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1)f21m 2 qpslysianpyppes,cand qqmectm(@y @Rﬁgcarbcm( with ye(r@m(q@ an oxygen-
1)c8nta1n§%?agﬁpth p%@cgépthe cgﬁ {TRfire. - OC( O RS0,
1)2, -S(O 2R52, - N(R5 1) 2 S( O R52,
20 . ng R5 e prgsent 11‘5@N(IRQ”OYIQCS a mr@pe@ﬁ‘@ﬂ;ﬁg amm ipp gr oxidation of a

: \éétgg?& or %\4@31‘%&@'09 %lkﬁﬂe) of sat\{f]a'te%%%g unsayl‘llraig%ﬁdr\{éar%ll to produce
- \dn-uRgREratey @(t@eN(TRB un;aguratewrgap@)m said progass CO®PRBIOg: providing

] 54 %?g% %g’fmye N/ s \éé‘l %85&\'( 5%%(}? c5(1de catalyst comprising

\Molﬁs[db%ﬁ vaﬂddbuNREnl@ﬁIZrN( R@ 2t leadyJoneRIemSOXRIsLted -fibny/ the group

25 1)coQ/sASthlg of an%(r RSlnglllﬁtuég dﬁgx%d mﬁﬁg%%%w ’Z\?(tﬂgstzcompnsmg

I\Rﬁyﬁd’éﬁ@ Vana8iud, mﬂ(1®{1/4bi§1r g( RBst) éhe Oelf/i(slﬁ?t\l sgl@etéd From the group
g%;egli&n% 40¥A}r§xmohbaaié}llw}rm(aﬁg ﬁ%@rmam& 6§)d% )sé\?céed from the

S)pNEIRSisting YD alvrRnund k@mpeunds)) difiRongt )compeulds, arsenic compounds,

1) (?2 2 o I\Lllé?gSS 1c)le)rvg1 ﬁ‘?rgguné%/ 8@4}%111 R%or?;%)undsl)ﬁt}\{igx_nNg:(anlpounds,
30 - %QyTMﬂmAr&m o{ds) Ariédiva- bloipdunds,- $h@)pﬂm@s Véorﬁgﬁcfunds selenium

-NR51SO2- V4- N[ R51 , -NRS5 ll? - V4- Ar 3

g_o[nepmqs,_ tgntalum, ﬂom{"@ﬂéi de unu@e?ql%ﬂoHngsp é‘fﬁ[“fuin?: compounds tungsten

ﬁ{pbﬁd@nbﬁlaﬁ&h 8&Epoudils,t AR ombimPEipoundl, AH®  mikRestith¥leof, and
and he heteroaryl groups represented by R4, including

t rentafrtiag t]gq' @gtpratqdh or alpsﬁptg{ap@ﬂ of r‘BEfB"e tqfe saturated and unsaturated
h ifihg) @, "'b‘rz@lth 'aHC
Q{y(ﬁ:f %ﬁ‘gl&lﬂ( sirlhly bn QTC?%?\ cgﬁgla é‘% 3 J:)&g@n @@Ht&igﬁg rgas and
35 - @mmadrda ik the presergRD the c&@/st mtwre N( R5 1) 2, NR5
1C(O R50, -C(O) R50, C(O)O?SO5 OC(O R50, -C(O N(R5
1)2, -V4-Ar3, -V-OR50, -V4-Q(hal oal kyl), -V4-SR50,
-V4-NO2, -V4-CN, -V4-N(R51)2, -V4-NRS 1C(O) R50,
-V4-C(O) R50, -V4-CO2R50, -V4-0C(O) R50, -V4-C(O NR5V ,
-0-V 4-Ar3, -0-V5-N(R5")2, -S-V4-Ar3, -S-Vo-N(RSY') 2,
-N(R5 1)-V4-Ar3, -N(R5 1)-V5-N(R5")2, -NR5
1C(O)-VA-N(R5" )2, -NR5 1C(O-V4-Ar3,-C(O -V4-N(R51) 2,

("*)
v




hal oal kyl, amno, C-C O alkylamno, d-CO

di al kyl am no, -OR50, -Ar3, -V4-Ar3, -V-OR50, -0(C-AdO
whadoomkdsyd ), -V4-O( A -dA O hal oal kyl), -0-V 4- ApGr/US2008/011551

-0-[CH 2Jp-O and-[CH 2]g-. Alternatively certain

specific substituents for each of the aliphatic group,,

the ar y}S afinbodunentthe eaplyst I8 ds sedssied feam the gsQuprepnsisting of

| NGl Onitrie, Alukina, gh%@ny(nbeo)@dey|aﬂHﬁMny(HI)0&5&1até h«ﬁ’ltlmony (1)
het er oar y| al k | group and rings A-Z5, include xn% )
arsenlc

cy&Hste, ﬁlilttm@ly(@ oxidey aptigyany t@m@eoshé%oaqrmc(ﬂam
Cloxgeoaﬁlallﬁb’la@m 'BgronQXug Bot by LR fmoRif nitrate, cerium acetate,
het er oars/ | oxy, heteroaryl oxy, hydr oxy, -10
S aloray(III @xel@tquwf , eeriunf(BYD pyjde,. genmeninmgiV)vestige, lithium oxide,
Celftﬁlﬁfnrhy%pcﬁc‘?dé‘ ﬂlﬁlll?rﬂl%%éthtreuﬁﬂmu@-nfl ate€ Rur farlr €, ammonium niobium
al 1 phati'c group, the aryl e heteroaryl groups
r 6}3&]@% ntobthnb pxaldte nigheim dixivlg, plveplairks/pengrxidep amintoaium phosphate,
y ;&5
%Leﬁlluﬁ clélf))gig L{Entfllhnlgvpg)slﬁéﬁglmgc%cﬁb ellgn?nul dl(%(A(?% l@%u{%tnomde
alrklylle tltmurffﬁhdwadieo(i[ 112)5() ,am(ﬂise t(fﬁnahkbooyde (56 )0 tiganamal isopropoxide,

a r nat i,v.el ertalns i fi. )
10 & iPoalen i i syl Detabyi“ordtanS e R L nide, vaoagipm av)
t hﬁldeetramadxarnyV) gandeu mﬁcd@pﬁlaﬁemlmdmbyarﬁéimxtuml thldécrfg t h e

or oup St asga sitbadifhent inelitithy miRBed S5mbie b Kaspyabout 0.01
- GhélesHaf ]Eérfamaxﬁféetﬁbdlﬁétaﬂ)drynolme Md%h ths téal ﬁtﬁburﬁ miﬂfl-e}ﬁh and used

subst i t ut ri A _ at st on of the
orﬁnle) g}etai %gﬁ M qgian?tpﬁ'gerﬂ) ﬁé)l‘%ﬁglilt invention comprlses
15 PQohbimh RFredh dmBedaoLide acdalys d@:meradqaffbunanbla mslﬁﬁer via wet
- SH, hal ogen, a substituted or unsubstituted | owe
al lwasagn@waugs 2, B TR RTERFTLVETHOD 98¢ Pt BAtR T fhfissh mixed oxide
al dadalylsh bt EHeOMRd nﬂkecﬁoﬁﬂ@%&th?b&t £6 pRpakbdBibdind WiRH-hydrothermal
I ovver al i phatic ou Specifically, R5 and are
e f¥pihesiv EsEIed eﬁt‘%}“» e pregent pveRtiogg@d; cogiprise [phywgally mixing the
al QK niR€d bRV caidlyky |theQﬁ§3HF}"resﬁ/Qﬁ1§ec§ BERé fchtﬁ@gd ¥nd Fﬁk Al fbrmance
R6 are each indepéndently - -OH or a hal ogen. Even
20 popedifigye mhﬁﬁe@amng steRpf wmg duréhep semprised dhve sl of [pye-mixing the
I t
or i apet Ptk SRR LARRRRARAL o pirtrblantt, PSR Mo, the
urpsesosttipyantien cemgmnpgmup stgp of heatibg pf ¢altivigg s7id catalyst mixture.
unsubsti tut 0 7
Ra- 1 akdh Tode REREROH el Bityer SchBlcRRbh Sorsli) o g oxid
a defibst byt the emdpwicaliosust i t ut ed non-aromati c
heterocyclic group. In enbodi nents, each
25 of R and R i ndependent| }2?51 ﬁ%ﬁ%g%tgoml onal |y
subst i twhessih Xl is pdledtedCfrgmshepgronp eamsisping of W, Ty, Ti, Sn, Ge, Zr, Hf, Li,

b ti.tut |
SRS BE0Y e QR R W BBS o Lo By gy o
om;d g Dyy mestTmqudLalakgrlmlgmmaphmofao 10$_>h|<onaj 091 <b< 1.0,

S itute ny r othrseC|
DB 5 s LR 0 <P e e P e RBRERL i Pyvsea atqpgpeauired to
30 a saflsfCFaRhdeyleqit@hights thﬂnwheﬂélellﬂexﬁi Ylesertia iy Mixe@foxide with the

sui tabl e substituents, di ng specific ex

f oty PsHTRRe of e %%Fw clefhents Rhe, B %npaget&mgsem in an

I ERIRHEENEERR 16WeraBsitOhightét S08aticd stafd 88 RAE NMnkd Y r8p1@sed the molar

descri bed above for variable R4. Exanples of suitable

s UBEQ Pk the parsespidingfdeme fopnsifarle ef Met er ocycl i ¢ group

repr eSQHta‘ﬁd ermfodlma?tR‘lhé ‘ﬁ§édu gﬁalg smﬁg’ coTiprises a mixed oxide

=N(C1-C6 al k C6 "hal oal kyl',
35hy@ﬁe%@by%ﬁenmuapk®%yMan|tro cyano, (Cl1-C6

al koxy) car bonyl, (Cl-C6 alkyl)garbonyl, Cl-Co6

hal oal koxy, anino, (Cl-C6 al kyF)am no and (Cl1-C6

di al kyl yam no. Certain specific substituents for the

nonaronati ¢ heterocyclic group represented by - NR7R4

i ncl ude hal ogen, Cl-C6 al kyl, Cl-C6 hal oal kyl,

hydr oxy, Cl-C6 al koxy, nitro, cyano, (Cl-C6

alkoxy)carbonyl (Cl C6 alkyl)carbonyl Cl C6

~A P~ o ~A P~




Each q is independently 3, 4, 5 or 6, specifically 3
or 4. Each p' is independently 1, 2, 3 or 4,

wep®eisssal |y 1 or 2. Each glis independent!|y BCT/US$2088/011551
or 6, specifically 3 or 4. Each VO i s independently a

A -d O al kyl ene group, 1 C4 al kyl ene

group. Each Vi is i ndepiﬁﬁ&%‘?@‘% <nC10 al kyl ene

group, vaRes Kiie aéléc}tecﬁﬁoxﬁth@ér&(ﬁ edielsaﬁ%slpw fFach, ¥, Ge& zr, Hf, L,
i ndependent ] y (g Cl-c4 alﬁ%ygne group V4 s

i rfdd purEssithsreet s wslested) fram B egroppoiopsisipertiGe, ba) FryNg, Sm, Eu,
Clembyylrwer gmuyb Eaahd \rﬁd(tﬁreh rm&ﬁnél@r& h¥ R0 @0l < 1.0,

alh&)ene group, specifically a al kyl'ene group.

5 ELH0LaF c £ §-35.dh<4r 5 0. 6P sup <ok nais iﬁl@t mpeher PF oyyasn @tonesareRuired to
of s2df, GBIahQIRREIRGGNS ¥F 41F oﬁl@xt él&ﬁ@r&% ?re§éﬂ?§ﬁ teUWhBdd Wxdd? with the

one or nore substituents sel ected he group
ccmg\hsq thagonsf ortyagre @é the eth¢rydlements indhe miided| axndergan be present in an
r.oxy.
?E@%@g%va@ﬁg Iﬂ(gl}letsf %{Fl)(ééé :3%5 Fyﬁj & f’nd € rgpresent ﬁhe molar
g rr@tmcpoiiihe epﬂmpcmduwe}ftmfgxt tugme nedle bf Mb. V\,hl ch

hg?:pgﬁg{&%sgnt ifventl 8 ers](fl '3%9(: 2y g?)%ql%%sust aglélhogilldgl{wl}] or oxidation

uents se
ofof hakangened Oﬁlm%umteld)dr me‘mm (Df sﬁmateﬁGarﬂll llmshtamtdtﬂohydrocarbon to
am n a nltro .cyan ..
S R abdeeeR Buenferoran Tstiblea SHaid neifd R0 process copprising

al ;ihykxcailybmnyig aatirgl nﬁﬁed@ﬁethlaixﬂﬁl d@alyst ddracpesfoffidrice ﬁﬁﬂiﬁer to form a

is a 0 ti,onal ubstituted with
orcatlyt S| Voot PRt ool S e ass, prises  molybdenum,
15 C%ﬁ:icﬁﬁm,nﬁloﬁfunhainﬂwirleasﬁbn%leﬁﬁelﬁy lselectéd HOm fHe- grblp con31st1ng of
nitr

al k lgx%g}]glg{l éégprlu@l lr%g} tﬂ%y 1r@rgrsic@glml<()cohxﬁer is selected from the
é‘(ﬁ{sﬁﬂ@/ bf afahrifiefin @bMpbiAE, bﬁﬁ)ﬂon?"é@mg&ur@@ arsenic compounds,
ha oal kyl ach Ar2 is an aryl group or a heteroaryl
grioEp, CATRMNGS GeryHe ATPRYINGh pEer@ARHMoFOpReuagS, hithium compounds,
| neRRRIRN tdodhpbSndRP i8I YoRpaRlL ! PhEPh¥ub Nc@RFouRls, selenium
nor e substltuents selected fromthe group consi sti ng
20 pfcommpwrgisntantgiumogonapaupds, tignivos comapayaiis Wngstsy ¢pgrgunds, vanadium
C n
]co@ @!H§ o%%g?@g{] r{?‘ﬁipoﬁﬁfcﬁ Qnd g% tg{i’g?fx gffncﬁ%%%ﬁhg the saturated or
alunyatmatedooramxt@r 1073 smquyammmraa«t thydgogarben with an oxygen-

[ Y, el ar

. FRSMERL e P 3 i i R 38 e o
vvictatad)amaimrermr e substituents selected fromthe group
conS|s f | ogen. al kyl .. 1. N0, l,am o
5 o AP B2 e A0 1 BTN e s conssin
hadfaairﬂnnwy namﬂe hanoal, lkaptimoBHHD)i dXiidBahlht';morgéIﬂ]) oXalate santimony (III)

ceegr carer PRt it Rloier ShERIeoieR0 B, groeniccy

W dxfidep Benit aﬁibll; ebomubmdd; beri¢ acidpteizt @ambiom mtretegmium acetate,
consi s

hﬁpwglh? dxa@f Oﬁ‘)&f {j‘enw(&)oomge’ag%m m@gé ox1<?e 11tl\{1um oxide,
30 al 1kpisnC Bydroxnid, htﬁ:iunga@bﬁb Kith@ud Dereyd, lltﬂunﬁaarate neodymium (IIT)

hal oal] koxy, . anmi no O al kyl am no _and C
dl‘%l‘FWFaﬁF?ﬂi’ml'EVeqll?roq"ges d@eml&gw? )" ISoRIAPOR ,.rgeodymwm (1)
| NEeRRNISAatyy AmBhdin HisBiEmO bxﬂateetxﬁmamy lox81a@URiobium oxide,
each of which independently is optlonally substitut ed

wnmsniﬁelSopeWQe AFHBONIYT cPhosphels, selepiymt digpridse tagialup(V) oxide,

ﬁfesﬁtbxﬂgmc{floﬂ@é Eﬂ a%as@‘ltltﬂlwldlo)&;e @‘io';bah%hdﬁ( l1sopropox1de
ydroxy, Cl- Xy, nitro,

n
35 aIR@k@t@m%owgstem@meawwﬂﬂm’@éﬁwIvana(dlumﬂﬁa?xef&l xemagium (IV)
am no, Cl-C4 al kylami no and Cl;C4 di al kyl am no. Each
R30 is independently i) hydrogen; ii) an aryl group or
a heteroaryl group, each of which independently is
optionally substituted with one or nore substituents
selected fromthe group consisting of hal ogen, alkyl,
am no, al kyl am no, dial kyl am no, al koxy, nitro, cyano,
hydroxy, haloalkoxy, al koxycar bonyl , al kyl car bonyl and




al kyl carbonyl . Specifically, each R30 is independently
i) hydrogen; ii) an aryl group or a heteroaryl group,
we2ep/0¢fs53hi ch i ndependently is optionally subBCT/US20081011551
with one or nore substituents selected fromthe group
consj sting. of hal.ggen, C1-C6 alkyl, am no, Cl-C6
al RAcaHadUmEY) @’S&‘d PPy miffpisozircenia mdamrhuss, thereef o
cyano, Ay exbbdintekit, 6he Hx%le@&héfﬂ)bkideglta%t further comprises at least one
al koxycar bongl Cl- C6 al kyl carbonyl and Cl- C6 ]
helagnkyselectsf from) the gpursicensistieg| olg jagilignepe icpy yraseodymium,
S URS&yrhiMinG dardridt, QRFopRim, "EAESTiMMAS letdittE N R pRSIEE heBnium, erbium,
fromthe group consisting of hal ogen, am nho, .Ci-_OG o
5 al thylivagyiviterbium, latetivn supgstenntigpiumein e rapnigRy zirgentup lithium, and
CYi2RGum NWHHE B Yhordds 8 HRbP ek ¥¥ide Cle KR¥ | modi
and C]:HLI?CG al kylocr:ag'fbonyl . l\/bree spegi %ﬁafgg‘ f}ly, e?gﬁ&g%g% modifier
i sompregsen gupriorty sdloctedy fiomgidn; group) censistiem il sfficouplumina, zirconia,
onLi L. . . _ r i1
Sy Ty AR, Aol bl Rl G RUBBHLS H3BE about 001
althglkes ofgrerfioomanct nO@ifelr gyl molie o MaGh-tig6mdtied Inketdlaxidecatalyst. In an

ClL-C6 X nitra, . cyano, .hydroxy, Cl-C6 hal.oal kox: .
10 Crisggat 8 BO Y entls 181stchis? BRusichf btk pohiones AXRE  Eftihed mixed
haheail dcyde;catatyst and)a perfolmaicOmaldifier. gr oup optional |y
substihut ed 'tdh one,.or nore bst.it ue tst sel ected . d oxid
from t F2 20, SREPIBHL HE; MEFed metal) Btids, catalypt compEiserg mixed oxide
al defihabynthe efbirichl fdimallky| am no, C1- C6 al koxy, nitro,
cyano, hydroxy, C1-C6 hal o oxy, - C6 al koxycar bonyl
and Cl1-C6 al kyl car bonyl .%'I‘Eyeﬁ’bﬁég?ﬂg% i ndependent |y
15 R30, h GRRRIWX is S&P&@Dﬁl&lh theﬁ?gra)faﬁisisﬁlgg ofNYR3e) B, Saked) Zr, Hf, Li,
together is an optionally substituted non-aromatic
heid elaégveqSiﬂeergquﬁp% sefggted fgoaé?wepremsm tCe, Lachf. Nd, Sm, Eu,
1 G& TESpeRdERt T, RBOLu Qhd niikifres tefedfS0.21 QRE 1.016b1 ¥ b < 1.0,
substituted non-aromati c heterocyclic group. Suitable

sUb¥H; £ 6en@-35:tBF 4t h8-6nBriaf Sniat i tcruspkse P& PXYeq s required to
r esﬁﬁﬁ SRlafet RYuirdMeRts3bD ali HBEUAEMBAS BRSEht iTbhe mixed oxide with the
=S,-N(d -Co al'kyl), C1-C6 al kyl, Cl-C6 _hal oal kyl,

20 hymeasoythatcaney mgIR @ yhe etherredemenisamdhe mixedgride can be present in an
al s I I -
hadl&giaalﬁélg )%%QQ%P ntga’(nQ%sClg_}ghéc%{ gylb{{i(zg/nﬁ? g%@% g, bé rcl:g&,(a% e 1g resent the molar
diratikgf thepdrrrsporGingtelément freariefmale efMot i t uents for the

R R R L

hysdiuoatsd a®] -upBatadatedxlyydredarbron, vdheeamo saidCitelC®f contacting comprises

al ka car.bo - r , -
25 LBV Dbl e bl P ARRAL o Ol gt s
di lgidkoghtbamiwith.anfoaatin #d2an exygerdemaiteg gdsyinithe praseace/ of the catalyst
ar ollé(g_‘éor a heteroaryl group, each of which

i %dently is optionally substituted optionally
subst i tAH agpesti dfithe ireventionmioeidssithat tHeudrpsxakinecl efide catalyst is
fromth rou onsi stj ng,,of. halogen, al kyl, am no,
al Hfﬁﬁaé‘iﬁelﬁ'g“, n B’cﬂ%@ %WFL%gtl‘ﬁf‘RBB?E}’f’g'ni tro, cyano,

30 hy dr ox yAdditednamy, k@ ébodillearofaRy iodttion prvidek & atep onphysitally
hal oal kyl ; or 1i), an al kyl .gr.oup oeﬁionley ) )
S BN (ATERTISGH king, an din-Gatsined sosrartaly crqtcined ofry piggd metal oxide
f r QEyshEndd PaHOrMRRI dddifid t6 forhPd MBRYe, A fi@her comprises the step of
al kyl'am no, di al kyl am no, al koxy, nitro, cyano,
hyastcinine the ais@reacoxy, al koxycarbonyl and al kyl car bonyl
Specifically, each R32 is independently i) an aryl
group or a heteroaryl group, each of which

35i ndependently is optionally substituted with one or
nore substituents sel ected frog1the group consi sting
of hal ogen, C1-C6 al kyl, am no; Cl-C6 al kyl am no,
Cl- C6 di al kyl am no, Cl1-C6 al koxy, nitro, cyano,
hydr oxy, Cl1-C6 hal oal koxy, Cl1-C6 al koxycar bonyl, Cl1-C6
al kyl carbonyl and Cl1-C6 hal oal kyl; or ii) a Cl-C10
al kyl group optionally substituted with one or nore
substituents selected fromthe group consisting of

o o o - ~A P~ o - o o




a d-do0Oalkyl group optionally substituted with one
or nore substituents selected fromthe group

w@ovgistsshg of hal ogen, am no, Cl1-C6 al kyl am neCT/0520@$/011551
di al kyl am no, Cl1-C6 al koxy, nitro, cyano, hydroxy,
Cl- C6 hal oal koxy, Cl-C6 al koxycarbonyl and Cl-C6
al kyl carbonyl . Each R40 B ﬁ%‘FH@Eﬁ@W@@ﬁ%Fy i) hydrogen;
i) anTag bErf&ﬁ&%’e ﬁfodﬁieh?ﬂ rRahkkd %@Mﬂe cBtdBBt Frfordo introducing
phenyl group, each I ndependently is
ofhd eawlyStynte #jEagtet 11113 emwm mom@wlmms@ the pesformencgmodifier is a
S%bﬁpsm S OIS o8 lcBhiBofRI SIS o a0 %Bm @# aluminum
al ky Cl1- C6 hal oal kyl', hydroxy, F

5 cycamooul@ir @BtimPo XPBIRPENSY larsedt - @@mluk«}sl clmr@b wmpounds cerium

C 0 1 I 0
ar SRy R hakKm E00onds, iRy AT RO R popouncs
S unbedylntlume ¢ompoindsn erighiump r:emscmndt,l phespherus et @upondds, selenium

fr grrrpgsun%s %TQ%\ ?(E%ﬂo%iﬁds gft’l riu Q‘?‘li/og"ﬁ’ nm&_ giegqmp @orggoun S, 'tungsten
alcbmpymﬁls,bwaydd;urﬁlledmpomh&yl amlr irogriym Cdoerfijioulndd. 0Bl kmxy Or more
10 R SimieDise e SRRk Rafiier (o o8 oiPeOus Pl Bt stppor including
- GufAdRAigtiitedtto s1N£aQﬁtaix)aZzﬁ®hﬁrbrhﬁg&teb eferdo$. an optional |y
substi tute ronatlc het er oc % rouE In a .
speci f F&48 H{nm“gh&ﬁmﬁam}is %’/?8 fe ARty puraggygnd alumina

Or(AhNQ)QEﬂamﬂlgs bﬁarﬁﬁloﬂpbbﬁﬁ@inhy ind1has hhtimérBbxides, antlmony oxalates,
non-arqmati c heterqcyclic gr up. Suitable xe
s @B EpEment Lriafais) §a$/ ?S. leclaéif‘emﬂ%w 15 ide! Yntimonycam)

15 SWRSlhic! bfthsny (IH{\ItaIrB@at@ %ﬂ%@ﬁﬁhy(&/) hedR) antimbhye te%saide (szo4)
represented Dy £ are as described above for th
n@ad §P«9mtﬁxemﬁ1@§ e e&w femppmadsinelads aseaip(h opide. amtqmc(V) oxide,
3'ahd arsEf€ BeiAZkatipie B?BS‘:%H U)Mpdnfndé anﬁﬁe 8606h onrdQ %d Bbri€lacid.
het eroaryl group, such as a phenyl group, each
vvhl ch Exgraplenabeerivin ¢osnnogndsonelide cesig gamanipng altwes perye acetate,
S f
ConSI Sgllz %télﬁ? o@ge%ﬁﬁé&ﬁéﬂg orxﬁf@ Ebﬁn}g &%aerrgamﬁm compounds
20 hymiledey, gem]_an@@n@/ k (p@de nExamplesc yoﬁn]@thlu@g_ qo@pounds mclude lithium

A R R R B L

a d - CEQmpley bf glplybpempt tampduings molvde moltbdenum (Vi) omisle (MoOs),

or _nore. s bst|t
cantiafuf feimpiBRLE B8 el s}l Ot Besymiyg cgpppounds
alikadude, rmoﬂym;urmyéﬁb clidor g abcbdynymar lﬁHI)onxche‘.l @dymium (1)

allk lrog)?# g éﬁldnee ?{Aﬁal&”ﬁtg yl‘ng teEra]'-%{ﬁm%éC:? niobium compounds

| faeREanédiym In$obl11)m b)jzdit@ geds‘mum |o):a1aa aad gilobymoakideor a
het I h of .
et ool 4P e PR SSHEPPLEREF e nd

Ofaniiériurf WihekpHatee lExSm@lék Gﬁ‘t gibniund k’fbllhb@.n@ﬁ (ihkﬂude selenium dioxide.

8 lo N Sél;p;ielé nrﬁ%ntgrfltalgﬁ{( ggge;gouﬁ ludeytswglomﬁ\?h Iogl)ggrn]ixamples of tellurium
30h Q:Ioﬁ@uﬁ%)lnchﬁiekgmehﬁﬁoféﬂhnmﬁ latexlde 3&11'@Qé1}(1nuﬂﬂﬁox1de

hal oal kyl ; or iii). an aIkyI group optionall

Subst | tExewaleniof HiasiEn sompRAndS ¥elsde Pitle APYoB apase stpnium dioxide

f r(?lf? Zhﬁtagfu%‘ Qsdb%ﬁ%kﬁ‘é' Rfd Olflb?dx(aﬁ%‘)‘ TREAIGA. dioxide is available as

m no, di al kyl am no, nitro, cyano,
h@h&um Pl ey | kb Ripoos @%Wfommwawﬁ Ky 3SOdreramples
o géﬂm c§§21$8h£as ﬁ1cmae e Hlide, 'aqgﬁenga@t b¥d | Ammonium
hy rog ar group or a eteroa group
35 sUoigstate. aE)qatmetwlof gaamqaum @amomfdswmlvm vm@ﬂmbm Ivynadsum (11T
optionally substituted with on§ or nore substituents
sel ected fromthe group consisting of hal ogen, Cl-C6
al kyl, C1-C6 hal oal kyl, hydroxy, Cl-C6 al koxy, nitro,
cyano, Cl-C6 al koxycarbonyl, Cl1-C6 al kyl carbonyl,
Cl- C6 hal oal koxy, am no, Cl-C6 al kyl ami no and Cl-C6
di al kylam no; or iii) a O-C O alkyl group optionally
substltuted mnth one or nore substltuents selected
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substituted non-aromati c heterocyclic group. Suitable
exenpl ary substituents, including specific exenplary
waapsvigssent s, for the non-aromatic het er ocycl PCT/G8190$011551
represented by -N(R 5 )2 are as described above for
the_ non-argmati c heterocyclic group represented b )
- Nxpdeg' vanadipm . [TV oxideyq aBE1eaiE | eta@nadate, nangd: Wﬂ@gﬁ%@’) oxide.
0 rE;@mleés BF SiRdohluntERRIbunEHBRIuAS Zift oRN Y dte SR oniB @z}wf
whi ch i ndependently is optionally substituted with one
or two IBaper mowfmbodiments, Yo of Haetneefognangp modificr empeynds are
OfenlidyR genThealIké/dlﬁerar@o%omﬁisk)ﬁll@mﬂgo ad&iédaltgylﬂ?em Qhlyst mixture
alkoxy, nitro, cyano, roxy, hal oal koxy,
Sal smudya@m%lmm seqleﬂnrdylll)c é%b @mdllﬁeaﬁdmh@undamylbe pog-miixed qgradded to
aItE éateg QUBxARL Pﬁ’i@ﬁ‘l\x!a)’y substituted wth one or nore
st t ents sel ect edl fromthe group consisting of
hal ogedn oa«vmmbodlmlekw therpenformatica Inkodifzarin @ solad #ekmnay be physically
!ﬁlX? car %ﬁxelay% cﬁa a’tal{%ﬁlt(? %érgem ?t’éall O)%larrrl?n%ny performance

eac
| nd@bﬁﬂdmﬁHeWeaStrea)edzm nmchdm@ﬂly typated, molhhpgfom @kathple by grinding,

h.of which .
to st Py BRI inar A omEdt PrRea it anion
rmr e smbsdthetr Le&moalnmltsecmeﬁef&drﬁﬁhdehmogﬂ‘@u mlagom ilﬁ:bi‘pﬁgated into a

Cl- C6 Cl-.C6 hal oal k dr
CroRBoR RRolY RS, DX yieddd iBpreeRa neBliyt arieiry szt composition
Ckvlﬁﬁthab&ydrﬁﬁﬁwydlﬁexcl C6 hal oal koxy, ami no, - 06
al kyl am no and di al

k

al kyI dih6 FRoup S a%afmanga Bédaf‘tga#@alwd@ﬁd %ﬂq@e &?tahi%'r wixture is not
15 S YasdculaHe NirSitede e 6h& Embbdimehth hetdnidiRt 60 Parifstial@ modifier may be

of hal ogen, Cl-C6 hal oal kyl, hydroxy, Cl-C6 al koxy,

ni eg(p@sseeg,raﬁgns efimelss gf the gg}@gﬂggqﬁ,rpo ifigr_pegmole of molybdenum in the

al kil £AEBR Y IrestAnd Bsel3hiQa K1Y catAPENR orfelor (Rore embodiments, the

al kyl ami no and Cl-C6 di al kyl ami no. " R and Rlare each

i rfaBpEheEdrue\comprisgy; atilgast gbogy 0.65 mellgsiesformange mepdifier per mole of

ORhIPBRhLY. BURSEidr YiRHeMbddImERE R caﬁ.@fts@ mc‘ik'tglset éotxﬂi)?f@éssup to about

sel ected fromthe group consi st’i ng hal ogen,

20 - dN mojgsPerformmmee mydifier per mslemmmqubde@amoe thme@ﬁlanmyt of fresh
ar r I
o S SRRSOl b Rty e s fom
wiabhuto®81 dp abonte 1 Hutetes tnechotmance newtifict paromvlehef golybgenum. In

consi st i - )
e el o dbure SDinpddRrony Mokt 0.0 ¥ By about 0.5, and

ard y€ilarobnehn atnbacﬂiirphtatﬁiom groouR Ol Nla rémnat) Q\necblya defoamdnd‘d modifier
t aken Wi th itro NRR

25 1 P Rolsrhalctinh b ookl anfonEdk R Ml Riked X Biptyst.
with omnds® rperfommel bsddﬁareﬁutthers@nqnisesda fnicdybdetem groaipound. The
consj stin hal o -OH -CN - o -.NO2: - NH2:
cP* ”%ngﬁ‘/“’d‘& r h‘é‘?“b%ﬂsﬁ oRmEy @ﬁ aPFiffatRimpLY oxalate,
opﬁhﬁk\ﬁ& (I¥1) $arteste) drmhﬁﬂyw)tdmdenmmiomynétmwaSBAGIH%@hﬁamum av)

S Capide. ffhuric Spgitu e carivB LT faesgﬁgmq%%}f

3par yl ang alﬁeérﬂio@ﬂﬁéﬂt marpértaﬂnaafcylmdmﬁa dogipeisésadntimony (I1) oxide,
group, each i ndependentl and optignal | X’QSUbSt ituted

wi anmeRE1IL) oxalate antigony ((ibntedrate | aaHmeRy (V) ShHden antyrepyptetroxide,
Ccm%dgﬁt oPd Rfxnl@iRIST, A1eHthe feMbormaNed modM&: canNuher comprise a
- al koxy, Cl-C6 haloaikoxy Cl-C6 aliphatic group

aﬁdh@wmtﬁﬁﬁﬁweéllphatlc group. In a specific
embodi R eifbHifle®, ofid 6r FiRfof m@ %@ﬁ&ﬂ%&é ¥holddfie, Hhe iffeh mixed
a Cl-C6 aliphatic group opti onal substituted Wit %

35 orreetalr oxide ealylts tand Ube tuseds alixash m@taf 1ogidet datalypt samprises a support
consi sting of halogen, -OH, -QN, -NCS, -NO2, -NH2,
Cl1- C6 al koxy, C1-C6 haloalkoxﬁﬁ aryl and heteroaryl;
or iii) a phenyl group optionally substituted with one
or nore substituents selected fromthe group
consi sting of halogen, -OH, -CN, -NCS, -NO2, -NH2,
Cl- C6 al koxy, Ci1-C6 hal oal koxy, Cl-C6 aliphatic group
and Cl1-C6 haloallphatlc group. Alternatlvely, R and R
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-NH2, Cl1-C6 al koxy, Cl1-C6 hal oal koxy, aryl and
heteroaryl; and a phenyl groupoptionally substituted
WORE0b/0¢8383 or nore substituents sel ected from t PET/YSOP011551
consi sting of halogen, -CH, -CN, -NCS, -NO2, -NH2,
C1- CG aI koxy, Cl-C6 hal oal koxy, Cl1-C6 aliphatic group
artgleeipd c%oma}haaar?%a?qse?ngs &b p“hqan alyHm eAiTcepiac Pitanta, or mixtures
enhgdbent, R and R are each independently -H a
C1-C6 aliphatic group optionally substituted with one
or nore substit uentMixee Oxideatp éhC?lnEOSg'I“UUp
ConSI St Gm( ?fov@@lp%%& of e P)@se ¢ % 96(1}/ ha qép ti%k)kf&xx number of
C4 hal oal koxy "and benzy r|1en 1
5 Spf@féhﬁnd: umlampibdagmdtﬁ ar@a@hldwwdwmanen gaielystHonms@ans As used
al I
hﬂe&[g\}%rtpgb sﬁ%ﬁ% tr ug%glf?rgﬁb E%?l%}thtelfa)s thsgprn o?‘?’ (c)ISf g t  reactor
t Heedstredmpwi s qrsgdh hagima phe teryt nsed- ¢d,ta1ysﬂ;j(r@eﬁ to- Gjtmmhot has been
- , e | RL.is I I
S%?%Jlgﬁ l?? é ‘récﬁérl feg‘?sgbé%mﬁn ShRBLE agorﬁig'ﬁfms suebglgé 1 fRdysed catalysts
hétage dmrsyine auitalromipesititn, @ad af otheri dnﬂioldfmentsb thiei ihiti@Ndosnpositions of

i, n c,sub e ar angd the .
10 e FEr SEiab ey Bl The gesepugnendiirlont Bt giced oxice
| reatalygt fcbmpositicet af theaprapationr thekof vppsliestb &otlfthe fresh and used
Structural Fornul @R% and R3 taken together with
t & Sf?%ﬁ?ﬁ‘“ﬁ?%?ﬁa BIREYVR ' m a 5- or 6- menbered,
opt i ongh | yns UbEbdditab@d 1he Nnak&ITBSNide I*&mysocy@ﬁlp&nrdnn&ompnses

s of suitable substituents, including speCIf
s ua%lme cqumy ¥anagigm, piobiumy, gnd opg,ek hth ﬂ%frémy@mi de ](“iﬂﬁg‘ In one or

15 I GRéE SR, -thIR miRed ¥k Rle dutaRS FuHRE ink10ddsh st fe'a§ts$ne element
set of val ues for the vari abl es of Structural Fornul a

( 15plected (fipat thergroun eensisting) of anthasum oferiue PraspedyiHwR, Brodymium,
t rbﬁm\iﬁﬁthal@hl%ﬁluﬁf g%tdf)ﬁﬁhfﬁr %rbﬁ:lﬁf fﬂysﬁm&hb Hofmiaff; I'Ierblum thulium,

i ndependent |y as descri bed above for thé first set of
v dittgebdum and fatetiung dn ceptaiyy gmbedimengp, threatalgst cerppesitiqnymay include at

Sg%%g%%%ﬁémgrﬁ @awt@d frboh ¢ &%185}9&561?%9 &,{B‘f Mg‘séao; %@,gmamum, tin,

20 pr@flmramyllrcpmum arlldshérfmumpﬁs osrall Heyeir (fhisledst gmee‘deramylselected from
9 rtﬂé;%ﬁog a’n oro‘qt IeggiadneXargst e 's%llé%tgaj fl%ﬁlt é gx%{xé 9 En%HJ;aes within its

suita uen I'nc Speci
S Lsbspei mmmcssqf t'fvo or moee cfithd hmnld:ldrmmfmﬂamhaardpb rgspecrp@ly

repr esqnto%g eb [e,as et

e f| r st
val ues T oret e°9/‘é“r“|“ab ngsorgfo O UCt Er?sgll "E TR )OXIdﬁfatalySts
am@nﬁﬁs& aiodaybdtmgmt Veaadiumg hntidenynartdr mgeinma todnntaly NgeRMRBjendently
optional I'y-substituted

25 no‘{?g]ﬁ %%E}‘Fgmﬁl&céffiﬂ}‘gh c ring. Exanples of suitable
substituents, including M@NgsﬁbNBC)s,uu}s,,t ituents, for the

it SRRy R PR

V aind afik Rges ersalfy uct ur al For mula (1). R5 and R6 are
each lndependently H, -OH, a hal ogen, a_l ower alko

X
or oup dr Selepiad froa) thy e pipsIstpg ofd2: ShaPh NSk Srh & G4, T, Dy,
30 Vahdles, Th, ¥H e .o AaBhiREeSs tRfredthe vari abl es of Structural
For mul a (I) are each |ndependently as descri bed above
for th®kfpstl.Get of values. A fourth set of val ues
for thepaspallgs in Structural Formula (1) is
provided in the foll ow ng paragraphs: Each of Y, Ri,
R2, R3,0.08 =m80R6. i ndependently is as described above
for th g roqsset of values. Xis -(CRSRVQ@; Qis -0,
-5, - -C(S)-, -QO0, -S5O, -AS,
35-C(O NFQ8£<;<-1NR81- -NRSC( O-, -NRBC(ONR8-, -0OC(O) -,
-SB-, -SO, -S5(02-, -SO NR8- or -NR8SO-; and R4 is
-H, a substltut ed or unsubstltdt ed aliphatic group, a
substituted or unsubstituted aryl group, or a
substituted or unsubstituted heteroaryl group.
Alternatively, Xis -0-, -S- or -NR7-; and R4 is a
substituted or unsubstituted aliphatic group, a
substltuted or unsubstltuted aryl ~group, or a
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substituted or unsubstituted cyclic al kyl group, or a
substituted or unsubstituted cyclic al kenyl group, a

WG aip8nigses ed or unsubstituted aryl group, or aPCI/US2008/011551
substituted unsubstituted heteroaryl group, -CN,

- NCS, hal ogen. Alternatively, X is a
coval e ﬁ’t 1S BB]HECI‘ aof ﬁayg@ qtgnsaregybnélttp tszmsgdva&nce requlrements of all other

UNsIetRsHd breb@l iRrhd niXAUSKiQ wikthSHO Dhdvidet @k Sfe or more of the other
unsubstituted heteroaryl ‘group. nis 1, 3, 4,

6. clepagnten the mixgdedrdds edn lmra@t fan ??‘édar“@ﬁﬁtaﬁﬁj]@r”ebfhafl n@ highest
V&g BbR Stadd, anll rd"%t W Al af@eMebdsdnt theMnBlaf 34t of the corresponding
i ndependent 'y as déscri bed above for the first set of

5 v eflereent tq enegnale 6Me- enbodi ment, the cerani de

1y AR, B Sy By s

( Xamymoxidition, préckbs, [X) may be X¢leoted>ROBEBS gfGR condisting of W, Te, Ti, Ge,

%%B%%}‘Wﬁ Qltﬁégg;n}%glgié %Dts; %\%Hjﬂ\ﬁlected from the

geg1mmlcbys13tmgaoﬁsw t dea Py Soe, fHfi Lihendnmixwirestthaeoforln other

OXI at.ion of ur.ated or._un dr ocar bo
0o RRkREor s B bR Rt SR Gt b el F BT fofmutas x
ongame ofawi, e, TheLi, mreﬂit |Iﬁrt>tmrdmhbdin&rnksyof tHeataedydt @ompositions

ce e n of propane to
‘%ﬁ‘f%ﬁphlﬂfeea%%% aj? atsce;{ﬁé’?hacr ylonitrile (via
angXI dabh®6) more I’?ﬂfboml QRARNWhdre tl@%tﬁl}isﬁcaoﬁkﬁjo@maﬁware employed in an
i sobut ane. to nethacryljc aci oxi dati on
DR Tioh PEToetl Ty b setct iorm oot kg of La, Ce, Pr, Nd,
15ca8m ¥stad, hﬂymybqw B Nes] ah@Lut he ofeP ¥absditRn@fof the catalyst
propane to acryq onitrile and j sobutane to

wé?toﬁ‘é’eflﬁ}P‘Eﬁﬂets‘i ed b("\}beaabé’ﬁe sHpBicrlfarmyas. Féégf’lloﬁ)Nd Lis Sm, L is
angld, @r is [ad, LGOMYEL $¢ DY, Ofis 16D AN, £.Gs @ Vit Tba&AL (VL@ In other
an oxidation reaction The art known in this field
i rRenbediments pfche caialysitcompesitons desarbpd by s abexe empisical formulas, L
wygL,HgM}gdf@ror@(anpl e, US. Patent No. 5,750,760 to
Ushi kubo et al U. S. Patent No. 6,036,880 to Konada

20et al . Iniother embediment of gth 4atalygt compesitinng adeseribed by the above
U, e?rleplﬁ)&ltl ?&Pnélm @ J%ﬁd 8%@ dabh Hd erﬁfyv@ hin thk';'| fé‘ﬁowmg ranges: 0.1

4,902 I noue et a
Ap$)a,l Gakiaoh<0e, asd. ‘2@08@ 80881.01 80N bb9 0§(6nla@d *’eb, £0,3,b<0.6,

R lhhcat i / 9
et 5 D o g 0 B R b b 1B 015 <
Al0.Bye 1\935; 0 K@JSQJOOK&NJQWDRK K&Qi09h x. d, ®00d e rdorB1086,51 < 0.01, d <
S S bj [ 4 um nt | des
25bg&é{):2 ;’anﬁgg%udcg ié}t%ooliJ 0t 00%?% oﬁd@@éata'ysfg@%ﬁe<o'04’e
propane<OX| dati on contai ni ng I\/b V- O by i nci pi ent

i npr eg i SOpr o de sol ution The

i npr eg e&ﬂﬂlgftaﬁéﬁ% g{ veeﬁ oY TRy g’ﬁdm{% celltﬂgrd supported or
M uiRalppreted| (i.@Xthe ecatadysa lnyst sonymrise Dewpposustt mag-benditulledatalyst).
by va or de osition of telluriumand.i rovdc aI Sltﬂ

e PteHERO TR Sy PR GG TR o LeHowever,

30 Wﬁ’enaz&%@ﬁih -0 Ritinid SRtusédad §®§6ﬂﬁﬂﬁlerié)lstthermh¥ G&tib ¥8molybdenum to
performed. A tellurium conpound and optionally

a
NOHIFRBEPLOR EAHEE AT CIsss, 8V es disnvalirg shovgs ncthe éP%t formulas, such that
a%ém & Zr BPT?ra%Gﬁp‘BUMeIQXB(QE 1684021 : Y LA GapiPost t%l@ﬂly serves as a
mol ybdenum tellurium vanadi um and ni obi um e
c avindey sfor dtbe i cptelyst resltingd i at bprdgreande more ratttipn resigprt catalyst.

ﬁ@ﬁv?f@? b E@Rrhdteal %‘fﬁlce&fanﬂh Qf}ﬁ‘l‘bﬁhéf@ﬁl@hd’ St boiF thk UL fivé-phase (i.e.
r'i um conpoun /or a nol'ybdenum conpound have

35 be@n cemiplexi 0§satdyu@ ppidersdes¢ribed @beiiso andithe supporisie dielpful to obtain an
cat al yst contai ni ng nol ybdenum, vanadi um ni obium and
antinony. Mre generally, it h¥s been known to add a
nol ybdenum conpound to areactor enploying a catal yst
cont ai ni ng nol ybdenum Al t hough advancenents have been
made in the art in connection with catal ysts
cont ai ni ng nol ybdenum vanadi um antinony and ot her
conponents effectlve for conver3|on of propane to

e e



met hacrylic acid (via an oxidation reaction) the

catal ysts need further inprovenent before becom ng
w@ovemesssal |y viable. In general, the art-knownCT/US2008/011551

catal ytic systens for such reactions suffer from

generall | ow y of the desired p uct esses
I R i Borgies (R ETE S PO e EEtalish s gonaly, any
deiacfé@d@hﬁ thePhiHiSurfl &F i tha M tie WhbdedicdRasa ttd Wartifesk bR theivAyst. The
nproved stability under reaction conditions and/or

i nS(S‘PBQFE FOPIPEast hmveert d O anh E0atveiebt meisenty af ity suppprich ecatalyst.
r epghidlly, GENYRRYt E3m dJrliﬂFes bAWERH b&MNnk H0oREigRMRRENI B khe supported

t he |nvent|on pr ovi process for the anmoxi dation

5 orcagplystidn p@fherebodangratouﬁ Py @Mertsaonuhg BHPRPH MAY COMPHPX2sitde as about
Of 1L CkxR B (B il ORI IR L Favefion, the

unsaturated nitrile or an unsaturated organic acid

s eubPQt BOE SOMPOSES lstilﬁ gs abrup B0 aveight pexsamtanfythe suripetted eatalyst. In

cQ |

comRlio? Hiodhmplirint HAANE 1 albbHSRARLAERE og mych g about 70

onecighteprrant o dheemppattedreatalyshe gr oup consi sting of

antinmony and tel luri net al..oxi de

catal yst conpri si e et%ld‘gﬁggnﬂag%sqgm rﬁratﬁo%b ium and

at | easlheaumsshced cﬂ‘nmkhn@hé eatslgst t6 bouset] Iuethysrmummon is not critical. Any

ggrggth?%c%@o ?n %‘ft g}?cqpslgl ng %tgmin? (Slntlo grog}ega?)l synthesis methods and

canﬁxn@titdm@rmﬁl @hthmmummdm@wbdsscdant i rony conpounds,

ar seni ounds, ron c npoun er.i.um conpounds,
e A BB b s o B Sts TR BT e Prepared by

15¢C gﬂ@@ﬁd}dmenﬁﬂ GohythedisTine haPO Ber8ibed teRdih. lHj/di@tlfiB@rwIl @nthesis methods
phospl

C R BUREER 00T B ReT B RERUR AL 200 QIR Lo BB o, Wtanabe

t UROAL eNHO SPRUBAS RoweN &t M8 ¥ NODé! Meiked Dkide® r@:htdl?st for propane
conpounds and m xtures thereof; and contactin

e dRton;. ARRIH GAEHE b ORRSEily - 155, B (1OSA2A0R). and Ueda

ungaf. WRieeGvd oG gt AlRarRE oPer g 8RdtHeARAIR gynmasﬁéasMo V-M-
or Wlth an oxygen cont al ni ng gas and ammoni a

t he
20 pr@4MrAd, 68, Biheb @nd éfpg/gxldwwm%” Anpligd Gatglysis A General 200, pp.
n@?dfﬁ%fn%h af ﬁc&ﬁ&r@deaﬁére%)féfykﬁcé ncl udes two or nore
performance nodifier conpouhds. The present invention
aI so i ol geewl, athpr eatalyst gampositiensadpssxbeththersin ¢an e prepared by
S)Jﬂ e‘iﬁlaPE Rt \Hﬁ L §6h,:0L cEﬂlg&dﬁﬁ? . SRbYRs etﬂaga&)%am and/or
un ocar on to produce n unsat urat e
ni provide one ai ullom ofctbs snetadsrfiorithd mixed mostaldixidy catadyst sbmpoesition) are
;“r ’énﬁ{ceﬁi 4 ”pa@'blééélg %grl?&gpl? td %%”ﬁ%gcd&qﬁdgg{ and 'thge k§ion medium is
arnteacrmiwt eclmamimrdsureaamleaie\atedampp@mudm mbaosezated reaction vessel for a

t?;ﬁ? § gigﬁtpg U t%ﬁ E‘Eé@‘ﬂ{'ﬁ% Eol] ﬁ msecgrﬁ : %meﬁci the hydrothermal
C osvathesisl Sontiﬁhé!sﬁ)h atinte sufigiant ttdﬁllly Sﬁiceainytmgamdirpnnﬂprdmds present in

AL copounes 4 ShL U Compet e, LTI o

3021 Grg@i¢ bethSounpoOLIuds wmamiLyIaSEMelsbﬁ‘c‘e bb}ﬁﬁ@mﬂs smfppf)ﬁ@ﬁhe mixed metal
m xed net al OX|g§ﬁcatal and a used m xed net al
ox9Xde OPRRGAE of ey cglalpamf%sh and sai d used
cat al ySthea¥ofrc8 36mpbulids BRSNS ¥ tHE EdanRdedtYioh REssel at a temperature
enpirical fornula: MiVeSbbNocXdUOn wherein X is
segredierghan FG #rd 3radupssens pegatsr thag agtbiept pregsurerin org,embodiment,
Ceihe SSurcd Compolindsé rdBledd WY tﬁ§ sdal@rERtion beshd 288 {eﬁﬁkﬁ‘a@hre of at least
fromthe group consisting of Ce, La, Pr, Nd,

35 Gdabo'qrb125|j§£ ipj@nother erfypdinygnt at_m tqmmrqﬁrgtoﬁ pb@aqtmbpvgo}fSO °C, and in
0.l <a<1.0, 001 <b<1.0,,0.001 <c<0.25 0<d
< 0.6, 0<e<1 nisthe nunﬁ%r of oxygen at ons
required to satisfy val ance requirenents of all other
el ements present in the m xed oxide with the proviso
that one or nore of the other elenents in the m xed
oxi de can be present in an oxidation state | ower than
|ts hlghest OX|dat|on state, a, b c, d and e

e " e Y a1 Y, L I
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hydrocarbon to produce an unsaturated nitrile or an

unsaturated organic acid, said process conprising:
wEe@oldisayy a catal yst m xture conprising a phyRBCT/EE2008/011551

m xture of a m xed nmetal oxide cat al yst and a

performance modifier, wherein the m xed nmetal oxide

c ateh PRther egyhodiment atd fempgeatirerof gtalgast pboRt 149 56 Ingnesgmpbodiment,
attht Saée MHRhEITBreRBIIGH tRschle@TedchOn 9ERML a pressure of at least
consisting of antinony and tellurium and wherein the
p APy Jrefitl apd i anogher |e§1b9@rr@e'taéce Hressve of at lgas @bout 50 psig, and in
CaR%iabthfideMbodinbfl BUM HATRLUSNIS: 184 L LBRNY0F %E% Te or more
arseni ¢ conpounds, boron conpounds, ceriumc oun

5 geamhedinamisg dhmawe% compotridg rare aeastsdnidsthe saldy rrmmilpn vessel at a
c : 0
o JTBRHET up o 0l 306 M SR ccaR ABRNGH Vere P FR MR uioped with o
c aargssum deontrol temi¢eutn evoip e pressuniaipgt the vesseheudids fo regulate the
va}ngcgll B} g&drr‘reoounds zi rconi um conpounds, and m xtures
t hér eo contacting the saturated or unsaturated
or m xt’Iﬂme gowte saxnmlaﬁemaamd remnmlthyr gapmmbcbyﬂnomnﬂnEas mixing the

W th an oxyge ont n|n as W t n .. ..
10 {1 iR LB ib T SR A S Som L birbey yining meghaggom is ot
t heitical aldyaih inclxdeufoe exa’ﬁli}ﬂe hieEgIe. gJ Sting Ioﬁ ﬁgl&itl&g) the components
ude r.0C ss for the a dati on 0Xi
ordusihg e JedHiRs OB g tibeie SHeBpdnbyete msthgn Saclite, i cxamle,
aruglmmgaﬂmr Sdnhits LI HIRC 2dabiidh Wess@ll dstueanile leISs’Haldlhg,t aﬁlnbhng or
nitrile or an unsaturated organi ¢ aci d$l{c?1al d gr oce

B P& e CORRORTH BRSO B HPGReRgs 850 include, for

15 Pexh@pRBAEENG B uih@h stiPink MMbRr BhtBd ¥SlbastpatibilyPwithin the reaction
wher e| n the catal yst composition _conprises a m xed

oxiegrs! grd p rﬁ’é‘éf“’r&yfof%ecoé‘ﬁlﬁﬁ i & strERgIeRbenplofocthp rsactign vessel to

S eﬂr@ﬁ&@félaﬁl‘/@ Pﬁottlhﬁ b&%é’lpth@ Qﬁﬁin?trﬁéﬁ%eigfind%e Téctiok ves@i] The stirring
Ce, m xt ures ther eof is sel ected

£ b sany ia% sﬁq,fb#s\@tam#/gr ghraficupparted stifringnpemligy, The driving force
Gdoan -BQ dlrgﬂy c'dgple(ﬂo thg-gﬂlmxg mehﬁbe@&dcambé txﬂ!ﬁl%@t d‘ &ﬁxi)fégfto the stirring

20 <'rceneber deg. eflkngnemm osvuplmg) nUiﬁb@FXD@ﬁ lswwgr@Hy étlﬁ'ment to allow for
r ee?ﬂélgrﬁdregcgloﬁq;emé% é’ 8?%@! ¥§E‘E§‘d?1t e&& ahd QI) t}g{m a more
el'enents present in t m xed oxi de vv|t e’ provi so
t Hmncxgnl@oos remtrcel mcdlumée @4 hed resyltngint smpre homwgenecesimixed metal

OXAX & pr {6? EpreHedi td aff rﬁn%&eq Q%e{cagnslg@st r?lé}ll QNG ird Hl%ﬁ: efficient
OXI Iron state, a, b, c, and e
r eqmasmtontdf estamhg mategialscandfin tahaor.eouniﬁmponbtbdl onetd] enatet product.
n_the or.man . .
25 o BRoR Pl e B ROl e e metal oxice
al pmducu o foompiasobision athérntbany o trexides @ thearesaioncvessel. This allows

PR AT eeg S R SETRAOR P EEt AR5 st bypechniaues such
c mmenmdganm fdbd:ahimtlﬁﬁ) e diltfetion apd mdmhu feedatpeonelthe majority of

sel eni u antal um co und tellu
Sich o TR Sre i (e Fr00h dEssek MR Calpr GG deving the mixed

3ovarﬂaal dﬁﬂ&i@ﬂﬂ%&tﬂﬁuoﬂdlbﬁ@ rfbxtmmamwﬂdé‘n aldRdedbfithel paficle rather
thereof; and contacting the saturated or unpsaturated

orthan o the imited expasedifages v QW AW ORY e dagrgasior wall

W' t h an %X%'éh@ﬁHS; QRtigibl Am&idkin &methdalspabe in the reactor vessel. The
gen-contai ning gas and ammoni a, in the presence, of

¢ nasat of lveﬂspﬁwmebr dependion e VeIBLAssign AF theityne qfagifation used if the
' nr%?d?ﬁh%xtgﬁel Rifted OVBmREPGRRA riRfiof RRsAMBYExdA %leoﬁllaQE ke 50%
a saturat or unsaturated or m xture of satura §

35 untsadspacet &yplegly,obartisadspacs isritlipdcwith ambienhairr whighl provides some
nitrile, said process conprisiﬁg: combi ning a cat al yst
conposition and a performance difier to forma
catal yst m xture, wherein the catal yst conposition
conprises a m xed oxide defined by the enpirica
formula: MOV aSbbNbcX dLeO n wherein X is sel ected
fromthe group consisting of W Te, Ti, Sn, Ge, Zr,
Hf , Li, and n1xtures thereof L is selected fromthe

S o s R o ~ o —~




nodifier is selected fromthe group consisting of
al um num conpounds, anti nonyconpounds, arsenic

W@ 09poessas, boron conpounds, cerium conpounds, PCT/US2008/011551
ger mani um conpounds, |ithi um conpounds, neodym um
conmpound ni obi ym co ounds phosphor us conpounds,
se"!“@?‘r‘i“bﬂﬁs‘t’@#ﬁbf?n‘g‘g reactioht %"%‘oﬂ‘ﬁd’lﬁi‘ﬂﬁacet & IS UppyAqhe art, may be

C ONRAUMES othtr 238N t4/Pr&RIPRUAE RS 1iks! 0Y Bt %oencmeﬁ RfRosphere such as
vanadi um conmpounds, zirconi um conmpounds, and m xtures
t Hek g2 Tha@mewnitof deadsnacersad gas withindtidependsripan thendesiged reaction
Oras 3 ¥downEin @fe 2@t Ur at ed and unsaturated hydrocarbon
wi th anmoni a and an oxygencontaining gas in the

> pr esencldegpurch compeundy san h¢ xeapted in BETANEETRaDESCRIsFEF a0k initial

eqﬁbﬁn&twm&ambgﬁ% Rﬁv%? ﬂ’%t ok,\&\é R dg(ﬁﬂeq{ngt L})ﬁthesm the pH of
ates to a process OXI at| on

sath@ reatteah mixtwn Mmhan@dsuhlydm@darﬁmh pHafdhe maetiqpsmlxture may be

11 p S cess.. Such
pﬁg@%s g%ais?w%? a ag eelg? ?é{/gﬁf g’r hoé %g)ﬁ?rg%g%dgrtnems thff S6ttce compounds

praop acaetetl on dler seklodirtactibe vessel atsnothosfmet tore than about 3.5. In some

acryl trIe and/ or .f or on. of an
10 TR e el gt B B vl Hacled Sn BRI [ AichyeREPRETH of not
anmmare Itl%talbom ¥ @af hotangre than aboet 03, offastemerehldi aﬂliBﬁliZSO of not more

BSR4 ebhetgRors ek BPA E8 oo mBis st o of ot more

M tAratRduDd. 16 dhel bA6E cuittbditiéntd, tefIE thal )sé mﬁawaem 5adabout 4, in

i nc] udes the steps of conbining a f or nance

b cEpoliEpent i APt 10 APt A0m sl Gt SRR o sbout 0.5 to
15 arh@oat 3USER sFin%ehbRIinttRtsS BHel 1Y & fréRABORILT &NaBot § Q! m@m certain

catal yst m xture, and contacting the_ hydrocarbon Wit h

arﬁﬁ%n?ﬂgn%ﬁd frgm abeygb eahoubs nthePth mey b afiwét% b addipg agjdl or base
t hg teabahys mikfet Ure. The present invention provides a
process for the ammoxi dati on or oxidation of a
sat ur at’bg spreareesinepadseeriope eactedr @ B ssalled rigactign ayegsels at the
u %&%M@ﬁ‘&gd hﬁégcrﬁ%ﬁ a&d?x%ﬁmh? (ﬂ{c%ll’tﬁ;e &N ek'eﬂr?;ﬁ& uf&t:t‘?tql temperatures,
nitrile or an unsaturated organi c acid, sald process
20 c oRgstion pregsuress B HiTRg. atcc 4% despEbedmbya)) fer acpswod jof timg safficient to
fgﬁﬁ él{p ﬁ‘xﬁ(@d 'ﬂ?ettzﬁg)x%' ﬂmeorféat;r%éfét Qﬁiﬂ{ é' ﬁxg mlxed metal oxide thus
mol ybdenum vanadi um ni obium an east one
el fermssk comirises @ dolid siatetsolutign coppusngs ﬂstmmgredfelmmmwscussed
a .VS .
rh%o% allc'lJ 51! 1%%'[ %8“1%5 g}hé}%lggﬁrgc ﬁq%trsn@llenrg@bg c§‘§§ttaqa niéyea{mjlctélées{or active
oraadeslebmmpre]ainecx esd)bﬁtlamromdalogrand@r amnsxx'sdatimg cagflysts. The exact
25 23{685? I'C?(E}lé)rlh e ells’I é&r)tg glr*)m\é/p ncsnl%sc ng grmnﬁtf derfDr examp{e at least about
camee hotks, atdedst alwiny sig dmpxsu:ttdsast absame malvechxmm @an tbast about eighteen

d . ' . .
B OB FHee e B ere Bopy AT Rt et sbout thiry-six
n| Holtsy B9 learplann ety - tpbdﬁ)pi‘soﬁtuSasC abquofonyseight Abers) dtMeast about fifty-

nds, tantal um conpounds, tel]urium conpou
© OB PeHES 26 1B AR SPOh BB JGTFD GRS SRRt &t least abour
30 C QP& Elfo hatirs. mmm&ﬂmmmﬂﬁ; cafl bl evénxthore @ani thRE aasz, mcludlng
and contacting the saturated or unsaturated or m x

offox gxampig afdleash abaph Sopr eyt atileasi PR B slaysuat ff?a%fﬁibOUt six days, at

OXY € AbSu® REvah a g afRast aBbutwbhwédRs, X YRS ute @Nthale MW ddls, or at least
gas and ammoni a, in the presence of the catal yst

i abourae MOngh enbodi nent, the catal yst nodifier is
sel ect e ferBmck @&n%ﬁupc&ﬁﬂﬁfn?tahﬁlgr&fdn@ HE M components used in
nitrate, alumna, antinon oxl de, "anti nony(| i l)
35 oxthe ayrdhesisrmfi |thfomtalyst Kalyo teéqrtqdatp dereimasi NTOYICY] ovXdodeses”) may be
antinony tetroxide, Sb On, ars%nl c(l111) oxide,
arseni c(V) oxide, arsenic aci d1 boron oxi de, boric
acid, eerie ammoniumnitrate, cerium acetate,
ceriun(ll1) oxal ate hydrate, ceriun(lV) oxide,
germani un( V) oxide, l|ithiumoxide, |ithium hydroxide,
[ithiumacetate, lithiumnitrate, lithiumtartrate,
anm)nl um n| ob| um oxal at e, n| obi um oxal at e n| obi um

e o 1 .




conbining a fresh m xed oxi de catal yst and a

performance nodifier via wet inpregnation. As an
wW@spentssed the present invention one or both oOPCT/E82008/011551

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

cat al,é%qt are prepared by using a _non-hydrot hernmal

symiPYided o thetrrrdion pigisehat 2a4ers prlutions1of;the aetal salts Sjome source

C%h&?dsﬂﬂé{ysb&ﬁllolviﬁemté( tHaGreddtien fVe&SI a@s&ﬂ“& &4sABurries comprising

catal yst, the used fresh m xed oxi de catal yst, and the

pesrohé)m%ﬁwe@tqﬁo@memﬂ inyfe AieAuss Fiedias Seme fourse cpimfionngds may be

FUrdN&d fOMR e@in IVeSseRit £PsdRils RE & g &

mlb;Ee oxl de cat al §/lst gorrposm t) on %nm&%ﬁec%mlgn%ﬁgepamcmms
5 motispefsed in mraage@ts solvends pr eghesmon-agieons mediac an conprise

t he st [ t .

T % %g(a hlegﬁﬂé o x né)%t%& fﬁf %r esl%]gg g‘?a?{yéﬁs as described herein
conqiodn the cfnllmngrlﬁmmla ofi litkidmosouctes aiwﬂudediihxb;n bydeoxide, lithium

rq%gc%:t gghl‘gmogc te lltyl?gg%%r%%tgibg)gj l1'1 r%ﬁ'erlt?le %xa[mpI%% ﬁ)f vanadium
Gaspurides, irdlude Lva,nadljr]dsum[‘hbet armasoniune mmufv,anddates ané|vaaidigm(V) oxide.

SR TTAC I E A AN T

0.ahtimonay(HI)1 oR3latd, Qihtuﬁoiiy(V) loxie, Qnﬁﬁfﬂmy(ﬂ(l:) sulfate, Sand) astilony(I11)
he nu er Q (0),4

réataff*fﬁe%waplgat FinichityR SoHet T BRI CORGIRLS, g miobium

el ARk fioplugteNide, nidbiudtetibihn@nidkic #id.h the proviso

that one or nore of the other elenents in the m xed

oxi de CHRSHRD InuEees Apclyds ammeping Apgiaspngstate, dumestiepcid g tungsten
15 1 tifioXi& NRSuriGni $datde® tnchiddt 8HurR: adhl, téllurfhm 80flid8, tellurium trioxide,

represent the nolar ratio of the correspondi ? el ement

t QIR gy pomppungdssugh agmsthyltetverl and dunetiyd ¢eliealal yvst

conpos 'Ttxﬂaﬂiﬂmcé?ﬂﬁrek BN rﬂi!llé QHd/BX hfheasl Glanfifpe! dmldeg?loz) titanium

enpi rical fornula: V Sb 1 NbCXdLeOn wherein

s dbapeanegidey di r@@ﬁ@a@} oIp@(@c@Wéacsﬂonﬁ@z,oand/\ptan@m Tlkoxidg, complexes,

G%uclzﬁ T\'f!or 15‘1 Tl?a%qlnmﬁg(%95 a$ahl§51§ QE ’De%uési gsﬁsq'%réq A-K-1, and

fromt e group consisting o
20 Gdlromix, 8602 (feormemly, namypd Yb-K-liﬁD)arﬂan niourass eQCIUIder@mf(II) acetate.

0. %ergm?igm sloug:’es ?nc%lde ggﬂn%nu}mm QXIQQ 1ercoﬁnum QOu%c%’s chludedzuconyl

r eqtmatc en!d chcsxatm $MV) oxadea babnive qwmmau mcbfde dlafnivn HEY) chloride
eIe {I@i@xde'n the m xed oxide with the proviso

t A oneo re of the other elenents in the m xed

oxi de danthmeunpsesedstincindealanthxmwia (I chbtide,datdtbaumm (IHaoxide, and
its

25, U BBt Tl 2RefE pidtacd] Ghifim Boncdes ifotnde o, fimy chioride, cerium

t qIIDNExids) lcerigh (1¥D). 1sﬁ@oﬁtdesml cerinme(lil) avetadd Byzdrae O\Prabesdymium
a process fqr the ammopxid on, .or..oxi dati .

5 4Pt otroye yROSGOV I DD PWPHI roscodiidip o Al dV)  oxide,
Ur}ﬁé’def;k[y@nhﬁﬂ (nmrs@;ﬁa;sdm | M@dd@&ﬁuﬂﬂéﬂﬁﬁﬁhﬁﬂ@dﬁie Neodymium
nitrile or an unsat ur rganlc aci [ rocess
C ORPICPS inedpde prepdymum 311131 eq NERAY I Hnexily. Reptypmium (I

30 Cabprdpdkidan dnda nREdynAlBaY aeéwtb fuyafatet @amhmnas&aéeal M& include
m xture, erein the m xed netal  oxide catal
conprigas | %mw rpmg A o i oxiflee SREATIUEN Iét isprrgrexide, and
oNemeliGHR 1) a%@tlaécﬂyﬁfiaté r@ﬁ?ofnnﬁl i SLRUPHEP ReiRde! diebp@fm (111 chloride,
antimony and telldrium and wherein t per f or rmnce
moirdpivm (UE) swxidec endd epropiym K& acetats bxshaatr: s pgefingfm sources may
al u
IHH%%nEA&BEB Qﬁi 8%%@% g@ﬁéflnﬁlﬂﬂe“ Bf}nﬂgkgédeo%ﬁ& ?Qc‘]cﬁlmum (III) acetate
35 gehydmtn Tierbdwmpowrnebsnclidet taibiym ﬂﬂl)rphigndm terhl@mc()l'lﬁ onide, and terbium
compounds, ni obi um conpounds, phosphorus conpounds,
sel eni um conpounds, tantal um clgnpounds, titani um
conmpounds, tungsten conpounds, vanadi um conpounds,
zi rconi um conpounds, and m xtures thereof; and
contacting the saturated or unsaturated or m xture of
saturated and unsaturated hydrocarbon with an
oxygencont a| n| ng gas, or W|th an oxygen-cont a| n| ng gas

o o - o " o o,




ceriun(ll1) oxalate hydrate, ceriun(lV) oxide,

germani un(1V) oxide, lithium oxide, |ithium hydroxide,
wo paobiowsssacet ate, lithiumnitrate, |ithiumtarPCHUS008/011551
neodym um (I111) chloride, neodym um (I11) oxide,

neodym um (Hl) isqgpropoxide, neodym um (I11) aceta
hyEPagestate ydrate nPHTREeSIE, tPkEeR B2y inciidey By PRosum e<HI) chloride,

Ni BB} HEAXIHS oxiHROS sitfin RAIDE R ]![)IGFOXIMHI %rosmm (III) acetate
phosphat e, sel eni um di oxi de, tan oxi'de, rut

t i tyslFetas Fodmigm YPUIET @y fne mdloiwent(»ﬂﬂ lQﬂﬁedh@W% (III) oxlde and
( -Iio%m (tIII} 9{:‘3&%}‘(&?&9 R &lﬁrce % ﬂId@teﬂ)ium gﬂﬂ Qﬁfoﬁﬁe erbium

trioxi de, vanadyl  oxal at e, vanadl um (111)
5 v A HAKHide, e1binn KL dsoprapaside.amd wbieni(HH, acztaICdUdWe Thulium sources
ni
0 a0 e bR A AR ULE o S st i
c dﬁpﬂrblsmoatcest way inchrde yétkbimem (1113 ehledde gtterborm (IR ogideLytterbium
ngﬂ?j) 1§<Spron;]%xgd;ehlgl?d’] %tl?e%gk{ﬁrl‘ %lgfgce%@ lggf(;eﬁé %Oobl%/rc]es Pg]l%eﬁdlrlﬁ may include
dylstetias i(lijchlvolded lutetiurar(wxidet ind lntetivmy(I)eicetaterhydrate. Nitrates of

1o, b Ehial Bl PRy i oS PBIE 1 ne

m xed Mataimoast 0f agioad yalverarifl thd)eeapivn’ MeBingemapdiafy @ie to the

l,ses support selected fr rou OnSJS in )
C RORbiIHES of g HRRAE Cormanbes dobine b, i HE Patfe i riNEd math oxide.
t hﬁfe&ﬂfwnp%f&@ueohh eowait alhcmsd atNiad be Sffcidht (70703 |a~°sﬁlr@t (a mixture of

| east about l e per f or, ce nodifier per

m?Plé‘t‘So lquhist w&nﬁl ﬁetf’a\’e SHITEHD g e yeactantsy I gs typical in
15 a3RBfthedhalt YAtHesiy %mlfaem mbBEoH &0 Abave YiSdntctnt ¥f ABa¥bpabe in the

conprises mxing a calcined m xed netal oxide catalyst

ar’fﬁacéo’fp’é?sﬁbr mance nodifier. In an embodi ment, the

m xed FRfigkin %%ﬁ@ﬁa&ﬁh%&%ﬁsﬁmﬁmph §PﬁleQa teﬁe];%(dtﬁl:ﬁ methods may

defined by t irical formul a: gbbNbeXdLe

whaeludenwarkrup %ﬁemcwlrfgr forexaneple p@fdplgdbﬁsqagwrh@e@ﬂmwompnsmg

Tet e -l;hlxeé%etgfe ox1é£ (e?[l’ tothou@rh‘iinﬁ?él%ttUﬁ%éraﬁpSr %%Iaratin ' the solid

ected fromthe p consisting of
20 smart@ulate@oponWSInwge eixedEmetat pridgbfrom (the: diguidi Getgur ks centrifuging
t fe . 0
0@%@.{%9 8ec<aggtjfg< ﬁB: ’pe%na%nté Q)E ggf?m%thlief , ILK g‘lltne& n@é }Nagl?lﬁg the separated
0>splié partitdatss (eegyuisingdlistiled aates oy deienizadovatery qepeating the separating
of _all ot her n 0
o g 05 ST O b SRR B 1 o
t Imlmdxmht akleé d/erlcmstbmcqonmemdrymg the reastichanedimmsguab @s by rotary
ower than its.hi xi.dat i on..st at
A R
eI enmentAfted than e/ofmhp? sth)s, e wéAshednané rstmchtmaﬂiixedtrhaal ox1de may be

t t d
o faied Rmee St mEal G n Y pHPRRL P SRy Sl g . ot o
Stterﬁp&fatufewﬂaasﬁtlzﬁg’cw AfidsplRSicGanbie), ambortihan saén/ lf@teesknple ata

or unsaturated qQr m xture of atur nd unsat ur at

P EPBR AR UARE HOmATOH 40 51 b dR] Gerhrah ey o e ggodiments
301 Mt absut LG SECB& afryinb Einfearhmdiiy Dfrorﬂ‘aleMrfﬁre te‘\ﬁbo'ﬂ@ Aft€dn lﬂfurs and in

the invention provides that th m xed netal oxid

c ang| YFsmores epbedimenty qfyabgul, Wlw apw hBryiag cay rhehééched under a
”EJoIlQSiliequcﬂnbeﬁﬂfl‘lleh xm&ah&@%dltﬁ@&tyn@faum@hefewm 5Ok inert gas,
provides a step of physically mXing conprises miXxing
arawdaamg%e@jredﬁcmagftqoalalry cal cined dry m xed net al
Oxi de GRlaht %5 mdl drrBoBfich@I TR SnVERHL, (RE plifed! b Bxide catalyst
m xt ure, rther conprises the stéep of calcining

35t heaynibet pmeparada rtfyo mpechydrothiomdl i symthigsie rpethodsr desqobed herein. Non-
nodi fier nmay be m xed with the _catalyst prior to
i ntroduci ng the catalyst into { reactor. In one or
nore enbodi nents, the performance nodifier is a
conpound or a m'xture of conpounds selected fromthe
group consi sting of al um num conpounds, anti nony
conmpounds, arseni c conpounds, boron conpounds, cerium
conpounds - ger rranl um conpounds li th| um conpounds




but not limted to silica, titania, zirconia or
m xtures thereof. Exanples of al um num conpounds
WO pwboessal um num nitrate and alumna (Al O ) PCT/US2008/011551
Exanpl es of antinony conpounds include anti m)ny
oxj des i mony oxal at egs, ant i rmn; tartar

p@@ir?tbemé Syesss aR@ Sediéscqu oS Priep AgRlicgiion No: 2006/0235238

anjol SR (kdhidoxdl 8hdho SV, ARAYN (WO 2006A1DQTRIE Kaf) tiakakal and
ant i mony ( oxi de, antinony tetroxide (Sh204), and

O Fukpshimmg Satoskys which @Ff igcasparpiet herginibyaefgtsacar seni c( | | | )

oxi de, @GisSReH- g,(d\/ath%a@ Enetitfadmay $6 &}‘eﬁerﬁﬁ} HescRSQR [%310% A first

boron conpounds 1 ncl ude boron oxi and boric acl
SEX%WI‘E‘WLSS s@ntieréslinmyn is opsprAd sby rrombiiniewith hentigi and stirring, a

e I o) h
e(?einlljﬁl %59 @&gg&m@kacﬂ‘%ﬁlh&i% Aosltgl)ecre n&é?}l!l;ﬁ)‘irﬁﬁ% oé’r{j Eﬁ‘tﬁlgony source

[ nmmgn@emtmmllm(th&t) sogvccd:@mp@xraimhsekogyh nercpcmie.l @and a support sol,
co ude | ith y t
| I{IIER &?ndsilllc rs%k g slec?xﬁl A%%Jée%ﬁ@&ng 1 ;{' F#nécp ﬁy cgfnbmmg, with
t ahldatmg end EmnrrgJ & siabiunsoyrbal emnmlmdnmwndlﬂ;y anlidansbxylic acid, and

bd Te‘l},g ‘rgt}] %r\/sl F% Xcio%% 8% Ogl)léoflrs d%ﬁ?ﬁ?ggﬁ%‘gﬁ%@%ﬁumes are

i n«dmlﬂmednteofﬁytm authird| dghgous Ebhutiba/slurripeP@yipitatanagd/ot yuspended solids

?Tx'v?s;e b FEOE: Al et ARRRES P Bl & OWpBiARAaetal oxid

. WaNB WotkRiP Riepinaad ahétheds 6f aBjing el dileindtish may be
n| obi um oxi de. Exanpl es of phosphorus conmpounds
| n"t‘PQlBléedphosphor us pent oxi de and anmoni um phosphat e.

15Exanpl aa éde smbdiei, O ABRUGEStheitdl UdehsE |4yl BB more specifically
di oxi de.. Exanpl es of tantal um conpounds i ncl ude

t afrsemis(ay) foBszwaewhezs‘( dhrofiess agpeopy solPHONIEY A Senpirg (A), and the
I né%'c&ﬁﬁacﬁx%ds%ﬁlu@xo%lu&y i$ @éﬂokérd' (B AhR6hite: hépBtholybdate, ammonium

telluriumtrioxide anpl es of titani um conpounds
i neptavrnadate iand dwﬁam@ny sipxidesre i dedhtouraten. cfszlulqueed(bm trgaping of the

Ul fe@ftaHMnba0e E@Qﬂ%bgﬁnresad}% %h%@b@ fﬁEl%i) oﬂ_ﬂaﬁl‘ﬁ'% éﬁ”&queous mixture

di oxide 1s avail l'e as Degussa P- rono
20an@)TrI®n@xpmd( fthnt e | heatingets ACIIKOIBEQ) WhEﬂaﬁph@&; the mixture.

tu I
R ST AT g g o oo
comfifdu mjélelmomld@ﬂvmmwof db@amattu;e "Dlmlmatlnmmay be performed under

(1]
AL s BB 0 oo M Wl ot unter e,
ZI the doiling) poartEeverally isnipl thel eange rof droyd abuiut 10t°%eC and02° C Elevated
coni Zr () I A .one odi ment s .
SrolrEPpaRry ks AihoFRg) 2o ARAE (8 AR B s cHhel e neating
m)témfpbﬁfurc mmmumimt &@eyc beabadidd° Cothk heatingttaheyis typlcally from about

Cohisotiics ity SRR Be HroPhe R Bibeaise & reitivald Rblesyiaper than sbout

m R0°UT)ethie heititigdingd degds torbe datgeenbodi ment , t he

performance ifier is a,so dth Si C

P ed voponallp iy eipEn bR et etsof of SRart PaleBk Syepet dlica sl
30PemhPIUIBdHAed td TBe RGldoRs HERGE (W hﬁéremeatmg abaleb@ibkd above When

treated or nechanically treate i ncludi ng for exa

byhysireges negpxids addgd %H}eoffqumlés@i%e (D) iths awemus%fr% hydrogen
t hee DS /2§ beTsud@aihe HRIMr rhtly SMydRipen b@roﬁfd@ &6 antimony (Hp07/Sb
enbodi nents, the perf ormance nodifier my be
i NMmoTap edtid) ednpcmnd il tegmb of amtimany is inuthe yartgb af frrmyabloet 0 01 to about

S8 oA T PSRl S S roe

35peshbsdimente inthdi fahgy of frain atbuaddecaboot 2.5e Adet aﬂddﬁbn of hydrogen
m xture is not particularly lipgted. In one
enbodi nent, the amount of perfotnmance nodifier may be
expressed in terns of noles of the perfornmance
nodi fier per nole of nolybdenumin the total anount of
fresh and used m xed oxide catalyst. In one or nore
enbodi nents, the catal yst m xture conprises at | east
about O 01 nDIes perfornance nodi fier per nDIe of

o o Y T L




per nmol e of nolybdenumin the total amount of fresh

and used m xed oxi de catal yst. Al so, perfornmance
wore@oNusss3 f urt her conpri ses a nol ybdenum conporedUSZ0b& 011551

performance nodifier can conprise antinmony (I11)

oxide, antinony(lll) oxalate, antinony (l1]) tartrate,

arﬂemﬁqﬁ/ eqy)eogg(linagure V) P’ﬁiﬁﬁ? stlxréetdraé JGTRRSTatygS thhe range of from about
IO o B 7YY Ca¥E H6m ab&it!30 MlifutdCrodbordttHalim
hydr oxi_de, or cerlun1(l\0 oxi de or a m xture thereof.
In an dAiABEIGTERRE qpRodpaints aaueue spltpy/slary dBipraysles formed by
andolfBRINg (hiel,)a RSiGR sodBl bmﬁh I (Jp):loﬁaﬁ@l AlaFooxdit bR gxd/or other
(rer) tartrate anti nony(V) oxid ant'mony tétroxi

5 Stsemice compoundsy with heating@nd stirring) @;!greby lebtajménef ® prelimdeary niobium-
an e{rgﬁﬁcﬁ gﬁﬂoﬁyéﬂﬁe‘iﬁr&mh@%oﬁtﬁhﬂg &{u('%ér)ﬂr?a rﬁ&%g lﬁgging %ﬁspended
nohiéreingr part héth’erreslhunn cosgronmt. dlhe qmlmmnamtrmm .coptathing aqueous

t xi.de catal yst _co
sﬁglﬁ‘g‘?@ e Ir%g nﬁ‘%r taini aEiiuero 3%6“ l’é%nsfns??' ﬁﬁﬁn of coo]ed Yhereby if a
al dicarbrexylic acid ovas adddd] 4 poitian obit nidy)Xiresistite h‘he step of Mohag may be

osi tion.The ove ess of th
10 p R PR e AR B R R Py Siobium-
f reeafainnyl agieeds Sbhitich, @t Idﬁloallﬂ'gtthct qbﬁdcipﬁlﬁte&rtﬁcaiwxﬂ'ﬁt Ia@ﬂl and the

cat al Hico osi tions. éfs Eh erein, .the termfre h
cat #fYPLT® M8 F&c?"&p"é‘H? P, fhe; pigbupsoniaiing, agueous B‘d’é%’ ereby
t wbkitifgs hidbivneesiadin\a auebts liGadHerei n, the term used
cat al yst refegs to catal yst that has heen expqgsed o a

[ eact o PREEFEPHUmERS $haquEpySAI o Gty e Rotmekhy adliags niobium

15 aNnipdekll @A, 2hi¥Bit acliP\(E walte, HAIRed By héaing GFTROFshilkaN mixture to
and in other enbodi nents, the initial conpositions

f
t HEMPFTaiFes A @ TeRgs PTdEm Ry S0%F do abqut dPRTE. Whete mlobic acid is the

degeYihMsofide RBMBOHEHAS | Qe b ox ?h@ aBRS A3 88 a@Rlabysiblution of the
conpaosition and the preparation thereof applies to

batiobivReconpeyrd g9y heserameteddy the additionifta spall amouneof aqueous
Pr&shdlia i nvention. In one enbodi ment, the m xed oxide
catal yst conposition conprises nnlybdenun1 vanadi um

20 ni obi urixamnl¢s ohsuitsbletshiearbaxylia peidyinelpdepreplic @piduln ene enbediment,
Or}ﬁo ¢ a8fR"a ﬁ? %g’é’l%déc'i‘&? Fltesaddéchﬁ) Mtéle ‘}olmeq &Eﬁh ?tﬁd stirring of the
furt er 1nc es at ast one el énment se ecte
t resultatupixoue ¢¢ Qlerqbg obfairl amaqvaousmiiquid(B)ufenerally, the molar ratio of
prtgg' ‘ﬁ%g%ﬁk 8 acﬂ:gp Ml@.‘n&' iurt %EIBEJ)\HH‘ m%&ﬁn%pdf%%um is in the range of
gadol i niu ySpr oSl hol'm um ‘er
t Hidm alpqut ¥ ttd drdut 4m oamkandnatntumthel rangcs)ftfmmabout 2 to about 4.

25 enmbodi qen % r 1ant1 %ltsy S{h 1(1)1SI tsogtrc]:eng m orl]x(r:ldul clu%es niobium
| east ohe e ene ect 6d ron1 he group onsi SEM
thyﬁtuggﬁ(bcalaxe dneddxmomumm nidbidm roixailate. W}nn egmrnmhuumhydrogenoxalate

zirconiu haf ni t .one. ...

o) oo BbiuT e PlAl s S i8S Bmpo i, 18 Fiart G Glc aciais

| afot hapirete sel ected fromthe group ..." includes

within its scope m xtures of two re.of the listed ..

61 ementls SR e A SoupeRenr ey Be e e forR of & solid, a
30 enhReiréBttas aOdispe@iord@tdh MPprdphietel hetilin aWlet! SRBicTAKEH used as the

oxi de catalysts conpri se nol ybdenum, vana

arfiPRiRR FomARId: Brerdrs to a%ovmldafelmpﬂaeﬁe‘w&bwb{rb theeiphie goid may

bYhatd %e&mnwnﬁaiteé iRy e pMauVﬁ&bmutésmk@erM%emmy ¥e washed

is selected fromthe group consisting of Te, Ti,

Srvithgan agueousmmeonia seltonangd/qs wader PHISF topyse. It may "be advantageous to

Sedsscsse ﬂlef ﬁlemlhlh %oylﬂ,s&w Q%h@tﬁrggn&f Il}iog#np%omﬁuurnggmowever a
35t hevleum compbundathau is sjlglﬂy@lznatumd éfoné@mube bodehydratien) as a result of

0.25, 0 <d<0.6, 0<ec<| andn i s number of

oxygen atons required to satlgPy val ance requirenents

of all other elenents present in the m xed oxide with

the proviso that one or nore of the other elenents in

the m xed oxide can be present in an oxidation state

| oner than its highest oxidation state, and a, b, c,

d, and e represent the nolar ratio of the




el enent to one nole of Mb. In one or nore enbodi nents,
where the catal yst conpositions are enployed in an
W@rawoNissss i on process, X may be sel ected from p¢EUS008I0L1551

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

s t her eof ot her. enb d| rrents X may be
o a3 eftotee o O G EBRETS g of W Te T s
Zr, Hf Theicondéifiratibix tofr ®E rtlbtﬁﬁmoéomﬂdnn@t(tgerterﬁﬁb@fd ni®BND in the
of the cat al yst conpositions descri bed t he above

erﬁS‘? Hpgay rpghlmfcggtawqgsaqyﬁ@ls(fp ufpn %aquus pjxturg is, g one or more
| ensolRientBRMIERY Witkh thd RnERS Bk lab&R BROR) JHOGWS mol/kg of the
descr.i bed by t he above enpirical formulas X isW In

3 orfelugipn op rExtaren dhe disatboxylighasid is; Heoreaerangigiembodiments, used in an
CORRARL $ucR MRt MeEmEHPLAY OF didArtRRy IR TR idabbilR o%'hﬁ%@&?m terms of
L may be selected fromthe roup consi sting

Proiolgm isfromp@bpout@ito atiout ¢fpan gycessamouyhof @n dldgd)oxylrp acid is
ot

DL SRR eI ARG pcops i
| of Nd:arugxylg; #8nd; howewerfhe amnourg ofthe dlcalrlmxj/'bq adid thmt Precipitates upon

10" o tcﬁ n%lr‘l?goz)talizﬂe‘ﬁitplgeh g n1|('5b1 -c%g%aml o%rp uemtts SO Lllutlon or mixture may

ddscomdrex lbsget thes dtmeaemgrme nnlmhoxf of ﬂmlmrbdxylus aciheOnthe other
s .of the ca
conpbrEhandradsi SEEy PR RS e st 058 H14kEE amount of the
f atishibraTpompourid, may redfdn dndiESbl\ed&hd Isﬂsiﬁﬂcﬁiddﬁ ﬁhé yquﬂoﬁshsdllutlon or
E)hnilx gel Lao r]gsur ﬁ‘ ggay Be sﬂas&{uegﬂ% TCIBOV(?gaféOIB th(b aciueguab m%ture thus
15< (QgrE%sglig ﬂie Ge@eeo&lf wfilizatibn d?; tl%Q%olﬁurﬁ cofdpéilhd< C, 8 02 <
C, < C 4 <c¢c,.c < 0.05, ¢c <Q Cc < 15
<02 Ay st meghod ¢f coglipgmay by uses. Siop cxargple dhpseoling can be
peg'oﬁ% sgnﬁlyéﬁnfeaﬁs Q%wéjbﬁ 0.01, d < 0.02, d < 0.05,
< <
0. O 1 él"hg rgmg'gal oé the Breemttat@d glcerbfxﬁllé:eqclci (or pp'p@pl(teated dicarboxylic
Caa'bﬁ' ¥t thef didpRRe® it cbﬂl}é@tmd') QEn BYeallfy PEASmEH WyEonventional
ported or unsupported (i. the catal'yst may

20 ¢ dmshcr@efoaewmw dggantagign Beﬁlaratm k catalyst).
Sui t ablV@he%u 310y Gk%b@ﬁﬁlcs 'aélhﬁ’lﬂ)bllﬁlll URSIRA ratf ?QHé %btained niobium-
tltanla or m xtures thereof However, mhen Zlrconl a
orconfainite 2qugeus HBIgnAs ostaqdpéhet rangg ef fremgbpiteh ta #hout 6, either the

; Ll
it cof oS MRy EL AR ey T igdd bR MIbATHARER so thr
t Hhe Micattpxylic gridfiiiobiami molas thée W ethe adobution 1falls twithin 1the above-
25 A rﬁéjr{?lgg{dt né ?]i%wayers %l gEEer sﬁlclp Hﬂo&)r Iél@lg i% :'].t%ln%cressary since an
r easlustuarlmulda(Bathyseing tHeIOhtEale]thd mnd/umhm'ir mblak ratio within the range of
Sﬁtg aotult ep 4(1: 8'Prpii§ g(g{’,]l())a?é b%%pq%lngtegxﬁo Q’Oﬁl the coBce(r]atratlon of
ahﬁe/ﬁi))bﬂmdcdnllm)uﬁdtpb@ratlolaf tlieedlcrfrbbxyho aclbtt@tl"re moblum compound and

ccept.abl e actjvit nd har dness ttrition
7 b <Rtk SrBreett ol Bive BARRRt] IR PR fjpbium-containing
3o| %ﬁ&ﬁg@oluﬁoﬁquﬁlﬂhxtﬁfe the active phase decreases

t he hardness of th at al . The suppqrt conprise
bet weer 1 69uEgHs and SR LmeY Batherrammsie pditirah cosRpangnt(s). In one or

C ahétk ¥bodikitRisCafubdus 1iqiRl @) PR Thrtle? @&hbﬁ@%yﬁﬁig% saoﬂﬁe (H20,).
and 60 wei ght percent of the supported catalyst, In
orfa thssp SHPfg‘e‘rﬁm‘Eﬂ‘d“{’?ﬂt%: aﬂt‘ﬁ?éﬁtlﬂ‘ﬂﬁ (Bl Ry §ifsbsqmpFisy one or more of

c thﬁ%n?%otnb&&ﬂde(e%'s daRBMbny! Qxdﬁﬁieﬁhlt tltﬁﬁiﬁﬁtewm&fun& li€g. titanium
supported cat al n one enbodi nent of

35 rdiexids, ovhich ¢pa mtmttlrerﬁyuél@rﬁaﬁuas@a@sform)t tnei a seriyp gompound
30 wei ght percent of the suppgfted catalyst. In
anot her enbodi nent of this invention, the support may
conprise as nuch as about 70 wei ght percent of the
supported catal yst. M xed Metal Oxide Catal yst
Preparation The nmet hod of naking the catalyst to be
used in this invention is not critical. Any nethod
knomn |n the art such as but not Iinited to

o, o s o, o [T Y T 1




et al., "Selective Oxidation of Light Al kanes over

hydr ot hermal | y synt hesi zed Mo-V-MO (M=AI, Ga, Bi, Sb
wW@eah0e8s5oxi de catal ysts. ", Applied Catal ysis BCT/US2008/011551

General 200, pp 135- 145, which are incorporated here

ref erence. gene the catal yst conpositions
Gl FHUE RERD IO B BBy rﬂeﬁni?y@mgp peroxide is such
smﬁathﬁemlamoa)ﬁ@u dgen pErBRIAs BsliobiumEoontd /KB &@holar ratio)
contain and/or provide one or nore of the neta s for
t ha teimseof mebaim oxindthecrangs ysﬁomoatpm's 0t5 Gn)baat €0, and in another
a Qu | uti Q reactlon
etk e AARRS RS8R 1€ bRUCIE gn R egiments. an
5 praasmlonxe camdomtdemahe:dd tvettpar ladstiraeparn ofi tieeajueehisr lipid (BN and the
or_a. cient to.f xed .nef al .
o bR et PershideL MhatabiE Tolss Rt STNE Ralt S5tk e antimony
C adtripouesinf @fm@of antindhyftbithd AidbiuhDcdmpduid ik &tins Eblfﬂ)ﬁloblum is not

ani.c c unds. prese in the reaction nediu
i’g‘ﬁﬁ (e 2B pchin G0E amp?td‘tnﬁ’ét Pribpenst ?f&%’"bf‘b‘t“ﬁQ 01 to'about 2.

cat al y#{quesusamyxt@re @) £ndC IO H i@ (BFndY bE niiRYd ¥ ether in an
t he source corrp%rl]lds supplying the m xed netal oxi

10 ¢ ARPIOREME 2t tq Hamcaly aguys’ sobiea/slury o hhe 14ile ofg} eqe(b) will be in
CQRBAHAEE WARE the QRS cdripdsiiBn T heE CatAIPAC ThO BmBEHSSH soBlls in the
a tenperature greater than 100 0OC and at a pressure
gragueqys MIKAFe 18 8pRcEHlY ipagargerupward from abeutt @ pereeni by weisht. In one

S QUi Bint A RRLHSIA bE scﬂﬁ@ﬂ ﬁg ah&oh@ﬁm&@x@ ll?ﬁOﬁl%@Sﬁt' 1@'}0 60 percent
vessel at ‘a tenperature of | east about

artot W@ehten@@apthehﬁmh@dlalemerfmr abant d oo 3% PPTQQFSH b}ab@lﬂht and in
15 é ?1%0@1% erﬂ&qmln ethe aa%hgﬁ;f s%'ﬁﬁ? gll tHE 1xtg{e R ﬂo%rgﬁd’u@bﬁ & about 50

east a ut 175 I'n one e
s agragat tyowgighinehsedivponrtheitotad seight offthe mbdired r eact i on
vessel & I t
anot hedt Qb ShiEe WiboBinel, WEAS e SR burpondP bl A1E ghflea, e
paqgeoua sclufion/steriry srpo¢paead serarbwdummm a aturcae qﬁ [§:5:%:3 (xramet)f a silica sol
t | 100 b
£ iea 85 oeR o el doBPEaP Y iy SEAPRIPPRAES adjusted in
20 r esacdrdame mahad deairedamaat sfithe sitifa capridran ﬂiacmtalysae bpobined.
Such s I ed react| vessel i

o eosurBe aauieps SolBOVHERY Gral, T died e Fly BRGE ithid yisn, Drvine

v ahgche cwndiaed E}Ocdn@guioahl&néthﬁlsr fiah bié Qﬁa)pd@ﬁfgLUr evapBliwlon drying.

SOt S, SOOUdS, IR D R2CAE B, SR 5El A o, T

r %pfatyldeﬁng»tﬂbe cbhéudel Byl @irifiigatib | ng nmechani sm | s not
crltlcal and can i.nclude for, exanp X|nq
Sstirri Agesauenys F%‘PF’h‘&ilu‘E‘hé‘“’é’cﬂFp‘tﬂ?QrfP§e‘BﬁY‘? g liahl portion. Drying

I §ASH1 helddbnBYcte by &fnﬁz@xﬁfdmﬂ%&ﬁ&&%oﬂmh 246tay B HRY evaporation drying.
i ncl'ude, faor exanp g’ﬁglltatl ng the contents of the

r SHER YHIngds §é‘lt1°“1f"6¥ npaussy? Grea Rphsgicaly diyolid ds elptamed The

O%talyl (ﬁ%lhg Qart B@ cSHAPRA 89 leeAfigatidH, BY tﬁee@&)tmgte ne&%tzle method
hods al so include, for exanple, stirring b

usqrr‘i’g the hlgh-lpfeiswje ﬁ%ﬂﬂf‘efﬂe ofd seipheat souecgdfor draiing; #9 Bfeferred to use
30 W'atnh \Whichfiad 88&E hoft 'h §S&Lan§”£’rh QedfricV hahder HdC ﬁ'lec ﬂtdé)' fi%may be
the stirring menber > or the reaction vessel
pradvardagepm Htthe tempstatern df dherenzay diyer aft dny entngcemm&e rdryer section
a C € irring nenber can be a
sﬁg r%gkﬁr h\glrgnaggﬁglsgrézﬁh?(tul-gﬁopﬁart ed stirring nenber.
The driAti tigs f poite theandiie@ dhaterc,| ywlmtbmplfedntcb \uhehydrothermal or

PR ERE BBl 550 b SER b U hafy b B v
35 mpel u’iﬂeﬂsﬁao@mﬂ&l tbxyn§ U:fri' | aridefitied’ bdeatiteva §cdhﬂ fedrh mtiichnhost liquid

reacti on between conmponents of the reacti on nedi um

and to forma nore hom)geneoug reacti on nedium (e.g.,

and resulting in a nore honogeneous m xed netal oxide

precursor) as conpared to an unm xed reaction. This

may result in nore efficient consunption of starting

materials and in a nore uniform m xed netal oxide

pr oduct M xi ng the reacti on. rredl um duri ng the

.
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anount of headspace nmay depend on the vessel design or
the type of agitation used if the reaction mxture is
W@ 20091068353 Over head stirred reaction vessels, fRPECT/US2008/011551

exanple may take 50% headspace. Typically, the

h pace is fllled wi th ambient air which provides
jwéi’ﬁm FRMQYEed-oal{igah SOmE MOITTS TpYoFFma weresfore; Hrless otherwise
haagisdted; fhe R8md Sdﬂyﬂ QI “8ri1” 3hbuld BBYntBrdidd toeleatd dubstantially dry.
other gases to provide reactants |ike Q2 or even an

i rFOF PURCHRS S et wegifiestionsthaterpy dmmlxvﬁ &ctalpyide caplyst” continues to
heagls paags ansitag@es bt dhbit 6ﬂuoﬂﬁpﬁﬁﬁe§r AR & %ﬁhftﬁ@' dry mixed

reaction as is known 1n the art he source conpounds
3 c dnetpeoxideaatabyst WYth?éuhl@atP@dn@é%l@S Faleingtionsasid gainding, as described
' rH tifdeidW] RbdificHall N gRP o h 4
of © tlte ehydr oth lelr r?a?osynt esi ?P %e&mgg%&tcﬁe&}%gégt %K refer to
m%@mséﬂmabmdt?am ysedsin @readtent Thltﬁeafdr)nmllxepmlml axide catalyst may be
r j.qn. r l,0 a
AR "E%upﬁotgﬁgﬁb%egfeﬁshtau#ﬁeﬂgéﬁmw omes o
ccshmdmjrdmydaerfmbbadlystmrmtmi seal ed reactl on vessel at
a pH of, n re.t oul nt s

10 he corﬁaso?ten et:eé%a & 3@%0 ml’n(ec{ e%? A ﬂgﬂﬁﬁ“@h be further
VG&B&B Stlc}a txptrhrmfltsnatn nnhﬂetfoarexahmmca&nﬁnoﬁn‘ ()@} imdiding heat

an _ab not re tha 2.0, of not.

il ek 8 Bl RO RRDheeoiotier Vo reatmen
nQitmﬁEphérei h’HlIib abouhxéll et (ﬁidenéﬂn B@rcﬁlshé'tﬁbr @peukd Prior to such

one or nt.s, e pH may be from. abou
o t‘s“at“be“&B‘B Pr H‘te”f“h“eé‘flﬁ P“‘éﬂ’rri}tﬁ fﬁ‘?@‘ﬂtegt ¥’? PRy IRRRSIeTs ’{06 example,
15 ahBalirynixédimy@t 0:08d @ be BBAsHaITP BtuShed| s thabeidindd. S5 t 0
about 3.5. In sonme enbo%wnents the pH.is fraom about

0.7 to 14pGelpmation maybe ¢tfrcted i an meRPEdkAing: AT &Xidiping gfmosphere. In
akfblembolithedl Qt!least-a gdrLofPite B inREorAH] cdadiREEAOY aAGthB&here of an

acid or base to the reaction m xture, The source
c dRFTbeATdS £c HRflepn @ flowpfiapanertgash suchas niepeem gastthayds substantially free

V&tof)senain did%r fiRE ERBSHInERE dhd &AGHALBR c6RMbds!iNISde temperatures
(i ncluding for exanpl ., reaction t enper at ur es,

20 ; gargingfomebew 208 £C topbous 70Q 3G, imyother embodimense &om abeut 400 °C to
aQ@X@%ﬁBGE a period of time sufficient to formthe
m xed netal oxide. In one or nore enbodinments, the
m xed detoas opxiaie embhadimenisnthd heangr fempsrature of ithe étyamixed metal
S | o
2ol AGP IRl ahiialy 16 ERLERG FoaRRHR, A5 Bhiphanao:
r dficpm gbaue 580°/S takbaup éOQ‘,’tG Jutcentain ﬁmboct\memv,snalnektep calcination may

253 %eee(r:rtplcélt%d pIrnQﬁ)e%? ging&%ltn%gtg,ﬁthggﬁ ﬁ?kcﬁj ﬂlteta? gxigg gértée)lg%t tnllaa/nbe partially

I on ca erio
t icateiried anmtelata/eiydWyemparatumadf at laasd abram 200 eC, a0id thiemrat one or more
h r@ & pefatuergis (gf Peatt ouq 48§ QO V] ?hsu’l the rarrg:egsettt fmﬁpllfI tremab)(()ve

ei ght edrhe hesated, (eeg_, t:zﬂaﬁéd) abixed metndxidd may Wbeofurther aiechanically

| east ,about. thirty h S, . | east ab
ndted Bebink Jor SRboe b i gine.SeE A0 Piyssitk el mB getal oxide
30|f Qﬁﬁ)}{tsﬂ'ikr)ﬁmnh GoiTuSe er’:‘the pasds olﬂbﬁ presértfiivwehiion. hours, at
east aboyt si xt our eas Si xty-s
hours dR oRer F’Eg%‘i‘{ms’%d gaéﬁhéﬁﬁt‘%i‘ytt*\ﬁdgﬁ’& o “Fzé"&é‘lt f‘(’HH prior to any
Pehicfisionf of biier Gédl RARME NFIFDEEmplRAM t}tya@pﬂae(&m of a fixed bed
i ncludi ng for exanple at |east about four_ days,
| ecatalysh it cafalXst RIgapEsor Hurye iss fyPigdlly tdrisdxby &wmgaet an elevated
| qerﬁ{)er%&uancﬁﬂl\éﬁ Rh&RYSe. gakx&lﬁfé&tp@l@ﬁigd 3] tmﬁg%es@tl fixed bed
| east about three weeks, or at |east about one nont
35 Soatalysbsire endeesmewmatien nmrttaucwpwgmah §impijasly; i they ptemeratlon of fluid
net al conponents used in the aﬁnthe5|s of the catalyst
(also referred to herein as a““source” or "sources")
may beprovided to the reaction vessel as aqueous
solutions of the netal salts. Sone source conpounds
may be provided to the reaction vessels as solids or
as slurries conprising solid particul ates dispersed in
an aqueous nedla Sone source conpounds may be

N a . o s - o s



oxal at e, ni obi um oxi de, ni obi um et hoxi de and ni obic
aci d. Tungsten sources include amoni um net at ungst at e,

W@ 009844563 aci d, and tungsten trioxide. Tell uriREm/Us2008/011551
sources include telluric acid, tellurium dioxide,

teI l.uriumtrioxide, org anl teI | urium conpounds such
asPedeBRyStse fhe YS&H’E?"EFF?FB%W mpg bp §PIY drigd foyielghmicrospheroidal

socsaw)s%s phftieley dRving! fakfc 10 AR iR RS@ngd HBA ABuf16%b WBout 200
Ti Q2 titani um i sopropoxide, Ti(oxalate),

Ti rejcaRns d eacalsined) Vanatignsgon the abgvgrmethads will de recognized by those
 Cofiple@ARthe aiiCh as Tyzor 131. Titaniumdioxide is

aval | abl e as Degussa P-25, Tronox A-K-1, and Tronox

58602 (f(Algieatiops prarhecronducteiBBing aTptanskilm eéls}ldlm‘lrhsrd &ilnjonthe like.
(1) orRCG! AbR: cBUAMEL BaRUIGR s LORLUIE 105! SRHNHTnbet) state, and
oxi de. Zirconi um sources inc e zi rcony n| tra d
Zi preleing of (unkAenosaldientiobileailingn te audatemration ofnibk yuleperties and/or a
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PeCI}r%% Elllr?eCf g Hlea 08 Plfj{nﬁctlﬁa?’f")‘t%%s%gén dé%v)?p Corl]lélg{dthe conditions
C etffl cuhlflr(ahtbﬂ jnapde pedseledtydi surhahat Ricas Q0 ¢ atdlyss Oothpids one or more
l{IﬂF aseodym um (I'11) chloride, praseodym um
(IcIrYS ‘{IJ)O M$8de, praseodymium (I111) isopropoxide, and

praseodym um (111 )M@ﬂﬁﬂiﬂfﬁ‘om atn@slcm&meum sour ces
i ncl ud neo mumq&lll chl ori , nheodymum (I111)

oxi de, S e "i“’é’oﬁFoB@R‘i‘ra% byarﬁ?mrli’é%’égl rHg nfresh catalyst
15( |doh)po§iﬁ6ﬁ Eﬁs&i Eﬁtﬂ?ﬁtcﬁmp&iﬁf&f aHpSRIHGRS MBYifibNGh PEsical mixing,

samarjum (111) oride, samarium (l11) oxide

sa\ﬁeérinmwwm 9Ts B3R SRR Hations Af) theserteéhmiAues. | Ppe or more of the

ACRhoRedV bR bep reEfoe@lmos@ﬂ lof S&ditBHis nBCREl. Y6 MM diment,
(I'11) chloride, europium (I11) oxide, and europlum

(1the yergz,r@@aqeemwiﬂéfsra%r@ fre@e@ialiymrmzm beoprearisedyayd then imiged with the
Oafloh | Al (+d ;peﬁaﬁ,%bed Snod#Olk BiMhddel! 4t OGS st of the
gadol i ni um acetate hydrate.” Ter bl um sources

20 rreenagationep |thﬁn fash | gatalysit opdnepesitivrr Bloweverl 1in) cayteind@mbodiments
e S BEAn 5L S8, K B eS8 I SRR o o e
( 1frdsh caalysteompgsiperosi um (111) i sopr opoxi de, and
d I t
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b | ] h bi L]l i de, .. .
25, er IB?éJufne(lsrfllslf P sg')1 or'd o% gnely &h 08“‘2 &’B?rﬂ{?qc% ‘glnéﬁ"l&'g?%ﬁer with the
hydtadytse compesiiata Fosmdtles embodintent, tte pbifbldnlaum (riokliﬁer has a more

hl d thul i | Lde,
o ot Betighipied & 9t ekt At 8 BB st Ik Epblrat
yt t er bilidhé bt mbreCétheudirtents, ke ﬁ’rﬁ)lmimcé ImddifiedXhadebe added to one or

ytterbjum pro oxi de, and ytterhi um

aé@f‘hi’éhj’ﬁ ;Pé‘?‘ia‘f‘@ ﬁ":’%g §t BIMRQ§Htieps 9“‘P’E‘r‘§§at5’d’@ methods. In one
30 | Wnodini8nt, thé physiaPmiere Jf pedbimantd mbdified) et midddChxide catalyst,

lutetium (111) acetate hydrate. Nitrates of the above

li %‘fié‘éedfﬁ!txﬁﬁ gmﬁaya%lvgtén%eéﬁﬁam%@ afeatdfErgppent or calcination.
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reaction nmediummay vary due to the solubilities of

t rse sowleyedc &mmm@awmpﬁlésr COMPRINgGS Ry paradiied tathe catalyst
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35 mimixture nw then bd smarfbl withcthe @QXW]OUﬁe cafalybsl eompositiens via physical

stirred) of the reactants. é%s typical in

hydr ot her mal synthesis of nlx netal oxides to | eave

an amount of headspace in the reactor vessel.

Foll owi ng the reaction step, further steps of the

catal yst preparati on nethods nay include work-up

steps, including for exanple cooling the reaction

nedlun1conpr|3|ng the n1xed netal OXIde (e g., to




dried. Drying the m xed netal oxide can be effected

under anbient conditions (e.g., at a tenperature of
W@bwan4g353 C at at nospheric pressure), and/ or iPCHEES2008/011551

oven, for exanple, at a tenperature ranging from about

40 C to about 150 0OC, and in one or nore enbodi nents

atMixHg N MPeEREoByver a drying tine rangi ng from about

fi \QnersRRB{PrbpddeSid ISeBiTtSne AL A o AASHAT ad PO idation Reaction

enbodi nents of about twelve hours. Drying can

ef f ect ddic prr§eH AvensaR PEIvidss agoagsicion comietting propane to acrylonitrile

at AR SPhRk e t@nge&lgﬁ'ygﬁ%ﬁﬁg Tgt: gﬂé&gse G iRy Zﬂ?ﬁ)aﬂﬁﬁlanﬁ{&ture of a
gas, an oxi dati ve are INng gas or
5 operforeanceyodifien ratfsesbfrmxehi axiderpatalyst compasitionandadisedmigted oxide
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CSrbBERA Sy B o Frm gba 0 125 T HFHG il Snpiget Srkadient, from about
otolET to 3B6Ut 4SS, sﬁtmmua@l& enBOATAGHE TrddeaKDEL 0185 tdBduPd. In one or more
sup ort sol, such as silica sol. A second aqueous

digentst thermolpsralp of RrapaAnG,Or iSehpAmRitd gmmeniaHs fom bayt 0.3 to

15 aradoaw hrid MGnoMerrMVdiR i Ordrk 8bdu® 0BAY Bbbut 3PTheOfRad t¥eash can also
dlcarboxyllc acid, and optlonally ot her source

CSRPBUFRIONeTIE  MoFes radgifignale dendy camperapss, including acrylonitrile or

S %éﬂﬁdc%ﬂ&ﬁﬁiléjﬁlroﬂﬁc‘i (@é CREATYARE du@arh O Fofh Jnmaflﬁar-stage of a multi-

aqueous solution/slurry. Precipitate and/or suspen
s Stage seagiay), ssl/grstegne Hor examplenthe feedetrram qan xompise foom about 5% to
'b@tq 0% b§’ L%ﬂt of yddfﬁ&ﬁgpfeg@b&bp&?éhtger talaly sk é tal amount of the
Var 1 ous wor k- steps and net hod gryl ng an 7or
20 c 4t straahoor bm;olb telatiyp ltothe @mopwt of propameherdsabuiane mathe feed stream.
c
a2 o S Py L BB nHph 0P RECbEBladon of propane 1o
s akyldniinilesis arange-thgougiroeds, (i4) it epetitasheittoet mayclagfizcoered but
soI S denoted (B). Anmoni um
aktg?%%ga ali%ﬁa!ammm um net avanadat e and di anti nony
t r | oxXi dl’eopanee caddlsube oonmattef to a‘coﬂicomeldaddysdbaame gymethacrylic acid
25 I%ytprﬁg‘%lgj : a()rlll% togrr)lri(%rér’: é? 5hre]: aaarﬁrglgﬁtgo%ren&l ;?t%llygtfs (uA)a gaf Pﬁ?% E_}ﬁ)w reactor,
praaﬂ eﬁmtadmg hisd cdtdiest hxemtpmlgme $n fherprasemaecbfwitygen (81gl proividgd to the
he m xture.. Adv eous t.ne aqueous m xture is
haeBoR A e P GRAET ERMPHENE A OB PPN OB, Fictces and
t Qypidudlyrady) oider Bk tion@npidions effdctivdwe foinx ictylec acidi@he feed stream for
heatl ﬁ% erforned under ref] ux b}/ usi ng X
edb‘?ﬁ fign ﬁ@y SOMRFTCS,PrAR3AY Qh LPutane, o Ry seh Bapgipg from about
30 heats R0abeROSs) arldgirkféiablyt iemOdobt 0125 BROLBYut QETRE BdekiYstreSm can also
in the range of from about 101 C to, 102 C. El evated
t CAPEFSR PNCey %9 a%tlﬁm fredicAmponegts: Bsldinggerylip ggidor grethacrylic
MOk prolfiey e%h eroheAde o tt@amﬁ ol £h daalefrrsage 8BPMu1tRRade reactor),
e

to about 1 t|n time is typically from

alsodfor ptegy. E@betanaﬂmtt}? §eedvtﬁ@n 2R CORPESS AbPU Sipde abente30% by
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35 pexfpmpdeelamllaﬂ‘@@ed@hembport mat eri al , such as

silica sol, nay be added to t aqueous m xt ur e (A

after heating as descri bed abéve. \When hydrogen

peroxi de is added to the aqueous m xture (A), the

anount of the hydrogen peroxide may be such that the

nol ar ratio of hydrogen peroxide to antinony (H2q 2/ Sb

nolar ratio) conmpound in terns of antinony is in the

range of from about O 01 to about 20, in one
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therein a part of the ni obi um conpound. The
prelimnary niobi um contai ni ng agqueous sol uti on or

WO R@bioesssxont ai ni ng aqueous m xture may then bRCT/US10081011551
whereby if a dicarboxylic acid was added, a portion of

it may §£e0|p|tate The step of cooling. m
f ol | onedPbsPerdrditiayot the epvRhespllewreagtoni rsCrzﬁt swlv@nncal Hence,
acthél gf 5 SHAS NEw RERLIr ThAIBE ¥ fiRELRIAUBERY RRIdME Y SQURr, or another
sol ution, or_renoving the precipitated dicarboxylic
acyee %ﬁfﬂaqt?femwp@ﬁrd@a beiagHglmicedior oG teroparaater in a multi-stage
Ni QRIS GRAL T BhOGr ARME e,%odnnéﬁty e rd 2Rk %Baﬁpﬂbés Yl 1 nore feed
a ni obi um cont ai ni ng gueous d (B).

5 en‘B’Gtﬁ feefeeding g faﬁfm‘@f@ $tieami to a(r@;cnmyomfcm macrteld alyyaction zone

ot s ing SR ARRANT i B et BF BRI releigp progyers and

tenp@mﬁﬂm&e@nﬁn a range of from about 50 C to about
100 C. e | t u
conpound: rgclgc car gl)tg? gna Sbe controilecf‘) Ito %1 e?tu gavg dfor converting the
D| msp:inat it® naomg?lomtrde Noo bao.nyhoc oimbund fmaycoheerﬁng) Nk e dsobyitane to
ddi,t i
10 ety e Bt pRuRESlr adf RisRbn PRy aR: BE ORRPHLE Bickpqronitile

adb¢herally, reagioarbadltiomrihcludd Dlempedturdradgitlg Goal 4oubB0PC to about

arg added to te fol | owed eat | stirring
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z%arbo yI| acid to the ni obi um compound in terns

BRI S The PreESUranigle sRrRctmong Lbe qonirglishio range, fr«rrn about 0

15 Oriﬁxgeﬁth%Ghﬁ'mtpmg th bitCerhiddd e ffrohd S8HuBDPYHg 18 abSutae g)%lg, and in
I'n other enbodi nents, the niobium source compoun

|ﬁ@Fﬁ&é@oﬁﬁﬁﬂpdﬁWhQHWb%Eﬁé%hﬂé?bﬂﬂﬁﬁhnnon|un1n|ob|um

oxal at Q}enmﬁg fHet 16% 1AteObf WY 9%95&961”%%@5@ cBhtaining feedstream
ammn|umn|0|um0xa|ate|s used as the ni obium

cdhﬁ%&‘h the reapsionizeng pbthy Isprrhase fowgresrtar maybe eanirollpd to provide a
IﬁlhouhP esgsueobelmysmﬁge) %gﬂ%umn%\smbs 02968804tNs, in some

te ormo solid m xture r as a |sperS|on|n
20 aremhoginesmis fem ahe'du 004 tOWb@nt hi apdiin other ambedimentd feosn abmait 0.1 to

w BREATS SRERRA, SRR ol A AN AR bR bl canye
durer heprt he producti on thereof t he ni obic aC|d may be
washed "I\Met %g@lﬂfx?q%g@&ge 2 s o? 26 lﬂ:t I {9{& %p Qtﬁaé’vqtﬁﬁ{mle and/or

prior to u Nt agebus 1o use,
ni méihamyltccmmqundnct earl treg stidtyd, i depiaede tomi ashixir side gooinotsradd/or from

Howeve ni obi um cE ound hat,is slight de
25 (PR Frelef BERGRIE A ofe el K ind By et e BPfpers in
Stdﬁ’ﬁﬂ@&daﬂﬁd nidyendludeeCOgr@yrbor divséld.+ dailsoncraneside), dydgen cyanide
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aqua@&és ufifeXéted @xiygen (0,)P AMnwhid ONH;)e MdesheAB(N,}, helium (He), and
nalnta|$ed mnthln the range of from about 0.2 to about

0.SBTRHP ¥ fES sol ution or mixture. The

0d| car boxyl i c acid i sSPECIPICEMBODIMENTRdI nents, used
in an anount such that the nplar, ratio_of dlcarboxyllc

aci d t dn Qrdshite pHUSHERE S tstept InxsntiencfRmples P F3tdlyst mixtures

ab@ut pephfed A herBevalaRia @ﬁeﬁéﬂﬁnﬂ&srem%n@lftloﬁsh %e compositions

dlcarboxyllc acid is used, a | arge anount of

ni lissdibeloporrp seminakegmesitionss dased en theﬁonah@etatmééwn the preparation
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solution or mxture may becon%?too | arge, thus

decreasing the utilization of The dicarboxylic acid.

On the other hand, when an inadequate anmount of the

di carboxylic acid is used, a |large anount of the

ni obi um conmpound may remai n undi ssol ved and suspended

in the agueous solution or mxture, and as such may be

subsequently reaned fron1the aqueous n1xture thus
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When the dicarboxylic acid/niobiumnolar ratio of the
obt ai ned ni obi untont ai ni ng aqueous solution is outside
wo b@onsssge of from about 2 to about 6, either PEEUS2008/011551

ni obi um conpound or di carboxylic acid may be added to

t he aqueous | iqui B) .so that the dicarboxylic

L &%%%e§aﬁ%?mmma@ogwaw&ﬁlwa| I's within

t he ab@teiiesitdln eehs preheed HOMERRLL fohh, SLBRIER 1o MEGBJR Bescribed
operation i s unnecessary since an _aqueous liquid (B)

haltreity 4 mertincefriBefiprh eatalystayasi comtbined oftapsed spfalyst and a catalyst
W hbdiflelt 8 niiREDR aQfry Etﬁfén%)a\%%a Aedt@nielQhikert Can be
prepared by approprlatefy controlling the ) .

> concentGaaly$ivasrvalpded inod i ae Suidpsdrerctarthavinataj diarpéter of 1-inch.
t e ie SAEORAY EflaFocdClith Lok BB (01aBR: Q;@'F & %Qgﬂﬂﬁte%gal%ﬁ Qr catalyst
cooling tenperature of the above-nentioned prelimnary
ni olxiuren Ryopangi wisrfgd arjo dlrursaciot attd oite of atayti@dddo about 0.15 WWH

m : i QUi further ri .
OSRGOSl e o e
agestorsat biflpwi wte(sBYh thay athmoptieo popagr mte way ftomgebout 1 to about 1.5.

peg oxi de. ...In these or .othe iments, . .
10 DS ide TR red ot DED SrabfiaiBEd 5 s cE 4N aOBRt 1 psis Reaction
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titani conpoun e.g.,titani i oxi de ich .can, be )
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waﬁdg)m.l%oVﬁﬁﬁaﬁogmgﬂxah@ igjlclu_ﬂingmG ?ld}odh éi@ﬁtll:lﬁil,icat fl@port. The

anount of t rogen per.gxide is_suc at the

r aﬁafagvswawaf%&ﬁﬁn 626 s Mg Bt reactop b fesslisi ﬁlaovrr%@gf able 1.
152/ No  nExafpleat-1 0) THeMist € EdtBly Qfof WoBlphidfivd Bxdniplé N evas@BHBined with

t 0.5 to about 20,..and in anot her

of from abo . . ,
er%aicﬁ@ﬁﬁ having fhe nomigY @mPesitien Madee ShoaibepBuin ggatio of 2/3
| Nuse® Challyt 8NMDD GHebe BAtalystahd Aol SHABNBOMRP YD, ifi ol affdhint of 0.1
with at [east a part o?l t he aqueous |iquid (é) and the

hyBapleyeis e saleMosin e b catali campesitianaThecatalst s evaluated in
0] ) co il Bdd 1Rhctd R e IPRY skAPRAURG N terms of
ant i rmra/ﬁy;o t he ni obi um conpound in terns of niobium )
20i s not rarative Exampla 2 5, Aaratplysh Waseprenpsrshatige thej sgme nominal
t 3 . ] :
mrt%tn{ ?gg@ ?g gﬁ%ﬂ%ﬁ%%an%ilegﬁi@Q(C%?%y%beﬁ#{%ggﬁa 40 cc fluid bed
t ogeatéreThe reselis aggpshowprn dalde datio to form an aqueous
sol uti r§y.. ' f . ' [ . .
accor danamell Y - el bt gk b i 2¥e cBimbined with
c dfiresh yestalysT havirgrthemonuhal swwhipdsitiom MdVe . spuabbss@i Xt aratio of 2/3
S neral.ly range t ercent
25 oy SERGRTS ¥ B e RS SR B 00, BELEERbype of 002
t heolagofMospenmmole/Me inghd basencatblystt cofripositos Thp entbyst why evaluated

wei ,__in.anqgt he odi ment , . from ut 15 to 55
pe‘ng‘htcc W“@eﬁgdﬁ"t",&:ﬁ% I [ﬁgﬁr&sﬁ Y E ag’gﬁ 1tn'nsnt, t he
amount Exampil 2-ds- i Thet ied moakalyst of iBxafiplen2-dbway céfibined with fresh

about 5 ercent by weight,. b on.the total .
st B, S forp el Corthhssion MV site Rl o0 Hh g atio of 273 used

30 WheakaBys@toS1/B iffesh m{a@ bh®6ls€ edmbidet witts SEhes i &flambli of 0.1 moles of
aqueous solutjon/s urr% IS preparedg%o as to conﬁain,a
S pes mgle Mq indhe P:ﬁgﬁ:é iy’st cpmyosition. |catalyst Wasgraluated in a 40 cc
Si f14ig 83d reddi6r. THOLRA1tOre SHOVnSATRBIE 10f silica may be
appropriately adjusted in accordance with the desired
anmount of the silica carrier in the catalyst to be
obt ai ned. The aqueous solution/slurry nmay be dried to
remove the liquid portion. Drying may be conducted by
35conventional nethods, such as spray drying or
evaporation drying. Spray dryij)g is particularly
useful, because a fine, spheri®al, dry solid is
obt ai ned. The spray drying can be conducted by
centrifugation. The aqueous solution/slurry may be
dried to renove the liquid portion. Drying may be
conducted by conventional mnethods, such as spray
drying or evaporation drying. Spray drying is




be understood that the terns "dry" and "dried"
describe a solid fromwhich nost |iquidhas been
WO 2000048353 al t hough sone noi sture may rerrai n. TPET/E82908011551
unl ess otherw se indicated, the terns "dry" and
"dried" should be interpret e,g to_nmean substanti all y
dry. For purposes of this sp %l?l?llcatlon the term"dry
m[Xed nmetal oxijde|cafal ySt - [cOontInues [Lo fFerer QTS T~
supsiance t hr olgh e, |epd eemaeidite ehieirs t e pitemistet 57 4 g2 | co
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conposition, used catal yst conposition, and
performance nodifier via physical m xing, wet
WO pgPeERIas i on, or some conbi nati on of these terdMUMNIOF011551
One or nore of the conponents may be pre-m xed. The
Lon is nqt critical. In one enbodine
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feed stream can al so conprise one or nore additiona
feed conmponents, including acrylonitrile or

nmet hacrylonitrile product (e.g., froma recycle stream
or froman earlier-stage of aégulti stage reactor),
and/ or steam For exanple, f eedstream can conpri se
from about 5% to about 3096by wei ght of additiona

feed conponents, relative to the total anount of the
feed stream or by nole relative to the anount of
propane or isobutane in the feed stream |n one
enbodlnent the process descri bed hereln for the
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this reaction preferably conprises propane or
i sobut ane to oxygen rangi ng fromabout 0.15 to about

WG 20094048583 ef er abl y from about 0.25 to about 2.Pdresioesel1ss1

streantcan al so conprise one or nore additional feed

conpone |nclgd|n acryljc acid or nethacrylic acid
pr oduct O(H?a&‘t‘vfr mple etycle Alhnvey PreRdrRdafhaving the nominal

e&foh‘lp@ﬁméﬁ a%o@J3SBo JMWh §sTio SCRIEOL, el ﬁfc)udn%n db o%, & &@ight silica
For exa f eedst eam can conpri se about 5%to

ab*aetorsc'rfg& svaboe. vritevalaptad ined ¢ fyid bedreaston Fbe sulss are shown in
t heypleepd stream or by nole relative to the anount of

propane i sobutane in the feed stream The specific
desi gn Fypmpleet-hasthg isatalystaf &xomparative Exqmpla dtwasgpmbined with 0.025
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o rmales ef Gafxper mioket Mo ﬁmthefbewohang'sacqm;wsmant Tl‘feeaetm.stst wamwluated
the reac tion zone
oo EF Fbl e F o e R FR P R 5 L e For
dlscharglng reaction products and unreacted reactants.
The reaction conditions may P ntrolled to be
effective for convertlng t he %ﬂ %ane to acrylonitrile

ol acrylic acid Torf converting|the [sobutang t

ngt hacryl onitril e Fress. [Yerkp Fbke YAknfofre %ﬁﬂoﬂﬁle'ﬁtﬁiﬁeﬁﬁiﬂlam conqrep | Mo
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reacti on conditions h t enper at pr e ranglP&ﬂf Stream
g; itz ol 00 0 5?% T I T A ,JL‘Z,S,,!,Q-Z i
about 350 00 tolabduitass ¢ land Lo othe ’ZLYKZJ.‘ZW' td
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reaction zone cab®hell gdbhi B [e#dtb HAn0E2 11 din abbblif6Ig 140 | 1
pgig to about 200 psid, In ophe enpodi nent frontab%ﬁt 0
psgpletdd about 1000t d 40 arits | nesohedenpad] mant $ of | aemn| w1 [ 7
about 0 psig to about 50 psig. Generally, the tTow

rate of the propane or isobutene containing feedstream

15 t hr ouglwhiReme Faeboifg dERABHAT arddBe ABSveRBRRithd i are 1ca1 for the
reactor nmay be controlled to provide a weight hour

s Paredicy of Higiisant ypysyion, s ekigent thrhmany pterpativest r@oétﬁee}tons, and

5.vatiftici Wile B AdpAreRt & fHoMsRMEN tin Qnd Art 9, apQubs thls %@gtnpnon
in other enmbodi nents from about 0.1 to about 0.5,

eadsordingly, if & intspderb that all suely aléasnatives, aredificatipasoand mtlons are
t

acr S AR P E AU eESpi O teod B AT dphded claims.
and/or nmethacrylic acid product can be isolated, if
desired, from ot her side-products and/or from
unreacted reactants according to nethod known in the
art. Side products in anmoxidation may include COx
(carbon di oxi de + carbon nonoxi de), hydrogen cyani de
(HCN) and acetonitrile or nmethyl cyanide (CH3CN). The
ef fl uent of the reactor may al so i ncl ude unreacted
oxygen (Q2), ammonia (NH ), nitrogen (N2), helium
(He), and entrained catalyst fines. SPECIFIC

EMBODI MENTS I n order to illustrate the instant

i nvention, sanples of various catalyst m xtures were
prepared and then eval uated under simlar reaction
conditions. The conpositions |isted bel ow are nom na
conpositions, based on the total netals added in the
preparati on of the catal yst m,yture. Since some netals
may be | ost or may not conpletély react during the
catal yst preparation, the actual conposition of the
finished catalyst m xturemay vary slightly fromthe
nom nal conpositions shown bel ow. Fresh catal yst was
prepared in its final form according to nmethods
descri bed hereln A portlon of the fresh catalyst was
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reactor at a flow rate such that amonia to propane
ratio was fromabout 1 to about 1.5. Pressure inside
w0 b@9nessss or was mai ntai ned at about 2 to aboupCWBS2008/011551
psig. Reaction tenperatures were in the range of about
420 to about 460 C. Conparative Exanple 1 - A catal yst
was prepared having the nomAAMMPnposition:
MoVo. 2i Sbo. 24Nb0. 09g x, and including 45 % by wei ght
silica support. The catal yst was evaluated in a 40 cc
f1\We@laBd reactor. The results are shown in Table 1.
Exanpl g 1-1 x prbb&s $si8fe &ﬁfn@kﬁi%om‘gr onaHRéH Gt Burk¥@BPlrRaturated
1 was conbined with fresh catal yst having the nom na
5 conpeisiurg efrsafsated and isetupaedoeydowarben itg)preducet dnoinsdturated nitrile or

u i .and al so conbi ned
V\Asatqﬂm%&%% oA ah&aa]cnouﬁgla g?ﬁas@?{,ﬁh%{ &of Sb per nole M
in the base paam@hg/statdmtpmstutq mnprfﬂmg cat al yst was
:\rlgl gﬁg\;\qﬁesb n'?m%etﬁﬁgetggo{l!&%&a%lg g??@gﬁﬁ%&mqygg%ﬁnei%;dwm niobium,
c andlaykhstwas elpmelpasebdteﬂ] eﬁmmrtge ghoep smmstlmg)oﬁ a’mhlony and tellurium,
corrp05|t| op._as ,Co cat al yst.. was

10 eval uafeiicd pisedfpetal éu?agahbséa(%%résﬂgo?‘oggﬂ é‘“fneg%}l‘afiglm niobium,
arad&hmmﬁt oneg cladng sé]ect&(ﬁmnl the grolip corditing EAntidbdRY ysd tellurium,

nparative Exanple 2 was conbined with fresh

ca*’tn | yst having the nom nal conposition MoVo 2
| Sbo. 24NpedSthaacé Mmadificit seleddéd Fot UBEgréd @onsitingO ot/ auminum

fresh caj al éSt and al so conbined with ybo in an anount .
ofcogpgH UMGRY \GOMPRINGsy | ALSeRYS  POMPQPRdS aRQIOR sgoxiReuRds, cerium

15 ccuasmg,auﬁdso rgerrffzhﬁurﬁ atahpouinds)afthRid | dedipBends x@odlﬁmﬁﬁl compounds,
fluid bed reactor. The results are shown in Tab
aea y@ xompoundse plshIEs argrEpoUsds, Esslepium 2cqnma1§ds tantalum
ipB&chsWetitrifh %&Bg&a{dglmlmh Q¥inPeurial) quﬁgaf&l%}n ounds, vanadium
corrp05|t|on MoVo 21Sbo Z4Nb0. 090K i a ratio of B
ussermpewrds) igoniug conpopndss pndogixiressthergefgand so conbi ned
with SQ@@ctin% tfe s?tm%t oroltnthm]ateﬁD&relﬁlxgjre %P sBﬁfate@DAng 1M§aturated
in the base Catalyst conposition. The catalyst
20 e\hydrpgamden j witha an @xygerf-¢apiaining @as, eQIcWUh anTWe/gp@smtmsmg gas and
ar g, W3 iR iRl gﬁ[}paratlve Exanple 3 - A
cat rﬁé}gt WaHsgp %epcgroéc};gﬁcg@r%mt nom nal conposition:
MoVo 2i Sbo 24Nt >009q x, and including 45 % by wei ght
silica,supp S a 4
£l uid b2e dr ggxépro-ggs%ﬂ% % a%)i fvpcggzlrtge %ﬁé’lgﬁ%%dl see?ef?e% from the
om:l eo&stmg dth eluoatweh ylstrate,f alﬁmmarmtmwey(m)am&ide Antimony(I1I)
25 hOé(a ageS e gn?on\PMyglh) 2%1%%16%' g grrrllonyﬁ.ﬁg 0():%1 ealan 1mo\1,1\%'\4?3trox1de SbsO13,
e\méeua(m()l oxidey aﬂ:@ema(\/f)l anide, barsenice acidp rbordfh @xides otis acid, ceric

are shown i.n Tabl e at.al yst of
ST, bitea Hfwh st CRBmLg G PRty oxice,
ShpdaBarfieh (IND beidd/Hithiand sddd) ditieiumg dlyaloxhRie, BIRRAOSdetdt@Nithium nitrate,
De cat al t was eval uated in a 40 cc fluid bed

thipgy ta Ié" r YRHPRIYM, ORI, \QX31atesT JHPRIUm - oxglate, nipbium  oxide,

30- p_ﬁbﬁagﬁgisabél{ﬁdmdb; agg‘g&ﬂﬁrﬂt Bb@ﬁ)lﬁl@arﬁﬁieﬁluﬁ'l ‘dﬁﬁudéo 'ﬁiitzﬂ@ﬂ(V) oxide,
noiLes O
cé?lé‘IeralCIdc tiygumdigride. ﬂ'é‘“&%‘ttﬁP’yg?’ ryide ﬁéayaanuslpéule i(FiQy), anatase

4Q1t§xﬁu1§1|d1’d)ﬂdebﬁ9b{)eﬁlﬁﬁiﬂﬁ1 1SJﬂ}§prﬂ§:U1l'f(5(oﬁflﬁe)s RRY&eh Rioxide, vanadyl
Tabl e 2. Exanpl e - The catal yst of n&aratlve

Exaxaistee vaadiaam @Hml% aggdiymn Vo 2x1|4@>| vagadiym({V)@xidgezirconyl nitrate,
nngn%ml}{g 4nfl nhgﬁrégfﬂ%?e&at al yst conposition. The catal yst
was eval uat e 40 cc fluid bed reactor. The
35results are shown in Table 2. Exanple 3-5 - The
cat al yst of Conparative Exarrplﬁ 3 was conbined with
0.02 noles H TeO per nole M i1 the base catal yst
conposition. The catal yst was evaluated in a 40 cc
fluid bed reactor. The results are shown in Table
2. Exanple 3-6 - The catal yst of Conparative Exanple 3
was conbined with 0.1 noles of Sh20 per nole M. The
cat aI yst was eval uat ed in a 40 cc fI UI d bed reactor
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nol es of Sb20 per nole Mb. The catal yst was eval uated
in a 40 cc fluid bed reactor. The results are shown in

W 2be48853 Exanpl e 3-9 - The catal yst of ConparB€T/U82008/011551
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Exanpl e 3 was conbined with 0.05 noles of (N LO2HPO4
per nole M._The cat al Yst was evaluated in a 40 cc

fluid bed r ddepmeessaislaind,whereinone shmare 9fitherpgsfogmance modifier,

Ex@gplesh Mixkd metal Ride@h@ly¥s in®ihe GRIPALRH nYekal %%ﬂ%btﬁlggt comprises
was conmbined with 0.04 noles of LiOH per nole M | '

t he SBRPSE tedactadySemcthapmaun Penisting, of sHical glymingggirconia, titania, or
evahiatEflededr @ 40 cc fluid bed reactor. The results

are shown in Table 2. Table 2Conparative Exanple 4 - A
catal yst was prepared having the nom nal conposition

MboVoj Shp”Nb@- 1 0] N i i 45 9% |

el oht 51 11 cuearaast PFARET Kne it SalVEl Hikole edfpiiseg at eas
40about 9.0 Linwldsed pedfatance mbdiier peruhole ofiMo shitherotalnamount of fresh
Tapl 4-1 - The catal yst of Conparative
Exaaglr?'gﬁséd%%g?%%g%ﬁdﬁggal ch 0.025 noles O G2 per

nole Mo in the base catal yst conposition. The catal yst

was eval uat in a 40 cc flujd bed reactor. The .

resul tgé “ar ee@‘ﬁo@mc?sﬁ afiem Bf.’ AR Gieyperformepce modifier further

C adoadpyisés amolgbdepamadompeutkanpl e 4 was conbi ned with

0. 025 noles of Ce2 per nole Mo in the base catal yst

conposition. The catal yst was evaluated in a 40 cc

fluid ed r aaetpscessTBECIaRS U] WheRnCorehVBoth df Tigd fr€sh3mixed oxide

Table 3 Wiile the foregoi ng description and . the abogve

e85 hand éheav%dt%fzi gride agtalmtearﬁ PARReredebyopsiigha non-hydrothermal

| nhakedis iBeAt i on, it is evident that many \

alternatives, nodifications, and variations will be

apparent to those skilled in the art in light of this

descri pt i on.ThéGeREE dTHaim 1 whkRin Mt BRALG IR oRpdsittTddmprises

alternatives, nodifications and variations are

enbmaed @xidy definedtoy|the enrirsal fermalaspi rit and broad scope

of the appended cl ai ns. %&I\A@Obmo)%tf'nm 1. A process

for the ammoxi dation or oxi dation of a saturated or

unsat urvehteeain & is seleted Gowfthe group eensisting of WnJat Tis Sn.cGe, Zr, HF, Li,

hydr.qc: t i

r HaARERAG L LIV A iR ' O] Gl o1 o, 2 VNG, S, B

prodi Th, MYy, A &ralms Yol xtand eniswresrtheseefy0d £ reshOmdLed b < 1.0,
[ I 1S{.n0: ' .
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f rexidatios sgtedupercthas itshighest ofidatiohistma) w, & regdf anldlewepresant the molar

and.a rf or manc di fier select fromthe group

c JAL? 8{35?‘%0’6?”%@?\%”%%%2%&“@5?? ti mony conpounds,

arseni ¢ conpounds, boron conpounds, cerium conpounds,

ger mani um cqoppounds, Jithi um conpounds, neodym um_. )
Sompourkis.  PBBTAHT S AR S heHb OB s co ¥ eRRAition comprises

30S €4 Rbicl Bkide APRMEAY . thd @npiAtdl fmREpounds, tel lurium

compounds, titani um conmpounds, tungsten conpounds,
vanadi um conpounds, zi r d4fiVs b@@ﬁ&gﬁmds, and m xtures

t her eofy 208 xCRRLIBEEL Frgmttﬂ@ gidap émistfg gf \r;]w g@,ariy sg,t@a Zr, Hf, Li,

or mxture of saturated and unsaturate ydr ocar bon

wi and rmwu@wg@rnofc: bris sglentesofrern ghe g;pumquﬁis@ng of Ce, La, Pr, Nd, Sm, Eu,
OXd@eﬂs,‘i?W}?d, He"emJ $%, gﬂ‘inﬁmﬂke%’thér&t{ 68 £LE8€0C6.0P% b < 1.0,
aly . The p 1

t he ’cat st ‘'m Xture. rocess of claim 1,

35Whe0@i B cth8.26.20 &ld/st0.60dE £i<el; ni is thenwsbes df foxygentadtems required to

group consi sting of alum num n% trate, alum na,
antinony(l11) oxide, antinony( ] ) oxal ate, antinony
(11r1) tartrate, antinony(V) oxide, antinony tetroxide,
Sb On, arsenic(lll) oxide, arsenic(V) oxide, arsenic
acid, boron oxide, boric acid, eerie amoniumnitrate,
cerium acetate, ceriun(lll) oxal ate hydrate,
ceriunm(1V) oxide,



germani un(1V) oxide, lithiumoxide, |ithium hydroxide,
lithiumacetate, lithiumnitrate, lithiumtartrate,

W@ raoon#sin ni obi um oxal at e, ni obi um oxal at e ni oPCT/HS2008/011551
oxi de, phosphorus pentoxi de, ammni um phosphat e,

sel enj um di oxi de, tantal un'{}‘lzﬁ) oxide, tellurjic acid,
t BASfY valenes esarigementeef off elements @eesent ip itheemixed gxidgnyvith the

di VISt that brie or mERAFAREothir AGhet Hi A hfied(Kid¥dan be present in an
titani umisopropoxide, TiQ(oxalate), tungsten

t rexédatige statgdpwerthamitnhighest oméﬁ@ausem eu b.1c) dapidgerepresent the molar
v aaaslbiie E4nBspShditiEelent @ b HR o zi rconyl
nitrate, zirconia, and m xtures t eof 3. The process
Sof claim1, wherein one or nore of the per f or mance
rTDdI fi I ! t H‘ﬁe f]{rg(% %}‘)((.Fd nPt\gljl ré]?f'tﬂ@ glq :%a%éé mo%ﬁger comprlses
t he used m xed ‘netal oxi de dat ﬁ 8 rises
S u&pnpmony Qél) exided aritinpony(Ih ogalaﬂpam:mmy s{III)rtgrtmte snﬂlmcmy(V) oxide,
g‘mﬁlr%o essf) xbd%nbﬁﬁg ‘%hgtf%gﬁ (ix?éeu?:ea uﬂt he g{hl m, pgdroxide, or
cmepnms(ﬁé)camdelceasnmmbmhbreﬁf 01 nol es of perfor mance
nodi fier per nole of Mo in the total anount of fresh
and used m xed netal oxide catalyst. 5. The process of
cl ai m Jl() whahei pro¢d’de dqieclhiat mancierdin ddaid efepf off tpi"tﬁvﬁdmg comprises
co s a.nolyb um c und.. 6. .The ess
ol BRI TR TR BEE Tl Hetr eeh SR Baced e catalyst
cainalthesﬁertaﬂdaﬂcbmddﬁe,d m xed oxi de catal yst are
prepared by using a non-hydrothermal synthesis nethod.
7. The process of claim1l, wherein the fresh catal yst
15 CONPOSitli ON THhE PRICLHDT cRil11 8. 86hepeih §8d dﬂ% oNBbviing ffther comprises
n’ﬁl rical forpula; MJ VaSbbNchdLeOn erein X1s
sdhesteraf PFedﬁixfl}ﬁethﬁ et mixsdgxide; Gatplyst comppopiionpnd thgyperformance
Genodfier. Hf , Li, and m xtures thereof; L is selected
fromthe group consisting of Ce, La, Pr, Nd, Sm Eu,
™, Tb Dy, Ho, Er, Tm Yb, Lu and m xtures thereof;
0.1 < gp< 11%8 ;Q'oggss %fbclﬁml lo’leerQQ ]saﬁ Gtep Of ?)ﬁnvicﬁné c@mprises
< 0.6, O < e 1: n is the niunb oxygen a
20 e@mbrreng t fseam giixedy amn ceataliy uarr@rmmee‘omanm | modifier via wet
el. ﬁjﬁgp%{.&twgresent in the m xed oxide with the proviso
t ha ne or nore of the other elenents in the m xed
oxi de can be present in an oxidation state | ower than
its highest el tie
r epr esggt i ﬁ‘gé :[f&%gérs atlr% 1 ]}Nh?li%ambSa(l_)cf srt%ﬁjof ﬁggldglgeflurther comprises
t ahostep nﬂieatlng‘orlmlcilﬁng s'ﬁlmecaymimemstumf claim 1, wherein
the used catal yst conposition conprises a m xed oxi de
defined by the enpirical formula: MJ VaSbbNbcXdLeOn
wher ei r14X [ s\prel:eesfc&dha‘ :xrmnbxlha&logrooumdemsdfatsiamgamf orwnsaturated
Te, t% fu g esdt her eszitu LS il
o diraituge BT albdrlgﬁﬁ Bl {‘F% © psgduce gn yppdturgged mitrile or
Sran unkaturatéd oiré&mcl}jtxd kﬂdpﬁbess?ﬁnpﬁd@ng Lu and m Xt ur es
thereof; 0.1 <a.<1 g?
0. 25, @)’h}gSlaallg HIXEg aOdQl rglx ﬁpetall] oiuge f:ﬁélymé)rpqsﬁonnance modifier

30 %Y I Rfima O BRaly QU HiXtBe, tWEadih Sthy mleanﬁetan eskidld QARRsE comprises
of all other elenents present in the m xed oxide with

t Heolybdspnme vanadiung npioRjpmpgpd abfeaﬁth%neoflﬁ‘éimteﬁe@ﬁ’@ﬁt fgom the group

t hon&bearbrantifienf il RAuMER SR IwHeReiR Fhe%i‘f@ﬁ‘hdrﬁ@ nﬁfdﬁie? is selected

lower than its highest oxidation state, a,

arftore the areupe pensisHBg raf| Armingm eorpoundy wrrroey pQSWGﬂOHQdS arsenic

el C

o SPEBlnds £BRG, Fnoule ara, cbBouA HER Rl (CogBlkis, tthium

35 (| doimpoundsd el,eocamtlumongt(lwqumis oxigbinme compruinds nghophorys compounds,

tartrate, antinony(V) oxide, gti nony tetroxide,

Sb60On, germani um (1V) oxide, [lTuric acid, lithium

hydr oxi de, or cerium (1V) oxide or a m xture thereof.

10. The process of claiml, wherein said step of

provi di ng conprises physically mxing the fresh m xed

oxi de catal yst, the used fresh m xed oxi de catal yst,

and the perfor nmance rmdlfl er. 11 The process of claim

. o - o o
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nodi fier. 12. The process of claim1, wherein said
step of providing conprises conbining a fresh m xed
wWo@00d048558% al yst and a performance nodifier vi aP@BEUS2008/011551
I mpr egnati on. 13. The process of claim1, wher ei n said
ste OVIdIn further conprises the steg
{Z’P %‘? “’é‘a‘i"&’l’e f {lapiup qmpponnds Aungpten compounds,

pr@ﬁﬁﬁ&nfceﬁlp&hﬁs B hPBufds, Atk RMm&Eorand
saturated or unsaturated or m xture of saturated and

unsat urcaRiaefing, e setratshon WspirsiRdce mixtun i suprtcdgend unsaturated
%l’dc@rb@ﬁ With Hﬂﬁﬁ& AlthiRh @3, Cord e ansg%%eﬂ? 5&&&331 gas and
rising: pyS|ca y mxing a dry m xed t §
50@@%4, i psesproefod theenatadyshiititiieer to form a cat al yst
m xture, wherein the m xed netal oxide catalyst
conpri ses nol ybdenum vanadi um niobium and at |east
one el dfent Thelpeesesdof claim {lhewlpreiuphe perforstancegmodifier is selected
ant | o ot wherelnthe erfor
modi T i gpré s e?é{l:#gt ‘Eg?nP g?naq%ﬁ%mﬁ’r St ALY qar?ony(lll) oxide,
al antimooy([IE)0 nxﬂatexthmnyl (Hibntarteans) atimday(Va rofxﬁie; antimony tetroxide,

1o PR i RDTHTS SR E D o REin 00 SRRty hore aeid,ceri

CCHiIi’ﬁﬁMﬁﬁiﬁ nﬂﬁ‘at&blcﬂﬁhrﬁow deeriupi(lp pbildts hydrate, cerium(IV) oxide,

BRSO Eh P T QP TR, COURBEREEN lithium nitae,

CARRIQBN BStrate,i Ko b anpaﬂmdﬁ, nadagivnmmt(mmxiaa ehéddmium (III)
and contactin he sgﬁur at ed unsaturated, or m xture
ofISPERRK I HE d )u?cﬁfaé"dh #poREMERHM Rippiugy, oxalate, niobium

15 OX4ERE HOBLA Jidlc[w pB&tphortd$ p&ﬂt&:hd@ﬁnﬁib}{xﬂﬁﬂ pH&BBa% r!;bré&um dioxide,
gas and ammonia, In the presence of the cataly

mtstmalrl@(\’).wmd% é“tﬂ? dlf@%%mo@w’élfl%l(ﬁi%h antase é}tﬁm!fﬁ edioxide (TiO,),
pe(’[tgrﬁﬁrm&ﬁﬁoﬂmgief Tﬁf(okaﬁat&e izl thdx®, YARdgr Glibate, vanadlum (1)
consi st ng alumnumnitrate, alumna, antimony(lll)
oxaxifle, vanadiumody) pridy, venredivme)) oxile FEROpY|(nitraty, zirspRip.cand mixtures
anglapny(V) oxide, antinony tetroxide, Sb On,
arseni c(I I'l) oxide, arsenic(V) oxide, arsenic acid,

20boron oxi de, boric acid, eerie amoni umnitrate,
cerium,acet ]|
ceri u n(ll%\/) %@gr&ggs %&ﬁ%nuﬁ Q@)@le *}%{191 df"{nﬁfallaI an1d&)3( cadtalyst further
| i dolmipuinesay dhasb@nd@lemdnt kﬁ'lmdafc@n ateegmlm ¢onsigtmgdftlanthanum, cerium,

I|th|u tartrat 0 | QF i n ' .
(Iqr'ils)eo a(Amlam, neo %mm% %Xl?}irw%x ( lﬂlré%lu &géédg’&’?fe%g"s%’muﬂ prosium,
( IHolihivag ettr'aium h}mlnmh eyttealxnmmlummum,obmgmroxmhlanm, tin, germanium,
ni obi um oxal ate n 1%gum oxi de, phosphorus pentoxi de,

25 A rATS ATy Eﬁ‘ %ﬁ'ﬁflg Y8 eni um di oxi de, tantal um( V)

oxide, rutile titaniumdioxide (TiQ), anatase

titani di |de . tjtaniumiso
T O oxalfat e e i 14, PR, et o i mixed metal oxide
V adaguliyst l’éh(lhhé pef¥inaie Madidied Yomprisd3 aowp(jiﬁm serordi fusth \the group
oxi de, 2|rconyl nitrate, zirconia, .and res
t HOPsigting of gilicspluping,Zirsenigyftitariay o {nxfure ’fee ‘n the
3om xed netal oxide catal yst further conprises at |east
one el enent sel ected fron1the group consi sting of
| ant haridm d@eipreeessoplzdaimdlAnnigieih s FpiHYShnURePMRHfes at least
e bR 08Y rkAC0b¢ Perkinad Rl RbdTr S SREIO DX WIS i) e Thik8H metal oxide
lum thulium”ytterbium lutetium tungsten,
t|¢%ﬁW&nn tin, germanium zirconium lithium and
haf ni um 17. The process of claim 14, wherein one or
nore of the m xed netal oxide catalyst and the
35perfomance nodifier conprises a support selected from
t he group consisting of silic%¥ al um na, zirconia,
titania, or m xtures thereof 8. The process of claim
14, wherein the catalyst m xture conprises at | east
about 0.01 nol es of performance nodifier per nole of
Mo in the m xed nmetal oxide catalyst.19. The process
of claim 14, wherein said step of physically mxing
conprlses n1X|ng a caIC|ned m xed netal OXIde catalyst

~ N — - o



wherein X is selected fromthe group consisting of W
Te, Ti, Sn, Ge, Zr, Hf, Li, and m xtures thereof; L is

W@ 2008048583 from t he group consisting of Ce, La,PE¥/PSNd$/011551
Sm Eu, Gd Tb Dy, Ho, Er, Tm Yb, Lu and m xtures
thereof <a<10 ? 01.< b < 1.0,,,0.001 < c <
0. 25, ol % d "l;heop@ces(g of glaim 114,nw|h§retq,]éalﬁuﬁﬁérofophyswally mixing

OXyciHtised MiEng £6iKeA0Nxed fdtal Stile M1 GRd & g&wrﬁﬁﬁ&r}h&mer
of all other elenents present in the m xed oxide with

the proviso that one or nore of the other elenments in

the m xgd O)qih@eﬂ&)@&s bgr RlgReN, Whered el HRkddOmhesh a&)ﬁde catalyst
| ower than its hest oxidation state, a, b, c,

S antPrRpriSes @ﬁ@ﬁpxldh definsiddy thexernpirienl fermalas or r espon d i ng

el enent to one nol e of l\lqol\ngbN'ghgdlpbocess of claim
14, wherein the performance ‘nodifier conprises

ant i monyhegé¢in X isorlected framt thergroypp ons)stiog af &, dle, & SnnGeyZr, H, Li,
| t. 1 0¥]

(bl Qb o, 304 IRR i 5 g RN CEI10FL 05, . o

14de\ﬂerIéy,rH¢ Har, e Yy foarand mimthirdsi thereéfy Otlhs m $d>r®p0i03e:$b < 1.0,

| f
10 6 8(1)1 ur |<y g]Zg,io %0&01 fg'%a s%?a‘r ur_af PIsHh€ %ﬁmg%r o:‘flc?(g%nen %ﬁbms requlred to

anmoxt ’ed "or _uns
m satlslﬂyevataﬁlces sdquiretherds afdll vtiratlemahis présynlriache boxed oxide with the
wher ei n id ste act.i n?m ri ses, cantactjn

of. co
¢ hEOEs Ak PR Stmts ot 4G PUPEerht, it et ouds fAnabeokfesent in an
anekiddioa istateclo@er thydl itORigheyd bxidatidh sta@ANb,2c, dghdadrepresent the molar

0X ont ai ni s in the pres e of the catalyst
QX{R eﬁﬁ‘fres?ﬁ‘é“q'bé;%?@?gt%f’mt‘g%eﬁfg'ﬁ{‘ wherein the dry
1sm xed rret al oxide catalyst is prepared by a

non- hydr ot hermal synt hesi s mat hod, 5 The proces
claim 14, wHIFAPCSHPHC i‘:‘llgpl 4o MhgIR | TIRRTICE (180 i comprises

c oamﬁﬂ&@ 311[51 asdldag RSB b RRY afim ST (tmji{alrﬁ/at@ ah&inBeFtV) oxide,

m xed metal oxide catal yst and a performance
nD‘thO@Vt‘tt@xfdér%%‘a')lw&‘t@l“@meélﬁdeoffurther conpri ses the
step of calcining the m xture.

20 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

25 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

30 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

35 mixture.
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