxed oxj,de can be prese

t
- RSsD Hiitd, cperein, (e Hiten Briah SRS GHATH SOTRRP L Plolhdenum,

stvah&liud, nidbiugn, Ad aarldase oh€ RIca%an kelthial mhﬂther ﬁ]f) cBhsisting of
nent to one nol e of M.

t he .corres
pra@YEREY R é%[j iy aa|n VIS e SerfOTaBece B SF lft edected from the

angyeuy EbHsis@Ry Of aRudiflah icompoindd SdidonRlc8rpSinds, arsenic compounds,
unsaturated or m xture of saturat ed and unsat ur.at ed

hyR9FQSC SPTBRATNES §SIYHL CRMBOPIIhH SERIARPBACTRUNS lihiugy compounds,

UNR8&yHiame Toffpd@lsC Abifim %61'1190191&190 PASspROAIRT Eethplilinds, selenium

physi'cally m xing a dry m xed netal oxi de catal yst and

a %mwm%aﬁ@@lumwmm@nd&, ditmpprempaunds, yangsten xegpeunds, vanadium
Fr@bﬁ]ncfs hﬁrc%%ﬁ#coﬁﬁ'{oﬁﬁdsoﬁdjrﬁlx@lﬁésathé{é& an'ta%ﬁﬁg the saturated or
mol ybdenum vanadi ni obi um and ' east one

el vasatvrated ere pixstiref pH satnratedgans pnsabmatpd thydrpcarbom nwithvenyoxygen-

u f [

o QPulfiog et B AR S GG ol Bl SBARGET ehd Fdne of the

cm&p@uhmsgturant i mony conpounds, arseni c conpounds,

boron nds cer e

C onpou ﬁ[gl x%rhahce gxoallfl'g}o %ﬁgi@%%ﬂﬁ%?y% {?%%%8 lﬁmm tha §roup consisting

ni ofkailumnmn nmrnm dmmlpah caapinony{ﬁl)ammo amqunyﬁéll) emalatm antimony (I1I)

nds ounds. titapium co ds ,
© U e A BB B eV AR i Bl SRS, SO iy arsenicC¥)
Cczmixiwﬁftsmc amh isbrob Usxide, thore acitl; caitdammodiamnt nitrgtef bium acetate,
urated or m xture of s

S SR e e SO SAD . T oice,

lithium hydroxide, lithium acetate, lithium nitrate, lithium tartrate, neodymium (III)

chloride, neodymium (III) oxide, neodymium (III) isopropoxide, neodymium (III)
acetate hydrate, ammonium niobium oxalate, niobium oxalate niobium oxide,
phosphorus pentoxide, ammonium phosphate, selenium dioxide, tantalum(V) oxide,
rutile titanium dioxide (TiO,), anatase titanium dioxide (TiO;), titanium isopropoxide,
TiO(oxalate), tungsten trioxide, vanadyl oxalate, vanadium (III) oxide, vanadium (IV)

7



gas, or with an oxygen-containing gas and amonia, in

the presence of the catal yst m xture. The perfornmance
worempoisss3 of the invention, is selected from RCEUSOMPI1S51

consisting of alum numnitrate, alumna, antinony(ll I)

0 R R S SRR b =

ar seni sl dnl omid¥irkkht, tBE MBI GhA] oRidedatalydl fuethbiCootprides at least one
boron oxide, boric_acid, eerie ampniumnitrate,

c SRR sxelopist efrom ethp |FOYR IcPnYstiagatle IaRaPwme corium, praseodymium,
C &ebiyHhilY), sahfdrfifn, eqﬁ{plml gaa&mmoeéfbdﬁn dysprositfl, BSindGm, erbium,

I|th|umhydrOX|de |7t hi’'um acet at e, |th|umn|trae
S |tbﬂmyrmwtaﬁbe%tletetlmdawﬁ@wn@nwy tiggegpariem, Fiecodipm, lighium, and

( I ﬂah)lurﬂ XOH@ or Hﬁ)?éj thu 'Hn&t!i )neta? @R{ae Qgéia'rgnte%nx 2@9 ?\émﬂﬁgﬂce modifier

acetate hydrate, anmmoni um nio
n i O@mpumSoax shenoet srlestrdufrowxihe egroyrh owshting of pdiveosludéna, zirconia,

BT PRSI APy ST Vit s 00

t imeles ofipedioorande n{o@ifeR per mole ff Mnmnth@mmpmxdt@l@xide catalyst. In an

dingst 0xi de vanad
Va%e&%( % P'?stm gl s%p otf a%;waﬂy (rl %%nses rll)gag 8 ﬁfill%ned mixed
oxheta, oxzderoamlwst artdlatp’edbﬁname nmdrﬁea and m xt ur es

t her eof. n nment d t xi d
cat alyd0 P PEIETiF, Bied PHICEREE GIEYE) eoisrises a mixed oxide
sele@ifi¢dlsl the efipiriesl fgrmoulp consi stl ng of | ant hanum
cerium praseodym um neodynj.u rium europium
gadol i nium terbium dyiﬁ?‘&glﬁm’c)ﬁ& i um erbium

15t hul i URRheysin BTiDkdle0ted fbrBthd doup torgitifNof Wi T8/ Til8h, &d, 7z, HF, Li,
gerganl une}§é |rcon|u I|th|u and hafnium_ One

or
tug greafeh 1 egfed frqmy the gzoup) %pgflstg}goo fiGfe La Pr, Nd, Sm, Eu,

pesd, onmmgeHm@lrferBomﬁh&aﬁxtaréw&fft 036 e £0, §.0PR b < 1.0,
t he roup consi st |£g of silica, alum na, zirconia,

t i HOHi B P 2HiQEGrel-6 Aer 511 nAp dls number of pAyapgatoms required to

M X fidl) SaaALk FQMRMeS all %étt clBeHS pRsdht iMMeERixRl oxide with the
performance nodifier per nole of Mo in the m xed netal

20 oarerdse tetapnesqr. morg of thegatpercalerpmts dhe mixadraxésde, canthe present in an
St(ﬁﬂiéﬂgn eaeé%&al th¥h i B‘lFﬁth &Qﬁg%{oh%?e an XicNg Ad%a dﬁelgéggme molar

m xed netal oxide cata yst and per ornance no
| rratimokethd entrasponding ehement jecenemealept MRi de cat al yst

conpri sgs :
For mul 25yt Bl R ApaRAG bk i IR lfiflted or mixture of
t hetugat@i; pné amsateiated ghysdrooAfbofie wherein Said §ep ofr gonkdicting j comprises
25 Cgc(rj?lsll ag xggnu e fsglgg ee{fél),r \bsst’fiﬁge%l égtx%%ufré C§]? ts%}Bra%BS Hq_bunsaturated
Erhydiﬁnrb?ﬂn withtamamwhigvand an ey gérhemeading Baslin theapresehcdof the catalyst

001<b<10 0.001 <c¢c <0.25 0<d<0.6, 0<ec<

MEMYS ¢ he number of oxygen atons required to satisfy

v aI ancen muttrcﬁl’thm ﬁrﬁzeﬁtﬁoxﬁbﬂovtdéshﬂm the adre mhiged etk okide IrTatalyst is
t he m evmtht ovist%8 hat one or nore of

HECQ?E ﬁf@h?rﬁ‘ap% 1%®§78%i de can be present

30 i n an Addltlonally, an embodiment of the invention provides a step of physically
mixing comprises mixing an un-calcined or partially calcined dry mixed metal oxide
catalyst and a performance modifier to form a mixture, and further comprises the step of

calcining the mixture.
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oxi dation state lower than its highest oxidation
state, a, b, ¢, d, and e represent the nolar ratio of

wo b@ooesssespondi ng el enent to one nol e of M. PSI/ES2008/011551
enbodi nent, the ammoxi dation of a saturated or
unsaturated or m xture of saturated and unsaturated
hydr ocar bon, wherei n sdegfosmapeeModifier acti ng conpri ses

cont actrhg 9e1tf&%a§aé HioatRe nf z BeNaAEY mﬁﬁﬂe Qﬁtaf?stxﬁﬁ’d'ﬁo qﬁtmducmg
saturated and unsaturated hydrocarbon with amoni a and

artheosafal et 188 [ TERGOTH & gRes of morerrmbedimentss thegperfomance modifier is a
c %Bﬁ‘lb&ﬁ{d 8H Xniltfre O@Qoﬁxﬁ&ﬁﬁg %Ectéd;tﬁ'oﬁnrm§ PloP Rom¥ifinl g)?salummum

that the dry m xed netal oxi al yst "1 s" prepare
5a camnomyia,r @ntimenyn (comppurnses jarseniet ¢rsepoundisli horem aqom,voulah cerium

e%@ﬁgblﬂ:ﬁ?t %naﬁllﬁ%l 'c%n%%ﬂcﬁn 119{1\91¥| Q) oﬁn&st ?lﬁdenam compounds,

physfic y Bl ng conprises m Xl ng un-ca
pameod}ahhlyl campoymnsld, drigbiwmx ecmpmingds, phmszpbomat edmyiunds) d selenium

r%?)glgnélgatfaﬁtgluﬁfgdmﬁcﬁ&dg Qel u?i tnﬂaou}lcijsr ‘t:‘)ltaniel’lrﬁ{j cc];r}il]g(;urr]l& tungsten

calcini
mcnmpoundl%’e vaxardioam ceommninds eandr I'zfrcqmtlrﬁ ocompumadsrobh faner or more

may.be m xed with the ca st ior to,introduycin . )
10 {RogGimense fhe Peitiimieire SR Y ey, B s o b SeH St including

e maoabt Medited to iliea, AanfaQzirmalcr Ifﬁ.‘iihlfeb €lierdo$. a conpound or

a mxture of c ounds sel ect the grou

o omst o Eimbls o BRI CompOiEsent (1RO en Rl aed alumina

anABOL. Eﬁﬁﬂﬂ@y@ﬁeﬁm:ﬂbﬂy Q&nﬁ&ﬁiﬂ@ﬂﬁﬁlﬁe aﬂtﬁﬁmyremmm@ﬁy oxalates,

ger mani_.um conpounds, | ithium conpo bdenu
céﬁ%éﬂme“y Fﬁénfgm e%ﬁwﬁwrpé%s mHhd P%ﬂﬂ%&%% g, antimony(TIT)

15 ph)saaeteo aﬁ&ﬁn&gwny R aratS A Nind oG AV VKIS antfimbiy2tetBkide (Sby04),
te

ounds uri um compounds, titani um conpounds,

@n@ $hhs- Exapmelsh a&arsmmnﬂw@dﬁﬂmgem%ﬂa °z1dpc45?ﬁnmw ) oxide,

CQHy QM&Q@ aclh "Exaiple’ rofﬁ&'bﬁ cEHPARIBRu8e bsbR oféi%é TR0 TBAC Keid.
modi fier may be supported on an inert support

i ncl udiEAgmplgs ofesriuy ¢ampeyndsgnelpde GeFlc apmoRHny niteafe; gesiing acetate,
| ncﬁ%rggﬁs ?)?alétg ‘ﬁ% &fe; akd R SIS\QQ;de%' Eﬁn%igg SURAMIES compounds

umnumnitrate an [ um na
20 Exmhpﬂeesgemanamm roxideo nixammdes iof cllthtll@l anwnmnmq;s include lithium

g)g;lg :}:{tde almliu deo ﬁﬁlnﬁ& gr;tratea ﬂﬂulﬂ'ﬁ] Lé(e[q%{ )én& c}.ﬁﬂ B feate.

es I nc nti nony(l
ant i rrm’rEytémpm oﬁmly&vﬂelunammmns!s Pty ntoaibdarlm €VD) anile (MoOs3),

a rgltn{r%(gm}/n(n \Qegtgmpgl% datd %d 'H?&lﬁ,p&@ b 8X EQ (?11;(1 gp%c);d r\%{n %?jnpounds

arseni c co e arse
oxnalede amémm(ﬂ\/) (I8Xi ddpndmd namd;vammm &80)d. oincan'péoelgnmfm (I1)

2 SRR S R Bl SOPPB i comoonns

n Ilﬁdlﬁ?dea_.mrﬁ@ﬁum Micbieh akaﬂate Qﬁdibuhm(okdlht): aﬁ)d(ﬂllohﬂuﬁl dxydh: at e,
o o) O SRS ok AELIE A EOTPO e s
CQNpRsHME pHoSphdfte Hxainpies rof selemum compounds include selenium dioxide.
Examples of tantalum compounds include tantalum(V) oxide. Examples of tellurium

30 compounds include telluric acid, tellurium dioxide, and tellurium trioxide.

Examples of titanium compounds include rutile and/or anatase titanium dioxide
(Ti0y), 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 (III)
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hydroxi de, lithiumoxide, lithiumnitrate, lithium
acetate, and lithiumtartrate. Exanples of nolybdenum
W@ 0opoessas i ncl ude nol ybdenum (VI') oxi de (MO RCT/US2008/011551
anmoni um hept anol ybdat e and nol ybdi ¢ aci d. Exanpl es of
neod m um conpounds i.ncl ude neodym umél 1) chlorjde
mi ERRdivm| (IV3y pxide. ABBIOPHINY Fgtavangdate; ofiido yanaditam (V) oxide.
ar&aﬂ@ﬁd %mlmn{uln{ &am]ﬁﬁﬁasafh@mhwamhﬁ nu@@m Arofh (Zr0y).
ni obi um conmpounds i ncl ude amoni um ni obi um oxal at e,
ni obi urk® eR&PEMeEreambodinasts, Y QOKT Mere Fexarmynse mofifier compounds are
PRASRSRAUSTIRO TRAHAES ao%leﬁ ROGS RROHEe 9! A A mixture
amoni'um phosphat e. I es of “sel eni um conpounds
5 | ritthelthaeens]yesri same@n@lbf a@e npodiies cempernds maly dleprg-mixed or added to
CHPGINS liRGlUR Jaamial uT(V) oxi de. Exanples of
ur1um conpounds 1 riclude telluric acid, tellurium
d| oxi ddn oamdmbediment, umperﬁoummte mdexfzamps esolif that mapibaphysically
n d n e titani
di 2;%9% %l B%Seﬁ c?u({ am ufnt? ‘9 8"%{‘6}%12& peﬁf'armancg.r%he performance
Tirdifie] natyetje. hedi ttamdmnnchchamdﬁy lusatad/ andledihgfoa exdnmyglel bg grinding,

P-25. T A-. K- 1| ,. 8602, (f l. d
10 5 se¥ine ot £raf o e GOPEoEOR Bb R Bieor AhsaEon:
t ungst @ ollier Qmibddl,mdnw gisd perfafriafice ModifiarMigi wnncorporated into a

t ungst at e. vanadi um conpound
v SREGGR ob A CBR i Bk D TPIRRTIaE T I FAE; compositon

oxmdeﬂxe@éﬂmniauwrﬁailﬂmanadate and vanadi um(V) oxi de.

of zirconi um conmpounds |nclude zircon i i
et 3%81?8102% &ﬁrfﬁﬂrl%cm Lcj“%r fhab ieaddpd Hbihe 2athlyst mixture is no
15 EMFARUERIfnitddMn Bhe BRbEIIRSHT HeBRGAt BP Pérdfdrtfance modifier may be
conmpounds are enpl oyed. The nodi fi er conmpounds. may be

adefpgssed it feamy of raplyg pf the Rerformansemedifierasn giole Rfimolybdenum in the

sagEhb@it lof fredihEnd Rl TrhiREd 6ATPSHAYS. FPeE 6 efbb8ithents, the
or added to the catal gst m xture individually. In one

erfBBlishEwtture cRBPpaIsias Aepsiaheuh® 8l modss nesfopmanse medifiegper mole of
e o106 RN SinCiiL deYor BintE EmbbdiRerts rﬁlé(&ﬁial?@f ftu mgx\ﬁés Jé)oto about
ormance

i nprove catal yst performance.
20 rely0 pwlasangrformange arpdifter permalei @fa‘rwlybdenerat igdhe fotad lampunigof fresh

anlhd %égfmlx%d *3¥1d9r hﬁf%ﬁ% or?é' %ﬁgﬁéﬁ] dt{u;p Lath ﬁ%ﬁ‘lk&ge co rPnses from

lor to use in [ 0OCEess resent inventlo
| rabouth@.01 enmboumm moles rmrﬁomlafnm nmdcﬁernml hpler ofayplybdenum. In

i rll%g{hglo gtﬁ%o%?mérﬂt %atg gﬂe % slé% 'fr%émt {l)% t 08Y1 Q) about 0.5, and

us g oI dePcat a ys nposi ti

W m Iyet ahwtme lefnbodrannte fmrdalfoueo 012I' h:eal@anmtm@lés performance modifier
25 P§ R?f Hlopaor}‘cmolgﬁ%l%%%r? n télﬁ Ito}rill a}r/no|unfj cgeffjeah and, used gn%t(e% cX&c'c{e catalyst.

enbodi mEsd, , petfhemanice mnntdlﬁrfr foethdrodongmises mmblfrhdenumwpnt;mnd The

d i f | f.th fo
o PodBR Sa FOTRBRRUMTN (FD. PHbal iRy oxlate

f rpsithoay A1l $atats) mdloaw\d&meﬁt altinsdny tétroxddee SBJO, mgeﬂnamum Iv)
TN CIRLIG BT
30 In an embodiment, the performance modifier comprises antimony (III) oxide,
antimony(III) oxalate, antimony (III) tartrate, antimony(V) oxide, antimony tetroxide,
SbgO13, or a mixture thereof. Also, the performance modifier can further comprise a
tellurium compound.
As an embodiment, one or more of the performance modifier, the fresh mixed

35 metal oxide catalyst, and the used mixed metal oxide catalyst comprises a support
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nol ybdenum | n these or other enbodinents, the
catal yst m xture conprises up to about 1.0 noles

w@eoobosssance nodi fier per nole of nol ybdenum i PCT/Dg2008/011551
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total amount of fresh and used m xed oxi de catal yst.

In one enbodi nent, the catalyst m xture conprises from
apblseted. foam ithe LEoHm cansistipg |ofsiliray AlHMh GrcAwa; fitagia, 98 rmixtures
nah&esf nol ybdenum I n anot her enbodi nent, the

catal yst m xture conprises fromabout 0.011 to about

0.5, and in yet andiixed Qxidedfdatalyst Compesitietbout 0. 012

to abo [y :
ol 3 bdertc mrdVe BRocB (rORTBRCE HRRlLE ha EiERIOT 101 o mymber of
oxfrash apdpeedymsixed axido ampreidetioreandeoxirdatih catalystigompesitions. As used
el 8 1ok WBRATLAATRE Uittt 1B GEBIR W Bosed to  reactor
arfeedstreani.| Ab Jusek heming, thatérimosed (atdlyst referst ’t(abaalyst that has been
ant. id nt.inmpn etroxigde, ' S

gg?‘ﬁggr%?ﬁén \é)(rle%ﬂ)ro%b%sg"egl?e %err{ahn %rg%(oﬁmfr!xtf,hl el?#esh and used catalysts
hytdve fiedsleme duitigl oimposi(idn/and i ctherembtadimentsy the ihifier @adpositions of

In,a nbqdi nen he fo nge nodifier. c rL.ses. .
artof Fetyg e caistyctrae Bireph e AreeRbusietinberothf e Ryxed oxide
(| data)yst @binpéditton sl tHEDPpavatioax thdRof appliess YbotleitkeOkkdleand used
Sb6% or a.m xtﬁge thereof.. Al so, the performance

@ RYSEEOTROSItiont PR PEESHMVERIOR: el | uri um conpound. As

an enmbadli BROt emBEEMEHt, NE € niiked NeXiReT da@ilyRNESmposition comprises
nodi f]igcgr, the fresh m xed netal oxjde catal yst, and

t HRolyRdegumy; vangdinm, giobgym. dad eng o Bath of #fisqny @ad gellurium. In one or

SURGer dntIdaRdrRs] the QRixbd @x e Odam 1P TaiRdr iBlu@ds 5t lehPone element
alum na, zirconia, titania, or mxtures thereof. M xed

Oselseteddiom thesreunpensisting ol Fanthapym, esym. Fraseedyanivp, pepdymium,

Prassiimi RY@Piuh N8 fniaMP iR, Oy shrBbiuf, HoRRMm, Mrbium, thulium,
fresh and used m xXed oxi de ammoxi'dati on and oxi dati on

c afttarbyarn, and dyetiyn. Ip gertaimembedimeniarthe eatalyss gompesiticirraashinclude at
CRLAl Y elbRER éle(ﬁ&i 8t dhe %nﬁ t@%isﬁ@of‘tﬁﬁgs%?&llgﬁm%'um, tin,
t used hetein,

0 a reactor feedstream s t term use
C egeahamiumy zifceniymy, endckafainms As uiedthetedn “bidesst engrelementiselegted from
r f eedst [ ' the. ca
[ RCERUp" 200 FAR qul Tkl a® DleEER ROMTED bdup 1 i@ within it
arsdopermpures of gwb otlimoeeifshe listea dlemdntsadr lanthmpotes.trespactivety.
the fresh _and,used catal ysts, a different. ,The )
hocor | T buf YLBERReE ) bl BF freltrbdh hiilhced Theq opide catatysts
C aoppsisd noilybdedint, heanpdiepapsinaty 4drdemiebitmappd meéy teoindependently

bo the fresh. a used catal yst conpositions of the
pr‘%ggﬁc[]b}ftﬁﬁgﬁ’?Vg%. OFﬂue‘?)'ne enbodi nent, the mixed oxide

cat al yst conposi ti on comis;VsStsNBXLalenum vanadi um

ni obi um. and_ane  or th of antinony an [ 1uriu I :
one. or WS Eib Selrateeh e ot SR eng BEve Tplty S8 e, 22 He L,
f wind hektuielChensbds at | east one el enent sel ected from

the graoup consi sting of |anthanu cerju
pr asgody’}pﬁ sam:teqi1 é@as, (P consistingn(lf La, Ce, Pmr, 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.,

0<e<l;and
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samarium europium gadolinium terbium dysprosium
hol mMmum erbium thulium ytterbium and lutetium In

W@ eowaisssenbodi nents, the catal yst conpositi onPEEYS2008/011551

5

10

15

20

25

30

35

i nclude at | east one el enent selected fromthe group
consi stin L ngst en, teIIurlum titanium tin
ger man |’Uﬁ1%“‘? FrQ IFYBAN A1QTRS TRaWiFRd fRsatisly yadange Ff’éh“g?‘ﬂems gf all other

| egther® Bre6de B Mhe HRARACHAEe WithNthE PEovEHOOMB: one or Qfore 8t the other
| east ong | ant hani de sel ected fromthe group

i ridemesinghe mired eddeseandie prPsentimean Qdatigp st9te lgpier thap its highest

t hsxidatish &t BN 1S 014, aﬂd‘%h@?ﬂe%? thd RRREGht 6f Yhe ¢dresponding
one enbodi ment, oné or both of the fresh and used

m%l@de%m@@fédﬁafy@t s conprise nol ybdenum vanadi um

antino

by e onedh RoRRBLRAL, {Hite B e RRSOARIRRHoKe HE chBffed in an

| sangredadatiod precsss, Phway bg@pie@mﬁpmtthmgroop cyysiskimg ofiW, Te, Ti, Ge,
{

sefts ZF I T gl itupes $h6kedt LSRG RloBERRL X mpdiPg setogpa rom ihe

Sngrowgu coﬁ&)lstm'gbpf Dy, T, TlErS,n, B H\fb LlLlandindmtnrxst uheeof. In other

t her.e

0. ?ébo%f en Ps of <th6 c%talyg cgmgosgn?ns degngbﬁg bg?lh %83? elgfnncal formulas X

OXiy @B cﬁTWcrsrer @4uLt, ed Smo I aiﬂuafe,nboain&mtseof g Udatlyee opositions
| enent.s pr.ese he m xed oxide with

f.all h
?hqf% bggi%%gt{etaﬁgi'e%ﬂ%mf) forgyas 3# e other elenents in

t he n ARdnei Here@aibobitneptspwRdTe thefbaﬁ[ysﬂdﬂnﬁﬁﬁiitiﬁﬁls &t ain@loyed in an
| ower t.han its highest. oxi dat |§n state, and.

anaﬂgyugaupa rﬂr(g;ggm qm%benﬁq %ﬁtedr m 6heo$rotqh gonsmtmg gf La, Ce, Pr, Nd,

C (81h,CEROGE I T I8, SHI& Nr, theh, ONE aRBIIR. O olfler emBodiRRn@Iof the catalyst
nore enhodi ments, where the cat a]eést conpositions are

e rforBYEHORS esTIbef by iheahor s RmBIGEIoEnulss, hei§ Phe 5dNddt sm. L is

f rmnit B &1 ay AbCP n§D§t 1L ROHOIL WELBis Tin, LG?YbSEhd Ehs Lu. In other
Hf | and m xtures thereof. In other embodi ment s,

Li, X
wegmbyéngeé%%fttb@ catplyth compogienssieassibed by theqabete eppirigal formulas, L
Tiis omblof Md, .CetdrprLi , and m xtures thereof. In other
embodi nent’s of the catal yst conpositions described by
t he abdueotberpsmbaedimenty rafythe scatalyss compositionyy deperibettj by the above

Li nﬁg{lcafﬁomlu s A BEE, AHRAE dXBN I }Qefndé iR %%llowm% ranges: 0.1

sitions escr I'bed by the a ove |r|ca
x $ 82 Fp, drd.Jor Jtbt.a ehBorE ddnd 8] <\,bh@;0é thé.lcabab \7§t3 b <0.6,

CORT, BT £09| TR JpEB SR 0 B 1R 015,

PrQ.2,Mda< 0.25, 0 < d, 0.001 <d, 0.002 <d, 0.003 <d, 0004<d d <0.006,d <0.01,d <
0.02,d<0.05,d<0.1,d<0.2,0<e,0.001 <e, € <0.006,e <0.01,e <0.02,¢ <0.04, ¢
<0.1,e<1.

The catalyst of the present invention may be made either 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,
when zirconia or titania are used as support materials then the ratio of molybdenum to
zirconium or titanium 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 a
binder for the catalyst resulting in a harder and more attrition resistant catalyst.

However, for commercial applications, an appropriate blend of both the active phase (i.e.

the complex of catalytic oxides described above) and the support is helpful to obtain an
12



Sm Eu, &, Th, Dy, Ho, Er, Tm Yb, and Lu. In other
enbodi nents of the catal yst conpositions described by

wWo b@oakssse enpirical formulas, L is Pr, L is NeCT/LIS1088/011551
Sm Lis Eu, Lis Gd, Lis Th, Lis Dy, Lis Ho, Lis

e i b i et Srbbise e Sty iignal, any

t higcrekieVift tRI bt AJf thdhdtivk ?)‘hasedec&aﬂa@ qhdharlifbss GE tI catalyst. The
Pr. In other. enbodinments of the catalyst coggosntl ons

o SYBPITH SQMBYiseshBetyBeR & Oe ARl 190c Wright PRIFeRls of fhe (supported catalyst.
anﬂl}ﬁjcaﬂgl eth@%ﬁﬂpdrﬂ@&ﬂﬁ%@@ 'BEll“béng'gt) hing 602\%1@&! ﬂ)&&n’ﬂ @f the supported
ran a, a a

5 < cpt st @n glle anly)dugelggf t;hlsomvgltlgn(thg suppoxt n@y@on}pm&e @ lgﬂe as about
b 6 Jvelght %er%% of tife su% SHed<catalysP - %ne émbolinteht Sf his ngﬂtlon, the
< o VEEE BTGEt OC M PR ER e g S os e 2 sl
< Wpp@t 011 cemgrisepasOiitle as g@boud 30 0Right ercentefshe: supporiedecatalyst. In

o L0 frfin o st W ol Sl g5 iyl bout 7

0. Welghteercef. of thessuppdrted citatystat al yst of the present
| nventi on nay bel\;ﬂa tgmmdgbgpaq Spi,r%mtra 4ghsuppor t ed
r

(|.e. t he catal yst ma or may be a
bul k caithelnyeshgd of&ammhe c&mlpzpmm bsnadexfx thiid ;Smnoahu\t/a: odtical. Any
2|rc res of. . ver en
2 PEB Biogt piABe e 2% 8 L By il S*esﬁrtoﬂwgﬁ%ﬁpfgthgﬂi fidfhods and

t hﬁmn@timhdaﬁqar@hﬁbdemeﬂ%ﬂ@mzy beasad.um or t i t ani um

i ncreases over the v hown t he . f or as,
e T R ong HEmpls apoaimagie, e Thided Befel St Shidvt: 2oy e Prépared by
151 the th rlfhéﬂnaléyﬁtuw@ﬁlltetmwa&ambem IeRdiN €8y dr6tharntil RGkghesis methods
resulti.n

for t| al n.a_h er._and nore
atis PSFIBTPAr B St B Pl Nw&&/g@“?%ro CatipRtiohy Watanabe
apfl dic atNeQ«n Syntﬁé‘slﬁﬂﬁfu%o Tdrafs@ RinTTe Qﬁlx&moﬂldtab Q:aﬁ@fst \f& propane
phase (i . | ex of catalytic. oxides desc

P VS gfgnt + APRUR SHA A LGP 14451 G R #7945 (2000} and Uida

anaGe eﬁste&lehee O%idhtydd of 1P AVREHE B9& r{yaitomehh51wﬁsynthes1zed Mo-V-M-
resi stance) for the catalyst. Directionall

20{ o bredh G# BinSb andIAL O0He ealy s ARPiH Setaisisch c@erssal, 200, pp.
t heyshalsdness a fméd?ﬁor&t@g Rk Y refd@ficeSUpport conpri ses

between’ 10 and 90 Wei ght pefcent of the supported
cat al ydn. gengal.ctiel §atalystecosrm991@pns desepbeds disrepeicap i pEpared by

ty ol
o%d%ﬁ%%@hﬁgntt #sc\s%&g gl&hrég E(t)rlﬁgtﬂﬂﬁg &eed cBﬂ%@tLﬁ’d% that' dbntain and/or
compvids enegr tmiotet dfethe snegdo for thOmived ghetalpedideegatalyst comeosmon) are
5 SUDDALEE t i anaaﬁ]eéé{gtsoluh{m ?J]Fon%@r%gédgg%ed? m %F({i the reactlgn n%edlum is

| nven nmpri se
30rem0d]h11 elg&atddqnbssofe addeelwpﬂotempdamm al aysdaledl neaction vessel for a

anot her ..enbo nt,of this [nventi t he, s r

cofpy Futicigat E?uge 5‘35?14 m?B’ {&g hf Er Ten du'g?rﬁt Lhéa Rlirothermal

s L@ﬁﬂi‘etle dortimuied fps b tind snﬁ‘fibld‘vbtcﬂfullpxeadEarf)‘atrgiryG t:ompounds present in
Ear ati on he t hod of Ea Kin cat al

st t
e, B TPl e Sd P PRy figeaialys or any
30 k NEYakhid Elorh}hﬁmai idded &ithamy A thertotirct compamds §upp1y1ng the mixed metal
hydr ot her nal tntlhe3| s net hods and

oxide components 0f 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 another embodiment at a temperature of at least about 150 °C, and in
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non- hydr ot hermal synt hesis nethods nay be used. In one
or nore enbodi nents, the m xed netal oxide catal yst
worea9essps epar ed by the hydrot hermal synt hesi sPeEUB®AS011551
descri bed herein Hydr ot her mal synthesis nmethods are
di scl osed hJ S. Patent Application No. 2003/0004379
t O/eEaRG >;:rrg)p ent al 3 fepsrtire of af le least appuf, 1 @n?h@sﬁ"&e embodiment,
RQH& Soulr& cd}ﬁbo\lnaﬁbar;@ed&e)&qg tRxécdRa r@a’%ﬁ@:ll y&kself2ha Eé?,@x%rlff at least
amoxi dation", Applied Catalysis A Ceneral, 194-1
prpbogy@ PP a(@ ggg)otheaﬁglbg@@gmeqt agjressure g@p@@gqt@bout 50 psig, and in
O’S}eg %Bbtﬁ& %bédlﬂl@ﬁt ﬂ Kﬂﬂ?@ urg V6t athbéggt Qiblaﬁﬂ' 'i@d : ig. In one or more
synt hesi zed Ga, Sb and Te) Oxide
5 Ceqnajoggm@ts thq;pplprp@@o@aplmdy AIG rﬁcte@emeﬂ'rm sealp@(reaqhipn vessel at a
gl of SBU5 Al RoDHAY BRA g Ml Yeskh flaf 1o Fautled with 5
camesrsere moepelr deivitpy thgvividtdver peessusiging hths i vessahend/os b regelate the
c . conmpounds that contain and/or provide
o(rjrrg&ggﬂﬁ%ssr(edr%f the metals for the m xed netal oxide
cat al ydthe csompe)somprmn)is mag badrackechy a1 pmitocaljthepesmprises mixing the
10outocr(;todo({nn C nrrtedtén l‘gthereact Ea i< ot
medt i CEPPESEt S &t eel ee*’\? P 8B Lo B ECUl Mm% fieghpnism is no
t efpieslahnd c&numladesﬁabmlnmeamkingr(e gesﬁmhg fo0 agxaatﬁlg)rihe components

o e 1B reacin ) B ERBHHE) PN S TERIE G dpr grample,

t | dRatipf fHeCd:cﬁiantd of fthd keacﬁcgﬁ%ssél]lc’l)fo@é)%[ﬁlf bC]O:ﬂﬁ}allﬁQdﬁmelmg or
reS nt | the reaction, nediu or X vent s
us"éﬁr Ipting ﬁ"@ SESRFHCPBIAING S ’feﬁ%noea‘feﬁ?e;?r grrg‘ mgtllw rlganndude, for

15 ccumﬂyrédﬁlraﬁgiejdumg B sﬁr@mF @enitRe1ce Ml 6€le£s0 PRABNIWithin the reaction
the. m xed nmetal oxide conponents of the

ca‘te§1 ad & ShisBgi forsreoumag tQ dher StETiRg MSBIRATST oy e Teagkipl yessel to

| b RBAINVE tholiBABLIWREN MR IBRIngRMentbel SIPEE Alabfiéh Ws&AIBle stirring
than 100 OC and at a pressure greater t han anbi ent

priegalgr gan bea ghadt-dinsg dinfren shaftryapatsd stiingangyekes Ehegdriving force
I €ARHE Gué&lytclaﬁpﬁ@% t%@ sﬁﬁﬂg trletbel 6538 Ibe %dlécﬁ}ﬁmﬁfeatt& fife stirring

of at | east about 0C, "i n anot her enbodi nent
20t anprebest(ege Vi mgnqtempmuﬁqwms emelrallwefﬁcwnt to allow for

i;bgﬁ%%[t r‘ég@ﬁg' enaéo oh & GF z‘t‘l‘ié"fegct‘fgn ﬁl%dlluﬁla dqg’ GYim a more

I'n one odi nt, the source conpouhds are
r dwotogeneons tehetlcmeatchmn Heas aibresuitng sl a mpredwproesmswemred metal

atoxu% rgc % u{ %?nggf dgcg 83[&9.%18&(1%9&%?] r}g&”ﬁﬂ% !rélﬁﬁ?'in re Fefficient

press r € 0 u
endoaslinmeion oftstating emtmials anfl 1ata tneaasmn@boumxwmlqwrcmde product.
S.ar.e

25|r glgg{i]rg%t% eatch%n mggrfﬂren dgﬁerm St (5 reac on S egl a so cau eslﬂ?e mixed meftal oxide

I ONn Vess at a pressure o
upproduca boform3A Golusiby rathetcthars eathedsides af theon&actems&lsﬁtl ridhys allows

be e ed with ressure.con evr t VOj .
ovBr SR8 Eirey e nd sRarag SEE Bt Gpe P e L ffmiaues such
r aﬁ%mﬁmgpﬁ@s aacraatatﬁﬁhr,e)rfﬂmmm aad avmdmﬂs nmyco beov&ahd djority of
by a nprr ses m He sour c . .
A S i S 0T 0T GRS S°Eh AP MG AR gying the mixed
30 M pétA0oXTRCHIARA 1S BoliFor Wows 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 vessel. The
amount of headspace may depend on the vessel design or the type of agitation used if the
reaction mixture is stirred. Overhead stirred reaction vessels, for example, may take 50%

35 headspace. Typically, the headspace is filled with ambient air which provides some
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critical, and can include for exanple, mxing (e.qg.,
stirring or agitating) the conponents during the

WO 2@on#ssm by any effective nmethod. Such net hodBCT/US2008/011551
i nclude, for exanple, agitating the contents of the

reaction_ vessel, for exanple by shaking, tunbling or

oSHRIULPE Ay 2eThie BERIFEHE HowsHera i headspasee s {§rkIwS g art, may be

Sugilkdrtheler @ls&Otol p&VidiRacthME 1R @Hm' @venSin nkit ralgmmﬁhere such as

using a stirring nenber |ocated at | east (fart I al

wi Ahet Nz ke ﬁ@aw. b headspaceland gas withiniit depgndsomen

t Oystid¥enoinl ih il Mgt MEMEr or to the reaction vessel to

provide relative notion between the stirring nenber
>and t hdhesaerct epmpeundecan rheeagted in thegseptedriveactiomreshd a4 an initial

[ t
Hﬁ-i gfr' {Iii(gltl rMn(g'g ftlga:ﬁgzg)g{l:taﬁ I?%\re; Jﬁ:@g&% o??g:u B’d{«ghé}&allﬁg H’%EYS, the pH of

stthe rqantgonmmgp nay ahamgepsuch thit ﬂecﬁﬂay pchfpthed:attmm thixture may be

Sty L | oy )

i tiples SO OVETRED ot pif B IR BIORE pRBUIEAT s b ompounds

I eae reéaoted bettlmaaaledamcne Ivesselodt 4 plé af e@c triode thae chboun) 3.5. In some
angnbo | %%s e coHlpgne S rcea hgﬁga%%gérg CtsI qg%%gg%otjngegs%}(%oaépH of not
preacrd Itlmra)ooﬂs‘ﬂ ¢ offpetr xﬂﬁketthanaiboum,m dotrreaetthadabodtD.@ of not more

T 50 4P S b R AR 54T 9t ot mor

p rtﬂﬁuﬂiout M T ioRg of ﬁnerer@ﬂﬁfdhﬁmm pHM@AY be Fi@nd 4Wdut 0.5 to about 4, in
es the m xed t al

xi de
pr% gﬁsné“?‘ﬂ abt it ahput 4 APt A smbATETeAtSs froabout 0.5 to

15 OfabbiilteS 5 qacstome RmbRameints, fHel H & AONSLHRIE7 FAH)it 3.3, and in certain
recqovery and separation of the nixed netal oxide
predrhedimens: frepyabogiuble dhouh3-akhegdhmay pg gdivstsh by adding acid or base
das auBidtiBA mihref I | tration and avoids the need to
recover the majority of product fromthe sides of the
r eact orThg esoyEse . coppounddcambedeasted ip theasepled respdion; yessgls at the
Mefrbmestdied fR5dHoh nCCﬁlgitH)Bk Cﬁhcﬂldlu%"fforf gﬁanﬂﬁét k&b fon temperatures,
growmh on all faces of the particle rather ‘t han on t he

20| jragotied peespreesepltlf tiging, glseas deseribpdnkeye) detcupesiod of tilme @wﬁﬂment to
t t}gmﬁ fRChed \Qﬁéhtzh oxlde. iéo&e&qﬁ@el%bggﬁ{eﬁgb{h% rfnﬂeq_ etal oxide thus
mal ntal n somne és ace I n e reactor vesse he
arfoomd gfmpivsesis pdaiestnta;soua;lpe amprising) theviegwiesd alersingmnasodiscussed
t ' ' I
stibpb e )R paioiad tuotiach M oGl Rlllifd Bk tor active
exaudselectiveepropank er Eﬁb%theadspam anwp lamaiolx;datloth eatalysts. The exact

25 headsgg & Itlsi) ﬁme 1g(rjlotwarr|3 cntlca n can\{\'h 1§de B 69(\!1 ngFe at least about
sAESNSUTECoF "B&/5EN PR reacf1 Wever €
hetarts pacs, ataeast sboun siwrhotifspatdedst allsmly tdﬂ:ﬂve‘ hdurgdt Wiasthbout eighteen

ot her ses t o provi de reactant or_even L.
e s 8B REoART waroot el ot et oot miy-si
heﬁ)dﬁsp leas aisbug &ﬁ’ty\MwbmonrsL it léapanxﬁs foutyceighit iheurdeesildfaetchbout fifty-

on aslls k‘P‘P in_the tl Fe sour ce conpou 1 b
urb Oy ALt ATt P “fﬁB‘%@%‘Féda EA5E AP SRDS S hoy ﬁ‘hat east about
30I MNeldrty-tvid-hdirs. lRQEctﬂSﬂ&ﬁan!;&ﬁ tindddah bé ev&Mﬁérethh thRY 8, including
of the %‘gr ot hermal synthesis, the pH of the reaction

mi Rt Gt ledrh AUt S Haysh at 1°@ﬁéb?lrtrfaae d3¥$: 3t lepsteabout six days, at

I g@4sk bbbkt REveh Wafs, 'Iﬁléageabaﬁtg%rw&ks | 20135t d00@NthtdeBvecks, or at least
initial pH In one or nore enbodi nments, the source

c cbgBiLang gnonth.

Some source compounds containing and providing the metal components used in

jredyreaction

=t

35 the synthesis of the catalyst (also referred to herein as a “source” or “sources”) may be
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are reacted in the seal ed reaction vessel at a pH of
not nore than about 3.5. In sonme enbodi nents, the

W@ ovposssst s can be reacted in the seal ed reactPONUS2008/011551
vessel at a pH of not nore than about 3 O of not nore

t han about , of not nore than about 2.0, of not
motrevidadate ﬁlsde%ctlfn yegsel a§ aﬂft?puwhéuqrﬁaqf the, gsttal ssalts. Some source

n%nﬁ@ﬁt?dstrﬂé}nb@%utde@ 1® tH' re&¥tioR %ss@i@ faS sbmﬁr’ora:@%mmgs comprising
In one or nore enbodi nents, the pH nay be from about
0.59lid pagisylatessdisnersedtinean adisows medias Some genEgs clPMpOuURds may be
at}%l&ldéh toI ffleyrgﬁctigh %ﬁgg%”&oéﬂhﬁ? 3t & sfurn%p m% %}haopartlculates
about 3.5. In sone enbodi nents is froma

50. dxspme@mwm a@ugousanldentﬁorc@hqralpwamwmn@nt s, from
about
aci d ofrh %Igg%p? gg(% Uﬂg)ct}l;%n%yfﬁ}&?l Srg‘i gjoyﬁweecqm?é tsaag%e%bed herein
cangudentds fellowibg. quﬂ@dof Isthinimesogegb ad:lucbalahuuonhydromde lithium
Veo?}ciq%héilﬂﬁgmltc zgcr%tagg {T%’mﬁrrggg,? argde ?’El}ullrg nmgrgtgd'Exam{)]l%s of vanadium
I sactceo inchrde semadyd, subfhte, amintahiung me@tvanadaaas ad&mnacbﬁd(V) oxide.

for a erlod of ti suff.icie to
105 Refbics 006 SaBRE" Softees B mnRuRBy iRidse SRS acetate,
m axethonFIIH) oQadat!é;i‘ ahtimSnyf(V) nexiter @mimbﬁﬂm)a seledté, darsd @ah®mony(I1I)
sol utjon conprising.the requir ment s dlscussed
Rt o8 P 1P P O ffo ST miobium

I effulate] hiobify&didd, hiobRinbétheiGdd W nidhic &6d.1 ve and
sel ecti ve prog}gfe Qr .i sobutane oxidation and/Q
anmoxi J4PeS ogp yrglude Wo%%&ewgstﬁ‘é? &ngﬁ%eqlqi,oqﬁld tungsten

15 U itABxill® THMuriBAr JoRiey idlidel tilric AN tSlRRiunD AloWfR, fePlrium trioxide,
exanpl e at | east about three hours, at |east about six

hougasic tglurfus compaygds suchas pethilieliuzol apd dimesl tellyenlt

ei ght eqiaNaH Surcel ilcRRR ru@B QHE/of YRBY titAim BRWE (TR,), titanium
| east about thirty hours, at |east about thirty-six

hdsapsopoxide) Tiatoxalnislt Ti§aoetylaceienaiolur and Htanjusn stkozide ugomplexes,
f %ﬁ&ﬁ’ase*g%'i 1§Puf1§a'n vl dloﬁﬁﬁtls ?l%le agfﬁe%{lﬁyrl) isoqf&ox‘% K-1, and

| east out SIXty ours SIXty SI X
20 hdlimlsoxw8692 (femxrlyabamed séd"eﬁi@) tma $roges . inRwdet imn(ll) acetate.

r&%ﬁluﬁ’lf o‘iﬂ'c%? i ﬁﬂ]le%%gay ‘nﬁn@ 5 gxbl Q%p%ﬁfu%%o%?é@ﬁ g?clude zirconyl

- g

|nc Yor ‘exa out

| eatgdte amb @irconiung (Héycsgideaﬁaﬁmas tsowrbesumays mcludlaymfnilan (IV) chloride
Ieaatha bou{n,sﬁv%n days, at |east about two weeks, at

| ast*abou ree weeks, or at |east about one nonth.

Sonme s duanthemon mumdscludmtaat’hmumg (13l ¢hloride,i lakthapuirh@Il) oxide, and

t co ents.u |nthesnthe5|s of the tal yst .
25 ("gpiharigy DR ctperss REPaycartim, SRt TRl Sacdferhigp i sflolfae, corium
m%iY[I b@@dd}‘éé?ﬂ&d I’EHD 1§d}ﬁop’oﬁiﬂet ar@hceviams@l) actaddbpdiats. Praseodymium
sol utions of the t al sour ce, co
TROE o0 e BT o) SHOUGs S Gy RERR; dLh oY) oxide
aSpradebdymitm (TDNB6Propdxides Md ptageadrhiam (alﬂ)eﬁcefiltdim&aﬁe dNesdymium

an aquequs nedi a. Sone._souyrce, conpounds
PO eaeTige Ao dimminen (B Ui, Seymat i (D gfidegneodymiom ()

30 S| isprdRRide OBRd inSbdignin@l (1) Rasthte %ﬁ&eﬁ%aﬂiﬁﬁﬁr §(ﬁﬁ'cds MNmay include
non-aqueous sol vents or other non- agueous nmed

Examprnen gD seilerids, sampiuRddl) gxidsy feragpm GH) t ﬁ%vaomde and
CahAhdeh BSO8R MUYdRRd B&bGFiuf sources may include europium (IIT) chloride,

europium (III) oxide, and europium (III) acetate hydrate. Gadolinium sources may
include gadolinium (III) chloride, gadolinium (III) oxide, and gadolinium (III) acetate

35 hydrate. Terbium sources include terbium (III) chloride, terbium (III) oxide, and terbium
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i nclude the follow ng. Exanples of |ithium sources

i nclude 1ithium hydroxide, Iithiumoxide, Iithium
waeewvasssss | ithiumtartrate, and |ithium nitratBCT/US2008/011551

Exanpl es of vanadi um sources include vanadyl suI fate,

ni um net avanadat e, .and vanadi un(\/) OXI de. Ex r?f
of(Hé)n@?%ﬁyhyg&ﬁ ¢ DYSATORNm (ROUEGSS | THBhyRqlyde) dypspresm  (11D) “chloride,

ardykpB8h \AIH oﬂﬁi@t Aprosiith '(ﬁQniéB]Lrl)f)am&x alngt dr—:ysprosmm (IT) acetate

ant1 non

oxi de, anti non fate,
o oo ol qofdes ate intBa holrebmadl) sritsidshalime 8D oxide, and
| MRS MIPRietie @@At@tﬁbmm b4 iRRIGY %}b@a&ﬁ'(gf) Qhloride, erbium

ni obi um ox1 de, ni"obi um et hoxi %e and ni obi ¢ aci .
5 TdH@stedﬁ sr(bum €31 iispprapgwiderand ertivm KHD acetagdiydtate. Thulium sources

ten. I '
sou c‘(ielglﬁfinc u ?ﬁgl %bb?;ﬂg tg@f'%( Iﬁz ioglu? |a§r8}1ﬂl§#%% é) acetate hydrate.
t Y tteubibmreotrceomiay anclugie gatarboun i) ghlotide, qmqboumdﬂ) oy, ytterbium

glljlgglté SI;{-I o"?(lcieu ern?(i ﬁf?e%??i\elglg@@); Qc\état dreHe %ou ces oif;l Pute um maé include

nel ude T or an as€ ani um
( Tueym (III)tchhxndm lutstipn ¢fDroxitie, anbi IGXenmI(HI)&):etate hydrate Nitrates of
Ti cet a(iet %pate 2 and,titani um al koxi (g;
0cd é’k’% sted ekl guayRlsehhe employedas solros RogPSYRde i s
avai | atthe aasoube gfl agotts 88yent i NBX reAction medinth hapraK due to the
named A- K- 350 in.sou ces include . tin

8602, (formerly
( ISPIbLEE B e YouFa AmRSH A SOmbined o Earmelle BtifHlFTTied Wl oxide.
OXTHd@modht sTAGueHs SS1VENE Slfould it 1eadEbezutficieny to it raaluerye(a ¢hixture of

Z|rc; ni um ( ni umsour es_nmay incl ude
haPh SuﬁP‘E |lw\96hw8}°gd1§ gﬁa tﬂa%.saﬁ? UK ﬂ&m&tams Tt is typical in
15 LajiRasihISSMiesis of RikédoRetaPb%iBaNe Medve | dn) anfd¥h®bf B&dspace in the

| ant hanum (I'l'1) oxide, and lanthanum (111 ) acetate
hy%fé’essderl um sources include cerium (I11) chloride,

cer i UMpplibding @d Q@cnoﬁ%febuﬁhﬁéﬂ s'taps |o§@1@ IRRY [6pardH methods may
cerlum(III) acetate hydrate. Praseodym um sources

i ringludrewprkatesensringtiding foy example coplingtheyseagdgmmedipm comprising
(Itilé mgéﬁ rﬁ’é%éldgmdp r(@?eoﬁgy B4 Anitidnk ﬂeﬁl %ﬁpéax'sgﬁratﬁ dthe solid

praseodym um ( état e hydr at e. ym um sour c
20 rn@ml@tqsmmsm the [mpixed: prietal jogide ﬁi@ndbmhgmd(ﬂelg ,) by centnfugmg

?ﬁnﬁgc‘)r d@&?g%f%]ﬂﬁn%ﬁ)leﬁlwanf P th&ﬂ%egﬁ afﬁfénﬂ@ol ras 1Hg1éhe separated

Sarmar i um seur des ma
s aohd pmtmn(latm §e g:msurgl digtilled avater oudei¢nizdd)watsn),depeating the separating

S Al e BRE BPRXIc i 06h SRR N Bl dbdraing sep. 1n one

r Opl um sout ces
( Idm@odniidnnrthdwmlemp gep cnm;(rlsbd alrynnglttieream memmpJ smh as by rotary
cetate

IR TR Y enr 7t 5 SER A Throes Ao i
gadol I IAfemnthd Wbjk-aie etepd, ehehyvdsr}ﬂﬂ and Eqrabatemnﬁxudrmasl oxide may be

I ngl L [ I | h
e Pt e Lot G e oot ey bpbish Spfigts (e ara
?ﬁirln éi’ﬁﬂui:lﬁﬁ' aBYSYSOT) di Hin(d(s%)llle%n)cqﬂﬂés&lrbﬂ de/&)éiﬁ Ah 03%11,1 for example, at a
oxi de um i SQ xi de, an _
df%‘ﬁP‘Hé‘i“EFrfP’(‘g‘Pg frp@eipa&”@ fyarhed. {30, 0F Atn opgPamare FEpodiments
301 rbﬁ Ll 150 PaoMER a(drling tiatel ifidiftefroll Qb ive (td About BRédhehours, and in
and holmum (111) acetate hydrate. Erbium sources

may
i rRAELRIeMEre PROGimenty oftAbort Geelve hpgrgDrying 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-
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(1'1'1) oxide, erbium (I111) isopropoxide, and erbium
(I'11) acetate hydrate. Thulium sources nmay include

Wa basbjowsssy 1 1 1) chloride, thulium (111) oxide, BETUS2008/011551
thulium (111) acetate hydrate. Ytterbium sources may

oxEEtheeL Pt 4o i ISR 5 ey o N 200610235238

(1ol $atéraek Shedan ¥l 8hdso §9:Par GRS 1@fwbumf6ymgomyo deﬁJ ttieikai and
[utetium III}; chl ori de utetium oxi de, and
| Ufwuplime Sptoshi ‘ab@bafeénwmra%hermmt aﬁ ©ng§. t he above
l'isted OR! AbRhyiRYth&hRP nRehRAMRLP¥E %eﬁesralﬁpaés‘éﬁbed as follows. A first
conmpounds. The anbunt of aqueous sol vent in

5r eaguedusn sptptdordstunma yisy prepargd ebt combining | wish| h@atles ofd stirring, a
t I t
i GoBER CAROUBHNEATR DRRikR LORT (D 4f dhdthony soure
s hawipduad, dp@amllybﬁhmﬂohycclwnmou@syhseirqgea mekaxidey afidia support sol,
m 3&%11” g)s(ﬂ ]a s?)L gf’sgg% Jhci(ugé.sus:jfol Sln{"églr}yslsa}gl ;garécp b)b ecombining, with
hylmhraong] endrstirriag,ng masbien gburme xexdpmﬂabptmmakﬂ;es diearboxglie acid, and

t f heads ace or v . .

107 oo Bire SRS PR B A PR Reod €880 soppgions/sturrics are

Caﬂfoﬁhhb(ﬁdd tprfbﬁﬁraaﬂmﬂrhqﬁﬁtuh GdRitioRylutrp.CPrecipitate rakd/op suspended solids

ste i nclu or exanpl e cooling the reaction

e b OBV il Ut AR ROBIHEE 3 5% tholop 3ty fed metal oxide
ab@iﬁlys@.”’ﬂbﬁ&ls Workrey 3ieps @hd m@hedsads Bgigh end6l kAlcination may be
partl cul at es conprising the mxed metal oxide fromthe
| i iy ., by centrifuging and/or decanting the

15super na{ha&te, ebodihieh; rhahbf{-ﬁ%'d/rothéﬂfnd‘llrhétﬁéd nﬂay b¥asibreNEpecifically
the separated solid particul ates

di %qswheéoaSMlews,owhfa@.% fissk @ayeepe mlufg %ﬁ@a |“h ée‘tol‘Fé‘ (A), and the

seRab il sBRtiBRLIUNG 30 EH3 AL (BY SARRASnRM ﬁ@%‘ia‘%n&lwﬁﬁé; ammonium
and effecting a final "separating step. In on

enbeidranedate and diapgmeny) friaxidepare toe%atg ;fplﬂfqudﬁy heating of the
r eRGH A TRk Memiaeﬁ'ﬁxr@ssoflay 11588 ¥, &Xﬁl}? bBtain®HE anSRHs mixture

drying, freeze drying, or simlar et hods of renoVving

20| i @ui dt IAf peeferrede thabr ﬂlﬂube@!lg pis, P?l!ﬁ‘@'ﬂwds wagle asttiring  the mixture.
se
8801 O B M8 i
cordfi € tothe noema). boiling m)mte:rf}fohfr mixjure. Bie kesting m23 bE patformed under

at [
| RRGPRELf PR Rl 0L LR L ARl e o,
OC-,he dodinig poort ezeneralip iseinagthd oahigeef fiomagbaabd0t® €20 102 C. Elevated
over a ing tjnme ran fr t five to a
25¢ ?efné’gﬁgﬁééu Y B A lg%c{]eq%rr a?r%’rt gpg 0di et s o%a%ou? heating
t V\&htperahﬁufssfronﬂil}dun §0°0@ o dbeuelf00e Cf the hazrtdgrtma: is typlcally from about

T R L -

I esral)the Gostingtingd ieedd ©0 benenger. nor e enbodi ment s of

this inyenti he m xed  net cat al yst. ma

br epar APy b BT HRF g A A PR giRgal Sieh 28 slica so,

Odeﬁlﬁf 'U@eaﬂidb@rt@ltﬂe alieddly aiieiube (AP bAisrY MRS Q5 dRERibB SBove. When
di scl osed in_US Patent Application No. 2006/ 0235238 to

SabysireeerdeaR¥adealichdded; &) hgragupous FAR IS, (4 tho @mpuntRi e hydrogen

t opéfé‘)h@e #2Y% K 3hctPihat the molar ratio of hydrogen peroxide to antimony (HyO5/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, in another

35 embodiment, in the range of from about 1 to about 2.5. After addition of hydrogen
18-



Fukushi ma Sat oshi, which are incorporated herein by
reference. One non-hydrot hermal nethod nay be

w@emwensssy described as follows. A first aqueoRST/US2008/011551
solution/slurry is prepared by conbining, with heating
and stirrin a. nol ybdenum sour ce conpound, a vanadi ym

sRFFee 6?!’68%‘8“‘“% (AhTmRKSf yHirEssh At danpestyst H’o‘he range of from about

Op30P @NBlabdutFDNErfoSR6th GBoE BURARIES BNARABER. Per oxi de,

and a support sol, such as silica sol. A second

aqueoudn SWE AT B syahodyments, waugeas selutign/seryi(B) mpy bg formed by

heRhibifin@Rgtes b distithd.

opti onan%a 4 di éarl of?f}fgb(gﬁ? d%s(%gbﬁﬁl QR%WWG a‘ﬁd and/or other
S sogHKEe ce@nwglﬂ,d\glth Treasingjand istiming, thewsbn Qbfaqu prehmmary niobium-

s r

SMLLBELTLGL 73166 AOUBISH ek B LTS g v

sdh¢rdm aypart bfetheendmm compdumdn é’haqm@musarmmdhmre-cpstammg aqueous

Oﬁlgiaé m:)rgéﬂ“hx% c%trn%mn}lgd% ueou% %‘8 tgl%(elo?n%& (r:tylgnﬁlglj)g acrcl)ayeg,r whereby if a
c ahcarbtanyho mcuhsuas Iaédedmo baryien of it mayrpeecipitaced ffl’renlbp oficooling may be
t her nal t hod. may .be.nore s
0 SRRV BTl B S APY RSB FREB . ltminary -
saioutanmrg sd;umnsy solaticle nart reshotify , th@ pekcipitated edicibbxdtitiewidSand the

PR DAY cOrRRrRR L1t AREROB SRS A%ERYS Ryre, thercby

trhdbwzmdg? aroeumdd@dalhmg\a@ieans lidwad (Bwed b]y healtl ng of

the resultant Xture to tenper res .of _at east. 50

Gt ho b BY° Sy use e B FEIE BRYIeIy 39ging a niobium

15 Pre3hipblet(el §)2hiobid @clig ad Watkr, H1160Ed By HBAinphvfltRe Sshlidnt Riixture to
the m xture. Advantage ouslu%/ﬁgo aqueous mxture is

hSRY2 eSS 1R Apahegtaly Fdngeowsl 06T Gn%smwbﬁe agid is the
t Ghidtiem NBLEBlcoRBbkdd)d RUBYxyRE adill GndP a1l b€ added€Dissolution of the
heating may be performed under refl ux by usi ng
edueliveB rrontpaYnth nay hecproppeted diyd thg sAddition rPftahém%:l g@owgt of aqueous
heathdlfga under reflux, the boiling point generally is
in the range of from about 101 Cto 102 C. El evated

20¢ errper a&xamébs wh§uitgblerdi¢anbaxy e acidoinclige oxalio asidhnbuens egrbodiment,

e r

F Qe 18 gl SRAEREL A AR FHE Tl BRI b i of he
abresutant mmtabmjthet'cbh obtan anmouﬂwlmumeﬂ)t gnerealiy, ¢heamglag ratio of

'h‘;’(g% cgttb{)\xl)ﬁeyac & ﬁ‘ 619%b1u+ EO\H&% tt thfl n?&i)u%x ds Erhﬁle range of

p eframn abtmt Analdtput 4, is ohe cxﬁbcshlppu,r in thverama o] Ifcomsahpht 2w about 4.
silica soI e 1L 0 L8 Aaueaus m. xt ure

25 aft er hea?tlhnrg e\gnsbo 1enée(1:1?sl bte g pjoblun e po na;lqound m(cﬁl)des niobium
pehydrd gdmmmteadohaﬂnbmumh&olaum easiste nW}li:nl Keehc(r/h)qbuhh drydrogenoxalate
amount of the dro per oxi de . be suc hat the .. ...
ot Ay, I, B S A iR R mP iy I gt acid s
mMioffequitéd.0) conmpound in terns of anti m)ny is in the
range of fro bout .0.01 to about, 20,
enbodi TBETET I iF RIS GRirest cgH,Batbe odsdiip thefoem ofa solid, a

301 MmARE,NRTas a dispersion in an appropriate medium. When niobic acid is used as the

niobium compound, in order to remove acidic impurities with which the niobic acid may
have been contaminated during the production thereof, the niobic acid may be washed
with an aqueous ammonia solution and/or water prior to use. It may be advantageous to
use, as the niobium compound, a freshly prepared niobium compound. However, a

35 niobium compound that is slightly denatured (for example by dehydration) as a result of
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enbodi nent, in the range of fromabout 1 to about 2.5.
After addition of hydrogenperoxi de, aqueous m xture

w@ 2Q09ne8p5he stirred at tenperatures in the ranper/v$2008/011551
fromabout 30 C to about 70 C for from about 30
m nut ege t o, about ﬁreﬂﬁﬁ%rs. &n one or nore enbodi nents,
adueBREET2 SRgesRe yPEBY° WY be formed by conbini ng
vat er, Theédbéntatis® WfChe GAOHMMNEbmpRLA Qiltdohs of niobium) in the
di ca}r boxyli.c .acid and/or other_ source conpounds, wth
h _GPé? _r'wgaraﬁao?gwprcpmagvn& %F%‘B}FOB’@HP% PhAGHGOUS THHAWIE Af. 3 pYye or more
Ni YIRS flaftitBePRHEA YR 261 B Gbout 0.2 to about 0.8 mol/kg of the
ni obi um cont ai ni ng aqueous m xture having suspended

5t pelugpp of mHxpre. dhe disarbexylisi a4 o O mqugecembodiments, used in an
Praghdufli §Rh ¥had HRDhHI} LABIAIIRAABXARLEN B MObithi @hpdlnd in terms of
ni obi um cont ai ni ng aqueous m xture may then be gool eé’,
wheetawy 13 from apoutad @oﬁwm ¢ Whendanexsesscaeaint of the didathexylic acid is
it i nj : t L .
¢ o T P aimBlbi e ki cEfhoBind AR s kel Bng agueous soluion
aaifdickrborylidasig hewevdrthe ympurg lof theohicartzixplic geid thaepresipitates upon
sol uti o . I cipjtated dicarboxylic .

10 2ol e el BN AR BB R RLR L R IR & minture may
niteborertocodatgaj thus decacpsmgitbe niilxtatiore of thk eliclyoxglit adidi @On the other

a.niohi.umcontai ning aquepus liquid.(B),.Iln on
o BN RN SO gl el is e Tange pigount of e
adtlobigm aomipolrid iy esngdin nadifwhgd ,and isadpeidedGin dhe hqueous solution or
water, followed by heating of .the regultant m xture .to
e o8 o P s By R 0 s Gudktt mixtre, thus
15 1Q{écl€asir\dghmé Geg_ié@&ﬁgﬁiliaft:idﬂl dfshegthmh @}slinpmgﬁo u (r]I 8 ed
conpound, a.di carboxylic aci y a e added., )
Di ssol lﬁ’ﬂycw"g'?le {OHER ‘HjtﬁOBﬁﬁ‘%:B’Pr?S sﬁlaeqs&?r FEATRRIENBE Secling can be
t hRrfeHEid imply Wy nfeati$B 4n iddBagt of aqueous ammonia.
Exanpl es of suitabl e dicarboxylic acids_ include oxalic )
aci d. [T srBOwhS dhsrgreeipiteipd dicarbayly agid (Qhprpqipitated dicarboxylic
arRidagiehe t RspeREE miothdh |BMBEuAY B AL dAGi1y2P&HoHnkd 'tlySnventional
of the resultant mxture to thereby obtain an aquéous
20| jrpgthegls( foy exampke by [dpsantatins offltigtion- at j o of t he
di car begdyl &eatehsgrbl&yﬁch g%ifa)ngmmm rgSlHP‘Pé{{bd of "thé &Jblined niobium-

niobiumis in range of fromabout 1 to about 4, in
orrentemingdaqueeits, sojution e ovtadg dheofange efnireth apput2 tapatwyb 64 either the

4. . i ) i ahi .
* migtuf OB poRE SR Gic b8 iy 38 AL EnEOITRIE B) so tha
oxbé¢ ali@rbonpilen agidfhehiumi wlag ety df othe nsokwtioat fallprwithin the above-
a ¥ i i I i u .ni obi ;

25 2 PRGN gl HOLEUR, B Frehdtal 36fh 37 oDl 1Y diftcepsary since an
geaqecak liquide Bh having) the simartmay boagid/vietiumamolae raiddeithin the range of
t for f solid .a mxture. or _.as,a dispersion.in, ..
ot 4T 9o ShotPh bt ocbrllated  appRloriBE bRl SR Hedanddigation of
nithd hiobiuaocameiondd, theratio dé thet dicarboxrylie acid ital the niskiunhicomgpsund and
w {h whj.ch the njobi ci d, ray have been.cont ani nat ed ..
GubS 57l BPBEANET off Hite AROYMETInE JURNRRDY Helgigontaining

30 Weghi@shs solution or aqueous mixture.

The aqueous liquid (B) may further comprise additional component(s). In one or
more embodiments, aqueous liquid (B) may further comprise hydrogen peroxide (H,0>).
In these or other embodiments, aqueous liquid (B) may further comprise one or more of
an antimony compound (e.g. diantimony trioxide), a titanium compound (e.g. titanium

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

20



wi th an aqueous anmoni a sol ution and/or water prior to

use. It may be advantageous to use, as the niobium
weowpowsssty a freshly prepared ni obi um conpoundPCT/US2008/011551

However, a ni obi um conmpound that is slightly denatured

(for exanple b ehydration) as a result ofa |ong-term,

st%ﬂagfélugﬁa‘feﬂﬂ%- f ,erﬂwm%wg% gmouH Of dhsBHrREeR PrEide is such

ofthdthRe Mo ratid SFHYRAILEEl péroXide & ABbIAM ddNPRURIIHSBY/NB8nolar ratio)

prelimnary niobi um containi ng aqueous sol ution ‘or

agoneomss of riobrue issin the mnge of fromr bopmioddtonebriug 20, and in another

I 1t aj W thin th n of ,frao bout. 0.2 to_ about

0. teBlrtgl i b icnde R SBRORGR! 1 G BERE Arign et %rfihents, an

5 dianéimloox gbinpowrd @ mixed iwithosteleast anpare of tHeoatjus@uist SquidigBX and the

[ t. h,t th | ar. ti f di b lic .
L AReST R Bih b BBt e PR et GFNR: Shlet e $h tie Sntimony
alwipodnd i BhAULSE Sntindigtoahe RBRES cENPYUAl i® terB&f niobium is not

di carhoxylic acid is used,. a | arge anou of th
niT5F S on e oie GBSO wdbh FUH TRER Hatom BRRYAG 01 to dbout 2
sol ut i ruebusdindailopa)l il aqietis HQUEVB) mdyh8e aAREM togdther in an
t he di carboxyl i §1 acl d that pre,Clnfl tates upon cooli n% ) )
10 ¢ HEPBTAF R [ EFPrAMAUGOH OBItieRs it Ahhraty Hdabsud) will be in
S Qlcbdriifite QVitHih%t dékifed TBOMBPRRRBARFIRO c4tAYEEe Thd BHSunt of solids in the
decreasing the utilization of the dicarboxylic acid.,
OPIEPRYS BHIKEFe 1 gArFraliha s ranee upa@ekiier abettd percent byneeight. In one
di eriolirent, itfe ARbiFht bB sdiRAS th the L @HIEMATRE N £6h 2bB& 10 C}g‘ 30 percent

ni_obi um conpound mai; remai n undi ssol ved and suspende .
i rbyt Weighlyue @ngthet pmbodimenyy fiony abaus 15ated5 B perserthbyrmgighp and in

15S %ﬁﬁ%&ﬂﬁddxﬁ&ﬁ%\é &chohh OS8R Jo!nps AOME FHZrufl % abdul? 8 to about 50
decreasing the degree of utilization of the nioblum
c pepenity, weight, based wipsingheriotah vighf ofdbomixterenay be used.
For ex , Iy a {0 ' b .
roans. 3 ouor iite SbbilknE20nHE Sl HEBEa EAY dgsired, te
diagaedus sylhtiqn/suirylis(porpaprdesoiap td @ntih alsanaretngxilica (naawlyd a silica sol
o7 (UPRLEE° TR RO SRIROHE Siod Py B8 sBPbrifily adjusted in
20 deceortaice otithahe ddsiréd ahowmn of M eilicd trerictiin drelzatalylsi 1© be obtained.
aci d/ ni,obi um nol ar .rat.i o of the, ohtai ned .. . .
i obi UrPERASHT SELEH TS M| T P 4oBNesibg digpideportion. Drying
I angyebesfonlilicded Bbamverdionsl mdhets, fich @s gigy diylig drieO&Podtion drying.
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30 ma)‘gl?ukérﬁ?hc REY BLdl Rt G OMSans Ohit el eRRicOheafI USRI 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

35 be understood that the terms “dry” and “dried” describe a solid from which most liquid
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The aqueous liquid (B) may further conprise additiona
conponent(s). In one or nore enbodi nents, aqueous

wo p@paioeB368B) may further conprise hydrogen per orRCTES2008/011551
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¥ of the m xture. In one or nore enbodi ments,
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si | i ca)n omher arsesmbediments, theheatingotfempetatuse ofrthe dry mixed metal
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C e BalEpe LSRRI B R S 2O HrAng Bie gied metal oxide

30 driffion@ finkl fovia erué indthe Proyess 9f thoprasyntdiivehtigh. i S

particul arl because a fine heri.cal ,, dry .

Sol i d i otst %‘Ph‘é{ﬂmeﬁl‘ﬁéh%fﬂ“”j ¢ ey Ghesel g i Bni ot grir to any

bYcafe@itibhs’ 80 8thkO Reat Rieatniit. t W63 XampR, il @ Pregarh®on T8t BOfked bed
catalyst, the catalyst precursor slurry is typically dried by heating at an elevated

temperature and then shaped (e.g. extruded, pelletized, etc.) to the desired fixed bed

35 catalyst size and configuration prior to calcination. Similarly, in the preparation of fluid
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or by the high-pressure nozzle nethod. As a heat

source for drying, it is preferred to use air which
wha®lessm heat ed by steam an el ectric heater BEHUS19608/011551
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Valohfpeteritd B8y 58 Ple-Aixe® 1M &S of 1MKtidH i¥ nbi ei‘ﬁ%alm Sfle embodiment,
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30 C adnfodfhenBiie Fﬁysﬂﬁr inii>@hdeof paif6intaAEe Mbdifief, Tl miBIdYoxid\eatalyst,
tenperature of at |east about. 200 C, and then at aqne,
orangyped mixed oxide catalyst may be subjected to a heat treatment or calcination.

In certain embodiments, where two or more performance modifier compounds
are 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

35 mixture may then be mixed with the mixed oxide catalyst compositions via physical
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hi gher tenperatures of at |east about 400 C, within
the ranges set forth herei nabove. The treated (e.g.,
W@ 2008048583 m xed netal oxide may be further PCT/US2008/011551
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%/ rem and then m xed Wléh the fresh
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30 0.15 to about 5, and preferably from about 0.25 to about 2. The feed stream can also

comprise one or more additional feed components, including acrylic acid or methacrylic
acid product (e.g. from a recycle stream 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 feed stream, or by mole relative to the amount

35 of propane isobutane in the feed stream.
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nodifier is a solid, and may be finely ground prior to
conbining the nodifier with the catal yst conpositions.
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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

35 during the catalyst preparation, the actual composition of the finished catalyst mixture
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unreacted feed nmaterials. Propane can al so be
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about 0.5, in each case, for exanple, in grans propane
or isobutane to grans of catal yst per hour. The

WO e®alos8say acrylonitrile and/ or acrylic acid oPCT/US2008/011551
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15
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met hacrylonitrile and/or nethacrylic acid product can
be isolated, if desired, fro ther si de- products
and/ or from unreacted reactanht éccordlng to net hod
kffown Tn the aft.| S ge prodycts in anﬂgéguatloA ay "
i Mghpde OO (Cappmssdlemxingie A o bacethe |4 F| co2 | co MO

hyldr ogen cyani ge Pﬁ@:l‘d)"c Gath R c8i"or)i el 1| (Belddly Viglgey }&T%“e'd»%“e'dn%smm

“icla L OLID N 122N | + of o o
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é

. 0.060

l &hﬂ&ﬁsﬂ:ﬁb‘fe?actm YT #4F) s TS 9 Aot 4r TRV 09 ss | 2
( , hel i 'um ( rigg] @1 Ths ETveA qU 1530 |Catedl [Y4L | T bATCP 25 | 15| 131 | 21
SH MENTSITnforder tofillTudgtrafe the

instant inventi|®¥| Sanp| g8 of Warji Us |cHt pl yst | 26 | 49| B7 ] 17

mgg( §8s were prepared And flhen aval uat edl unde

silm [ ar reacti :opd% ons. 'me C dsjtjons |isted

.| 1 . 8. 9. A 48 ) 2.1 152 | 137 20
bgl ow are noni mal’ | coqposi t1 pns, based |on t hé&' t pfal
e ' reparattonrgf—thg—catatys

m xture. aSilence B e’ a8 rayfibe 1%st| Ur| mdy npat | B2 | 18| ®
cqTFRIEryer eag] gy 55? The[caLallysE Ar ‘fﬁ PET3LT 07, (T8 s |
adt ual conposi i oh of he il ni shed catjal yst "m xtunengy

vgry slightly fig@mg hey howd malg;cqmagsiit 1;0NS ,shOWR | 157 [ 135 | 1

b&ixﬁWMFr esh cata AVZSS: KT _e,p_arcrl inlitslfinal farm
adqcordi ng to ngtdpds @keEcmz bednhg eun 4 poerd i prt @fiss | 132 | 185

t C fl CSILI bat a: yeo VRO .aUIIUI IICU \M LI Dcd bat [« _yot al d
alcatal yst nodifier andfm xed inja dry stiate, by Udising
a [m@pdeani cal  m|xef .10 blyssy was |eval Yatsed e f 140 10d 137 | 16

fljuid bed reacfor|haying a di anetler off 1-}j nch. | The
raactor was charged wWih about 20 to dbouk 45g( of
particul ate catal yst or catal yst m xture. Propane was

fed in & t, a rat -abo .
0 15 V\m& d&ﬁm"v@ E{a%gﬂ%éa 3 éo%éa;f{és} Qéjmr%g?e% tthxﬁg ML nominal
c aioaipysitisinh dYIpYo 218naYta ngCy, arahmolmdmg\Aés°/c,f‘te'dweightositi¢aesupport. The

SRR o le i 3 §o Ptel NtbP FHR Rl e BhARERTab1e 2
t he r eﬁthplev%i; —fEhieratilystdf Gompdyatite Exampleabevas cdrbbined with 0.05

3305 L7 Ret T01e oty e G exlvhy EortPARnC 1 st was

wasvajuaed af £40 befliid ed teactan Mhe sdsulenpsisivin inTable 2.

105717 ca OB T2 h TR e e EYE o 3 Ve with 1

fl ﬁibl@s MCBti&Qaqkﬂ fmold o rifisthk tisd chtalyBI0 Wbmpdsitioab | The lcatalyst was

le 1-1 - sed cat st of ara eExa e
1 % ated g ﬁ%" ‘f‘ﬁe‘ﬂeé%‘ﬂr- ?H%éﬂs‘)‘z’&arog‘&p bedom ggl

CONPOSiHExa@PleMY0 Phd Sflyst 4RIRnPAAtiNe ERardple at W& @mbdhed with 0.2
used catal yst to 1/3 fresh catal yst and al sg. conbi ned

winplesi9s Qs 25T ArleidYio gp e daspicatalysl cappositionnpihe gatplyst was

I rbvhmstteb gwwe& A Bbd FAGBR ThE kRtits ak endvdl iausle 21as
eval uated in
Example 3-4 — The catalyst of Comparative Example 3 was combined with 0.02

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

Example 3-5 — The catalyst of Comparative Example 3 was combined with 0.02
moles HgTeOg per mole Mo in the base catalyst composition. The catalyst was evaluated

in a 40 cc fluid bed reactor. The results are shown in Table 2.
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a 40 cc fluid bed reactor. The results are shown in

Table 1. Conparative Exanple 2 - A catal yst was
wEr@passssd havi ng the sane nom nal conpositi on BGST/US2008/011551

Conparative Exanple 1. The catal yst was evaluated in a

40 cc f uidb?rﬁ\ctor. th*leresul_ts are shown in . .
Tabl o EXAERMniPe Bheicalaligiof CompamiyaFyaTplgs was combined with 0.1
Canples 8t 5,0 el M. Was camht Wakvubid fif 890 &aftdl Y8l reactor,
havi ng the nom nal conposition MVo 2 i Sbo. 24Nbo09q c

i agaly g ppomrangy aftey ap gxiended tipsronystyear ds sumsadtized inaf aplq 2.
and al $amrEbi-Nedrnd dabiiyNPEt CompRa @ EaAMpRS 3 af doBh&S with 0.05
of Mo per nole M in the base catal yst conposition.

5 THeolew oA | HeBOsviees Bols| Mar ndthenbase gatabyst tompepitinad The catalyst was
r il ' . le 2-2
it S Lo b1 e R el BT
fresh dxamplest-8 hallieneptalyss ofi Giompatative Fparsple BorasMwtbined with 0.1

2 [ r &t st & 0.1/

£ 50050 980kl 1 2 Bl JARE S A s

anthemesulth a® showmingBabdf 2.Sb per nmole Mo in the base

cataly i t4on. . Th t al yst s _eyal uated J.n .
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D AR TUSRIF PR AUIRAC 25 0% by wei ght si | i ca
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o SRl S i b s ings B VE! St
15 cafaidoed flvidiied Qeddfor NTHeaSsut ardRBEVPRITABR 2 Mo in the

base catal yst conposition. The catal yst was eval uat ed

ina 40 cc fluid bed reactor. The results are shown in

Table 2 . Exanple 3-2 -The caid yst of Conparative

arrpl e 3 was caomhined wiith 1 mles of Sh2MR per

gl e Mo _in the basa,cat.al Yedhe | LRNRDS ok Ron |GG &biel YS{t oo |Houws
wags evaPirEt ed i n["¥|44 |oe | Edvidi| dsabied vieea Play -Yiela_hEYi::jd%YIeld,%Yleld,% on
esults are shao iin Tablle 21 Example 3-31- The
gremparaiie pamgled op ey AP W SO IETB Tl E93 S St b d i (80 | 148 | 20
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! ST LaLaI)DL bxl Yol UT UIT. I
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C dixamb \06
THe results are [9sgwa [i4d ] Tabll e 52, ExaApll g2 3- @6 - | Tiag 147 [ 123 | o
catalyst of Conpargtimve fxanmpl o 3lwas ¢ondined hwitih
0 Exampl¢’3-7 oo 10 [a0 | A 539 383 41 28 26 | 115] 98 | 16
Example 3-8 006 10 | 440 80.2 §1 40.9 45 26 34 | 141 | 128 15
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nol es of Sb20 per nole Mb. The catal yst was eval uated
ina 40 cc fluid bed reactor. Catal yst perfornmance

W@ Ra0ew0483m3 ext ended ti e on-stream i s sunmari zePCT/HS2008/011551

Tabl e 2. Exanpl e 3-7 - The cat aI yst of Conparative
Exanpl e was cogb @ Z(Y\jil 0. 05 nol es of H3B(OB per
mol e w&qwaf%e bEXAtRle ¢ oVEY GHePaIe havifg| the  nominal

Wespnipysitioint oV ySB,, z‘ﬂ@)o&%of d:é&'o(gopeﬂldr fRGld}e 49 b by weight silica
results_are shown in Table Exanpl e 3-8 - The

c évam%tmeﬁa@dwmwew & fiwdvagd ¥eaetpi. b6 regplisare shown in
O0.Fapii es of Sb20 per nole Mb. The catal yst was

evaluated in a 40 cc fluid bed reactor. The results

Sare shéwampls 4rhb|The patalystpfifiomprative Exgraple 4tvedspombiged with 0.025
(RHOeS HP&@pIE?% Blojhn Weas Hcsaa{"‘agfg"é%m dtioh; Pt ABRE WAL evaluated
a 11.@ 49 ¢c flnigi e d peagtor ckhstrogults Figshoveinl TablesY.e shown in

Tabl e e 1)

a3 o 1he ERalel o AYExhnt B bt wim 0.02
nohaledf Catpeemokeso cmthe bysst catabyspagngosition. ’ITHee:amatsaWystvaluated

1o,/ 38 Y2 B it el Wi BREL L o Ve

Exanple 4 - A catal yst was pr epared having the nomi nal
conposi ti on MoVoj Sbo*Nbo. os JF% feo oosx, and

i ncludi ng 45 % by wei ght sil 5 upport. The catal yst
was eval uat ed |\r;lna 40 |cc| Tl urd bef rea"‘wj). Th

Hours

I ks, YTk Fopard | Acnfeat XEMofRie fHHCH | Acetonfid® e

results_are sho co2 | co
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description and the above enbodi nents are typrcal Tor

the practice of the instant invention, it is evident

15 t hat B letht G618 26ihyY A8scripfsh AddCb iaBeVR: erdtbdin{éHid %'tﬁﬂ@al for the
be apparent to those skilled in the art in I|i ,

ofpr%%lP% OGE@dmtfmt iIRENtions dfolf @videatythatimany qlteretiyegerodi aqtlons, and

alJarigtnl Wit 66 %f)érgﬂsto 132e1} fskl@l@(] '119 NRe apdin’ ﬂﬁl‘lt‘%f s éiescription
are enbraced by and fall wthin the spirit and broa

s e‘eﬂﬁerd@fglx, He ISamf@ﬁeib that laausn@ atempatises\anqdifigatipns) andavariations are
Ple@ftraed 59 bnd R VATRDNE Q@h‘t 24 K262 d X bStASH tRNagpbndtd claims.
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or m xture of saturated and unsaturated hydrocarbon to
produce an unsaturated nitrile or an unsaturated

wW@e@anisssaci d, sai d process conprising: provi dPEIyUS2008/011551
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catal yst m xture conprising a fresh m xed netal oxide

catal yst conpri sing nol ybdenum_vanadi um niobium and

at | east one el ement sel ect &d41M$h t he group

consi sting of antinony and tellurium a used m xed

net al oxi de catal yst conprising nol ybdenum vanadi um

ni WBicl##: and at | east one el enent selected fromthe

group qonsi ¢ bl@gesgfforacﬂé !nﬁﬂ@ﬁﬁd?t% Jr%lxidgﬁéﬂ"(% a @0fatBd or unsaturated
performance nodifier selected fromthe group

congnigtrngf wiuraied andunsemigbudmsarbante podycermmnpsammted nitrile or
Al gl fufaftdR n%‘i{fésa 1&39{18’? QQJ!BQMﬁTﬁJsﬁn cerium conpounds,

ger mani um conpoun R im cohpolmids neodym um
conpounds, mrmlmemsiumdmremmimgr us corrpounds

sel eni nd [luri

con‘pou% S%R m?ééﬁr?g% %’g}ﬁép %ﬁéﬁggt %&Eﬁl%li' %blygge fum, vanadlum niobium,
v aand di least omrpiomnmsglezued tromi thcrgmupmmsrstisg ofmminmsn)( tand @Hurium,

t her eof ; atur at ed nsat ur at.ed
or 1 BT ST <aleh Rt malvhOP B i Rgm. niobium,
Wi dnld aalteawmge:mexmmhaemm@ogaﬁe goiip WhiidistidB of antimony and tellurium,
o%gen-cont ai ning gas and anmmonia, in the presence of

catal yst m xture. 2. The process of claiml,
wher ei bbﬂoxﬁﬁh&é yaddifigrdséleced iffon eh€Cdrewh fdofdRtinge of aluminum
gro%8 sist.ing of alunjnumnjtrate, 3I um na

{ 13PYMEYY FOMPQHRYSFARFAIC) FIMRENRAS: ¢ BOTOB, GomAGHYds, cerium

( |doh~)poﬁ1ﬂfst rg%hﬁanuﬂﬁt LSRPHOOYS, RkiEe, coppbiRNheb@iniig ¢6mpounds,
, arsenic(]ll) oxjde, arsenic(V) oxjide, arsenic

c‘P?P‘“rBorCBﬁ‘PBR‘i“He PhRSPherus c FRMPRBAS: o SAIFRIAT UAATARQUAGY, ¢ tantalum
C &dohipoinRfs Sle Blifum e6mpstiHal,! ddnighs %bﬁb@urﬁy C{ﬁﬁ’%sﬁm compounds, vanadium
ceriun(lV) oxide, germaniun(lV) oxid hi um oxi d
| |qompemdﬁyzjfcewaecomnokumdae@tta@%herre@ft pdum nitrate,
l'ithi U A3 dgdhe satAFRERING AR M RARIUSP R%RIr8 LR satlia Al 44 unsaturated
oxal at e ni obi'um oxi de, phosphorus pentoxide, anmmonium
pHudpsaben veigl amjoxirgeli-eputairing teant erl Wit \An owigder-containing gas and
t I telluriumtrioxide,
r 3%“%“@1% |1@g{r??)aer%g egzﬁﬂg%iﬁ)spﬂﬂﬁanat ase titanium
di oxi de (TiG2), titaniumisopropoxide, Ti (oxalate),
tungstegn tr I ' l.
oxi de, ezvanag'?xé hg)?f;i%oq 1’ %%Iﬁfg e ﬁ%“@gﬁg‘&("%&% 14 Aelected from the
Zigrogm ybnsmtmg aefe aluznmum mluate,a ahinmax t amtiwny(m) &mfdcs antimony(III)

The ocess [ ej n
R Bl o P B 7 ol fiSice, soe0r

Cairalny:SIﬂI,) aide, t heemle(&’()l onide darsmﬁ(alacxd}(lhibeorc aﬂmlley Foric acid, ceric
OGS, PR SFB bDL B50 WAELHR v,
t fgehﬁﬁﬁum(IV) oxide, lithium oxide, lithium hydroxide, lithium acetate, lithium nitrate,
lithium tartrate, ammonium niobium oxalate, niobium oxalate niobium oxide,
phosphorus pentoxide, ammonium phosphate, selenium dioxide, tantalum(V) oxide,
telluric acid, tellurium dioxide, tellurium trioxide, rutile titanium dioxide (TiO;), anatase
titanium dioxide (TiOy), titanium isopropoxide, TiO(oxalate), tungsten trioxide, vanadyl
oxalate, vanadium (III) oxide, vanadium (IV) oxide, vanadium(V) oxide, zirconyl nitrate,

zirconia, and mixtures thereof.
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4. The process of claim1, wherein the catalyst

m xture conprises at | east about 0.01 nol es of
w@eebosssehce nodi fier per nole of M in the toPEH/US2008/011551

anmount of fresh and used m xed netal oxide catal yst.

5. Theéur)rocess of claim1l, wherein the performnce

modi fi e f uribE@Foceesfclaiad, Yhereinpie eneTeceiiroRariprmance modifier,

Thie PeOr AB&d et oRid® chialyd ShAIHR u@REMBed AR oRfde ChGIyst comprises

fresh m xed oxi de catal yst and the used m xed oxi é’

cat SWRPOTt selestad Gprar the suruconsisting w6 milisg.drloming; wiskonia, titania, or

symhdagsd GeddBf hod. 7. The process of claim1, wherein

the fresh catal yst conposition conprises a nxed oxide
Sdefined by the enpirical fornula: MJ VaSbbNocXdLeOn

wherein X i t n f

Too i g, TS PrGERERE LR W Olnrp oSt abhlg cBnprifes at teas

sedbout @4l hw(km df lperfgmuanpe owdifies pemgolefof Gég inl the téal, aniMslint of fresh

Sm._E T . r, Tm Yb, Lu and m xtures

thrgé‘éié‘g?d‘%g‘.eim%‘aé%di%‘ygz 01 <b < 1.0, 0.001 < c <

0.25, 0 <d<0.6, 0<e <1, nis the nunber of

oxygen ato r equi red o, _sat val ce r.equi rene
1008 al 5gt her 8I€rﬁ%eff§s° pf;]@g’éni[ ‘rvﬁ TEHe r&’??‘ife r&Ef?’Ff further
t h®npitiees Sollybddnum@nmpoundr e of the ot her el enents in

the m xed oxi de can be present in an oxidation state
| oner than its hi ghest oxidation state, a, b, c, d,

and e reepr esmetprds&éas Hpblafm ﬂ@%@reﬁlf orleh&r BSIh o€ SO Grixed oxide
eI ement one The process of claim

m1,
sh a{l ghey s ”&‘ét’ PgsléP cefah‘ﬁto%rﬁ {Prepared by pinga ngn-hydrothermal

15m§9ﬁgﬂle§g<h{gglod_ef| ned by the enpirical formula:
MO VaSbbNobcXdLeOn wherein X is selected fromthe group

consisting of W Te, Ti, Sn, Ge, Zr, H, Li, and

m xtures t h%@gocek df2lahs! le%%@mftHQ ﬁ’em"&tzg%_s@ ¥Bmposition comprises
consi st i Pr, Ho,

n
Era mipgd o x«%e dﬁﬁneémthﬁ%mﬂé@fqrn@iaeof 0.1 <ac< 1 0,
0.01 < b < 1.0, 0.001 <pG,5.5,R8 Qe d <0.6, 0<ec<
1; n is the nunber of oxygen atorrB Fequi red tosatisfy

20va| anc evheeej X ie selpeted Gpmghe grouh eensistingrehVs Tpy Bis 8mt Gé, @r, HF, Li,

h i dorﬂnﬁﬁl(#esC{Férg& ng Eblé 040 Yﬂ f%‘hs@l'ﬁ% (gf; Cemrﬂi €pO i\ld Sm, Eu,

er elenents Iint emxe
i NGl yDyd dld, din, Tmaidd, Lowed mikwresitheredf] Glesh fodeaOl anb < 1.0,

st C & Lep{.es ti .
1008 s h 2 M0 e R G
praauafyszatarﬁxce: t@qumlﬂ¢ntmhéalé othet blempus fpmselan'n ehermm'bieﬁi oaide with the
25 a nBr kS S ?x?elt é)rm)gr tor(f!,j{ I ?)thoxsltlgnelénts Me 6n)%| (,)x1 e %a,n rﬁ;es’ent in an
t ed)d‘idli)(lbd GtateSbﬁé]’thargﬂf highestioxiddtddh sautd, deb, ct @) dndrei repraseintthe molar

H rtatl}(l) gpghlg %grrrgs);%rgd?ﬁg qument to one mole of Mo.

8. The process of claim 1, wherein the used catalyst composition comprises
30 a mixed oxide defined by the empirical formula:
Mo;V,SbNb X4LeOx
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,
35 0.001 <c <025 0<d<0.6 0<e<]I;n is the number of oxygen atoms required to
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cerium (lV) oxide or a mxture thereof. 10. The
process of claim1, wherein said step of providing

W@ ovpiisses physically m xing the fresh m xed or€TES2008/011551
catal yst, the used fresh m xed oxi de catal yst, and the
performance nodjfier. 11. The process of claim 10, . )
whHHy (Yalagee reguisements gt all pthenglements Ressent dapthe Bixediaxdde with the

Stibvid thaf Sndbrthi@ Jrlife Sth&SdlerBnteR M hileedCRlidd ¥aitbe present in an
conposition and the performance nodifier. 12. The

proyedagion sptedpyerthan ityhighest pxidation sttesp, e, fravdiedeprgsent the molar
COgRs bARS cGRERSHYidk18ndd fobheThoiE G MRl de catal yst and a
performance nodifier via wet | npregnation. 13. The
Sprocess of claim1, wherein said step of providing
f urt her9. COMRht (§c:etsg1 of %%%H walnﬁéhltﬂg gltfoﬁraalllgé WJdPrier comprises
sai d cat al yst xture. . A process for the
aramtmioda (D roxale, antingdety(Ibi) opdlate, saimonyt(HT) tartrate, antimony(V) oxide,
u 0 l xfure of .satynate .unsat yrat e .
RGP S8R, Thebl el R CD T, B AR Mg fvcronide, o
unsatmr(B)eckiderqyamigtuacihereofai d process conpri si ng:
10physically m xing a dry m xed nmetal oxide catalyst and
a performance nodifier to forma catal yst m xture,
wher ei 10t he The xgdcesetatl clai de wisréih ysild cREpof Pesiding comprises
nmol. ybhdenum .vapadi um .ni pbi.ym and at | east one )
o TSPt A TP TEHE O m Bt D <isrh ot Maee e catalyst,
anad el perfoirtiafce afvdifwher ei n t he performance nodifier is
selected fromthe group consisting of alum num
conmpounds, antinmony conpounds, arsenic conmpounds,

15boron ganpoyng ﬁg‘oc@sférdf eIk @  saif 8leP BN prdWiding further comprises
conmpounds, |ithium conpounds, .neodym um conpounds
ni & pt§ProE BrepBLiNgsthe Sisefs prisd pxide h RMRQSition; ahthe performance
capppsds, tantal um conpounds, titani um conpounds,
tungsten conpounds, vanadi um conpounds, zirconi um
conmpounds, and mi xtures thereof; and contacting the
sat uratjgd OfpHNGALdE q;feaaiﬂ{ 1m Wiedif Qld §éhu5f”‘%ﬁg&cﬁﬂ§ comprises
unsat urated hydrocarbon wth an oxygen-containing gas,

20 oreomibimingare dreghemixednoxidai erjalgsisantha perfomance i modifier via wet
pr; %ﬁgﬁﬁk%f the catal yst m xture. 15. The process of
clarm~14, wherein the performance nodifier is selected
fromthe group consisting of alum numnitrate,

al umn antd ) id t] I .
ST TR a1 el LPAAE b B By compres
t ehe gxp ditheaBig @valcamngsaiddatdlyst mistie, ar seni c(V)

oxi de, arsenic acid, boron oxide, boric acid, eerie
ammonium nitrate, ceriumacetate, cerium(lll) oxal ate

hydr at d4. ce podsyforakd alamoxjéativn i bridhtidn «bai sdmrated or unsaturated
: :c{rﬂ’%ng{?n]reg%)(’ft ﬁ%ﬁ:’[raéla& Eupd 1l1'lnrsnat|?1¥agerdq%(yldrdo%érblmll ohpl)rlg)gac%ca%tu%tszgﬁrated nitrile or

an unsaturated organic acid, said process comprising;:

25

physically mixing a dry mixed metal oxide catalyst and a performance modifier

30 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 aluminum compounds, antimony compounds, arsenic
compounds, boron compounds, cerium compounds, germanium compounds, lithium

35 compounds, neodymium compounds, niobium compounds, phosphorus compounds,
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[ithiumtartrate, neodymum (I11) chloride, neodym um
(I'11) oxide, neodym um (111) isopropoxide, neodym um

W@ bdobp4saset at e hydrat e, anmmoni um ni obi um oxal aP@¥/US2008/011551
ni obi um oxal at e ni obi um oxi de, phosphorus pentoxi de,

amonj um hosghat e, sel enium di oxi de, tantal um'V)
oXFIFBIUTE CAPAUNES, (21HAINE, AMPRNRAS: fitpniap compeyndss @ingSten compounds,

t i JafitibcOmPirds, ArEbsom cohipb@ids URIInSRRFRREEFEand
Ti O oxal at e tun sten trioxide, vanadyl oxalate,
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one el ement selected fromthe group consisting of

| ant hanum cerium praseodym um neodym um samarium

eur opi UM gé’djglpircm'e&ﬂwf cleitlbil'&l.nwhedyisph@;;émnnahm miodifier is selected

er t u ut et . um sten,.. .

C e ey it Sl 8 Mttt bR Biiony (D oxide,
haafnﬂmony(lll)?oxathte; prtiooag DY tacttate, mnﬂxﬁapny(ﬁve roxide, amématy tetroxide,

e.of the xed, net al. |de cat al ..,and the . ) )
10 ;R e BT St ot Ehip) i dten S B B Bide s Apic cerc
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tltanla t St ere e cesso
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ah kim0 taetaté(Oheddy @ funp €ITF) O¢HIGHUS S nBEW e I (1IDE bxidB) feodfmium (III)
My in the m xed netal oxide cafalyst. 19, The process . .
oflsQﬂr%aomdwe%wgwgvra( 11D 3qqtats Byflrefe. HRgpepingy niph IHM te, niobium

15 C WXRIateSHSbiTInXdxide, Bhdsphéru 8 BehtoHide dmARnalim PidsPRaté, a;ta@hulﬁi dioxide,
and a erfornance nodi fier. 20. The process, of cl

@n%m(‘é} 9Xidse "fﬂli dHaniun fiogds d@l%t Hialase tHUNPRI dg@sld%\ (TiOs),
M geeHuRt gldenef(B¥alit nﬁiﬁ&bﬁ inGoXidel, QaMdY Poxalate, d I
MO VaSbbN%gﬁ (erae o I's sel ecteed frgm)%a aee gvralcl)%éum( )
c orxddes V@q@glu@f (IW oxpée, vppadugn(V)(%ldezzlrcopyl mnglte ziggpnia, and mixtures
mgipses thereof; L is selected fromthe group
consisting of Ce, La, Pr, Nd, Sm Eu, Gd, Th, Dy, Ho,

20Er, Tm Yb, Lu and m xtures thereof; 0.1 < a < 1.0,
0. 01 < l% &e% chaifh 14 th%ém 91e m1Qe(f gta§ 0x1ge catglfy<t further
1; n sthe RURDEr 0 oxygen atons required to satis
vaioano_meesra@ dpastr @wwiengend feledtdd foirh gre gbtmmnsmtlrmddmhanum, cerium,
H}P:rasrogf) dlur(r)xl),( Ingegd 1¥n||i]1 tFﬁzéxﬁ)d;ﬁ?,Xé%g}g 4 éac? 1%11%1& Mn?m dysprosmm
i rhodmiud i edth rthalivet, eyttapbiem, thitatm,t inpsteh emamomg dmt igemanium,

25state . a, g‘ C, gh nd e represent the nolar ratio of

t HArCghipp Uthhmyian %@%ﬁ%‘nt to one nole of M. 21. The

process of claim 14, wherein the performance nodifier

;g?f’ :T{)S S ( ?I I? p{(ﬁ,%/efsr%ticéglmaﬁ{, %ﬁ)ﬁﬁ?}{] (5/1'} rr(gr%%(é(l I If)theor)r(l?)!e métal oxide

catalyst and the perfomance modifier comprises a support selected from the group

consisting of silica, alumina, zirconia, titania, or mixtures thereof.

30

18.  The process of claim 14, wherein the catalyst mixture comprises at least
about 0.01 moles of performance modifier per mole of Mo in the mixed metal oxide

catalyst.
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antinmony tetroxide, Sb On, or a mxture thereof. 22.
The process of claim 14, wherein the perfornmance

WOorwoN#sss3 f urt her conprises a tell uri um conpouPd/UgRB08/011551

The process of claim 14, for the anmoxi dation of a

saturated or_unsaturated_ or m xt %re, of saturated and
unsat urlst ed ThgdPBesssboh clafiRel di W

Odtin@fsbIRixEY WEdIRR HRBA Actal BAAS HRalFAhEY 2b&EhrRfance modifier.
unsaturated or m xture of saturated and unsaturated
hydrocarbon wi th amoni a and an oxygen-cont ai ni ng gas

in the yr esefgepRbesdNr ehlif! V8L wHiRiUBR: mifed HR€a1 oxide catalyst
process of claim 14, wherein t r d

greiny sgifiege]bfof physically mixing

he dry m xed netal oxide

S c agoanyises 4 wingd opide definpd by theoempisieal Sormedaral synt hesi s
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met hod. 25. The process qul\pgmc)}dﬁor\{merei n said step
of physically mixing conprises mxIng an un-cal ci ned

or par twhelrdiy XcislIseleeted framythergrospl comsisting ok Wi dlec Bt Shy6¢, Zr, HI, Li,
”&dﬁgi}ﬁfrés%%@ﬁi i?ﬁ%é&%«?ﬁo&@h{ é;ri[ngﬂ &dﬂsﬁ%%é@%,%@ﬁ?g Nd, Sm, Eu,

furt

conpri sés e step O ni ng
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and mixtures thereof; 0.1 <a < 1.0, 0.01 <b < 1.0,

0.001 <¢<0.25,0<d=<0.6,0<e<1I;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, ¢, d, and e represent the molar

ratio of the corresponding element to one mole of Mo.

21.  The process of claim 14, wherein the performance modifier comprises
antimony (III) oxide, antimony(III) oxalate, antimony (III) tartrate, antimony(V) oxide,

antimony tetroxide, SbgO;3, or a mixture thereof.

22. The process of claim 14, wherein the performance modifier further

comprises a tellurium compound.

23. The process of claim 14, for the ammoxidation of a saturated or
unsaturated or mixture of saturated and unsaturated hydrocarbon, wherein said step of
contacting comprises contacting the saturated or unsaturated or mixture of saturated and
unsaturated hydrocarbon with ammonia and an oxygen-containing gas in the presence of

the catalyst mixture.

24.  The process of claim 14, wherein the dry mixed metal oxide catalyst is

prepared by a non-hydrothermal synthesis method.

25.  The process of claim 14, wherein said step of physically mixing
comprises mixing an un-calcined or partially calcined dry mixed metal oxide catalyst and
a performance modifier to form a mixture, and further comprises the step of calcining the

mixture.
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