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oxi dati on) or 24 Uhe and
I
[0002? W%J%&tﬁxg/fcgﬁgﬁ‘g?{ Al@rﬂcfg{é)ﬁ |t(zféﬁ(%&m&%§§lq@ E&Eﬂ%/st
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nposi ti ons, and net hods of usi ng such conp05|t|ons

effeqiive gk gaiph AR EOBYRIRION 04 PEAPYAR tOSSTHNE S a@dssobunec to inathacrylic

wcid ¥R SxRRG) ok BEpRRMR. BUBORiAe Bl HOMGOUD mefRE SRile (i

amuntexidatibuiyramidosi préfambly, withnd yiehd sfaricasieoaovent s, each
further conprises germanium Preferred enbodi nents for
preparing 25 such conpositions of matter and catalyst
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seal ed reaction vessels at t'enperatures abdve

matigi, gatalystaoampesitiens, atsthads sfpicparing pick gsrupmtxmeufmauer arsll

S u I artic
vt BB ARYBNSL P B b it o o
catﬂymmmﬁﬁommbmanuchﬁﬂsggbhkemmmsr}ha Igbadifhns anadium,
vanadj um cont ai ni n catal ysts shown to be effective

-~ niobjyn VoRF TBPLY BesyEm ¥agag iR, tgntnlum andiaglipeny, aad in some

emb8ikiats] @8h [’Lﬁﬂ‘ﬂ‘ énﬁ@ YeRfankiBh, PURNEGESLAPA eﬂt‘é ?&ﬁﬁ)armg

to acrylonitril la an armmoxi dation reac
suchznomplesitions df] mmtﬂﬁr sml csétldstlcnmPuaibsnsnthdmsctms anscﬁutmmphase

in sealed reaction vessels at temperatures above 100 °C and at pressures above ambient

pressure. Hydrothermal synthesis using aqueous solutions is particularly préferred.

[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. Patcnt No. 6,043,185 to Cirjak et al.,
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vanadi um cont ai ni ng cat al ysts effective for conversion
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(0003, RIRRRASN St RS TEV Fochidheri e wamikoion Wit ustybionum.
conthiding aiﬂl%ﬁﬁcﬁhﬂncdﬁimﬂhg RaAK/sh %ﬁ%?tf\)él 8PESd Vel rs?or?gflo% ropagie to

Lsobut ane to nethacrylonitril via an

acrylig aeidiagd jsobutqae tmmglhygvhc ngd dvih mnbhﬂiatmmwaeﬁ@m]amﬂ/or for
t he

amnfoxidatign pexabh)y tHe@atalysed ihed Bhrtlidp
Al so, . the syn}fjhesn sayyrot ocol s 28[11%%2%5&%%?%%%@@8

comugrallyyiahles fn g © ardagn cptalitic sysem foromioh ecctions

e A oty RO L PRI | Blstotf ¥Rl proggeots

knovm;p!etbc art ftwesueh icstalystoyistiar age @lﬂ-i(ﬁﬂt}'tﬁ trepr08Yel ifilaNBadher that leads
net-al ,oxid effective for vapor phase

tocogga@gggwta&s PRPEAE¢-0 acrylic acid or to

acrylonitrile or of- isobutane to nmethacrylic acid or
to methacrylonitrile, the m xed nmetal oxide consisting

essentially of - MBABIYLOT INYEAGION - ni obi um

antinony, gernmanjum and oxygen,

[0005a] In a first aspect, there is provided 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 consisting
essentially of "molybdenum, vanadium, niobium, antimony, germanium, and oxygen,
wherein the stoichiometric ratios of the elements of the mixed metal oxide includes a ratio
of molybdenum to germanium ranging from about 1: >0.2 to about 1:1, or molybdenum,

vanadmm, tantalum, antimony, germanium, and oxygen.



wherein the stoichionmetric ratios of the elenents of
the m xed netal oxide includes a ratio of nolybdenum
to germani umrangi ng fromabout 1: >0.2 to about 1:1,
(0005670 Ydemd Mspecy amad isUbvilAINd adtMlfBt caRpridiRNY mixed metal oxide
t?er_maltnl um and oxygren.' 2 [0005b] In a second aspect
HIGHY 0T L3F BV TV EIOR CEPYRINC D RBHIACHPr 4o Sl lerpb fsgbutanc
to?)éétﬁ&:ryl&_f dcRCbi tsgem&aicrm{mﬂg, ?h{_ﬂlﬁﬁxeﬁgﬂf}tﬁ r(ﬁb(iicfmh@fng?h@ BAPiical
0 a [ cid or rylonitrile of isobutane to
fopraylp g’f:‘%y’?&é%@?@*ﬂ % ﬂé‘&?a%‘?d% WHFEPi 1 e, the mixed
a Magalfropxatdeat haw guddg enpirical  fornula M,
bV’ NbhShc dCB( oI I\b/bl \/, TabSb, GedOx wherein a ranges
FaRE L TROU0Y 9% 105Pq8 &> 0. 6, b ranges from about 0. 02
c tapgaiout aul®] to dbottadg)es from about 0.1 to about 0.5,
d ranges fro reater than 0.2 to about 1, and x
d@@%@ﬁ%?%rﬁatfrﬁhg‘bigmﬁﬂ’ﬁ te of other elements
x fidpesdsivh thaodidtioN bR df blbdieniontsdResent[i O 2EXed Metdl dxitel d
aspect, there is provided a nethod of converting
propane to acrylic acid, the nethod conpri sing:
[Ofp?&b}/'[ndi third biRcts mng iy plovidsd Qﬁfehﬁﬁ e abm&lﬁn'g ﬂr@mﬁﬂs 2BRBS&id,
0 reactor, and. contacting the catalyst wt
th it cprig: P tercalahBt 37 dleBRrdcaliove gR gt phase flow
reabfdtdndrdantinthe oqatiydtivahSprbant o e REcdok i€ tiRGirékence of oxygen
, l.‘[qOOOSd%)R%I n.a fourfth aspect, there is provided a netho
unger IEGHORPCHgnY o B’F‘bb‘éﬁ@ﬂ"lﬁl- acrylonitrile, the nmethod
conprising: providing the catal yst as defined above in
- phase flow reactor, .and contacting the catal yst
W@Sﬁ%ﬂi‘b raogﬁﬁg 3spech. HBete dg qirgridgdna wprshagy efs epnverting ol gprgpsp to
acB/IchitdlE B Acbd %m%ﬁs%fgt ipadVidif tHel dali@t bO dbHeD above in a gas-
acrylonitrile, [00Q5e] I'n a fifth aspect, there is
phasediavtisactarn ARd sRIEACHIS the Sakyst wigh prepasa imihe reastor in the presence
of BRYRAGHY Arhonia fde reabdi JIRANOH (6 RIMRabSA M Hi1dPT OVi di ng
the catal yst as defined above in a gas-phase flow
reactor, and contacting the catalyst with isobutane in
- - j’ .
R R A R A AR

-acig the meghadecomprisipgirrsoviding theviatibist a5 deinesbabaye w8 gowephasnbow
rea%tor,' a%_@ Q_Hﬁtwﬁg tt}% qa%?}tﬁg*@% Ysloﬁﬂéﬁerih 'tlﬁ‘a’re&cn)g eilglﬁitﬁgnggg%cg \%‘ ozlcyrgcn

conpri sing: provi e catal yst as
. under gepstionypadisiony toormemethanrylicaaaid. cont acti ng t he cat al yst
with propane in the reactor in the presence

[0005f} In a sixth aspect, there is provided a method of converting of isobutane to

methacrylonitrile, the method comprising: providing the catalyst as defined above 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.

"[0006] It is-therefore an aim of the embodiments disclosed herein to overcome the above-

noted deficiencies of the prior art catalyst compositions.

[0007] It is also an aim of the embodiments disclosed herein 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. Itisa
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of oxygen and ammoni a under reaction conditions to
whotismedsyl onitrile. [0006] It is-therefore an ai f
t he enbodi nents di scl osed herein to overcone tlﬁfg%gzommnsn
above- noted deficiencies of the prior art catalyst
furB QIR W B od; I.s.al so an aim of 'the
enb olgi Ment s 8?1[511%9%%1(%%?&?5“#0@ 6°Vb$ed§}?tggéis eERrghayag gatalysts
thahwegproderibly epd tovedsisténe badalytic weofoneaice.on with t he
gas- phase oxi dati on and/ or ammoxi dati on of propane to
respectively

] i aci d.and/or._acrylonitrile
(00U AE leesnd S B in e P ittt Rened of
by itsotlainssteread, dsovell mehé e ¥dtintats UbcRIN Brein, specifically includin
the%%acr%lﬂ@gitri l e, respectively. It is a PER ) &

200K 5RO H s AR pernttions hat Weild he knawvmtothotéief skill in the
aﬂ@ﬁmmatea@liﬁgh&%ﬁg herein to provi de nethods of _ :

preparing catalysts that reproducibly lead to

consi stent catal ytic performance. [0008] Briefly,

the di.sclosure is directed to the subject .

10009F 78 Sripodilfis 8 BRieEs B ratalng chmpesifions etophods furfpacparing
the satajysef theratabstsqirsk@EBF AR | £ .

llng_L udi ng tli?rg S\?gﬁﬁgusggsonbirﬁgt??%%g{% g%é %@ran%sg{% %lﬁg catalysts
ea°ﬁr? T ASEREREEO Yer bugive suctrystenot %sgg bf s_lt_irc];h ctfaBystsifblude bench

: rein. .The conpositions

o R Bibt ik SO IEI ) sl drsbtion mstepiting aenvesting
proparspranifoglstach (¢ ayReddd yid Scidithih 6148 BYRhRR R Ao Aation.
.Ihesu%ﬁ Sget hi%is, t he nmet hods.of using.such catal ysts

ALY S R Al dr disede thesarie sealsnandindhe sapst systemsfoaonoért
isobRate 16 AeMaXBIIR abiAGhHAR tofifidlee (RED). pilot plant

scal e and commercial scal e reaction systens for

converting propane as a feedstock to acrylic acid via
i a ammoxi dation. The

‘ i ' or. t,0 acrylJopitrile

100104, O R, diedl¥ il abtages o¥ibS present swemtion mit bern part

appaient t9ah®e Skidled ibart Snd HA#E poi [ : t et q -
et hacr y.lei c.acid, Smal or rrel%ohlé\tc%?ﬁg%ﬂ%l?l & 9’.”[6’6?81‘“5 cited in

the ipsioat spegificafionsre ispweraedihy refdcant foy el pofpobhie MbRHEBE as the
ent to thpse skilled

At el AR BRSPS 2! St

I N ar
hereireisenbstartinl, hdng delevant kdferdndes zﬂr@h‘lnﬁﬁﬁfé th ia%ﬁﬂeg/b%r@éaﬁ that will
r

i ncorporated by reference for all purposes. reover,
prova@e ﬁﬁtg‘e_rz‘ﬁsm‘m% é{‘ﬂ@ﬁﬁ‘sp&ﬁfcﬁorwﬁh pubjestmattet. er at ur e
relating to the subject matter disclosed and/or

claimed herein is substantial, many rel evant
references are -avail able to a skill'ed artisan that

will BRIEF DESCRIPTION OF THE DRAWINGS
[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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provide further instruction with respect; to such
subj ect mattet. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS

W 065090463 GS. | A and 113 are schematic represepbamsgmmnsn
of exenplary_propane and isobutane oxidation

reactions ([lf C
‘i sobut ane “aRfT

C%%g?ﬁ‘é”%@%ﬁﬁﬂr%ﬁyﬁa% il Py E0 oSS o

In one first aspect, the present

- 03|t ons
[qug %Spa‘ftr é‘%ﬁe‘ﬂtdnmaéﬁ‘ tlirg tpnampcaﬁpns dat comprise

md%&%ﬁn%dﬁiﬁn ﬂ@bﬂg@a ARy, erﬁll um Q%{ \ regfé]r molybdenum,

and oxygen; or enum
Vwa!dlumcﬂmﬁaluge auanomgemmiumy@ﬂnxy@é}QlSl I n anot her
second aspect, the invention is directed to
conpositions that are to catalysts conprising a m xed
[0018} &l el QecRbill ﬁ§ﬁe‘cb’ ehd Pett CiE dﬂ occ%pm:ﬁ%Fﬁfi'oﬁpgn% are
propane to acrylic acid an acryl oni € an
catalysfs gprpusing a m@lﬁmﬁﬁﬁl Omdacifdctafndbmapor phase conversion of propane

0 e has,
o &Sirpo& %%"%"’fcaaﬂ)p"mfﬁ %@ge?ﬂfﬁf RSB WS un
methatsiyienityile, JEeaixed Eﬁetﬂ'ﬁﬁhd@ﬂé@ QonPbsifibh ¥ gﬁ%ﬂ%m{) bdenum,
v nad:ﬂgqrﬂ tantal um antjinony, germani um

AHELONY X BRI, 285t OH¥genner !anlybdﬁumrmanatdxmh

| m%“%'ﬁh%@gd%% S e BB R SE el S oo

empipioal fofndla t o about 0.5, and nost preferably from

2o Ml BB R85t s AN BeSY o sbout 0,02 1o

whakpiyt 0.12, preferably from about 0.03 to about 0.1,
and nmost gr eferablg from about 0.04 to about O0.08, and
i s pEngeciipmeabgutlk bioeghouti0.aspiseratdy framoabiou).08 fo about 0.5, and

most preferably from about 0.2 to about 0.4, and is particularly preferred as being about
03, |

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 is parucularly prefcrrcd as bemg

- about 0.06,

¢ ranges from about 0.1 to about 0.5, preferably from about 0.15 to about 0.35,
more preferably from about .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 Iowér 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

rarige is greater than 0.2; in one eémbodiment the upper end of the d range is about 0.7, in
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c ranges from about 0.1 to about 0.5, preferably from
wRReMb 15 to about 0.35, 25 nore preferably from
(ij\@oﬁto_og@w to about 0.3, and nost preferabl y34’1‘:rT6(|Iﬁ200‘”01783'7
bout 0.2 to about 0.3, and is particularly preferred

another grbpdimenbine uWpa, end of tregbrenge ismbatidLs, if yelanbtheababibdiment

d | Spedi ment sy he Jl.ower. end of .the d range is
ra%\‘%%)guft?org.%gg, I ngoa%)g’fl {1%% %%Hﬁ%ﬁﬂ% Hléafq:m being agput(h3, and
d radgendsodbekidiida sta of aftRt BRMARNRCHNEA thd Rideq Wattal
.end of the d range is greater than 0.1, in another 30
OXidvbodi nent. the | ower end of the d range is about 0. 15,
in yet another enbodinment the |ower end of the d
-range is about 0.2, in yet another enbodi ment the
{0014)vlara fertherahird hepeet ofithe@g@entiongtivdi@ntibh aNdifded th theFSt or
enpodi mentt the upper end_of the d range is about 0.7

secqnql aspeqyp il srvsptursa deeariod 2bove. aud Buther egmaprising an essential

* abs6EROULABA bl AREHunE Bk h ghdlBr HailiBNY% JaFoBRRuBrBhs and

i n yet another enbodi rrent range
comibentions) . Withaasperisto il ¢ssatiabalisynqer offtel uriech, ichab 8kdigdiscovered

0.3. and x .depends on . he oxi.dati state of
that 3R oipe e Ao UGBS el sfetend foe comtapstion of
antifdd¥ 4hd kérntmius bRehork Abtive, 38AeEpetito Qﬁbecoh%i@igh 0P Bropkfi€to
invention is directed to the first or second as egts
acrybpnittie thap eatalygncompriringmplybderas wenadiurd, fiobitinemd the
| Si e t!?L absence of one or nore of
co tgﬁﬁgirl%%%uggﬁ %?n%glh olﬁm'gal [ium 1n various
pernmutati ons and conbinations. Wth respect to the
of tellurium,_ it has been di scovered

(003 R il SR S e oF Lo P YRR crdn direaied o o

" confpoSiibal BT ARder &80 ﬁ%@iy@taéohgﬁisﬁlfg a Iﬁ{)&hﬂ BRI o2, S&h g?@ A st

are nore acti v_e, VVI th res .ect to e conver sion
or senopg asrectseo! theinyensiontas dessribedhaove awhdry $tesoompopitins bfimatter or

tercinyrtionts dbssribechairove iy oot b
-t R SR el bt 1B R GBIt P

molfedentin, aapdntm, afioting, dofMENy] Cimahie, kY 61igeR Br in®lybdenum,
dj.rected . to a, conposition of matter or to a catal yst
vanqding, fautaliye. #nHmopYy SeERRNIUBXINOXYEtEh as to the first
or second aspects of the invention as described above,
where the conposition of matter or the catal yst '
100163 dp iy phitdhe aforemendioned fitst Uxouwkh, foiuth espetts ofithe inenLos, tthe

- essentially of . s
compomﬁon bf matte;Tan have stoichiometric ratios of the required elements relative to

each other. The stoichiometric ratios can express the relative atomic ratios or molar
ratios within the material (e.g., on average), or alternatively, at least a porﬁon of the
material (e.g., in one phase of a two-phase system). For example, the ratio of
molybdenum fo vanadium ranges from about 1: 0.1 to about 1: 0.6, preferably from
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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nol ybdenum vanadi um ni obi um antimony, -germani um
and oxygen or! - mol ybdenum 20 vanadi um t'ant al um

| WOa003/00046¢, ger mani um and oxygen. [0016] I an ﬂL52661%17837

aforemsntl oned first through fourth aspects of

ve osition.o tter can have -
1: OB 0,5, PRer b o d D458 Hgtp &) QABAbGe preferably
fi mieﬂxﬂitllvem@o ®aeh. gth : n
© express the EF‘el ati gg g{do%ég%%%@%@m%@é?'gg% égl[?(‘lmgg'o'3'
Thegptichefmelybdepmeio @rm(lsug rangns {eovenlxgs)l; 0.0t to about 1 1

preffiabf/ st wkGich ofs p i 47, 30 'Fégra&gfm Aot - To about 11,
ore pefatbly fdie abalti1909f begnspnt

» f)rpom abgut 1a Ot toHfilglcsnflﬁﬂtt}i1dqv %[ﬁor\(’ ragP{yni?&H%&“m

to abayth 101, apd most prefahly from abost larzotombeutlpmewmhm;erfrom

88 e 5 5 0B BBt T SGRAT o

yet zihotlﬁr Gﬂbaﬁrﬂem theqatio d4f m&lyBdsnubl ©f hﬁ@:luﬁmfrﬁﬂ)g'@s FHAHE:045 to
ut 1:. 0.1, and_nost eferably ffom about

0
abo“_le-‘o. g“”‘éﬁ‘ﬁh?d@eﬂé thggatiorpimplybrigmiss tongsinpuiemuanges from

1:>000 a D
ke RO 70953 b6 PRI Pt of WPbERELR Fongp or e of
the domponeiss gan le cntibed in vakiout pettnuﬁmﬁﬁs altDéoentithifioas.abl y
fromabout 1. 0.15 to about 1: 0.3, and nost
preferably fromabout 1. 0.2 to about 1: 0.3. The
0017pEk egs‘edrﬁelnymé%ewﬂdt
[ OP0191; o about 1:1, pa?%%g‘?fz;%%ﬁ%%%npa t&E}%%h%B@%E?Js of the
compepsits oan be dgfingd lnmoeﬂ@tlalbwhﬂh@ﬁnaﬂmalt foﬂmulﬁ Wwhdreinathe niixed

o BB LRI DB oA,

wherkira, B, cmmdmhavemreﬂ‘e&e@hinges‘ dsateseted tabdvdin2ohRecBBR With the
anot her enbodi nent, the ratio of nol ybdenum

1.0.4. |
‘Secofl@asd’gf’trfgnﬁp%’rﬂv?’éﬁ‘fﬁbs from1:>0.1 to about 1:1. In yet

anot her enbodi nent the ratio of nolybdenumto
gerrmnl umranges from1:0.15 to about 1:1. In another
[0018hHerkere fiost mmncétatdyﬂtommbyboiemmmms gmfmmnblm oxide,

M"‘{’gg‘%g@?‘%?d@d 1&%‘% ;@eﬁb §ch? é’fféil%eécff%ﬁ‘g?é% Ol gp sbetf.S,

b rar@bs frofeaboanpon wm}u@amz b.eraﬁga%‘rﬁdh@ gbdui 0V BU 0.5, d
rmut ati ons and conbi nations. [0017] Expressed asrmll%eS

ﬁowa‘i’eﬂ%%@bwb&@b &dh aaoﬂl@wquv@mt |danngqs mnsgmatchﬂmﬁﬂrmc
abouk £1103% Aotk BmsIRARS Mrbe £ A0SR hip 0240 bR 75O

dependst &l themsﬂatlbﬂsta&rbf@ﬁm eleirehts fpodseny ia MM%NM o@ﬁiéQ(
or Ml V2TabSb~GedOx,

- [0019] A second preferred catalyst composition comprises a mixed metal oxide,

MoV NbSbcGesOx or MoV, TaySb.GesOx, 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 thém 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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wherein a, b( ‘c, d and x have preferred,ranges as

wodRsssbhsd above in connection with the SecoFE’Tﬁgﬂﬁ%rms'f

of the invention. [0018] Hence, a first preferre

catal yst conposition conprises a m xed netal oxide, 20

Mol VaNbbSbcGedOx or My, VaTabSbcGedOx, where a ranges
[ﬂﬂﬁl!]omtlﬁﬁpﬂﬁfe%ea ch@ly@@&}ﬂﬁpﬁlt@n coﬁ1ph§&gierﬁle3& A Bt % 0. 02

t o about 12, c ran fromabout 0.1 to about

| MOrW%‘Jch(bmraM@MaT& ELG@d@x,a\MmrB a tangenframabbetr0.2 to about 0.4,

R N YW

frorﬁ aBoﬁtQ) Edacibbutl.7,3ekeablHeRS8HHaR 0. 1tth absit 0dat] Mbuskat e
of other elenents present in the mxed netal oxide. 25

emtr ot dganges dipin ghoat BiZrte @bewitlapiebarally gysetst than9.2 to about 0.7,
I | VaNbb
o SPENRSR G B AP b B M A B S5Eot ovis.

about 0.5, b ranges from about 0.03 to about 0.1, c
P ran fé m{ab ut 015to about 0.35, d ranges from
reBg f’”ﬂf Glagst GUBRASHIONSi n anot her enbodi ment d ranges

[00i1] Omegzl'oﬁiiabﬁﬁoﬁi‘ﬁﬁ AtalysiLictRed B e orefn ntgo%%d i‘i?sgttlﬁ‘éﬁ%h fourth

nbodi ment d ranges from greater t
wp@mlofﬂhe thypatitaisoan e prapacedi byethe hyﬂ:ethanml efnthdsiramethods

e RT, 5RE ol A5 BRI e et apess

of the inlveitioagsuehaadliichal @spmﬁssaﬂtmﬁv&ma Ichi® BS effeclivils AppBico
oxi d Mo, VaNbbSbcGedOx or MblVaTabSbcGedOx, gre a

| prepaze,pibier qompiositions andeatal ysis, Mmm&)composmonawg%@t&imwhat are

mor@kb%%fdl)pcl'%facg&a@@wt 0.08, c ranges. fromabout 0.15 to A

abou ranges 5 from about 0.1 to about 0.7,
preferably greater than 0.1 to about 0.7, in anot her

(OB, o B S A B i B0 s
hydeREREB syRfhekil endtid 0L b&?aﬁﬁ@h&eﬁfm&él RRlde %ﬁg&ﬁﬁ&l and in a

resent in the m xed oxide. Preparation of

preicgred pSpset asibes cernprising @ n{rmizm?tamrmdmmng H@hebdamin

vl bt A o N0 BB SRR Lol bR

germingininy siidoidygenyaliscaysed belsivs H}Hﬂk’tﬁ&&al Siefivkis beghdie agd n.

P I T O Y R
al., aﬁ@@@yﬁm%s RBfite! HVIPIRLY Nb- P2 hiRRl BideS A8 f¥r ABRAeed O
ammox1dat-10 , Applied Catalysis A: Gegeral, 194-195, pp. 479-485 (2000), and Ueda ef
al., “Selective Oxidation of Light Alkanes over hydrothermally synthesized Mo-V-M-O

(M=Al, Ga, B, Sb and Te) oxide catalysts.”, Applied Catalysis A: General, 200, pp. 135-

| 145, which are incorporated here by reference. Accordingly, the invention includes 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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prepare other. conpositions and catal ysts, including
conposi ti onsfand cat al ysts that are 15 nbre broadly
WO aMaf086®ri zed [0022] Hence, for exanple, a fedt/is2004/017837 -
aspect of the invention is directed towards a -
agitﬁMraftmeﬂﬁlonsmmmﬂngﬁmeﬂct‘ﬁ)ﬁ Ktep) f&?xﬂ{ tinBGhéte486on medium,
i de co 03|t| rﬁ1]iland ina preferred aspect a

as A SOt Perramaaheady avbiraher Bkinganscert & Mimige within
the ﬁ@étb@ﬁ%ﬁéﬂbr 30 sanal, li'iﬁlrxbmaglo gﬁc{?%lﬁaﬁngn&lgé?%lﬁp YFsel.

ybdenum ‘vanadi um’ t ant

'Aglfamg tmyg@hon wilguresBwihglihe mactldﬂ}mkrpqirbﬁﬂ@d BTt Santages.

rret hods isclosed.in U S Patent Application No.
‘6‘6%92 VﬂSS 1BgFe Yufermymixing fumag Hivatsection, particulagl with

mar@ﬁﬁll)hﬁﬁib‘}e Rasthtsf This¥Bsu¥es Wbt éﬁiég& ccgi% %gitw(hatkaété{ﬁﬁg

for 'propane ammoxidation' plie

matetiaisang|in a goge m@mpqueﬂﬁetdl&ﬁuc(eaﬁ&ﬁbct Apitatidpdbe edacién
i on_of L nes over

medﬁﬁndd ?‘%etﬁg fiarsf;ong/& 8% Caysas t,% %‘_I@tﬂ? ‘Rﬂ% progiyct tpjfronsiz
soluamram mancbﬁ tediadsyotltBe reacttidleb R Ak alioned

CGener.al pp. 135- rfﬁ% V\/(?I ch are | ncoﬁlgﬁer%eag)&mcovery
and frerRting of éPé wetahexide prodgeiby tedhiqueysushias nenind:‘dtgatieﬁ,
d nt.h SI mhere precu
ecaﬁf&nob,'ﬁﬁl X eaggﬁeqtﬁg w%)@ls ([]l-l@%-lg 8‘%00%%0 énaé%rrlﬁy L P19 cra St the
mdemﬁth@mctsnmselo Se¢ U.9. oxppmammmmnomlmeé the product of

cti medi um at eI evat ed pressure
the h&ﬁﬁﬁ'&r‘é‘g i“é t%i‘r © fegctgr %f‘ééﬁ s@llseMore advantagsevsty,
havih@the #ixéd MBtap %
e ol s S 8 A B

the pattirlasstieothan thedanitedeyipoatd ﬁacaso’ﬁhentﬂm growdt vanrg@diftom the

g the reaction step. Agitating the reaction
reactgf‘gfa@ as di scussed bel ow, may be acconplished by a

nunber of means such as stirring within the reaction
or, for exanple, tunbli shaki n
[o023f" %ﬁ%ﬁlﬁﬁ@%ﬁéﬂ#@s&%&ﬁow% also q%@p&eémng olaélyr, é@r@{ample
[ vides.a nu
towall g Vol Mol R 5 e h L R Tha T ot
molwpﬂmu_ng Vld,nﬂdllng,l migﬁmlganﬂ itelbmpiuma I'al'lli’]d mafeadﬂl%y codiprfising at least
rgi na ubl e reactant is results 1n nore

m"”@?‘?’ﬁ‘é’f %‘HJ( t ?%?Prb?ﬂ%ﬁfi?aﬁ Relybdenugy and antimeny; o a
comptisig: 4 lI'éafs:DJaE{hdi hiﬁ%d%hﬁlonﬁ XOB o9 AH %Ech cﬁgﬂult';ﬁ‘khgég of s

reacti on nmediumdurin e reaction ste SO causes
fifth agpect Al teginkention, By mﬁh(p?r esai e directed towvard prep&nhgm catalyst

of the reaction v Thi s
c
omﬂn F%ﬁ%?%e?%agy%r@%ov thet comprises one or more efsmgblum tantalum,
germanium and/or other elements known in the art in combination with such systems.

[0024] According to the fifth aspect, the invention relates tb 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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to and separ ation of the nixed netal oxide product by

fration and avoids the need to recover the’

product fromthe sides of the reactor vessel. See
u. soripslly addsiagditiontlzoeny sviyent to Wireacttonevepseliduct  of
the, rgq&g{epgt{d%sgb‘(,nt hesis forned on the reactor

‘vesse re ’advant ageously, having the m xed

et sacte Miedreaction mddiurs ef AlelfpRraddrt @Yitdr WanPAIOACCARI a pressure
owh on all faces of 15 the particle rather than the

r [ 3 - -
B“*& ChiNeR AmBlephRIEEF U088 tiprasuliidient de fwmhe mixedrmetaloxide; om
t he I [.s. f4fth aspect of the
[ nv(é t{oﬁgﬁ %}f éﬁeaﬁeé%%ﬁgfeedﬁ}édﬁﬁim e broadly, for
ex arepdering thmvanetd predql axidedran artradceyioh nsei@hi Si ng a

I xed al oxide conprising at |east two of 20
Aﬂﬁ%‘FVB‘&gﬁ% ?ﬁ""(ig%m_ %ﬁgﬁhﬁﬁw pitha fiyerién prepaes a amived motal
oxifé %xﬁ[ﬁlﬁiﬂg}’ﬂx@@ﬁﬂéﬂnﬂ, '%anﬁﬁurhﬁﬁ%lufﬁ?ﬁcf%é%‘éﬁﬁafn&grrxﬂybdcnm,

vanadi um~ or “conprising at l[east no
vangdivimyiamjelure, antiommyy arsl oxygert by:east vanadi um and

ant ] Mtionall in_each of such c S this

£ ARt (OB A o, BreEPR: Bt EROc Yo ot T3, and S
in aili ageeiedolvenas forl RALHGOMAdIGAL al yst  conprising a

m xed, nei)?ﬂ. oxide that further conprises one or nore
~of $RtigBRlGAddingadditinnnl emmeousselyenumtheweadionoressal;

el eBil Sk ' e art in conbination with such

systerrsg.stll F%\gg%%&%@’ordi ng to the fifth aspect, the

i nveemtting ther rekctiopamedium ate tdngetrdtare gpratpaham PECC Mdgtessure

met al _oxj.de conprisi.ng nol.ybdenum. vanadi um ni obi um,
el B, S GOt P RAAUG 10 ASFSHPR Aokt fo e g suffcint to
for@ A hikedhctal8kidgni um and oxygen. The nethod: 30

adm xes, in a reaction vessel, precursor conpounds of

Vb, opfionally coplimg thegpartigh medipnzrandqueous sol vent to form

ar e A [ initial. pHof 4 or less; s

R AT e e et B ot efbrtnal 1y “aads
Whanl dietrhizedinetatjoeide sorstainy gerinahiun, g dddeg ingGlepRREE! comprises .
- . Seals the rrgf%tréon vessel ; reacts the reaction nmedium
admyxing acompay €-greater than 100 C and a pressure

greater than anmbient pressure for a tinme sufficient to

forma m xed. netal oxide; 5 optionally cooling the '
1002t sixBraspedtiofithe invention is directed towards preparing a catalyst comprising

a mixed metal oxide and having the empirical formula MoV Nb ,5b Oy or

ioues such as centrifugation, decahtation, or
“ w?? JobdAKE GhPR0p4qE7837
of .

Mo1VaTa,SbOy,where component a ranges from about 0.1 to about 0.6, preferably 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 093 to ébout

0.1, and most preferably from about 0.04 to about 0.08, and where component ¢ rzinges
from about 0.1 to about 0.5, preféerably from about- 0.15 to about 0.35, more preferably
from about 0.15 to about 0.3, and most preférably 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; VX, YOy, where X is
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recovering the m xed nmetal oxide fromthe reaction
medi um Anot her net hod accor di ng to the fifth aspect

woQbostdbgiss nvent i on prepares a nixed metal  oxi QRyusa004/017837
conpri sing nol ybdenum vanadi um ni obi um and ant1 nony

optigﬁal ”Mﬂégﬁj 518 tﬂ%@fergefrl? @Qfé&ﬂéﬂ}ﬁﬁ%gﬂxﬁog ug;ﬂ) O%H{?ngrggis o%rtlig)nal but can
be pptfetabbssniectedlfpml adismofly M teMuritdd, &id dodmpoRBst a¥angdsTFrdd about

d I 1
0.1 BREBRES dote it from nanho 15 & e Btsggaci@ag]steg&teiaﬁnwaﬂo% about
0.2 ﬁbea%%ﬁi 0.4, @ﬁrgla '08191 Ilﬂ‘l%t B?%ﬁggk PRV EES Rou ut Q?@Ct L2 %ﬁe}n about

reactlonrrE|um ate rature grea

0. OQeindibautrﬁ 2 sunre pref&aghyefmm Iabtbth@rOBaﬂ’&bSﬁﬁO Dra0d Usepfichifly

n.mediumfor a time sufficient to

t
fron 8 h g égg iy a'la Pgse GEPPBHHICITPES SAThG f2 #@ut 0.5,

prefél%ﬁﬁftﬂr&ﬂ aBBEli0o Aodt 6.5CAVES rQi%r fr uﬁ? 39&35
fromthe reaction nmedi um m Xed net a OXI e ?

morg @Fﬁfﬁﬂhlsf fryom aberit OdS tphéoad]ﬂ,md onast prefdrably fiern about 0.2 to
T e R A -

metﬂroapml ng a catalyst conprising a mxed netal oxide

and having the enpirical formula Mo z VaNo bSb~Ox or
Mol VaTabSbOx, wher e conponent a ranges from about 0.1

about 0.15 t t
o0h 0 e B S5 425 S8 o SN,
comptising a rm&acbnm&ih bxidc g ﬂg&sedfm e fadtostd Qxiﬁ%sﬁ&tsafﬂh@ invention,
d ref.erably fromapout 0,03 to about , 0.1, and
an, PO?B’@F 5%?%%%5 B aﬁgﬂ? spyciigally cxBrssteddn trgms ahen empirical
@@ﬁ?ﬁ%ﬁﬂboxﬁgﬁé‘%gﬁ%(edfxﬁ&ﬁ‘ aafgjﬁélhé Qmpmuffoﬂnéna

referabl from about 15 to about
Molgrraﬂbvﬂba@%@x ofr Il\@nva'ﬁmﬁbc@d@ﬁ wheradit a8d @ haverehlnessts descnbed

' f b b h
abo B BhRdiide WBTHERRPN firkal yBR Saton indife Rk o™

pref&&@ﬂdﬂn}posit@ﬁ@ﬁ\dthﬂf fieBidesigibad Edpad, ¥Ad x de E'.'oﬁ ltiﬁbgméclatmn
m xed netal oxide haV| ng the enpirical fornula M VX

stataptather elgrants preseat inghoywizabseigbodds PCT/ US2004/ 017837
optional, but can be preferably sel ected from ni obi um
or tant aI um Y is optional, but can

[0027] In any of the fifth, sixth or seventh aspects of the invention, the hydrothermal

synthesis method can comprise several steps, as described both generally and specifically

above and hereinafter.

[0028] Among these steps is included the sfep of forming an aquéous liquid reaction
medium {e.g., as a solution, as a uniform or non-uniform dispersion, such as a shurry, 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 lquid
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. Preferébly, in each case, the liquid reaction medium is formed by a protocol that

10
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 reactfiEbas S iGirrtions P Ramaer bt BumpoRA torbinagelsas

be preferably sel ected from antinony and tellurium

wo 3deapponent. a ranges fromabout 0.1 to a .
prefergﬁl y fromabout 0.15 to about 0.5, angﬁ#&ggzogdmnaﬂ

compriRk 8b@ABInng & i : r
l\?{(‘) mponent %é rﬁﬁﬁg@gﬁg Enoa}n%ggtt1 %rp‘ée%gég?“ 5:9%@6 H\éér]%f alnoys such that
the aforomeationed sHichioetries aboet. Alsd Preferably, jorcatiecab) e figei

two 6 A8 TOmbOnskBOM ithOreRstionReGbE Al biert i ini
about 0?5, nor e preef leornab_l y frogeab%ﬂ?l %H%Eé Evgﬂégérg ning
each@f #e conmpnnents watheaetbbtierfin dn rebetinn @sseh. The lagoid teadiod, media
out O. and :

. f bl f L2t b .
vp“’f‘?ﬁg‘é %@%@g@%ﬁ@%ﬁ@w&% el ?uftaind BPrtﬂt%H’é?eéfirf@Prs Erfdnt s

aquepuesetiér iedibhBorte ¥6fporedts/®icR s R1d-Ehtaih BB 26 nplunB\LRA TN
aspect of the invention is directed towards preparing

contajniag compepndsagd At-eqniiniag pf kegontaining eopdendscaddieipredded
i : ' ' : f I nwentd,on, .an

o the Rt U esarims PAfkolt SIS BERLNE, ¥ 0 O b P etar i

Some ghthesseuinpanettsy aysvedifas athee opinporents, IhfeMottentatalig, V-
cat al yst can. congrd'ese .m xed netal oxjde having the

contaéwag,r - t&ng?ntfugmn eprppeimds cagp be provided to the reaction

vessdiPhdTil SPEREEEs coMIRithpPolifl paficRlEhsd K‘?%{Pzﬁ@l
.described above in conrgzsgtli gn Wt St1 }slsg(cl:on a Bglgst

carriggfmedig.s i nvention, including ranges of preferred
conpositions within such described ranges, and x
depends on the oxidation state of other elenents

[0029]r Brefetedi predubsr bonipshnd® for lsymtbsieor RO c4R2E hs ddkcAPM Rein
si.xth qr seventh aspects of the invention,

. the fifth, L
mcluf‘ﬁﬁwrfyﬁpmqge? rred ggely lsans spwrcpcludn modrhdemen(V1) oxide,

s [ b 4 .
B B S0l Pl Rl Bl B sty
vanad¥sylaist apmonian metavredatt Al wtoagivaf(V) oxiten Prefaraigmeaiony

| Lguid, reactio nedi um. (e. as solutio as. a
sourcey At R RGP ShdrD SRl aesmantiaardy,
antin®@ny (Vo d € afind aF {0 sulfhite PRI anGnmRl Ul @RtrARIPR ferred niobium

di spersign),, where the |iquid reaction nedium _
sources Hisfydsduolipm axalgly, prpopigRpRinbitmsoxalate aed piebivm ehoxide.

- ' i quid. ction di ul
Profe @8 Ltalyy] Qnce MRIGE bl ofalc, fthofio] BARLILBrIR 5f
tantalfim ethoxiidSb A(mefefed gaidaniam Earderis paapaim@V) éHige.sevent h

aspect of the invention) conponents in the reaction

vessel. Preferably, in each case, the liquid reaction

[0030TESHIVENL ﬁhfcﬁﬂﬁﬁ%e%e@toﬁfréﬁaﬁ?ﬁhxeﬁnﬁétal oxides according to the

invention include, but are not limited to, Water, alcohols such as methanol, ethanol,

propanol, diols (e.g. ethylene glycol, propylene glydol,- etc.), as well as other polar
solvents known in the art. Preferably, the metal precursors are soluble in the solveﬁt, 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 WO 2005/ 000463 PCTI US2004/ 017837 conpri ses
conbi ni ng cohpobénents in a reaction vessel in relative

WO pssmeodedount s such that the af orenmenti oned PCT/US2004/017837 -
h

stoichionetries are met. Also preferably, in eac
case, the quuid reaction mediumis formed by a

ocol t es st rring while conbining at
(0031 358 SFoy! FracRaB s gniai kS enpiihnTBedismanmorary el the

soluBﬂﬁe@é%@ 'i)?&lui/sor §$&x%6dgtﬂg géﬁlﬂbﬂn@d fg?llnr}h% Ezgﬁ \le}g g@éﬁ%ﬁ mﬁlggl

onents with eac (Y t reac
oxide; dhe émouaicifiagneorsdblrentshefileran rast leeuBidias So ARNAMGRYSE the

{Qn. an l.o art Cul ates di spersed in an
reacty qL & é 18 typic 1%Ly¢ifg{§;egn H:é:ﬁtxgetalgqgggdq:s Hxleave an

amohﬁtdf@leﬁcﬁ;lpmd’igtﬁ@fm&gpdésﬁnd V- cont ai ni ng conpounds
and Nb-contai ning or Ta-containing conpounds can be

provided to the reaction vessel as aqueous sol utions
netal sal:ts. to Sone

10033 v nnobesmdl o R Gt GG rebsoiandts e ramtion

medium tdooiding ahd\biNBlore\of HENRbRI PrebitsorPPrioP Rt Ed maﬁt%méb. For
% conpounds can be provided to
exampic, ip &&%Yy&@gg@% PEepa@lipn aﬁa MoNbS)) wetal exide onMnNéraBg metal

oidE gt b3 ARSE RSy SO IS SRS i
pnorgy rﬁndwsq:tmrm”tep. Ha thmt:ﬁeyﬁ:ﬁckmaSuﬁﬁ&Cﬂi@be ii; da88Lio"the reaction

d.l ncI the W n Pre erred m)h%bdenum sour ces
me ‘i“FPc | ‘SrRS“Fﬁ? ‘Eﬁlﬁﬁ\ﬂ% ' iaqgation efife o Tadpecatrror smimtmd
niobiloXavALY Beliagitaeh @xalgfeeﬂ‘oed'vbﬁpun\@aﬁ?eg d&!ﬁ@tﬁﬁ% ﬁ%%—l E;((j %ahc

vanadyl sul fate, ammoni um netavanadate
acid gy the nighinmar ﬁ@dalamthaiatq/sohamnr ddes,i uﬂcdnlmhe)xxdant is added to the

reactﬂﬂlt ﬁﬁﬁéﬁ%ngtb% Hde?x :—lldgl?té %nr%%ynlgq]%i}(qq&gp(qygegﬁ ﬁ@éiesued oxidation

and/@rtd laﬁmdylﬁtlédlﬁediredcﬁaﬁs? THRi AT isPREéably 2 n&r@&@fh?&&tamlng
bi um sources include ni 6bi um oxa
OXId%f'H?% t3lrroBtating @ aprgenic onidanisandythe ubed when it is

desu?%%ﬁ{r{ijﬁﬁ?%ﬁt{ﬁg?u m OX a{»ﬁ%{},ﬁﬁor %gﬁ&?sa%ft@? tﬁ%ﬂd%?rpﬂ em“fd

metabexifler r ed ger mani um source is germani um(|V) OXI de. 25
[ 0030] Sol vents which nmay be used to prepare m xed
nmet al oxi des according to the invention include, but

[0033] Theelept bkt %ﬁaﬁnoﬁvﬁ{eﬁ[od a%h 9‘19;9 %ﬁlﬁle 4 %/{Hé‘réh%ﬂ%

et hanol ropanol, diols . g.
VBSSE;&rmE%r@kéagqr;t teactanccoynpoa@ltv\mwe teen addeﬂrthq-wloarAs discussed

abové ql %%@ﬁ&a@ ARabIR ¢b E)]qeam&%am S?Iﬁls 26{ %Cﬁ%/m tl%f[] readior vaelssel The

rsors’ are solu
amount of headspace may depend on the vessel design or the type of agitation used if the

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

~headspace. Typically, the headspace is filled with ambient air which provides 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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| east at the reaction tenperature and pressure.
woSBRAhMebY, Vater is the preferred solvent. 30-A¥ 004017837
wat er suitable for use in chem cal synthesis nay 2be
used. The water may, but need not be, distilled '
and/ or deionized. 11 WO 2005/ 000463 PCT/ US2004/ 017837
[00349 O3k furth& stdpufMbie Hefeitd BYUDIRPINET hitlefis hldthodCAChORIly
medi um may vary due to the solubilities of t he
descpibed bersigr the sapwonetds romickeddn the fealedrdahtompenssdl atid ar

m xed netal., 0xi The anount of agueous .sql vent
tem e A ol 0L ol e oo A A DS et form o
mix&l meArs:a8¢ frechibor. PréfbRibeA khd donipoRet BRI BRkedSH MdRaled

of m xed netal oxides to | eave an anount of headspace

reactipn yerselaba dameperaturediat lepgabout 123 °Somrd Hypdiessreofal least
' i .

s Y808 AR 2 080 T 8, BAEC 50 & e
of aplesst ab@n 50 ppip] Ard ihGoink embeditdcdnn aisd ©mpefatire dlatdea@ng ot 175
o 1N the hydrofhermal preparation of a MoVNbSbh net al
CaBHiaH%P@FSy%QAﬂé%WSW&F 1€Qi9@i‘3:le according to the

i nvention, sone of the V and Sb nmay be oxidized wth

an oxidant prior to the reaction step. In that case

{0035 ilnlamt Gass,ibhcaspdH2Oi@ ard prefedabdylreicied by apededal drat comprises

iedium This is.preferably done prior.to addition_.of
mief b Prmpoiesis i B P! RRclnocsiie! Bttt SRl et or
particalak ﬁli:_triﬁ?1 feahatitn is it axPbwiylendodl! £ dafddhiddToPéxaktie,

. H202 with oxalic 15 acid wn the niobjumor tantalum
mixiggA¢. g4 SHEHE OF peifrtinghilis comperenirindls waled reastioniuesgelidyring the

reac%iﬁrg lgy W&lcﬁ% H’Efﬁo\:imShgg mgﬁ'xqtgg gl)%fuggrg .gc%]rieg{éhﬁ%i?% a, %ing the

en ‘t o achi eve the sire
contants iofl the mebetibn e@cssele frtekample bylshalang, danblingsormsetletimgphthy a
non- net al - cont ai nin i de such, as H202, . .
comm%-smg&gﬁﬁ?@wawgﬁﬁﬁ ?%l_&ﬁ st a%aegcqwﬁyf% EXRaplg, stirring
by wd8R stitridgSme:dB&I 16SHM Eatliéhsi P ARUGELIH AR RBadtloh Guésel and a
_metals or elenents of the oxidant into the m xed 20
drivingtfatce sppled to the SBying mendhee pstodhe reaetipn-wpsel t prowide relative

mot{ TSR &A% SEIRCI 6 BERRLAG IIEIT FREUIBN, pUAREF L be

prerera I On conponen ave

- a shafddeider el @tshafi-A6ppdiried stisiad meniieyv.eThe drivisg §rcecal Heydirectly

o2 o s e RO BT o B
via HERRED CRTANEY, Phe bl MEEGUIZRLIMIERIBER Gl TR o,
compessw 1 allberfoesfiishereaction hetken S08tponents of the reaction medium
to form a more homogeneous reaction medium (e.g., and resulting in a more
homogencous mixed metal oxide'precursor) as compared to an unmixed reaction.
Without being Bound_ by theory not expressly recited in the claims, the well-mixed (e.g.,
well-stirred) reaction medjurn can in some cases restlt 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
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headspace. Typi-cally, the headspace is filled with
anbi ent air which provides sone anpunt of oxygen to
WQ HES/PWAGX | on. However, the headspace, as i's keomosiohgo17837 -
art, may be filled with other gases to provide
som’&fmgﬁ At solid dtgte OQution,eivd Fudieriin §6rhe G RS Qﬁk%ﬁﬁwﬁétﬁ Bt l%éstt a
) In i
Porﬂ%

or. N2. the, ambunt of headspace and gas wt
oL iasghe faqaisie shistiinesimetuontoa sctive ankiselsntiveprohane

oxidtlon &@o\"%ﬁ&%ﬁ@ﬁ%ﬁéﬁi@ US2004/ 017837 [0034] As a

further step o e preferred hydrothermal synthesis
nmet hod, as generally described herein, the conponents
in the seal ed reaction vessel at a

e, [eacte
[00? @n‘ﬁ[e‘f’ Rrelerably, the cempenents cppdeacasing inthesepledgeantion vessel at a
initGl i p m.x t al
it BE SThol AR (BIRLGILA LORBRE oo LR furdliatlnBiods,the
PH pEthstreattipm mixturegnay euinge smhtthatrihe fes @H dflth@reaction mixture may

e AT Rt 53, P o e
seale@ TRREAE Wstel Af a BH Jre@8inoAlBM alRl 3G, Mnﬁefb%rg?ﬁiﬁéﬁrﬁf tgf:

of at least about 50 psig, and in sone e nent's,
compopgntp sarehe reectest indbe pealpsireadtiontvessebat a@Hhofinattmare than about

t t 100 psig.. 10 [0035] |
5.0 SBPHE: Bl foul 2550 85N 100 5150 Aab RORIAF oM L5 o
of npt mioeecthbn abvat 1.006Mxdt BRFe il MboEt 0.6 FHTP RIS iaﬂgl_lﬁhf
e

eal, ed reaction vessel during the reaction step.
Pre%HFf‘ Pg’dﬁeﬂes Huds ¢ nH eangmediam abewst-054p abowtyd, preferably from

abo@WtcCdRut 4) ‘fﬂc;t'éj Eﬁf&ﬁblﬁpﬁ@ﬁ&m 0'¥ t%:( hﬂ&t geﬁ gi'&x’splzatgice{n{bi&ﬁgnents,

or agl tati ng e CO onents In e Sea
the pl e range fiomebbhie0. 1 %o alead 8i3por fymabyutef§ hedbive TRS Pohay be

. S thods..including, faor exanple, agitating the
?djlgg’%t%g :ﬁpﬁémSFclér?é%?%?iBE&%WaV&'é@!XgﬁF-or exanpl e by

shaki ng, tunbling or oscillating the

conponent -contai ni ng reaction vessel. Such nethods
(0034 s%ei crePoRRALS dapbegsaisl ia thestenledireagtiomyesselis tytha

Ny her | t.. | east partial].y within the
B 0 R AL i BBl bbb
reacsibh iprasngesypHpSiiring, did), dshiRsdrited ab®R) ¥R 95RioH Of BERVdulcient to
forns | atj ve 20 notion between the stirring nenber and the
oy fedpixghmgad ede, prsieragly Vo ihemivsd megd Axisle cogprises a solid

stat§tortloping M Qbuitdedit i tbh{d "2 portion

The driv Pir?g fngr ce g%ln be lgi&#gggﬁl%/&gsé%& %Pg%%?g gﬂ%& @ portion
thereofi preferaglyrheningrthorequisite brysialitierstratline fooupive dndl eelbdtre

stirringurrenbeJ .ge.ag \ cp o :
propane or 1sobutane oxidation afid/or ammoxidation catalysts, as described below. The
exact period of time is not narrowly critical, and can include for ékampie’ at least about
six hours, at least about twelve hours, at least about eighteen houfs, at least about twenty-
four hours, at least about thirty hours, at least about thirty-six hours, at least-about forty-
two hours, at least about forty-eight hours, at least about fifty-four hours, at least about

sixty hours, at least about sixty-six hours or at least about seventy-two hours: Reaction

 periods of time can be even more than three déys, including for example at least about

14
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via magnet i q: coupling). The mixing is gianeral ly

woBbBfesaP! Yy sufficient to mix the conponents i,? Al QWo17837
for efficient reaction between conponents of Ee

reaction di 5 to,forma nore ho eneous
four 88 Bton B AR By = 1A FOP B iy 4 Rt doven days, at
leashEUBROBAC ABEsBr sERadTBbAt 1%k dRelY GCH1&0f AbolBorkaiB@hed

to an unm xed reaction. Wthout being bound by theory

not expressly recited in the clainms, the well-m xed

008 8ot kgt 8 S NE PP of o SR BGpin
methii3takh Ul witk @peseph, fcladifl X6:0exaRiph cddlihg theGdhdton Hedium
and in either case, where at |least 30 a portion of the

compFiging tasmingd neckal apisier(e. go pAoss ambiesttsuparature), Separating the

soua;pgmsa%g uérggivigg.%{g_% éfaﬁced 361 bEY P@frﬁwngé;@f@%a 3 centrifuging

scussed a ., as a sing

‘and/ex deakiting the 58paRAN)E MBOESIPCHY fIBR D, TR the ssparuted

a sol ution, and further i.n sone of .

...cases,, as _solid stat
Sohfimsﬁc'éa%g%g-mge& fel?qde%@?r of ez d’i’?t?fﬁré?@‘&?ln&% seprgating

step/afd WaShib§ sebY SAbd thil® tidlds Wd Wikl a BG4I Fard¥htk: step.

sel ective propane oxidation and/or amoxl dation
catal ysts. 5 [0036]- Al so preferably, the conponents

e, reacted iin the seal.ed ., eaction.vessel . at,.a
(00T ARS SRS b F SRR E e M PR Shigfanpe
driedf Diyiag thedhixed aletd bxBly BaBE éfFectédrdePiinBient WRdIRAS td @Nat a

1 Xt ure_ may. change such that the final pH of the

m
tempezaiurs of abaithdSy KeatpliposphengpigeRre) oind/ i an pFerh ferpxample, at a
o : o
tempfitbt Fan P ECREURRER X0 0 APl DA XE Bl et Bu A SR 120 -c
overzbdyingdebiod lofi alsmttme g mEomsabotthiEvd 10 abowpfifivenhowssand
- Dbe re ed . in the seal ed reactipon vessel at a of
prefgbly i Ao AR Byte Cba st oodtaiotsbi o 5
uncétftrolledl atfsBhirbahd IROAYing HmosheRQan MR &R ildMeghsdROMidakive gas,
or _ of not nore than about 1.0, of not nore than about
a reduemgogas oF apoandrp bpical  andipislaraldy airpr ef erred pH ranges
i nclude a pH ranging fromabout -0.5 to about 4,
preferably from about O to about 4, nore preferably N
[0040] o caffnetiibr fefFaritivnaigyitheried mixédmsabexidebadbsmedite], to ¥orm

t he .pH can.ran frogmabout 0.7 tp about 3.3, or from
the pfEd maal,idacatyss. SyHuEAAE %mcﬁlgif teample calsinatigns

(e.g2%lcthddig B8 GediRehB And&¥%IdiARe B pelilife ¢ JQﬁlﬁgr]s? gﬂ&ted under
conmponents can be reacted Iin the sealed reaction _

© varigesdratmerd mtmesphbers$. o Fearwortk-upnmiked saatali cxidecan Bk ciwshed or

gron.{n'd%%o% ‘{IA snu%hftr%atn%ﬁe gﬁcllﬁf inEe%u%énﬁg dglrem_ g&cﬁtp%t?esahnent.

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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20 reaction ;plreSsures, pH, stirring, etc., as
descri bed above) for a period of tinme sufificient to

WORSMNe4se ni xed netal oxide, preferably wher e gdhieudho@erssT -

nmet al oxi de conprises a solid state solution

conprising the required el enents as di scussed above,

and at |east a portion thereof preferably having the
(004 HoThestreatedfeygst aldinam niikedumntial exifl©camied Mtﬁeﬁﬂ@chamcau y

| ective ane or |sobutane oxi dati on and/ or
neslh el o i cehmBieySiesinding, Tiedes mbEBERD e mived 26tal oxide.
Prc@l(ﬁﬂé tREEAAYs1q§ s&bé@to'f@ﬁrﬁ‘gﬁmagéou / e a S)Eﬁlt]ﬁi Lfazse dl%lflgu’aon with

i ncl ude for exanpl e at
a mparpparticlb sire rangihg Froincibost, 100 pinda abowbiO0 e ;ﬂéfbﬁﬁl’jr from about

ast abou four, hours, | east
120 ]88 Panci 380 it AR BreleatiE ol abostuf 4 Wmte poaitashm .
at | east about forty- two hours, at |east about
. forty-eight hours, at |east about fifty-four hours, at
C“‘P@Esé{‘)"mmomé’fmqr&ﬁénﬁﬁ?remnfﬂoeaéaﬁjmbmsm{snhuﬂw si X

out seventy-two hours? Reaction 30
1003115 Blefop RSt 20 B hnc ik SR AP R bt piostions
prepamﬂ acdorigng wrthe xemgpdl @r?iardtﬁﬁ?fot@d&#ﬂescﬁﬂe&@ove including

fﬁl@g / 000463, PCT/ US2004/ 01783 four days, at |east
pre tasiapplied iy onngetion it ofthe fifth.csinthdag seveath dspents of the

lnve?iﬂgﬂhsaﬁs%ﬁﬂecﬂﬁi@e at |east about two weeks or at
| east about three weeks or at |east about one nonth.

[ 0038] Fol | ow ng the reaction step, further steps of
st. preparation 5 nethods can
Ox’daﬂcoln%%;e {:'feé”s[ﬁi '@é‘éﬁ“’?‘gcl udi ng for exanple cooling
[00431 THe REAOR sERS b e vRABRY dabily3e ég?xggdﬂeﬁ@qs H@stcﬁi)c@%q?qg can

C? to about anbient tenperat separatin
Va% ap lvide gae thenooppridstiongstait ormagie df lﬂnetvahomodﬂaonents.

f [ centrif u
The gh280 %ﬂg ol ciabB fhotortly SRt B B o gtasiy paving o
crystalllﬂeettnng)rﬁ thaa hictige iﬂaﬂe&eﬁ% Rt pebpafi® bikidathsi dridedtl at es
u3|ng di stil ter or deionized water),

B |
amqi% ondg ?*mea%%?%f rpgrdemtileresnrevaly or fordprbutime to

forn® i30S eparating step.
? [%lgg%?@kher tdfm%ﬁi? péﬂéﬁgeﬁge%%ﬁ? vegshed and

separated m xed netal oxide can be dried. Drying the

o3 o BB o oS By B B
{004 DS RBAIPLSItIBALERURRE mRBE bfHe | bzﬁa@&s% Bscrib&d m%g mpl e,
at a 15 tenperature ranging fromabout 40 Ct out

aforqrsmt@neé Agpestsext dheaibyention cawbeesed 20 a Gutley eintl aspeyu ofghe

i 30 Sk S e LT,
or isBbytamgtoaaethhayhf hed t&dlobl ﬁﬂ@furtﬂelct@ﬁihre@béc@ Gf e invention or for

conversion of propane to acrylonifrile 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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contSRE £R5, Pk

uncontrol | ed at mosphere, and the dryi ng atnnosphere can

be _an inert ‘gas, an oxidative gas, a reducing gas or
WO 2005000468 i s typically and preferably air. 20P¢HBSR0p4/ngss7

a further preparation step, the dried m xed netal

oxi de can be treated to form the m xed netal oxide

. - | . .

(0043 PRIRASY s Ul G TR @ o il it e Blan H OByt acid
by poniiding iong oomoreasfuld afgreaentidtddoasilyf hecie@haRdRiw reactor, and

var i WS treat nent at nmgspheres. The work-up m xed net al
contiGHingd ¢ Sialyet witlyeeanedp thapresenan of Grviger (4% pPsaydded to the

{62285 ' 04 Add b Bg suc .
kSR oG8 o AL Ok i B g ot
air) widee teagtiom torgiitiate cffestivbdo tpm anylid acid r Tiehfeel steeaoh foh dris

oxi de.cat a

s R o B BB TP B i s o

molatrams SNebParklis Hsobbtalié fof YEEn rafkRlaTdR dbsir0aisNahbAR 5, and
condi tions include tenperatures rangi ng from about 400

prefezably fegm abour 5o abawt @ brecteed agam ¢anmiscdsmyrise 80e 60GOG

L t i i .
Ll TR T ————
a recpClE/sird SARD Fofl ABAinier{sBQ4 bf a Tngiisragateddiop)e atl/or steam. For

cal ¢j ned), m xed net al oid%fan be further . )
exarple b ReApFYm opn eommiise aboR S el pon30% b sislt sfative to the

il yo . h . e
ol O 400 Sy 50 NSy B
5

 isobyfane ingdhe fasdistreahe size distribution with 5 a mean

- particle size ranging fromabout 100 mto about 400
pm preferably fromabout 120 pmto about 380 pm and

. [004?% Bfapaadisypréfeablyeddauneli40 atiyloniteing uhd 266utie toat al yst
- methgg

nposi t.i ons Prepared by Aforenentioned nt hesi s

piRMELe. Gy r9viding opsoidRpTedt thesalgrementianpd qatplystrinifegas-

has€ IGO0 22ASH iaa ! L3dn@35 i

s TR0 pB5RSES ol SRR NBE S UYL LOIE sy Maf PR o

of oxjwst (¢. paptouided ®, th readticohi zoge ipa Eedstedalycongprizmglanactygen-
connection W t I?i of. the.fif si xth and sevent -

g bl Smgienty P tcapGyerntitions |
effed@tt 4@ firBachylahi@sle br ﬁemsérzldxﬁtﬁﬁ:. ok @il Haltfon! fhel EQstHeam

The oxidation state of the various catal ysts
prefesahly GABRHSCSPIORABS OF isplaHansh By exYEeR-containing gas such as air, and

ammonia with the following molar ratios of: propane or isobutane to oxygen in a ratio
ranging from about 0.125 to about 5, and preferably from about 0.25 to ébout 2.5, and
propane or isobutane to ammorﬁa in a ratio rangihg from about 0.3 th about 2.5, and |
preferably from about 0.5 to about 1.5. The feed sfream 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 muiti-stage reactor), and/or steam.
For example, the feedsteam can cqmprise 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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vary, and can include nore than one oxidation state

for each of the various conponents. The jm xed netal
wOoR0nEie0asst al yst preferably conprises one or my& Befiissy -

having a crystalline structure that is active an

sel ective for propane oxidation and/or anmoxidation

to formacrylic acid and/or acrylonitrile,
[Oof‘%lsB%fcﬂlﬁhv@Dgfhe shovearentivobditeantorisaf 20 fifhHndeiiRGepebis OF the
. | / methacrylaonitrile, respectively. .
invEih, B R AT w2 BYils fempesitiangandeipsavided to the
readionayd SippbAed Heapdt oPASan LiaAidr I 6,9, :

ni xed netal oxi d_ggtcatql yst sﬂg}s K [ebglcl:l{r:%@ [ ﬁ ﬁé}b@'ts%'?%mders for
use 3f gsupraater satalystioplade siliot, alurainhtitenin) xirconiayerh e Sudeshppbited

talvdtdl ' ct theé% in ion, ,as a,
el R SRR e el £ Vol o vabrignt fathe
reactiononediarhiduring €Ratiction sRp of SRR ShATLAAFH M

acid, and/or in a further tenth aspect eg? the.t%lmﬁeﬂmds' it
supp Aystpare perd, thesatabyss logdingipreferplymenges from about 50 % to
abod@Cgydonitrile or isobutane to nethacrylonitrile via an

amoxi dati on reaction. Figure | A shows the general

reacti on schenme for propane oxidation to acrylic acid
acid, and Figure 1 B

I sobut.ane .t o et hacryl i
(004} rhe Pt Aosiearof e edscalioes Haviaessiords omapowimeritical. Honce,
the @aphakSHbWeBackd? cas by h BREA-bI i S 1.9
net hacryl oni tri ‘e, "16 %@%%%ﬂ%gfgﬁ@%%ﬁﬁ%%f%?fhﬁr
type efgaastorpridisarrstdr sapbed singlel rpacton uetdndt dne retorlin & nafiGtage
1.Sab osmet hacrylic acid by providi ng one or
reao B S Oy AR ebemntis il or Slort ead aplel Sprlpading o
reactand feed stesainio, a rédtion eoRY @ihé Réaicloh & el Yshe &h%}gl- ing the
. %]op%iwe J.n the presence of oxygen_ (e.g. provi ést%
mixed,metal pride catalysty apan gptlst fos difshargimgireastipn peidugtsand unreacted
reac@X¥gen-contai ning gas, such as and typically air)
under reaction conditions effective to formacrylic
acid. The feed streamfor this reaction preferably
[00493) rise 1Eﬂlrcjo ne and an n- cont ai ni ng gas such as
arr i

X ) s
0 ‘%ﬁﬁfe&oﬁoﬁ?%ﬁ%g??éf@mes%bmlafﬁgmgdhe propane
t y@&uid bEtdHchgorifrDen o
° amf erably fclr%g(()n abodféﬁgggvg%{’ éggﬂggﬁctﬂﬁ%% ’r‘ﬁ‘é“"@ggra hg g (r:lg S
methagrylonitHe.aesnsetively. ofenerallysaeastipn comttifiansimahdd eeshperature

HRPOR 2o RElL LI eMlic.achd.or t rylic
& p%g%%cst{)b( gtggt‘ﬂ? ? %‘?n éap‘r'?%g{;’bf g"@t%‘é’%f&@&hﬁ"&rﬁoo
°C, apglrih seme strbgdinmhisdromuhbiut SEAOE t6 St 850 9C,2RdAQbiLsE eam
bF@r ,eé?}ggl , t? F1‘(I:eedst eam can conprise about 5% to
embagiments 660% é tq @hot PUL°G.oGenpsally, the flow rate of the

propane- or isobutane-containing feedstream through the reaction zone of the gas-phase

ﬂow reactor can be controlled to p'rovide a weight hourly space velocity (WHSV) ranging
from about 0.02 to about 5, preferably 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
ispbutane to grams of catalyst. The pressure of the reaction zone can be confrolled to
range from about 0 psig to about 200 psig, preferably from about 0 psigl to about 100

psig, and in some embodiments from about 0 psig to about 50 psig.
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total amount of the feed stream or by nole relative
w0 the amount of propane or isobutane in the feed
WO&?‘P@Q%“ 15 [0046] Propane is preferably conVeFlei4/plL7837

acrylonitrile, and isobutane to nethacrylonitrile, by

provi ding one or nore of the aforenentioned catal ysts

' - ph £ ; ti h
to0si0f 8o 38ic R P s S PE REEE o dfle® P Ervoesire be sanstir
and/oxtegiieradhe@ed Fopé:amipls thd @adthe 20866 the FeadR e irBfefably
tream conpri sing an oxygen 20 contai ning gas,

f eed
0011%8?6?5 tocogiyal heapiransfaryn merrfa%ﬁa- zangrewd/or temgeratire icth oeaction

ronE SOPLSANE o5 40 B PG A0 e B i

reactions ae akdtieradapnd aesuchy the aseetion zormkat ba6eoledBy one or more
» ox&l%eg}-_lcont ai ning gas such as air, and ammobnia with
ApPIORLCS koWt 3BT ar rati os of . propane or isobutane to
oxygen in a ratio ranging fromabout 0.125 to about
5, and preferably fromabout 0.25 to about 2.5, and 25
[0053} Bpeferably; oisoueraod theanixevdorial okide aatabsi @mpmeiionghe feed

bout ,0.3 t.o abaout 2.5, and referably from .
comph R 8 rilith Eopiond nte cBbinedlp it e dbareigeaction
prodben@e), a6€ryioeci@androF &r{laﬁii@iilb,i maéthé(ﬁa& SRIRAIGNL S, '

i ncl udi n%’acryl onitrile or nmethacrylonitrile product
¢

methagryjonitrile) with A Yickdgfat Leagh shonig bY, piefamabiy withel yield of ptlgast

sl i, SORE DRSS RO TSR

useddesrgihy the gledd isvelctlatedGot the ptaphat oxidationtandfor biaemokRtion
trea r le relative to the anmount of propane
reacfipn & deSEESE BXATPRE - eed stream 17 WO 2005/ 000463
PCTI US2004/ 017837 [0047] For either of the
above-nmentioned reactions of the ninth and tenth
[00534 Jhe resublingraeylic apidandiop asryloniriteatr mefhactydiclapd/act | ve

j : ' 0si td on ¢ be .provjded.to t
motfHelfi PG BrogRie U5 o6 OB b 068 R Rl R iy 4l
fronbubrkactad mhotaits a&oniing fosmethody idemdn Herart® use as a

supported catal yst include silica, alumna, titania,
zirconia, etc. Such supported catalysts can be

[0053] GR2 &A1Y RS ASdSHERr SUPRAILR &ﬂwam(;ﬂ%@a%@dtaﬁm %
by ht') he d gt

Mﬁkg t to't reacti on nedi um duri e reaction
metigcepomtirle prodasiona e nsddasechcnt parees fomurerhodsrthdri(e. g.,

o RS S PR S BEPRBfpgiaet |0a0T 0

[0054] The following examples illustrate the principles and advantages of the invention.

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 mixtﬁre. Toa 7.6 mlL Teflon lined reaction vessel v;ras '
added 2 mL distilled water, (0.50 g), VOSO4 (1.27 mL of a 1.0 M soln.), and Sb;O5
(0.0675 g). H;0, (0.017 mL of a 30% soln.) was added to the shurry while stirring. A
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about 80 % 10 [0048] The specific design of the
gas- phase flgw reactor is not narrowy ‘critical.

wo biesoees t he gas-phase flow reactor can be a §j o] .
reactor, a fluidized-bed reactor, or anot herf’éf/@%@*ﬂ%ﬁnsﬁ

niobiu@6tQite sdlifoti 8AS bRPakABy BBsAvlg M Kc LR U pxflc LA
be one reactor in a nulti-stage reactor system
solulpprgt§056) yThetaxelatedbib ratio efdhissolstisn oae 3 and i @ntegtion of

NS O LSRR H@#@g@ﬁ%ﬁ%ﬁ%ﬁ@&éﬁi@%ﬁ  oMaofa0.413 M

soln.g P bddedNIDiskfed Watee hafRIRH t& ﬁ{quacﬁgﬁ YRt 10 daa‘{}g/lp g@ Jolyme.

outlet for discharging reaction products an
The natial pHrafdhe reaotig] madivmrwascl 2. oFhevasshl tvwasRsaled gnd heated to 175

o | be effectjve for ' h
C ARG sy drsFetlg s Jhorlonen 0 cotdpnom vormpratre
The Sulidlrbatiofh pRIhRRGKIE sdakRACH th :ﬂ& ﬁ@é&' afd ppshed with Jiptifjed

met hacrylonitrile, réspective nera rea
wate thieti tirnesn SThersolid ges thehelnjod imdit ael 20r°@fg N9 H 6RhED

.30 tq about 550 _C, preferably from about 325 Cto
"al"‘&?fg‘b"%esﬁ@ at ‘%’% rprdh. heanatorial drorarausde orfing powle3iHcn 1211
iil, e : [ odisrent s from about
m fgeg cto ggglllﬁq’ ‘gﬂ%ﬁ@a‘h@%‘%{ér a Ils 3‘9? éegmwmﬂ?se of the
25 propane- or isobutane-containing feedstreamthrough
reaction zone of the gas-phase f|ow reactor can
.mosggﬁ%mi%gr 1 GABlgS s RreRercl idrg e Amia e pEVS/V/SHND/Ge
was MOISIe1370. 1 lOWES\Vh thafaittess nlik@re. aﬁ?&‘f.()?n]g%’eg& ARMen Btion
abou , and 1 nsore

preferab:% fromabout 0.05 to
vessed figo added 7t mLidigiied vaatar, Wo®; (G5GR) MOSDA(1. 14 mbath (0BSE,

i r o) 0 .SQbut.ane to grans
soln | PeCR 5B B, ablh SR o B R0 050 58 b St et
to thedniry ohilestifring38 nichiga oksilemsah@ivh was Bﬁ%pgretd%yacﬁ%dfvigé)fﬁobic
.. psig, preferably fromabout 0 psig to about 100 psig,
acid ; qxﬁﬁgm selpfionrtAdCs Fheornlatedib riopsfithistselutibm was 3Gnd

o Chen 3, PCT1 US2004/.Q17837 , [ 0050] The
e oSkt SENA 00 BOPIE, BT SRR G iR D
mL of e §pdd M selnhreat addedn ShistilledanatéOnast LITBE E P r8actibRVessel to a

ampl e, .1.he reactign zone of the reactor is
75% ﬁﬁéfgg’%lfﬁe leﬁﬁfpfg 9f Bhg Teastien Fredisim Haad 21 Theskeicl vas scated
and hefafid £f%-© r in the reacti )
zone. For Céﬁ’gﬁg Ihe_, ﬁ%é a%%gglg'nghé;{r?gaf)ggﬂﬁﬁ'ﬁﬁ gﬁg‘yﬁfﬁ{h Goghto
roomdenipgratorea ite aolibieactitini ppsducts were separated from the liquid and washed
with distilied 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 pm

particles.

{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), VOSO, (1.39 L of 2 1.0 M soln.), and Sb;03 (0.152 g). H,0, (0.106
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reactions are exothermc, and as such, the reaction

WOZ ool be cool ed by one or nore approaches known i
2ﬁl(zs%art [0051] Preferably, one or nore of tﬁ’gT(HS%%m”s”

mL gg Frgg ) r&ﬁggsa%ﬁiﬂg %?fé’(i’gggfgﬁ;l%’hgg i} ﬁtﬂq? gﬁlrglr?n:%@sggntmued for 15
minS AHiSE ok SoMfilBn DS HaRELLL, ﬁﬁ&%ﬂ b MR QA (e i

acry ic acid or acry

solutind A0G0 °(Ete‘ll‘ha0xaliate/ﬂmi fatib ef thid dotuttonywa Haef thaborRR@dtion of
about 50 % preferably with a yield of at |east about
Nb %38 ).8}2 bra portinn effae nisbismerxabity selition €0.506ahH o6t 0ati2 M

soln )e@%tad@p@ up fléﬁféﬂ%atw& adfSd tolfgg ?ea@ﬁénaveﬁ%&g § 7¥‘%etlilij volume,

cal culated for the propane oxi
TheamitiobgH ef thenedchion esdiine wan$.2d Gherehetwhdsdaledmal fefed to 175

o d 0 ] ..The resultin crylic acid and/or acrylonitrile
c f[B‘E 9%1 P&EP% thecheting Bie vegt Waziuntled toraffest gpitetioreof tha keaction

uct.s
me ang'/ or c?grrr‘?r %%tﬁlgrg??‘ge‘%tggé?‘%? é&’gg‘%‘%‘?c&a‘ﬁ% ?g F@H{g@gmn
produntsweré sepatmecfrom tBOLi{[A 53] wistedrsgidibing wasythiee @sdsd The
nmet hacryl ic acid and/ or

.and/ l tril
soli Bk R G in A4 10120 5oA0E £ beiuriid, sepolsindsdoci at 600 °C
for 26 RS halcbial WRCROBHE L el bl byl B o B ypotle,

-crushéd §n@iGEed T é4F tl 350vhm gartixkespl es il lustrate the

princi pl es and advantages of the invention. EXAMPLES
30 [0055] Exanple 1. A catalyst was prepared where the

[0053] mmma& i & cafalpdoinds §EUpM€d \‘)ﬁt%re]ﬂ'rg af’o?l/uPI kit JQMoMSB/Rr%/Ge |

égt esis mxture. To a eact1 on
was JELHR3/0:86{0.8 4ul thegsynthesis mxmd, I'E!I‘ja V\.@tlﬂra Teflan Bedykaction vessel

e N B e ol 0L B e SR8 4o
addmg iMaQy (B5012), BOSORi(NG4 A of 9. VI 2&1&5/ QE0A@D91 g), and Sb,0;

CT/ US2004/ 01 i .obi um oxal at e 'sol uti on was
(. 15% dpa“r BPDHYR g% §fa|59rn UHgR Wapprepatgd by dissolyinegnelie acid én an

oxal?coicﬁﬁ doRitiodlat 89 g JLQ%XQI&@J’I\% %l}l%tf i E&P{féq\%ﬂ V\g andthg, 5

sol ution was he concent on~ o
conqentranqumfﬂ%owasa@ A Db nAqabﬁmm ofi xted b uB0balHtO o140 506 mL.
illed water was

ofa BaaZaR s e il iRtetinr Yo odasdin e Fracon verest o 2 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 temiperature. The solid reaction products 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 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 jm

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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5 The initial, pH of the reaction mediumwas 1.2. The
vessel was séal ed and heated to 175 C for 48 h
WO pdosat3 agi tati on. The reactor was then all opeghytfod/o17837 -
- cool to roomtenperature. The solid reaction products
samﬁd@ﬁ?thé%ﬂ’tﬁfﬂf@&’s M:&H‘&{ﬂﬁth!rée%h& E‘% &?Qﬂi‘é’bﬁ Eaxbid . The
distilled  water three tines. was t hen dee
Imxtinw veisipagleedlin® a@lasrlingd steel whbe s-h&da, 4 mndID c The revetiomnder

at 600, C for.2 h. The_nat wa round t,o_a fine
°°“dﬁmé‘fc“’f AT prgssury. 420 OF gi@ 2@, Wﬁf’sagao 4B he's feed ratio

QH@W/@H{@@%SMMQd T80 effiRnl O R0 rea f&“aeaﬁdt;ﬁea% 9056]
anple 2.

A cat al yst was prep are wher e

. chromatogmpby using ‘a’/ﬂ?m(&llah@e moMla]:/sihvS O/ VitH FID &&BTCD

deteqtin TSR IR LR vaRRien chatraivie dnd el e datingsh sk Copsesgion =
ol

(molf:@Cﬁ@g c%g?ur}{??d@ﬁ%%%g ﬁ? Blar 9 & 11)003&3’&2&@8?0 gm}les g&@%ct/

moleg ykls wmuynedhs (#}datains mqproch@ 3) ud 09, Yﬁhidl=e (mbles pratpct Anoles

Comg Rt BE R s APt X3 Rp TBE RGO Bo el

oxal ate/Nb ratio of this solution was 3 and the
concentration of Nb was Q.413 M A portion of the
ni obi um oxal ate sol uti onlgbledal niL of a 0.413 M sole)

wWas agded—Brstitted—water ‘Eﬁ r-eact m
pH of

vessell to a 20 75%fill Vo
reactifon nmedi umwas 1. 2. Seddeslon aNBelectivity
on.The

heatedto-175_C for 48 h \

| Example 4t § MowYes8¥heaStos@ued n629§o| t‘fﬁ%roogﬂ'@errperaté@%.

SO O0OHC € T )
a2 o S O ROt S0 11 el Sber| Pheee t1 npl”

| Exarpgle

Bxarﬂilslé3soIM<oi\KmI§bdm3®m ed itd20i alt4820 80%r 12 h}61%
. $ I 146003 for-2 . h.- The

5 powder | $3a bal || 63%

2r |

Exarfiple 4, M&%?ﬁb{, Q*t% 33(}( 80 t420‘?:Ir US“ 5 /§a g, EVed ThgdAS

to 35% m_parti A cat al ysti was

Example pai| ado W sl¥hy g:3te, «GanOg | A0 Co of 579/ | % No was| 65%

1/ 0 A0 2/ N 06 in-tha-.cuniihnaci.c v vt nira Tng?ﬂnd
~J T AN A %L 2 LIA>4 LA T & G LA

LT U VUL I OO0 1T TTTC u]llLll\,ul

Teflon |lined reaction vessel was 30 added 2 niL
[0060&‘ E&d:hbféds %E&Elysﬂ?ﬁsgﬁi@;%%éd %ﬁére%ﬁé faﬁs dr Moﬂ?/%iﬁgigﬂg%'u%s
1/0. 460 3/Q Oﬁ/QJS i o synthesisumixtgp2 ZTQ ’00 nrgzr afjon liﬂ@@iea@:ﬁoa@@ssei was

addefl g yicigs %@%ﬁ%ﬁé‘%ﬁﬁ%ﬂf%ﬁaﬁ\gﬁ%

Sb;04q8.16D ). | IEA0f106 IS of a 30% soln.) was added to the shurry 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 l(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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15

mn. A niobi um oxal ate solution was prepared by
w@lbsigRbdasNg niobic acid in an oxalic acid’ solution at
60 C}a The oxal ate/Nb ratio of this sol ution VE</8524p#{17837

the cgnceniration of No was 0.412 M A portion of the
Wa%hﬁ&ﬁ’iﬂﬂiw@ﬁﬂ%ﬁéﬁfﬂéﬂ%qea fimss. (be slsl vras ben drigl e 201180 °C for 12

) i Stid.he r s added to th _
b, B R ARA e N b P 7% B ThE mator e Popag ta fine
powdertiie balbadll,i peessebetitt @ pafist, drughed AR sHSSER) ﬁ@% 338@kpd
and heated to 175 C for 48 h. During the heating the
Par{iglésel was tunbl ed to affect agitation of the reaction
nmedi um The reactor was then allowed to cool to room
tenperature. The solid reaction . products were

[00s2pErampld 7 r Arcatalyst iriag prepard Gy'nshet méthbd 8§ SlexhhBR 6 except
A

t r inmes. The io solid was then dried in ai
el B oGy 3! 8.2M sokeliwasdded i the pedhaskaixting with stirring
aftP Ok 1,0 QGitdnh. The material was ground to a fine

powder in a ball mll, pressed onto a pellet,
.crushed and sieved to 145 to 355 mparticles. [00581

[00BAPREGpté e, (78, N co R 8 et By Shece et ¢ in
exalriple 6 ¥RePEBMILTOL(00954 KA, 6F 2’ stMlspESfdmﬁ%ghéd“&)%e sypthesis
dded 2. niL [Te yIDhe

.reaction vessel was a di st’i wat er .

mixfre dyith ghisring afier the HiQindditimmgnetic stir bar while

-addi ng MD03 (0.50 g), VOsO4 (1.04 nL of a 1.0 M

soln.), Ge® (0.291 g), and Sb203 (0.152 g). A
[0063]aloiample 92 Aatatal gstiviatsipaeparéisbythe Banehtetbyd di §5aKiphd6 except

QTR kARl B i hcimpsise 30 stiring

aftef GRCOJU,akikign. of - Nb was 0.412 M A portion of the
ni obi um oxal ate solution (0.506 nL of a 0.412 M sole)

was added. Distilled water was added to the reaction

0085848, SN o Bl SRS S5

. that M HEH (0233 inllrdflacid SN safnl)ards ad@éd BithO§ynBests hix i@ Gth QBrring

20

25

30

‘nmedi @Ehe, reactor was then allowed to cool to room
aﬁefngwﬂiﬁlaa diEonThe solid reaction products were

separated fromthe 25 liquid and washed with distilled

water three tines. The solid was then dried in air at

[0065)Examyflod 1.1A datalyst msh prbpamd by diad simeatethedlgy inNRample@kcept

The i,al s gr,ound . to fine powder . .
that{KFEEOH, g‘?-?”rfﬂih",f g?ﬁ‘@ré‘é Stlng 145 *aegii e syniheris Mg ypith stiming
aftes iRV, hadifigs. to 355 pm particles. 30 [00591 Exanple :

5. The catal ysts prepared as described in Exanples 1
through 4 were tested for the ammoxi dation of propane

[00&6‘1 ]9}&@([1!9 T.i.t rA Leﬁalﬁr& Véasfpir%(p%gedb \%ﬁiertr: ﬁl%%t?or of Iﬁo;\?/gb}mﬂ{z% was
1/0.4/0.3/0.06/0.3 in the synthesis mixture. Toa7.0 ml. Teflon lined reaction vessel was
added 2 mL distilled water, MoO; (0.50 g), NH;VO; (0.163 g), and Sb,05 (0.152 g).
H,0, (0.106 mL of 2 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. '_[he oxalate/Nb ratio of this solution was 3 and the concentration of Nb was 0.42 M.
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21 WO 2005/ 000463 PCT/ US2004/ 017837 sanple of the
catal yst was m xed with three times the vol une of

wosibimensscar bi de. The m xture was packed i'nt @-g ah@s _
lined steel tube with a 4 nmID. The reaction P17837

A LA oo S O S0P ) 55

Distilddbwaédkdshdddd i Bk dadfod vakellihg 7F%aﬁ%951uﬁ@.s T%Q)eyséfglas
ba/ gas 5 chromat ography using a Plot-Q and a nol ecul ar
sealed andsheatsidiiond 7P € Ko 80h. altdriifOhe heetirgothe vessel was tumbled to affect

.. [eS ively. Copversion, selectivity, and yield were

agiefR i et oliE TheLeackiiag dbonaiibved faearido fooml s
t iiGireC ITAE G61H) reXctid b b aYata o2 / :
ffmfﬁl es C3H8 corgsurreg))m(g%%ﬁ&%&g%%a#geq %Hngtgg lljglth? %48&”%“6‘ with
distilled mater thremtimss. pFlckolitl wasninratriedGa HE a€ 120 Y2 0)r 12 K, Erdshed,

at.ons.in,. produ x 100. The results are shown in
and gjpined ynder Eﬁ#&%ﬁgé% foreale t Tnmaleriaates gaundrierafing peiveder in a

V, ' I |\ | 1 7Nbo. 0. 130X

ball FANEESEODTSIE Yukied FAARER o] 1 A0S B3 BarkR0

Mol Vo. SNbo. ASbo. | SGeo. 080x 420 C 52% 81% 64% Exanpl e3

Vo. ANbp, 06Sbo, 30x 420 C 48% 80% 61% Exanpl e 3
(00670 K53mRe 65 ob SBBUBRTT Raras by e gmetdanihenample 12

e n
R R e

stirring afipt e fl.0pAadditiah.yst was prepared where the ratio of
Mo/ VI Sb/ Nb/ H202 was 1/0.4/0.3/0.06/0.3 in the
synthesis mxture. To a 7.0 nL Teflon |ined reaction

[0068p Exainphat, 132 b6l de 842 Ardatadyst Wak bRYaE LS the M BméBo@s in
%’, LyosHA &%&39 nmL of a 1.0 Msoln.), and Sh2C3

exargigé 13 5xpt pbHES QUOL533 . ofa 18 B0oaols) wag aded i eghnthesis

mixtfewh kﬁr{‘iﬁ%gﬁ%ﬂtﬁt‘:ﬁzbg [E&cﬂﬁon A ni obi um oxal ate sol ution

was prepar y dissolving niobic acid in an oxalic
acid solution at 60 C. The oxalate/Nbo ratio of this

utio S, 3 d the concgntration of, Nb_was 0.42
(00690 mxammRle 150 Sptaliions astpated oo apBe sthiadingin o AL
excePf that ,35 (010363 D) of a 18.2M soln.) was added to the synthesis mixture with
stirring after the H,O; addition.

[0070] Example 16. A catalyst was prepared by the same method as in example 12
except that H,S04 (0.0954 mL of a 18.2M soln.) was added to the synthesis mixture with
stirring after the H>0, addition.

{0071] Example 17. A catalyst was prepared where the ratio of Mo/V/Sb/Nb/H;0, 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 £), NH;VO; (0.133 g), and
8by03 (0.124 g). H,0, (0.0868 mL of a 30% soln.) was added to the siurry while stirring.

A niobium oxalate solution was prepared by dissolving niobic acid in an oxalic acid

_soluti_on at 60 °C. The oxalate/Nb ratio of this solution was 3 and the concentration of
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20 was added: Distilled water was added ‘to the

) w(gg@qc}og&gﬁveséel to a 75%fill volume. Theé vessel was

d heated to 175 C for 48 h. During t¥el/US2004/017837
vessel tunbled to affect agitation of

Nb?‘ﬁ%tdrggéf{ hfSﬁOW@&.O& the Tohiumalags sl on @RS At} ekiel4 M soln.)
wa$ 8@led. { DistiOWhRIREY Alddl & thIh cﬁg}a w%ﬁé%%yggggggg@gg SThe

were separated fromthe I|qU|

- vesRgTH4I328i0d A0 I@E:A toudS PEdon tn  Dirding tHe¢datival the védaslaas

ti. nNes. e sol.id s then dried in air at 120 C for 12
,“%F’tﬁs%@ﬂagl%e“ gate rfﬁ@%%wa@m\lzﬂmrem weasfthen glogved to cool

to fhBf i

o B S np &t S| ot Bl SAARE il B AL g

washed 34t distibledpwater thice $imes. [I‘Hé)ﬁdlid wxoulipnh Eried in/icatad Y6 tor 12
was prepared by t he_sane neth as_in exanple 6 except

h, qryshed, andoplginpdiypdar Naat §00 5C for 2zh4 Ibe majerighwasgrguel tog fine

polydi i X Balt S prBkd Ui aflehil, Sl 0 icBbd B 14316 355 B0

partislss.pr epared by the same nethod as in exanple 6
except that H2S04 (0.0954 nL of a 18.2M soln.) was
added to the synthesis m'xture with stirring after

[00YPEERRA gléfhﬂ'Abétélyst[ ng:?élpa@&"’\mrgﬂ%rafb ﬁ%@W&B@ﬁﬁz%was

prepare t he same as |1 n exanpl e exc
1/0%3/()#@@)3 i the sonthesis mi‘xttae 180 2.6 pilrToflondined caetiot vessel was

el AR Bl St el i o 0 BRSNS g o

 1.0BY sbhg), sahSh, e (0Bl &S Hzozgxasrm ALBFA809Pdoln.) 8¢ addel tthe

(0. %%P nmL,of a 7.45Msole.) was added to the synthesis
Slu?ﬁf%t Stigingn Aqiobipm egalapFolution was. meepp@d@yahmpkwmmbw acid

r the,sa
e T e S e e RN
congermtratiol] oéiNl.?wés tmsw{addd ﬁﬁzkubg gfﬂﬁ rﬁwgﬁ%&g%%déﬁohﬁﬂéh@ )lrws i of
t t t 9 Ex
a O%QII&I&B e %EEWI-F%&P%HV%I qg:dttﬁ glerrgqqn@!l éfpsselr?g a75% fill
votlfte ﬁﬁ@@&%m%em and heated to 175 °C for 48 h. During the heating the

vessel was tumbled to affect agitation of the reaction medjum. The reactor was then

allowed to cool to room temperature. The solid reaction products 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 Ny at 600 °C for 2 h. The material was ground
to a fine powder in a ball mill, inressed onto a pellet, crushed axid 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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1/0.4/0.3/0:06/0.3 in the synthesis mxture. To a 7.0
m_. Teflon |ined reaction vessel was added 2 niL
WO mhes/oookdsed water, MbO3 (0.50 g), NHVOS (0 1
Sb203 (0.152 g). H202 (0.106 M. of a 30% sﬁﬁi’s”ﬁgﬂ‘s"m’
added to the slurry while stirring. A niobium 30
oxal ate sol ution was prepared by dissol ving niobic
Theyepdtsiare siawosamteble 2aci d sol ution at 60 C. The
oxal ate/Nb ratio of this solution was 3 and the
concentration of Nb was 0.42 M 23 WD 2005/ 000463
PCT/ USZOO4/ 017837 A porTale2of the ni obi um oxal ate

(6-496——oef—ar0-42-M-seln ) w

sotut+pn o H Or—a Y-S V-So+-—) G-

Distil]ed water w%g%added tt_o tge é@acti n vesgel |to fFinal

15% fi I , ve '°'i‘r§ al ed Ahd h 'ailt dnal (Conductivi

,H%bb 51,:6/'% V' Bitircs, |Solitos %mp iefd jo i ok o s

- = I LML) \Y) TTC TG T
Bxample6 {0y s o UVGNO4 Mo, b, 420l g7 1 rﬁla‘“' oPl-2rehiuhd 12.65
Bemple 4o Loy o NVOSO4 WGOS V"o 430 988l o) 9520 o8] 12 14 12.65
Example ¢ en'pQ‘.ﬁ tureQVUO8 MaQsy | oo 420 2l o0 137 263 1] 14 17.8
Examplo 8 L op P8t e tONIRQUAVQS. & o 420 0l noq (0 h 0.8t 1]l ed 23.6
Bxampie 9 for o T pe o ONOSQL, WMogias L o) 20l 0Ty o Gl ) 0g34.8] 0l 29.8
Exampte 10 0 0,5VQSO4. IMaQ a2 31 L 8101 038.6 2

20-—c%or U IpO4 MO o Aol Sl o) n M Uinded8al2 8 28h0 7.1
Examplo 11§ ¢ o¢ O R0-79NQ504 IMOOS A | o 28 Bidnd + B0 £ | BN RBeRE n _ 7.20

- bad - nre; sed oRto—-a pgl et . cCr Ished._.and N A
Example 124 eved to 49%:3?39%3m part¥Bl d2l 1 o 12dDG71 G2 Af) 6.1 0.558
Example 1345~ Q2 o, o[ QNHAVOR MoQ3, o o 428 ABAL o et $54 gal 505
Example 141 - 03l ™ - BMa3 | Lo 420498 033888 of 558 162 D102 5.25
Example 16y O’ oo ONVOS MoQ3p ol o\ o0l ASEL i (7ot o g2t 1] 18 7.34
Example 161, . P vg—afYAVOR _addPli03 [ o0BS]  ExEhalpl ol] 146 9.51
Example 174 1 51 509 34}&%‘@ 4 s A0 08 o . hp , 0.086
Example 13 o im0l 15 ANESO4, 1200443 ._pqn'@ ] Al bl o 1147

- I‘fv to Mo .,{ut g%g%n fé] aélreaiixﬁet%t)meée%mp

: 9 ! !
stlg}?‘l n% a te(er%&gl Eefl(ﬁ o 691 Exanple 15. A
catal yst was prepared by the sane mat hod as in exanpl e
12 except that H2S04 (0.0763 nL of a 18.2M soln.) was

0074 deumparatineE symyp e sZMMsm@WNﬁ"bI\TbQ,OcMyst prepaediby er
R A Ll IR BB o B GR5

10 contiiats. HQsSiﬂéw(l(ih D3 Bﬂlow,fw}&nb&alﬂzl\dcﬁhk Added tiihe agtimaist O
mix%tg'g Fuﬁ/ fglt I;f]n Ll nr;nca)jttmligdeat %6 Ib Sdter ﬁ; the %atglf E}t(?sr pgorr] eIfq%eOZ
material w1th added oxalic acid is calolncd in air at 280 °C and then under N; at 600 °C
the performance of the catalyst is similar to the one prepared without oxalic acid. Thus,
for the remaining Examples done with added oxalic acid or Ge oxalate, the materials

15  were calcined in air at 280 °C and then under N, at 600 °C.

{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 mY, distilled water, (NH;)Mo7Oz (1.412 g) and NHAVO3 (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); (0.367 g) was added and allowed to dissolve. A niobium
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[0071] Exan'p"l;j'e‘17. A catal yst was prepared where the
WO z005/000063 Mo/ V/ Sb/ Nb/ H202 was 1/ 0. 4/ 0. 3/ 0. 06/ =3y
the synt hesi s rrixture Toa7.0n TefI on |ine $Boworrssy

oxalra?rfe?rs%%dtﬁ)nm %&@soﬁj\(lag g@% acl eg.l(u\ggéggolﬁ ion at 60
°C. aitg ox&%ﬁlﬁb tho]éﬂhi@ solutid %vab 9208 6& %céi‘ﬁraﬁoigpﬁﬁ Qbad 0458
was added to the slurry while stirring ni obl um
M. dwpartierofide aiabaum mslaq@rsebmuoedl 347 dilssfal Gzriﬁﬂjvmyohb) was added.
in.an _oxaljc sol utj on ,at 60 C. The
The3Ghug ByrBAeH bSmfthc e Coliobr BaSearessimal Snec. The soia
CRACERTMdAIral 126 °C
e IEGAL b - 4, 4 RAOMES, ST WML
The gesiterial gvas gcpumd?,o aifinefpowdex ia2 balisoilinpresavd sntadgetlet, crushed and
e ter s added to the reaction vessel to a
Slev%% 45|tP§5§B vessel was seal ed and heated to
~ 175 C for 48 h. Dur| ng the heating the vessel was
tunbled to affect"mglitation of the reaction nmedium .
[0076h Comparative Faamphehl. ob caiabyt Wes prepiredwith asaitar method to

B Ay e Y N—

mJXWaEt eli’rldrl’w GTZHddII:m of'ﬂ’&ﬁnshlhnfbdmm? §d1ﬁ:fbcrl1dﬁ1l (ﬁ(@lw QI\(I;ZIQ |séluﬁ6n (9 6
S cal ci ned under at

mL 6*2? 85“125%““% S \ g/\‘t% egrBtive- The selvephwas mwore@ from

the thiktdre RAGLr 1Bddckd 8férs§§§ 9?5(9"@ ek lv%%’tl-r Sldi‘f%? %1( %p}zo °C for

sieved to 145 t0 355 m partlc es.
12 h] ustkdc atdadajcinednariepNe peG0ac rfoe 2a1, TR midéd? vak ground to a fine

gb Eli‘hlémﬁrz vvg 1/014/0 3/0.06/0.3 in the
PowEsHp @, Riesied inte @ peliet, eruphedmad sisied forldd te 353 tmoparticles.
vessel was added 2 niL distilled water, anmoni um
hept anol ybdate (0.50 g), VOS04 (1.133 rrL of a 1.0 M
[0073} IGvn)paraﬁﬂe Bh20ple(22. (037091A ) 0Ppgrion 86fe rlatearfal foR0%

ed to Ihe while stirrin
exargiti ) w5 a0 e EheaRgan b et b A The
d
solidaDiten Sbed bl 400 ¢ i oth. o Phe b @i Fhas lnfd «§Uine
pOWdcmn erballanillopresed hito wasli€t, dishdd afd pievéd tarl 46fo BH® pm particles.
ni obi um oxal ate solution (0.405 nL of a 0.42 Msoln.)
. was added. Distilled water was added to the reaction
0078F Coplprative ERdmbple! 23, (1087
[ a’rid hepat eoll to 17E eC fgr 4% %%ﬁﬁ&?ﬁi}e&%@%@%ghtsﬁ
exanple dkal svaswaisd inpibatel20t°6 wis foctherdgated in ginatf80tEfor 2 h. The

solid was CTEJICI(I) Qalcr:rﬁgé tinder 'H] 8(?Oa§(£ ?or 2V?STﬁehnelarl]tcnal was ground to 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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allowed to cool to roomtenperature. The solid
reacti on products were separated fromthe 1liquid and
WORRSHaMoHhi t h distilled water three tines. Thepeolusshowesrss7 -
then dried in air at 120 C for 12 h, crushed, and
CsH#NHGORRTE +10de1/3N2. ahe B8Rt JfFhe Rakt
W ° i Ormﬁdﬁg}#%ssbg& ont o

ground, to a fine powder in a ball
chrorgatggraphy using aPhetedQ andia siodagglir sievd ddiumm \QEBFID arE:BTCD

Aot Bl (Ol AR, e ivemai Rl s Comtsion -
(molese@yi o@nsm MM E, HP Sty i1 W%Hia&i%h% é——m@és bidduct /

seal ing the pressure vessel dr ot
moleg (.aklpeonsumgdlx €f €atomsia predistél) mb@; Ofieidetl (mbles pradhet / moles

Cobia SHABRRLE LI syl PR Ex 1 0SSR Bt idhlon b 5.
neasured after the hydrothermal treat rrent. The

conductivity is reported in mlisiemens. 25 WO
2005/ 000463 PCT/ US2004/ 032882 The results are shown

N LIO AL

Conductivity H28043 N ohrée® Sour cg Tenp
No. field ConverS| on Sel ect i Vi ty YlH[d mpChtedEbe DSéleéﬂwtg

\/NOoNA 420 475 159 1.2 1. 12. 65 _FEkamle

Examgr%tabﬂez rapbt e 2 Frnat N}?ﬁ‘ cu ) GOl

1620070 o OMM opaba3 85 2 54 57“’/1 21 88% 12. 65| 62%

=4 UJ- T J0OT v

Calzem %3*‘8‘{%“&7@@14 "%‘g’%lal% o.oﬁ 1436%”7"1;1 ﬁﬁ/ﬁs.é

Exammlle

C—22Exaan Vo Vo A BR4NM@R 420 O. 1 (332 34| 83%%. 8 1 2P5B%
40 .31 2181 0.38.612.8 2 3

ExampHe—10-00-5 10504 Mbp3 440 31 2
C237711 %@8??(‘1%%@5@#50@@@@& MI%3 4b98%9. 2 80| 47%s6. 4

q

2.8 2.5 729 EXanple 1Z U 0 NFAVO3 Mo03~420-1. 2131
9.2 2.8 5.1 0.558 Exanple 13 0.2 0 NH4VQ3 M03 420
45.4 84.6 53.7 1.8 2.3 ' 5.05 Exanple 14 0. 3 0 NH4V03

[008%%%1%6%% Bﬁtﬁ%ﬁﬂ% %5 %‘gﬂlgstgaie &/Po};l%l\g;%( +g§e wluc was added as
Ge oxalate and MoV TeNbOy + oxalic acid, prepared by solvent evaporation. As shown
in Table 4 below, addition of Ge lowers the performance of the catalyst, however,
addition of oxalic acid does not lower the performance of the catalyst as drastically. Thus,
Ge is responsible for the decrease in performance rather than the oxalate that is associated

with the Ge precursor.

[0081] Comparative Example 25. 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)¢Mo7044 (0.500 g) and NH4V03 (0.106 g). The mixture

- was heated to 70 °C until the solids dissolved. The soluﬂon was cooled to room

temperature and Te{OH)g (1.303 mL of a 0.5M solution) was added. A niobium oxalate
solution was prepared by dissolving niobic acid in an oxalic acidlsolution at 60 °C. The

oxalate/Nb ratio of this solution was 3 and the concentration of Nb was 0.45§ M. A

~ portion of the niobium oxalate solution (0.618 mL of a 0.458 M soln.) was added. The
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Exar‘rple16050NH4V(13003420463840551116
Exanpl & 17 0 0 NHAVO3 Mb7024 420 0.8 6.3 12. 2.3

'W°42°2°’?5’%‘5§6 Examle 18 0 0 0804 Mb7024 420 11PSTAS20P4/017837

S8. 1 1.4 11.17 a) Mlar ratio relative to Md. b)

solvent tvastenihled froagliha gk tirdiirider rddacdty pre@uiefisplct TRALRNas
of .the reaction 5 nedium c) Final pH of the reaction

thergleied i 28 atd 20 i G-cfpot hibribrn heaiedde RBAFC if 010 Tor D b, crushed and

calc%) 'ER.]?&(}%E b?t MOE); hzglgp\g@ﬁqrgalél)%%fg?(g{aﬁéﬁa ggyowiqrﬁn a ball

mllfii:'lﬂaséiﬁdtlﬁﬁ:lﬂ paleBlchEhafimd fed 63 44 fbes%s WE&m\él%E lous 10

conditions. As shown in Table 3 bel ow, en oxalic
acid is added to the synthesis mxture and t he

1008 o Baracivs SXpRF P AR sE e e e 4PErs atio of
MoMﬂ" 6/NHEGe s 10.370.2280/00 antle sheRediN@rnA? Tata BAAL Bask was
he performance of the cat aléa/sq(hls simlar to the one

add%ﬁ epaledistllachwiter, NHPMdoH i gkand HdsVOn@. 10612i Fheg
m1x aunk ﬁéatg@fbgﬂy\l‘éé Hntﬁ%eéiiy 19 @s v&f e 951%1%% %8 aﬁ]gl to room

e materia wer e cac:lne In-air-a
temphetmrmmthe(MI)a(l BB0mT of b 0GRS SolGon)owat ddded. EX aophminh -

T ke SRS ol ROl oL Oy ERN e n a oxlic

AT
of Gerveasfi. % Mir A Rotiowes! thegdravinitim Gtaldle woltiidon (656301, 0H50.5 M

issolved., The.sol ution was cooled to.room . =
CS %I‘% E%&“Brgﬁﬁﬁf golpomsas gﬁepgggg bx dise]vigg giobic acid in

4
o S 505 T L

congfingrshow pHYb was 458 A ponticanofdha hicbivme bxhiste hmluum'n(Oaﬁl 8§ mL

ig of this Iutlon was 3. and
of a5 R e P 1 o b S w6 1o e B i iRe i
redute® Biddbire Xes@E BIR dolill Was thbn @ibd i hir 8 120 @ £P%2 M then heated
soln.) was added. The solvent was renoved fromthe

to 289 K€ umt elr dorceh, qreflia@,eldd paleissdinedeaiN,50 6@ °T fe 29| Thet thaterial
|ed air.at.. 120 C.for 12_h, crushe an

was
was o depincg baaoillPiegied snig « Dol righed ang e
145%9551?@%135 ne povvder inaball mll, pressed into a
pel | crushed and sieved to 145 to 355 pm '

particles. [0076] Conparative Exanple 21. A catal yst
[Oﬂgﬁ%(ﬂ{lﬁgl%%g E’Ma&xﬂﬂ@l’? ! X]clltgfystr@gprgpared 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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to exanple 1 where the atomc ratio of M/ V/ Te/ No was

1/0.32/0.2/0.!11 in the synthesis mixture{ Prior to the
WO 3003/00946h of t he ni obi um oxal ate sol uti on an exafukS04/017837

acid solution (9.6 nL of a 0.5M solution) was added

the MoVTe m xture. The solvent was renoved from the

m xture under reduced pressure at 50 C. The solid was
[0086h €nm{m’r&ﬂvé Exanple@9. A20talyst osas pfb@aﬂetl,m ﬁlsiﬂfﬁlw %anﬁéldco

| 600 C f
Commf it Exmplecio bere s Giaga t3ip of MAIN/TRAH wasph/R48030.1 in
the sﬁrﬁt@sllgnguee priof 'Eci"ﬁg %@dlg@g tol?t/hg lﬁtﬁ Ollﬂ%?ts%llﬁ%% aR Wxalic acid

solu MW%MEfaA Wsalumn)wastakiéed‘rEBMm‘aTe foixinge. exanpl e 1
that was dried in air at 120 C was further heated in
air at 280 Cfor 2 h. The solid was then cal ci ned
under N2 at 600 C for 2 hgapfthe material was ground to
a fine 20 powder in a ball mll, pressed into a

Examyle| et | crushed and sieved to 148Nt o BESHpm par | AN es.
[ 0078] |Conparative Exanple 23. 037 tion
No. "t he|material from exanple 2 %ﬁ’i‘{ ﬁ“ﬁ%’?‘@’d %elgq;t;vxty

C-25at 120 (Mamaﬁrémqgg,d;eat ed I n pAgoy,at [gggd C for 53%.
or_2

The _salid was en_calcined under N2 at 600 Ci

C-26p. The Mi%nﬂeomﬁbo@m@nd to T6%e pB1%owder |38%

|-J3nn| anAd o Q\IQ!‘I

ST D s A e S )

C-28Exanpl ¢ Méhv, 1) ﬁﬁb@,ﬂ;‘a.t(g{aw@gafrm as| gggCr i bed] kgvr

Exanplégs.1 __through 4 were testled for|the ammoxj datiaon

C-2%f pro M‘HvtomT&w?buﬁlxﬁTQHabﬁqon 2% xef8M6d reakiBh. A
-xetd—w-th—thkee

tinmes the volune of 30 silicon carbide. The m xture
vvas packed into a glass lined steel tube with a 4 nm
ID. The reacti on conditi ons were: atnospheric

[008¢); Cempagativedixamploy g3 3-illystrate quVTﬂé'éax Seipeepagedl baD

RSSO SRISAL DM o B MUy e

cataljzgs gagenahily l@wxghapihy ou p_l'fgc%aiechvﬁh MOS0 fasahaW sosiekan s
si.e m Wit an et ors,
shownda ﬁgbf Oﬂj\v gwﬂv%&ﬁ%w g hevelsdpgd ﬂ%ﬂﬁff {we Yialpgalways hasee

highd#@htalfie REfor ML Zhah! tidlsamplés WnEnifg R, £onsumed / ol es
£ C’3>I—t|§m"'Q z;;ﬁgt;ed) x 100, Sel ect|V|nty (rr% es product / 5

nol es C3H8 consuned) x (# C atonms in product/3) Xx 100

roos T} ChfhwapseSREEuBE 0 1% R PR ASIRRRBE hitaié oo of

| Mo/VF/HbII*ﬁ) as mtﬂseo .0.06 in the synthesis mixture. To a 7.0 mL Teflon lined

reaction vessel was added 2 mL distilled water, MoO; (0.50 g), V205 (0.1137 g), and

"TeO2 (0.111 g). A niobium oxalate solution was prepared by dissolving niobic acid inan

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 thé 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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Exanpl e AN 3H8 AN No. Yield Conversi on.Sel ectivity
|,V032Teo. 2Nbo. t Ox 54% 88% 62% G- 21
W‘%ﬁ@% 502Nbo. 10x+0xal at €0. 6 4% 6% 60% C. 22 PCT/US2004/017837
Mbi Vo. 32Teo, 2Nbo. | Ox 53% 93% 57% C- 23

wenseRasaied onptip diquidend veskadewits dgblisbestesthere 1angso GRe]solid

wa BB ARG ST R Bt hobahd koA B 2 A TG for 20

Th@ﬂaﬁénam@%ﬁ)@ﬂi 9% Rl poRifer RVERAT @tu BesscBoni PP et Fushed

Tabl e 4 below, addition of Ge |owers the performance
andofieveido 4% Wl 3pStum povielesr,  addi ti on of oxalic acid

does not |ower the perfornance of the catalyst as

drastically. Thus, 15 Ge is responsible for the
[GOQSFCSﬂ@ﬁrAtWeFEJEafH%IE@I‘ C ?L daBli € wak PRBarkh %vh@f&é\:hélhﬁmﬁ@ altio of

i s associ ated CGe precursor.

MO&éﬁi@M‘dﬁW@s Eﬁh&’ﬁiﬂ 8/02(55/0 Am:ﬁlpéwtb@sxmgctwe mw orbopdhe avas the
a5 L8 e AU D Gl i

the%inthésasiﬂmfry fdlbdvm@ﬂherrcoe hiedhb 724 (0.500 g) and
NHAVOB (0. 106 g). The m xture was heated to 70 C
until the solids dissolved. The solution was cooled to

[OOBﬂoﬁbﬁlgﬁp‘ﬁ[‘%tMa 952 Tﬁ(cgﬁ%l tw oéx%?ar@&w%reﬂh@at%Mm ratio of

sol ut | was a ate solution
MofY. /é‘p&ilewast)yﬂaﬁéhflﬂ/&' D6 i the epitherds @ixiture aThopakeduracis the same
(ge l_tﬁldoncat 60tC The 3§al ate/Nb ratio of this
of i Compamstiye Hxgpple iy cent rat i on of Nb was 0. 458
M A 25 portion of the niobium oxal ate solution (0.618
n. of a 0.458 Msoln.) was added. The 28 WO
[00%@0€P WPy eltxpmydo 33 4 Aretrbizy was prepead wWhess theatowdelratio of

AN S oo R PSRRI T o e o

the haat edddsoriBiin Compagitive Eaamplel30 exceps ﬁ&wl(}e@m .01 g}lmd

addg i e Siefenis S o Gaine BaiIFDs o et ol degmio €§?<37e'esed wias

0.1273ghed and sieved to 145 to 355 m partl cles.

Table 5
Example No. | AN |GH  [AN
Yield | Conversion | Selectivity
30 MorVosiTensNboggOx | 26% | 69% 38%
a3l MorVaseTeoNboosOe020x | 21% | 52% 1%
X MorVo¢T6023Nbo 0Oy 0% | 64% 3%
C33 MorVosTeomNbogsGeoz0y | 12% | 34% 36%

[0091] Comparative Examples 34-40 illustrate MoVTeNbO, + Ge (6 levels) prepared
by hydrothermal synthesis (HS) using V,0; 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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[ 0082] Con'paratlve Exanpl e 26. A catal yst was prepared
where the atlomic ratio of M/ V/ Te/ Nb/ G was

WO 20030084580, 23/ 0. 1/0. 1 in the synthesis m xtur eeCifos?®@od 7837 -
nL flask was  added 12 nL distilled water,

sl O 0 e B 2 e A SR Srhierc Ol o i agion

‘condiffess.sol uti on was cooled to roomto tenperature and

Te(OH)6 (1.303 nL of a 0.5M sol ution) was added. A '

germani um oxal ate sol ution was prepared by dissolving
009N0HIPR 0 ; n
O L P P B A e R ke
Mo/ \ii d/thamHﬂdéf&.waﬂﬁ mnthecspmﬁesmmtﬁres ™ a AopeL tﬂeﬂﬁn ﬁﬁed

th | uti 0,566 nl of
reactigl eS8l GRS L AsfEEpiirMaPat@5C el foPs s ). and Teo,
(0.11 RT3 NRRRBIRY oﬁlélﬁﬁgbﬂﬂtlaﬂ wak 9¥apﬁrea QidsBt Iﬁebﬁ)%@l%lﬁ an oxalic

acid solution at C. The oxal e/Nbralo of t
acid spdution; ay G0 RE's The andatewéb ratiorod elms scziuhmnwaﬁ 3 hhd descofcetition
op of.the niabjum o Iat sol i 0.618 nL
of N {vad B85 L O i 5 oL SOh Sr TS A3k, ¢ 8 deasoee
soln) @ EMddiewith Mg, UNdElled Wﬁ@#ﬁﬁ?ad&@@%@ﬂfe%zﬁ:%x ﬁ%&el tb15 80%
solid was then dried in air at 120 C for , then
fill volumee dhe vesselo@asGeatad and héaged @ 175 °Crios h&ﬂ withhapitatibsg.i T

under., N2 .at 0 Cfor 2 h. The erl 20 was ground
reactfiOF o B ool S o, Reidrencitop pacduots were
separ@@l ik the Tidaiieddandhed RUR distifled JARr IReSER
P particl es. iqg} 083] Conpar at TS\}eeExaanng 27. e% 'gj!ée Saolh)cllwas then

dried\ip gir pt BEi¥aiCetorild hacmshndl, and epdeinet urider Neahtﬁm}"cﬁ for@ h. The

S o) 58 AT L el R

51evealfﬂ)mﬂt0(3f558§ﬁ|v?§ﬂbgém oxal ate solution wused was 1 700
nL of a sol [ 0084] Conparative Exanple 28. A

catal yst was prepared in a simlar manner to

1009y Ry RRARRG 55, 2R 5 5 rePord et Yo s oo of

Mo/MITHNBIGe wRS L/O1361022/0106/0a0int the By r@tfests HBixhire. b’I‘HEVbR%@d@E Qras
sol utjon, an oxalic acid solution (1.700 of “a 0.5M

the saggq asdessribegda Campaativh Exampmiv 84 ersant that Ge@@ (182 g) was

: addec%%gﬁé ?)gﬂgeg% Eﬁ:g)/ ﬁyséltgé%@ékdc{n%}?ﬂ Conpar ati ve

was pfepared in a sinilar
manner to Conparative Exanple 26 where the atom c

[0094{1 a({‘t;n?pz?lfatl'\\r/g \1{/21;12%/14\!?6 V\E catafy%f \%e%s/ ;%ega%(? wi’lere 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 siurry 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 probedure 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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the synthesis mxture. Prior to the addltlon of the
oxal ate solution an oxalic acid 'S5 solution
Wozﬂgesgdggms of a 0.5M solution) was added the MEVFS2004/017837
m xture. Table 4 Exanple AN C3H3 AN No. Yield
Conversion Selectivity GC 25 Mi Vo.3zTeo.23Nbo.i O 48%

OB TSR g e o

Mo/ WHieXISe/ i easZA3NB6/01 2006 R Al ia tleosyntlh2fi%mG 8« OPhe foiPure was the
Mbj Vo3 Q. 23Nbo. lOX+oxaI at €0.9 42% 82% 51% 10 [ 0086

sam a?fghﬂ fiye Expmpls 3fexqsat that @e%W@B@wﬂ@d ed to

the § ﬁtﬁ@éﬁ ﬁdrr?lfondw T%ﬁlehréfd{%d%ﬁt hesi s (HS) using V205 as
V sour ce. e performances of these catalysts

are general ly higher than the ones prepared vvlth VOSO4
the V source. sho in Table 5 all vV,
100975 Gompayae EXpleas; ALoAlvse s Plrmaralr o o oo of
Mo/ VI Tanek/Geataal 1v0. B@/omr bQoranes sfyhﬁfésﬂs ﬂﬁxﬁ]?émﬂ%sprocedure was the
contai ning Geo.2 15 [0087] Conparative Exanp 30. A _

smq:@t@sgrgredmgxqm@ a9 éwcqnh@ﬂbG@Ge(fthﬂﬂ)omsaﬁd@ﬂ tofthe synthesis

u k{? e 6/0.210.06.in the synthesis

sl é(l?{{lﬁ;gé 0 az'/"l.qigf?l "Teflon lined reaction vessel was
added 2 m, distilled water, MG3 (0.50 g), V205

1137 nd Te02 (0.111 A ni obi um oxal at e
lﬂ09§b¢ampaﬁ=9 &%ﬁg ( 'éreg%)swwr% Whare theatomip gatigof

Mo/@ﬁ’ em@’@e%%cl'/ﬁhél@ kv, 0(96 4 % gﬁthc B0 L0A, e/ eﬁ%’g'v&s the

hi's sol ution was oncentratio
smnwmsieacm:@é iComppative Emarople BH @xeapd Hiat) BeOx £0. MSeg)smdswﬂﬂerhto

0,455 ,nL I.n) was added. Distilled
the sythesis st 5‘3&3&“58“?‘%&?@%@??‘% vessel to an 80%fill
vol ume. The vessel was seal ed and heated to 175 C for

48 h with agitation. The reactor was then allowed to
cool to roomterrperature,__lﬂﬁé solid reaction products

B e A L L S
times. The solid Yield | Conversion | Selectivity

C34 Mo Vo36Teq2Nbg.acOx 2% | 2% | 34%

¢35 Mo1VossTooNbunGeossOx  130% 175%  140%
C36 Mo1VoseToosNboosGooOn | 26% | 64% 0%
C-37 MorVoscIcoNbooeGeo1s0x | 23% | 55% 1%
C38 Mo1VoagTeoNby0sGeos0x | 25% | 58% 2%
C-39 | MorVoseTeoNboosGeos0x | 23% | 45% T48%
G40 [ MorVoseTeosNboneGeodOs | 24% | 65% | 37%

[0099] Examples 41-46 illustrate MoVSbNbO, + Ge (6 levels) prepared by hydrothermal
synthesis (HS) using VOSOy as the V source. The data shown in Table 6 generally
shows (1) that Ge containing catalysts have better performance than the Ge free catalyst
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25

30

was then dried in air at 120 C for 12 h, crushed, and
calcined undeér N2 at 600 C for 2 h. The material was

WO 0dtvdéx o a fine powder in a ball mill, pressefuiboBssr -
pel l et, crushed and sieved to 145 to 355 sm

ond (15 i 0ROl BRTR BNy TRl S P 5
Mo%NbD’ Gﬁﬁéﬂalgéta 06/0.2 in the synthesis m xture. The

procedure was the sane as described in Conparative
Exanpl e 30 except that Ge02 (0.0727 g) was added to

(01081 B BBie 60 /2 Al b0 fert e TG RS LMY/ shb was -

IIO.BMb?/@.O?hE ;Iw;&gni(l)lcsm atixtoreofTo ai\/bﬂ ‘;ﬁ_ﬂ_ﬁ]’ '@'ﬁ:nﬂh; lbiri?&;i reactlon vessel was
0. [ esi xt.u

addep G disPuednater oGl 8L VodERd s dh o kM spkmeand

Sh,OEX® 191 39%)'301\ nibditr B20te SOMGE dhd Mo ﬂéwld%sgﬁmgﬁuobw acid in

cat al . prepared where the atom c’rat
an oxebit wmesbmm@t Gﬁ‘éC 1The Gelde/Nb/Btid 6f Bisksolutionheas 3 and the

concHBIPT BERY s e wGe ahibe Sickoa exablc PRRionIeAss mL
of a A5 OVP61) wietlde AHARE c?lt etsﬁ%& ¢ GBRE Stising! ;%ggllads water was

follow ng the Te0O2 additi on. e amount o

addedytpsthe geattion vgsselzto afraﬂ%éilsv@mp mae NesselavhsGRhigd Al Neatdito

i C- 30 SGTeo 2Nbo. 060x 26%:
175 gg@‘ggi}“’@l ﬁ‘%’é?%‘-‘ S R S ST LA
tempbraihide. i \iotid 6cheR u’- tPRE R
i V. 36T60. 23Nbo. %gbegbo ZOXS% %%ﬁ% 36% I'ﬁagﬁhﬂdwasmd with

- dlstlltgdmathmém@sa bk ealiBwasttien Hiiedsinrairt = 180 VTEDIXH, dBeshed,

vel s pa drothermp| synthesis (HS) using
dé@?‘hﬁz @gu cfé %s hBWeTih Wi glognd to pEne pewderdn a
aﬂrﬂlfl y
b ll, g%ﬁe\%}lrl?@o Ige(e \r/]%{lsh%g 2 cf{léx}e(a% 306 ¢d 65 l?r% p%rtlcles
[0101}] Example 42. A catalyst was prepared where the atomic ratio of Mo/V/T e/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 Sby,0; 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 addéd to the synthesis slurry
following the Sb,0; 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 sturry

following the SbyO3 addition.
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31 WO 2005/ 0{00463 PCT/ US2004/ 017837 sinilar yields
0%463(39 l'evel s when the sanples are conpared und

same reaction conditions. [0092] Conpar 5??’9@2004/017837
Exanpl e 34. A catal yst was prepared where the atomc
ratio of 5 M/V/Te/Nbo was 1/0.36/0.2/0.06 in the

h t 7.0 Tef | |.' '
r0163Y TR o5 K st 1 et Pgriihe Bt g of BEEG g Norce
was VADS2/0Q/010640.9)in ﬂ@%#ntﬁ@.ﬂﬁmnﬁﬁrel %e@)-ooe&uﬂ%‘vﬂ@lth&ﬁaﬂi%adsat e

solution was Ere pared by dissolving niobic acid in an
descaibggl inc Exaraple 46 6xaopt Gat @1@066) @27 ) avas ndded: te thasynthesis shiry

3 and the concentration of Nb was
f°”%@§géﬁﬁ?/$b%?3§@dr‘m§n of the niobium oxal ate sol ution
(0.522 nL of a 0.399 Mto soln) was added with
|rr|n Distilled water was added to the reaction

lﬂﬂkﬁi 64§nA@etﬁéYS¥ VRY PreBgfavhenaile glogigeratiqol MolY{ EefNb/Ge
was ansl3 sy aleek/b Q Iﬂ'ﬁ‘é ﬁnﬁ@sﬁs A3«tlreY (;[]‘11'8 lp?&!eﬁ@ﬂe'v%@ thelBhe as

reactor was then a to co room t enperat ure.
descTibved gDExzdnple éi: exept hatodei @.1K5rg) was egdedip b fymbresis sy

.follllgu @Hg\?\l\é@?{]ed wth distilled water three tines.

dried in air at 120 C for 12 h, .
crushed, and cal cined under N2 at 600 C for 2 h. The
15 material was ground to a fine powder in a ball
mll, pressed onto a pel IE.,._]:rushed and sieved to

'Exa’@Q?c‘H bec %V@@%aﬂ%b Exanplt dépt that |&02

v 2] Q0
lU O O nrpyail ll LaT Co. LU UOJ dl g =Xatry I oJ.
pP d at oryi lC(?Y'Eatl 0 N
$ doavérBien | Selectivity

' 0482 T | symigesissiurry - foltgwng
‘Exalt ée%?(jOZ %W?Z%M% flﬂos g ive barml e,S(S.BgA

Examplesd /St Mslmﬁﬁb@mng@the asomi ¢ 8dati o of | 54

Mo/l VL TFelNbl Ge-was—31/.0.- 36,0 2/0 06/0 11lin the svht-hesi.s.:

EX&%PJ&‘Eﬂe M@Vﬁﬁ§@@ﬂ{hﬂﬁ%§q’<he (3% sand4as descrﬁ%éa'

: 4 8XCep hat o2 (0" u\sg‘i—gj—
Exa}v?/gle ddec%([)'%ﬁhewsvﬁ{’ﬁ%sg slu #%/ f ol ;ggvvi ng the TeQ?

Examgpth 46 on.| NIOGQ5i5bs:dh asCeb O Exartbl e 372 A cat al g%t

was nrandr od \nhara fha at A o~ ti 0 O'F l\/h/\ll Te/ |\Ih/f"

VVUCKT | LA SAC LI S = I A Ll A TC—aAAC Ut © I T O

was 1/0.36/0.2/0.06/0.15 in the synthesis m xture. The
procedure was 30 the sane as described in Conparative

Exanpl e 34 except that G602 (0.0545 g) was:
[0106] Comparative Example 47 and Examples 48-50 illustrate the conversion of

propane to acrylonitrile using MoV.SbNbOy + Ge catalyst prepared by hydrothermal
synthesis (HS) various batch sizes (23ml, 450 m}and 1 galion).

Table 8§

Wwh 0.1 C3Hs Sel

!
i

% Conv | AN | Aceto | HCN 3 | CO CO,

Mo Vo3NboosSboze

Comp. Ex. 47 - 23 m] 66 56 4 11 3 13 12
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added to the synthesis slurry follow ng the Te02
addi tion. 32 WD 2005/000463 PCT/ US2004/i017837 [00961

WO WM i ve Exanpl e 38. A catalyst was preparEiusena s

the atomc ratio of MN Te/ Nb/ Ge was _

JEVERAA TG IR D v IR S BRI
E\Eél —1g§|_llaxce ag’ _O. 727 914\1\ S ] 5191141“ D "_)"9
2o As0mdi < ol e84 ¢ 4l Phwilng4 hd Teb2 laddifibh. | 14
[BodPt 2Bdnbar atli ve8Exagpbd 39, 3A dat dyst Wab p# epar @
where the atomic ratiolof NN Te/|[Nb/ Ge |was

1/0.36/0.2/0.06/0.3 in the synthesis mxture.” Thé
[Omﬁrocedure was the sane as described in exanple 15

i Egpatal yeh vagprepared hydmthgrmatly withdheineminahepnsyositivasif's

; 0 | | i h diti . 100981
Mor VN NEby20 01y B koMb Sl o BHS bl il B chued sopaspisly.
The fidsescditimmi confaiied ®. Df VOB, T dwh&6f M©s, 0.41 grams of Sb,03 and
0.44 1/0. Sjglo. 2/.0. Ogﬁg 4_in the synthesis m xt ure. The )

44 gramsal amornhous (582 Thesecqad slution easipined G3prmsafpaalic
acid (ﬁl&?ﬂ?ﬁteeana‘b. et of %Bic%ﬂlzhéa%d]tﬁ %O@ (ﬁﬁé%ﬁg&?ﬁ? golﬁt?onl@as

e Te? addition.

the synthesis slurry followng t
added trbihe figst Exlatiph and\Nibe resNItERHAIxANe Wiae pbhcébinwes $efion lined 23 ml

el ectivity, C 34 MpNo,,36Teq. 6Qx . 24% 72% 34%
Paar BSy8 " Fhi bt a5 RESERELE 5988 TH00: 1pE0 hous weilsgoiating. Afe
48 hoved, VIR367e6 WhQRRHEOrIE 1hdhfd 5}9:%3(1 Gadhe solids filtered,

Mbj Vo36Teo. 2Nbo. 06Geo. | sSOx 23% 55% 41% C-3 8

washghi dpigd 6Teis ab¥H 6, ermched, andcalkBns 38der4296gen39 600°C for two hours.

R 0 N

sieveBtathpl appropfiataiticla sty dllds MaVGhi s répeatéd fdrenselnsl) (Example

r epaf,ed hydr ot hermal.  synthesis (HS) using VOSO4
49) afd Tt mjv(lgémpiee‘}g%ﬂ#g begbyreeigtin s prags SR wptajed for
a Ge $120 Wtallys)(ColfparatRe EQQ[@I&"HW.Q catal ysts have better
perforrance than the frée catal yst
[0108] Typically, 0.5 grams of catalyst aﬁd 2.5 grams of inert quértz chips were loaded
into a small test reactor for testing. The composition of the feed gas was as follows.1.0
C3/1.2 NH3/3 0/12 N,. Reactor temperature was 410°C. The resulis of testing these

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

[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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33 WO 2005/0ﬁ0463 PCTI US2004/ 017837 and. (ii) that
. WO o%/e@m363ng the level of Ge in the catalyst d
performance of the MVSbNbo + Ge catal ysts. 9?3f%%?ﬁﬁﬁwn7
Exanpl e 41. A catal yst was prepared where the atomc
ratio of Mo/V/Sb/No was 5 1/0.32/0.2/0.06 in the
011y MhB esplandH iiﬁhﬁc? {ludiatfond plstited
L e~ ol MLy 0 pRofed R are MRaled RBRGAR, others
skillgdiOhe @1t \mtgthm_nvgﬂtlm, its Q)nhtlplﬁsmn)! itsqeatticBpERetidn 1 Thdse
on was, prepare

bi l,at
skitf é%‘ﬁf’\?rfo SR %@Skﬁﬁﬁa g o e S S pomagpe bost
suité@DioChe r'EhﬁréMéHts?éfQi pRtihadriRe. OKCE&HE&@O {Héte'x%f)l@@%(? th%n d

the concentration of Nb was A portion.o
embgigintiafdhepraseat Byputiqnos seofonbmbave aro nof lna%n@f:c!l&ﬁﬁneling
e synthesis m xture while
exmgiIGQOQ%H%HEEQF&FHﬁﬁf ‘er was added to the reaction
vessel to an 806/0o fill volume. The vessel was seal ed
and heated to 175 C for 48 h with agitation. The
reactor was then allowed to cool to room tenperature.
The solid reaction products were separated fromthe
~liquid and washed with distilled water three tines.
The solid was then dried in air at 120 C for 12 h,
crushed, 15 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, crushed and sieved to 145
to 355 mparticles. [0101] Exanple 42. A catalyst was
prepared where the atomc ratio of Mo/ V/ Te/ Nb/ Ge was
1/0.32/0.2/0.06/0.05 in the synthesis m xture. The
procedure was the sanme as 20 described in Exanple 41
except that GeO2 (0.0182 g) was added to the synthesis
-~ slurry followng the Sb203 addition. [0102] Exanple
43. A catal yst was prepared where the atomic ratio of
Mo/ VI Te/ No/ Ge was 1/0.32/0.2/0.06/0.1 in the
synthesis m xture. The procedure was the sane as 25
described in Exanple 41 except that GeQ2 (0.0363 Q)
was added to the synthesis slurry follow ng the Sb203
addition. [0103] Exanple 44. A catal yst was prepared
where the atomc ratio of M/ V/ Te/ No/ G was
1/0.32/0.2/0.06/0.15 in the synthesis mixture. The
procedure was the sanme as 30 described in Exanple 41
except that Ge02 (0.0545 g) was added to t he synthe3|s
slurry
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foll owi ng the Sb203 addition. 34 WO 2005/ 000463
PCT/ US2004/ 017837 [0104] Exanple 45. A catal yst was
prepared where the atonmic ratio of Mo/ V/ Te/ Nbo/ Ge was
1/0.32/0.2/0.06/0.2 in the synthesis m xture. The
procedure was the sanme as described in Exanple 41
except that Ge02 (0.0727 g) was added to the synthesis
- Slurry 5 follow ng the Sb203 addition. [0105] Exanple
Weclagn: A catal yst was prepared where the atomic ratio of
Mol V/ Te/ No/ Ge was 1/0.32/0.2/0.06/0.4 in the
synthesis m xture. The procedure was the sane as

déscr i bedtalyst Exapiiey 4hiedeenkl dxdiRlcfe% OO vafb? pse WiSversion
added to_the synthesis slurry 10 follow ng the gb203

of progeRg 102GRic #eif 08 toraceyiapigile opnf isaganatte mghactylie keid o to
meth, i3, A mBle® Glehal ok i i

_ _agg’%gszébo. 2Nbo. 060X 41 C%ngg%k%g%?fﬂyeﬁﬂdybdemm’ vanadium,
niobiygh PYHMIRGIZsI M BGexyeEONheRiN e SHichibnanmit mtiéSof the elements of

: 6Ce0..10X 45 84 54 Exanple 44

the i YD 60N, BRI b i 1 sermap S veBein fom about 1: 0.2

to abolb ] Vp@2fkigbRbm, ofifaeinnd DhtallmSehtadny FcamBhi@nt énd oxygen.
Mbi Vo3zSbo. 2Nbo. 06CGeo. 40X 41 72 57 15 [0106]
Conparative Exanple 47 and Exanples 48-50 illustrate
the conversion of propane to acrylonitrile using
MoVSbNbOX+ Ge catal yst prepared by hydrot herma
synthesis (HS) various batch sizes (23mL, 450 m and 1
gallon). Table 8 Ww 0.1 C3118 Sel % Conv AN Aceto
HCN C3 CO CO2 MblVo. 3Nbo. 06Sbo. zo - Conp. Ex. 47 - 23
m 66 56 4 11 3 13 12
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35 WD 2005/ 000463 PCT/ US2004/ 017837 M i V
0. 3Nbo. 06Sb0 20CGe030 Ex. 48 - 1 gal 82 48 3 14 -1 44
99 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
hydrothermally with the nom nal conposition of
Mbi VO3NbO0. 06Sb0. 20Ge030 as foll ows. Two sol utions were
initially prepared separately. The first solution
contained 0.9 g VOS04, 0.2 grans of MO03i 0.41 grans
of Sb203 and 5 0.44 grans of anorphous GeQ2. The
second solution contained 0.32 grans of oxalic acid
di2hy dr ahe caaigstbf bihig N aFpsikinB aQik&d Alaflohiaat&listify @sggltlaliy of
The second sol ution was added to the first solutton
molybdepumeenadium, fanfalum aptinroay. gesnlive cahd axygerawietindhe
stoicHid a
b e R U i SR $E0e FERLEER TR (R Fenm o
geﬂnﬂtﬂhénraélau‘lgcfmmbomdok@ditdabuuobrmtenper ature, opened and

3ol 7 5 s s B s ot

mixedwetaloxideliheludad ci ned material was pul verized to a fine
crushed and sieved to

owder essed into a pellet,
t RER IS mblybdepam o antimeny rapgiag from abopt bdkklieraboviss 0.5, and
I @ PARBLAG I deftPR tH el RIPLE 1n§%goPﬁ$1gat%r 8341982 10 about 1: 1.

(Exanpl e 48) Parr bonb react rocedure was
aftso r M@mtfoé elaing 1 @hefaitethe <sam(ailqm¢tn¢ Eoivp af thiciclnents of the

. 5 [0108] Typically, 0.5 grans of
mlxedﬁﬁ&mlp&%%edi&lad 5 grans of inert quartz chips were

| mwﬂhed)f mdhjmleﬁutﬁrmkrhnaﬂﬁﬁi rahgiag Fof 4Hhrt 1:03tth rageutﬂt%

05|t of the f gas was as follows. 1.0
jafiopf q’g‘ew}li%n lunﬁéféeﬁtélﬂnkrén@eg fony owhE MPyeabout 1:
0.12, The results of testing these catalysts for the

amoxi dati on of propane are shown in Table 8. 20

[ @mg]of melytidghm ¢ antheonyetmgingefomedout pwilow abbduitlhe.s, and

ia%}r;a?ig ci at e’gﬂ Q%J,F %f %e S eJ i rlgg rg’tﬁf%e?f%b'?‘ %Qﬂaqo%l: 1.
af.e achicetdBdt codfprising 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 V.Nb,Sb.Ge Oy or Mo;V,Ta,Sb.GegOy
wherein

a ranges from about 0.1 to about 0.6,
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WD 2005/ 000463 PCT/ US2004/ 017837 [0110] The
explanations and illustrations presented herein are
intended to acquaint others skilled in the art with
the invention, its principles, and its practica
application. Those skilled in the art may adapt and
apply the invention in its nunerous fornms, as nay be
best 5 suited to the requirenents of a particular use.
Adgengss figpiny abouh@.02 xeatpine®.12nd t he enbodi nents of the
pr I .nvent as. s forth above are not intended
agqéggagbnﬁic%%@?ﬁ%%x%fapiniting of the invention. 37
W redgass filonilgrefteChbi@b s abNS i Ng a mi xed netal oxi de
effective for Vgpor hase conversion of propane to
a&rdsPends opithe oridation stata af e e]epmentspresent is gha mined nietnl oxide.
Mgt hacrife dataRfst 8f Qlind 5)Wh&%fnr}ﬁ‘ﬁ(%? }'&EHI :pgddle e %@ﬁomcf(nelgied metal
__nmetal oxide consisting essentially o nnlf% um
oxideyanadi um  ni obi um anti nony, gernmani um and oxygen,

erei jchi-onetric. rati os of the. el nts of.
(Re. m iy PP LB MR Fin B e e S BB aamaives one or
more bipdeper mani um rangi ng from about 1: >0.2 to about 1:1
or nol ybdenum vanadi um tantalum antinony,
germani um and oxygen. 38 2. The catalyst of claiml
conprising a m xed netal oxide consisting essentially
of nol ybdenum vanadi um tantalum antinony,
germani um and oxygen wherein the stoichionetric
rati os of the elements of the m xed netal oxide
i ncludes a ratio of nol ybdenumto gernmani umranging
fromabout 1. >0.1 to about 1:1. 3. The catal yst of
claim 1l wherein the stoichionetric ratios of the
elements of the mxed netal oxide includes a ratio of
nol ybdenum t o anti nony ranging fromabout 1: 0.1 to
about 1: 0.5, and a ratio of nolybdenumto gernmani um
ranging fromgreater than 1: 0.2 to about 1: 1. 4. The
catalyst of claim| wherein the stoichionetric ratios
of the elenents of the mxed netal oxide includes a
rati o of nol ybdenumto vanadi um rangi ng from about
1:0.1 to about 1:0.6, a ratio of nolybdenumto niobium
or tantalumranging fromabout 1: 0.02 to about 1:
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0.12, a ratio of nolybdenumto antinony ranging from
about 1: 0.1 to about 1: 0.5, and a ratio of

nol ybdenum t o germani um rangi ng fromgreater than 1
0.2 to about 1: 1. 5. A catalyst conprising a m xed
nmetal oxide effective for vapor phase conversion of
propane to acrylic acid or acrylonitrile of isobutane
to methacrylic acid or to methacrylonitrile, the

m xed netal oxide having the enpirical fornula M
VaNbbSbcGedOx or Mot VaTabSbcGedOx wherein a ranges
fromabout 0.1 to about 0.6, 39 b ranges from about
0.02 to about 0.12, <c¢ ranges fromabout 0.1 to about
A Bjetlpdrad wgeeerfingpropme at ecrylihacid, Gh@methodbompriding:and x

de ds .on e oxidation state of other elenments
it “f‘)en%t‘?qf‘é“ B SRt ot o Ofgia"aé Fie%".ng*Pﬁéh% op @@ ggf-phase flow

reactorchigd m 5 wherein m xed netal oxide is a supported nmi xed

metal . oxide. 7. The catalyst of claim5 wherein the
feRiaglRgtS calglysigwith propanerin dhnrrsadietds thsrressnce pfxeygen under

reactioRcBEBiSns 16 %orh acyifBlRPd of converting propane to

9.

acrylic acid, the nethod conprising: providing the
damgthpdiof epnvertaignf profBnoto @fylohigilaghe methodicomprising:
therefromin 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. 9. A nethod of converting of propane to
acrylonitrile, the nmethod conprising: 41 providing
the catalyst of claim1, 5 or of clains dependi ng
therefromin a gas-phase flow reactor, and
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contacting the catalyst with propane in the reactor in
the presence of oxygen and ammoni a under reaction
conditions to formacrylonitrile. 10. The method of
claim9, wherein the catalyst is contacted with
I sobutane in the reactor in the presence of oxygen
and anmoni a under reaction conditions that include a
tenperature ranging fromabout 300 C to about 550 C
am@o‘édinatlprce@mt ef dlamgl, 3griof oimddapending thegfiom iataqQuik-phase flow
lemm§0 dIpS|g 11. The nmethod of claim9, wherein the
yst is contacted with propane in the reactor in
t hentpdftﬁ@&h@&tﬂfyst @s&ﬂﬁﬁgpafﬁﬁ% TFBL G ih M QhesERRG bR¥ken and
conw%{lons that jnclude a weight hourly space
ammepd Wt Jragiigusiopditigngiorgre paoalle 0. 02 to about 5.
10.  1Zthe thetfRld
o et b S AR RN i e reactor in
the pregenes eff anygen Srdpmméniz lllatimeade%mjldrtgmb that mfcmdan lte’mperature

o TR AIBRE D S 51 3 O SF BghLFGbEbbis  so

200pdgygen under reaction conditions to forn1nethacryllc

a od of converting of isobutane to
1L m@JPﬁ B’c?]}gﬂd&/ﬁ\ Fgfm:a’ eVherRia thetaidustanramiaciad wth prgpasgiiel thegreactor in
the préfRAcEaft Al Y&t arfdfanﬁﬁ(ﬁ'hﬂﬁder 'I‘Seagﬁorpéonﬁitfﬁhma{jﬁelglﬁgh BRight hourly

therefrom in a gas-phase react or
SpaceaélﬁﬁléﬁéfWH@Vﬂh@g@mfmwstHMOtG& tprbpaide in the reactor in

12. n der ction.
con %ﬁ%ﬁg&g 88—} %%g%r V1 onrt tﬁ‘aﬁr% © eﬂf}l q‘FHrB thest FRRpPrising:
cbamividigy thekenlystofichimdas ak ySilains deperidasd Bekefbilin a gas-phase flow
tg opane in the reactor in the presence of oxygen and
Teacto nia under reaction conditions that include a

t esmtiak Wcatdl A0 Gt GsoblL AR APAY }eaggp nﬁhts RO bf é}%%ﬁ?under

and at a pressure rangi ng from about sig to
reacthwnﬂmogs olfigrm mpghagptisgdidef cl ai m 9, vvher ein the

t 3ut ne _in_the ctor.in.

AL of o081 S RSO A Sl
Cmmdldlmgjhs cithlyst dfebliimdes ar M\Bctl@hts deperiding th&BR6:@, in a gas ZFhase flow

2

-reacto}’%'nSC' ty (WHSV) ranging from about 0.02 to about 5.

contacting the catalyst with propane in the reactor in the presence of oxygen and
ammonia under reaction conditions to form acrylonitrile.
14. - The method of claim 9, 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.
15.  The method of claim 9, 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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