PROCESS FOR THE AMMOXI DATI ON OF PROPANE AND | SOBUTANE USI NG M XED METAL

OXI DE CATALYSTS BACKGROUND OF THE | NVENTI ON 5Fi el d of the Invention

The pr esewbD Zesviestti on generally relates to a process farridengamapxi dati on
or oxidation of a saturated or unsaturated hydrocarbon to produce an
unsaturated nitrile or an unsaturated organic acid. The invention
particularly relates to a process for -the gas-phase conversion of 10
propane to acrylonitrile and isobutane to nethaerylonitrile (via

acid (via oxidation). DESEXGHUIORDAMETHA. BNIDE ARTALYSTM xed netal oxi de
cat al ysts have been enpl oyed for the conversion of propane to acrylonitrile
and isobutane to methacryl@niALid, i@Fg [ iLon reaction) 15 and/or
for conversion of propane to acrylic aci %F‘\%Na{%l OXIl dation reaction). The
art knownin this field includesFiithdfrtbebnveatient s and pat ent applications,

i ncluding for ex I ¥ , 0 Q.t hil cubp.et al., US.
‘Patent No. 6, OSG%OD%[S%MI@V%EQA g%ﬁeg{ﬂ?’m%eé?o f’ggogreﬁs fﬁbg‘%bmﬁﬁl 8% 0 Komada

et al., U S. opdstenp! pmturged aunsdiarated tiinecegoondt pakuce dd. uBsanRakd fitriidNer.

6, 514, 902 toaﬂﬁgggra@gﬂpégmcagds. Patent Application No. 20 US 2003/0088118
Al by Komada et al., U'S. Patent Application No. 2004/0063990 Al to Gaffney
et al., and PCT Pdeewenfigrppareaiaryrelies ta\OpROS4 fG0BR g8-mlasdoniaab oKasai

Kabushi ki jKa,8ha. 1ohiiBaugh e _ een made in the art in
connect i on V\nlptE ga?gflz?/’.sts_ con?a?%?%géq%og%ﬁlg@n%%gvﬁ%ﬁnﬁﬂ“ {1 Aoty and
ni obi um ef f eEtoPIre tF Fyhcieid @phisebuinsrio aBthedrylpy wopivie dxalagamy| onitril e and

"I sobut ane to nethacrylonitril epkd Q,ﬁgﬁlow 92}-{ on reaction) and/or for
' 1'd and

t he conversion of propane to acrylrc ac I'sobutane to nethacrylic acid

(via an oxi dati orMpedwebeyide earlystuhant pensmpbwed fonrtehenversipr dpespeit bef or e

‘beconing co Ligks j ] t - known talytic systens
for such regg% ?%%}gﬁlg? ;Agg@%%%&g%%g% i v 1o }(:)u\sivgy(i@{eal s 2Bt 'l%ﬁghoc?e]syeflcin@ﬂ) product .

30Tel | uri bim ewdforfecenrecryion af plopangt totaprylit esid dvia an peslatisedadton). t e art

anunoxi dat i o, Qf, RreRFHE AR deSARY: / r. the conversion of propane
to acrylic acid andt i sobut g%géto ne%}é%%iag& ](%tl%cjit a(p\?ﬁ%a%g?ls’é‘ﬁug ifE’)rn
reaction). C&tamnessS: Fatsaiiei Rl ebGitoi Vbikpbi ., S (Ratest 156. & E36/8686 toum have

exhi bi ted a l@ssad at &b KUBiumausiong:d 193td 9. Q0% datjon
operation. Catalyst perfor rtnance ca% lﬁﬁr?eog{al??vel'y%igr'r%gtg?te}ép'bi}g@%feﬁol oss of

e
tellurium SOUERP Sph iR Raws donat4. 5@ e Ipre steadt Udh. SetenssAppbcatioh Bibes to a

process foy tjseoanvosi daki BpKefad a%t.,btﬁ.g.tﬁd@en%gw&e&%é%&/&fsﬁc? xture of

saturated and ungaturated hydrocarbon to produce an unsaturated nitrile,
the process ¢HRFBIRYiHG camt é@?i}’ﬁ‘&ﬂf Heplction Nee W QROUHEMLTS Aldy bwehin xture
of sat ur at ed xapd xamsgtucaigd hydrocarbon with anmonia and an
oxygen-containing gas in the presence of a catalyst conposition conprising
10" nol ybdenum vaﬁlgwwdva?&cm?ﬁwﬁvqﬁeaﬁmﬁﬁ intthe a1t i epRpectpn Mihadtlystat | east

(one el ement sehashesholybOHuin) Car@BRAHD atiihl Shd MObikh kblfR I Be %;n sGer mani um

‘'zi'r coni u and hafnium and i)pti onal ly at | east one | anthani
fromt hengsr

'sanarium  euraplidiMan@od @b HeUfBnvekyR ! ¢FS brdPane 8! JEHID a4 Rhd Mobhdd kum

e selected

oGh PEOBHE| '8 AFRPTEFILE] 2 Wehvirng e aefharrylopitals duigyami ammoxidatiety ni um

ytterbium and |utetium .The catal yst 15 conposition used in this process
is further cHsEPaEYET ?9@&“%}?“ P&14ared, BpsRang iy ealysss eed i furthen dppraydment he

conposi ti on. befolerbeoifing BRAAERRAY vidbRe 1R rg@fﬁatméﬂrﬁﬁﬁmaﬁmﬁr%'sg&&fs o a
process for the conver s’%fo%{?of a B%/fir ocalr bon selected fromthe group
consi sting ofS“%ﬁ*B%SB?iEF“'% Tt EREF2OF 1O el ddherdesirdarodugy acryl onitril e,
met hacryl ami tri | eTelmtiumicxd bcme bhiatR af the tehPeRu@E Q5 BOMP hhdbR8:ton of
propane and isobutane and/or for the conversion of propane to acrylic acid and
isobutane to methacryiic acid (via an oxidation reaction). Catalysts containing

relatively high amounts of tellurium have exhibited a Joss of tellurium during the



20 the step of reacting in the vapor phase at an el evated tenperature said
hydr ocarbon with a nol ecul ar oxygen-contai ning gas and ammoni a, in the
presence of a catal yst conposition conprising nol ybdenum vanadi um

anti nony, @i %@is}s{ﬁz 4 ellurium optionally at |east one elefpihosigiasted from
the group 8 ﬁg of titanium tin, germanium zirconium and hafnium
and optionally at |east one | anthanide selected 25 fromthe group

consi sting of | anthanum cerium praseodym um neodym um sanarium

eur opi um  gadghinBkildfon IS BkRGHEM MopdttidH, UNTatAlydi pefforrkdibd |4 bey hi@tiigm and
lutetium I n_another enbodinent, the present disclosure also relates to
anmoxi dat i on W&‘W‘ﬁﬂ‘ém%ﬂl‘i“&% conpri si ng nol ybdenum vanadi um
antinmony, niobium tellurium 30 optionally at |east one el enent sel ected
fromthe group consisting of titanium tin, germanium zirconium and

haf nium and optionally at | S3¥MMARY| ant hani de sel ected fromthe group

consi sting f | ant RARMIhent Sid Jréknt RIsBISQAMKIFe N2 PRREHYHR A Am AR bdT)

europi um gadol i ntum . dysprosi-um holmum erbjum thuli tterbium and
Tutetium . a satupaipdorr ynsspuralad, g FXORTR ot e pucitn R pRSIpIcg) BERsarboR 0 e
anmoxi dati on gfoddeeSa WHisBhueedhitHRS BleUpdtes compriding usrtactifig I suhahed oand
unsat urat ed hydrocarbon to_produce an unsaturated nitrile, said process
conpri sing coRtsAREEPr PHRuESE satyrate d wsRtuTR aghon withammonggand 28 1 ot ed
aﬂd unsat ur at eﬁygéﬂ-géd&ﬁli’ﬂﬁgogaswiﬁ htha npsinde adfdgaﬁhtﬂ%syg&mpbgiﬁb@i %amw?iggs in

t he presence of a_catal yst conposition conptisin xed. oxi de .0

enpi lroi cal ¥br Hﬁ??yé?l_e“féﬁll"%‘;ad’gﬂ%' %Eq’gd?@kﬂ“@m lm“m’%paﬁ‘gh@iahh’%t pue eements o
fromthe grougi&aasHsin B9 SbugiconSingCef tihijunditin, Syeemarioth Uzi@Sniubera0f ; L is

"selected fromthe group consisting of, Pr, .Nd, ,an i Xt.ures t her.eof;

0. 1<a<0. 8, 0. GaEHEy 243 dpiogRL Al *:‘%9;9“%%866‘1*28%&*?963 @Eéﬁﬁ.%?“?o*’efl%m;f’f and

n i s the nunb@mt@hundXiGiam, Jirasebdymeitht] hesiyintus adamfiymy alvepiam, rgedplinivagent s of
all other elenents present in the mxed oxide wth.,t provi,go that one or
nore of the ofHEFOSEMe W’ne‘g’ﬁ’é’" ‘é‘“’ofhﬁ‘g’“ﬁlarfmﬂepug@g?entﬁ]encagﬁw

oxi dation $§ atempRWRh vsbtBh {His plobah és furthi ciaticetizedt kit latisetgl lvhdsvelsrofa, b,

c, d, e and f represent the polar ratio of the corresponding elenment to one
mol e of Mp. tellurumjithe cEROSP s hect | there is provided a process for the
ammoxi dat i gnh Ogllﬁolﬁ%gd%b@ih%t,%e St Bikabsek &ratdﬁteéw_f@e_@}‘fosaﬁe@mgxmbm
unsat urate ocar bon.to produce an unsaturat nitri al.d_process
conprising . C'O%‘Yée‘fai%??@ stef?étega{rﬂpa &6 °ﬁﬁ%latfn5r°§$p58pa3%’ lﬁ‘?‘%’%’?é’ro sat ur at ed
and unsat ur at eigkrdoy,ds acglohimileyinkthacpionitile, wemixtares theyapé rthe proteas ponygisgas i n

t he presen f cat al yst. ¢conpaosi bl Il iggg ] j ;

enpi ri cal ?@r ?’r‘lﬁsg‘:.p 0%6?&%%18%6"2}% 8%5?&%%6%?%%%\%& ein éiﬁghgde%{)cgg)togg“?r om t he
group consi st ianfpolebuldn pxy@en-cGatainifg, gdsf anda aumenint iy dss preesenfof 4 catglysel ect ed
fromthe group consisting of Pr. , 1 €8, eQf . A i .| east
one of Na, K, °E’f§‘?°sf-’%’“aﬁ%ﬂ S)%?ﬁlj (5 e"rhg‘ofv%gi .um1<§!ggb §§ Moo, B,
optionally at least one element selected from the group consisting of titanium, tin,

germanium, zirconium, and hafnium, and optionally at least one lanthanide selected
25 from the group consisting of lanthanum, cerium, praseodymium, neodymium,

samarium, europium, gadolinium, dysprosium, holmium, erbium, thulium, ytterbium,

and lutetium.

In another embodiment, the present disclosure also relates to ammoxidation catalyst.

compositions comprising molybdenum, vanadium, antimony, miobium, telurium,
30 optionally at least one element selected from the group consisting of titanium, tin,

germanium, zirconium, and hafnium, and optionally at least one lanthanide selected

from the group consisting of lanthapum, oeﬁmn, praseodymium, neodymium,

samarium, europium, gadolinium, dysprosium, holmium, erbium, thulium, ytterbium,



O 01<b<0.6, 0.001<c<0.3, 0.001<d<0.06, 0O<e<0.6, 0<f<0.1, Gsg<0.1. 0<h<0.1,
and nis the nunber of oxygen atons required to satisfy val ance
requirenents of all other elenents present in the m xed oxide with the
provi so that one or nore of the other elenents in the m xed oxi de can be
present in an oxidation state |lower than its highest oxidation state, and
wher ei n andbitetiom. d, e, f, g, and h represent the nolar ratio of the
correspondi ng .el egent to one nole ) I n one enbodi nent, the

catal yst conpd8id ihawerhpiieees PéOW%@e%ipmsa@réfve @nmxnda@ed off msatrudted or

Mbi VaSbbthﬁaT@ﬁé@ bi Rkl &JF SafditcliSand Gln8GE8 G Tl awafr‘ 9&’&8{:80%{1%58%% lag of Ti,

Sn, Ge, Zr and m xtures thereof, L is se ecte rom
consi sti I{E’mp}f Sa@(fm@ coppnsupgd:onwlg the satggted Punsgyated-er, migure o'fmturatbd aﬂdu and

m Xt ures dnkmrrﬁélf hchochrbﬁn am an@omep afffl ar Bxyeln- @onta@nngclgo %asﬁncthe sdhee 37 Q01 < d
<0.06, 0 Se ;and n is_the nunber © oxyge atons required

to satlsf@mQ%Fgﬁ@%“?EQﬂWF§W§HF?@SPmQ?PﬁﬁWHEﬁ“%mEWEnts present in the nixed
oxide with the proviso that one or nore of the other elenents in the m xed
oxi de can be present in an oxi g@ g | ower than its highest oxidation
state, and a, b, ¢, d, e and f % é)nDIar ratio of the
correspondi ng el enent to one nDIe of Mo. In other enbodinments Xis Ti, Sn

or mxtures t f odlne .Nd, Ce, or Pr. DETAILED
DESCR P11 O OETHER ¥ i, et o e Sl <BhStinnof ThoSnCrof Senerapipel at s
to a prodeswifids seldaed ﬁamml)aym@abmsanng)cﬁfm Mhtadd ab@desakertpfsat ur at ed

hydr ocar bon, gngrg%talyst conpositions that may be used in the process.
-Such processes are effective for the anunoxidation of propane to

acryl oni tril e08htbPéobut ane to nethacrylonitrile and/or for the conversion

of propane t00g§ﬁ¥Ld§ acid and i sobutane to nmethacrylic acid (via an

oxi dation reaction).
0.001<d=0. 08,

0<e<0.6,

0<f<0.1; and

n is the number of oxygen atoms required to Satisfy valance requirements of all other
elements present in the mixed oxide with the proviso that one or more of the other elements in the
mixed oxide can be present in an oxidation state lower than ifs highest oxidation state, and
wherein a, b, ¢, d, ¢ and f represent the molar ratio of the corresponding element to one mole of
Mo.

In a second aspect, there is provided a process for the ammoxidation of a saturated or
unsaturated or mixture of saturated and unsaturated hydrocarbon to produce an unsaturated
nitrile, said process comprising contacting the saturated or unsaturated or mixture of saturated and
unsaturated hydrocarbon with ammonia and an oXygen-containing gas in the presence of a

catalyst composition comprising a mixed oxide of empirical formula;
Mo 1 Va SbbNbcTedXeLngLihOn

wherein X is selected from the group consisting of Ti, Sn, Ge, Zr, Hf, and mixtures
thereof;

L is selected from the group consisting of Pr, and Nd, and mixtures thereof; A is at least
one of Na, K, Cs, Rb and mixtures thereof:

0.1<a=0.8,



Cat al yst Conposition I n one enbodi ment, the catal yst conposition

enpl oyed in the process of the present invention conprises nolybdenum
vanadi um antinony, niobium tellurium optionally at |east one el enent
selected fromthe group consisting of titanium tin, ger mani um
zirconium and hafnium and optionally at |east one |anthani de sel ected
fromthe group0.8bwsidsti ng of | anthanum cerium praseodym um neodyn um
samari um eurogPM%<@?dol i nium dysprosium holmum erbium thulium
ytterbium and Tutéetium The catal yst conposition used in this process is
further charact8tli<dedocby 5 relatively low levels of telluriumin the
conposi tion, spch %hat i n one enbodi nent, the nol ybdenumto tellurium nol ar
ratio (Mo: Te) %e’t ween 1:0.001 and 1:0.06. In another enbodi nent, the

mol ybdenum to §€¥0.Uri um nolar ratio (Md:Te) is between 1:0.001 and 1:0. 05.
As used herei n?f <f4 least one elenment selected fromthe group ..." or "at

| east one | anthani de sel ected from the group ..." includes withininits
scope 10 m xt ut@s0.bfandwo or nore of the listed el ements or | anthanides,
respectively. ,; di.nent, the catalyst conposition conprises a
m xed oxi de of erry #ﬁﬂ’é%f]%? g’% A i ig N R tianes U ERSPE ORI denel oot od
from t he YFBUE REwens insthe miyedpxidy wittShe preeiso Bat canck AGEHXLAGRS cleeri®Rfhe L | S
sel ect ed f@Eokihe i Sting.. 1.0e, . Pr Sm. Eu, Gd, Tb, Dy
o, o1 oy b ol O Prerar  SLURALEL sh® 1% ol v Ny Dot s a0, 6,

200. 001 <Meerang B c ) @i andh apred! 1@ BYardiGof e sorfesponfind cle@Bid th oheS t he
nunber ofm@xygdgp. atons required to satisfy val ance 25requirenents of all
other elenents present in the m xed oxide with the proviso that one or nore
“of the other elenents in the m xed oxide can be present in an oxidation

state | ower than ]jntgmh‘j[n?%%ztmgﬁ datgFl n state,. and, a, d, e and f

b, ¢, .
represent the molar ra © CBPPES FUTRASHG™ SPURBISE 2t BUSAoXMs of of M.
30l n one enbewpmesltiorminlke cat al yst conposition conprises a m xed oxi de of

enpirical formula: Mt VaSbbNbchﬁ&e%ﬁ& T‘“ﬂiﬁ inXis selected fromthe
group consisting of Ti, Sn, and t e of ;
wherein X is selected from the group conmsisting of Ti, Sm, Ge, Zr, Hf, and
mixtures thereof,
L 1s selected from the group consisting of La, Ce, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, He, Er, Tm, Yb, Lu and mixtures thereof,
0.1<a<0.8,
0.01 <b <06,
0.001 <c<0.3,
0.00]1 <d < 0.06,
0<e<0.6,
0=f<0.1;and
n is the number of oxygen atoms required io satisfy valance
requirements of all other elements present in the mixed oxide with the
proviso that one or more of the other elements in the mixed oxide can be
present in an oxidation state lower than its highest oxidation state, and
a, b, ¢, d, ¢ and f represent the molar ratio of the corresponding element
to one mole of Ma.
In other embodiments X is T4, Sn or mixtures thereof.

In other embodiments, L is WNd, Ce, or Pr.

3a



L is selected fromthe group consisting of La, Ce, Pr, Nd, Sm Eu, &, Tb,
Dy, Ho, Er, Tm Yb, Lu and m xtures thereof; 0.1 <a < 0.8, 0.01 <b < 0.6,
50.001 <c < 0.3, 0.001 < d <0.06, 0 <e<0.6, Of < 0.1; and n is the nunber
of oxygen atons required to satisfy valance 10requirenments of all other

el ements present in the mxed oxide with the proviso that one or nore of
the other elenents in the m xed oxide can be present in an oxidation state
| ower than its highest oxidation state, and a, b, ¢, d, e and f represent
the molar ratio of tMETANRSPERCRIYTEIN:MFTHE INYSENTAGNe of Mb. 151 n ot her
enbodi nents of t -gg@ft' L gMEsfenpi ri cal
formulas, X is gﬁ’gp%?e H%Lxglﬁmg : I%kg%lﬁ{ee?m%en%g%ibﬁgﬁ?%x%@?ﬁggc'a_t al )r/n;t
conposi t i onendesteivhetripyd bydocahon.end aprlyst samposionthalgnaybejugedpp they j 5 gp X
is Ge, Xis_Zr | ¢ 1R RGBS Qfrofah® rotyddnisile
conpositi ongm%dgss'?uggéﬁ)c%sﬁ%gﬁeeg%ggg%ﬁ%gﬁenpi rical ffg;rrhéul as, {-Lﬁ%s one of Nd,
Ce, or Pr. #missbothreto rasthasenloritiesandfor foy therronygrsipgiolpropine 19 prrdiorpsid

enbodi ment s_ of. : | id oneneeseddoled by t he above enpirica

f or mul as, Lar%sisﬁt?g;ﬁnelc_@itr?ﬂyég%yhﬁg‘%@g%§ L is Nd, Lb)ies Sm Lis EBu, Lis &d, L
is Th, Lis Dy, Lis Ho, L is EFatayst Compesitionj 5 v and L is Lu.

| n anot her enmbodi, B mBbdildag:, GRlAtYEL csiTRass tinplogediRsht pheessyf thehe above
25 enpirical fornulas, the catal yst conposition containg no tantalum In

ot her enbodpresant invertionrompaiess| el bleappo AneiBRs 2RI BRBMBY 8 Ehove
enpirical f Q]Btmrlh@sat 1@ast Bne Glenfdnt Slec@ddirdm &ieegrode borisizdapendantubhy tinj thin th
followng ranges:” 0.1 <a, 0.2 <a a<0.4 a=<08 0.01<b, 01 <hb, b
<0.3, b<0.4, b<0.6, 0.001 Cc, 0.01 <c, 0.02<¢c 0.03<¢c 0.04< ¢, c
'<0.1, ¢ <0.12, cc 0.15, ¢ <0.2, cc 30 0.3, 0.001 <d, 0.002 <d, 0.005 <
d, d <0.025, d < 0.025, d <0.03, d <0.03, d<0.04 d<0.04, d<0.05 d
< 0.05, d <0.055, d < 0.055 0 Se, 0.001 <e, 0.002 <e, e <0.05 e <0.1, e
< 0.15, e< 0.2, e <0.3, e<0.6 and 0 <f, 0 <f, 0.001 <f, 0.002 < f, 0.003
< f, and 0.004< f, f< 0.006, f< 0.01, f< 0.015, f < 0.02, f< 0.05, f < 0.1.

e
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(1.e. the conpl ex of “cat a

I n one enbodi nent of the catal yst conpositions described by the above
enpirical formulas, the catalyst additionally contains lithiumand may
optionally contain one or nore other alkali metals. In this enbodi nent the
cat al yst wE®MOEIBISOHN conprises a m xed oxi de of the empwiwalkobiminul a

5Moi VaSbbNbeTedXelLr AgLi nOn wherein X, L, a, b, ¢, d, e, f, and n are

previ ously described herein, Ais at |east one of Na, K, Cs, Rb and

m xtures thereof, 0 < g <0.1, OS h <0.1, and "g" and "h" represent the

nol ar ratio SFPREEGTTeMTh 8T Hanirs radh optionalinat leait enoflanienidé melatidier

enbodi ments @bmt Hie Gadugl ¥&disEYMRPS lahin@int O8RS ixed oxi escri bed
by the above enpiri call@,lo flgr nmul a, the catal ;sf @gﬁdﬁlﬁbﬁgéﬁﬁﬁns no Na,
K, Cs, Ro or® (i SWOPHBYy gYlelippme dysgrogiyma helmiym, qrhues HehumnYediment s of
the catal yst ashlesil T8O cAAYRP EbiEhdRBion uBidis thiONbass J8Sali ; above
enpi ri cal orﬂ%ll a]§(10<lh’ 0 03 < 1?1 ir? 20.06‘,_1%0.3. i &pf'%ﬁag%g%dgﬁyﬂ of
the presert [HVERYIISH SvEy obs!lvrim indhe Frampositipn shebebiatdn ovmemhsgiorentthe(i . e. t he
catal yst may mobibruse oateRuRPO ilol@ rafi@YMBE R iblkednal abyShag 1526SUi,t abl e
supports are _sijJlica (illmgm' %g, éi rconia, titania, or mxtures thereof.
However, whef i EBRPL™ERL Mgrmalybieaum & eigum pofar ratindMerTexlis battenn t he

rati o of nol yiodenam 1:0.02i A QsdURTeRT, “4tiléind Mehi26f RRSES HONGHC %rb val ues

shown in the al eemforr’iul S 46U h élr&iat he Mo tgo Zr or Ti ratio iIs between
about 1:1 to"1:%¢° SAD'%euﬁrbth eti?%’ﬁtg O Q8 BB -as Brlyden gathintigritstsaepecat al yst
resul tingldi nmaxtives efewo andorbr thedisted bikmons srasitknaRl, repicabapt . 20 However,
for comerci al ap[RI i cat ié)ops gnt apgrrg](é)'gri ate hlend of both the active phase
(el W% CaRY S eAmOp BeR COMBREY 2afiret HEidsuefport i s

“hel pful to obmpiripeldermalacept abl e activity and hardness (attrition

resi stance) for the catalyst. Dire I ny increase in the anount of
the active phase decreases the ﬁ‘g?‘ h%’glg&g?d)‘%h@"cat al yst, The support

conpri ses betiwen 10 dhe @bkctedifgm tpegoentonistihdhef TUpHQréLFr2Brcalsal yst .
Typi cal | y,5 the suppor;niﬁggpﬁ]h%% bet ween 40 and 60 wei ght percent of the
supported catal yst. In one enbodi ment of this invention, the support nmay
conprise as little asldbetiectetiOfrane thgigroypewossiing @f Lahee, Popphsteduc@s,al yst. In
one enbodi nent of thi gl fi e [ conprise as little as
about 30 wei ght per ce\r?ﬁ)’%%Q{Ehgggﬁnﬁgg?ff%%ﬁ%?%ﬁﬁwo ’n anot her enbodi nent of
this invention, the s@gport08ay conprise 30 as much as about 70 wei ght
percent of the supporh%q.&,ag@k’yst. Support materials are avail abl e which
may contain one or nore pronoter elenents, e.g. a silica sot containing
sodi um (N&), and such?8Pbrstet3.el enents may be incorporated into the

catal yst via the suppgrb; agtaféql . 1 n one enbodi nent, the support conprises
a lowsodiumsilica. Catalyst Preparation The catal yst useful for the
i nstant invention mayotéiéai)ﬁ)-éduced by a variety of nethods. Described herein
are two possi bl e synt besi<sp mehfrods. The first synthesis nethod is carried

-out under approxi matel y, at nospheric _pressure (hereinafter referred to 5 as
‘the non- hydr ot her mal BefShd¥f MBS OheLYEsn MM reqvired e opriislyy welaessi s et hod

i s done wsder el evat egbqpR@EEW Tl JidtRlcklehty prdle i ARIBGLAYEI. LiEREI Naf ter
t he hydrothermal nethod or S}Zlglt hesi s). Non-hydrot hermal synthesis nethods
[+

are described in US 6P®Y#0 §§ooneggmpraps thepther elgmenty rgthy mired widogndr 108278

and WO 2006/ 019078, Wpiesdnt frad okidefunReiab@ek haYiRinlHed okRhRh8ARLEandl0l N One
enbodi ment, the catal %St;[ o(I th& i nstant. i nventi on nay be prepared by the
non- hydr ot her mal  synt RiesCs® &9 SFoPERE DR MUHiI#HR Heht CorGrRPEdiAS gematimoni um
nmet avanadat e and di antd aremyld ¢fidxi de are added to water, followed by
heating of, the resultant, m xturg to tenperatures of at |east 50 C and

t her eby ot ai n aﬁnéjtﬁiﬁee&bgmﬁe% Lfﬁeec tﬁ‘?’#%ﬁ“’ﬁﬁ“‘é‘hﬁ%ﬁ’%ﬁﬁ Hesd joxige i o

per for med whehmprist farmislag t he mi xture. 15 Advant ageously the aqueous m xture
is heated to tenperatures in the.r u rd.from70 Cto the nornmal
boiling point of the m xture. Tﬁ%o'ﬁ%%mg&%ﬁlyobe performed under reflux by
usi ng equi prekrreihavi n insdlasfel femobnglews@msisting of Mg Sease nottukeakicay under
reflux, the boiling point generally is in the range of fromabout 101 Cto
102 C. Elevated tenperatures are maintained for 0.5 hour or nore. \Wen the
heating 20 tenperature is low (e.qg., |Idwer than 50 C), the heating tine
needs to be |long. Wen the heating tenperature is in a range of from80 C.
to 100 C., the heating time is typically in a range of from1l to 5 hours.
Beneficially, after the heating, silica sol and hydrogen peroxi de are added
to the aqueous m xture (A). Wien hydrogen peroxide is added to the aqueous
m xture (A), 25 the anount of the hydrogen peroxide is such that the nolar
rati o of hydrogen peroxide to antinony (H202/Sb nolar rati o) conpound in
terms of antinony is in the range of fromO0.01 to 20, in the range of from

~ = o, AL .



acid) to water, followed by heating of the resultant m xture to
tenperatures in a range of from50 C. up to nearly 100 C. Advantageously
aqueous liquid (B) contains a dicarboxylic acid (e.g., oxalic acid) in
addi ti on ¥ 2008803Dbi um conpound. General |y, the nol @ TAALG0&0OR42t he

di carboxylic acid to the niobium conmpound in terns of niobiumis in the
range of froml to 4, advantageously in the range of from2 to 4. That is,
in this case, niobic ?iiﬁd and oxalic acid are added to water, followed by

heating and stirring SHeFFTem theHrour sopsiste ob LaHes EpNbISeniEH. Gh aqueous
liquid (B). 5A useful TeEDHGED, £EQTol VPRI indGhikfifs aeawe- menti oned aqueous
liquid (B), conprises,the f8I | om ng steps: (1) mxing water, a dicarboxylic
acid (e.g. oxalic aci (9)i %hd%4: ni obi um conmpound (e.g. niobic acid) thereby
obt ai ni ng a prelim nanylridoem cont ai ni ng aqueous solution or a

ni obi um c§nt ai ni ng aqldg@gs rg %ure havi ng suspended therein a part of the
ni obi um conpound; (2) fi"ngdf ’he prelimnary 10 ni obi um containi ng aqueous
sol ution or niobi um combakdi<Ngo@queous m xture thereby precipitating a part
of the dicarboxylic a§i<d'<ﬁgd (3) renoving the precipitated dicarboxylic
acid fromthe prelim aT%/ 'T'obi um cont ai ni ng aqueous sol ution, or renoving
the precipitated di canldbed.i;andci d and t he suspended ni obi um conpound from
t he ni obi um cont ai ni ng aqueous _m xture, thereby obtaining a

ni obi um cont ai ni ng 15%absug%‘us““ g%]rui0 Prgen K&ﬁ’éyoti%q“FIF uPdaE) va¥BEssi ned in

t he abovelOmet hod usuakdqpirdreents of i @barlexnehts praaaitdd MHeahixedroxwd afth fat i 0
within the range of f 2.t0 4, articularly useful
dicarboxylic acid is %%E}S?%%g%?e T Eh fl}hsee?ﬁfﬁrélﬁfq‘(%tf ﬂ‘rﬁﬂﬁmﬁﬁﬁ geandest ep (1)
“of this method incl uderesdndbian cagiaton shtolbivemthdnyitridghest oaidaiiai seatgaed anmoni um
ni obi um oxal ate. Thes i.opi e dinthe form?20 of a
solid, a mixture, or g’%icégee%g%iggé?%gg%%arg%%&%ﬁ (zlgftstge %oergﬂﬂ%gm f@ﬁ‘e‘éti t her

ni obi um hydr ogen oxal &t epegrolaefitdai um ni obi um oxal ate is used as the niobium
conpound, st he di ggr AN I e . iohic,acid is used
as the niobium .qgﬁnp(g%d%rﬂbi%%ﬁ%? eﬂ%Q%iﬁgvgﬁggg?n?h‘?ﬂ%ﬁl}ﬁ ??’lye%le v?nh?‘ﬁ whi ch
t he ni obi c a&fhpiripgyfomas, Pessnonsoeft inpn &n.ednduhdr regnboisnepis oefuibt icatalysther eof |
t he ni obi c agf ] i : L&, SQl:ut.L gp. and/ or
wat er prior %dégpﬁgg?{nsﬁﬁﬁggé&;ﬁ}%g%ﬁgﬁtg@%%sﬂ| y&g’rs%%ar’egllszralsinbgilg%’?gﬁpound can
be used as t A4 b5 Em conpound. However, in the above-nentioned nethod, a
ni obi um conpound igafihdp @mitRaEheihi Ehiné %axﬁiyktgémpxsiﬂﬁﬁaéétéf]rﬁfé? (e Ofhe GYGYIP! € DY

e

dehydratiogn) as a result of a |lon -termstora%% and ike. I'n step (1)

of this mdt herapingal&orarlesdr §epont N6 Gener Bii bingfetemissimants ks ¢ne ofNdnot ed by

the 30 addit bOpr. Ofn BtheMBhbodMIBHNb! Ble ABMBOHSNABRBRY EesBibelYoyGRLLAR
The concentration _of the njobium conpoun ternms of niobium in the

d (in

prelimnary APEHFMREREd ‘ﬁiLﬁgL’é(ﬁ;.‘fe%&?sP"sIoF&q’Bﬁs P latjd@olids Gd- ktisife can be
mai nt ai ned WLGdDy) Lib8o RRGR, Ofs T, 01 Q2080 1918 ol / kg of the solution or
.mxture. In an nbodi nent, di carPoxyI i? acid can be used in an anpunt such
‘that the molar rafidg°Ye GredmEk of ihe Syt compastBrLATseRlfs dunte isheveer ms of
ni obi um i% apppicixdl tamealay, B daalit coMpetiadncoanie 56 amut of the di carboxylic
acid is used, a IIar e anpunt otf thtlg ni o&i um co oun&i cl_%)n e dissolved in
the aqueous sol utf S SFTRCEEIRS,AN e AR compauts, deserbed; by 8¢ ahevsge i s
likely to arbmgrical folatast heb, anduat andff dré eadtli iadephadeytly @ithigi e Who®fhel s caused

to precipitate by.cooli t he tai el | m pary. ni opi.un cont ai ni ng
aqueous sol ut®n: %‘? ﬁﬁ’)??g? & égorr%s&ﬁgoo%air B’erg{]?ﬁég <cfg€r‘b5§i4n8 Cta(}wg
utilization @P0Lhe Gilcas,Bd2\d ¢,6.08c «l0.009 ct e 0at hie0.1Rapnd, 0. Mher 0anc <
unsati sfagtopy aFRUN t Inear Y d cid is : j, sadyantage is
li kely tgs%ar p'é’e nt (Eﬁfog ugrogggan%g)r%td‘dg?’ c?hg’%?[%) dn%@'ﬁ?’fngg‘gi’fﬁgﬁﬁgaren&i ns
undi ssol ved ard.04sd s@dPeddddsi h<tOHB5abu868% 0spd, MO0OF e0d.00heedi cabhoxyl i c

acid to formao XLyhe, o WhSr L P.al N2 FISPERTSHL RO} U EQEROUDHgL £ 1 erOVed

fromthe aqueous’ m xture, thus decreasing the degree of utifrza n of the
ni obi um conmpangrftP04 < £, 1 < 0.00@R 0sQli f 6BI0ES, Fstddf ©0.05d510.hg may be used in
step (2). For exanple, the 15 cooling can be performed sinply by neans of
an ice bath. The renoval of the precipitated dicarboxylic acid (or
preci pi tated di carboxylic acid and the dispersed ni obi um conpound) in step
(3) can be easily performed by conventional nethods, for exanple, by
decantation or filtration. Wen the dicarboxylic acid/niobiumnolar ratio
of the obtained niobium 20 containing aqueous solution is outside the
range of from about 2 to 4, either the niobium conpound or dicarboxylic
acid nmay be added to the aqueous liquid (B) so that the dicarboxylic

aci d/ niobiumnolar ratio of the solution falls wthin the above-nentioned
range. However, in general, such an operation is unnecessary since an



30 For exanple, at least a part of the aqueous liquid (B) containing a

ni obi um conpound or containing a mxture of a niobium conpound and a

di carboxylic acid is used together with hydrogen peroxide. In this case, it
i s benefi ®iG100#HWa55t he anmount of hydrogen peroxi de prdigedo@omzhar ratio
of hydrogen peroxide to niobium conpound (H202/No nolar ratio) in ternms of
niobiumis in the range of from0.5 to 20, fromlto 20. In another exanple,
at | east part of the agueous | iquid (B), containing a niobium conpound or
contai ning a i xt¥r 8 fMePdmEY; Hnihe o h@ompreitivny idesribesk b i e aabbet, or 5 a
m xture ther empinedlt fordiyis @GL0aMgEOXidtRalfyUEIHREKs RO 1258 AN o RkTPNY
conpound (e.q. .diantinony trioxide), a _titanium conpound (€é.g. titanium

di oxi de, whi g?P‘%&ﬂ“%%f o7 'OQ?D?Iga*bFBﬁalﬁt it Bi¢rabodimanathe crielytsommntifar a

ceri um conpouatpr{ses Pmixed®AiddfaRaindlifdal fokfuih N S case, the anount of the
hydr ogen pseroxi de is such that tt{g Tg#)ar rati o, of hydrogen peroxide to

ni obi um conpound (H202/ Nb nol aYorVappodPefiepXel-#hehCof ni obiumis 10 in the

range of fromheem X,d, 20, cfd,@Nt, ind B aRQrevidisipIOHBIA IRKAT R .at 18 oANL MONY
conmpound mi xed

hpat | east art of the aqueous liquid (B) and the
hydr ogen per OXi eésl’ gggﬂdc’ﬁ”@ﬁ%&%{%ﬁ%é %Iga‘tr&}’a&fr B3 gm?l“‘é%‘ ITERTPSYT of t he
anti mony conpeumdariratiotof rBonéspanitiigadiyent & dnb toltl BB Mk CARPAHEKdiddAt €r ms of
ni obiumis n oY han 5..in the.range of from0.01 to 2. 15Agueous
mxcure (&) Shat i tioh fortmfine e td GERDREP R abiresppissr | at e
ratio in Hrcrdalache widlyst térepddion cedais OIS K, iGBNREbr fb@urédhatySte. ot O
t her eby provi L xture. of ingredients, typically, in the form
of aslurry. e‘ﬁﬁles%g'oﬁfo g%? g’%}f"&%‘!ﬁ%nr Se{()jﬁtg%fag lgﬁccf"ﬁ’é’s‘gaﬁﬁ speRttired ¢ddegeneral | y
“in a range ugesangdy dmabisempb@aifeormmdnto <y oWBi<ghh < k0soR<00.t 0 95 percent by
wei ght, from75 t@.9 iaht . In.the case of producing a
silica carrier- su’%p?o%mgﬁg gog'?{z}a]r%?%%f Wﬁ%’oﬁr?&n&{e F‘ﬁ%eer‘?ﬁ’%ns,“p{’%daﬁfueous raw
mat eri al mi xvEAUEParied ke b eately may ¢tampmonbaiuppat soting deof bk dagBsf.nanel y, a
silica sofs okl gy lhafeddilica . of .1 he source aof silica can be
appropri atel ymaadj.uslt)‘pz\)léltIS i?na%écébgg}gﬁlg’gﬂ%%?lg’ ?‘%@a’é)?r%“ﬁ)ﬁ re(%?“" CF0& ?I%T”F‘é"& carrier
in the catal y’él?ﬂ 2HORB OHBAYY P usedias BpyarigatSiabpthdinthe acioaduslytidsiun ® Of
| ngr edi ent s bt At ERY LW End Sbvn GALBLISE BEGEUTSAY g O Vi N0

met hods, suc pray

e r
Tlas, s
may be conducted by conventi onal s apray aryrngionat

evapor at i on HEWINE. 2195 Tagatigris beiryednsabgetr i} oul: Hr | 4 sumeftuypicdiesausasa fi ne,
spherical , dexad0ff MeakdATst REQREIHESHN 2 IArdePLA DR a&@t@onspersﬂ%ntdgaﬂl?sg. can be
conduct edZObyHgsz\Ee{' IfIn! :Eo?nangérc(:)igl’ apg?i/cations an appropriate blend of b i
, ) priate blend of both the active phase
(Le. the complex of catalytic oxides described above) and the support is helpful to
obtain an acceptable activity and hardness (attrition resistance) for the catalyst.
Directionally, any increase in the amount of the active phase decreases the hardness of
the catalyst. The support comprises between 10 and 90 weight percent of the supported
25  catalyst. Typically, the support comprises between 40 and 60 weight percent of the
supported catalyst. In one embodiment of this invention, the support may comprise as
little as about 10 weight percent of the supported catalyst. In one embodiment of this
invention, the support may comprise as litfle as about 30 weight percent of the
supported catalyst. In another embodiment of this invention, the support may comprise
30 as much as about 70 weight percent of the supported catalyst. Support materials are
available which may contain one or more promoter elements, e.g. a silica sol containing
sodium (Na), and such promoter elements may be incorporated into the catalyst via the

support material. In one embodiment, the support comprises a low-sodium silica.



t he two-phase flow nozzle nethod or by the high-pressure nozzle nethod. As
a heat source for drying, it is an enbodinent to use air which has been
heated by steam an electric heater and the like. It is an enbodi nent that
t he tenpdvV@RWRRINBTS t he spray dryer at an entrance toPERESHWIYEIBGect i on
thereof is from 150C to 300C. Cal cination Step The dry catal yst
precursor is converted into a m xed netal oxide catal yst by cal cination.
Cal ci nati ons can be conducted usj:n% a, 4ot a(r#/. Kiln, a fluidized-bed kiln, 5
f1ui di zed bed reactor, fixed bed PERELB¥PAEHY he |ike. Conditions of

cal ci nati on are phesehigsitwelubfoc thet hsthnttilvendat aby bt ploduced dby hawratysqgieci fi ¢
surface area o] r ahout, 5.2/ qg.tao ahout 35 .nP/ fr bout 15 n2/g to
about 20 nﬂlra?tfhﬁ;fl gfisgﬁgﬂa?egr?efeﬁ“vg 8‘5‘5’ Sesé??sg eﬁ%m(fr%fd%at af ;%/Iss? S%Flgé}ﬁrsor up
to a final tonthedataried dut ubdre apmorgmaely aabopbers PssutBBSeinkBérnefeheal tpr esent

invention, calginatio r . i f ry ¢ | yst

pr ecur sor Scoft ﬁﬁ‘gﬁ'ks] @Oﬁ%&%nﬁé?hﬁ%?w 3*1@%‘3?‘%%% @\g}ﬁgcé’ né P@‘%ﬁleasxt%%og‘r 'ét ure

whi ch i s | eséorchiader 280484 presumps,dypatatly nabn anodanpberainefice tlef hydothegnadat er t han
about 400C, n r a QFﬁ" A : gr h u 0OC at a
rate of gr ea{ngéw?r?g%&%@sgi nrN ga‘toﬁI§ %Qngoﬁg%ﬂ ,“?t ogg ﬁgeegac'g?eﬁa{[ﬁ g%

t enper at ur e $.818YQCUS| A08hH5515 WHHEdilABNVC RR0NGEET18nendr HQ@ 2086/2186V8. 20C/ mi n.

| n anot her eg@ggggg&égéa%gﬁgggtgﬁgﬁﬁg@ is 25C/ mn. |In another enbodi nent,

the heating rate | ‘ et’ in anot her enbodi nent, the dry catalyst
precursorlli s i nt rioducenbddment, dherotalyshichnisanténivantinmey barrapsdby 860C or
slightly hi P&l lafbaindar sjnfhe@l lagvnbohﬁgs-t CARALALMT FepBinolydBatb! SEMbRAH O

;
.quickly increase to about” 300C. 20The heating raté fromthe precal cination
' tenperat ur e mgtavinedds pngl dignbimeny Fiaxids wapdded tapetat fdlosed Ry Aeatpgofihs, 2C/ min

or 5C/mn or . ANYand Biurk Mo tllfpetANBE oPht Rase 04 TMhind MeRDE oSEROL bus t he
hearing rate for the tenperature range of about 300C to the internedi ate

t enper at ure PExtEBdAY- 1oy 34 mbadiment divringels | Retfarmaddy bilee SireRp rabiltEet o t he

final tenper %%%.ge&dag HeaLichshs milefe 1S hEheAXb AEmpbdiaited inoft Fhrpe uplvafr €at er
than or 25 equal to 20C/m or. greater than or_equal to 25C/ m n,

n, or
greater thanfrem BgGdp heqogortbmling ppigt bt mEture eA@ne may brepeslopd can be
cool ed after yader dbkng dshe Aqeip&{eﬂmﬂvﬂ%@ teBOPesmEsee BNMe ich@Mofeatpd to the
final tenperature at a heating rate_of ,gr eat er r%ﬁan l:;1bou(§jl|c,](,15C/ mn, or
greater thanUefer gz the RIvGEPHE Benerily iR edpneg REROBTOWG Y 6 W95&nin, or
ar fa_t er _than_vag@mu@bpemur&()@‘eriqaima%&unfoemﬁ aa&:ro&ilﬂﬁfet OFhenhee | Hew@ipt i On, the
calcination is done in t cal cipati st.ages. up.to.inter iate or
precal ci ndt | Wﬂe@ﬂﬁ%}sg’?ﬁ\r@g'aﬁa’e’( Hn fﬁﬁ‘gﬁ%’ %ﬁ%@?%&l‘“éet%%%mﬁ’?g% c'fdtion to
final tenper &eUicating Rmearemend otk Mok dffens8ii @ thrioon Cheesticate i) is
cal ci nati on, opt 1 onal I%{ cg&l eg, i S, i ntroduced into a hot cal ciner

R T

mai nt ai ned atYPE¥2Y Bifja ¥'8 about the final tenmperature in order
to all ow t he tenpBeémficitity, efterttivcheptigs silisoml 4ma hydiogda perdxiie aeasided © thehe i nal

t enper at ure. | n.one,.e diqent, the .heati rate for the tenperature
‘range of abo@t“SBORHEe g@o% ?4%%&?6%5@%1% ad Ha ESE{IG %ﬁug m lxnm%)er C/min or

about 2C/ p$ n tieranateeudf the BHGlaxed peraxidaisysushathe themoleranaoiedofzedpdotide 5C/ mi n.

I n one enbodi nment. t 1 d i r i of

300-400C, in'% %1”303?43‘32‘2%%%%8?%@%@ g%,@;ogg%%etgggg 031;“{6%??’4835 g&%ﬁ%ﬁ?gﬁ to 4

hours. |n ongroanbodide)tin tHehengadfi febnk 8.5he 3} erithatange bAfemOf 102.45@kwi n i n t he

t enperature rﬁ(réllﬁe O{h345- 680C. . .Upon attai ning.the fi ngl te eratg{ﬁe, t he

solid can be P &t Mdroe PEIFHEPAUFRS TIPS P HIPTE & SFPPFEREBAM 1 hour
to about 3 haqaHgs of AAGL° C 100G forTien B midutes @disuat ure can be 600C, 610C,
620C, 630 640C, 650C, 660C 70C,. .and 68QC or_.any tenperature.in the
600- 680C %%nge. | AP GRECBH BB @grﬁ f%t?‘ﬁ%‘fi‘%yo%g&giasm%éa cé?inr%f‘ “(r?gﬁge" M¥%¢t e of
0.5C¢ mi n fromapeuwat&dtloval Bbhuatind 806G rdsuitapnmixgurd akemperbturet frea swogd d | s
heated at r ato? ﬁ-‘fi}nmr %"GC.OJp tjdcrn/egglynl(gd’°%n %la%tmgg&% angeo%?%HlSid (B) contains a

dicarboxylic acid {e.g., oxalic acid) in addition to the niobium compound. Generally,



15 680C. The cal ci nation can be conducted in air or under a flow of
air. However, at |least a part of the calcination is conducted in an

at nrosphere of a gas (e.g., under a flow of a gas), such as nitrogen gas
that is sWeSI8HIBEFI y free of oxygen. The present i nvaatiionesenisenpl at es
using inert gas. The inert gas can conprise a noble gas. The gas can 20
conprise nitrogen. The gas can conprise selection fromair, steam super
heat ed steam_ carbon .nop [ and carbon di oxide. In one embodi nent of the

xi.de
present i nveri?S Bhiat BHo BQT?‘E Fieabraiic agf to e gbiyme epreneund indenmsaf infobimof

ni trogen gas i hahe tafgsotEdnanté & ddyarftargE@Jsg(mePfé’xgﬁéé Jf‘?fonpi’% E’S tenperature
ranges of (1) up_to _apout, %8 450C and above about 0-4 a?: I'n anot her

enbodi ment  of U &P pPRYE FFId; 100 erip o R ﬁ@ pd ih Heten fokleedsy hrativgend ed out
under a f|OWs@ffn'lgbfthf:GﬂSuitahﬂnb(&i@ﬁrtﬁdréﬂSf%bfam%q@ou&( uidify)t 0 about 400- 450C
and under row qug L gas that is substantially f)r ee of oxygen for
t he terrperature ran&ee %% BolEPHBE Ut AP9vumertionat aqyeopwy geide®f gas can

be critical esppiscatheyfollaing sh@st(en‘rﬁﬁmﬁg wmer ra&i’tﬁﬁao&?}hc(ala)d (\:'J%t b2 0aH)

400- 450C. The él Qwrate of %ﬁ& #51 gn ge of about 0.67 to about
2.5 sccm per ARV TCE sgoPmB’érac Fh?f y o8@ining pralimiparydiiohivin- a

cat al yst precmtgmmm &.}ueaiscscnatbnundesr mﬂiurxﬂg&nmmﬂ AaghedROmiMek! hg‘,qlll tube in
two steps. %S%E de@lﬂgé Qg the t erai’ure of th %oaded 1 foot vertl cal tube
at the rate o i RIPREIY COPRNLL (i e7otitg dhe Brefimingtai ned at
345 C forl hmhmm*celnmmmaqudonstsemuomer hlemmncﬁhuarnelgvsasecwl&ﬁm{e #h@bsed at the
rate of abou t t erature, of 64 After dwelling for 2
_hours at 6401-pCE:=g ﬁzﬁ gﬁzfg}pgllt nogttiﬁ%rﬁ clngmé%c Patend | %éd?’ﬂ%vr“&-‘t RSNPISEPTEEd ur i um
~Tel lurium na?iﬁb@%}ﬂl@o&ogbrfaﬂmdhq mtecbnrtnimey oadbalnysdntdiying RQuadsi bivdbn, 0br @
telluriumb5 eous ture A aqueous

m xture (B), M&% {ﬁQ Wﬁﬁ%ﬁcﬁ% 301({ urerAc)uSpﬁﬂ a‘aﬁ@lﬁ‘% OFRPRY R o (B).

In one enbodlffﬁélntfle nl@blpmont@mnmgums métdige, thmltyh&tamaﬁ@i yﬁb:ub;ycdnﬁpﬁ@gnat i on.

I n one enppdifRBLs jidy g b cont C | ci ned

catal yst pr ep(g%ed bdyma)t(rB? ﬁa%égggg esc iﬁ)&g’ yb ?‘1 éﬁ”i B¥1 Retth a

sol ution of %E‘@ﬁ@caﬁé’nwhwmﬂfwtsow@hluthe@mgesfﬁtmdebbutmdMe catal yst 10
with stirring untjl,shgngat 0 i n¢c t wet ness
produci ng a catal yst. with §&M§g§?¢6e e Rﬂp& %}ﬁﬁw lﬁif |alﬁmuse P E™of

mol ybdenum oRCERNER AP %ﬁ}hﬁa%féhodﬁnféu@amaws@d,l rsommmydtbg@obxatayepl cally
by placing t bl &ahedivs thidbRinfo:dthid 'ﬁié@é"mgyiﬁﬁ)moﬁxgguntd cegxr dse t?xe fo e dried
|npregnated terlal i.s then subjected to - rea |rE‘aIIy
under ni t¥%g8&h? slidssEoguegr axdispergion in 4w ppaISEl avadium. S‘}’ﬁmme&esmmninod :

I n one enbodhy@edentoR@ats 3t ahmstius AIIBAS] $4aRBSis dRIAGE {hlg%%bhxﬁx{ ffi‘cp he
prepared by g[y ot tilerrr%a %nt hesi s met hods.  Hydr ot her sy 0 esll S net hods
are di scl 0sedFROYIS 2, 8h ("on B | Yseht |%’hewob@om¢ 0002978 the dabibmey et

al ., Wt anabeomsiouad,.in ordilewy raylﬂ&teth%ﬁiuﬁl Hﬁ& \fri@{ wikBs \ﬁel}bo‘b]-@acrﬁ gh%' des
~catalyst for bl og%glg. an, Bom dation" FI ied Catalysis A ner al
$194-195, pp. inglse GHryne e, produsdgn gl"'"’& the miehi aid g bowshet ivoth of Li ght

Al kanes aser arhy@lreatsmmdﬁﬁd botutByinhies Wlﬁﬂpﬁ@’t\fm% 01 M-&dbodRent %eshl?b and Te)
oxi de catal ysts" neral , 200, 9(2 H135 145, “which are
t

i ncor por at ed® REF & Afgl%mgfcgpigﬂg@ CX‘T h Eféﬂéfg&‘:’ nighiisn gogpRen ewPHsHdN teons

descri bed heal@wc‘rnmammbénqaﬂxeqharzmﬂ:nblyc&@ohmﬂéa@tbheﬁeﬂ&lhwmml@ﬁﬁy SerWhiRige source
conmpounds (i & t hat, cont d/ or provide, one or  nore of the
metals for th rexgl%gg%gr@?%ﬁdmmn)c%aEeef?féf’f/%a{‘]’“%mé?fatg?G%th%}‘%e Jdasteréd in an
aqueous sol utfi thes methbdyrthe dissobaioniofrtheratbbium esttboufdicin BY ptdaRdiddemLieon medi um

at el evatgd pressykE vt d tenperature.i a seal ed reaction vessel
for a tine s%?[&créeg?rﬂ?gmﬁ%u?%t e m Xe oma?eh hsgting I n one enbodi nent, the
hydr ot her mal 30 shhatdvasingatioonefi theesotfion campound (s:ufta‘rmﬁioenhoﬁiuﬁn)f B g react
any organi ¢ Gopnaunds;daf achlon nedium. for exa sol vents
used in the %?epa?rgtl on uﬂf%ﬁﬂn&k gﬁeau Sootfluné)ﬂyo%raé‘g?‘? g%‘s%ﬁdded with
any of the s’@éﬂﬂ@@eé@’h‘b@ubﬂﬁnwuﬁﬁbm%tqmmm thrmmhomm:danﬁ@mmﬂents of
the catal yst conposition. This enbodi nent sinplifies

8



further handling and processing of the m xed netal oxide catalyst. The
source conpounds are reacted in the seal ed reaction vessel at a tenperature
greater than 100 C and at a pressure greater than anmbient pressure to form
a m xed nBCA0SINBTI®R precursor. I n one enbodi ment, the mawwaseerpOUNnds are
reacted in the 5 sealed reaction vessel at a tenperature of at |east about

125 C, in another enbodinent at a tenperature of at |east about 150 C, and

in yet another e(gbodi ment at a tenperature of at |east about 175 C. In one
enbodi ment, FREOUBEHUERARYER AAL o2ty b ysed iy adamhoynt fnsh heattednaleastié oh vessel

at a_pressur dicabodliclaiah nRBRt ool G AL IShLEIRAN FEOL at a

e enbodi

pressure of | east about 50 psjg, and in yet anot nt at a
pressure of °f 8% SXcesyampnnted thesigagpox dis@asidde nied ot lnrgaempon of/ibs siebmmmay  be

equi pped Wi t borfipah@s&LIBLdiERRE o tHHaYi%Es s UrdiURk IR £55 Ubl&lng the
vessel and/ or. tcg rtee)%uj jtke the reaction pressure. In one or’'nore °
enbodi ment’s, ‘R URE S EBIERTY Rrethe cmerricPye dicpbotsbic akidt Waith sonpr i ses
m Xi ng the soisaboqosRdERds @oliigtBe bRSinéER6Hkh Ry ShdHm-J ﬂﬁ%&éiu%y\%sar 15
m xi ng mechanismis not critical, and can include mxing (e.g., stirring or
agi tating) tRe I BrBoAUAPE RETIRY PRelarEa diusofiecrpsing yihe ftiigatiop eofrichod.  Such
met hods i ncl didebodyiic eianpde, hagiatiang whe eONBMERE, Lhsuleaetion vessel
by shaki ng, Eg%l}i{ §9 ar, .osc('hl I(@%i ng the ii{orrponent_-cont di ning reaction
vessel . Such FEPROHE 2at £t e dgavaniags 1sdkebnle arisedn fhat  lqggotegnountiof ghea
stirring Henbiebiumowatpethdaterhiza shdipalved atd ¥ swipeRied ih AR Aedu8GhEAN . essel
and a driving_.force coupled to the stirring nenber or to the reaction
vessel to pr %\?id?g%rg )éqgtﬁ%{/d:mﬁ%’f’} %W”S‘érf\/@éeﬁe“?% SutPeRder P biHEm BrRIRPosRd ist he
‘reacti on veswsslovedTfremsthé paiengs mbxtiver theadechasify aadebred of \i@Rzaa08 b0 he
shaft - supporf.ed stirr] menber. The driving force can be directly coupled
to the sti rr%lﬁg’uéﬁé)ﬁ{ﬁlélr)ﬂ%i can be indirectly coupled to the stirring nmenber
(e.g., via nmagnetiny sdepkinngjod dfvecliiganmgbe sseganatsply 25 sWfbiecint to nix
t he conmponent S I flicient reactiqn,between conmponents of the
react i onO%Edl&%}#?%&f%?’%%ﬂﬁ%?iﬁe“phgb%ﬂée@%%ag ! egjﬁglti on nedi um (e.g., and
resul ting in a norhe ey ehbo pecipitked dinabadylioxiid eorpiretpitaka dcadsxarnpar ed to

ing in a mote s . oxéideor JanSxpnpar ed
it or a1 & anii e defied FRYS b TR T Hep L SR PR PR AR he

reaction nmedfamedigral mythode frexeenlony decastim alfdmicauses the nixed netal
oxi de product to anﬂendiéé?i)cg&li@@cimgolgﬁﬂn B A PG Iogtglsng(ﬁfélio he reaction
a

vessel . This allows nore ready recovery and separati on o Wed net al
oxi de pr oductornig amisPeuedutipnci catsidecthe ringe gétfioon abake Cawt 4t sithar thar

niobium compound or dicarboxylic acid may be added to the aqueous liquid (B) so that

the dicarboxylic acid/niobium molar ratio of the solution falls within the above-

mentioned range. However, in general, such an operation is unnecessary since an

aqueous liquid (B) having the dicarboxylic acid/niobium molar ratio within the range of

25 from 2 to 4 can be prepared by appropriately controlling the concentration of the

niobium compound, the ratio of the dicarboxylic acid to the niobium compound and the

cooling temperature of the above-mentioned preliminary niobium-containing aqueous
solution or aqueous mixture.

The aqueous liquid (B) may also be prepared comprising further component{s),

30 For example, at least a part of the aqueous liquid (B) containing a niobium compound

or containing a mixture of a niobium compound and a dicarboxylic acid is used

together with hydrogen peroxide. In this case, it is beneficial that the amount of

hydrogen peroxide provided a molar ratio of hydrogen peroxide to niobium compound



filtration and avoids the need to recover the magjority of product fromthe
sides of the reactor vessel. Mire advantageously, having the m xed netal
oxide formin solution allows for particle gromh on all faces of the
particle Wa&He1035an the |imted exposed faces when tr€rgrsesmehoieeocur s out
fromthe reactor wall. It is generally desirable to nmaintain sone headspace
in the reactor vessel. The 5 anmount of headspace nay depend on the vessel
desi gn or th?ﬁitmm agitsti on used if the reaction mxture is stirred.
Over head sti & Tiolar Gtio), iwdermsof npobpmds e @nghaliremRé 16004 fiventispace.
Typically, thg headspace is filled wth anbient air which provides sone
anount of oxygen to the reaction. However, the headspace, as is known the
art, may be fill el 2hpther cxumnie, agless part of the sweals ligeid (BRntsaihink e nBiugr even an

inert atnosphghsoudd oxsélﬁ;'&irg&df‘ﬁﬁ:&&re ¥ea ni g&%mmggllingoa%d Q%%gr 298 2 d Jas

within it depends upon the desired reaction a nown 10X Ke“8r o

The source cAmysurdEeEefnvise hydseasn adroxidet fishe aainpdses eaebtimmyvespeindat an
initial pH ofeg@anfiBb& &BA0e)2P Atdhiud: Slndted . t he ,hydr.ot her mal
synt hesis, the pH of fyhe re?a)cti onl rricfﬁér e r%ag tgr%g%ggmg{@ghwﬁﬁlégmt%@ final pH
of the react PEHHi%k e 20fadnatgee oomsljagier a egrivhowepotivhie ¢ heriumadeiagd). pH. | n
one or more eeROtdieNhs andohft SOHE GSABOPRNES A & di e seal ed
reaction vesggﬁ! at a pH of not m)ﬁhg tgg\ﬁ about 3. %ﬁ.%ﬁgg%o%ﬂéé%gd?ﬁents,
t he conponent¥"R&R PHEXiHR indtiehivm rorprend EgQedNh waler fatie) iv tswedf raebien pH of not
mor e than,abqu t r g, than t 2.5 of not nore than about
2.0, of not no%hg%?’%gr]&ia ‘%ﬁto'gﬁ%g%r © Iﬁ%ﬁbﬁorﬁea’ﬁ%’ﬁ 5Bl 9 6MUBInot nor e
~than about 0°Bupeunduigdd wish atinag ¢ parh ofilfeudqueous | liguiingB)camd N\ @y@oRedi nent s,
“the pH rangesgf§0m:ahauhaQud i n.other enbodi nents, from about
0.5 to about ﬁ%r. 5. In some enﬁ%‘%‘%@, tﬁ. glaf)ﬁb%a‘#%?eaaﬁléaoﬂ BIERl 0.7 to
about 3.3, ofT§ efAnEBe tothe mokitys gempound freterp afmicbhen Adpussrechabys, addi ng
acid or basemQab6r GRG0 Qp. M xture. The source conpounds can be reacted
in the sealed reaction vessels at the 25 aforenentioned reaction conditions
(includinf for ex¥iHsPes, miewet (‘onandenprseen lingd, (B) eactmioed pogessuriesn pH,
SLI T ng, et gppeoriie RSl BEAIABOWRI o Absids BERMAMR e ik WRaSUT Lighgnt to form
odi nent's, e m xed neta

the m xed netal oxide. In one or nore enbod t oxi de
conpri ses a BGMig aBiaqpeous it ngrdientsityricallheinr theydormedf ®lskenpntEeas
di scussed abewant afiflgrbdieehtoR Qubsth e ri'!stg%népéll)l 93%nel v £rE'f881 atbgﬁr eof

S

i ncl udes the %e%lfji si,te crystalline 30 structuré for active an elective
propane or i SOBUEHN&Y o5 Et TR Qe Br PeAGeRhBK Maight Siomc AL &9 §@ perceridydescr i bed
bel ow. Thm ewaight. period of time is not narrowy critical, and can include
for exanple at Igﬁst% about sig])fi hours, .at | east about twelve hours, at |east
about ei ght een hdlir® ©at pLR@AuCin, 4t silicreriierpeperieth ghialystaal the aseserbout

t hi rty hour sinvattiohehs aqued 20084:3:43 280ETY HSR08450 94 842 naRoMtodidd &t V- Si X
hours, at Iea}ﬁta ml{ooegt folrty-ltv\%t‘ho(gr.é, at. [ east about forty-eight hours, at
| east about ?l?t@-’? r® HEErE, OrdPmPL ) o B At el iy of silics gade about

' si xty-six hosppsopoiateBtad)us@é in @bardincs etk fHe\imow of @i fsBica E@ﬁ&tiﬁﬂﬁcﬁlﬁi?/!;t()ds of
time can Qe \‘ta'%%b oLe than three days, including for exanple at [east about
four days, a east dbout five days, at |east 5 about six days, at |east
about seven days, at |east about twbryviegkepor at | east about three weeks or
at | east about o . ol | owi ng. t.he reactjon step,. further steps
of the catalyst Bﬁ‘é%ﬁ?‘%’pf Hxtg o dediens |S%F%@egﬁ%tkpﬁ?ﬁldgtae%,m?}ﬁ?l udi ng
for exanpl e powirjongDiying meatst dooducted by wonvemipel Bdtngis,tsheh a¥isyad damigadr oxi de

(e.g., to abguh, &hhe ! SPRERIY & )panigtﬁgr%rr l?ste{-"uﬂ%ect:ar:]zge a fine, spherical, dry

30 catalyst precursor is obiained. The spray drying can be conducted by centrifugation, by

the two-phase flow nozzle method or by the high-pressure nozzle method. As a heat
source for drying, it is an embodiment to use air which has been heated by steam, an

electric heater and the like. It is an embodiment that the temperature of the spray dryer
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10 solid particulates conprising the m xed netal oxide fromthe |liquid
(e.g., by centrifuging and/ or decanting the supernatant, or aI ternatively,
by filtering), washing the separated solid particulates (e.g., using

di stil | edVRE@pBAOEHS dei oni zed water), repeating the seﬂiﬁ?@ﬁ?“ﬁ@ﬁi’é,ﬁ"ép and
washi ng steps one or nore tines, and effecting a final separating step. In
one enbodi nent, the work up step conprises dryi ng the reaction 15 nedi um

o R Y R B R ARG GRS 0 ™ e e

wor k-up steps, the washed and sepal”m:mhomegﬂ met al oxi de can be dri ed.

Drying the m'xed.lrﬁg SQe ccgrgorbe Cefg;eeg nq und rd rr% i ons
(e.g., at a tenperat re o? apbout 25 ¢ ft atTioé ghars &° 8’§1 ySt Md/or in

an oven. | n caenabpn.2Calrmpeone vhodé remiusted nhisg mmexd kiimt alﬂuabmd-eedrni]n be dried
at a tenpera r 0 ,abopt 50C

enbodi ment% Ob&ge}%{]@é}ﬂ&%&g f&@%;%@%% rcal)?n& %%rlf%odtlo 1908, C?ﬁ?é{’?na?fﬁl ng from
about five t presdirotet sfiqhf thegethe bralys forand hasna oreeifierspdfatic raedt ofdformblmmt 5twel ve
hours. Dryinge/ah b 85 h2a! Sl BAR! 1 200800 L0486 Y  BEghiS 3 hodve

at nosphere, an he dryi ng” at nospher’e an oXldative 25
gas, a reduchﬁﬁgngg&ls dpr cagglyst pregpresm &p do arffmléerewb@mﬁnemegangt:méahhuyﬁ@[g

at mosphere ipglgdes air. As a further preparation step, the dried m xed
nmetal oxi de can be treated to formthe m xed netal oxide catal yst. Such
treat ment¥ can i rfelthel@rpay iaveahyl ccaleiatiom atocesn scofprisps | hepting] uﬂnthwgdrbleat

treat ments upgars gkl b&gm%usfy%q %&:ﬁﬂa&ﬁm ézévgﬁsf)ome; {ﬁ@&&@ AL

~various treatnent at npspheres. “The work-up m xe e can be crushed
“or ground pr iesy thim2&ie Ko g heaselgisption ‘iﬁﬁd?f@)‘wel qitnet gicateeden gbaytiA905G, suich
pretreat Ment gehir MAE 266ut BOE, G1F0 QetafR R, aﬂoneawteﬂ ema%eeqf BRLAL aiy! de can
be optionall iscrushed and then calcined to formthe m xed “met al oxi de

cat al yst. CAME ndt i BneRREAIBEbe theePlegdrination fempareipre it AYSBhr @nsuch as

ni trogen. 15I Ne@RRtirdnt WRIRa@EDQR IIRBES 20 €M, Hakidder CRBOHikE /NG IHaGIHWde
t enper at ures ran%iég]afrom about 400 Cto about 700 C,_in certain

enbodi nent s, 4% i Insprether epbosdiyBeRt: thshratng mikds pH Cépive YeiBaaPthent s, t he

cal ci nati on Bxﬁﬁbdbﬂer@ftﬁtﬁ&@%ﬁlta@'&t ;ﬁr&ﬁbﬂor ﬁQQchﬁuce'ﬁTbt% at}{o@%lﬁger(rﬁ‘mﬂamecpﬁl ci ned)
m xed netal oxi d? can ggh urt mechani lh% treated, | ncI udi ng for
exanpl e by gPIHbFHGS °&isEghty g H“‘p?@%rsﬁo e mMpEE R Phihe BXEHEoT Wt o i ts

final fOI’mszﬁlc}tlﬁSﬁlcﬂeﬁkeftdmdtﬂBEbOI’ fluid bed reactors. As is known in the

art, gringing may_b cco shed b sing vari ous ne i ncluding jar
mlling, n%)ead bea ﬁ’j neHa et B0 e caéﬂlﬂfl%hfem@?‘ia%ﬁ g &%ﬂ&‘u EPBHRMEay be
sel ect ed depestherjout PGICHIIR 120/nsA QTS oz 8°Cimth @’&hﬁk@t&h‘i thonpgssfto.pn. I n one

bead beater £ o7 DaGBar Sk Rese w8 At eaBbRe AR 15 S, © °

enbodi nent s, tdtheincataliastempayutzds shapEd/mintaod from the mﬁhna‘dmtmqnparaﬁret 0 any
~cal ci natlons 0 For b N _the ration of a
‘fixed bed cat a{he? g%‘frﬁ%e?%%éﬁea%g%%aq% er&(‘:tﬁrlss%?ﬁ%thl nnyFsl g‘h’t’ 'p?rc%%tfi/r %d by
heat i ng ats anqu%toelOé@/atuecbrtmrﬂMILm@thdo 2 ffeiminh e grelatérethen oresdueluged,

pel letized, to t Ly and. cont,i guration
prior to cal g? né i|’“o(r?1n aglgﬂrﬁ%e%hﬁgﬁmgﬁt’ t%%e%gle%%% §t [ %’r?l%f gf?ﬁru?q%mbn@dghgat al ysts,
the catal yst iner@edists eampstagnre th&yn b@teslpipalg,c fi;nai ehpeotuyd &l adhariing wepdfer oi dal
catal yst partj.cl.es PRk woyi:Tar-YH =Tk n 0.t o 200

m crons and %‘Len cg‘f]m ne% 1For f] ‘cat aoe; éltidi%%%g{%% %ﬁgrgrf%%h%o s”descri bed
herein, sour e@ab@ﬂﬁ&lﬁd’sﬁwwfmﬂwpﬂge%uoéﬂﬁimm ng the metal conponents used
in the vag( ous Sﬁﬁ%ﬁ@éhﬁc&?ﬁ&ﬁ?%@&e%veﬁx% ?H%tc%ic){éﬁ A RlaSR h&hEhEHad here| n
as a "source" or "sources") can be provided to the reaction vessel a

aqueous sol usPeis(1dfpP fhisteradigte gpprecalcigpn teapepres B ipbiiom dntemediate rret al

conmponent s CgfpR&IdMa0M #eshat enipeemgee@[%a%%eﬁeﬁ fhe ASHRh &R s%regﬁ slurries
25 conpri sing SO|Id particul ates dispersed in an aqueous nedi a Oone source

conpounds of S4fBrtiRt BB EMIT o dBfFPdyerdpity ded tadsineRemaimaiatd oh evessel s
as solids or as slurries conprising solid particul ates di spersed in

non- aqueous sol vents or other non-aqueqQus nedia. Suitable source conpounds
for synthesis of the catal ysts as described herein




30 include the follow ng. A suitable nol ybdenum source may i ncl ude

nmol ybdenunm(VI') oxi de (Mb03), anmmoni um hept anol ybdate or nol ybdic acid. A
sui t abl e vanadi um source nay i nclude vanadyl sulfate, ammobni um netavanadate
or vanadi We(2We/103este. A suitabl e antinony source may ipagiusd@samnsiznony(Jl 1)
oxi de, antinony(lll) acetate, antinony(lll) oxalate, antinony(V) oxide,
antimony(I11) sulfate, or antimony(lll) tartrate. A suitable niobium source
may include n| obi um oxal at e mgonl um ni obi um oxal at e, ni obi um oxi de,

ni obi um et ho X & 8F® ?ﬁ“%ﬁ? gboyt thy final temperature jn aydgriuion theferpernim ofdier ce may

i nclude tell prec@s@ed ghickiyeinbraise Wnheiiaxitdperatut.e! [ Urium trioxi de, or an
organic telluri unlm&corrpog%cg such s nmethyltellurol and dinethyl tellurol.

A suitable titani Ofi"&§6% m?f’éythf’ E"r"ﬂ@éa‘? & thectempeiptere rangstof shout BPTRI um

di oxi de (Ti OB)sboet H0-3BeYYS&5CHs 3Bout DisP@MIiIB 1%{@9%@ erc/HifboaRhat e) ,
Ti O(acetyliacgzcgnat I) or ti.tani umfaqi E npl exes, such as Tyzor 131. A
sui tabl e ti n”solFc® %)}aFﬁ%f}ﬁﬁéngfd’ t"( mlﬁclé‘t%é’m pdigisnt 4151 eligésr mani um

source may i hdluade teg@emm itmhd MhgeOxti 306-406%Gs maba\n@e BF BEOIHOR) 3 BYYEE MAY

include zirc nyI r zjrconium (| yi t abl e haf ni um sour ce
may i ncl ude haf em fﬁ%’m 04 {'?i‘és & O'Ff’a‘f";ﬁoﬂ f\?)e st?kﬁ dfigheated at a g pfap| e
| ant hanum soaﬂéﬁmmythemhmdaurbmghaﬁ’mm%dﬁd ) chloride or lanthanum (111)

d d lanth t t t abl i ‘
Phet ude 15 cori urg Earp sk RS Pl ol & seilisnd B Sl Bb e oRreest oo ey
i ncl ude pi_ﬂasémdwmm ¢fl from aﬁohbﬂiicbar tqoraammcﬁdymrunab(ohﬂ b, houM) @Kd @@ator
pr aseodyn ugkdgur%eéam SRR d&oe@nﬁ Svgg%ﬁmng '%gqa}f; EARE, aiaral e

~Sui t abl e ne um sour ces I'ncl u e 'neo 1Weodym um
~(111) oxide é$0°ﬁeudiymtme(almre )m teo@0e3030 dage. amebnuemdydhnuxm {hkIsblid acet at e

hydrate. Sui e [ I . [ I11) chloride,
samarium (1| ?l é‘x?‘zgfgg? %@@?3@%’%&2@8@8%&%3 %}ﬁa&ggém ]: @R ED)
acet at e hydr emeodirggitt th badidas heatidanrato arrate ©f Aeymim bmddowH0090 tomabogtl | )
chloride, s guggpeum (I11) chloride or europium (111) oxide, and europium
(I'11) acetate hydrate. Suitable gadoliniumsources may include gadolinium
(111) chloride orThgsalsinptnngan be panduassd igair OanuﬂegaﬂgwoﬁalurFIo(Mewr) atdmet at e
hydrate. Suitabker hEENbikTS ride or
terbium (H) gm de, andh%pgr %ﬁn%te%ﬁnbg%gtdg&e{e%grg k")ie]r(‘%lbr}!o'% Jﬁspr osi um
sources may B uetoasyigpges £ FﬁaNB serhﬁwluefrewfs@wem Jhﬁ@wsgnt ddentdnor
dysprosi um ( bddkdmpiRQNERRANEH8as. aNE 1H%S E:IsQﬁh u%&ﬁ&'a)% éagt %Egéé e

c

Sui t abl e hol m um sources _may i ncl ude hol m um ( mum(111)
oxi de or ol ATERFSC pFPEIR. J8&E25can RRFERTiSE sclectpn fr@nala@, @-am, BHPEBsated sisammy

i ncl ude er bi Yifbdn hbnoxIB] D8 clBon 3BxAE Ok ‘éﬁ@ EhbddimX bGe gfesé:ﬁ'i p)'véﬂﬁog k! )

i sopropoxi de, .and. erbium (L11) acetate hydrate. Suitable thuliumsources

may i ncl ude EHUMHIMEE b9 ‘)a“?;‘fi‘}l%‘F PRflsT Slﬂo‘t“’rﬂﬁlr‘}t{?ﬁ?r( gt that gsquigdantigl freehef] | um
(I'T1) acet at exjpyslfatiath delidngletury HnRELbUM) 6O SRSt JEY450RC Ll e) ¥bdRr bi um
(rrr) chlori ‘i tfsrp ym étér) %gl de or_ ytterbium (l11) isopfopoxide, and
"ytterbium (H%} é Qt(tif R\787BFreembsdiment ofdhe pigseab av DPlﬁlteectai"Hﬁ‘F‘?i‘h‘}anl ncl ude
lutetiumis | bd ca&ﬁbd)ﬁutdﬁd@ra flast @F iada for( thé ke)n}ﬁ?ﬁhﬁl@rangé]df WytuBteh WA Ubd.) acetate
hydrate. Nitr, he bov |isted a Iso e enpl o ed as source
conpounds. %gn"’tn f‘#éta ’tﬁ’%@ﬂgﬁs% ’éﬁ"‘a]?s@};?ﬁ Yetrermdt v edxicy
according t otemperaﬁzra nugndfi (@hahome hhtdse AO(LR0°@r BheNfidw takd it 6 cirObe uﬂkﬁr

al cohol s such as hanol hano opano] et h ne glycol,
propyl ene gl V&6 xalggt%rct.%?%m(??rﬁaﬁ? &g c(ffg@ ‘Eﬁ%ﬁbdé‘ég@@ éeg% T € H&S| as

ot her pol ar swlbeemths rdogovirbbut G G¥go abdut 2.5 scconer grataipst ereei@ermiug, t he
metal so e co tially,.solubl.e i.n the sqlyvent, at

| east at u{gﬁe reg&g I%g%@rtngér%rg%g auc%%i;%%gra&lrmé)éésu%écmd YT PReseE ﬁ?gﬂ?fodl ment s,
the netal 10vesoeal dwe diobprotierds Affes f@$mgﬁ$lt§mmuubloéﬂieﬁoatdb¢lsfedt\kenibai I n one
or nore enbogjneni o sl er. sui able use in
chem cal syn%’em séﬁ%e\,@ta%mll% bn%ﬁetgv%?& théoig%p%\%are e inlg ntedﬁt Mgdpstl 'l ed
and/ or dei onfofédwurs. Iﬂﬂﬁfﬁe Sm’emlemotﬁraiamdsﬁ}som;ﬁmilhnrattdﬂdatbewtdt3°on medi um
may vary due to the solubilities of the source conpounds that are conbined
to formthe particular mxed 15 netal oxide. The anpbunt of aqueous sol vent
shoul d at | east be sufficient to yieldld slurry (a mxture of solids and
liquids which is able to be stirred) of the reactants. It is typical in
hydr ot hermal synthesis of m xed netal oxides to | eave an anmount of
headspace in the reactor vessel. Vari ations on the above net hods
will be recognized by those skilled in the art. 20 For exanple a nethod for
preparing the catal yst descri bed herein having the foll ow ng enpirical

f ormul a:



M V0.1 -0.3 Shot -0.3 Nb0.03-0.15 Te0.01-0.03 Ti0.05-0.25 Le On in which L
is La, Ce, Pr, Nd, Sm Eu, &, Tb, Dy, Ho, Er, Tm Yb, Lu and m xtures
thereof, "e" is greater than zero and | ess than about 0.02, and "n" is

det er m n&MO bYstPIBSR5 oxi di zed states of the other el eRERUSIHEURBRI ses
preparing solutions or slurries of source conpounds for the catalyst. In
one or the first slurry, nolybdenumtrioxide (MO03), antinony oxide

(5b203), telLuri cid (Te ) i tani um di gxi de (Ti.02), and at |east one
"L" source céé}#ﬁ%ﬁ"na?e‘!a‘}?%gf&ﬁeé’gé%‘ggd/@fwﬁ5%"?‘3‘8% ?Oﬁgiﬁ‘/g’frﬁt 07t eﬁag%‘f‘ar“é’ﬂ ratios
(all ratios acemplekdéti ve to nol ybdenum netal). In another or second
solution or slurry, 30 vanadi um oxys lfatf VOSO4) is dissolved/slurried in
water. In an alternate enbodi nﬁg?f%\’}%ﬁ?gd}ﬁ ‘KMUI fate may be added as a
s_oI i d. I'n anot h_er’reliur_imh'rrmgl be dlcutpomieddntoshaucatalyst by di_aiaddia’pix df deibl_iaﬁﬁﬁHZO) is
e WL OXRlLSoRtha RS SRR e LN0E Rl Al ) B OB OB
rati o i s aboeftagBedhs nmiltteret(A) ael spEatinorigledBUr i @s catbedipent) teliedumintaly one

anot her, heate ' 1 X > a I ture.for 67
hours, and t ee%dé\%%%%l%géﬁ?g%?nn%%%s%nap gro g?eé’?‘i?g’.}“ééé‘lt‘]’|‘§’p{§§“ ngr%g{l %rcérneﬁeat

di ssi pati on. oufhley couhatidg sialsmeq daglyst Iprepred Wyoa rivethek at hissariveden thisquor, and
t he remainin 1SR So MBS gﬂ% [ - l.cl under
nitrogen at %@9@?}%5 ?1vat Bﬁ ?f R, cgt§l 3‘?9@% q?j?fgsg}élg%ﬁstﬁg é‘gmg‘gﬁ‘i‘/@ gi's

pul veri zed, whestirges it theerdtalysicreashodal poinirof dnsiragnt Weinesd piwsiucing g catalystand/ or

UL LT TR LS i RN Bk 20:0Bveof RAIGARA e Bile! S ARbHRBRnY bif TR Hakbon and

Oxi dation Reactions In one or nore di ments, propane Is converted to
“acryl oni t ri | Ehegagahest is tpnidsied Graely by plaeingitie cotplpiiin ¢ PO otep gyemightiong one or

more of the goefENthORRN GbrBlkEk b 108 AI8ER LOW HofPedhon, 2N

contacting thé catal yst wt ane or isobutaneé in the presence of oxygen

ro
(e.g. provi degicedy ‘Eﬁé‘ﬁ%ﬁ?ﬁ%o"z Aer 4 wus f eed stream conprising an

oxygen-contai ni ng gas, such gfqpitdednVdds¢hists Mithha and amvoni a under
reaction conditions effective to formacrylonitile or methacrylonitrile. In

certain 15 enbodi Rt smbediaent deralyseeampetionsidewsbyst speim sarobe RrersBdt ane, an

oxygen- cont abpiffotd@mabiaihe @S mathbds. FNArcUBNARI sPuthdMstethd®® ofeodidcpbang nol ar
ratios. In one Qr no nmbodi_ment s no rati o of propane or isobutane

re e t he nol ar !

to oxygen i s U dieabmrlcaopN¥o-2003(BYise 75t ‘?%ﬁ’t?? el HBBbRehels ‘T m about
?. 25 to abousyxﬁheégnguiﬁoymo-wmmh e amﬂgiémemmalyst F@mrqhauhm&oﬁi_dmga,bout 3.5.

n one or_nore e inents, t I ne or,.Jj sobutane to
ammoni a i ¥ f ABRISHSHAYSH A Gegen ﬁ&%?ll%r BP: 45%%% ﬁogq}’k%‘fd%é)’ﬁﬁ‘étcﬁ?né‘?fegf‘vef rom
about 0.5 toOaliién & Qght KiRarke eckr Svdrodintain spltieeizebNorV-36-00Me=A11 GRDI e

addi ti onal f%edslbconm} negc%s !'é,nc,l ;&%iﬁ%(?%gl%i ri lf @f mel%g ggylho itrile
product (e. gP" Pra8his PEE AR S ARRITS A YE A&7k P PPs 3 ot

mul ti-stage aedsdogjo)ateddiac/tgrrefeteeam For exanple, the feed stream can
cconpri se about 5"/3)1{/%11?%9 e %%gfiygycovx\r@rpigg’i §ns°$es%2rﬁ>e&’ %reg{ c{!gl%? r%%%%%ehi}i}”a' feed
~conmponents, relat ‘the total "amodnt o e feed streéa or by nol e
r'elrrgti ve 1D hdrothspuahtyntdfesip mbp@rseune corspivodsalie dompbingls filme dorgdin eadfer | N one
enbodi nent the catal yst co [ i ej . in the
anunoxi dat i oﬁroc‘)'fd%ﬁp %é%rr’llg%togﬁl %ﬁ%}%%ﬁtﬂ%ﬁﬁ%&} ﬁgtgl %ﬁ%e‘{aghr%gcﬁog g%%%}égges i.e.,
wi t hout recyeilmixed ir cepersdolstion tnfosactreattifremedinmtzad ircdcsng B6Pragiame can
al so be converhed LQUAREY deGuRGhE eR0Led éfag @280 b QIR BAGEY LiEa @G 0 bY

provi ding one or nore of the aforenentioned catalysts in a gas-phase flow
react or, and tiosrsuffciennyg fotwe the aniagdymetalgxide. gn opasrabqdimentethp hedsethermabf oxygen

(e.g. pr Oyd d%ﬁltﬂe%istcggtinues for a time sufficient to fully react any organic compounds present
in the reaction medium, for example, solvents used in the preparation of the catalyst or
any organic compounds added with any of the source compounds supplying the mixed

metal oxide components of the catalyst composition. This embodiment simplifies
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reaction zone in a feedstream conprising an oxygen-containing gas, such as
and typically air) under reaction conditions effective to formacrylic
acid. The feed streamfor this reaction preferably conprises propane and an
oxygen- conOadsiitigSgas such as air in a nolar ratio of PEEYpHARINGE42i sobut ane
to oxygen ranging fromabout 0.15 to about 5, and preferably from about
0.25 to about 2. The feed streamcan also conprise one or 5 nore additional

f eed conponept | udi acr. aci d, or acrylic acid product (e.g.,
from a1 ooyc Mk Bgn Gpd HpBSTitE o aatings DGRt 1 - 5t age. react or)
and/ or steam ForTiexeunpd @mpbinels heachcaiddnm: Géﬁlbd&%ﬁﬁﬂ ﬁa@seﬁb@t&mﬁ%ﬁxﬁ about

30% by wei ght_r.el o the total anp eed stream qr by nole
relative to PRESE 'ﬁ%'hm% q‘) rﬁlragﬁa‘ﬁ%smorF %resa%c%&laﬁﬁg’tbfeﬁt PREUPRAOT # B 10The
speci fi c desimgti afidd ﬂitemg@s phax&eenfaﬁodmanealmt @irck SompdunBasie avdeyed G kel cal .
Hence, the5 gaslegrase ct or can

f1ui di zed-bed*rredet “"“,"G%Sr aéﬁo s Ofgg?a aé’ﬁ‘:‘:(tﬁg? bg'l'ﬂémfaﬂgeé(?f"@f’gﬁlﬁ?{ be a

single reactara tcmpecmtebté aprieast e‘amtdrsm‘?ﬁ? antuiht yet shahe ¢minainomt syatem I n
one or nore ; t.@r r nore feed inlets for
feeding a rege ref ee Iea%tpl gg‘%el? g g rlggg‘lt) | oﬁ&;%enné’eﬂo STHE PERRISE €a 15
reaction zoneaaoodrpﬂhslswt@edt frectivh yeskehwlt mbreesaiedel wdtat yisug 2ameigamdomt | et f or
di scharging eacti ugt eacti on
condi ti ons a%e c%)r??irag%g% %toé %%?ec?‘l?ﬁéea@félﬁ"%g%ﬁ% and ]PhyeI aF‘%pane to
acryl oni t ¥ | embediragnt 91 4 rresyete @¢f aideast ghout Bihpsigt iSmeh schled r@@tbmt\amlstmuy
met hacr yl oni 4t i4,8p08 wifEh BACKLY dofirdiGed y j,ons
~include a tenpe CLg)tpur‘g raEglgrlllg 0rtom 26011321@2{}8{&8&"% pées%%%r ‘? ‘%gﬁég@/ in one or
“nore enbodi méAvegiidty BarAabEmPrERBe.C to about 500 C, in some enbodinents from
about 350 C to abgQuhe 4Dfiofe enfHdineRts Ofhb Sour & RAPLIRALS £1 0 Cto
about 520 C. The preeésurg oef t he er eact i ourﬁ zone can be ccgérﬂkgbf#&c?%‘?o range
from about OthsssEriscsaPETE thOBULs icgmpemdn Aeringrthqpion mspdiThe pegicdlarom about

0 psi g t 01 AbGHaLind AHRSEA is RNkt Mn%m{a@hﬂﬁﬁ%{% frsel%gér 2R GhePS1 9 O
about 50 psig. Generally, the flow rate of thé propane’ or |sobut ane

cont ai ni ng f EUBPOREHEAHNEHRGIFAHIoNRY 906 £ERTtYR medied. SHch methgdssingldes dorf | ow
reactor can bgngm)t gakdr@dth%ocoafeaw e R YWetiht véawurdyysm%e wBhipe &y (VI SV)

rangi ng from about 02 to about 5, in sone enbodi nen rom about 0.05 to
about 1, and°iHa5eHEF cARBEUNOREETE BRstSR Setseln. Stck Bedigdsdetnclyds fof n each
case, for exampipe, shmngr@nssmg a AR MeNberl BORHE AdNRad PafilalfiBrithn Gt al yst .

In one or_pnore enbodi s, .advant ageou al.yst perfornmance is_seen when
the ViV 70 HRCBRGEeLTRLA SOHE R GORED oI R AT Of BaSt SN 0. 15,

and in yet owhed teplode mam{vs ,moﬁbn beasén t&b@tﬁ,thn@mzmber and the réd€iofi @&kd1t i Ng

acrylonitrile and/or acry nd/ or h trllead/o

ot hacryl | ¢ 26T ATEREBE R AT paare Rt S St e

si de- pr oduct grieingl/fate faobe uﬂm&c&@rcﬂmdzed eaoheamrﬁn@mmmbela Bg cdrobéreidaeets; known i n
the art. One or g[%“?neeszOd' ment s of the sent..invention, when qul oyed in
‘the 5 singl e PR g recyc?e% Ahin af‘?“SH“%ferﬁ 1S P  Capabl e of

produci ng2a yufﬁbldntod's mét the ecasnonarhotg:ta%ﬂr fpeafiadat racﬂoplbomebn bd)rﬁ?ponéiﬁﬁ bfai n
enbodi nent s ed.in the S ass
(i.e. no rec?hcl %&go nfgr%%m {o%%%ofrgﬂom%@%%ﬁ%%m}één Ed]bfneegf’a %’lten

yield of at Iueasiwrabotopg@@vmemo@nmeab pyilio pietyrsdrpe as @mmredewtmxdumm@ of t he
present inve cycle)
anunoxi dat i o%al‘:t?&p#g{ggér%g%glrng’y %%B% clags ngdﬁcsg?i%%ang%}?r&f o& gT“}QP{ ?east
about 61 per @elﬁqnnazevcyi wnial pyidecprodusd anm@ntreaofwrt nedivre doting thragacadns 0

i ncl ude [ ¥ CN) ,
aceton tri] e oF RaLRoT R et Fﬁ@%“ﬁ@%@ﬁ%%@ ARt 9h e 4T
(NH3), nitrogees eﬁ\m reaﬁ@m vessel HaTus allays eera Bidyecvatyadnd sepdrtipasnf the
15Advant ageougl s mbAE ofidt aarafcﬁt:t 69 TRBRIqkds0nRh Of ée%ﬁ%raﬁ&ﬁ%car&%ﬂ} pon differ

fron1te|Iurlun}contalnlqp catal ysts described in the [Iferature in that the
cat al yst compy&itiep apfsavefds thenesd &@ﬁ?ver H aPAigTENn OGHOW frasothe piesgfyhe
observable telluriumloss fromthe active phase when prepared and tested
under the conditions described herei nabove. For exanple, in one or nore
enbodi ments, no observable telluriumdéfosit is formed 20 in the

cal cination vessel or the calcination furnace when the catal yst
conpositions of the present invention are calcined for about 2 hours under
nitrogen at a tenperature of about 600 C. The catal yst conpositions of the
present invention exhibit enhanced stability when conpared to ot her
telluriumcontaining catalysts. This enhanced stability results in |ess
degradation in catal yst performance with tine on-stream and 25 al so
enabl es the catalyst to nalntaln good perfornance at hlgher space veI00|ty.

P S ——



Exanpl e #1 - Mo, V0. 3Sbot 75Nboa6Teo. 02Ti ot Ndo. 00sOn A 125 nL Tefl on
reactor liner was | oaded with MoO3 (8.0 g), Sb203 (1.418 g), TiQ2 (0.444
g), Te(OH)6 (0.255 g), and Nd(QAc)3 (2.78 nL of a 0.1 Msolution) and water
(10 L) . WO 2Aead335H t his exanpl e and several subsequemcTaxawph@s4z " ( 0Ac) 3"
5 designates the acetate hydrate for the naned | anthanide netal. The

m xture was stirred for about 5 mnutes, after which tinme was introduced
VOsSO4 (16. 67 1rTB)FVI lilutlon and ni gbi um oxal ate (7.39 nL of a 0.451
M sol uti on \,\ﬁg?tgr Y“Fr%e %% 2HANPRE OB JRUPR NS misehimel] endd Sraboslugnl) . it er

was added thmbisaﬂoﬂpﬁﬁcla@ﬁixmh SO frickd ofvaml B%ckﬂaiﬁ&%&ﬁﬁﬁ@hﬁﬁe& bx% keg ThE
reactor was then se th a Teﬁl on cap in a netal housing, placed in

an oven preh&% e"fihef1 O&%EF‘E‘B PRRARFTERHY Walt at ed to effect mixing of the
liquid and SOI [ d II!E@E@M@ dezéifribw toGraitaif Rorte RS inlihereb RGOk, WAs COol ed
and the Tesfl fiée\c@'sa %ed frotgnhe housi ng. The Pr oduct slurry was
stirred for ?n?ﬁnﬁﬁ 3 pﬁ%edn?yh U ES§ tdé?‘%‘HorLfg? Age at aitaden ysed if and
washed by t heéeachiidri mumef is 2eedmDveambaystited iemtm vERER, @ Sampil nBhkeSOl | d was
then dried |§100 Hoaflacl 1cf%r Zhhd The. g@ﬁg t.ing 15 solid nmaterial was
crushed and SardiPAE é’P R 5y hegdspack is Githpmbisgh i 3V HERPTOREH gr ound,
pressed, ands@uccangoint a)f aygartd el reactioir eﬂémge ﬂ&fhewsgacb oas?;éﬁﬂdmnctﬁ@ R$ and
tested for c nangc Thi,s has t he nom nal conposition
Mb1VO0. 3Sh01 %ﬁl}’%h%da‘%%&géﬁaﬁi%dbmﬁﬁ% her%%fr‘*"% anaet {EgtRlgeas a

cat al yst ¥0or suches Heblelﬁngﬂnemumfaﬁhmlspdaiandtgaohﬂﬂﬁ) ite Ao theaieiigoni tri | e.
At 420 C, & ratio of C31-18/NH3/02/He = 1/1.2/3/12, an
cacrylonitril eycqog%(sj é‘?%&n%\aﬁgobt ai ned (89% pr opane conversion, 68%
racrylonitrile sel Hetspwrice y‘Y)mPOER@rﬁpil e t£2cted in the sealed reaction vessel at an initial

Mb1VO. 3Sb0mN\Rq 03 mat r| al Hrepared
as follows. A 33 %L%fgﬁ%%&olﬁle‘gcﬁ M%%‘%Q\%@e%“f% 1cf; %g%s‘(l 152 g),
VOSO4 (2. 30 e repction mixgue ey chengs @nb thanihelﬁmlrpl-bo@ahateecn@ﬁ nﬁﬁuzmxn@fbea 0.40 M
sol ution whepenihg Rl hdndhk Gn® ni obi u t 3/ 1 Sb203
(2.93 niL of higher,g Mslurry), “%28% BL%nt U ’{“‘9‘9 ”% k*l» % (QAC)
(1.00 nL of &PMEroaIsNFesER lbﬁ)e Se&l@(l@%@ &@S@@tipﬁl bfmftnmrd)thémawmsm ution),

and Nd( GAc) 3Ir1(slanQQrﬂ%d191ten@- i %p%él@ dh 'b? Pohcted THHEL sURS re%%%q'egs% eﬁbt ain an

about 60% 30 fill volune in the reactor [I ner. e reactor was eén seal ed
with a Tef | obf @hpetinere il akgut kB afinaymors|theaalioyt 3. Sanf 1oy enrgthetbetetit o 175 C

and cont i nuoysloy mofd BiebotiQ. s%f@%ﬁ&émg 95 i i, eagent s.
After 482$ t he regctor vvgs coorl ed and t : m t@ édloﬂfébgmtg%%rbéﬂngvﬁa fromthe
he®

housi ng 3105 MeEs thag ahepp- 18 ene ey m?réamb@chmznts rﬁemﬂ wages fiodh 4bkerD to

vacuum f i | t esidt 4shdih dheg babctirhéris, 308 WEENSNo LEEE 5T I B BinbdigeAddi tion of
150 nmL water .in_ three ggrtlons The wet solid was then dried in al'r at 90 C

for 12 h. ThiePESED fAng g*BPP‘&“Hé’t‘%P‘PG&NMWé@ 9l dl dhead mmider N2

for 2 h at 680admstclibly adding @4d c&|‘na§&a§ tﬂeh@cmmzﬂaire conposition 5 M
-1-Vo3Shoj sNboosTeolgﬁﬁTl OlLi oOSI\Ida§i second materjal was prepared as
-descri bed above fof THE® FPPE Hafdt P%Irem@?(d’éﬁlie terlst reaqlion vesslu@t Heet at e was

om tted. 7bhi sforaeatithedrattion lcottittont Nerchaiig Nt RaHMNOSIehdtidA temperatures,
Mb1VO. BSboaNgg%oI%Qes&%eE P sltxrl\r%g, eotco ag] described above) for a period of time sufficient
to form the mixed metal oxide. In one or more embodiments, the mixed metal oxide

comprises a solid state solution comprising the required elements as discussed above,

and in certain embodiments at least a portion thereof includes the requisite crystalline

30 structure for active and selective propane or isobutane oxidation and/or ammoxidation

catalysts, as described below. The exact period of time is not narrowly critical, and can

include for example at least about six hours, at least about twelve hours, at least about

eighteen hours, at least about twenty-four hours, at least about thirty hours, at least
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A 0.45 g portion of the first material and a 0.94 g portion of the second
material 10 were conbined to forma sanple having the nom nal conposition
Moi VO, 3Sb0. 18Nb0. 08TeO0. 02Ti o. | Ei 0. oi 6Ndo. 0050m The solid was then ground,
pressed, VeA#8iIEIEd to a particle size range of 145 tBCBERBYAs and
tested for catalytic performance. The material was tested as a catal yst for
t he heterogeneous anmoxi dat i on of 15 propane to acryl onitri le. At 433 C,
V\HSV-OZa feed .rati 18/ NE /02 N2-1/

neryl oni i 111809 toRsost i RPN (815, Aot Te et ikt Moo
acrylonitrilleass ﬂio&tﬁﬂtwfouyl)oursﬁm’rmﬂ‘ah:bumectyﬂlcquahtéeaﬁeaboud\ﬁ)ﬁyﬁm hours or at

V0. 3Sb0. 2NbO, Ong Ogg\édou 0%6003 A 2%5 ‘It',‘ef(lis react gl | iner k‘oaded wth
Mb03 (8.0 @)’ TR0 g3 FEPELA 4 cong cf"i’\‘l%j’f‘&f&\q?“é‘ 0893 @)
and wat er (1tﬁhvsrhacludfrkmformmnpﬂaeat\/1@a$t S:tomrfoedddye,rataéammﬁt finerday € sy leadtt er whi ch
time was i;ntfodu n), .and oxal ate
(7.612 nil, ARIAE o Rt houP Ll afls & 1ol Wi Qs A0 B bl OX

ni obi um i s athmetved{sby at Iyt ahoutvums meddked t o obtai n an about 80%fill vol une

in the reactor Ii e fl pina
metal 25 housi ng,Fgﬁ wm%@%l %ggﬁhg%gﬁﬁ%%%gegf %{ éiﬁ#@g Efgar{%d-&colﬁ%]l (%dgousl y
rotated to efabeatiugd X’fmlgum)fstephemblﬂdwg dforn ggharega¢ i cdolinga thentegctionf medium8 h, t he

reactor was coalf, %{%%&Q@m}&f lng& 3 “% a%?aréﬁgﬁ\{%&z{t% E%b%fa? é‘ﬁ!é“g The

product slurry was stirred utes, an acuum using a
gl ass flil0 asdidveestiradptasy carsisimddihei Biredfmetg0 oxitle viearerthe Hiquidr éee.pdrtions.

The wet sol i (g’hnsg% b d 1S rdg@ﬂnh tt@'sﬁpe%ata]n?%r Qltfeﬂﬁtwl:%r @5 fﬁt@ﬁng%owgsﬁﬁt‘él ting

~solid materi was crushe cal cl ned under
~solid was thténsepesisdolidupagticylages (%mdl‘s%llgé‘iﬁéaedt‘ﬁatﬁ“ 0[5&?*9!"@@‘*6‘”%%2@1’9@1’@6 of 145

to 355 m cropg @aﬂaﬁn%b&t%d ahP FwaGih |sﬁé { GndQF frmra%&‘e% aJdﬂeﬁfeeaﬁg edr m&; has the
nom nal conposition 9, 3Sb02Nb0. 06Ti 0. J NdO. O he materi al

was tested asPaadngUsTy sk (e embplimpe BE SYREh D SEP awaﬁwzsrrh%feampane to
acryl oni tysi | gedift, hdasBy r%\évapogatﬂaﬁ sﬁﬁg afyife ekt alyigy . T BhNE:02/ He =

1/1.2/3/12, an acr lonitrile yi.el % was obt ained (87% propane
conver si on, Qfﬁlr?%iP‘é’t%’é‘P%Wﬁﬁtﬁ/?W 5Conpar ati ve Exanple #4 -
Mb1V0. 38Shol 5Nh0 M&Tww&& Q%Q%Shéd a&DsderaZEefrhx%u feArsade dnnRr wWas

| oaded with M0O3 (6. 334 Sh Nd( OAc) 3

(0.088 g) anfSfat m%ﬁ?‘g‘%ﬁdm ff“h %"“%@d é)zf"é‘g‘ef’tcﬁ"m%ﬂﬁt(eg #i nut es,
after which tidipers@fe oNicadpcen at\é%&})héri@pﬂssﬁie) ahd/ar ih an Mesollubieorr) and
nloblumo al at e was added to 10

83 nmL.of .a.0.434 .
b o Biare SRR e e dstel PG PRuEs (e st A eCe PRARE SPmuas t hen
seal ed with abohefid Emtcmiﬁbut rsoeQyetdain dmet&mbmgmemlcﬁ&b@lmlmam,memdmr@heat ed to

175 C and conti r.ot at ed t ef fect .m xin f.4he I| and soI id
reagents. Af PE° 4‘§uﬁ’ %ﬁhgmleerg%%u&% GBs208L iy t%lﬁgo“? ﬁfF MK ko] ?n%ner Was
removed fr onbmb@iuheusnfr@outmelvprimducmhgj cany bmﬁ’c@ahundei kgenitrbiiedsepar at e

the solid react | i %@EHW%?‘I’JSC%"% t‘{gﬁn épq‘f’recfag?haﬁw“eﬂ "‘@San]a§1dg§&ea”t ed and

“distilled wat'&™" ‘'was crushed and
agitated 20 diss soﬂemltgogasbdrems alIIt one 15henom xinbodmunts, therning agedptared t he
l'i quid decant eg This washi ng was done twice. The wet solid was dried in

air at 120 C"?cordesl "h. The
As a further preparation step, the dried mixed metal oxide can be treated to form

the mixed metal oxide catalyst. Such treatments can include for exarnple calcinations
(e.g., including heat treatments under oxidizing or reducing conditions) effected under
30 various treatment atmospheres. The work-up mixed metal oxide can be crushed or
ground prior to such treatment, and/or intermittently during such pretreatment. In one
or more embodiments, the dried mixed metal oxide can be optionally crushed, and then

calcined to form the mixed metal oxide catalyst. The calcination may be effected in an
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resulting solid material was crushed and cal cined under N2 for 2 h at 600 C
The solid was then ground, pressed, and sieved to a particle size range of
145 to 355 microns and 20 tested for catalytic performance. This materi al
has the FoRRHBIL0RENpositi on MO VO. 3gSha25N1) 0. 075Ti 0. POHREWIBVERIAN The
material was tested as a catal yst for the heterogeneous anmoxi dati on of
propane to acrylonitrile. At 420 C, WHSV= 0.15, and feed ratio

C31- 18/ NH3/ 02/ He = :1.1/ 1.2/3/ 12% an 1gcrg/l onitri Le .%i el d of 58% was achi eved

at a propane " CORTEFRFS I gAtness B 0F° rmofe eppelifents calcioaiaacerdiiens of 69%
Conpar at i ve fxiadpl@ngémuredVbingthg3Sbom. 2L G006T ab Geouto5MHoCOGs Qartain A 23
m. Teflon rea

tar_liner s | oad Wi th 3.(1.20 . Sh2Q3 (0.243 g),
Ge02 (0.0436Y odentsdipm, & s g&mg#.“’ Fhrat r%)(gtﬁ’r@l sg%é’tei ‘”i“?q@gm?e f TBout 5
m nut es, af t elciwbipicduntbe effeaaisat Blntur 68LFCed VOSO4 (2.50 nil, of a 1.0 M

solution),. Ti2 (0,833 ni L_.of 0. 08a/ slurry), OQAc .0.417 nL of
a 0.1M sol’ut i on) ,ﬁgﬁrﬁ atﬁ'?g%g'ﬂ ﬁaIS%gcsa?ge‘?%enhfxﬁf 68¥ B8 %%%‘8‘&036’?(’??31?%) .

Wat er was aduokad:ds ioclofitgFon egampd by pri@ipes §iedite andlpmesEng fhetnhieed e@sltaatde| | ner.
The reactor S W t Teflon . cap in a netal housi pl aced in
an oven pr eh%eﬁ%t Igd}ﬂf%gfoﬁ?oggsaerfa A(%%%P ?dﬁ%ofguéq gledrorce)?cé Bd P4 SITECE t{‘]‘%‘i'&i ng of
the |iquid agrehdmglmay reesmgemplsheddbyt eringdBirihust hethodsaotudingas reilolgetkadnd t he

Teflon liner f ] i r cf.slurry wa

cont 1 fuged Tl BETRY B, | GARG PndAEhRons IS JRSARHEL SRR ite . e
liquid wald decwtetsead anh datefy gtoompesitiona tie ong Snbodiment sin adshpplorted chlalystsdgl | d. The
solid was cr i : i |.t.s. .The m xture was
~centrifuged %hr%l’gpétj %%H??%?%gégge{%? g%d%%%ﬁghﬁ%ﬁ%ogpggosa%%ﬁé I?IWQ%S‘e. The wet
~solid was dried ilmoa¢ pr gore] gobadipents, IR datalyFhmay dg shaped gntg dfsifthanfter i al  was
then crushed,a¢, 63! GicARHAMVineNReat BEarRedt. #br 8900, inTtPce %galrét%ng@ then
ground, pressed, and sieved to a particle size raﬁge of ¥ to m crons
and tested fBredchedaaiphist thie patdfysratiecarsompiiy nteraly dried by heativgmtsal 10
conposi tign MbyaMQ.¢ at6Rd O ShaplPR. L0 SNHRe® R Mhized, etc) WG MRLRG! @l Was
tested as a catalyst for the heterogeneous amoxi dation of propane to

acryl oni tri | Bxedppédqoatalyst sigasind gonfigurationd prigretp pai¢ipasion3 HEMNIAgY.0y e =

1/'1. 2/ 3/'12 aprepfednbh Aniflid bed MiaBkd, BF ARV WRARuRENISYLHaRbe JrlY BRANE
conversion of 84% and an acrylonitrile selectivity of 69% 15Conparative
Exanpl e #6 aleldmRsnipheroppl catalyst pejficleshaying pertigle dmmgisss i Be raepfem 10at al yst
of fornul a M08 &Rhibhs24iNnen 0868éd85% Si 02 (referred to hereinafter as the "4
Conmponent_ Base") S, Prep red by a non-hydrot hermal nethod and cal ci nation
met hod de¥eri bed ért}é‘?pﬁ? %Ftnf"iea gpn mgthods, desriibed yherein, soyres) cRUpPORASt or mul a
MoVO. 21Sh0. 24ohefhifddaGrO98i8¢ 4k %l @3mBehen@ as4arie il weokysyadielid manalsl y addi ng
telluriumto e "4 onent, Base" catal yst uysing the jnpregnation nethod
descri bed he?@%?at%%gg é%}g'\rleéi tgﬁ%{ﬁwgg ﬁ’g%%‘%f ﬁ@“‘%ﬁd = P‘@geré#"% t hr ough
#12 For reGiniop aeatliay eqissesgoliofiBof the hasieaatSpmestund cdnffoittdsa? the

‘MoV- 0. 3Sbha2Nho, p8Ti a. |1Ceo. 8050"/. gS%ﬁi 02 (referred t(gr.gher ei nafter as the
"6 Component M55 WA, Lan Bt BRvIdeq 18N FREILT YT RePdr ot B SEnd

cal ci nat iTn oeipfieclg deicpartivathtds dispersed ibamiduacisynddonr Soanrpatad tonpoxBNPl € #9
and Exanpl es 0 _through #12 he ca t ¢ Qsi tions ,shown bel.ow with
Varying Lel 1 o TORvaLAr e R Pt Rl B SRR Rk S 208 R R ur | um ¢ o
t he "6 ConporemirisiBgselld patallaist disgeised)int dva-agngone griwnison atet hodagessr i bed

her ei n. 30COH‘§(%ati ve Exanple #9: MVO0. 3Sbo. 2Teo. a6Nho. 08Ti ol Cco. 00508/ 45%
Si 02 Exanpl e . MoVO. 3Sbo. 2Teo. 04NhaosTi 0. i Ce8. 00. 508/ 45% Si 02 Exanpl e
#11: MoVO. 3Sboi TdwitgsNrousTionmioGeds. 0050845 W SicO2tdssngs| dsetibad hemid

MoVO. 35032 Te Q32 MQQO!MLQ | $8Q:005 Qngfyég’e%?xr%i Btfrce may include molybdenum(V1}

oxide (MoQ3;), ammonium heptamolybdate or molybdic acid. A suitable vanadium
source may include vanadyl sulfate, ammonium metavanadate or vanadium(V) oxide.

A suitable antimony source may include antimony(I) oxide, antimony(IIl} acetate,
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Cat al ysts of Conparative Exanples #6 and #8 and Exanples 7 and #9 t hrough
#12 were tested in a 40cc lab fluid bed reactor having a dianeter of
1-inch. The reactor was charged with about 20 to about 45g of particul ate
cat al yst o9 2¢08tied2§st m xture. Propane was fed into t h&CTEaEWYMI a rate of
about 0.04 to about 0.15 WHSV. Pressure 5 inside the reactor was maintai ned
at about 2 to about 15 psig. Reaction tenperatures were in the range of
about 420 to about,k 460 er al anmoni.a fed into the reactor at a
flow rate su “f”ﬁéqﬁ Hi‘ﬁ??f? e i é)\}éaﬁ’@d‘?’ étnfiﬁ°\g@§-nf? calpAntimopgliipout 1. 5.
Oxygen was fadratentm sﬁiiablerrﬁﬁmmoﬁou&te raayhhﬂwerxﬂ&lﬁnﬁ ugdlaté, RaimAXMOBIBLLA Propane
rati o was abozé ge n% @'lnt .the reactor at a flow rate such
that nitrogeR ™ 61r°8lblgln°é“ PP SHHOR 8’b‘8 4.6 " The testing results for
the catal ysts of mqpﬂﬂcatmimuﬁxmeema#anamﬁ #Rudh eldx asiplies dioriad #9

t hr ough # e.s ed nTabe bel o Tabl e . H t al yst
Cormogi t 1 O BT TR G dof ok 80 Rty Retipol stjes, Mty iighygt 2nd

dimethyl tsilurol.
A suitable titanium source may include rutile and/or anatase titanium dioxide
(TiO3), e.g. Degussa P-25, titanium isopropoxide, TiO(oxalate), TiO(acetylacetonate),,
or titanium alkoxide complexes, such as Tyzor 131. A suitable tin source may include
10 tin (II) acetate. A suitable germanium source may include germanium(IV) oxide. A
suitable zirconium source may include zirconyl nitrate or zirconium (IV) oxide. A
suitable hafrium source may include hafnium (IV) chloride or hafnium (IV) oxide.
Suitable lanthanum sources may include lanthanum (III) chloride or lanthanum
(ITT) oxide, and lanthanum (Il ) acetate hydrate. Suitable cerium sources may include
15 cerium (III) acetate hydrate. Suitable praseodymium sources may include
praseodyminm (III) chloride, praseodymium (III, IV) oxide or praseodymium (I}
isopropoxide, and praseodymium (III) acetate hydrate. Suitable neodymium sources
may include neodymium (III) chloride, neodymium (III} oxide or neodymium (II1)
isopropoxide, and neodymium (III) acetate hydrate. Suitable samarium sources may
20  include samarium (1lI) chioride, samarium (III) oxide or samarium (III) isopropoxide,
and samarium (IIT) acetate hydrate. Suitable europium sources may include europium
(1) chloride, europium (III) chloride or europium (III) oxide, and europium (I} acetate
hydrate. Suitable gadolinium sources may include gadolinium (III) chloride or
gadolinium ([I) oxide, and gadolinium (III) acetate hydrate. Suitable terbium sources
25 include terbium (1) chloride or terbium (1) oxide, and terbium (III) acetate hydrate.
Suitable dysprosium sources may include dysprosium (III) chloride, dysprosium (II)
oxide or dysprosium (TII) isopropoxide, and dysprosium (III) acetate hydrate. Suitable
holmium sources may include holmium (III) chloride, holmium (IIT} oxide or holmium
(III) acetate hydrate. Suitable erbium sources may include erbium (I} chlonde,
30  erbium (III} oxide or erbium (III) isopropoxide, and erbium (III) acetate hydrate.
Suitable thulium sources may include thulium (II) chloride or thulium (TIf} oxide, and
thulium (III} acetate hydrate. Suitable ytterbium sources may include ytterbium (1)
chioride, ytterbium (III} oxide or ytierbium (HI) isopropoxide, and yiterbium (II)
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acetate hydrate. Suitable sources of lutetium may include lutetium (II) chlonide or
lutetium (III) oxide, and lutetium (III) acetate hydrate. Nitrates of the above listed
metals may also be employed as source compounds.

Solvents that may be used to prepare mixed metal oxides according to the
invention include, but are not limited to, water, alcohols such as methanol, ethanol,
propanol, diols (e.g. ethylene givcol, propylene glycol, etc.), organic acids such as
acetic acid, as well as other polar solvents knpwn in the art. In one or more
embodiments, the metal source compounds are at least partially soluble in the solvent,
at least at the reaction temperature and pressure, and in certain embodiments, the metal
source compounds are slightly soluble in the solvent. In one or more embodiments,
water is the solvent. Any water suitable for use in chemical synthesis may be used.
The water may, but need not be, distilled and/or deionized.

The amount of aqueous solvent in the reaction medium may vary due to the
solubilities of the source compounds that are combined to form the particular mixed
metal oxide. The amount of agueous solvent should at least be sufficient to yield a
slurry (a mixture of solids and liquids which is able to be stirred) of the reactants. It is
typical in hydrothermal synthesis of mixed metal oxides to leave an amount of
headspace in the reactor vessel.

Variations on the above methods will be recognized by those skilled in the art.
For example a method for preparing the catalyst described herein having the following
empirical formula:

Mo Vg1 .03 Sbo -0.3 Nboosa.is Tepot00s Tipos02s Le Op
in which L is La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and mixtures
thereof, “¢” is greater than zero and less than about 0.02, and “n” is determined by the
oxidized states of the other elements, comprises preparing solutions or slurries of
source compounds for the catalyst. In one or the first slurry, molybdenum trioxide
(Mo0O3), antimony oxide (Sb;0;), telluric acid (Te(OH)g), titanium dioxide (TiO;), and
at least one “L.” source compound are dissolved/slurried in water at the desired ratios
(all ratios are relative to molybdenuim metal). In another or second solution or slurry,
vanadium oxysulfate (VOSOs) is dissolved/slurried in water. In an alternate
embodiment, vanadium oxysuifate may be added as a solid. In another or third solution
or slurry, niobic acid {(Nb;Os*nH,0) is mixed with oxalic acid (HO,CCO;H). A range

of oxalic acid:niobium molar ratios may be employed. In one embodiment the oxalic

19

440 48



40. 3 0. 049

| 45% Si 02 450 218 80.6 53.8 43.4 0.07 C8

MoVO. 3Sb0. 2NbonsTi 0.1 Ceo. 00sOx 440 66 82 41.4 34.0 0.05 / 45% Si 02

WO 2008/103255 PCT/US2008/001842

i0

15

20

25

30

acid:niobium molar ratio is about 3:1. The three solutions/slurries are combined with
one another, heated with mixing to 175 °C and held at this temperature for 67 hours,
and then cooled to room temperature, typically by natural heat dissipation. The cooled
slurry is filtered to remove the mother liquor, and the remaining solids are washed and
then dried and then calcined under nitrogen at 600 °C to activate the catalyst. The
calcined catalyst is pulverized, then pelletized and sized, or spray dried for testing
and/or ultimate use.
Conversion of Propane and Isobutane via Ammeoxidation and Oxidation Reactions

In one or more embodiments, propane is converted to acrylonitrile and/or
isobutane to methacrylonitrile, by providing one or more of the aforementioned
catalysts in a gas-phase flow reactor, and contacting the catalyst with propane or
isobutane in the presence of oxygen (e.g. provided to the reaction zone in a feed stream
comprising an oxygen-containing gas, such as and typically air) and ammonia under
reaction conditions effective to form acrylonitrile or methacrylonitrile. In certain
embodiments, the feed stream comprises propane or isobutane, an oxygen-containing
gas such as air, and ammonia, with the following molar ratios. In one or more
embodiments, the molar ratio of propane or isobutane to oxygen is from about 0.125 to
about 5, in other embodiments from about 0.25 to about 4, and in yet other
embodiments, from about 0.5 to about 3.5. In one or more embodiments, the molar
ratio of propan¢ or isobutane to ammonia is from about 0.3 to about 2.5, and in other
embodiments, from about 0.5 to about 2.0. The feed siream can also comprise one or
more additional feed components, including acrylonitrile or methacrylonitrile product
(e.g., from a recycle stream or from an earlier-stage of a multi-stage reactor), and/or
steam. For example, the feed stream can comprise about 5% to about 30% by weight of
one or more additional feed components, relative to the total amount of the feed stream,
or by mole relative to the amount of propane or isobutane in the feed stream. In one
embodiment the catalyst compositions described herein are employed in the
ammoxidation of propane fo acrylonitrile in a once-through process, i.e., without
recycle of recovered but unreacted feed materials.

Propane can also be converted to acrylic acid and isobutane to methacrylic acid
by providing one or more of the aforementioned catalysts in a gas-phase flow reactor,
and contacting the catalyst with propane in the presence of oxygen (e.g. provided to the

reaction zone in a feedstream comprising an oxygen-contaiming gas, such as and
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typically air} under reaction conditions effective to form acrylic acid. The feed stream

for this reaction preferably comprises propane and an oxygen-containing gas such as air
in a molar ratio of propane or isobutane to oxygen ranging from about 0.15 to about 5,
and preferably from about 0.25 to about 2. The feed stream can also comprise one or
more additional feed components, including acrylic acid or methacrylic acid product
(e.g., from a recycle stream or from an earlier-stage of a multi-stage reactor), and/or
steam. For example, the feed steam can comprise about 5% to about 30% by weight
relative to the total amount of the feed stream, or by mole relative to the amount of
propane or isobutane in the feed stream.

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

The reaction conditions are controlled to be effective for converting the propane
to acrylonitrile or acrylic acid, or for converting the isobutane to methacrylonitrile or
methacrylic acid. Generally, reaction conditions include a temperature ranging from
about 300 °C to about 550 °C, in one or more embodiments from about 325 °C to about
500 °C, in some embodiments from about 350 °C to about 450 °C, and in other
embodiments from about 430 °C to about 520 °C. The pressure of the reaction zone
can be controlied to range from about 0 psig to about 200 psig, in one or more
embodiments from about 0 psig to about 100 psig, and in some embodiments from
about 0 psig to about 50 psig,

Generally, the flow rate of the propane or isobutane containing feed stream
through the reaction zone of the gas-phase flow reactor can be controlled to provide a
weight hourly space velocity (WHSV) ranging from about 0.02 to about 5, in some
embodiments from about ¢.05 to about 1, and in other embodiments from about 0.1 to
about 0.5, in each case, for example, in grams of propane or isobutane to grams of
catalyst. In one or more embodiments, advantageous catalyst performance is seen
when the WHSV is at least about 0.1, in other embodiments at least about 0.15, and in

yet other embodiments, at least about 0.2,
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The resulting acrylonitrile and/or acrylic acid and/or methacrylonitrile and/or
methacrylic acid product can be isolated, if desired, from other side-products and/or
from unreacted reactants according to methods known in the art.

One or more embodiments of the present invention, when employed in the
single pass (i.e. no recycle) ammoxidation of propane, are capable of producing a yield
of at least about 57 percent acrylonitrile. Certain embodiments of the present
invention, when employed in the single pass (i.e. no recycle) ammoxidation of propane,
are capable of producing a yield of at least about 59 percent acrylonitrile. Other
embodiments of the present invention, when employed in the single pass (i.e. no
recycle) ammoxidation of propane, are capable of producing a yield of at least about 61
percent acrylonitrile. The effluent of the reactor may also include CO, (carbon dioxide
+ carbon monoxide), hydrogen cyanide (HCN), acetonitrile or methyl cyanide
(CH3CN), unreacted oxygen (Oz), ammonia (NH3), nitrogen (N3), helium (He), and
entrained catalyst fines.

Advantageously, the catalyst compositions of the present invention differ from
tellurium-containing catalysts described in the literature in that the catalyst
compositions of the present invention do not exhibit any observable tellurium loss from
the active phase when prepared and tested under the conditions described hereinabove,
For example, in one or more embodiments, no observable tellurium deposit is formed
in the calcination vessel or the calcination furnace when the catalyst compositions of
the present invention are calcined for about 2 hours under nitrogen at a temperature of
about 600 °C. The catalyst compositions of the present invention exhibit enhanced
stability when compared to other tellurium-containing catalysts. This enhanced
stability results in less degradation in catalyst performance with time on-stream, and

also enables the catalyst to maintain good performance at higher space velocity.

SPECIFIC EMBODIMENTS
In order to illustrate the instant invention, mixed metal oxide catalyst were
prepared and then evaluated under various reaction conditions. The compositions listed
below are nominal compositions, based on the total metals added in the catalyst
preparation. Since some metals may be lost or may not completely react during the
catalyst preparation, the actual composition of the finished catalyst may vary shightly

from the nominal compositions shown below.
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A 125 mL Teflon reactor liner was loaded with MoOs (8.0 g), Sb,05 (1.418 @),
TiO; (0.444 g), Te(OH) (0.255 g), and Nd(QAc); (2.78 mL of a 0.1 M sclution) and
water (10 mL). As used in this example and several subsequent examples, “(OAc);”
designates the acetate hydrate for the named lanthanide metal. The mixture was stirred
for about 5 minutes, after which time was introduced VOS8O, (1667 mL of a 1| M
solution) and niocbium oxalate (7.39 mL of a 0.451 M solution where the molar ratio of
oxalate to niobium is about 3/1). Water was added to obtain an about 80% fill volume
in the reactor liner. The reactor was then sealed with a Teflon cap in a metal housing,
placed in an oven preheated to 175 °C and continuously rotated to effect mixing of the
liquid and solid reagents. After 67 h (h = hours), the reactor was cooled and the Teflon
liner was removed from the housing. The product slurry was stirred for 2 minutes, and
then vacuum-filtered using a glass frit and washed by the addition of 200 mL water in
three portions. The wet solid was then dried in air at 120 °C for 12 h. The resulting
solid material was crushed and calcined under N; for 2 h at 600 °C. The solid was then
ground, pressed, and sieved to a particle size range of 145 to 355 microns and tested for
catalytic =~ performance. This material has the nominal composition
Mo Vp.35b0.175Nbg 06T €0.02 Tio. Ndo.0050n.

The material was tested as a catalyst for the heterogeneous ammeoxidation of
propane to acrylonitrile. At 420 °C, WHSV = 0.2 and a feed ratio of CiHz/NH:/O2/He
= 1/1.2/3/12, an acrylonitrile yield of 61% was obtained (89% propane conversion,
68% acrylonitrile selectivity).

Example #2 ~ Mo1V38bg.1sNbo.osTeo.02Ti0.1Li0.016Ndo 0050

A first material was prepared as follows. A 23 mL Teflon reactor liner was
loaded with MoQO5 (1.152 g), VOSO,4 (2.30 mL of a 1.04 M solution), niobium oxalate
(1.60 mL of a 0.40 M solution where the molar ratio of oxalate to niobium is about
313, Sh0s3 (2.93 mL of a 0.49 M slurry), TiO: (2.85 mL of a 0.28 M slurry), Li(OAc)
(1.00 mL of a 0.40 M solution), Te(CH)s (0.80 mL of a 0.20 M solution), and
Nd(OAc); (1.00 mL of a 0.04 M solution). Water was added to obtain an about 60%
fill volume in the reactor liner. The reactor was then sealed with a Teflon cap in a
metal housing, placed in an oven preheated to 175 °C and continuously rotated to effect
mixing of the liquid and solid reagents. After 48 h the reactor was cooled and the

Teflon liner was removed from the housing. The product slurry was stirred for 2
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Exanpl e #14: MVO0. 25Sbo. i oTe0. 02NbOasNd0. 002Ce0. 003Ei 0. 0130, 145% St 02
Exanpl e #15: MVO. 25f1 ho. 167Tco. 04Nb008 NdO. 002Cco. 00sLi 0. 0130x/ 45% Si 02 10
For the catal ysts of Conparative Exanple #13 and Exanpl es #14 and #15,

addi ti onavoamsiipasy (0. 08 nol es Sb/nole M) was addedPCEHUSHEs/HA8El ysts by
dusting the catalyst with 512203. The catal ysts were then tested in a 40cc
lab fluid bed reactor under the sane conditions described above for the

Conpar ative Ex and #8 Exampl es #7 and # hrough #12. The
Costing. rooul B fia® Bitpie Bt Gbe o i ul vaes A Gmen sy s
Exanpl es #14addibdT 55(amE watemibiiez eortibi. Tablvet ﬁll@%@%ﬁ[en diddll i aid at9.°CH#

Cat al yst ConPooﬁbthl %e resurlgng soir& magnggwas cru¥he% calcm I\A l}lnldgrl 192 f\(/)\rH 28'!\1/at 600 Yo %
°C. This material has the nominal composition
5 Mo, V.3Sbe.1sNbo.esTeo02Tio. Lin.osNdg.oosOn.

A second material was prepared as described above for the first material, except
that the lithium acetate was omitted. This second material has the nominal composition
Mo1V.38bg.1sNbo 0gT€0.02Ti0.1Ndp.005Cn.

A 0.45 g portion of the first material and a 0.94 g portion of the second material

10 were combined to form a sample having the nominal composition
Mo1V0.35bo.18Nbo.og Teg.02Tin.1 Lig.0160Ndo.00sOn.  The solid was then ground, pressed, and
sieved to a particle size range of 145 to 355 microns and tested for catalytic
performance.

The material was tested as a catalyst for the heterogeneous ammoxidation of

15 propane to acrylonitrile. At 433 °C, WHSV = 0.2 and a feed ratio of C3Hg/NH1/O»/N,
= 1/2.0/3/12, an acrylonitrile yield of 60% was obtained (91% propane conversion,
65% acrylonitrile selectivity).

Comparative Example #3 - Mo,V 3Sbyg :Nby 06T ip, 1Ndg 00500

A 125 mL Teflon reactor liner was loaded with MoOs (8.0 g), Sb,05 (1.620 g),

20  TiO; (0.444 g), and Nd(OAc); (0.0893 g) and water (10 mL). The mixture was stirred
for about 5 minutes, after which time was introduced VOSO, (16.67 mL ofa 1 M
solution) and miobium oxalate (7.612 mL of a 0.438 M solution where the molar ratio
of oxalate to niobium is about 3/1). Water was added to obtain an about 80% fill
volume in the reactor liner. The reactor was then sealed with a Teflon cap in a metal

25 housing, placed in an oven preheated to 175 °C and continuously rotated to effect
mixing of the liquid and solid reagents. After 48 h, the reacior was cooled and the
Teflon liner was removed from the housing. The product slurry was stirred for 2
minutes, and then vacuum-filtered using a glass frit and washed by the addition of 200
mL water in three portions. The wet solid was then dried in air at 120 °C for 12 h. The

30 resulting solid material was crushed and calcined under N; for 2 h at 600 °C. The solid
was then ground, pressed, and sieved to a particle size range of 145 to 355 microns and
tested for catalytic performance. This material has the nominal composition
Mo} Vp.3SbgsNbg.o5 Tip, ) Ndo.005On-
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% C13 MVO. 25Sbo. 167- Fo. osNboasNdo. 002 440 16 67.3 54.7 36.8 0.060

Ce0a0O3Ei 0.0 i 30, 145% Si 02 14 MoVO. 25Sb01 v+o0. 0osTeo. ozl \rho. os 440 16
70.6 58.3
WO 2008/103255 PCT/US2008/001842

The material was tested as a catalyst for the heterogeneous ammoxidation of
propane to acrylonitrile. At 430 °C, WHSV =0.15 and a feed ratio of C3Hz/NH1/O»/He
= 1/1.2/3/12, an acrylonitrile yield of 56% was obtained (87% propane conversion,
64% acryloniirile selectivity).

5 Comparative Example #4 - Mo,V 338bg.25Nbg.g75T1p 125Ndg 005200

A 200 mL Teflon reactor liner was loaded with MoQ; (6.334 g), Sb,O; (1.283
g), TiO; (0.351 g), Nd(OAc); (0.088 g) and water (10 mL). The mixture was stirred for
about 5 minutes, after which fime was introduced VOSO4 (132 ml of a 1.0 M
solution) and niobium oxalate (6.083 mL of a 0.434 M solution). Water was added to

10  obtain an about 80% fill volume of the reactor liner. The reactor was then sealed with a
Teflon cap in a metal housing, placed in an oven preheated to 175 °C and continuously
rotated to effect mixing of the liquid and solid reagents. After 48 h the reactor was
cooled and the Teflon liner was removed from the housing. The product slurry was
centrifuged to separate the solid reaction products from the liquid. The liquid was

15 decanted and distilled water (25 mL) was added to the solid. The solid was crushed and
agitated to dissolve soluble salts. The mixture was centrifuged and the liquid decanted.
This washing was done twice. The wet solid was dred in air at 120 °C for 12 h. The
resulting solid material was crushed and calcined under N, for 2 h at 600 °C The solid
was then ground, pressed, and sieved to a particle size range of 145 to 355 microns and

20 tested for catalytic performance. This material has the nominal composition
MolVO.BSSbD.ZSNbﬁ.OTSTiO.l25Nd0.00620n-

The material was tested as a catalyst for the heterogeneous ammoxidation of
propane to acrylonitrile. At 420 °C, WHSV= 0.15, and feed ratio C;Hg/NH1/Oy/He =
1/1.2/3/12, an acrylonitrile yield of 58% was achieved at a propane conversion of 84%

25 and an acrylonitrile selectivity of 69%.

Comparative Example #5 - Mo;V.35bg 2Nbg.0s Tio.1G€0,05N80.00505

A 23 mL Teflon reactor liner was loaded with MoQO; (1.20 g}, Sb,05 (0.243 g),
GeQ; (0.0436 g) and water (2.0 mL). The mixture was stirred for about 5 minutes,
after which time was infroduced VOSO; (2.50 mL of a 1.0 M solution), TiO, (0.833

30 mL of a 0.08g/mL slurry), Nd(OAc), (0.417 mL of a 0.1M solution), and niobium
oxalate (1.142 mL of a 0.438M solution). Water was added to obtain an about 80% fill
volume of the reactor liner. The reactor was then sealed with a Teflon cap in a metal

housing, placed in an oven preheated to 175 °C and continuously rotated to effect
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41.2 0. 060

Ndo. OnCe0. 003! i 0. €130x/ 45% Si 02 15 MoVO. 25Sbo. i

67. 0. 0sTeo. 04Nhaos 439 16 79.6 57.2 45.5 0. 060

Nc10. 002Cco. 003Li 0. 0130x/ 45% Si 02 439 20 82.6 55.6
WO 2008/103255 PCT/US2008/601842
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mixing of the liquid and solid reagents. After 48 h the reactor was cooled and the
Teflon liner was removed from the housing. The product slurry was centrifuged to
separate the solid reaction products from the liquid. The liquid was decanted and
distilled water (5 mL) was added to the solid. The solid was crushed and agitated to
dissolve soluble salts. The mixture was centrifuged and the liquid decanted. This
washing was done twice. The wet solid was dried in air at 120 °C for 12 h. The
resuiting solid material was then crushed and calcined under N, for 2 h at 600 °C. The
solid was then ground, pressed, and sieved to a particle size range of 145 to 355

microns and tested for catalytic performance. This material has the nominal

composition Mo; Vi 38be 2Nbg o6 Tio.:Gep.05Ndo.00500.

The material was tested as a catalyst for the heterogeneous ammoxidation of
propane io acrylonitrile. At 420 °C, WHSV= 0.15, and feed ratio C3H/NH3/0y/He =
1/1.2/3/12 an acrylonitrile yield of 58% was achieved at a propane conversion of 84%
and an acrylonitrile selectivity of 69%.

Comparative Example #6 and Example #7

For Comparative Example 6, a base catalyst of formula
MoV .2, Sbg 24Nbg 090,/45% 810, (referred to hereinafter as the “4 Component Base™)
was prepared by a non-hydrothermal method and calcination method described herein.
Similarly, for Example #7, a catalyst of formula MoV215bs 24T€5 04Nbg 050x/45% Si0;
was prepared by additionally adding tellurium fo the “4 Component Base” catalyst
using the impregnation method described herein.

Comparative Examples #8 and #9 and Examples # 10 through #12

For Comparative Eﬁample #8, a base catalyst of formula
MoV .38bg 2Nbg.0gTip.1Ce.0050x/ 45% SiCs (referred 1o hereinafter as the “6 Component
Base™) was prepared by a non-hydrothermal method and calcination method described
herein. Similarly for Comparative Example #9 and Examples #10 through #12, the
catalyst compositions shown below with varying tellunium content were prepared by
additionally adding tellurium to the *6 Component Base” catalyst using the
impregnation method described herein.

Comparative Example #9: MoV38bg.2TeossNbo.osTio.1Cep.00s0x/45% 510,

Example #10: MoVp38bg2Te0.0sNbp.osTio.1Ce0.0050:/45% SiO,

Example #11: MoV 358bg2Tep03Nbo.oa Tio.1Cep0ps0,/45% Si0-

Example #12: and MoV38bg2Teq0:Nbg.gsTip 1 Cep gosOx/45% Si0;
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45.9 0.055 439 92 83.9 57.0 47.8 0.055 439 113 86.3 55.3 47.8 0.050
442 117 87.9 54.6

WO 2008/103255 PCT/US2008/001842

Catalysts of Comparative Examples #6 and #8 and Examples 7 and #9 through

#12 were tested in a 40cc lab fluid bed reactor having a diameter of l-inch. The reactor

was charged with about 20 to about 45g of particulate catalyst or catalyst mixture.

Propane was fed into the reactor at a rate of about 0.04 to about 0.15 WHSV. Pressure

5 inside the reactor was maintained at about 2 to about 15 psig. Reaction temperatures

were in the range of about 420 to about 460 °C. Generally, ammonia was fed mto the

reactor at a flow rate such that ammonia to propane ratio was from about 1 to about 1.5.

Oxygen was fed into the reactor at a flow rate such that oxygen to propane ratio was

about 3.4. Nitrogen was fed into the reactor at a flow rate such that nitrogen to propane

10  ratio was about 12.6. The testing results for the catalysts of Comparative Examples #6
and #8 and Examples 7 and #9 through #12 are summarized in Table 1 below.

Table 1
Ex. | Catalyst Composition Temp ! TIS | C; | AN AN | WHSV
# °C h |conv| sel yield
% % %
C6 | MoV218b.24Nbo.0sOy/ 45% Si0; 440 27 | 823|412 | 339 0.05
440 48 | 751 | 434 | 32.6 0.07
7 MoVi.21Sbg 24Tep.04Nbo.000Ox 440 65 | 788 | 51.2 1 403 | 0.049
/ 45% Si0s ' 450 ] 218 | 80.6 | 53.8 | 434 0.07
C8 | MoVg3SboaNbgosTi0.1Ce0.0050x 440 66 82 {414 | 340 0.05
/ 45% Si0,
C9 | MoV35ba2Teo 0sNbo.osTio.1 CeoposOx | 440 21 | 58.1 | 345 | 200 0.05
!/ 45% Si0;
10 | MoV3SboaTegoaNboosTioaCeooosOx | 440 | 138 | 81.7 | 489 | 40.0 | 0.05
/ 45% 510, 455 332 | 783 {483 | 378 0.07
11 | MoVg3SboaTeonNbpogTio1Ceoo0sOx | 440 | 233 | 73.6 | 46.6 | 343 | 0.049
/ 45% Si0; 440 45 | 654 ] 499 | 32.6 | 0.069
12 | MoVg3SbosTeo0aNbgosTip1CegoosOx | 440 67 | 792 | 413§ 327 0.05
/ 45% Si0;

15
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48. 0 0. 050 443 119 88.1 53.6 47.2 0.055 445 135 88.4 54.1 47.9 0.055
447 140 89.6 53.4

WO 2008/103255 PCTAIS2008/001842

Comparative Example #13 and Examples #14 and #15
For Comparative Example #13, a base catalyst of formula
MoV258bg 167Nbg.0sNdp 902Ce0.003Li0.01304/45% Si0, was prepared by a non-
hydrothermal method and calcination method described herein. Similarly for Examples
5 #14 through #15, the catalyst compositions shown below with varying tellurium content
were prepared by additionally adding tellurium to the catalyst using the impregnation
method described herein.
Example #14: MoVg25Sby.157T€0.02Nbp.0alNdp 002Ce0.003Li0.01:0:/45% Si0;
Example #15: MoV .258by.157T€0.04Nbo.os Ndo.002Ce0.003Li0.0130x/45% Si0O2
10 For the catalysts of Comparative Example #13 and Examples #14 and #15, additional
antimony (0.08 moles Sb/mole Mo} was added to the catalysts by dusting the catalyst
with Sby03. The catalysts were then tested in a 40cc lab fluid bed reactor under the
same conditions described above for the Comparative Example #6 and #8 and
Examples #7 and #9 through #12. The testing results for the catalysts of Comparative
15  Example #13 and Examples #14 and #15 are summarized in Table 2 below:

Table 2
Ex. | Catalyst composition Temp | TIS | C; AN AN | WHSV
# °C h |conv| sel | yield
% Y% Yo
C13 | MoVo.25Sbg.167+0.08Nbg,0sNdo 002 440 16 | 673|547 | 368 | 0.060
CeoonsLioo1304/45% Si0
14 | MoV4.258bo 167+0.08T€0.02Nbo.os 440 16 | 70.6 | 583 | 412 | 0.060
Ndo.002Ce0.003110.0130x/45% Si0O,
15 | MoVgasSb.167+0.08T€0.04Nbo 08 439 16 | 796 { 57.2 | 455 | 0.060
Ndp.002Ceo.003L.i0.0130x/45% SiC2 439 | 20 | 826|556 | 459 | 0.055

439 92 839 5701 47.8 | 0055
439 113 | B6.3 § 553 | 47.8 | 0.050
442 117 | 879 | 54.6 | 48.0 | 0.050
443 119 | 881 | 53.6 | 472 | 0.055
445 135 | 884 [ 54.1 | 47.9 | 0.055
447 140 | 89.6 | 53.4 ] 478 | 0.055
446 142 | 87.6 | 55.5 | 48.7 | 0.055
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47.8 0.055 446 142 87.6 55.5 48.7 0.055 As used in this
application and in Tabl es 1 and 2 above, "Tenp" is the reactor tenperature
in degrees centigrade. "TIS" is the "time on stream in hours (h). "C3
cony" nedk8 2¢Bap@Eie conversion and is the rml e per cenﬁ’%@&‘ﬁ%{%"ésﬁonver sion
of propane to all products and by-products. "AN sel"™ means acrylonitrile
selectivity and is the ratio of 5 nol es of acrylonitrile produced to noles
of propane converted ess i,el d"_means acrylonitrile
yield and is the ‘of® ‘? l?é‘ﬂ *é‘fn %@é%%%??v‘e?fa%#%?’ DFBP ali dhe Tgactor

acryl oni tri | empérd¥is\Vin daigﬂ%cdnhg'amﬁl OIS ot fty‘mﬁ pAceeavel iAoty (B tdle propane
fed to the react or and is exp resse hle ht of gropan /[ wei ght of

cat al yst / houto™ al"€§* RAEAT °°§ A" ‘S_L@WI'P Berfﬂﬁ °f B YOI FER R DP] on and
the above emibgbdwentisd hyerddyq:u C &ANfsel” riche apﬂy&ﬁfbﬁ@ezleeﬁmyhﬁi is figet @ty of
invention, it /s ent. t al ternatives ations d

vari ationd wif %feacg méhrleeﬁlﬁog'f h%ﬁsk{éS of BrPg © nveﬁ?dheépig?sfchrPechrﬁht %gf this
descri pti on. ydd coras ﬁ‘gﬁ?f}*miet}’lﬁké ardnis dhedede pasnt pel pass gerviersibrt off prepane/ @S,

mdificationﬁcr}admnwar*mmrﬁea@ree %@x&aﬁed ycea@dcxiyaéflmé/\brbmyfehhgﬂ&plrlt and
broad scope of the ap end rocess for the

o o et B APRRICRE: Bt SEEB of PR e o SERGF: alat KR and

unsat ur at ed twsdi'ocarbon to produce an unsaturat ed nitrile, said process
conpri si cont act,ing.the saturated or turat d,.or m xture of saturated
and unsa{11 rated %?‘%@3?%%%?1% FFrE ?‘ﬁd c?"%ﬁmﬁ%lagﬁs %?SHEPéﬁah?ﬁ&‘ ®gas in
the pr esencepméncaoﬁalt:aisyast me@mpmsti it bﬂmemﬂﬁpmaﬁyl ahgrnatives xedifiodticls, ald
-enpirical forml.a; | Vashbl Ted L . rein Xis selected
“from the group a%or?s‘katl hEPIBTe ége(; J} the, gt ’%Hﬁhtn’i’@&‘ﬁr ‘(i?“fﬂ‘i‘@?‘eof cLis
sel ect ed fr oAxddndingly.ous mtamkdsthat rag smcfh femafieks, modficatistsuang Svatift@ne aie;

150. 1<a<0. 8, elgbrgéeé l%?gm? fall within the spirit and broad scope of the appended claims.
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0. 001<c<0. 3, 0.001<d<0.06, 0<e<0.6, 20,0<f<0.1; and n is the nunber
of oxygen atons required to satisfy valance requirenents of all other

el enents present in the m xed oxide with the proviso that one or nore of
the other elenments in the m xed oxide can be present in an oxidation state
| ower than its highest oxidation state, and wherein a, b, ¢, d, e and f
represent the nolar ratio of the 25correspondi ng el enent to one nole of M.
2. The process of claim1l, wherein in the catal yst conposition: 0.2<a<0.4,
0. 1<b<0. 4, 0.01<c<0.2, 0.002<d<0. 07 AmB01<e<0.3, and 0.001<f <0. 05.

3. The process of claim1, wherein X is selected fromthe group consisting
of 30elenents Ti, Sn and m xtures thereof. 35 4. The process of claiml,
wher ei n {\resigigt al yst composition conprises a support selected fromthe
group consisting of silica, alumna, zirconia, titania, or mxtures

t hereof. 55. The process of claim4, wherein the support conprises 10 to 70
wei gh per cent of A becesd faf jhetamrioxiduatiop piox sEerated wlmbs&u@ewmemi@w t he

Y 0r0Car bon ek Uele BBl S0S ok SORYA Sl 1 ISBLMLES LR S0, 10 7

The proc8 eﬂf" &< el r OV ng a feed
stream cprmpesssuon'gmszag oottetthgdhe sats@tadrauashtonatad O(mmxtsrecﬂf sgturaiechansd and

unsat uraf es d}g@gﬂgﬁséﬁa QLR BB, RO SORY gggfnqq%g,%éen dgherein the

mol ar ratio o T OCArBON ¢ 6 oxygen is 8. The
process ofa cataiyshcmmpmmqmnrhmgmm@;@@QX"ﬁm@ﬂmm&cqbf%mubl ng a feed stream
conpii sing saturated or unsaturated or mxture of saturated and unsaturated
hydr ocar bon, ammoni a, and an oxygen-cont ai ni ng gas, wherein the nolar ratio
~of hydrocarbon to ammnia is f¥MeV:8:NbiTgLE 9. The process
~of claim1l1, wherein the process includes pr OVI ding a feed

wherein X is selected from the group consisting of Ti, Sn, Ge, Zr, Hf, and
mixtures thereof: L is selected from the group consisting of Pr, Nd, and mixtures thereof,
15 0.1<a<0.8,
0.01<b<0.6,
0.001<e<0.3,
0.001<d<0.086,
0<e<0.8,
20 D<f<0.1; and
’ n is the number of oxygen atoms required to satisfy valance requirements of all
other elements present in the mixed oxide with the proviso that one or more of the other
elements in the mixed oxide can be present in an oxidation state lower than its highest
oxidation state, and wherein a, b, ¢, d, e and f represent the molar ratio of the
25  corresponding element to one mole of Mo.
2. The process of claim 1, wherein in the catalyst composition: 0.2<a<0.4,
0.1<b<0.4, 0.01<c<0.2, 0.002<d<0.05, 0.001<e<0.3, and 0.001<f<0.05.

3. The process of claim 1, wherein X is selected from the group consisting of
30  elemenis Ti, Sn and mixiures thereof.

35
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stream conprising saturated or unsaturated or m xture of saturated and
unsaturated hydrocarbon at a flowrate that is controlled to provide a

wei ght hourly space velocity of at |least 0.1 grans hydrocarbon to grans of
catal yst. 10. The process of claim1, wherein the process

i ncl udes providing a feed stream conprising saturated or unsaturated or

m xture of saturated and unsaturated hydrocarbon at a flow rate that is
controlled to provide a weight hourly space velocity of at |east 0.15 grans
hydr ocar bon t é. gr afise pbcesstchlipist 1, wherein thejgatalysh eoppesiiedscosiprisesd m 1,
wherein ] Ll ST ; | S ur ated
or - Unsat Ch e o e e A L A, B e ™
flow ratétherenit is controlled to provide a weight hourly space velocity of
at least 0.2 grans hydrocarbon to granms of catalyst. 12. A process
for the amoxidation of a saturated or unsaturated or mixture of saturated
and uhsat ur at 8d hydrorrasessof egimp et oMirrain e sHreat corapEsesAPte reweitkhid 5
process eoRBRi I kHckMN acting the saturated or unsaturated or mxture of
saturated and unsaturated hydrocarbon with amoni a and an oxygen-cont ai ni ng
gas in the presence of a catalyst conposition conprising a m xed oxi de of
enpi rical forgul a: TAdprYasiNerihe d Xehdréig lihd hydrocarbon includes proga@eei n X i's
selected fromthe group consjsting of Ti, Sn, Ge, Zr, Hf, and 10m xtures

t her eof ; 'S"b”ta”e'q{ag‘%‘x@%t%@@ fromthe group consisting of Pr, and Nd, and
m xtyges thereof; Ais at |east one of Na, K Cs, Rb and m xtures thereof;
0. 1<a<0, 8, 0.01<b<0.6, 150.001<c<0.3. .0.001<d<0.06,,K 0<e<0,6 0xf<0.1,
10<g<0. 1 200<h&oA e procid o ﬁ*""l“%1t‘ﬁ'?eé‘"ﬁ'{]r%ee‘?m%‘?"’%@‘é’&ﬁ PVEIRS 7880 red to

. satisfy gabameempiing ssaueiet r ofisalrbiedtdn enixtek efeattistqur @slemsaturetéche m xed

oxi de with,the praoviso.that _on - Of ] in the m xed
oxi de ca y%gcﬁpg%@mnqn@,gﬂé 899%%%%%3%‘%{53 é’%egqtsg\&gér}g{aﬁé%ﬂoﬁ g? aﬁxfo;qp‘]est oxi dati on
st at e, ahgdroabebai to axygdm is dpmd).125tof5, g, and h represent the nolar ratio of

t he 20 correspondi ng el enment to one nole of M. 13. The process of
claini 12, wherein in the catal yst conposition: 0.2<a<0.4,
8. The process of ciaim 1, wherein the process includes providing a feed

stream comprising saturated or unsaturated or mixture of saturated and unsaturated
hydrocarbon, ammonia, and an oxygen-containing gas, wherein the molar ratio of
hydrocarbon to ammonia is from 0.3 to 2.5.
20
8. The process of claim 1, wherein the process includes providing a feed
stream comprising saturated or unsaturated or mixture of saturated and unsaturated
hydrocarbon at a fiow rate that is controlled to provide a weight hourly space velocity of
at least 0.1 grams hydrocarbon to grams of cataiyst.
25
10. The process of claim 1, wherein the process includes providing a feed
stream comprising saturated or unsaturated or mixture of saturated and unsaturated
hydrocarbon at a flow rate that is controlied to provide a weight hourly space velocity of
- at least 0.15 grams hydrocarbon to grams of catalyst.
30
11. The process of claim 1, wherein the process includes providing a feed
stream comprising saturated or unsaturated or mixture of saturated and unsaturated

hydrocarbon at a flow rate that is controlied to provide a weight hourly space velocity
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0. 1<b<0. 4, 0.01<c<0.2, 0.002<d<0.05, 0.001<e<0.3, and 0.001<f<0.05. 3014.
The process of claim 12, wherein in the catal yst conposition: 0.03<h<0.06
35 15. The process of claim 12, wherein Xis selected fromthe
group consisting of elenents Ti, Sn and m xtures thereof. 16. The
process of claim 12, wherein the catal yst conposition conprises a 5support
sel ected fromthe group consisting of silica, alumna, zirconia, titania,
or m xtures thereof. 17. The process of claim 16, wherein the
support obapeassds? f@ntsdyddcaiogit grerscénttalybt. t he catal yst. 10 18.
The process of claim1l, wherein in the catal yst conposition: 0.2<a<0.4, O
<b<0. 4, 0.01<¢20. 2A phod262 fod £ DBmoleaiod.0Ba satuthi@kbadseBirated or mixturd 9. The

D50 bt B p B AD Ao Bigtits SEIRERIEAME, 708
(2) 0.1<g§ 8 gra@eassor@pirismlgajomamﬁngme semrat@ohortum@afcfﬁ@ yswt;mrpfcegmraf@ﬁ an@).zi <$;g. 4,
) : gPS%Flggeﬁ%fgro%arbgn 9\9{% éﬂ'ﬁ%rﬁaseanooarp%égn-gorﬁamﬁ@%ag ﬂ tﬁg pgeiégri %Ep 4 :

process alm I2, wherein in the catal ySt conposrtion:
0. 1<b<0. 4f a gaiglyaiccompRsition oORRIBLE DEHixed 28dd oBemaifier! darmu®: 05. 22. The

process of claim12, whereinpjdihangabalyatleomposition: 0.2<a<0.4,
0.1<b<0.4, 0.01<c<0.2, 0.002<d<0’ 05, 0<e<0.3, and 0.001<f<0.05. 25

23. The proce¥§eisin Xk sHetacted fragmbedrern sonpinenceftTalSis Gee dipbsandi on:
0. 2<a50. ixilred 5G4, 0. 01<c<0.2, 0.002<d<0.05, 0.001<e<0.3, and O<f<0. 05

L is selected from the group consisting of Pr, and Nd, and mixtures thereof; A is
at laast one of Na, K, Cs, Rb and mixtures thereof;
-0.1<a<0.8,
0.01<b<0.6,
15 0.001<c<0.3,
0.001<d<0.06,
O<e<0.6,
O<f<0.1,
0=<g=<0.1,
20 O<h<{.1, and
n is the number of oxygen atoms required to satisfy vaiance requirements of all
other elements present in the mixed oxide with the proviso that one or more of the other
elements in the mixed oxide can be present in an oxidation state lower than its highest
oxidation state, and wherein a, b, ¢, d, e, f, g, and h represent the molar ratio of the

25  corresponding element to one mole of Mo,

13.  The process of claim 12, wherein in the catalyst composition: 0.2<a<0.4,
0.1<b=<0.4, 0.01<c<0.2, 0.002<d<0.05, 0.001<e<0.3, and 0.001<f<0.05.

30 14. The process of claim 12, wherein in the catalyst composition: 0.03<h<0.06

35
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15.  The process of claim 12, wherein X is selected from the group consisting

of elements Ti, Sn and mixiures thereof.
16. The process of claim 12, wherein the catalyst composition comprises a
support selected from the group consisting of silica, alumina, zirconia, titania, or mixtures

thereof.

17. The process of claim 16, wherein the support comprises 10 to 70 weight
percent of the catalyst.

18.  The process of claim 1, wherein in the catalyst composition: 6.2<a<0.4,
0.1<b=<0.4, 0.01<c<0.2, 0.002<d<0.06, 0<e<0.3, and 0<f<0.05.

16 The process of claim 1, wherein in the catalyst composition: 6.2<a<0.4,
0.1<b<0.4, 0.01<c<0.2, 0.002<d<0.05, 0<e<0.3, and 0.001<f<0.05.

20. The process of claim 1, wherein in the catalyst composition: 0.2<a<0.4,
0.1<b<0.4, 0.01<c<0.2, 0.002<d<0.05, 0.001<e<0.3, and 0<f<0.05.

21. The process of claim 12, wherein in the catalyst composition: 0.2<a<0.4,
0.1<b<0.4, 0.01<c<0.2, 0.002<d<0.06, 0<e<0.3, and 0<f<0.05.

22. The process of claim 12, wherein in the catalyst composition: 0.2<a<0.4,
0.1<b<0.4, 0.01<c<0.2, 0.002<d<0.05, 0<e<0.3, and 0.001<f<0.05.

23. The process of claim 12, wherein in the catalyst composition: 0.2<a<0.4,
0.1<b<0.4, 0.01<c<0.2, 0.002<d<0.05, 6.001<e<0.3, and 0<f<0.05.
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