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WD 2005/ 000463 PCT/ US2004/ 017837 M XED METAL OXI DE
CATALYSTS FOR PROPANE AND | SOBUTANE OXI DATI ON AND

WARMDXO@ASTI ON, AND METHODS OF PREPARI NG SAME BCT/09003/017837

- This application clainms the benefit of U S
Provi si onal Application 60/476,528 filed June 6, 2003

MERRDIFETRT O 3 i&@"(ﬁk . ﬁ?ANiﬁAi\tﬁ?gﬂfé’ﬁ*ANE

0 ONAND ANV i) N2 (8100 REPARING
matter, catalyst conposi £ nethods of preparlng
such conpositions of matter and such catal yst
conposi tions, and nethods of using such conpositions

[0001] Thispplicatien Slaﬁhs thetbahefittof LS, rm@ﬁsibhm@pplﬁaﬁ&emb’wﬁzs

n each case, such conpositions and such catal ysts ar

fileddugs 62905 o6 ER§ TjanssishalsAPRISr GV 4R 515 Hed Balia 4 2003

acrylic acid and isobutane to nethacrylic acid (via

oxi dation) or @fsJKGROVND OFEFHEITRVENTION and

i sobutene to nethacrylfonrtrile (via —amoxidation),
[0082K Thestesqut &fventids gensially rala§¢s &l ebrayfositions efistatterh g@talyst

50% OOO h nventi o arti cul ar rel at
conieisridte andut gt g RS FEn SRt bt B Sigh s
corfpdstlons tand aaIRGdstdf eliRg sOEH EWfosition b LRt @d sUéthcatalyst

conpositions of matter and = such catal yst

corpRAFiiess Pesfrablaini eagh pRsacsush coraperifionsehd senhratalystos
. t _ , .
efféé:fggﬁ?(;r ;%.g pﬁﬁk% é:%ggér}r%lofé ggg%}ééﬁeest%%g%% 3Efr<]18a§£na 1%oanﬁgg td Rethacrylic
acid (vadb bxidatéon) oanf propane toacryhmlityibeaniispbuwarad mnnhacrylomtnle (via
tantal.um and anti emhodi rent s, each
e R PP S TGN Het i obF S SR et o or
preparing 25 such conpositions of matter and cat al yst
conpositions include -reactions in solution phase in

[0083} T eiinverttomi artiopdas yeielatest intagprplerrad embediatsot o ¢@Op@itions of

mag i;aﬁ%lg ' ORT u%l <S)zéabOXlE?da gg P{efgé% sru% %grrgs?ﬁlr%%ro?ln%ﬁ{e%d
Sucﬁrc@ﬂcaﬁfsf @ﬁnpos{tﬁﬁ@ Aﬂ]ﬂd@ﬁfﬁﬁf@ldf Vising b@:hfdoﬁipﬁsm’ﬁ)nﬁ 6fmatter and such

i nvention relates to nol ybdenum cont aj ni ng, and 30
catglys ampAsiH o mhﬁieng caeh @5 dhassagrammprisepRobbrein, vanadium,

mio b bR o ALty M in some

embadimenty) canh furttee ccﬁmpﬁsea IZErnaeNmN.i d’adzﬁenrad emhodlment)s forTpreparing
Cgrt knqwn | this f& % i ncl udes nu us atents and
su észélm)mg%tbqq mqeaﬁg cat ﬁt&a{nﬁampﬁqs 13 H Feac tlctl}sgn solution phase

in 2ale@ Machtbh v&sQ4 3 ttBpefafir&d dbo@& 160 °@hnd atlprélires above ambient
2005/ 000463 PCT/ US2004/ 017837

pressure. Hydrothermal synthesis using aqueous solutions is particularly preferred.

[0004] Generally, the field of the invention relates to molybdenum-containing and
vanadium-containing catalysts shown to be effective for conversion of propane to acrylic
acid (via an oxidation reaction) and/or for conversion of propane to acrylonitrile (via an
ammoxidation reaction). The art known in this field includes numerous patents and

patent applications, including for example, U.S. Patent No. 6,043,185 to Cirjak et al.,
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U S. Patent No. 6,514,902 to Inoue et al., U S. Patent

No. 6,143,916 to Hinago et al., U S. Patent No.
wWG2®880@68 to Bogan, Jr., U S. Patent ApplicatPOnUS®N4/017837

US 2002 /0115879 Al by H nago et al., U S. Patent

U. S\Hkdr ol §)31MN002 20036O8QA3 TS trntdgakione §X48h16to Hma%o etal.,
Uslépanese Pat ent gl ication No. JP 1999/114426 A

laant Dioefd 8207849 Bograplindss. Batenjrmplicatissl Ne 415 8p0NG115879

ol ORI RO T R

J ap&ﬂes&lﬂm’m) A@plntdtien ANoudR 1999/b1 44081A by dsalii (GHetidéad glof d panese

| e, .Wat anabe I " New hesi s _Rou
Patght AbPligatioa g SrodGiioiazs éaItYaMP?{ Cil%tm%lr Gﬂaﬁé‘% Patent
Apﬁﬁgﬁ?f&h% VPO 01/93086 | Aq h 8k WSS a@‘weﬁ’%@ ﬁﬁﬁlerous LitdarlRo
. 479-485 (2000), Ueda et Y ['ective
puln_hqatiams, mhmlﬁng_ﬁ‘og hxam;blk,aWeana.@ @wér“lﬂs&ﬂﬁ@ﬂ;@nﬁbuw for Mo-V-

2 ngPB]F Ezgzb%lymﬁﬁx %eneral

194L$§5 J;ﬂﬁmsi @W@boéﬁ hﬁwweaa Ma“Sﬁ%%@M@nbﬁ%m&dﬁanm

in the art connection with rmN\éFdenum cont al ni ng and
overdydethermably syithasizgd Me-3-YEO Mt Ale i Bio Sband dghoxide cafalysts”,

. l ildsand isobutane to
Apﬁi&cﬁ%‘%@?@?é g"éeﬂngra?%b n 1§>§u gatl on reaction) and/or
for conversion of propane to acrylonitrile and

i sobut ane t ¢ net hacr tr|I ia an ammoxi dation
lﬂqﬂéﬁ&hwh a Y?@C%ta?rgﬁﬁ Febespade gﬂ‘ihﬁéft CPRpFCHOR MEtRmolybdenum-
corRSih eSS aRHIE-cof QIR EdtaY sty et GRb ?or dofiv&SiR R broptaﬂ@to

art-kKnown catalytic systens for such reactions uffe
acrjlioacigené rsabllltynd toungthairéc afid (hieanesidaten Ipacr!sxdma: and/or for

Al so, the nt hesi r.ot o a9 0 kno t for
cofygEipn S PR 18 g nlh b e fede A4 P Bt i
amfRRRkioh P@Etid)xgatﬂxé cafaBysBREd Sir@BE ﬁnprﬂv&ﬁérﬁ b¥fte becoming

per f or mance. SUMVARY OF INVENTIONW£OOO61 It is
compercadlbr dabip bbge@étal dhe prirknpwe setalytic YRS (96 se@ reactions

e
sufff R B BUAa0R! 68 dostiRg AR} PREL p Bl BbloBhie
kn@im ihthe Iat’t\feniulcb ﬁathkystpslye&nﬂ ercdiffduizd Seﬁneduca dn & ppEnoeretat leads
yield in qnectlon wi th the gas-phase oxidation
“’%ﬁ@ﬁﬁmcéﬁﬁﬁ%1ﬂ%PF HMCHr opane to formacrylic acid
and/or acrylonitrile, respectively and the gas-phase
oxi dation and/ or ammoxi dation 30 of isobutane to form

met hacrylic acid MMM?[@HLQN | e,
005/ 0004
(0doBF REE Bt ansbieet ofing pise G AMERoL R Ssseame b Ehavs-poged

defiiOndiSko MRS hid artQatalfse Baapsraiont al ysts t hat
reproduci bly |ead to consistent catalytic

per f or mance.

[0007] It is also an object of the invention to provide catalysts having improved yield in
connection with the gas-phase oxidation and/or ammoxidation of propane to form acrylic
acid and/or acrylonitrile, respectively and the gas-phase oxidation and/or ammoxidation

of isobutane to form methacrylic acid and/or methacrylonitrile, respectively. Itis a
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[00081 Briefly, therefore, the present invention is
directed to the subject matter defined 5 by the clains
whersobosens wel |l as the subject matter di scl oseAI/US2004/017837
herein, specifically including the various
fukigFdbjeat 6fans inveskidieo PibAlé i
i Al ARtolSaEp hg%tée&gaéﬁsiignfgm“teﬁmdumuy
leaddp eppeisterycarolytiviperfesngnssi ti ons of matter, the
catal yst conpositions, the nethods for preparing 10
the catalysts, the catal ysts prepared by such nethods,
[0008¢ Brizfllgpidisrefdre Lthe pepsantdtivendb@isyditested €@t sabfet matter defined
dvant ages qver own such systens. Uses of such ) )
byg‘aﬂ gﬁ%*t Tqohds Vel F5dhe prbiect glatier qagghysed beredn, specafieally including
theFalofls Bt GATBIRAH Pernd AR dhs B WduRIye th&¥e of skill in the
converting propane as a feedstock to acrylic acl d vi'a
artchrpetlan the taaching hersinyl onitril e via ammoxi dation. The
catal yst may al so be used on the sanme scales and in
the sane systens to convert 15 isobutane to
[0009?1 I8 b 6si@6Hshf MMl thd &A1& rc?ﬁn?&iiﬁéﬂs', fhe th@Rddtor preparing
O her features, objects and advantages of the present

the Gaadyts, dhe Gatalystorrepareh by suchapethedsn themmaethordsad usingisheycatalysts
' ' I i.nke reipafter, [
cactfpeRlr bl B oA Pt LGS U R BBl imgade benen
scala@&py piloeplahiyscalefaad eo@metaiil sadle reudtiP0SBems\of EMefting
as the 20 patent and non-patent literature relating to .
PrGPARBC a5 Afesdyioqkdpeeryligiasid vis exidating Qsito asrylonisle iapammpxidation.
The ebslythhhiso BRB¥d b2
ThE EAhFNLAr g PEmEARARY Sl SIS RENAER, S0l QIR AB Enidh
isobuiane teonethacryli¢ frid edjecmethacrglontirikubj ect matter. 25
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00111 FIGS. I A and
1B are schematic representations of exenplary propane
[0C10Y Othds FBAirRE) DbRtstal 2@ Part 26 bf @8 prdsEhidnvehtidh valBe in part
exenpl ary propane and i sobutane ammoxidation
appaset to Hese t(k;:ﬁl(ﬁi_ inprigind iggarg pyiptedous hgomaBe. All references cited in

R ) /- Tl
RGP e A, RS ol S, s e
pat€ntgmdsiohipatent Btefdhite 2¢lafimg tortke fljat magpeditclodel an@loeslatited

invention is directed tg conpositigns that conprise )
herg) bR migm eyt Fﬁ%%fswﬁqaream?#ﬁm a gjaflsparion hat wil
pro¥ik RXHESRs o WithRESRUTH sudtPRBftifhidant al um

anti nony, germanium and oxygen.” [ 0013] In another

second aspect, the invention is directed to
conpositions that are 10 catal ysts conprising a m xed

retel oxl de el ER Mk BRRSE RASRARIREES O ©f

propane
[0011] FIGS. 1A and 1B are schematic representations of exemplary propane and

isobutane oxidation reactions (Fig. 1A) and exemplary propane and isobutane

ammoxidation reactions (Fig. 1B).
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to acrylic acid and/or acrylonitrile and/ or isobutane

to nethacrylic acid and/or nethacrylonitrile. The
wWOorzoosdowres al oxi de has a conpositi on conpri Si NBCT/US2004/017837

nol ybdenum  vanadi um ni obi um antinony, germani um

and oxygen; pef A Oy PARTHIP THER S gﬁE n\i@ﬁ

ant i nony, nium and oxygen. he m xed
B?z*t RXb A RAS BT atd) t%m k#dhs T Or mul a

1Vaﬁbb bc%EdOQ oﬂ | VaT ngcGedOX wherein, a

[Odlgg%%egra)e %Smfl cgrg%lﬁg % Iané‘e%grgn 1sod1?ecte%rt erxé%?élt\f?r(s tﬁgpcompnse
modjtlehurd, Vanka@ival) aiobivin,Antiaindy | gerpaiting u:h«ms)mgemrc&frecrlybdienmn
as.being about . 20 0.3, b ranges from about 0.02 to
vanggdiie, tntabim, spimanys BPYMANiYH 8603 to about 0.1,
and nost preferably fromabout 0.04 to about 0.08, and
is particularly preferred as being about 0.06, c
[0013h @esno‘theameaimdw‘spe@t Ihd imvetttirnntis Gir&teqjuoe:bmpalsitiymf trhatnare

ﬁg 15 to ab 1 d és nDre g ¢
caty B‘Etcoﬁlpil@m{%& TKE ’PCB‘ %’“ afide r § fr"r%sﬁ‘?n o1 propane
to @3991% adid 8nd/6r acBIEnitril® a&/oﬂﬁ%ﬂt&lﬁé h&dtmkﬁrcl AidaRf@r r ed

as being about 0.2, d ranges from about 0.01 to about
methacrylonjade. eﬁb@a@ilwén’tlet@lﬁéﬂ edves 12 copgrogition pemprisingymglybidgnum,

vangalar an’gngo}?olgm a ur? &g; ?g an o?%%getnhg llgglﬁﬁ?n o] ‘@%%A@rﬁﬁ
tan€heimPdntivhéhyd gérafagitint, and beygeer Pidfamably, the mitedmetadhexiddBas an

enbodiment the lower end of the d range is about O0.15,
empw%foraﬁ@t her enbodi nent the |ower end of the d

C

Q

rang,eolrvslgg d@ 2or M Vqtabgpgreg@r enbodi ment the
| ower ‘en range I's greater than 0.2; in one
wherdigdi ment the upper end of the d range is about 0.7,

4 WO 2005/.0004 PCT/ 004/
e BAFHEN R oo RN - PIRETEPY SagraRBt b S ip abpu 05, and
mdsf‘p%ﬁéra‘tﬁ? SloRedbofNPOdd ARIH: 0.4 anPRPAEIchilaBRPpRdTalEd £ Beiiabout

about 0.4, and is particularly preferred as being
0.3about 0.3, and x depends on the oxidation state of

ot h% 4 %W#%}(ﬁ%&%ﬁ (&1 o&tbqﬁé&eféﬁgﬂ Bﬂl aboﬁ 9?’(0 a'::bout 0.1,

[OO e |nve I on,

and ﬁioef@remfabljs frohr #botiediod © zﬂi@&t 6.08,3ind @y parﬁaﬂm‘tydpmﬁqmbdtas bemg
of the invention as descri bed above, and further
ab%r%?q’a ng an essenti al

c ranges from about 0.1 to about 0.5, preferably from about 0.15 to about 0.35,
more preferably from about 0.15 to about 0.3, and most preferably from about 0.2 to
about 0.3, and is particularly preferred as being about 0.2,

d ranges from about 0.01 to about 1, in one embodiment the lower end of the d
range is about 0.05, in another embodiment the lower end of the d range is about 0.1, in
another embodiment to lower end of the d range is greater than 0.1, in another
embodiment the lower end of the d range is about 0.15, in yet another embodiment the
lower end of the d range is about 0.2, in yet another embodiment the lower end of the d

range is greater than 0.2; in one embodiment the upper end of the d range is about 0.7, in
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absence of one or nore of tellurium cerium and/or
gallium in various pernutations and conbi nations.
waeak/osepect to the essential absence of tellPCT/USZ004/017837
has been di scovered 10 that catal ysts conprising
andRINERARAMR L é\( leHERd SHRl YR Ig@nsdaﬂolﬂﬁo gofi‘:%}eﬁ Add e‘fl{bodlment
ant i nony an ermani um are nore active resp
d ranges fremcajoued §|t0) abait Op epbisgattivulaalyrpyéfened as baing athan 3 and

catalysts, conpris vanadlu obi.u
C e BEl AR ST AL oy e A the guiked et
oxid®01511n a still further fourth aspect of the
invention, the invention is directed to a conposition
of matter or to a catalyst conprising a m xed netal
i HC h I [ d f
: nL | it egghlr ectt F the i \%btelor? V\%és ﬁ%@lﬂhon%g Ritsc tééﬁi @i tg% Bg or

secoBd hpjects roftltehﬁv@ﬂi‘oa Iay aéscﬁbmbo&e,r@defmnhefedm@ﬁkmg an essential
oxi de, in each case consi sts d]c,sent ially of

abSRP A RO P FLOFe S S B BB AR OF 661 1WBh YA VB RETBvptions and
coxﬁ&ﬁa@&%g iR tes rrg&!lt YOO RMThtial 28sedd ?gigﬁﬂ%mrh aha dtlsrclzgvered

ant | nony, ger um and oxygen. any
thap€agalgste nomprisidg fnod)didemhn o»utgadiﬁmu niobiuasm;bﬂhs cmhbmlaéon of

lnventhpn t he HEPS ition (%g{hcan £ ;
antipoRy:H &f‘ﬁ‘f‘?‘?l%}mraé? © %“F“’F’h‘@‘ %eanr SFB?PQH?%“ ol propane to
acryRnftile) thah RataBAG toRphising midIFbdeh@inG MirdiRihd, nfobiah iafs tHean
express the relative atomc ratios or nol’ar 25 ratios
compinhtion efffelluritre apdgermanigm. on average), or
alternatively, at least a portion of the materi al
(e.g., in one phase of a two-phase systen). For
[00dSpIp4 still filither Riuith a§pect ofthy hdzeﬂmn the mmaxzbhumhreimlets a

fromabout 1: 0.1 to about erably from
COTRPRNQN ofmatier OB tubEAILYS cemsnﬂaﬁ a5 Fﬂi ébﬁus}h £ tgrthe first

or &QQHJ elks of R i HBn 3 @esénbe-ﬁrh%ové ftlefe @I‘: c #)b@ﬁl@rp%atter or
to nioblumor no denum to tantal um ranges rom about
thelcatallysD 2orBriting abrumd rhetaloxide, ipeashensedopsikis eaeatid st ofl ;
t o abouyt

bl i, AL A8 e

aridid TR Bt fue]) A8SmbA R BeARMiIm, &d 5/ 000463
YHPCT/ US2004/ 617837 }O?:e 0.1 to a\t??ﬁig&lcl): 0.5, preferably

fromabout 1: 0.15 to about 1: 0.35, nore preferably

G BERL RN b, PO mpion.

compddiforDdf mmher ke hava ﬁ@clgemammranbsrd:f tigaeqihirainelahents relative to
0.01 to_about 1:1, eferably% about 1: 0.05 to
eackusber. iThe staighipmetgip atior 581 FArFssiesive #omc fatios oL Bolar
r f a
rtfs ity TR A (P00 Yyt & eyl af 10 LAt S he
material fe.g. am:bnmasqueftmqmlage s‘ysﬁem)a Eomxamp(l)a Phetratiabbdut

; I n anaot her t.h 1,0 .0 num
BB et Fomapod: 2116 s o pfelenfbly O
aboutl: 0.15 to about 1: 0.5, and most preferably from about 1: 0.2 to about 1: 0.4. The
ratio of molybdenum to niobium or molybdenum to tantalum ranges from about 1: 0.02
to about 1: 0.12, preferably from about 1: 0.03 to about 1: 0.1, and most preferably from

about 1: 0.04 to about 1: 0.06. The ratio of molybdenum to antimony ranges from about
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yet anot her enbodi ment the ratio of nolybdenumto
germaniumranges from1:0.15 to about 1:1. In another
werwsdiwent , the ratio of nol ybdenum to ger manPCnUS2004/017837
ranges from 10 1:>0.2 to about 1:1. It will be
ref.er r. e
1: @f kS ?@u@ﬁe@s O;l} agﬁ}ggrﬂ gb{g@n@ lr?) etg a?ﬁﬁvla??guéotgﬁreﬁmy
fromeabout &t kﬁnta ahodt tddiandtriosnsefefdii fdmmbpuek Yeditoaboun : 0.3.

the s con ect of the invention, the stoichionefric
The 2o G %ﬁa MY GHERADHII TANgHRS %@m&@fwec@ qlrfoégﬂ\‘?elc{’l on

pre‘ﬂér&l;l?/ g @JH?H: {1685 1 Mo, stimﬁréﬁfaﬂbly 6% dbbred 0.1 about 1:1,
metal oxide has an enpirical formula M1VaNobSbcGedOx,

mooy pxwfmkéyrﬁb@mb@gd 0.1 Whrchoet h (57, eyen moreiprafedably frameabout 1:0.1

o Rl Pl R e B PR P e P TRk,

embodifient) ﬂﬁfr@tﬁdi sﬂm@mém toCaumpasiuin rafg«s arami i1 S©S1 ® abxed]. In
net al OXIde 20 Mol VaNbbSbcGedO, or NblvaTabSchEde

yetpether embagdigent the s eialywlenumdo germanium gmngegfrpmgd s to
{91, SHil Gyt iy SRS LAy o
1:>arob hiboutdrhodi withibe apptraviegesthhtrcanh gf ﬁaatpmfeﬂrtrbmn@es]fot e:ach of

about 1, in yet another enbodi nent. d fr.om
theGPRFPRTES F7PeCEoRRIRP B JARO PR ons A3 GARRIHORh o

oxi dation state of other elenments present in the m xed
metal oxide. 25 [00191 A second preferred catal yst
[Oﬂdah’p’@smsseé as tolkp séeond aspeat ofdhe Imyentiong medséolchlometnc ratios of the

coxpp%}%ng\l ? gefij%edtlgrcgwbl\{grga%l??h iy %Caé\gqﬁ Ila, Wi e?élﬁ &Re mixed

‘mefhl @RidE Qa@ﬁﬁéiﬁplﬁcél foﬁnﬁlamgﬂwalﬂbm%%torwdﬁ T8, SblEI0,,

0. 35, ranges. from about 0.05 to out 1, in anothe

whereio bn@rf% angl % lawgagefﬁfreciﬁa@g@a&séﬁsqrwgg apove ip aowcawbmt{l the
sec%ﬁd héi)gxt%ftﬁg] (,Qﬁ{o enbodi ment d ranges from greater

2 to about 1 and x depends on the oxidation
state of other elenents present in the m xed neta

i . b 20 0463 PCT/ US 004/ 017837 20 A.
106T] Fiice 6 BEtI ot a4t COBRBBGTT { RPN bl sy
Mdlvtﬁl')bSB)Géﬁék or MQJ Vam%bie@xg Q,herechrraﬁ@s\fﬁ)-ﬁ@m @Qd@&bout 0.6,

where a ranges from about 0.2 to about 0.4 b es
b rarrggsrfratmhouoo 02 to dacalb 042, coraoses from b §- lfﬁoahpuildb@ ranges

fl‘OBl a:;) {)Q 8? gc; %{)é)'ugl %@P od?rB«f:lﬁc%{?a@ge% tng gtjeg{ep R4 to

abéuﬁ Qt St mﬁjm&@nmatm@ht danges fibhogreabotian 0.230 hbomupand b
preferably greater than 0.2 to about O,

1, 7,
deppagdenrthesridatien stateRfiathes cloments nsesea indhe @F’@ﬁéﬁtg oxide.
present in the m xed netal oxide. Preparation of
Cat al yst Conpositions
[0019] A second preferred catalyst composition comprises a mixed metal oxide,

Mo VNbySb.GeyOx or Mo V,Ta,Sb.GeqOx, where a ranges from about 0.15 to about 0.5,
b ranges from about 0.03 to about 0.1, ¢ ranges from about 0.15 to about 0.35, d ranges
from about 0.05 to about 1, in another embodiment d ranges from greater than 0.1 to
about 1, in yet another embodiment d ranges from greater than 0.2 to about 1, and x

depends on the oxidation state of other elements present in the mixed metal oxide.
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10 [0021] The conpositions and catal ysts defined by
the aforenentioned first through fourth aspects of

W@ b@siensent i on can be prepared by the hydrot heP@EIS2004/017837
synt hesi s net hods descri bed herein. However, since
such net hods thensel ves define independent aspects of
the invention, such additional aspects of the

[0026¥ enthird prafamedbeata fteotiposition eqpprited atmixehmephoeidot her

MENeRPor &R of My St S5 Risk0. it bhgwfaR abouc i &35 0a,

b rh}ed Zontb6€0.04 96 alfoR 0SS r@gés fréh aBSWEKLS fabbli€n.3, d ranges
invention is directed towards idr ot her nal

fromy showe8ildo reaut el mmfersbléfpmatmhaﬁ& ¢ #hauaP. 7l anether
em%gg}?r?eig Izlrr] %eé”‘ﬁ‘g d(}oﬁt (t) Qrt(?%t)%{uggd;ggﬁfh b ngx%at%i# ?to about 0.7,
and® d\tﬁd’iﬂd bhlthe dm@ebioumtmdf @hérichammntOpresont yﬂﬂe mlmd metal oxide.
vanadi um tantalum antinony, germanium and oxygen,
di scussed bel ow. Hydrothermal synthesis nethods are

prggﬁg),@ﬁﬁ,dgdfgtvy@mf@;,%g Appl i cation No. 2003/0004379

tanabe et al., "New Synthesis
(0623 {The fcompmuansmdtetamstse@ﬁoed biethe ahrremgntiontd firgs thypuglefourth

R of 9 udtion BB Be pieraer s by sbthe Rl Suilhesigrpads™

de$o¥ibe@hérein. Hovkdvah sindk kadlasietbydy thnishlvdsiiefifi@ind¢pendent aspects
synt hesi zed M- V-M O (M=Al, Ga, Bi, Sb and Te) oxide

of thetinyepdion, such agigitipral agpectsiof thednyentiap gan by effentiyelyspplied to
e P e (hfamiRsitbnt EECRASES that are
mdry Yroatlyahamktesiyed.hesi s where precursors for a m xed
net al oxi de conpound are adm xed in an aqueous
solution to forma reaction nedium and reacting the
[ocizezjrp dnBd) ARG DA KbEY BF 8¢ iFAASHIsQIiRBRdebwias 8d
erature in a seal ed reaction vessel for a tine
hyduothermplesynthesis frupthndt ﬂqepm)&rgtg mixed megal ogisle cppmposition and in a

RSB BB RR et VA BREA.

vafatiii OnibBi@ny £AGNtiA1dNS be ﬁloly%@bﬁlﬁﬁ Iviagadliﬁﬁ tagfahinh, Gitimony,
medi um as di scussed _bel ow,__nmay accon‘pl i shed by a
germariam, a1l qxygens dinguysed selopd derfghwntah synthesisanethadsidre n

disxc?c%?(glnl I%.%r a0 A@Bﬁfaﬁg&?m @idoﬁ%\nﬁh%ﬁfﬂg OF ol Watanabe ef

fis r'e nve i'tating {he Feact! on
al. i Digw ISentﬁam Rautetfer Mea¥iNwle mw&ﬁ_fmmn_ e of

SRR ATRY R R SRy DRoeral P E48. 5P 700 {000 el Ued e

al, miﬁcgécfﬁ%le IOku:'lsa@iloH R i dHe Ak AR Sver ﬁbdh%ﬂfeﬁ“aéﬂw $yntHesi¥Rd ®1o-V-M-O

eftictent consunptron of starting ertrals and In a

(MroxleGarBi, 8b andil gmi& idecaihl yﬁz T d"epnhed @@tadySlsA@i Gamqraig2Q(}; @p. 135-
14lr5eaﬁ )géeoing(g'géq% gﬂ]ur I ngfe A r e t I a&g?y, El?e 1nven(%1o(r:16}rlfc udes an

improved hydrothermal synthesis where precursors for a mixed metal oxide compound

are admixed in an aqueous solution to form a reaction medium and reacting the reaction
medium at elevated pressure and elevated temperature in a sealed reaction vessel for a

time sufficient to form the mixed metal oxide. The improvement in the method is the
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solution rather than on the sides of the reaction

vessel. This allows nore ready recovery 10 and
waepavedsdn of the m xed netal oxide product bRCT/US2004/017837

techni ques such as centrifugation, decantation, or
agitatidnrftheoreaciivt raadiindsiuting thvareaktion stepCAyRatirighthe rRECHON Mgdium,

t fromthe sides of the reactor vessel. See

%‘sglsss&gbqiwa%% € R5e8IbSeAbr Iumbgs of meansush 33 sugring within
thd ﬂ%§ctf&ﬁ¢e§’§eh %F B a?aYﬁHl@ Q& BliAL" Hﬁé#ng& %B‘ﬁtlﬁg f’}ﬁtr@éqtlon Jessel.

vessel wal More a vantageous y,  having e m xe
Agitgting tlmxcamon onxturendwolgithe maactadd &twsprbmde:pa ntumbémreof advantages

0 ces of .15 the. ticle rather than th

Tl e b BtouteRs ERulnifin! ol bl fBtA ptichatvitn
mdr§ifally &ael0fead@hls. Thd3edlts thhrd éffitlRnes8ehp@én bhRarting

i nvention can be al so _directed nore broadly, for
magstiphpand, in atrsie vaiipine paxedigetal eddaprpdictc dgpipting thg reaction

[
et Hufif e rAXHOEEOIRE RSB ImOER Bl BB brodtlk o from in
solptied extladd Itl;ancnmrthe bidlesgf thé rdaetist vaysdly Eﬁﬁsmurrwa mtbre ready recovery
anadi um risin ast bdenum and

%Fﬁn%lﬁg} of g mixgBiefal 0%513 ﬂoqe“éb'%)t teglyales SHehfrpentrifugation,

de@RtatidR O fil R d OBl dviBidsthe £R38 Ro Rloovdi @i xﬁﬁﬁﬁ?y of prbaﬁc'i from the
fifth aspect of the invention, the nmethod can

sidds oktbe e@ctom\m%dl free A Agpla:a’uen 2063400043 B |vd1engtha product of
th t he
iy taE R vt %*ﬁra PR VP MBS adfRESusty,

ha@hg B Yhied AR okilletfben &1 dolitibnGhiatk fatpagticiyviovts ldﬁ ﬁll faces of
systenms. [00241 According to the fifth aspect,

the payiicle rasher thanthe imitsd sxprsed Siges wherthe ,gwmh@caurs mls(%@m the
rea@&é@&a joxi de conprising nol ybdenum vanadi um ni obi um

and antinmony or nol ybdenum vanadium tantal um

ant i m)ny, germani um and oxygen. The nethod: 30

OFST 55 5 SoPeret B ionar b QGBS BB BREIolor Bragpole

i PRiNel intdtA loxRid Bhpfis 't%ﬁ&wgf
to‘gara??%’% 80s TRAlHRAINLIG 4 of?sggtﬁgétu Soinpisiip s Rastwd o

mayhtienimonednadigos @u@mgnﬂ mtﬁllmm,rﬁeldmeefcnabb'monmgmg at least
s the,reacti on vesse cts t reacti,on
ety SREhu R s b ing R R StehE S Radp e o
coﬂbﬁﬁh@ bt lehdRapdiidie ahd PREESHY. Optdhaldy, ih BRhUfishéiCéaed oftthis
forma mxed netal oxide; 5 optionally cooling the

fifiheagpect ehthgaenentipn.dheimetiog van b%@lr‘f%f‘éi tavRslPraRATIIE aafadest
co{nhgﬁ}x% F { &gcf]ﬁltef ?9}(1?@ aV Mg&ﬂﬁ{seygﬁéqﬁqn@x%co?mbﬁgntﬁntalum,

aspec e rnvention prepares a m X
gefdrdihm and/otlethesinersts Rgowminythe emn imtontsinattbnuwith siohisiystams.
and antinmony or nol ybdenum

[0024] According to the fifth aspect, the invention relates to a method for preparing a

mixed metal oxide comprising molybdenum, vanadium, niobium, and antimony or

molybdenum, vanadium, tantalum, antimony, germanium, and oxygen. The method:
admixes, in a reaction vessel, precursor compounds of Mo, V, Nb or Ta, and Sb

in an aqueous solvent to form a reaction medium having an initial pH of 4 or less;
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vanadi um tantal um antinony, and oxygen by: 10

adm xing, in a reaction vessel, precursor conpounds of
wOoR0sN0040 or Ta, and Sb in an aqueous sol venpCT/UST004/6m7837

a reaction nmedium optionally addi ng additi onal

aqu Gﬁﬂﬁlaﬁg Lﬂc%%dftf%nﬁl%uE&%%Elv@ﬂt ¥ Qﬁesl%lactlonssﬁs@éél ng the

reaction vessel; reacting the reaction nmedi um at a
terrpﬁalsathejr&acfgmemssai t han 100 C and a pressure

t th t whil e
IR AR ?Fﬁp%?ﬁtwe'@ff@ﬁ?%%laﬁ#OM ApEETe
grelRet fan QiibERL pRBUrO Rl e QatiEBRL th 6! £AELddOReEEGH g

and recovering the m xed netal oxide fromthe reaction
nedppiianali eeplingdhegeretéipnmedinmpandie cont ai ns ger mani um

t he I, xing a
onfsoavaritiotfle AER shithn ke SRR REGion AR X 1O % 1 o
Anbthefiinethot according talthe fifepapeat of thedmtentiys preparep tinsikedymetal
m xed net al |de and havin Ehee irical fornu L
oxiflp s HRBS RSO BR BRI N T, B DO AL AR RO Bl bdenum,

vm{aaﬂ&‘?ﬁar&glem AROHEnY ardd byeRRBYL 0.6, preferably from 25

about’ to abouf 0.5, and nost preferably from
aboadm@mg, froa mlacmnn ‘G:SSIel mbwser coonpandie of My, Vahgeer Fa; end Sb
F tatb EA eferablyfromabout 0.03
melnoaqalﬁ%‘fftso VI to Iap a feacHo ‘é‘f%m y from about 0.04 to

abowtidhaflP ad@ng addigsl aqua@fm Solvent td the g&sdtioh vesgelabout

0.1 to about 0.5, preferably from about 0.15 to about

0. 3sealing the reaciivevasel;  from about 0. 15 to about 0. 3,

and it 08 °

IRk BE SEA P e S kAR A0 € mnd Hpfpssure

grea’&r ehah raafbibiny presuse wdilp agipaing e @actmnahgditm feoapme suffgient to

a m xed netal oxide having the enpirical formula
forgys asedpikiehexidhere X is 9 WD 2005/ 000463

PCT 6%!%%99?@9&17&% réaBlidPRaliumPid can be preferably

sel ected fromniobiumor tantalum Y is optional, but

can rereerprgeh@namdyn@tel eddefiom thgneagtiontoediuzind

Wi ot m P iR asAaRt B HERAT AR futstghirics
ad@B@ng®eémpi@tiefae y fromabout 0.2 to about 0.4,

where conponent b ranges fromO to about 0.12,
preferably fromabout 5 0.02 to about 0.12, nore

[0(%{5@f :{ia aépcfc ?f;@%@grg}éh l&bgﬁﬁ&e@%%@%;%% X \/\% st comprlslng

a neiapmeahbxide aadiyedng the eirical fipmuta Mo BJaNb@smmm y

M&&gﬁbggcqligvlgeéel %c%gman%gtu %@ngeSs fronnq EBEOLR Oelf blllty 0.£,rp%rf]erably from

about 0.15 to about 0.5, and most preferably from about 0.2 to about 0.4, where

component b ranges from about 0.02 to about 0.12, preferably from about 0.03 to about
0.1, and most preferably from about 0.04 to about 0.08, and where component c ranges
from about 0.1 to about 0.5, preferably from about 0.15 to about 0.35, more preferably
from about 0.15 to about 0.3, and most preferably from about 0.2 to about 0.3. This sixth
aspect of the invention can be also directed more broadly, toward preparing a catalyst

comprising a mixed metal oxide having the empirical formula Mo;V,XyYOx, where X is
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nore preferably from about 0.15 to about 0.3, and nost
preferably fromabout 0.2 to about 0.3, and x depends
woroosioao46xi dati on state of the other el enments PCEESI4/017837
in the mxed 10 netal oxide. [0026] A seventh aspect
op@bndl [t ayBNprefefabl B selédt@r 66l rishiam @S tARA! Yrigoptional, but can
catalyst conprising a m xed netal oxide as defined in
be prafemblytsgleisd fopy aKineyaeddelbiriuny and gompencsha rangggfrom about
fur Y . 23
o 1480 SYPEIBL LAY SOGED SHRLILE bty from aou
0.2ctatabbytsl. 4, celere compparset arampyefiom®t talabexti0lE2, pesfemblytfeen about

npirical formula | YVaNbhSbc O ,, or
0@69\953*&@% @@aﬁ’f,e,fer@tﬁgﬁg%? ot 0659 byt Adverd mpgauefzmbly
frofERduk DR to ARAY 6.08NaRONRGE bhiRPornt b1 g@s £65U BRALS,
of this invention, including ranges o preferred

prederaplydfiam ebsut W It thiahowilch niers prafersblyrieomg ebout &A@ te about 0.35,

depends, on the oxphdati on t.ate. of ot her el
ma BEBEL o o D a0t Boghrigtos R0 My o
abdt® .3, iahdl R depdndt Bn Bic SeIRIDHBASPREBE 6thef elbMents Prsaitiio the mixed
t he hydrothermal synthesis nethod can conprise '
mefd\W&id®t steps, as described both generally and
specifically above and hereinafter. 25 [0028] Anobng
these steps is included the step of form ng an aqueous
[0026§ A skverthatpeanof tie divenmigreisglirectad teowasdd preparimg aaatalyst

conglglri];igé ?é[?i%%fﬂ@o ienﬁgg%ifgg Etg%lg‘h%ﬁ EI{ iﬁegﬂ’fhl ﬂnls 3%%@%@%8% lo? Ehreyi’nvention,

and GSRRY §6rﬁﬂﬁsin§‘@&frﬁnhﬂﬁ Mb%ﬂp@ciﬁ@ﬁl:}l, Eﬁﬁeﬁ,@ﬁi i@ ms of an empirical
conprises the required conponents in the reaction

forpuia dhe catdlpyt cax eorpprisefagnived gnetal loxiglgibgving dacempircatdaimun

yaSAl Ui on,andflo r OITRI J. Si .
M B RO L RO L B i
ab&F@GCondctibh vithAikesicbah)spectrap el iventioh, idvbudigpehperof
vessel . Preferably, in each case, the |iquid reaction

prafergedisrmeositonfraithisysugh gessriedrangerafind 1 geRRPAS OB BICCREAES™
stafecdf odRa QRO fHdcen: PR REMEANRIAL N0 conponent s 10 a
reacti on vess I'n relative nolar anounts such that

the aforenenti oned stoichionetries are net. Al so
r ef er abl i.n.each case, the liquid.reactiqgn ium
OF5 T8 pi e g e e 8 OF <P HLASPESH A e SreBiq AR ARl
syeRB5E Hettdd 3hin b@ASse sbVQalQkeps N 06 RABBhSzenbrall@nd specifically
reaction vessel, and preferably, stirring while

abowndridiengingteeach of the conponents with each other in

the reaction vessel. The liquid reaction nedia

preferably conprises an aqueous sol ution and/or solid
[0023] tABbhBthese skpsReimsRded theatep i dor@diig aif &fuebay liqud reaction

Sonme conponents, such as M-contaj ni ng compounds an
megdium (e.g., as a solution, as a uniform or non-uniform dispersion, such as a slurry, or
as a combination of both a solution and a dispersion), where the liquid reaction medium
comprises the required components in the reaction vessel — for example forming a liquid
reaction medium (e.g., solution and/or slurry) comprising Mo, V, Nb or Ta, and Sb (as
well as Ge in respect of the seventh aspect of the invention) components in the reaction

vessel. Preferably, in each case, the liquid reaction medium is formed by a protocol that

10
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cont ai ni ng conmpounds and Nb-cont ai ni ng or

Ta- cont ai ni ng conpounds can be provided to the
WO e@sni@m vessel as aqueous sol utions of the MET/UN2004/017837

Nb- or Ta-, Sb- netal salts. 10 Sone of these
corgpingss Aembmingeompsinents & dreaeiorcnypad erelativesnaar angounts such that
e o ERAR A e OR8N G L. e i
reattf@cinedinm i¥ EsaeidbyasprobsldBat@bmpsised stiffih®hitOBahbisindt least

solid particul ates dispersed in an aqueous carrier_ _
tw %POIZ}BOT@WQ]thWé?t&nrvééﬁeg 8¢ prederpblyostitng #dile gpmbining

o | 1 . .

coc N By L GBL LR e R O D IR rongion media
prefarathly dempribosadequeniyisylution grel/or salitparticoabes pfi spesky bdat e

and rml.gbdi agid. Preferred vanadi um sources incl ud
AT fia SOmE RRBATEAIS A PAMAISOLAIRNg AR e V-

cor®ihidg -cofRipBlifdsr2d Nt dnidiivg of ThlceBBiniMELd®unds can be provided
antimony(l11) oxide, antinony(lll) acetate,

to the raagtiery yessel)as esedons eolutkans b thertday (W) Noxpifba-, Sb- metal salts.
' I S ' tLart P
Soffbf BN ot 45 asHer RPBRING bR ash Bl LR fring, V-
corpdinimg] SiacontQipidgand>GY-aintaising compbunddican BOptodiled to the reaction
Preferred tantal um sources include_ tantal um oxal ate,
vesgelprahialies CaAt Pt suBPatRg soliparticatey disrested o Ay aquegus
c &gggﬁapd ger mani um source is germani un(lV) oxide. 25
003 Sol vents which may be used to prepare m xed
nmet al oxi des according to the invention include, but
nat limted to, water., alcohols,such, a t hano .
10030 Bfkfred kSt o iR or SH RIS pR R ERBGR R Ghotbed herein
incRide P RN8wegY PRferréd folybdehtimMdlutced nchide Mol PRdelim(VI) oxide,
solvents known in the art. Prefer ablﬁi/ t he net al

ampoginn bentamelybdajpparhmelybgiciarid. Paefored vansdiune sarcestinglude

. ‘ I .

N L R L

sourd¢es Giehidccaltinfony (TG sk sle ramyintoty (HP aeetalé entimioy ([ITpyxaldielt
need not. be, distij]l e(f and/ or deio

ized. 11 WO _—
anteeny(Boouds émensIBoslaie gayantmeny b arisaisigerred niobium
S e S L A Pl P
Prefardddampatuivesquaces iimalidertantalumdoxatata lamnoniae tarfdlemanelate, and

aqyeous sol vent should at | east be suffigient to

iy S 2y P @ognaniug pape s sermputipyd oxide
hydr ot hermal synthesis of m xed netal oxides to | eave
amount ' of headspace in the reactor vessel. [0032

[00331 Selvents ydhich hay barsed ynpiepare sniked metad oxideaccerding

i BP0 B8 L, PR R 6 LGSR, Qoo
proph@il, dibBr(e.g. ethylene glycol, propylene glycol, etc.), as well as other polar
solvents known in the art. Preferably, the metal precursors are soluble in the solvent, at
least at the reaction temperature and pressure. Generally, water is the preferred solvent.
Any water suitable for use in chemical synthesis may be used. The water may, but need

not be, distilled and/or deionized.
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10 exanple, in the hydrothermal preparation of a
MoVNbSb netal oxi de or MoVTaSb netal oxide according
wo ooosieodshvent i on, sone of the V and Sb nay bePORUS:0p€0l7837
with an oxidant prior to the reaction step. In that
case oxidant, such as H202 I's added to the reaction

o 4o 7B 51 L R b R B e

solubliitiel ufMhexyadcatdr cdBp@ids orbined teefdri@RE parBBulef mixe@ metal
H202 with oxalic 15 acid win the niobiumor tantalum

oxilea|The amoynt of a&ﬁeéumehventvahewd@hleesab&@ﬁfﬁql@téwm agurry of the
r
redc e, PRI iR ut et phAeis S AR A hgve an
armunﬂafhga@b@acemdhemctbmmel The oxidant is preferably a
non-net al - contai ning oxide such as H2QC2.
Met al - contai ning or inorganic oxidants nmay be used
[omgemn bdmé Bydid@Rbhallgthbs methbAsIAESxiliiR nRA Bd 4ddbdio the reaction
als or elenments of the oxidant into the m xed 20
megista fo o%iilide ong 00BRTe aftthe metappreatrsem gripr topthe agaction step. For

oA 3SR R MBS, BT R P mec

oxﬁiddle@brﬁimg 1@t inféntidh sutesefdhe Whaad 8b nidy be&n@@ﬁaf @ith ¥n oxidant
desirable to maintain sone_headspace in the reactor

Prigptodhe reagtien step.olighiak cags oxidantsyel s Helie, icgsidad tathe repstion

medfin. el.l"hgq &&r%ly‘dgfr‘e )%r){(ﬂ% g&m%x{ E)ﬁthé ) (Hslea rleéuﬂcj?%o gound
reaction xturelss ad stirred reacti

niob&gs eka;latefom tarsalanplxa]ateyty avoikenveied feectibmpe ke H,O, with oxalic

t he headspace ,is fi with anbient air
acigffoonibivine SRR SRR RO yn bt By & fdded to the
redé'ﬁ&‘@ ¥RHiunt 1R RERGTRAGA0n ARy bE cKAeMA 4dheeRlthe d&ﬁ)éd Q)@idatlon

led with other gases to provide reactants lik

and;/pr vaveidundesiced reagtions. phke exidand|i hs msfemblssa nop-nptal- Oph@lnmg
ajmount eaags ce.a a n t.
ol e TERPEG e PR Boflebl g BRTRESeghtolbn 'S

deiRBY 0QRMETRcPEhE paE2Q 04/ kA8 3 eleﬂh@ﬂl@ 3 thsoxadahtintd e mixed
step. of the preferred hydrothermal synthesis nethod,

mefal oxideer al |y descri bed herein, the conponents are
reacted in the sealed reaction vessel at a
tenperature greater than 100 C and at a pressure

[0G3¢ aT e stépsand tlasmniepmathar msthod eart dsd mrmprése%eaﬁmgeﬂe reettain

R o LSRR TS 281 e LS, COTBEAGDL BALS nsdiscuse

abb®RTRES gédérAlydesphbll maln%pm&ﬁe%d@acaﬁﬁma&ea@to@ KE&EUMEhe
of "at [east °~ about psig, nore preferably at a

amognpeft @adﬂpeceomaaﬁepe@d@n tl@ﬁbmasel desigroonthe type ﬁ aglrt@mmsed if the

reip BT RRRY Qren BBl g el S SESIRE by e 504
heidspacad By pidfallf thls Q@@ispz&b Q4filleORitlp SBlient air which prov1des some

amount of oxygen to the reaction. However, the headspace, as is known the art, may be

filled with other gases to provide reactants like O, or even an inert atmosphere such as Ar
or N, the amount of headspace and gas within it depends upon the desired reaction as is

known in the art.

12
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10 [0035] In any case, the conponents are preferably

reacted by a protocol that conprises mxing the
w@ormsomant s in the seal ed reaction vessel duriPQI/UR®04/017837

reaction step. The particular m xing nechanismis not

narromy critical, and can include for exanple,

mxing (e.g., stirring or agitating) the conponents in
[008AkAs e dudlefr sispf ﬁltm)rv%grsé hy&mheﬁgaltsmethw's method; ergeapgrally

an fact.i hod. ch, e el udi ng, f
deieBie i bt PPl Gl MRS T Rt B o
temtREd@t grdacer tiexnal0ol °€ oy £ hpkdsnge gidarddthanthngbient pressure to form a

.oscillating the conponent-containing reaction vessel.
mixgddpetAEPRGITCcHEY- PaelPiahly; thespmpBsls re reacted in thy sepled

. hadl ol o

R A R o S
aba 0 bsig, moretprefesbly atiatgmpenatnes ofat 1¢ast atvat t HEAYE amhat a pressure

vessel, t rovide.relativ 0 nption between
of dhacasf el SR 5 ih Soe i BadielR vadeBpeRREoLfHicast phput 175
°C HRATAG préRird T at Rast¥dblic (0ipgN and/ or shaf t - support ed

stirring menber. The driving force can be directly

coupled to the stirring nmenber or can be indirectly

e rr .

(003315 5575 koR R e TR Rolled by KPR Rk bBmpriss
misiti tHe@oiponérms M the kétedrengvnants] dwingy theveattion step. The

ef ficient reactjon, between conponents of th eactign
Parfigyan FHXInGme WS&%@@W&%@@?M@@?&# PRl
mi)(ing% gel g., &fing 654itating) the comPBHeRts ih WRISRE Q&b 1iBA ’\655‘361 during the

oxi de” precursor) as conpared to an unm xed
reactachy ary. effegfivénmethode Snch pethnds ipgludingpfor examplexagiteting the

ited in the claips, th | -mxed (€. g, ..
T R R S A
cothPorntlborRAniB trédction veRelP el ife@iods alRb intdede, fotekiaple, stirring
processing a m xed netal oxide catalyst, and in elther

by using 2 stiniagenembdr depated3y legstusrtigliyywighn thegrepgtion yesst anska
. i . i .al i 3 .
R R
modiofi ;bétg\’eEn ﬂjfbgﬁiﬁé%g msnshbéoandabarepttion vesseB T &Gfihg GRMbEBcan be
PCT/ US2004/ 017837 so cases, as sQlid.state .
a shafl-eiycarandigs ahatfrsennorted Hirggmest eéuﬂ\? g%%lag ?Orﬁmnebeﬁlfecﬂy
colpftéfio tRe stﬁ_ﬁlﬁé hRhdeP6f 8RfbeiAfirdcNE cHEA & the stirking htlteP ..,
tructure tTor active and sel ective propane oxrdation
viaanagnetic esuphing)l afheomixieg ialggsdrally prefeddidp pufficicnt to mix the
referably, the conponents.can be reacted in the. .
corpofegty tp sty e EEbreachion bRy R POty gt g feaRfignymedium
to tRAMR MHR Hontbeed0AE rdabBort ALdinm (@fg, tahe rdtyilingtih e miek
synthesis, the pH of the reaction m xture may change
homggéncohmmietanqtalipaideearsortas corweteddn apimiyed reagjionbe
Wigi%og;g BLin bale@S/ k0ot Bt il reiledibind TihR! AR Weil-hB&d (e.g.
well-stirred) reaction medium can in some cases result in a mixed metal oxide precursor,

or upon further processing a mixed metal oxide catalyst, and in either case, where at least
a portion of the precursor or catalyst comprises a substantially homogeneous mixture of

the required elements as discussed above (e.g., as a single phase), and for example in

13
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seal ed reaction vessel at a pH of not nore than about
3.5. In sone enbodi nents, the 10 conponents can be

wo e@siedes n t he seal ed reaction vessel at a pHOIf/UsSDIN4/017837
nore than about 3.0, of not nore than about 2.5, of

sof®tase® e sblidBtafOUitiod; shd ﬁf'th&CIh sHRE 81 LAt asROWhert aP1c@st a
of not nore than about 1.0 not nore than about 0.5

porgien Herenfthapheaequigie cab&salhn@strucmref@ractme M selpstjee propane
u about -0.5 to about 4,
Oxmg&#erg%ﬁ Bﬁ#%ﬁ@ga %B%F}o about 4, nore preferably
from about 0.5 to about 3.5. - In sone enbodi nents, 15

gﬁéﬁ)H ca rg, e from about 7 to about 3.3, or from
[0036] Adsoprefsrabbp e compprents, FPIhES/feB%ted Hfbe sealedl Topctiongientyl at a
1mt<'i‘aﬁ r?g{ S ndPBRPe than bhGt UE ek AR JBlue %Tﬁ} ﬂaﬂgﬁﬂém-gh $ynthesis, the
onents can be reacted in the seal ed reacti on
pH\pé' dlzaiegctmn nhibgire afay changetsicinthdt the fionl whh Of,thndcatcnon snixture may
includin ctlon t enper at ur es
be gl $ihieh bRl IEMRL. DRREINIR N EORBORYY G teafieq inythe
sea?d@l%@&tioﬁ%ss@l aer HJGf &t nhdrBEhaswbbiicd. £1Mh sbife emBbAMidAGs, the
m xed netal oxi pref erably where the m xed net al

COrgROneAtsconpe re@é@dan theiseeled seagtien wespalef e pHodmpt merefhan plout

3.0?)@@1# glﬁoqe ﬁLer e&ﬁt ?%ff gbtsr%ifﬁ%stiﬂl 2Ray £0.. &bt ford ﬁﬁﬁtab@ut 1.5 or

er a havi ng requr si
of notysdra thanra®ost Ir. (D;cdf nbanﬁmthacibdue 04rd of ﬁd)teﬁbne\than about 0.

ropa or isobytane oxi.dation and/or xi dat
Pr rageesiaciide s PFLiaRBIBg fiom abpe-O 5 Cabeed 4@# bl from
ab&dt 0‘%0 h§od? Qt mBRY frofbab I frbihl a“b@ht 0.80fatoR3 ke E{ﬁ‘ﬁe &ﬂBodlments

exanpl e | east about six hours, at |east about
thetphbtanerahgnﬁ@n ahout| Aot ababohiB, Ql‘lfg?hm eleout h dopbqut 3t Tihe p$t may be

h | b h h
adiffteq e BIREE Acio bPsp i e acibn pERRS. 2 00t Mabont

forty- two hours, at |east about forty-eight hours, at
| east about flfty four hours, at |east about sixty
[00831:Tke cempansatsican berracksH wr (hespaledErapiongyessals atdhet

afo%f'g Honey r%%t}/on c\%%iﬂl%% @ﬁclﬁ{ﬁﬁ tféroel}alﬁ lePfet &t?&lstFIQISJCIIahHgS

€ éven ree cru
reaemmmieauais lbIé asirrigh e, as Héchi&edZ ﬁlﬁlﬁ/bpﬂﬁé@anod of time sufficient to
U82004/ five

fou at | east
forg g mixgd In it gy thegpixpd e B OB 2 solid
stafée.%ﬁmoﬂtco Eﬁﬁﬁé tﬂ@@hr&d"@eﬂi‘é’rﬁé‘% (ﬁ§cu§§edla§§\[§§ aﬁpé’tuﬂ:ast a portion

hree wee or  at st about one nonth
theFemIf Ipmﬂ:mglyﬂiamng dlacteijgisite crerﬁtalhlha strMure sfomwstvo f:mct sedective

referr catal yst pr aratlo S n i.nclude
prcaie st 5ot oxidhion B Ao rLe B o RGeRe BEIGw. The
exdc Mdmm@is Wt nRIAY cAitied, atxheeammem &anprd &Qeast about
g@ , to about anbient tenperature) separating the
six |ursd

afgast leant Avelue boprat éﬁaﬁgibphfeelght&@dmm al least abeut twenty-
fox% R, Qq%els %b%'ugthgxgyg Bours k¥ 155 H0h t{tHfHRﬁ%x &F}g,/ & Eﬁ?gt about forty-

ecantin Sup or - a

twd hbtire rat Negajt, abv;asthrtyglgﬂn hosspat ﬂaisea:bousﬂfty-ﬂomamhispaﬂ ledse sbout
using distilled water i oni zed vvatﬁ), .
six; yelﬁ)(é"&%laﬁk?aﬁtﬁéogéﬁﬁy S s or at ast about seventy-two hours: Reaction

periods of time can be even more than three days, including for example at least about
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10 step and washi ng steps one or nore tines, and
effecting a final separating step. [00391 After the

WORNRAUR6St eps, the washed and separat ed m xedP@BEUS1004/017837
oxi de can be dried. Drying the m xed netal oxide can

fol?Qafd, e EhedbNdRle AR IaCRhsteBOEH it 848, 4t@edlt abodt séven days, at
tenperature of about 25 C at atnospheric pressure),

leastrabobt twawegks ov afleast abous shrap Weeksaar ahleass abewinae Qe
rangi ng from about 40 C to about 150 C, and preferably
of about 120 C over a drying period of about tine

[0038N Fohgwinpahe aacttn siépy Gurther slepsidf the biefaredvatal gst peeparation
preferably of apout twelve hours. Drying.can be . .
meghods cam inclidg avorkrup §iFps-dngleding for examplGogling the reaction medium

coﬁgﬁgﬁg '&%nﬁixga Bt RRIE Y ENG M&ﬁbﬁﬁﬁe&g&aaﬁeﬁgbﬂa&%g the
gas, d and is

n oxi datil ve gas, a reduclt ng gas r alr, ] .
solid/prirtablhtgs eoroprivieg te abiked mictal ogide frogvtha liggidde.gu by lsentrifuging

reparation ste the dried..nm xed tal . oxi de n
anp BB neE e ShaPrartnd o LG SRR P e e
solid SRS RS (LA udiRCdistdRd vdterorMEInezed aVatdr) dkpeatifg the separating
(e.a., i ncludi ng heat treatnents under oxidizing or
step @dd) wiaplying eleHs encoaranore times A affegiing a {indliseprsatingedigivent
at nospheres. The work-up m xed netal oxide can be
crushed or 25 ground prior to such treatnent, and/or
[0039] eufter theewbrkyupchtepsifie swasledandtsepaitos ntixed Metel @xiddian be

for_examl e,. the dried m xed tal] oxide, can be..
drigght Potiag fip reixgd meisl 0% %ﬁ%ef[}e%?dc%%aa%wmﬂﬂﬁmas (g, ata
ten?@reg eréz}glta%l)u% @€,tGah&dphstic preSir&2afd/dtah Al Bvérs for example, at a

y effected in an i1nert "at nosphere such as
termperatorpenangiRg &oer atwut 4G € tmatoud hS ¢ Yndind ipraferablycif gbeut 120 °C

ovir B s s 5o Bihe e B! g8l S 3 i Hest §ouss and
préd&ydblybfS858: teRRe %bm@npgying b e ffdciRatunger LevntrBBedbr
about 600 C. 15 WD 2005/ 000463 PCT/ US2004/ 017837

unf@oupilpd Fiweospheras and thedrying atmpenhercanbiees dnaregas) Ry idetive gas,
can.be furthe ' d, including for
ar%xua(\;ﬁrfﬁ %as%)r/ agfl gg?&g)%islygl\}%l ﬁbef%%@?tgﬁéssi ng the m xed
netal oxide. Preferable, the catalyst is sieved to

(00400 I Brlgmropr oo, S g Be GHIRBBLYS EOUEd o form

' f d R GINGRHL
s fReHRR g SRR AR B Qons

(e.Eaimlyding Batrpestintensnadfraxpdiziog obyedating eomditionsh effected under

nt hesi s t hods [ 0042 he invention is directe LN
vaSitR R B DR PR e iR Y eeal i PR ehilea bf
gréUrRRR R fo Akh Aedinitht ta@d/ob trt&ffiRédly duriapanc preteatment.

protocol s descrlbed above, incl uding .

Preferably, for example, the dried mixed metal oxide can be optionally crushed, and then
calcined to form the mixed metal oxide catalyst. The calcination is preferably effected in
an inert atmosphere such as nitrogen. Preferred calcination conditions include
temperatures ranging from about 400 °C to about 700 °C, more preferably from about
500 °C to about 650 °C, and in some embodiments, the calcination can be at about 600

°C.
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preferably as applied in connection with of the fifth,
sixth and seventh aspects of the invention as
walemsniddesl above. Oxidation States / Crystall i P€I/US2004/017837
Structures 15 [0043] The oxidation state of the
vari ous catal ysts conponents as descri bed above can
vary, and can include nore than one oxidation state
[004] Tdedteattl (b.lge celamedumixed lrlmlﬁi ®mrtds.can B durttiex antchmii@llly

0 id.e t al referabl y ri ses one, or, note
e Fef Rt bric i BBndtnd SUP e iR oSG tp Pitedreta iide.
Préfera®id, thetat st BY 8@ €o eofindRaktichdy }ﬁmﬂgQ{ part%IE@Péé datdtion with
to form acrylic acid and/or acrylonitril

a mean el slg rangingf fsem iab@i uk08ren fabpat 460 nmnpnefmhly fijom about
h
RSO STR SE AR S E0 G
Ammoxi dat i on Reactl ons [0044] The conpositions and

d t al d | yst d bed t
CARsH mmor At P & orerisa o e eGH Mg used i n
[0(?42{] Uik I?@Jefnﬂbﬁﬁ%@e%ﬁﬁcfn RbththGeiR abISBé? Y taRty sta&ng)o dltlons

cat al yst or conversion of propane 6] acry VI a
prepareghacderdingto tieagdnienh preparafigiopuotaools descrihetd taaovey finoguding

Pt R R g hnith AR s T SR Pty aspects of he
invaftiyh enddseiib&] sHovesobut ane to nmethacrylonitrile via an
amoxi dation reaction. Figure 1 A shows the general
reacti on schenme for propane oxidation to acrylic acid
O,gﬂg ic acid, and Figure 1 B
1051%?% ﬁggs%zléwtn?’.éggjtl on schene for pr opane
[0043)Thee daidation Etateeafr the wmmmchtal}atsd:onfmberttamaddsmbed above can
nmet hacryl onitrile, 16 WD .2005/ 000463 PCT/ US2004/ 017837
VAl GG EPP G BT 5 SRS PP U i et RIS SRy CoRepgents
Theé %xé@%ﬁé‘i éﬁﬁe Stal(BE fBfetant dsl &nﬁﬁis@s ox@ozﬂﬁ&’é'p%%@ h@lifg Qr
nore of the aforerrentioned catal ysts 1n a gas-ph ase
cryfstabliner ssaictuoe thatisdictivoandzsetertig foh propancdxidationi ant/or

PSR G Pa forde SRS RS a8 R Fe Dol R P Butane o

fordX H@EARACHNB aidtindr adthacSleitriks réspectivepi.cal |y air)
under reaction conditions effective to formacrylic

acid. The feed streamfor this reaction preferably
Co%%ﬂ?{ SoZ%r%q%% ?d?;‘iita‘?z? v%ﬁ&&ho%%tfﬁhzﬂ%{} at%ﬁRe%Bﬁ&sﬁS
10 0 ropane or 1So ane
[OM g&ne compgsitignd armmixbd nteta(D oﬂlﬂe t:ata}grbns asb dEacnhedJIm the

(greferabl y from out 025t . The. feed stre
genigd ea?f—,srs.%f oRerion s Be aaa %k“ﬂ&?ﬁ nthy gipget of the.
1n\$%:9f{919 NRRAlcAtal P Edre8hingsiae Bﬁ’ﬁrb?an@% de9lic BEl Méﬁl&tﬁﬁ'ré’acﬁon

product (e.d., from a recycle streamor from an
or gmbliiare tostnethecrytic acidydndior &t a@mhpe'authmsp@ct ahtheanveptiemor for

cor’f\g)errsion of propane to acrylonitrile or isobutane to methacrylonitrile via an

ammoxidation reaction. Figure 1A shows the general reaction scheme for propane
oxidation to acrylic acid and isobutane to methacrylic acid, and Figure 1B shows the
general reaction scheme for propane ammoxidation to acrylonitrile and isobutane to

methacrylonitrile.
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exanpl e, the feedsteam can conprise about 5% to about
30% by weight relative to the total anobunt of the

wo e@d/ostidsam or by nole relative to the anpbuneCDS2004/017837
propane or isobutane in the feed stream 15 [00461
Propane is preferably converted to acrylonitrile, and

(04435 Brosping resiegar e st i iayhastiifphytagade Msfhadiytc acid
by fpchWhﬁ% 3t B mofd 6k tﬁé’%?e‘?ﬁénﬂ%édﬁtﬁ%@ nYaS%asyiﬂhE&: Y P@a@?or and

or isobutane in the presence of oXxygen .g. provid
contactingehe eatelystowitlz progatierindhe presture ebonygons & szrwgd@dwto the

en 20 inin as and. typi cal
rea i e ot Feminn S SRR BRGPbEE Y 8 phd evpicaty
air} @id¥ ICHbE Bbiditidrs effectiRith &erfrydc@yiid 4did. €Thdfeed biadamn for this
reactiqgn, the feed stream preferably conprises

reag oI BITFECTabLYicOBIRHEwREOPARR ARk YRR/ SEBIRP IR HIREE SUC Bealr i
mo"i’ér atx@@fj oD 1%b‘Ma§1@ td 555' E0 @M abak: of B o QB0 5, and
ropane BrPiso utane to oXygen I'na ratio ranging
prdfasrahhydhnu ab&ut 125 tb abasQuiThSfeed ntlegm edrealsdoéompniserona oo utore
25 to about 2. ane or .1so uta.
sadifmireed oraponaitpndtitio AgShe B o5 S5te08° e et e.2. from
a rgcyéle SHREm R Fne ﬁﬁg’a{rb{erfé’téé@ TR M1 Qtape réacRIP Whd/br Steant Mo

f éed stream can al so cor;%rl se one oOr nore additional
exdmpld, tho rﬁmiﬁmmﬁ»aan pmpw gutzide yo abrriut BPYodbyoweight relative to the

t hacr C fro I
ol U A B abot Sl p GO S e o
isobg@aaé af the f@dalcyt&amst eam For exanple, the feedsteam

can conprise about 5% to about 30% by wei ght relative
to 30 the total anpbunt of the feed stream or by nole

(04481 Fhonie Ee BB oRE ARG OTng iSHRURERE 11 he
mdti@dyidnikrdle, i plbeldmgfont: loe nmb@«rfethcrefummmwnccéeataliystm & ofas-
the, ninth and tenth ect % i nventio

h
Pl Ly FoeCop A SO M st G RS AT Pl & aunvalie e ptgpence

of BEyRhQ¥ledpdviRd kdie réa%ﬁ@ﬁ %nﬂﬁ a@e&id@@e@ﬁ t&Episah@hy Skygeh-
as” an unsupported bul k cata é ports or binders

cofiteinitE gasesurh aa andipypisatipaik ema n@dm@a@pn pengitions

| eﬂa (lét?vg typ??zgn %(%%Pogghb Zolé L Ce?hrhggbc))/xg{ange §&%S§§&Bgﬁ ttﬁg {eed stream

are such suppo

prdférably, codthriéed ropehe’oriiyoburang hh)oxygert bentainieg @hs awhre dirpand
during_the reaction step of the aforenentioned
amppaspa Pathi thn folerirgmolar ratiog of pernapg oL iseBtgng te oxygen ja @datio

mggg)&g ﬁg&adtb\ég%o 1;;?{1& MGut, ShEpRRINLLY HRLER It 095 0 WYut 23, ¥ad

propane or isobutane to ammonia in a ratio ranging from about 0.3 to about 2.5, and
preferably from about 0.5 to about 1.5. The feed stream can also comprise one or more
additional feed components, including acrylonitrile or methacrylonitrile product (e.g.,
from a recycle stream or from an earlier-stage of a multi-stage reactor), and/or steam.
For example, the feedsteam can comprise about 5% to about 30% by weight relative to
the total amount of the feed stream, or by mole relative to the amount of propane or

isobutane in the feed stream.
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[0048] The specific design of the gas-phase flow
reactor is not narromy critical. Hence, the
w@amspbrse fl ow reactor can be a fixed-bed reaRtDU$2084/017837
fluidi zed-bed reactor, or another type of reactor.
The reactor can be a single reactor, or can be one

tor.in mJItl-sta react or stem Preferabl
0478 Fpesisof EbPYSBen s srachiphtof be ainthan Enpappects of the
1n\fe‘ﬁﬁgﬁ e &td3iERHTLAN miR8 %%til%@(‘iﬁet&rrﬁ)ogﬁ@ﬁ thPBe éx%(}ﬁlegfto the

t he reactor a reaction zone conprising
reagtor ab a@uppmteda;aalyy‘smr asanansupporied bulkfeatalydi. sSJhn@Dgs nlgbmders for

s ERE PR R ot oG R RER R SR B lec bR spgpred

catalyets ek be grdpafedbydaing sucdDsupfodeleyd. | 10 Bab 8004 by Yeight) to the
acrylonitrile, respectively, or the i sobutane to

reaqehEeAYI guring the sractiorettemel the affirementioned proparatipw Brethods. If
t 0
A ORI A0, LSS TR 541

abcﬁutcxm%l.bout 325 C to about 500 C, and in sone
enbodi ments from about 350 C to about 450 C, and in
ot her enbodi nents from about 430 C to about 520 C.
[0648Y Shalsheeifid Bé&idn (Pihd ?a%fl‘)hgie AIER reet P IORAMErroRy critical. Hence,
i sobut ane-cont ai ni ng Teedstream t hrough the réeaction
thezgm@h@sre flove repator parabaea fix¢dsbed reaeson p fluadizdsebarlanaater, peahother

id
ome R TS Elsadin B b5niis FERET, a8 e ofe ey tn ¢ gp-staee
readtd® ¥ stéin O PrdferaBigpthe rdactor BOmprises WNE or AIGROdRIES fdrfedding a
about 0.1 to about, 0.5, in each case, for exanple, in

reagenhisefstisgniie ageactips gofin ofithe reacigr. AF8acion zapaeayRRrisinghc
mifFRSH] Sl fuiSer GRER Afto? RERICRRSRE -ERNDA BladEits b flfoacted
reai:tanm about 0 psig to about 100 psig, and in sonme
enbodi nents from about 0 psig to about 50 psig. 18 WD
2005/ 000463 PCT/ US2004/ 017837 [0050] The reaction
[0049) Gk rQR B0k B6hdXForks UFd ddBfroBQIo vl eV fob cérﬁéﬁﬁ@thé Propane
heat transfer and/or tenperature. For exanple
to aasplic dcidh ozmrﬁﬁmtrﬁe, rcseaa@tmiy, og therisdbatanb ity med@nlfyﬂlg acléd)r

meliBiefaifle O Vel el rhdfich S8Rl 1A o MifHeBrure

rangipPRea aaa@t 309olLb absut 330 daf px@fa:rmyd fipfrodbdae325 °C to about 500
ammbpxi dation reactions are exotherm c, and as such

°Cs md insgmeiegbodigpratsizom ghowt éép &6 t99bRHs 456 FCragddn other
em%BHi'ir%?J‘t‘?ﬂn %B&W'lab BC%‘ 0 bE Oﬁflergﬂf TRL Ak Yate %P fheOr

m xed net a OXI e catal yst”’conpositi
prdpase fcﬂesbbutmemontpmmgt feedstreara mhtouglethe eeection nommfdh& gasrphase
ﬂo?vrreeg&grnt 4 :q%gtrt d&gtg?&y}l a\ggl% { lggﬁr eﬁ%gcg \% itgr(w& ) ranging
frolBABRE D Y0216 aB&iit 8, B4 4y from about 0.05 to about 1, and in some

embodiments from about 0.1 to about 0.5, in each case, for example, in grams propane or

isobutane to grams of catalyst. The pressure of the reaction zone can be controlled to
range from about 0 psig to about 200 psig, preferably from about 0 psig to about 100

psig, and in some embodiments from about 0 psig to about 50 psig.
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methacrylonitrile) with a yield of at |east about 50

% preferably with a yield of at |east about 53% or
worers/oo|nzl nost preferably with a yield of at PERES2004/017837

about 55% or nore. As wused herein, the yield is

cal cul ated for the propane oxidation and/or

anmoxi dati on 15 reaction_as described in Exanple

[0058h&bs reprdon eanditicng gambs frther eonitralledhwith respestyip bﬁattﬂiamfér
|
ér tl'é‘rs‘r‘lgpﬂfx[eé P&% é?%ﬁfg 5@@4@2&} "zéé{ﬁ?gr thé bd ‘é‘toP fs Qf%%ab%?”
corﬁ'fgﬁit@lrto cbh@oh heat eastee ih the aeiction S018; amr/dn taglpt:mtme irhthd seaction

wn in the art Q053] The resulting acrylic, acjid
Z0ngn g?fo?xagmley |tbﬁqwrppmeén& esogﬂiaﬂ%ewww i RIORdA Alymoxidation

reabBOMIAFE &t&ﬂé&ﬂlé lafid BE SEH the FABHOLzAIREEn BE c5Q8E bRBhe or more
sources for nurerous further (e.g. downst r eam
aprapyrhes bitdvems thaedor di ng to net hods known in the art.

25 [0054] The follow ng exanples illustrate the
principles and advantages of the invention. EXAMPLES
[0039] PRE&EDIyEX® G Bord of theGaikad ytal VRiRle REIIST @thpuiRiod, thBgeed
atom c ratio of M/ V/Sb/No was 1/0.37/0.13/0.1 in the

comgpesitinnsi andrihg reaction quadiions arepontralieddn fom the desiard reasiion

proBRE" 46310 AR e POl o e gD

methacryR0Ri1€)0nil 7 yield affat eaS0Hosiof 012) profeatdg seth o vielilof at least

slurry while stirrin 19, WO 2 46
absy o ore oo PR BP i vy S [t AU age or more.  As

usdd'HeREh Qe 9iéldjis%§féhl\éteﬁ%xrﬂ19 deﬁaﬁ&bﬁdht[bn%dﬂ% a{ﬂncox@@aluen
sol ution at C. The oxalaté/Nb ratio of th

reas@&bm&sdnsmh@@%pbtﬁe concentration of Nb vvas 0. 412
M A portion of the niobiumoxalate solution (0.841 nL
of a 0.413 M soln.) was added. Distilled water was

[003dP @de tRulting acBaictatiani/s s@llohrik &%ﬁa&ﬂ'llc\@kiwie 5
The initial pH of the reaction nmedi umwas . 1.

mefhassdniie prsaricaan b skt Hiopieet Jagm @h?roﬁldez@OHuctS and/or
from ﬁlpg#tte(?r%hétglﬁtk 9&ord-{{?€torrﬁé)tﬁ MR, i g kg gl | owed to

O room e solid reaction products

vvere separ at ed fromthe [iquid and washed with
di [l ed, . water, three tines sol i S ried
(003T The respltipgetic grdpsdkr aayipaiats o gheibectaicaenba dire:
m e v\gfelmﬁgﬂe grcfd%t &nlBe uﬂ_e%?lle‘is ¥ed Bk %m&@ffoﬂﬁlﬁhﬁgust Rirtfer (e2€

rin , pressed onto a pellet,
downstedary) applicasions e@borcbnattﬁnﬁm%@m ipdhe a61 es. [ 0056]
Exanple 2. A catal yst was pr epar ed V\,here the atomc

(0031 1B Seusting erarses sl e rgeipled s pdyphiadgeg ot favention.

reaction
EXAMPLES
[0055] Example 1. A catalyst was prepared where the atomic ratio of Mo/V/Sb/Nb was
1/0.37/0.13/0.1 in the synthesis mixture. To a 7.0 mL Teflon lined reaction vessel was

added 2 mL distilled water, (0.50 g), VOSO, (1.27 mL of a 1.0 M soln.), and SbyO3
(0.0675 g). HyO, (0.017 mL of a 30% soln.) was added to the slurry while stirring. A
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vessel was added 2 nL distilled water, MQO3 (0.50 g),
VOsO4 (1.74 nL of a 1.0 M 15 soln.), Ge02 (0.030 g),

waras8oRe3 (0.076 g). H202 (0.059 nL of a 30% BOI/MS)004/017837
was added to the slurry while st| rring. A niobium

niohRun exaats csbhmtlpo nvasmseppued pardésgolyingriiglsio bwidrig ambsddiccacid

BRI R AT TR | S—

- NbGRRAENL Bt I&BORi‘onWtw@ﬁotQuAJo%aMe DI %m AL, 610.413 M

ni obi um oxal ate sol uti on .841 nL of a 0.413 M soln
solpg svagdddedl. Distilled watpr weas e daﬂd@ thecrgeationyessebtor B |ﬁb|rV01ume.

I 20 75% fil ]l vol it H h
o B3 gkt s cioehio Y& 20 Tud Ul el o 175
°C m@&tmwﬁtﬁodﬂa@tﬁhér@ rTiSedbtoM wasQkkén Abhedtth @60l td Fedm temperature.
reactor was then allowed to cool to roomtenperature.

Therﬁélcgr@mtwnrmg@qt&)welp seppsdied frpprthe Hawdand @@sliqdomth dxletllled

walgh SHEE L, S R vl bt o B Y C e 125 B
cal6inb® ﬂﬁ&r N8R 66@PC If&ezih U’ﬂﬁeeﬁlatléﬁalgsgas%%ﬁ tB%fﬁr?e wadEhﬁl a ball

material was ground to a fine wder in a

milli présse orto sigutllon toishedoid|seved tor LfkﬂtedSélmm parsc/lesj t o 145
to 355 gm particles. [0057] Exanple 3. A catal yst was
prepared where the atomc ratio of M/ V/ Sb/ Nb was

[0055? E44h Piil D. B&atallyst has prepirb@ whereth htdfific rafid off Mo/Y/SHAND/Ge

efl on ned reacti on vessel was 30 added 2 ni

>
wag)il :3/9.18@- 1083 in th synibgsisrmixiiges Tp ar/dbimyy Teiloa lingd rsctien

ves3pl ias Rfeq P SRURE Burol RO @ 5oy O UPRD B ot b M
s0l&9, mg@mb@mﬁa@(amngw 8RU59 M. offa 30%88%m.) was added
n,

oi n. added dro W se e.slurry and, stirr
to Rﬁag%ﬁm ihip A BiGbiEY Wa q%% apaa?%gséensmlwgﬁ niobic
acilg’gr?%tpfss @féi sQ)Yutfé)'n @b VCng'h@b)QQ tS/I\%Cﬂa 0 'of‘tlﬁsns 2!%? nhvf;egs 3 and

ution at 6 The oxalate/Nb ratio
thesohednitratiomaSNB vaas . 41IeMc Ansetidrr off the niobfum bdikalava solditidd 2.84 1

mighe EDRP Sl Shatitied SRtBISER: s alfed bl isbiontastio o

75%F5etolhiRe! TBe ‘ilﬁﬁ&ltﬁH)B‘f %6 ScuBlior &e&iuﬁﬁw/asfl 3! TH@bé&Q@l was sealed
The initial pH of the reaction nmediumwas 1.

and/hem@i told§ °Edat ¢81h amtlhohmm@brt o'l ABact@ W@rthdteallowed to cool to

the eat i t he ves was tunble ffect
oo 1% HHTERRTER BFPCHfs e <P e s Lqpgand washed
wﬁlhﬁghlﬁh |v&é‘(@qmte9 tieRQ! The sdlfa%oasttﬁém{eatlﬁ laf-at Tiz@o@ %rl 9 h

reaction products were separated fromthe Tiquid and
crughel) anld vdltihed insder N, @d600at@for 2H. EEhetmarersal wiasgrdithdsohifthe
was then dried in air at 120 C for 12 h, crushed, and
powd¢rdn adll milepresgzd antogiellet, crushedand sieprd torkd %f0i330 Wiais
pal%rf%#nd to a fine powder in a ball mll, pressed onto a
crushed and sieved to 145 to 355 m particl es.

[0057] Example 3. A catalyst was prepared where the atomic ratio of Mo/V/Sb/Nb was
1/0.4/0.3/0.06 in the synthesis mixture. To a 7.0 mL Teflon lined reaction vessel was
added 2 mL distilled water. The water was stirred with a magnetic stir bar while adding
MoO; (0.50 g), VOSO4 (1.39 mL of a 1.0 M soln.), and Sb,03 (0.152 g). H,0, (0.106
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[ 00581 Exanple 4. A catalyst was prepared where the
atomc ratio of Mo/V/ Sb/ No/ G 15 was

wQaL@580@68/ 0. 06/ 0.8 in the synthesis m xture. HOI/ES2000017837
nmL Teflon lined reaction vessel was added 2 niL

mId6Sd 3d% @QnWﬁ fadddd\&opRistlo H@%luﬁ | QN Qa@cd?ﬁﬂﬁ@d fof 15
stir while adding MoG3 (0.5 %{ VOSO4 (1.0

mipfA axobu@n halate solutiocm@g plepazd by gisso mg erlzoamd(lm a1152ahc acid

solffandheion TR BRR B s St SgEpn ReS R 2RE s Smperasion of
Nb?@as(é 41-§|'Iﬁ %%ﬁbﬁ/om&rﬁéﬁl&n‘gxalta@ s%hﬁ&hl{b 508 mY¥ast 20. a[‘ﬁM

he 20 concentration of Nb was O. loortlon of
solnf avag ra@ctﬁdu nPiskiled wates giag added @ dleae@tm vegsel t9 0744 fillwolume.

eac%l %geggﬁ?rbm%a%)}vasf y\?t Phe ?\9@5§ela aﬂ]sgalgc? ahd! ﬁeated to 175

°C g6 8] Bﬁr‘ﬂné‘ﬁ@%@txﬁg&h& 8556l Vf/@rtmﬁﬁleﬁ to BEfEdt ﬁgltithﬁl of the reaction
heati ng the vessel was tunbled to affect agitation of

megiyan. (ldg cedctm wasdhemallowed to eend toroopismpseaturg] Thaedidreaction
pro%ﬁ&ls wefe {¢ g%’i’tegeﬁl&% rﬂ?et l;r:cgl?d ?g\?as%&h gﬁt {flteh% Rr%% fif®s. The

Wer e separa Iqui

solfll whd thér€drisbineiir 4tN12eeClbiESh, chid@ed, th dal‘dﬁr‘éd hhee& Ny dt&do °C
inar at 120 C for 12 h, crushed and cal ci ned under

forrh. aTheag@tenﬁlf\ms grownd Mireinesonidenin akell milb pragsed eniga pellet,
ressed onto a pellet,
Cmgfru%lg g tds?%s\?tggglé&%%%ﬂgp%s m particles. 30
[ 00591 Exan'pl e 5. The catal ysts prepared as descri bed
in Exarrpleslthrouh4vver tes for t

(0038 Bxample ‘bnA&@ta&S&waﬁ@rePee wihere frr etPMI%r%Uﬁ%éMr’/Yé%b/Nb/Ge

84h finQ hiMRe2905{ PGS Beflon lined reacti 1
W P%@/%%gom %17837 yg%ﬁ%% ! et he cat al ys%j %énemrgaecdlonvesse

waswadded 2hmEb eligtilled savattdreTtha,tmewm‘ stigiedivathra magiitgetir Parewhile

aadirg MAch (B30 ey B0 b Gk d Mo e oA agioos
(. PS'%@S W Riobfd ofdlatd 30lufion WaDMe llzm@d b¢#QisBol¥ingfestic hélll iPan
I NH3/ 02/ He = 1/1.2/3/12. The effluent of the

oxaliseasidgolwtion 24081°Gz ddhe walgf&@]bsra@h 106 thas &@Etérph‘ya&r% pbthg
cong R N e 01 DB 9 ol Pl it Pl ytion Gidgo .

of ¥ 0&l19 Mes18) wes adid. aDistiednvaesvandded {onlhb eéhcﬁBrHﬁessel toa 75%
consuned / nol es C3H38 charged) x 100, Selectivit

ﬁn(mam Preothsedl was sealecbandchapied o T by 48 by Dwing Brbeativg the
veRbFnbleda S alliieh ST RASR AR ARNE e HRAGP wac TR

alléwé&d ®tevNtol rorhadmperiturel Thd sdlicEredctidagrodues Wete CepdlatédNfrom the

liquid and washed with distilled water three times. The solid was then dried in air at 120

°C for 12 h, crushed, and calcined under N, at 600 °C for 2 h. The material was ground
to a fine powder in a ball mill, pressed onto a pellet, crushed and sieved to 145 to 355 um

particles.

[0059] Example 5. The catalysts prepared as described in Examples 1 through 4 were

tested for the ammoxidation of propane to acrylonitrile in a fixed bed reactor. A 150 mg
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Tenp Yield Conversion Selectivity Exanple 1
Mb1Vo. 37Nbo. i Sbo. 13Gx 420 C 45% 81% 56% Exanple 2
wWOLDY00EbhOo. | Sbo. | 5Ge0. 080X 420 C 52% 81% 64% PERESID€017837
3 MblVo. 4Nbo. 06Sb0. 30x 420 C 48% 80% 61% Exanple 3
samiflé YPthé bialyo65Romad widDihfecidlesabdwE1afe oEXAiaPh EarBide. The
Mb1VO. 3Nb0. 06Sbo. 3 Ge0. 80x 420 C 54% 82% 66% Exanpl e
mixfugyiaPagiisonoesEessIined stegbixbe vuh @ 4mon B olbs g62cfion601

corfHIRr o GALAL YALLIBS PLRA! &Y WARKE- HhEATAL K Blio

C; By NHhERITEe HiLALUBA2. The affficht d¥lthd fhatien whab Eh%lyzfeﬁ tga®n
vessel was 15 added 2 nL distil]ed water,

chrgmatography uping 3d’lo#rQ gpd g molesular sisye, cqlmnarmth @@@@ P1eD
detéﬁor%,ﬁ]% ﬁtwﬂ[ﬁoéoﬁ%&gﬁ Jec@it a§@%/{’e eﬂﬁgd adeetydiGon =
the slurry

ile stirring umoxa ate solution
(molesCiH ppaswdedimdies €aHy chaygemll) gHli00, Sdeativitp =a(maesapioduct /

mofiC Slize T B 6 s iR 7L B el il e/ motes
03% ch&r%@; £®C Amé hﬁpﬁa&@ﬂayml 00 aTTRS RsSIQ) d#b SRSl B Teldfe 1ML

42 M soln.) 20 was added. Distilled water was

added to the react| on vessel to a 75%fill volunme. The
vessel was seal ed and heatﬁg ol0 175 C for 48 h. During
the heating the vessel wa |l ed to affect

agi tatijon of the reaction ngdattion [TAN reactlds was |Aan
allowed to cool to roomtenperature, The solid

reactign products wer e separ&med fIr Bield heCrpygusign g ndelectivity

22D S f 0, I i f 0,
Exéﬁgl%g Tfl kl% \/\/5?€7er t OeIéO’tul rénk:3L %qheébgoﬁ)é\ﬂsv;gf%w;nndr 28"

EXd.IIﬁplaizr Mo MAANE, fS0F 15G20.050x @-QGQ‘IGd,SMd c81%i ned uha4¥

'nlnrl to—a F ne

L N2 at 600 C for 2 h. The material mas g ne
EX‘BBD\léér Molélobléfm%ﬁ‘i’mpx pres§3@cont o‘%%pe (P&, crush&Hs

g m i 5 61] 5
Ex@%’le% \@81\;/3 °§§ys3t was r)ﬁggg ed y’ﬁthag?a‘{)ne met 16%4

Exafipled eMﬂwogNGO@SB@pGeogopamzemSM 4096018291 of a 66%

s—added to-the svnthesis—mxture
Exagpple rd\’fo&)otﬂgboqﬁﬁ@ 1502024450 Con. %’4’[03%@7 Exanp éS%

8 (12169 _12) A catatyst S prepared by the sane
nmethod as in exanple 6 except that H2S04 (0.0954 nL
[0060] ExdmpR\G.sAlcata)ystvevas prdplereld therehie sayintolfi d6d/§/StfiNkiH2O08 was

l/OYﬁ/{).E]/O%éI/(S.g iin asfwtxt ESLE, rr;l?xttlzrlzeo %‘o%dﬂb tn{Lo{Jéﬂon lined reaction vessel was
added 2 mL distilled water, MoOj3 (0.50 g), VOSO4 (1.39 mL of a 1.0 M soln.), and
Sby 03 (0.152 g). H,0; (0.106 mL of a 30% soln.) was added to the slurry while stirring.
A niobium oxalate solution was prepared by dissolving niobic acid in an oxalic acid
solution at 60 °C. The oxalate/Nb ratio of this solution was 3 and the concentration of
Nb was 0.42 M. A portion of the niobium oxalate solution (0.496 mL of a 0.42 M soln.)
was added. Distilled water was added to the reaction vessel to a 75% fill volume. The
vessel was sealed and heated to 175 °C for 48 h. During the heating the vessel was
tumbled to affect agitation of the reaction medium. The reactor was then allowed to cool

to room temperature. The solid reaction products were separated from the liquid and
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[0063] Exanple 9. A catalyst was prepared by the sane

met hod as in exanple 6 except 15 that H2S04 (0. 191 niL
wW@2008/00B62M sol n.) was added to the synthesi s PORUS2004/017837

with stirring after the H202 addition. [0064] Exanple

wadtild vEAERIASat¥RBireRBRAT GHe BYlid #8s SRAEriEE I EHatdR0i°C for 12
exanple 6 except that NHAOH (0.233 nL of a 7.45M

h, @osdhed,)amvi@slcatdeaderdNt #6608y Atthed hs Tk xtatergl wias ground to a fine

stirri 20 after the 02 additi.an. 06 | e
povyder ina BAH Al otciis oP e NEn opy o Sinved Horh e Do
pari¥REPl e 6 except that NHAOH (0.350 nL of a 7.45M

soln.) was added to the synthesis mxture with

stirring after the H202 addition. 25 [0066] Exanple

ca t repar e the ratio_ of

1008} ERaERIGH B i RS BRteieg b ghGmsttbly 8 filexample 6 except
thaS MRS OL®L.E oMt bf £18.2W1 i) Fasrhddbahd the syhtheds miaatd with stirring

vessel was_  added 2 nL distilled water, MbO3 (0.50 g),
afteqrtas /07 wlditeen. g) | and Sb203 (0.152 g). H202 (0.106 nl

of a 30% soln.) was added to the slurry while

stirring. A niobium 30 oxal ate sol ution was prepared
[0062] Hixamples.nd2hé hil2) Accatalist veas poopateddyahé shrsoiathiodas in

oS R TR 2 S5 AT s
mimg‘ﬁﬁﬁ%gﬁg{ﬂ%@m@éé&ﬁﬁ&ﬁ7 A portion of the

ni obi um oxalate solution (0.496 nL of a 0.42 Msoln.)
was added. Distilled water was added to the reaction

el t 5% fill volu e .

(00§ 3E R Rampl " 4 S by Pl by B RS Hiecadf R pRRBBE 6 oxcopt
thay H5S0) (0BH hUxbh e8.2M s6lh) @b addeditd did synthesis bfieture with stirring

reaction nedium The reactor was then allowed to cool
afterghe Ho@h slditéper at ure. The solid reaction products

were separated fromthe |iquid and washed with

distilled water three tinmes. The solid was then dried
[006d] Aixample IR 0A Catabyst w2s preparedibin e, sama mekthal asiin eslampldérexcept

0.¢C f 2_h..Th terial d t fine. .
tha SRR Lo mbaf M Sopd BeS g b B plere it iR Goring
aftétfle $1,0Y 8dHitich. 145 to 355 mparticles. 10 [0067]

Exanpl'e 13. A catal yst was prepared by the sanme nethod

as in exanple 12 except that H2S04 (0.0382 nlL of a

o0 FNRENC . SR bR 2 AR B o v
thelt MHLOIPRB50AnT f al7yuSM wéis.) pras padeddo e dyhthesia rxined Withl stirring

as in 15 exanple 12 except that H2S04 (0.0573 nL of a
afteigho f.Qopdditiomas added to the synthesis

[0066] Example 12. A catalyst was prepared where the ratio of Mo/V/Sb/Nb/H,O, was
1/0.4/0.3/0.06/0.3 in the synthesis mixture. To a 7.0 mL Teflon lined reaction vessel was
added 2 mL distilled water, MoOs (0.50 g), NH4sVO; (0.163 g), and Sb,O3 (0.152 g).
H,0; (0.106 mL of a 30% soln.) was added to the slurry while stirring. A niobium
oxalate solution was prepared by dissolving niobic acid in an oxalic acid solution at 60

°C. The oxalate/NDb ratio of this solution was 3 and the concentration of Nb was 0.42 M.
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m xture wth stirring after the H202 addition. [0069]
Exanpl e 15. A catal yst was prepared by the sane nethod
wa@sgoosnomsanpl e 12 except that H2S04 (0.0763 nmeCDUSH04/017837

18. 2M sol n.) was added to the synthesis m xture with

& SR BRLAH BLbISOROZ A 10 o OO B AP e

repar é same net od as
Dmpﬂad'pd'aeerl@s aéde{detptthd rreacttldﬂZ\Eé@bl {d0a DB 4ilntolare. aThéBv@l\stl was
e synthesis mxture w

Seaéftd: agyd. gtesfq ﬂfs t%ﬁo #’é@z Dy the heating theypessq! '“@ Apbled to affect

el SRNE D08 R TRERAP R b oS8 Lo room

tenq;emtmes'lfhe sulidtreacéion poodacts. v@rﬁcpﬁmtdd(ﬁnoxh itheeliqui aed weshed with
s ST PoRARES; OB GO eRiBROEBIoq o 58! 1D ol 12 Gporyghed.
ancf Qal%nﬁ gi%der WQ&%W@&)?% HTLTlfémetgxgg ﬁ) 3. O(EJI:)S il g> %er in a

urr ITe stirrin moxa

balbalillltfressedeio prpeler adstied aad s&oéd/tonlgwﬁo Gb5 pnagdrticlesnn an
oxalic acid solution at 60 C. The oxal ate/Nb rati o of
this solution was 3 and the concentration of 24 WO

[00%9?@&991% : th@ét%fﬁ% ;%%%%&Y by M& sHS Mln’éxample 12

tron"o ate solution (0.405 nL of )
ex@pﬂﬂlaM'Iﬂﬂul’(O)(B 8vard. afchd B2 MBobt. ) Whssdldeditocthe mghmhjmdctur@ with

t he \Y, to a 75%fill volunme. The vessel
stiag alig ﬁ‘%gpgﬁa&ﬁé%?ed to 175 C for 48 h. During the

heating the vessel was tunbled to affect agitation of

the reaction nedium The reactor was then allowed to

[0068b Examplepl 4 b1 @ Snpbr Atagtadyst Wes prephied by dbg samsmethod as in

R Sl e
migbiteedith stirging aftér the 01,0, ddditid® h, crushed, and cal ci ned

under N2 at 600 C for 2 h. The material was ground to
a fine powder in a ball mll, pressed onto a pellet,

[003885%@91@@?5 .SA %Xﬁ@s{ @a%-é&'gﬁ)éré’d gﬁﬁlerﬁm@ HMedihdd £3n edéin le 12

anpl e yst was prepared where t
except that HﬁSWWSbhmmﬂQI&Zlen Nwas atided By the opithesss linn<ture with

t he h ure. To a 7.0 nL Teflon |ined
S“‘?‘é‘&@?'igbﬁ’ 3@?%&@%}& added 2 nL distilled water,
anmoni um hept anol ybdate (0.50 g), VOSO4 (1.133 nlL of a

1.0 Msoin,), and Sh203 (0.124 81 H202 (0. 0868 niL of
(00703 Braowilld. dustabigbiwes mrsparwé 1 Eiespie methgsd asdn example 12

exccﬁp't {hr Aﬁ,(]) E’ 'xﬁtn'bf)ﬁ(?é %Aesoﬁpi Whd LedBSthB" ﬁﬁﬁés@éjmmfure with

SSO |c aci
stirring after the HzOz addition.

[0071] Example 17. A catalyst was prepared where the ratio of Mo/V/Sb/Nb/H,O, was
1/0.4/0.3/0.06/0.3 in the synthesis mixture. To a 7.0 mL Teflon lined reaction vessel was
added 2 mL distilled water, ammonium heptamolybdate (0.50 g), NH4VOs (0.133 g), and
Sb,y03 (0.124 g). H,0, (0.0868 mL of a 30% soln.) was added to the slurry while stirring.
A niobium oxalate solution was prepared by dissolving niobic acid in an oxalic acid

solution at 60 °C. The oxalate/Nb ratio of this solution was 3 and the concentration of
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in an oxalic acid solution at 60 C. The oxal ate/ Nb

ratio of this solution was 3 and the concentration of
wWOR0sAa80463 42 M A portion of the niobi um oxal aP@r/US2004/017837

solution (0.405 nmL of a 0.42 Msoln.) was added.
NbDit(.41 Bl Avpbrionwd sheadoksdmtaxatabeesolwaet (0@05 wils sfd 043 M soln.)

o gl 1gjsilfE! WAGERIPR SR o ST G Ve 93 (r%h SONOfRe The
veds Tdedak@ o ﬁ@d@éd teqrys a@'f&”%oﬁ b'ilﬁn% BAGeh @R HETE44E) was

e reactor was lowed to codl to room
tunﬂﬂefp&f affent ggitafibe oﬁthb lrcjicnemntedmm pFlodueedtsr wmnhen allowed to cool

to rapermpRbise I s prod e ¥orereriler e fediopffind
WB%?B? g}/iﬁ‘bfiﬁﬁll%dﬁwﬁer tﬁfe'éstfﬁ?ég TE gol?@lﬂﬁé fed dHQ&iﬁf ailN& 180 @Olgr 12

( material was ground to a fine powder
h, drostdpaid caldindd, underdN s&®0017Cdoa2 pe mhematmahsdaegrmmd to a fine

sieved to 145 to 355 pm 25 partjcles. 0
povder lmarhaﬂgmilh@regsfﬁpﬁf@a Religh ofike afiyed %@fgfﬁﬁ%
axrtlbf ugh 18 the pH of the reaction nedium was neasured

|nned|ately prior to sealing the pressure vessel for
hydr ot her nmal syntheS|s and after the vessel was opened

(@2} Eratabi S BB P B S GRS SRS AL 0n wes

1/0%6.310.6610 8fih @fe syhBedly fiahRe Tod 7.0 heaTeBo hne'ﬁheactlon vessel was
conducti vi ty is reported in mlisienens

adged@smbotistdled Pt mEDoBnTirp ol hate @01 &)s@ﬁ@dhé% mL of a

s

sludtyalidleCoifngs. 9 Kiobibeal @(atate/sdlytldrbwdti praﬁr&kbﬁﬁﬂsmlﬁn@ n@blc acld
VOSO4. Mb03 420 47.5 81.1 58.5 arT%I
in gn gxalicgcid BYiEnA8E) %5, "éh%wia%‘fb?aﬁo of %154803*210@ 3 dnd the

4
coff SRR 1Sk g A2 BE R Finar iy byte Bipidn 6105 L of
a 022 M sobx pwpd &1d8d.1 DstEE0ktdtbS added ©. the CraptiGuvedsd) t@a 75% fill
29.8 Exanple 10 0 0.5 VOS 03, 42 1.
volnip. 3115 VESSEL waExcaIRg 8 Berier b, V8 icksods Ro Bariegshoseasng the
N
N
alldweBtoAcd] tbrodmlémfperatdiré/ The 8ol ®a&1cﬁ15products were separated from the
liquid and washed with distilled water three times. The solid was then dried in air at 120
°C for 12 h, crushed, and calcined under N3 at 600 °C for 2 h. The material was ground
to a fine powder in a ball mill, pressed onto a pellet, crushed and sieved to 145 to 355 um

particles.

[0073] Example 19. During the synthesis of the samples in examples 6 through 18 the
pH of the reaction medium was measured immediately prior to sealing the pressure vessel
for hydrothermal synthesis and after the vessel was opened after the hydrothermal
synthesis. The conductivity of the supernatant liquid of the reaction medium was

measured after the hydrothermal treatment. The conductivity is reported in milisiemens.
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Exanple 14 0.3 0 NH4VQ3 Mo03 420 49.6 88.8 55.8 1.2 2

5.25 Exanple 15 0.4 0 NH4VO3 Mb03 420 45.6 87.5 52.1
wQa258004684 Exanple 16 0.5 0 NHAVO3 Mb03 420 BGI/BSBA4/017837

55.1 1 1.6 9.51 ,Exanple 17, 0 0 NH4VG3 Mv7024 420

0.8 6.3 12.7 2.3 4.4 0.086 Examle 18 0 O VOsO4

Mb7024 420, 11.3 9 4 58.01 1.4 11.17 a) Mlar ratio
Tig resplis ase ghowogn @5je 4 ni tial pH i mediately prior to

hydrot hermal treatnment of the reaction 5 nmedium c)

Final pH of the reaction nmedium after hydrothermal

treatnment. [00741 Conpar atIiibJ@—zExarrpl es 20 - 24

rrostrate WMoVTeNDQ, cat @l yst prepgared by sol vent Final

cahgorethiuprel sats Bgcel OrerN divididlBshverdSn SWRY bIF pHC |(ms)

eviapor ati on (SE) wi ancke%t}oﬂ W jexa!l i ¢ lagi d aRd Irinat Conductivity

Example 8 401 € 3| DET Oy oWBENIMBES! || C agidl 47 § addgf4t O 1588l 1.2] 1.4 12.65
Example 8L NES|[S MokbEHE Riads T e MedoPbal 1 Sgeal Cl BEH ab 6C 12.65
Example ¥ |UNA&T{[NZ Tiagogak ahiss 1S Pefy - skl Thep7Mat eghal (W {4 17.6
Example 890€0 @B(AI T T ofBk584 | Ro68! ¢ Nl No gl I at4,g8U Geand 4t heq 23.6
Example §110€T N Al BUBshs 363 PET T ORgpRngq O Thig Cabakyshl | S1 29.8
Example $0 |11 1 alg[TO HRF0SAE RleParned Wad Hopt oxa{ 4C aged| 2.8nuss 7.11
Example 197 _{ Neg|T ETRIsRoRE4 EXRBD! €S duif oyl agelgd 0x%gl) 6.8@01 4] 7.29
orf Ge oxalate] the paterijals 1Ib ware calgined i air
Example #| 20V & and ghiiNOINEBE Ne akadpU¥oll. [ W35l 92 28 5.1 0.558
Example YJPaT@| I Ve FOE[weBs A Caksy Y5k WasSgpgepanesd Waeres - 5.05
Example 141€_ AP C T ANy (MolB7 V7 TeR P S 17 Be 8827 V588043 T1h 5.25
Example 1816 _SYgU NeST BNt Thgos 10 _a A3HD 455 11 agKsWas saddedq| 7.34
Example 18] 01 S0.4|T T S0 olfitlfda [MoBE) OVD 4346 b1 4184 §) g {NFAVTs 9.51
Example 47 299 &) TRRHNVST WoPo2] WamdIeahed (04U C-HRI bh g 0.086

Example 78 | US 4! 550'0‘(/%%04 TRy S84 UT T @5 Was[ COOh&R TOsp@oMy| 14

11.17

a} RAOTHE 8 i toWI6! b)EitidbH RanleMlatelPprioBlh hiRbther i@ Amert\d the reaction
5  nathil®\Wekhnad g e Se@dtx‘drﬁnedﬁm afted yidtsierm2AGrediidn? 005/ 000463

PCT/ US2004/ 017837 oxal ate sol uti on was prepared by
di ssolving niobic acid in an oxalic acid solution at

0 Th te/ N fi. f thi | ut 3 d
5741 Commmeoeammmie® o e Boesrade T R saRDrtRseathe
sBiveR eﬂ?&aﬁﬂnﬁﬁ) with adivamo(tloxdld adid-afdf cair@d ﬁﬁc&r Maﬁ:‘dmls n.)
was added he sol vent was renmpved fro ur.e

10 copditipns dbrhewn By Eable i kelogy, when exahméldé%? 85 t9 %%m Mein
Ecgl?éjaddr}h@fn'éteﬁﬁl 1@-3&%1&@2&9 EOO]-% Uhde QU HRE Ealy A hoer | € kHée d

The material was groun

raatériah vith addrsroxalic apiduia calcipgd in airgt %%()s"&)“nid s uadﬁzs@izlaééoo e
tﬁ%ﬁ%&?@?@ég’f E% acgt\éﬁrgt %Qm}lgﬁtotﬂ% e ?r&gﬁe@ Vithd#tlo®ic 40 A8k,

1. A catal prepared wth a
ﬁer e keamaimng Eu:dnnlcs don@with amld@xahqm@rce Qemalawofhﬁ gategiglso

15 were g/qél}llédTi%/alNrbat WCI ing ﬂ?’eﬁ’uﬂd&’b@ a}6éd’b(ﬁt he synthesis

[0075] Comparative Example 20 . A catalyst was prepared where the atomic ratio of

Mo/V/Te/Nb was 1/0.32/0.2/0.1 in the synthesis mixture. To a 100 mL flask was added

25 mL distilled water, (NH)sMo7024 (1.412 g) and NH4VO3 (0.299 g). The mixture
20  was heated to 70 °C until the solids dissolved. The solution was cooled to room

temperature and Te(OH)s (0.367 g) was added and allowed to dissolve. A niobium
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m xture. Prior to the addition of the niobium oxal ate
solution an oxalic acid solution (9.6 nL of a 0.5M
waeianiesy was added the MoVTe ni xture. The sSOPUBLS2008617837
removed from the m xture under reduced pressure at 50
. Al f r
Oxac%t% s(ﬂ&t ijsno\g!ﬁ%p \Qg?ctgclﬁ 15961{/ ﬁg niﬁ‘zﬂncg%crl% g%o < &gaél@ Sf)luﬁgn Bi 60
°C. nBticaiabdte/NbSatis oﬂtrhd; mmtlanfwmé ah8 tlpmwﬂxeentramoa obalblwas 0.458

t/*op%sgieﬁwts@gg@%%ga HENRE @Jﬁaﬁaﬂa 3‘@4%(%?% gvzsl added.
The(%@\%?w}cf Vge Ff}oh%e%x{u&em{m% Rlduédd Ji EQe a%@ﬁ@' &hé solid

in ar at 120 C was f er heated in
wasathén dtieBGiCatf1a0 °2 fhr 12I'lne:rus<hedl iand walsineth @ndera¥,cit 1680 °C for 2 h.
under N2 at 600 C

e terial was gr
Thematerial wes gauREL° 3 eapoef%ﬂerl rﬁ?qﬂma b orssesd ipppediet TrdsRed and
Sle&gtézgsg ?yaﬁféﬂess' eved to 145 to 355 mparticles.
nparative Exanple 23. (1037_91A 6) A portion
of the material from exanple 2 that was dried in air

20 C was furt t t 280 C.f
100341 ComprTAf I AR 21 P s G BIoPRl e Shteedle Belhod o
exaﬁ'tpllele" QhBRUBE hidhni¥VE:Sio G DTV / TANB wak N0, 250 RAVDEY the Elyrﬂhesw

mll, pressed into a_ pellet, crushed and sie

mixtere Bsior tp the 8ddifipmef the niobium pralatopolutiom ap aﬁl\‘f@c&%ﬁﬁ}%‘ .6
T r

L g h

the Tnﬁx@lﬁé’ Mﬁdéﬁ iddubddEpressute 4t ISQEG ad solicewad then dded mCrinag 120 °C for
nple of the catalyst was m xed with three tinmes the

12 h,cﬂruﬁhedmd@@lcmeﬂméw Noet 1609 8C famkhiniThe materighwapgoregto a fine
povycgeé Lk 8%1 IE Opr?ssséj s & ?élle& 4 sh\éﬁ d Seed 14 Pro 3_ p&mcles

ns we eric pressure,

WHSV = 0.15 h"', feed ratio "27°VID 2005/ 000463
PCT/ US2004/ 017837 = C3H8/ NH3/ 02/ He = 1/1t2g3/ 12 The
[00g7} Comparafive heampls 220l 004 14n 8) {-nogfiqn offhg material from

C NHOYRLQ %ﬁ 8&?%}113&{1&11289&3’&35%&% hRatiR LA Ltaiso%%?z h. The

urm Wt etectors, respectivel

solﬁ%‘é&%&l @d]!emédﬂnﬁiéEN\[lai 600 mryllﬂ'ldle\dﬁ{t&idleias lg&dmﬂso a fine
Conversion = (noles C3H3 consuned /

no|
powdexaige bpll mill oessed n@@@mlnlwrushedren@@emdda déé tg 3555 wpnagticles.
C3H8 consuned) x (# C atons in product/3) x 100, Yield
(m)l es product / noles C3H8 charged) x (# C atons
[00'r78 ﬁfziia F41ive ExarplR.23THO37 exll 63 Agpoeticahafithe imateTiabfrem3.

mpl e AN C3H8 AN No._ Yield Conversiq
exa@ml@atﬂw iv(ay s dries] xpping 198 *6 vascushgs hepiek LA g, 165y 2 h. The

soh(c:l was tMa)n calcmeti3 ) ON% P 800]‘%( for 23 af}%trﬁf?ce&al%s %lﬁlg% a fine

powder in a ball mill, pressed into a pellet, crushed and sieved to 145 to 355 pm particles.

[0079] Comparative Example 24. The catalysts prepared as described in Examples 1
through 4 were tested for the ammoxidation of propane to acrylonitrile in a fixed bed
reactor. A 150 mg sample of the catalyst was mixed with three times the volume of
silicon carbide. The mixture was packed into a glass lined steel tube with a 4 mm ID.

The reaction conditions were: atmospheric pressure, 420 °C, WHSV = 0.15 h!, feed ratio
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C- 22 Mol Vo. 32Teo. 2Nbo. 10Ox 53% 93% 57% C-23 MO

| Vo. 32Teo. 2Nbo. 10x+ oxal ateo. 6 39% 58% 67% 10 [ 0080]
w@opaeEsd ve Exanpl es 25-29 illustrate MVTeNoEKT/HS1804/017837

whi ch was added as GCe oxal ate and MoVTeNbOx + oxalic

c@ﬂNﬁyog mdz/,bAIzS@hy@mheﬁ\@wxaaét@mwaf@ammy ghd)
bel ow, addition of | owers the performance

chr@ﬁatpg@phjauang: gﬂ’lotﬂbmd/@moleaul@r sipvhcademp ydth I Daaiddl @lde s

rf f.
dete&?og%tr Cngﬁlvel}g Tﬁe%ve?sﬁgrg l ect?wtyr p)g el 3‘6‘%@ HF@I?edtaﬁ. Conversion =

(m&@@ﬁﬁ&ﬁnhﬁn%&ﬁ&@l&ﬂ@ﬂﬁ@c%ggehﬁﬁ 10@168%letctielty3 xa(nadles proaiict /
is associated wth the cur sor
molep rpids eansymetlon it @topes mArfc&fz?)ys%O%é%elﬂr eé‘&?léﬁpmé?té moles
] f R/ n
ol BakRTY B Co B prodlRD) U TSl e AR o
12 nL distilled water, (NH4)6M7O24 (0.500 g) and
NHAVO3 (0. 106 g). The m'xtru e,was heated to 70 C until
the solids dissolved. The tion was cooled to room

Exdngiper afure and Te(OH) 6 (1.303 jmAnof ACOHPM sol Lianon)
was added. A niobium oxal ate splutiop was prepared by

Nodi ssol v| ng ni obic acid in an oxaYield apCanvession| pRelgetivity

60—C—F oxal-ateifNg—ratto—of Tty ) O Wah anmd—
C'the conf &WY%\FF F%’f’ was 0. 45%40/??’/[ Ag% porti )gfb{af
c-oihe nio {?@gdaz Ogggjqubkgme&o 818 nlLerf a 0. 4b80M

soln.) s ad The ~ 28 WD 2005000463

C-22CT/ USZDDMUda?z@so?szad])went was r&¥ved93%om t he| 37%

Cztélhg;}u;jrc Q{?UVPPZZ i{g’f’uq O’@a#ed’r% ;%90/;%“) ﬁeonnﬁe:\;”e 8?%@5

280 Cin air for 2 h, crushed, and calcined under N2
at 600 Cfor 2 h. The material was ground to a fine
powder in a ball mll, pressed into a pellet, crushed

[OO@dnggﬁli%ggtn;e@%aﬁPfeg 5% §§ A rl\k6§'i"&§b0,<5+ @Q)&ac}j}x was added as

I alyst was prepare ere
Ge bRela@ta@tiMo VaEN 0 o oxdie/adid] p{e[slh)ie%y\&ah'ent evaporation. As shown

in Table § heleaadtiaruphe et B pEoRge Aape pataet, hEwdhee
adcﬂwaw gﬁéﬁ BB l&%ﬁﬁ%{)&%ﬁ{%e(& tﬂ@@htﬂ}st ad Bfstically. Thus,

m Xt ure was ea ted to 70 until the solids dissolved.
Ge Thesjsaisibié fon theadecoasd ingetformanseratbertthantbe axalate thaids associated
.TZIS%I%G 1.303 nL of a 0.5M solution) was added. A
with PUfHS8%al at e sol ution was prepared by dissol ving
anor phous germani um oxi de in an oxalic acid solution
at 60 C. The oxalate/ Ge ratio of this solution was 3.
[008&H CompazativeBxampled . A catalyst was prepared where the atomic ratio of

Mo/V/Te/Nb was 1/0.32/0.23/0.1 in the synthesis mixture. To a 50 mL flask was added
12 mL distilled water, (NH4)¢Mo7024 (0.500 g) and NH4VO3 (0.106 g). The mixture
was heated to 70 °C until the solids dissolved. The solﬁtion was cooled to room
temperature and Te(OH) (1.303 mL of a 0.5M solution) was added. A niobium oxalate
solution was prepared by dissolving niobic acid in an oxalic acid solution at 60 °C. The
oxalate/Nb ratio of this solution was 3 and the concentration of Nb was 0.458 M. A
portion of the niobium oxalate solution (0.618 mL of a 0.458 M soln.) was added. The
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of Ge was 0.5 M A portion of the germani um oxal ate

solution (0.566 nL of a 0.5 M soln.) was added. A
woe@bioenrsdxal at e sol uti on was prepared by di ssPCWUSIP04/017837

niobic acid in 15 an oxalic acid solution at 60 C. The

sol Q& vk %xjr\xlpverdaﬁ‘érﬁ tl%{)m&%% blﬁ%_argé%{%@ LE‘ % i he solid was

concentrati on Ion of 't

thenideied irmaioxal 20t € £0/10th| then Geat&dld 280 °Ooi&1 afr Or 458cﬂsihhed, and
soln.) was added. The solvent was renoved fromthe
calpingd upder hh@é P00 Pedercell Prewalgrial was ou tophénespsiwdgr g ball

ir at .12 hen heated to
il 88 i PO ryiea b el 118 st URDhalfifGer o
at 600 Cfor 2 h. The material 20 was ground to a fine

owder in a ball ml| ressed into ellet, crushed
lﬂ‘ﬁﬁh CoppasatiypExample 26. ﬁ?téwtmtnr%ﬂaé%do whegg 8t atomic ratio of

Mog?m%?ﬁﬁ‘k}ev@as@@ %E}oez&%)& 1/0A if @ﬁ@éyﬁﬁksﬂé’%ﬁx&ﬁ@ m&% {1 Bask was

manner arative 'Exanpl e 26
addeld2?imL dastitled WathM\RmTMd‘d@éﬂ@ iﬂasg) zﬁd NH4VO3 (0. 106 g) The

/0.32/.0. 23/.0.1.0. 3 . i
misThEE e Rseiegap A umebaafe B [ET e Sobkipnins tBirg o room
ten[ﬁera@ﬁre%.n@ Te(OHzAl 303 084 0. mtﬁinb WRis BIRID | £ gethanthm

catagll)‘/lat was prepared in a simlar manner to
oxatefgpselution was mwﬂéyz@ssmwmthwmmm%ldﬁm an oxalic

Mo/ V. Te/ / 0 th h
sciff Solttipg ol ) 45 TG Sitle R tie ofnlsorafin S A s G Sgtion
of &0kl 0IIVANA PEARlonGf A génﬁmlmhlo&ala(elsomﬂmrm 566 nél. 8F HO6 M
sol ution) was added the MVTe m xture.

solp) 5% @dders 3. BATnYSPEbMY @iwtsvswasma%qd bo@p%ql‘aﬂg iobic acid in
an %%}r{:garc?d( %)?utm,?g %b atl glat@{l\%o %&1‘8 \Mﬁ(lghrlsé ?qlﬁ 1&] st 3 and the

coic@hir&iodf of Y Whd eﬁNﬁ)MVaA p&ft{bn%z/t& @dbidmloxalhte Edl@tlon (0.618 mL
nthesis mxture. Prior to the addition of the

of ﬁ%&ﬁg Mrselna ves@ddest- uhoselyant waarqmovadifipnsthe gpigiurg pnder

redﬁhs‘ggf g?:%snu}‘e fa Ola’go 7 38841 #I%.é %ER[ @?& ¥§aq ﬁdl 2}(\)2% 1&) Y%rg then heated

to m“\@fnsahpﬂ)r Sl efilshad, hh{d cdicin®l WALV, 320 RNL 0. i 1D¥ M&8ial
90% 53% C- 26, Mb1VO. 32Teo. 23Nbo. | Geo. i OX 16% 41% 38%

waCgRuniitd W6ing powdernia el 1eHOpreerd 2Uon prlstagushed apd sieved to
14 MTEQ 3Nbo. | Ox+ oxal ate0.1 27% 68% 40% C-29 M
bo. 10, + oxal ate0.9 42% 82% 51%

[0083] Comparative Example 27. A catalyst was prepared in a similar manner to
Comparative Example 26 where the atomic ratio of Mo/V/Te/Nb/Ge was
1/0.32/0.23/0.1/0.3 in the synthesis mixture. The amount of germanium oxalate solution
used was 1.700 mL of a 0.5 M soln.

[0084] Comparative Example 28. A catalyst was prepared in a similar manner to
Comparative Example 26 where the atomic ratio of Mo/V/Te/Nb was 1/0.32/0.23/0.1 in
the synthesis mixture. Prior to the addition of the niobium oxalate solution an oxalic acid
solution (1.700 mL of a 0.5M solution) was added the MoV Te mixture.
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10 [0086] Conparative Exanples 30-33 illustrate
MoVTeNbQ, , + Ge prepared by hydrothermal synthesis
W@ iBp/oumshg V205 as the V source. The perf or maPCBEESN4/017837
these catalysts are generally higher than the ones
prepared with VOSO4 as the V source. As shown in
Table 5, for all V, Nb, and Te levels tried the Ge
[00B5€0 mpakm@veaEmypleﬁésAa;atab’rsQWes preparad yit & sinplar frenneric e

than.th scon ai nin
CompRBtiraErYEP ﬁﬂ}eée%eatOAllg i %@4 @EM&% ‘?5’15 My3gRAEH-1 1n
thets @§1§Hﬁ)&ufeat]§‘rfbr ef the ModiNbd Gf trHQ n¥édSunt loRaladR/ Blutiol al Bx Al acid

e synthesis mxture. To a 7.0 nL Teflon Iined
SOl‘ﬂtém:(tSl(@ﬁ mle of @ 0.5 soluidierd vas addeddﬁhQMQVE@Wﬁtl@r MbC3
(0.50 g), V205 (0.1137 g), and Te02 (0.111 g). A
ni obi um oxal ate sol uti on was prepared by dissol ving
niobic acid in an 20 oxal iTabkel d sol ution at 60 C. The
—oxalate/No ratio of this solutiopwas—-3-and-the

Exampleent fation of Nb was 0.458 M | ANpor { Cols of th=AN

ni obi umjoxal ate sol ution (0.455 pgepf @ 4980 M 80kMvit
Noi/vas added. Distilled water was added to the reaction.

C-26essel tM@,erﬂ&%ﬁ\]ibblevol uma Th@%_es;é()%was seaﬁé%

tHHad to 175 C for

———and heat h—mt+h—aghtat
C-J6act or M@%hé@?oﬁmeﬁéed g’o cool *@r ﬁ;lzerrper al éﬁ%’

CoHTE SOt Mél%?;%ggmg.m.g@? 30 W5, 05 WRila63 43%

CT/ US2( Wer e Separ at ed fromthe Liqui and

C-28ashed WiMdSlle)ig,;éﬂeb bbbl Ohelt @aldidy ep2 1% mes 68%nhe S oI 40%

was: ther inrl I n air at 120 C f 12 |uo||cu f\v\d
. ]
C-24l ci ne( M?ﬂé’@&%ﬁgboézd@‘aﬁ?wz 412./3 152%&t eria 5%5
ground to a fime powder in a ball mll, pressed onto a

pell et, crushed and sieved to 145 to 355 m particles.
5 [ 00881 Conparative Exanple 31. A catal yst was

[ d th / Nbl Ge, v
(00855 Eamaraie Gspost o oiu Sl reRby [R e B
weel Ak \oe h

hy‘m%%?éé”s %‘“E?iteﬂ%? %Sﬁgg?%g%;@%vggz? gm%(?  PaRatalds 08 these

catalb'{ets syergemersilly highgr than ths qr@e\pwgaqeﬂ@n SQdas the ynsoum As

089} o EOSTAL A LV R Buelnio OGBS bl RS PREES

mghépcﬁﬁ{/@c Bafdinficd thar the sayipleb emitainmgyGagpe. The
procedure was the sane as described in Conparative

Exanpl e 30. 15 [00901 Conparative Exanple 33. A
[0039] tohifariive REERDILH. YW ELi8lysRRasHrEPtréd Whdre thePftomic ratio of

Mo/V/Te/Nb was 1/0.36/0.2/0.06 in the synthesis mixture. To a 7.0 mL Teflon lined
reaction vessel was added 2 mL distilled water, MoOj3 (0.50 g), V205 (0.1137 g), and

TeO; (0.111 g). A niobium oxalate solution was prepared by dissolving niobic acid in an

oxalic acid solution at 60 °C. The oxalate/Nb ratio of this solution was 3 and the
concentration of Nb was 0.458 M. A portion of the niobium oxalate solution (0.455 mL
of a 0.458 M soln) was added. Distilled water was added to the reaction vessel to an
80% fill volume. The vessel was sealed and heated to 175 °C for 48 h with agitation.

The reactor was then allowed to cool to room temperature. The solid reaction products
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Mo/ VI Te/ Nbo/ Ge was 1/0.36/0.23/0.06/0.2 in the
synthesis m xture. The procedure was the sane as
walemsnidaexl i n Conparati ve Exanpl e 30 except thetT/Geha4/017837
- (0.0727 g) was added to the synthesis slurry
u
we@@é ngegke'%%l}%-p Bhe 12(83 grgpéélaéél@&é;vgﬁp@seﬂ% %EACI{I%eJ BRRs. ?Fﬁé'jsohd
wah’ltlfﬂndiri@drﬂfv&fr&t 020 ‘Eéfcedﬂlhycmlyhedcmﬁbcalcmed under N2 at 600 °C for 2 h.
Mb1Vo336Teo. 2Nn0. 060X 26% 69% 33%.
The/ppiesiab grre STOARE 40 B 6ERBOVEK 19 i?f)@@ﬁ% 49{%8%0%@ a pellet, crushed

=8 el SR B 50 1506 349 S6% (00011

Conparati ve Exanpl es 34-40 illustrate MoVTeNoO + Ce

6 | evel s repare dr ot her mal SIS
(0dsS) fpmpmsntide Expmnts T o RSO BiR i RSE G gomcggtio of
Wfrémem@&/a@ﬁo t3%mi§/o 108/020M8he §AMEBTsThiRRr@&NThd HOE&REEwas the

ectivit he net result is 31 WO 2005/000463
sarpeay duszﬂbw i0 Cregyarativiefixamplo 0 xgeptithat GeQ, (68722 gkwas added to

.n d h
e lhet? SwS bBRR o PRI ARl vl ¢ 2. A catal yat

was prepared where the atomic ratio of 5 I\/b/V/Te/Nb
was 1/0.36/0.2/0.06 in the synthesis mx%ure 0
[0089] feomparative Eyamplesdh. | 4 RatWEIES RIBRATGHY. %reih%{tomw £ of

AT e 90 2008 0Bt FRC Clicfotland i e
as fesepbedeih Gymphrstied Exangpled3®bi ¢ acid in an oxalic acid
solution at 60 C. The oxalate/Nb ratio of this
solution was 3 and the concentration of Nb was 0.399

[O(MO] @&R%il‘aﬁ% Pxafipfe 35. 0Rcata) X@Jisaﬂr@%aiéd Whére mhe( So@ZZraflb of

99 M 10 soln) was added with stirrin
MMVé,Tep/NToéfaje was &0. 36452 H0186/8.% is theheynthesis mlzswr‘%/e rogeglugg,was

80% fi ve
thelsilgmeés#g?crﬁ)gd i owar%tw? a?a%lloplg\@ﬁ_ e§cee%r glg’& g@@}ﬁ%&)‘tv&s
adaéd @Wsﬁrﬁ&&%ﬂuﬁ}ﬂfollowmgtﬁﬂﬁ&bﬁidﬂi@on The amiundof TeO, used was
reaction products were separated fromthe liquid and
0.Md3M%ed with distilled water three tinmes. The solid was
then dried in air at 120 C for 12 h, crushed, and
cal cined under N2 at 600 C for 2 h. The 15 materi al

was ground to a fine powdefatl®mSa ball mll, pressed
ol Mo o] ot oftshed-and AN | CsHs AN
Yield | Conversion | Selectivity
C-30 Mo Vg .36Te2Nbo.060x 26% 69% 38%
C-31 Mo V36T eq2Nbg0sGeg 20« 21% 52% 41%
C-32 Mo Vg36Tep23Nbg060x 20% 64% 31%
C-33 Moy Vo 36Te0230Nbg06Ge020x« 12% 34% 36%

[0091] Comparative Examples 34-40 illustrate MoVTeNbO, + Ge (6 levels) prepared
by hydrothermal synthesis (HS) using V,Os as the V source. As shown in Table 6,

addition of Ge tends to lower conversion and increase selectivity. The net result is
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sieved to 145 to 355 pmparticles. [0093] Conparative
Exanpl e 35. A catal yst was prepared where the atomc

WO a60500@63 M/ V/ Te/ Nb/ Ge was 1/ 0. 36/ 0. 2/ 0. 06/ OpOBURI904/017837
the synthesis m xture. The procedure was 20 the sane

By 9078 (RS T GRIPRGERL Y5y ARy B B o

coiditibrewi ng the Te02 additi on. [0094] Conpar ati ve
Exanpl e 36. A catal yst was prepared where the atomc
ratio of M/ V/ Te/ No/Ge was 1/0.36/0.2/0.06/0.1 in the

0092) o T W28 p At
[ de!S]CFI be%aﬁxé%ﬁglaﬁea{]ﬁe\[/\gé aggéil a lé%ﬁreegl?? etr gtﬁﬁﬁga?d%go toof

MC(/U (388 weps Wa36/aAdx0P inghe S)h@msrmlmsc sTe IaGrOr mL Teflon lined

t 2.a 0
reapfo s o HOat e el Bl RBD Y B84 g end Te0
(0.1 Bt )Y AChiobiMad Walfé Mt WasprépdleBby Qis|Gind Gldbiclacid fh an oxalic
t he synthesis m xture. The procedure was 30 the sane

a01d§0hi@9@ ef ¢ Ci Ahooxakie/Atbirgdo ehdisiolution vesSeand thegqneentration

P70 Aol B O B PUBBR G52y o 0399

solﬂ%bﬁf&@%xﬁil&ﬁrﬁﬂg BESEE 1N v@b&f@@fs&ﬁd&tﬁo&kﬁf&b@rﬁ&sse&to an 80%
catal yst was prepared where the atomc ratio

ﬁllmmtrr@/ e @sselavas sealedgrdhepted 19d7p 0 errﬂ&fh@ltbyaﬁﬁwr Jhe

t d
ol B i MO T PR Ppbll were
seppéidedlfrbm the lifeidsya asisidswish distied \Oitbﬂh[rdeglrﬁdse The @8lid was then
addition. [ 0097£?~Corrpar ative Exanple 39. A catal yst

drigg in &F atpA0eE & @rﬁﬂwétmq@lwmdwd@fl\b MO0 TE/IRH7 ke The
ma\%'ar%al %439 Fﬁo%ﬁ g mQE &a& ih2v g %grﬁivlgf%%s& biito'™ aggi uf %r\gﬁ&?and

ane as In ex

smemapﬂsttb@tss([@{)garﬁaeg,OQ g) was added to the synthesis
1o slurry following the Te02 addition. [0098]

Conpar ative Exanple 40. A catal yst was prepared where
t o .C . atd ..
(0035 e i Rl 38 RELEDRT AR where the qpmic ratio of
M@VITETBGe was 1/0t86/0.2/6006/0e35 id elscsyintiess innix Gosrp Breairoveelure was
Exanpl e, 34 exce t that (0,145 was, adde 0.15
the welesafrﬂeﬁfé&aeé Iy mpffra%?%mw@ 3‘ ﬁ%ce%%@t Gets fq @WLZ g) Was
ad &fﬂ ﬁf OlLIONiHeIRBTAD) Yidgich, Conver si on
ectivit C Mb1Vo."36Teo. 2Nb0. 060X 24% 72% 34%

[0094] Comparative Example 36. A catalyst was prepared where the atomic ratio of
Mo/V/Te/Nb/Ge was 1/0.36/0.2/0.06/0.1 in the synthesis mixture. The procedure was the
same as described in Comparative Example 34 except that GeO, (0.0363 g) was added to
the synthesis slurry following the TeO, addition.

[0095] Comparative Example 37. A catalyst was prepared where the atomic ratio of
Mo/V/Te/Nb/Ge was 1/0.36/0.2/0.06/0.15 in the synthesis mixture. The procedure was
the same as described in Comparative Example 34 except that GeO, (0.0545 g) was
added to the synthesis slurry following the TeO, addition.
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C- 35 MolVo. 36Teo.
Mbl1lVo. 36Teo. 2Nbo.
wOLBOY00R63eo. 2Nbo.
Mb1VO. 36Teo. 2Nbo.
Mo1Vo. 36Teo. 2Nbo.
Mo1VO0. 36Teo. 2Nbo.

06Geo. 30X 23%

2Nbo. 06Geo. 050x 30% 75% 40%
06Ge0. 10x 26% 64% 40%
06Ge0. 1sOX 23% 55% 41%
06Ge0. 20X 25% 58% 42%
48%

48%

C
C 37

C 39
C 40

36
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06Geo. 40x 24% 65% 37% 20 [ 00991

(0096 Gpmparative Fxamnle 33 r Atcatabst/spnprRarcEsber theginyg ratio of

Mo@éﬁ?@feb‘?@e

R IR Dy

source

rof

P2 R AhRes Tltnd

was the
a

samghe\dBsdibid irh@bdmfierativerit eyl @4me;altly{ai&me(0@7bbgl wes added to

per f or mance t han

e catalyst 33 WO

the sysdigstsoiures | qﬂewr@s‘ge@%@i‘%‘g%% and (ii) that

i ncreasing the | evel
performance of the

of Ge in the catal yst does i npact

MoVSbNbOX+ CGe catal ysts. [0100]

[00%H a(ﬁwmeaﬂmve/Emm ISt Ammlxst wpap@damﬁ avherg tlhe apryafatio of

Mole e Vs

(G020 ooty ook 1P

E&%dure was the
a ctl

sam‘é%t% %l@écrib@& in @@ﬁﬁﬁe 25 ercepl thatl Ge@A0VIBD &) wah/bd&d(tﬁ tl’&(lsyg)hesm

1.

112

of a 1.0 Msoln.),

Slurg}) fOllA“ﬁﬂ&)@leJﬁp@%é‘lh&?@ sol ution was prepared by

di ssolving niobic acid in

and Sb203 (0.1013

an oxalic acid solution at

60 C. The oxalate/Nb ratio of this solution was 3 and
[0098]6C9m@aﬁaftMerIa¢ainqﬂe d0. Alratshyst vad pRpided Avheor the etonof ratloeof

Moy TaiNlae it d B2t s s it e oy atiiis Pirdre

sanlds rd'é%d??ygd %ég oD

vesse

455

fill

reactor was then allowed to cool
The solid reaction products were separated fromthe
liquid and washed with dirgblelsl ed water three tines.

The solid was then dried in air at

Exanple iNed |

The mat er
pre

mll,

al
ssed onto a pellet,

10.

120 C for

of

t enper

12

3&1%1.‘3458 g/l
ihe procedure was the
k)!lﬁf’r'vé"@iﬁﬁplg\@fﬁ exé&%ﬁjﬁﬁt 6601 (1e14588Gds@dded to

vol'ume. The vessel
the aynthéstsaglenty fdlo“&ﬁéthem@n additipn.wi t h agi t ati on.
to room

was seal ed
The

at ure.

15 and cal ci ned under NAMt 6
was ground to a fin

cruTERS

003 for 2
goh‘ﬂ:rﬁon

sl eved

AN

basdectivity
Lo 145

C-#o 355 m

prepar ed

fln

DMle&JsTS) 2NbOEOL] EX anpl 24%42.
here the atomc rat

nf  Np/
TV

R%at al ys

/Il Tal Nh/ Co

[ 34R4s

C-36/ 0. 32/ 0.

7M§’ 1967602001 bp.9sCetsOs ynt

0,

M&s piXbure. T

1 40%°

UbUdUI |5
C‘gt;élxcept th

anb:CD‘s\e,l mﬁf"éwgi‘ggé‘b@was

g |

M%txanrpl
Lo the syn

B4d54

hesi s

c-xsturry f
A _cat

43

DMV 3Ted,Nbo 302030 dd

al yst was prepared wher

t2356.

t ho

63%2] Exaphl%

a—nf

C-3b/ VI Te/ Nb

Mgs V0,36 1€02Nbg.06Geo. 020x

25%

Agg&" e—fat
0

0%

C-39

Mo Vo36Te02Nbo.0sGe 30«

23%

48%

48%

C-40

Mo V.36Te02Nbg 06Geo 40x

24%

65%

37%

[0099] Examples 41-46 illustrate MoV SbNbOy + Ge (6 levels) prepared by hydrothermal

synthesis (HS) using VOSOy as the V source. The data shown in Table 6 generally

shows (i) that Ge containing catalysts have better performance than the Ge free catalyst
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was 1/0.32/0.2/0.06/0.1 in the synthesis m xture. The

procedure was the sanme as 25 described in Exanple 41
wez@spoosshat Ge02 (0.0363 g) was added to the BERURHNS4/617837

slurry followi ng the Sb203 addition. [0103] Exanple

t
o SIS RIS, A8 AT ob

M@&SﬁN@J%Gqﬁ%ﬁWﬁt@. The procedure was the sanme as 30
descri bed in Exanple 41 except that Ge02 (0.0545 Q)
was added to the synthesis slurry follow ng the Sb203

[0 1@(1}3I Etxhﬁiiﬂe $t NVCai2RROWEANEFae P WheldRONA MK 1683 6f MATUIBLIND was -

45. A catal yst was prepared where the atomc
1/0@/@ 3/0&6 mztshfwynéremﬁmsémr%Eo 3 7®.18b Toflop gnerbyegction yessahavas

o4 MESA T A VB B B 056, U S OFTE B,
Sb}é%»;(gg@gg gl) E 1IQ éllli]dlﬁurg){)ghlh'esmhltmlhgwgz grepireﬁcﬂtyl chmoh@ng hiebic acid in
an graligacidisaliondat 6 eCatTBﬁPEgng{N‘bmé‘P o@gﬁ?ﬁéﬁgﬁ We%f agghthe
coédegaﬁg{J of%ébowgﬁ Q5. nAgt;ﬁl y&&ﬁhe@bgum %@scill]—tlﬁﬁl (0.455 mL

rocedure was the sare esc
of eﬂﬁé&M sla) weefled fo héSyghesiamiduidothilectitriveg. Sl])lﬂtiilled vgter was

HB‘T\{ 10 fol | ngank@gﬁ iSzlﬁZO add’b}ﬁlrvﬁ%,l,l-v%g}S%&d,Watedto
1 7%@ E}pfl @2%%%kll\gﬁlo%2 g@o Q rZRR w08 Kerttobréd @cooli)f@f&lnﬁ 42

0. 06 050X 43 79 55 Exanple
teniyiziafore3 7 b fol ivbactios Gemluctd wetd SMM ﬁ(ﬁnalmﬁph@ndlmd washed with

dlsﬂl\{ﬁ%q\ﬁgfa’gzg Sbgp t%ralgg ﬁg%gdlSo alr E@p"g&le%ﬁgg h, crushed,

an ar][‘r%{glF(g ﬁ.r% I\éx q)@gg)? le%ﬂgmztg?gl?wa}% él%thE %1 ufglte owder ina

ball Bf11GHB356d Shter: péﬂet prushsan@ dtstevad toy 1 45nb BS5 luen praticlgs.
MOVSbNoOx+ Ge cat al yst prepared by hydrothernal

synthesis (HS) various batch sizes (23mL, 450 m and 1

[0 IQﬁH IFg(g}nipl(—ar Qf’.l K c§tal}w\@asopl%p§§mh§1%| the atomic ratio of Mo/V/Te/Nb/Ge

was 1/0.32/0.2/0.06/0.05 in the synthesis mixture. The procedure was the same as
described in Example 41 except that GeO, (0.0182 g) was added to the synthesis slurry
following the Sb,03 addition.

[0102] Example 43. A catalyst was prepared where the atomic ratio of Mo/V/Te/Nb/Ge
was 1/0.32/0.2/0.06/0.1 in the synthesis mixture. The procedure was the same as
described in Example 41 except that GeO, (0.0363 g) was added to the synthesis slurry
following the Sb,05 addition.

[0103] Example 44. A catalyst was prepared where the atomic ratio of Mo/V/Te/Nb/Ge
was 1/0.32/0.2/0.06/0.15 in the synthesis mixture. The procedure was the same as
described in Example 41 except that GeO, (0.0545 g) was added to the synthesis slurry
following the Sb,O3 addition.
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Conv AN Aceto HCN C3 COCO2 M 1 V o. 3Nbo. 06Sbho. 20
Conp. Ex. 47 - 23 m 66 56 4 11 3 13 12 35 WO
wWQo®5H0@363163 PCT/ US2004/ 017837 M 1 PCT/US2004/017837
V0. 3Nbo. 06Sb0. 20Ge0. 30 Ex. 48 - 1 gal 82 48 3 14 1 14
19 Ex. 49 - 450 mM 82 54 4 11 1 15 14 Ex. 50 - 23 ni
86 52 3 14 1 14 16 [0107] The catal yst was prepared
[010¢H Eatingiedd. | A caikybt W#ﬁeprnpﬁrcd]whem(bhmﬁenmcx wtio of Mo/V/Te/Nb/Ge

e

d s%ﬁbéﬂi FkaGN i HREpThE Qe Y027 @) #aghdidd 16 thedyhlhesis slurr
© 1 ans ~of SbZO% and 5 8844 g(ré%ms of anor phous 4

ﬁﬂtﬁﬂmggwﬁﬁu@E@bWMHSOIutlon cont ai ned 0.32 grams of
oxalic acid dihydrate and 0.14 granms of niobic acid
heated to 60C. The second solution was added to the
[01f06I ﬂxaﬁ@ﬂdﬂﬂ oM c@lﬁdfst Wes pirepatbd whgrerthe(zttumec tatie of M ¥ dle/Nb/Ge
ned 23 m _ Paar he bo was

Tef | on
was L0 AR iretbe Sy RerTmitsi e d PRGBS YiR MAS CGEaIa g,
des’%m)&{ in U B exdePEMAREED 010, 98 ) GRS 1k dlt8 th hesis slurry
t enper at ur opened and the solids filtered,
folloxahethe Sjbﬁﬁ):ewtidltmral r at 90C, crushed and cal Ci ned
under nitrogen at 600C for two hours. The cal cined
material was pulverized to a fine powder, pressed into

a pellet, crushed and siewpkto the appropriate
particle size. This procedure was repeated for 450

Exgplenpl e |49) and 1-gal | on (ExarpA¥ 48] CBESr bondh AN

reactors. | This procedure was al sp a it
NOfree cat al yst (Conparative Exanp gﬁejg).t?gv%%%s S%Ctmy

Exdmpiecal Iy ] Mb, ¥, @585 tRfOzat al yst | and 2{57granms of 53

inert quattz chips were | gaded nto alsmall-test

Examal@t@r' f )MQIXSBZSh@NWM@%w%OS| t#dn of 7Phe feed|gds

Wars NH37B 021 T2 N2 Reac
XERpISe at Ul yc\’/bagnﬁ‘b?gbo Gje()f'e’éul t 54%)f teeggliénq thes;gﬁ

Exa@bRI A4St s | g, Vi Sb@NBR¥dGats0n of 4r opasé are shodd in
Table 8 20 TO1OQ1 In light of the detailed

EXd@Qbﬂ'%ptl ()M@Vobﬁboﬂhﬁmq%&w and| the ex&fpl es 30

cal appr € atedphat the
Exampls q J@Clt 3SP°7N1b8°ﬁG t‘?ﬁlon ge ac:IZ?eved. 36>

[0106] Comparative Example 47 and Examples 48-50 illustrate the conversion of
propane to acrylonitrile using MoVSbNbOy + Ge catalyst prepared by hydrothermal
synthesis (HS) various batch sizes (23ml, 450 ml and 1 gallon).

Table 8

Wwh 0.1 CsHg Sel

% Conv| AN | Aceto | HCN | C3 | CO CcO,

Mo Vo.3NbggsSbo.20

Comp. Ex. 47 - 23 ml 66 56 4 11 3 13 12
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WO 2005/ 000463 PCT/ US2004/ 017837 [0110] The
explanations and illustrations presented herein are

WO niosiolged t 0 acquai nt others skilled in the apd€T/vub1004/017837
the i nventi on, its pr| nci ples, and its practi cal

M& ,p;;NB $5Jo IllU:(:‘ SR ted—n—tthe dll may —adapt—a d
!

ner-a4e

19
”U\JI. T

S B et forgn e sgnmerous g S

v B @ ol Zh=
S

A{"B)F)Aﬁl Mp\ml thel ex | as 4nd Ko pn‘rlll\?i’r hid d ;:\ 14

pr 8xedfl - Zhént i oh ad0set]| 8rtlh dbovie dfe hol inténded 16

as being exhaustive or |limtling off the i nvenni on. |37

WD 2005/ 000463 PCT/ US2004/ 017837 We claim 1. A m xed

o] B S SRR S yRaE0u, Yanadium, o bl
Md’ & Nﬁfﬁgﬂbo b @R 2l %ll(ﬁﬂl ' TW@ ¥olut@cﬁ{s PR Hmlallyaﬁgpa‘%&y Stphrately.

mxed metal oxide of claim1l having
Theﬁm nolutidn edsangk0.8iz Y@50ur0. ZJgnamSQf Md{es, ﬁ14>l@xamet>ﬁ$b203 and

0435t O ariorPhdls s e B35 heh Sn@RBT A dhdps afoalic

aci@ ISSAtdt@hn Bl 3£ Biensf ndsHit hdidheat&d tolBUECTTHE @led&hﬂ&blutlon was
oxi de of claim1 having an essential absence of

added|tp @hq firgy solutionjanehtlavgSyting mipprepgasglace dntaialedlopdinggd 23 ml
Paar)i)o 3) ?%e%oﬂ{t{pv&s 2133 'aﬁa hgegeft%sl%t’d? %9438 1'9)f dmhﬂPH)%Hg‘ After

vana um anti mani um an
48 hohny Ptle Feadior wal adbledrio robﬁﬂbﬁnbem’tura pemmaiand tlgj@mhds ifilbeted,

d t al [ f cl
waghies QR PR DB TEMER Prbegps bindst nitoetha R0 fei tadours.
Thé Sﬁlgitnle&) n&terﬁp{vxpgﬁ%ﬁﬂeﬁ %4 %B%BWHEP PR riﬁtofar]%ﬂhtl ]grushed and

t o about he m xed netal oxid
siewédaforthd apphepréitapartiele sizoi &hlsqmctadu@ wastrgpsstagifor ﬁ@O ml (Example
enum Lo _anti

oo GBS e Ta boRpdtatity TSGRl e TR s R pegred for

a O fréddaydipke w&m%@a@wmpmv)angl ng from about 1:0.01
to about 1: The m xed metal oxide of claim1l

wherei n the stoi Chl onetric ratios of the 20 elenents

. . .
[Offﬂr%g#&g ] u’? 0 Saéﬂa%s ﬁg% ?Q%T%Iraﬁls\é)@ E}%gﬂl c}gﬁlg? BHiPs WRre loaded
intoalsyiati eest peat©r foraéutmga @he tampadition afahgferad ghs was abiotlows.1.0
C3/11'.2 I(\)IH?/% (52912 N,. Reactor temperature was 410°C. The results of testing these

catalysts for the ammoxidation of propane are shown in Table 8.

[0109] In light of the detailed description of the invention and the examples presented

above, it can be appreciated that the several objects of the invention are achieved.
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about 1: 0.12, a ratio of nolybdenumto antinony
ranging fromabout 1: 0.1 to about 1: 0.5, and 25 a

WO at0500@63 nol ybdenum t o ger mani um r angi ng fr onPebus1004/017837
0.01 to about 1: 1. 10. A catalyst conprising a m xed
nmetal oxide effective for vapor phase conversion of
propane to acrylic acid or to acrylonitrile or of

[01 1 6joDhet expiantidorsetnid adusptations @resedtedrhetedn are intended to acquaint others
methacrylonjtrile, the m xed netal.oxide conprising

Sileh 1 B A P S S POBRRIFS: h i RIBHOC GERIAAp R Fose

skﬂ"l’é’@iqn DY FEMaP addPR H P A5y Me iMAHRGh iiMts hé@dlisBrm3as may be best
ant i nony, germani um ‘and oxygen. 38 WD 2005/ 000463

suiteCTy US2OMUETETS T a patticulph 8se A esoydinglys the pxamplepand the

e Ao 1 P TR B o o

exhaharveion lihengdfcke invehiwdn. oxi de has an essenti al
absence of cerium 5 13. The catal yst of claim 10
wherein the m xed netal oxide has an essentia
absence of gallium 14. The catal yst of claim10
wherein the m xed nmetal oxide has an essentia
absence of tellurium ceriumand gallium 15. The
catal yst of claim 10 wherein the m xed netal oxide
conposition consists 10 essentially of nolybdenum
vanadi um ni obi um antinony, germani um and oxygen or
of nol ybdenum vanadi um tantalum antinony,
germani um and oxygen. 16. The catal yst of claim10
wherein the stoichionetric ratios of the el enents of
the m xed netal oxide includes a ratio of nolybdenum
to germaniumrangi ng fromabout 1. >0.1 to about 1:1.
15 17. The catal yst of claim 10 wherein the
stoichionetric ratios of the elenents of the m xed
netal oxide includes a ratio of nolybdenumto antinony
rangi ng fromabout 1: 0.1 to about 1: 0.5, and a
rati o of nol ybdenum to germani umrangi ng from about 1:
0.01 to about 1: 1. 18. The catalyst of claim10
wherein the stoichiometric ratios of the el enments of
20 the m xed netal oxide includes a ratio of
nol ybdenum t o vanadi um ranging from about 1:0.1 to
about 1:0. 6,
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vanadiugy, pio

a ratio of nolybdenumto niobiumor tantalum ranging
fromabout 1: 0.02 to about 1: 0.12, a ratio of

woredogioagsim t o anti nony rangi ng from about 1: PCI/USI04/017837
about 1: 0.5, and 25 a ratio of nolybdenumto

Weg%[l{ﬁam um rangi ng fromabout 1: 0.01 to about 1: 1.
A catal yst conprising a nixed nmetal oxide
ef f bctAl méxeflonetalapxide cpuhraxsmgom,leb@num, yénadiumparebitg, antimony,

acr. cid or acr onitril t
eeriiariie Ay P28 oa T CPB AP R Blinihy sirpapiom
andrlﬁ(ty%é oxi de having the enpirical fornmnul a
I VaNbbSbcGedOx or Mol VaTabSbcGedOx 30 wherein

r an@eghf: noxechipotal 0xidg of ¢aiabbheving an esssglal\@%%pbf@b%@n

FCT4 UTRRHLOL L8R owibe LRNBES: FAHE BPOUEN T FBsche 8P,

C ranges ron1a ranges

fr o ghewiixéld ﬁiﬂ:tal oxide Oﬂélal.’in 1 amdng anlegsemtitd absentdref galhum
OXi dat | on st

r el nts presen n the xed
i The N etabpids AEURE: LPgaDs aF CRpRi A neoRu L,
cerﬁn{ l[n?om greater than 0. 1 to about 1. 21. The
catalyst of claim 19 wherein the m xed nmetal oxi de has
an @sdbnmiiatd mata exide obélainel consisting egentiatheofonelybdenum,
of cl al§1119 wherei n the .m xed, metal oxi g,% has_an di
un, FRURMOnY RerARiun, piq GXyesn or Qlybdeyuip, vapadipm,
tan&hﬁdl%ﬂi&oﬁ@e%ﬁhamhﬁleaﬁﬂéﬁ)@@emt al oxide has an
essenti al sence ofﬁgal ['Tum 24. The catal yst of

c| a7.mThe miked wictpl pride af slain hsreinihe foi¢hiemefgic ratios of

RS s TSP A AL A 390 o 11

met & 'I(lmélnﬁiﬁed:m&il sktde efcleint 1 alheseimthe sti¢hidrmetnigmatios of the

vanadi ni obi um antinony, germani um and oxygen or
ee@?“%@‘giﬂ’énum vanadi um tantalum antinony,

e BT S AE oy, OB Wt o, kbt
or amatie cfadilybdenam telgemesamivm ranging from about 1:0.01 to about 1:1.
9. The mixed metal oxide of claim 1 wherein the stoichiometric ratios of the
elements includes
a ratio of molybdenum to vanadium ranging from about 1:0.1 to about 1:0.6,
a ratio of molybdenum to niobium or tantalum ranging from about 1: 0.02 to
about 1: 0.12,
a ratio of molybdenum to antimony ranging from about 1: 0.1 to about 1: 0.5, and
a ratio of molybdenum to germanium ranging from about 1: 0.01 to about 1: 1.
10. A catalyst comprising a mixed metal oxide effective for vapor phase
conversion of propane to acrylic acid or to acrylonitrile or of isobutane to methacrylic
acid or to methacrylonitrile, the mixed metal oxide comprising molybdenum, vanadium,

niobium, antimony, germanium, and oxygen or molybdenum, vanadium, tantalum,

antimony, germanium, and oxygen.
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20 27. The catal yst of claim19 wherein the m xed

netal oxide further conprises one or nore additional
we@b@swoe3 sel ected fromthe group consisting oPCHUKZING/017837

netals, alkaline earth netals, rare earth netals,

I ant [
| ARG TR 98T BB Ao
absamteaiftmknmmls a supported mxed nmet al oxi de. 25 29.
The c o | .ai ein Xe oxi.de
{ ur Ehame bt audein Shereirahemredael 556 MR usiopia
abSEIQJCOQI‘Cgﬁ%I ng a m xed netal oxide conprising
nmol ybdenum  vanadi um ni obi um or tantalum and )
ant 13y celalyst ofélaig thehereieghe niixed metal odidghasian egsential
ekl eact ﬁ vessel , precursor conpounds of M, V, Nb or
absqlCe 3% 'SB 30 in an aqueous solvent to forma
reagd.ioR cﬁﬁl%istlfﬁf Qaw @whsreinthé makedahetal oxdd®hasl shs8sential
optionally addi ng additional aqueous solvent to the
abseregcfitghuripes serium4od ¢plipnos/ 000463 PCT/ US2004/ 017837
sea ; :
el it EBEEY ! BRGEIn (o REd Rtaf(NRgE ERESARIDn consiss
essa[teaﬂg?ublf enolghdeaal vanadinma nvbamt, aptimesyyrgerhaenium, andexygen or of
ufﬂment@éoforma m xed netal axide, )Ftlonally

GEeRuTR aRadipma Rt ARHMORY> SeHRAE UM, R OXYERR: t he
E@ JFFEtCQ{aI}%)c( bHlQaikd PMWhERin tBEEHIcAdNIRGE kitlos i theAlements of
f cl'aim 30, wherein the adm xi ng step occurs
the\mmcbd agial exide includs a raticnefithelibdsun taigerrsaniumisanging fromeabout
Xi,n ep conprises the steps of adm xing
I: %E& g’f?éorrpounds of Mo, V, and Sb; adding an
oXi garthetcatadpst 8f @lginal 0 vhasin the BRichionidigc ¥tiwn df e elanshts of
10 after the V and Sb oxidation is substantially
theguiprpd mretal oxidgiinedudes aqueous sol ution of  ni obi um
Oxa m 30.140 gﬁ&ﬁqdos d
£ 7o A3 EERg By MReRls fRim oy 150 14 TEA LG > 2@
of & kationf3folybdenuheo geonqriirs ragingfrermraboitel : @él:ldvebqutl 1.

o %0 Tisrcaryg pgaim 48 Bhefite Hok Rt de aliSs b B ks of
the%ﬁix@@me@ﬂ@md%%&h(ﬁsng the recovered m xed nmetal oxide.
met hod of claim 30, wherein the m xed net

al
oxi deativesf mdgbéamﬂogvahad&mnm@g from about 1:0.1 to about 1:0.6,

a ratio of molybdenum to niobium or tantalum ranging from about 1: 0.02 to

about 1: 0.12,

s

a ratio of molybdenum to antimony ranging from about 1: 0.1 to about 1: 0.5, and
a ratio of molybdenum to germanium ranging from about 1: 0.01 to about 1: 1.
19. A catalyst comprising a mixed metal oxide effective for vapor phase
conversion of propane to acrylic acid or acrylonitrile of isobutane to methacrylic acid or
to methacrylonitrile, the mixed metal oxide having the empirical formula
Mo VaNbpSb.GeyOx or MoV, Ta,Sb.GeqOx
wherein

a ranges from about 0.1 to about 0.6,
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MolVaNb bSbcQO,,, and in the adm xing step the

conpounds of Mo, V, No and Sb are added in relative
worpdoanomsdunt s such that a ranges from about OrPAT/US2004/017837

about 0.6, b ranges 20 from about 0.02 to about 0.12,

C r%r}gr%se ff{o%@le@BhZQo%bJ&OQQOUt 0.5, and x depends on

he  ‘oXTdation state of other el ements present in the

f i nalrangex ébnmatont 0dx%o dequt6r5,t he enpirical fornul a

Mol aTabS cQ, in th Xi ng step the conpounds
of l\'?B“ge’\S/ ro?ba%"r‘l’gﬂéﬂ t%?%‘)"gaidaé@ in relative mol ar
amyederrid©h thakidaidnRae st btheBlahais ?@sélnt it he IR metal

0.6, b ranges from about 0.02 to about 0.12, c ranges
Oxtdﬁom about 0.1 to about 25 0.5, and x depends on the

OXI t t ' e
SR Ll S MR SR Gk g 00 k1.
c | a QWHTI@B%@@{ISIJ& g claien @ fwhersin teeiredimictad oxidabihs mnessential
medi um has a pH of not nore than about 1.5. 37. A
absegehitebrridnai m 30, wherein the mixed netal oxide
fur tzgefh&@a@a §t%?§1alr§Q9 %m&m%&&%&ﬁ%&%& Aessbiial
further corrp I ses m xing a conpound
abseathalcenfunc| ai m 37, further conpri si ng, after the

ot P 5 Ol 1 ot thevigia ] WA RidP Beugoagptial

abdtn¥&6f gii@h. oxi de; drying the recovered nixed netal
oxi de; "and cal ci ni ng{Pt he recovered m xed netal oxide,
39. 2A. Fhs ersalyssiof elaim P wherojin theanived mstahpxide ﬁ%@la‘?ssentlal

romula 5 MolVaNb bSbcGedQO ,
abé%’)ﬁéggf@ﬁﬁre ablm?{;i([l|I'Hn£dd(s:gtaa ‘he conpounds of M, V, Nb,
Sb asdTkecatalys oﬁdlﬂlﬁd 1P themhmtlie\tmmd)hmtal axila cossiguedsentially of
a ranges from.about, 0.1 to about 0,6, b
mcr ylszwawomnaélm QPIUB NI pEermaniiy ad P45 g BLBORy bdenum,
£ OYhtafim? anfroRPIRImALi AN artiYbed- 01 to about 1,
(1:1 eSendsanonotg%%om éatl on st a(tee of other el enents
p r e@én’fhe cntalytef wlaied 9 méeedin theimiscd oretal hiide dysther eemprises one
for w‘%fﬁ%%‘l?i g ab§chedOX and in the to adm xi ng step
OT Qg G8"5PMb, V, Ta, Sb and Ge are added in
rel at7i Yge emmggt of@fﬁﬁlﬁflps«vlﬁwixhﬂfehﬂlke@nfeﬁin geRle furtlor ab@ptises one
0.1 to about 0.6, ran%ps from about, 0.02 to about

or momadchmprmh g@glemrs&ﬁ%eaﬂgé mothg grayp9Bsisting of lalhrla?f@lésalkalme
zﬂ:’ Uk ?rtl??neb? Wik aﬁcpg%nsﬁl&erﬁgtgﬂ Qﬁlz{%lggrfoiuﬁ g?etals.

OXI atron’s er elenents present 1nt

m x 8. Th edtalgxt of ela1m49.wlkrmtrhmﬂ métakdddenis 3Guppdredenined

d, in both enmpirical fornulas, ranges fromgreater 15
metdlxide. 1 to about 1.

29. The catalyst of claim 19 wherein the mixed metal oxide further comprises one

J

or more binders.

30. A method for preparing a mixed metal oxide comprising molybdenum,
vanadium, niobium or tantalum, and antimony comprising the steps of :

admixing, in a reaction vessel, precursor compounds of Mo, V, Nb or Ta, and Sb
in an aqueous solvent to form a reaction medium having an initial pH of 4 or less;

optionally adding additional aqueous solvent to the reaction vessel;
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41. A nethod for preparing a m xed netal oxide

conprising nol ybdenum vanadi um niobiumor tantalum
wa@p@sas4siony conprising the steps of : adm xi PQI/USW04017837

reacti on vessel, precursor conpounds of M, V, Nb or

Ta, seulifig Gkt reb&tichivesgglieous sol vent to forma reaction

medi um, 20 optionally addi ng additional aqueous

sol {kapting thetrpaction sedivanatalsdiperature grgpter fhanHA0 Peapdiagnessure

; : [ . re

erch3E B anit R bl b {ARE LIRARG M Bhyided RRFLALM

anbbptidnafly esslitigthedactoramediat; agd t he reacti on medi um

for atine sufficjent taq Eor a m xed tal oxide; 25

opt FASA%FIRE %‘68}‘?‘ RO derPmihe FRatHIMPCHR: r ecoveri ng
31t heA"%xéﬁ@d Betialm 9% Wierdih ¥B mﬁxrngg,fey RBulRHiEBitatién. A

met hod of claim 41, wherein the adnixing step occurs
32.wi t A mgihodof claim 343vheteimtherasthining stepicomptisesihe sigphof he

adm xi ng step co i tihe ps of adm xing
e S RpBENEE I 08 SBha Sb: 30 addi ng an
addig ehabkidhex 16kl Zaat 8dast soaslof BT afd SbjvndV and Sb; and

42" WD 2005/ 000463 PCT/ US2004/ 017837 after the V and

aftgihe i andStorxidaiogdnabsiniially spmpdetpl adding anagreysaplution of
moﬁgﬂlggyaaé%‘tﬁé&%p% &‘bPﬁng})Pi‘Q' ate as the conpound of

an aqueous ‘sol uti1on tantal um oxal ate as the
33.conpomeaitiod of dlaim 32, witereir theoakident ¢ IiOn 43, wherein the

oxi dant i 02 5 .45. A nethod of_ claimA4l, erei .
34 he & Rpd of FRTs 20y HEn A SAEPPGIREnIA dif PR T, dbeps of

46. ohyi RN Fhshing thdeBdviied thixed Rfal 6RMRY 1 Sing, after

the recovery step, the steps of: optionally washing

t he drigegthereed vaed enixebmatal oxidelenddr yi ng t he recovered
m ssed. nmetal oxide; an .l ng the recovered m xed
nmet 5‘%0161}3?% §ref8v2r76_l Hﬂxenerpgt%fdoc’%&e'cl aim4l, wherein the
35.mM xadmeRbadlof ebairfl 80 halkeréih ehceiiXet infedd] okierak the dipfidedliformula
and in the adm xi ng step the_ conpounds of Mo,

bSh, Ox
MoyValNp v $n@x-Sindan ghe adiiring paD s campoandrnidYio.afriinard Shiate
adc;elaq}l r&gﬁmgﬁégﬁ@gﬁg Elg:mthzg :a:]lr%rﬁé%g gﬁﬁyébogt 6118 faf)(ﬁﬁg). > b ranges

rom about c ranges from about
frofh dboo0 AR e bbdit B, 12a6 thngesiepreatisut Cohtot dbeuk b cadixodepends on the
oxifsgltéggal}e stg{gi og' té)t %2 e elm%rrxrg r}‘)trgselﬁrig %l%nf]inall pnbt(ehdemgtlap g)lidé,n xed
or the empirical formula Mo;V,Ta,Sb.Oy, and in the admixing step the compounds of
Mo, V, Ta and Sb are added in relative molar amounts such that a ranges from about 0.1
to about 0.6, b ranges from about 0.02 to about 0.12, ¢ ranges from about 0.1 to about
0.5, and x depends on the oxidation state of other elements present in the final mixed
metal oxide.
36.  The method of claim 30 or of claims depending therefrom, wherein the reaction
medium has a pH of not more than about 1.5.
37. A method of claim 30, wherein the mixed metal oxide further comprises

germanium and the admixing step further comprises admixing a compound of Ge.

38. A method of claim 37, further comprising, after the recovery step, the steps of:
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15 or the enpirical fornmula Ml VaTabSbcOx, and in the

adm xi ng step the conpounds of M, V, Ta and Sb are
w@edaedod4ss r el ati ve nol ar anmpunts such that a re€myEsS2004/017837

fromabout 0.1 to about 0.6, b ranges from about 0.02

t 0 apidHall) whéhing tHer8@RRrddraite@BRu] oRidé; t 0 about 0.5,

and x depends on the oxidation state of other elenents

pr edwine ha reqorerrtl mixedmgiaboxifgeal oxide.. 20 48. A

et Bachule BLAN A1 L g i xed metal oxi de

I'ses  germani um and the adni xi ng step

39.f ur Aheaesthed ﬂﬁélhﬁxe 37, a;dmreqn g raixed metal ndidefhatehe efpiridel formula

MBS o) e g Bt SEAGLY: B, fond e
are'288&Y ﬁlrr%ﬁtl% Kot qﬁ%@hts @ﬁéﬂjlﬁat éjfa}igéb%&ﬁ bRV BEut 0.6, b

m ssed metal oxi de: cal crning the recovered
rangcsxﬁdmrmbaﬂ 0. @&toc@ouHDIZ,A‘( rmeh depnpfbasit Ql Irtp 4Bout\(his daapges from

abq\% g tal Ip%ﬁgsh ?xﬁtt{e%%u%ﬁﬁ*x $ r?gOf é){tlgerr @}éﬁl%nts present in
theQﬁH@@H{é@ﬁ oRide My, thé/emﬁibwalgtbrrﬁxﬁld I\@Na'mib@bél}&;ie@ amd in the
relative nolar anounts such that a ranges from about

admixing gembhesompomndsipf Magde. ¥h apd & atr added m felptiyp splar

o oy BGRB8 el s

abax 0d2t & eangss ﬁbm a(bbum herah@kle@cénd eefemtabout 0. (ﬂlh@ about 1, and

G b s S G RS e

40.2dMaXBG & b Blain 89 GARREH ﬂdﬁl bodh e&{PmcM fofBulasPardied ficeh greater
are added in rel ative nolar anounts such that a ranges

thahrO(ahtoainuUI 0.1 to about 0.6, b ranges from about 0.02

e d 055 FELSE o p B s

mdbhﬁn@{taﬂﬁﬂur@rhrﬁtaahmoﬁf cnpiidigy thelsepeof s present |n t he
final m xed netal oxide. 51. A nethod of claimi4

whe RGMFKiRE, i A resstion weply PregHrsar sPmpPaRds G Miyas N hf, and Sb
in %ﬂ&ﬁl %sotl{bﬁ@to éqélta%%ﬁgﬂ'in un?2 The method of claim

I'ng therefrom wherein the
agi optiomly adﬂmgfaédmemltaqmunmmenhtdﬂlel raaptiheesselact i ng

step iis acconplished by stirring the reaction to
ﬂedlsmr\&thq]TCEPQ%veF¥}iCII on vessel or by shaki ng,

tu nt’%:dcﬁﬂ e ORGibh ntldlRYat J‘@rdb@ﬁﬁirb Sfeatey @900 °63nd A pressure
catal yst conprising a m xed nmetal oxide effective for

greagy thanpnalsentpogsgenc syhile agitating the reaction medium for a time sufficient to
form a mixed metal oxide;
optionally cooling the reaction medium; and
recovering the mixed metal oxide from the reaction medium.
42. A method of claim 41, wherein the admixing step occurs with agitation.
43, A method of claim 41, wherein the admixing step comprises the steps of
admixing precursor compounds of Mo, V, and Sb;

adding an oxidant to oxidize at least some of the V and Sb; and
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of propane to acrylic acid or acrylonitrile or
i sobutane to nethacrylic acid or nethacrylonitrile,
wo b@soddexl net al oxi de being prepared by the netTus2004/017837
claim?29, 3 8, 15 or of clains depending therefrom
54. , C
depeﬁgﬁeng“% ARESPLAEERTE sl (mBlte 3P aqueous solution
of hdaim akalbte ai e Gmpanad ofidb pr es squeeus solation ddgntalaboertalate as
25 psi g. ? The nethod of claimb51 wherein the
98 3 g at |east about 150 C and the pressure

44I S ameﬁf”aatoferaﬁﬂuﬁ@h&@mqm &Qd&ﬁlsﬁm met hod of claim
51, wherein the terrperature is at |east about 175 C

45and A methoplroé skimd1; whegein|therinitiad pblaf thomagigngnediym iyRer less.
cl.a 0, [ d
t h eh &%d \%ﬁl@r% |42 gugﬂgr R % mﬁe% nﬁl(l)e;( fegg‘%q# the stePs of:

cal @ptieghllyivaRingXgeoowndt mix&dﬂ@etatdﬁ&pher e at a
tenperature of at Ieast about 500 C to formthe m xed
met &ryipg theerecomsred anissed mastalpxids aBdnverti ng propane to

act Xl K?%p@'r?éok}&egglfda&fﬂmgﬁn&glaél ng: providing the

cataly claim 19 or cl ai s dependi ng
47t herfefnetiod of nlaim g¢hswheybiaghe flixed metalodxide has e emplrical formula

YRR LN TN

add & frBRfiVe inBlaR GinBuntd Qudhhathh ARERGELI hbdiR DM labbik (D6 b ranges
propane to acrylonitrile, the nmethod conpri sing

fropoatxon /0300 4631t B3 mgt@mgcﬁlfr@a"ﬂbow%w%ﬁwt Q. ﬁeand X depends
! ?)lé gt%onosftatg lo? !)tmerle% mert eS{eFéHt i h%'f[ﬁﬁl gﬁ%ﬁ i %xide

omin a gas- OW f eac cont acti ng
or lﬁtﬁerﬁlﬂhaél)félﬁnuh MblngHQSIELQXJ and fethe edmixing step thheompounds of
presence of ox ammpni a under _reacti on

d
Me,oVrdlf & nsirEb are 2 %ﬁiﬁpggatgf\redﬁ?lﬁ fpguntg;sych thapigaanges fogn gout 0.1
to ﬁﬁ(ﬁg@égo a\olgéasr ﬁérﬂ ab\f 0L Blak it d B, coMRE HBk é’Moth 1 to about

uf dane reactor -in the presence of ge
0. faradd andepenida onrnbieoxidamotstabmobaheti alémengs priesent lml‘bb @diel mixed
éature rangi ng from about 300 C to about 550 C
Xtca pressure ranging from about O psig to about

48200 &ﬁie&lodﬁﬂf clalfi@ 1 "Rhérer Bé nkad Metaloxidd i @b configises
catalyst is contacted wth propane in the 10 reactor

geimanihe apd dbearreixiog stopyiyeher snapRRsRATmixing gepmpewrd oidre.
% o1 o PR e m B BHRE: Rl b3 o BRTEEp, hg seps of
optionally washing the recovered mixed metal oxide;
drying the recovered missed metal oxide; and
calcining the recovered mixed metal oxide.
50. A method of claim 48, wherein the mixed metal oxide has the empirical formula
Mo VaNb ,Sb.Ge4Oy, and in the admixing step the compounds of Mo, V, Nb, Sb and Ge
are added in relative molar amounts such that a ranges from about 0.1 to about 0.6, b
ranges from about 0.02 to about 0.12, ¢ ranges from about 0.1 to about 0.5, d ranges from
about 0.01 to about 1, and x depends on the oxidation state of other elements present in

the mixed metal oxide,
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62. A nethod of converting isobutane to nethacrylic

acid, the nethod conprising: providing the catalyst
w@oosloai4ns 10, 19 or of cl ai ms dependi ng t her ef PONUB2V08017837

gas- phase flow reactor, and 15 contacting the

or th?émbitﬁ:hl formtlaiMopuT ayse GeOk hend mahé admixing step fhe esmpoends
of oxygen

of W Ralbtyibe e e 2664 1A e ot bt SERSeRf grenees from
aboBORYS aﬂ&ubﬁs, %Hgél‘srfyc!r@ Bbddtiol® to tfgﬁut%ﬁ? @Qa:i‘géglhbhﬁéﬁ&'t 0.1 to

providing the catal yst of claim 10, or of clains
abodePSndiranges fremebowrf].0] to aboghlk ang kalsperids ow theexitdeiion sate of

20 .contacting.the catalyst wi.th.propane in the reactor
Oth?rrFl?‘H%‘_lthPr&‘gﬂgb&leﬁSQ&Béea r’é‘?‘iﬁl_ox c??muni a under reaction
51.congihdtBEtBott Baifnd 8 vaeferh 8)Tntoih d@npifidal f3theulas kdi@ds fbm greater

claim59, wherein the catalyst is contacted with
thapPdgamboutd.t he reactor in the presence of oxygen and

a [ i fi i-ncl : ot
52.7 oot DetiPEf gRETRY oPOL ARAR depBilfid BBlerloRf BRI e asitaion
of thé eeaatiommpdiessdirimgrthnghcting stemis a2ongilished By gtatigg the reaction

TR NCERG S ORI G L

veskgactor in the presence of oxygen and anmoni a under
reaction conditions that include a weight hourly .
53.s padeatadysb comprisivHemixedamefalaxide effective fir vep@phage egnyersion

of psr'opaﬁlse to acrylic acid or acrylonitrile or isobutane to methacrylic acid or

methacrylonitrile, the mixed metal oxide being prepared by the method of claim 29, 38,
or of claims depending therefrom.
54.  The method of claims 30, 41, or of claims depending therefrom wherein the
temperature is at least about 125 °C, and the pressure is at least about 25 psig.
55. The method of claim 51 wherein the temperature is at least about 150 °C and the
pressure is at least about 50 psig.
56.  The method of claim 51, wherein the temperature is at least about 175 °C and the
pressure is at least about 100 psig.
57.  The method of claims 30, 41 or of claims depending therefrom, wherein the
mixed metal oxide precursor is calcined in an oxygen-containing atmosphere at a
temperature of at least about 500 °C to form the mixed metal oxide.
58. A method of converting propane to acrylic acid, the method comprising:
providing the catalyst of claim 10, 19 or of claims depending therefrom. in a gas-
phase flow reactor, and
contacting the catalyst with propane in the reactor in the presence of oxygen
under reaction conditions to form acrylic acid.

59. A method of converting of propane to acrylonitrile, the method comprising:
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providing the catalyst of claim 10, 19 or of claims depending therefrom in a gas-
phase flow reactor, and

contacting the catalyst with propane in the reactor in the presence of oxygen and
ammonia under reaction conditions to form acrylonitrile.
60.  The method of claim 59, wherein the catalyst is contacted with isobutane in the
reactor in the presence of oxygen and ammonia under reaction conditions that include a
temperature ranging from about 300 °C to about 550 °C, and at a pressure ranging from
about 0 psig to about 200 psig.
61.  The method of claim 59, wherein the catalyst is contacted with propane in the
reactor in the presence of oxygen and ammonia under reaction conditions that include a
weight hourly space velocity (WHSV) ranging from about 0.02 to about 5.
62. A method of converting isobutane to methacrylic acid, the method comprising:

providing the catalyst of claim 10, 19 or of claims depending therefrom in a gas-
phase flow reactor, and

contacting the catalyst with isobutane in the reactor in the presence of oxygen
under reaction conditions to form methacrylic acid.
63. A method of converting of isobutane to methacrylonitrile, the method comprising:

providing the catalyst of claim 10, 19 or of claims depending therefrom, in a gas-
phase flow reactor, and

contacting the catalyst with propane in the reactor in the presence of oxygen and
ammonia under reaction conditions to form acrylonitrile.
64.  The method of claim 59, wherein the catalyst is contacted with propane in the
reactor in the presence of oxygen and ammonia under reaction conditions that include a
temperature ranging from about 300 °C to about 550 °C, and at a pressure ranging from
about 0 psig to about 200 psig.
65.  The method of claim 59, wherein the catalyst is contacted with isobutane in the
reactor in the presence of oxygen and ammonia under reaction conditions that include a

weight hourly space velocity (WHSV) ranging from about 0.02 to about 5.
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