M XED METAL OXI DE CATALYSTS FOR THE AMNI OXI DATI ON OF PROPANE AND | SOBUTANE
BACKGROUND OF THE | NVENTI ON 5Field of the Invention The present
invention generally relates to a process for the amoxidati on or oxidation
of a sat w@bmgh@bssunsat urated hydrocarbon to produce aprARséMheLed
nitrile or an unsaturated organi c acid. The invention
particularly relates to a process for the gas-phase conversion of 10
propane to actylonitrile and isobutane to nethactylonitrile (via

anmoxi dat i on) MEXBP METARQXIDE CATALYSESFOR IHE AMMOXaDATIONOH hacrylic
acid (via oxidation). Descri Ry | t M xed net al

oxi de catal ysts have been emﬁﬂ%ﬁgpﬁf@%@%@ksi on of propane to
acrylonitrile and i sobutane to nmethacrylonitrile (via an anmoxi dation
reaction) 15 and/or for c i I - ylic acid (via an

oxi dation reaction). The ?ﬁﬁﬁﬁgmo?rﬁﬁmﬁﬁ% udes nunerous patents
and paten? applications, includiFigdfo6thedueengib®e, U.S. Patent No. 5,750, 760
to Ushi kubo et a : 080 a etal.. . US Patent
"No. 6,043,186 tQInP?oIr)rlgsdee?t lerfvgltétﬁﬁ ge%?ﬁsg%né%g&éﬁoﬁ DTRG0 et

al ., U S. Paxuationgda seusied opgsatumtedinidencatborato producSan Rasterated Afipleiog at i on
No. 20 US 2QQ3LQ088ddlGeMic Ry Komada et al., U S. Patent Application No.
2004/ 0063990 Al to Gaf %_ney et al., and PCT Patent Application No. WO
2004/ 108278 Al byhenmsgrition easienlanky tlasdsi tria redesshiar the gas-phaéé ténvengion of
advancengft Srdpane PR ot BIE add isbtiar@th nietha RARAE (0 am.,gop%gﬁ&su

Sts
contai ni ng nol ybdenum vanadi um antinony ahd niobiume Ve for the
conver si on PPpare igagylihreid gddsabylapmiommathagrylinerid edsheridation)t o
met hacrylonitrile (via an anufRygd j

Sitlon @R eHeGRfdriAge) and/or for the

conversion of propane to acrylic acid and isobutane to nethacrylic acid
(via an oxi dat i oMUredAnaty! giide catplysts havg bgen anpleyed forthe ¢paversipmefavemment bef or e

beconi ng congrREsioaltn aiabiant o ARGRIAonitilke (A ha KBAWMGALR LMLddR) SYSt ens
for such reacrlsll ons suffer fromgeneral |y |ow yields of the desired _
product . 130 TRYPLIT GARVESIPN R PERENS B agryhcercik (Viatie axiderien meefioss Theetfor t he

annnoxi dat i o IPHAPANE it HEHEHR utedHa palell apphiatoRf) URThRIR P
propane to ac;rﬁlli gc%g a %z&ggt‘?ne tQ nmethacrylic acid (via an

oxi dati on r&X Ii’%ﬁ'i'.‘ PANDs T A7 19 Hrhigop &f ale iU % Bptemt HR- @0R%RSP 4o of

tel | urium haSomagxbidhi U PatehtQ8s 600643184 foUk dnatid @tull, DS, tPRRnt REEDMEGS4 | on or
oxi dati on opegation. st _.perf ce can he atively iInpacted by
the | oss of Q? félaﬂaﬁ? %&hcﬁégk%ﬁﬁﬁq ﬁ’i&%i‘b‘i“ﬁﬁh‘ar ﬁgaiﬂ’ AW N osur e
rel ates 2® aJ§2008/0688311 DAL bidoamadmatiatl oy iSoPatak Appliatied ¥b. 2000006390941 ur at ed
or m xture rat ed turated .h 0 ce. an,.

unsat ur at ed%i@?ﬁll%e;a éﬁhélg&p;?ggg%gmgé&r%ﬁ?a&%y%%%@%’L@zﬁg‘qs t {53 ed or
unsat ur at ed Kasei fakushikeKaishasat ur at ed and unsat urat ed hydrocarbon with
anmoni a and an oxyge . N Ln . the presence of. a catal yst
conposi tion conpri s gg%h%onﬁ?%g%ﬁ%?ﬁm\?gﬁ%m 'ﬁ?naéénn TR WHFIS%?%?W

tel lurium opetiiongmolybdenure yaradmme assineome and siebiemtedldctive don the@negrsior

consi st QF shdphNioWhkvidditdi Lo % LW haf ni um .and

opt i onal% at 'l ®ast (L)Hr‘?g“?ant&h%inalr ﬁ_e se et%?ﬁeegﬁ %’%lﬁg(}%raguaﬂ%‘%f“s’%i ng of
| ant hanum  &wetiann angion deto thentanyersien oufy propane o agveylicuanid end dpibutane to _
gadol | i UM nflyael AS blf(vih G BxbiTliorP kL), chd 'L ndeh Al oLl U €T U

The catalyst 15 Conposition used in thi'S process is _ cterized
by rel ati vebgforedwcomips rampercially vighley dn generahdheasivorpsint datalytic systems for

such reactions suffer from generally low yields of the desired product.

30 Tellurium can become volatile at the temperatures used for the ammoxidation of
propane and isobutane and/or for the conversion of propane to acrylic acid and
isobutane to methacrylic acid (via an oxidation reaction). Catalysts containing

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



In one enbodi nent, the present disclosure relates to a process for the
conversion of a hydrocarbon selected fromthe group consisting of propane,
i sobutane or mxtures thereof, to acrylonitrile, methacrylonitrile, or

m xtures thereof, the process conprising 20 the step of reacting in the
vapor phasw0a00848328 evat ed tenperature sai d hydrocar borPGH¥FOE N 2cul ar
oxygen-contai ning gas and ammoni a, in the presence of a catal yst
conposition conprising nol ybdenum vanadi um antinony, niobium tellurium

optionally at |east .one elenent selected fr th roup consi sting.of
titanium ti n?"“ﬁ‘é’f‘ﬁsf’ﬁ‘ﬂﬁﬂﬁ oS ESh PR Thd ‘fﬂﬁlﬁ% Lﬂ?]‘?fmg?f’&c‘gﬁf‘? g‘?‘?af’?%?t’gerlyl east
one | ant hani degnpa@kdisi thellodSof feihiidnne group consi sting of |anthanum cerium
praseodym um neodym um sanarium . europi um gadolinium dysprosium

hol Mmum erbium thulium ytterbium and lutetium | n anot her

enbodi ment, the present disclSyuMMARYSO relates to amoxi dation catal yst
conposi tions conprising nolybdenum vanadi umy anti ngpny, ni obium

tel lurium 330 JdpeneaRAdimeEnG "I%?E‘Et%ﬁlgs,uéq rglf"r'gﬁtf) aE° n?‘é’&hefﬁnﬁ’i’ﬂxﬂ"’r%o“&foup

consi sting of a kiti@Ril Wi unbitirategic oxTMmbitang) of Zsatueatedi and) ursairabedf liydiocanbom Rel

optionally at |east one |anthanide,.selected fromthe qgroup consisting of

| ant hanum cePrP‘ﬁﬁf “Br‘ﬁ’éé‘ﬂ’&\}# H%’ghglgdwqﬁ?n% fﬂﬁm% @Bﬁ ﬁ'ﬁ{mw& or '

gadol i ni um dysiaed oimitofevisauratxicind nmpsatunattd hydrocwbbe with amimoniangd an

| utetium In a fi.rst _aspec t her e i§ Erga\(ai)p?s?d a pr.ocess far. the
of m

anmoxi dat i on GPEE-LRFHRE 50/ UNR XA ur ETPYSAM [FPRPEF 8ing
unsat ur at ey hipeiybdefizh Oanhdinm, astimenyaniobinma tellurivmg eptieraily et leshont gemeness

conpri sing contacting the saturated. or sat urate o m xture .of saturated
and unsaturat?&”ﬁéo&%‘éa AW R n?%gan a?ﬁtnb%ygen-‘%%n?’é"f’%’fl%’g a!g"?;ls in
t he presence nifniamcaidadpyishaityosijesst baeolanthanigy selected fmnnihg grbup)censsting of
enpirical for a: My1V3SbbNbeT. fQ" . %ﬂgg [N I SEI g from

t he group congﬁéﬁ“ﬁlg Gy PR : ’ng, Piﬁ,“‘%n m‘%‘u?‘é‘s’f’lﬁlﬁb eo1(:\ﬁ;}Il is

sel ect ed fr omiyspesigmp thplmionsi ebiung bflivn, yhgbiuandndi utetinms tTher eatdlyst

0. 1<a<0. 8,,.0. 01<h<0. 6 001 <c< . 0 <g<g: < <f < » and
nis the n{?nb‘éqmpgflg?&b‘ggnma 'osn%rg? 2t re éllto sati s %y\%ﬁgﬁeci%lo%egeagﬁéﬁents
of all other elhsimninghgcongesitionn t he ni xed oxide with the proviso that one

or nore of the other elenents in the.mxed oxjde can be Jr nt in a !
oxi dat i on st'at dnBEmbedERTY fhe RipssHEGRIGETe TRtes o {PReas ot fie Govelsitn®ha ||
c, d, e and -fhydeprbereletthd fiamh dhe gmup condisting of PoIReps penbitang celmunNee to
one mol e of Mi.of 1o acribniftils SEORELASRERL, or WbRAEs inSreBf Ml H6dseditRicngs for

t he anmoxkl ation éfo%c saturated or’ unsaturated or mxture of saturared and
unsat ur at e hthestep af ioenting én fhecaprrehans at#rselevaied tampersiure sakhydsospdop ik ess
conpri sing coghﬁﬁ&&m &x?'geﬁ_ggmdgagraﬁn%mtﬁdﬂﬁrwyw aObatRi@g ur at ed
and unsaturated hydrocafbon with ammonia and an oxygen-containing gas in
the presence efmpesition agopmristngnRIYHAPRID. c BHBANE (FFLEROAY, x BDHR: dellghm,
enpirical for Hﬂﬂoﬁé}lﬁ}\@ YapRbhgd R abitAd FhR th B1donsfsting of el tid, r OM
the group consisting of Ti, Sn, Ge, Zr, H, and m xtures thereof, L
is selected fgomaaing, groupme s tafiing, g ontionaliyat igpst onsclanthanider selectefier eof |
Ais at |eastggnenRl ohp Konsisting R adifthaint] Wesin,! BRs@alinivth, 1660 0mfm,

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

and lutetium. | A

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

compositions comprising molybdenum, vanadium, antimony, niobium, tellurium,

30 optionally at least one element selected from the group consisting of titanium, tin,

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

from the group consisting of lanthanum, ceritm, praseodymium, neodymium,

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



0. 01<b<0. 6, 0.001<c<0.3, 0.001<d<0.06, 0<e<0.6, 0<f<0.1, 0sg<0.1, 0<h<O0.1,
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 oxide can be
present in an oxidation state |lower than its highest oxidation state, and
wher ei n agndBetom. d, €, f, g, and h represent the nolar ratio of the
correspondi ng el emrent to one nole of M. I n one enbodi nent, the
catal yst conpdBiat ﬁréha&pmtp‘fhesee@ paoviiledeal pocesd doralie z&rmamidaﬁai off DERIA or

Mbi VaSbb s,aele ted fr mthe consi sting of Ti,
Sn, Ge, g?i@a mg%@g; m x?ﬁ?sle@é%eﬁearnéo LEP% liog etf'l‘é“ﬁﬁaB‘Ef’;Se%

consi sti ﬁbmb’f sajdzprocegs comnsmatontsrmgﬁmsat@dted?ﬁmnsmtem rmEﬂure ol Batured arlgu and
m xt ur es hiers 0 001 <d
< 0.06, 0 Se <Qf gy&oc;rbﬁ? iy %@anad“gdl?% "?’FF‘"’Q °°“ﬁ% e S’F‘ ‘8x‘§‘§é’FFS%ﬂ°8r?g

requi r ed %@Yﬁﬁ?mlé@fs?lovaf?%@gﬁm@ﬂp@#eﬂf@rmicaldbﬂmm her el enments present in
the m xed oxide with the proviso that one 0r nore of the other elenents in
the m xed oxide can be present in an oxidation state lower than its

hi ghest oxidation state, and aManV.-SNbdles¥Ldhd f represent the molar ratio
of the corresponding elenent to one nole of Mb. In other enbodinents X is
Ti, Sn or m xtures her?of In ot her enmbodinents, L is Nd, Ce, or Pr.

DETAI LED DESCRI'BT RVBREFQaR) consisting v &, SneSendr, Hfivand trhistures

gener al | yhereof: Atieslettod &orﬁmc‘g&a@ ch@istihd\6F F, a0, Rh@mixdls i@l a saturated or
unsat ur at ed hgg §§r bon, and catal yst conpositions that may be used in the
process. Such sses are effective for the anmtuddati on of propane to
acrylonitril e0M<anbut ane to nmethacrylonitrile and/or for the conversion

of propane to, ldsc acid and isobutane to nethacrylic acid (via an
-oxi dation reac I'on

0001<d<006

0<e<(.6,

O<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 frepresent the molar ratio of the corrésponding 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 broduce an unsatorated
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 é,

catalyst composition comprising a mixed oxide of empirical formula:
Mo, V. SbyNb, TeaX LA, LiyO,

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, germnium
zirconium and hafnium and optionally at |east one |anthani de sel ected
fromthe groupygRasysting of |anthanum cerium praseodym um neodym um
samari um eurg(ﬁ)l um dadol i ni um dysprosium holmum erbium thulium
ytterbi um and9Ucetidum The catal yst conposition used in this process is
further characy@gyigg@dsby 5 relatively low levels of telluriumin the
conposi tion, such that’ in one enbodi nent, the nol ybdenumto tellurium
nol ar ratio (MFeTed is between 1:0.001 and 1:0.06. In another enbodi nent,
t he nol ybdenurgtrgy tel I urium ol ar ratio (M:Te) is between 1:0.001 and
1: 0. 05. Mused herein, "at |east one elenent selected fromthe group ...
or "at |east dE8Yhnthanide selected fromthe group ..." includes within
inits scope IhanKkades of two or nore of the listed el enents or
| ant hani des, respectively. I n one enbodi ment, the catal yst
conposi tion cdniesBeber of gxygenptpaeregpired fpsttistravalahen rmlimmentiof all other
VaShbNb ¢ Tebahéets ipfasennhelieahiel b8deS@lnasd Sdvitd consisting of Ti,
Sn, GCe, Zr.x(#—if ..and .15m xtures ther‘eltg;rfg‘;/1 @Og@%e. éé(#rezh (ﬁ‘%%%g?lﬁggél%&p
consi sti T 8 Hde capebe popsent\g ancpyidation stegg lovies, thamyits ghestEoxidation stfls, ardu and
m Xt ur es wheeiregf; c,0d, t, & ghard OreBresdht &b roldd 5t L < < 0. 0. 001
< d < 0.06, e < 0.6, 0< f-eg 0.1; and n ifo%ee%%gﬁgg%ngo?&gi%goegﬂeatoms

. Q. .
required to satisfy val ance 25requirenents of all other el enents present
in the m xed oxide with the proviso that one or. nore of the other el enents
in the m xed oxide can be present in an oxidation state |ower than its
hi ghest oxi dat i oAt $mateEbodiment, the |satalyst ehmppsition] comprises @smixed tdxlensd ar
rati o of theegQfidefimmngdi Ny el ement to one nole of M. 30In one enbodi ment,
the catal yst conposition conprises a m xed oxide of enpirical fornula:
Mol VaSbsNbcTeci XeLi On wher ei nX iMe:1¥efbebdeh™kOm t he group consisting of

Ti, Sn, and ghetdik’ €S kNersERbted from the group consisting of Ti, Sn, Ge, Zr, Hf, and
mixtures thereof,

L is selected from the group consisting of La, Ce, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu and mixtures thereof,
0.1<a< (.8,
0.01 <b<0.6,
0.001 <c<0.3,
0.001 <d <0.06,
0<e<0.5,
0<f<6.1; 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
a, b, ¢, d, ¢ and f represent the molar ratio of the corresponding element
to one mole of Mao.

In other embodiments X is Ti, Sn or mixtures thereof

In other embodiments, L is Nd, 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, <f <0.1;, and nis the
nunber of oxygen atons required to satisfy val ance 10requirenments of al
other elements 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 its hi ghest oxidation state, and a, b, ¢, d, e
and f represent the P-pimE bRSORIPIFON OF PRRINVERTIONSTENt tO One mol e
of Mb. 151 n other enbodinents of the catalyst cqgggfltlo S, descr bed by
the above enpi riThapresest iyeniton grusrallygriates fo 2&’“"6’?5 e (3o &di ment s
of the cat alyslefAURQARIAOMReHoh ﬁﬂdatﬂystbhﬁp&bﬁﬁﬁﬁ:myfbeﬁﬁéd haenul as, X
is Ti, Xis Sn, Xis G, Xis Zr t her enbodi ne 1t's of the
catal yst Compest Hioharatsses A elehye Fhde AP TRes P FOIMTEs. | i s
one of Nd, (& isdbiutahd to ﬂléﬁla%ﬂﬂ&xﬁlﬁlle Sidhe dbrnédvertion 6f mBpandfio Mdyirackr . I n
other enbodinents of the ca aﬁygg nP g%tlon qucrlbed by the above
enpi ri cal f & isabgene tp methaprylic pcif {viggn oRuaaign Jeetop)- i o Ng | js Sm L is Eu,
Lis &, Lis Th, Lis Dy, L |sch&1ysthﬂp&inonL isTm Lis Yb, and L is

Lu. I n anothe. enbqdi t.of the catalys i

descri bed by thd*g8o5@ %&”'E?fpﬁ’l‘ c(r’%?ys? 8?%‘?%%“ e‘flﬁlgy%&a @%?0%%%ngg§ei tion
cont ai ns no ,@@ﬂt mvamonlcan@hmrmdgbmlumemdm siitimaongt adobizin, ¢diwpomi t i ons
descri bed b ve e f .are each

i ndependent g@“ﬂﬁyh?tﬁ ,’;’%)8{ % %eféwlge%og%me ngRj c&rslsgn%@gnéﬁQm <ﬁ?1 0.4, a<
0.8, 0.01 <b, 0.1 <b, b<0.3, b<0.4, b<0.6, 0.001 Cc, 0.01 < c, 0.02 <
c, 003 <¢c, 0.04<¢c, cc 0.1, c <0.12, ¢ <0.15, ¢ <0.2, cc 30 0.3, 0.001
<d 0.002 <d, 0.005<d, d<0.025 d 50.025 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,
O< 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 <O0.1.

3b



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
catal yst gehasiiison conprises a m xed oxide of the enpirigcal faormula

5Moi VaSbbNbcT%Zl%éjﬁngLi nOn wherein X, L, a, b, c, d, e%ﬁqsggoﬁ'aﬂﬁ“are

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

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

mol ar rati o eérmhieme sifdoRiuA REE RYMRINE MR bphichaMP8: R Sndlaniiniad B 9&%1”
enbodi nment s g}‘)mt H"? cat al é)s!#; corrpgsl' tion corro_lri)jinsi ng anm'a;ged 1oxiede escri bed

by the above SRpii EXMP (PSR, (08, lapthanuay  carpay  Raspdsiivmomeedymisns no
Na, K, Cs, Riomarium sirogies, pdelioh, fyspsiug, G6HRS, @ium! Bulld SfrcfFRRdI Ment s

of the catalys nposy ti onprisin .mi xed oxi de described by the
above enpiri %néilt Iu?%%%ng‘ul%g? “gaq@: ﬁ{’TrBWStS'?“ gmﬂm Frisgogsss is furthepchpracterized byThe
catal yst of teheivgy imeltvels ofehiruaninthy cdighoBiee sEhltha fin SHHUNHOBBEND the

unsupported (i t he cat al yst y_conprise. a support or may be a bul k
catal yst). 1é°]§§‘i{etné 18 & ‘B'B%} fr?ﬁagr%t‘% W?tfﬁ) ‘sglF’“’lﬁ‘?ﬁeﬁal,ZO-Q‘?Ir 6%3133-,06{ ifnani a, or
m xt ures thesmedfer bobesineent, thhanolghdemoniie teirilich trddlirtrafé MBSRS i@ BetssdAPOr t

materials th rat f L, ybden to ziyconiumor titaniumincreases
over the val ﬁggbgﬁgmﬂépﬁ %ﬁ%sewgt%%r\?len’f%lﬁnef?ﬁﬁc’élg,e{eg’ﬁ‘&tﬁelg}fﬁq frpmdhengory - Zr or T
ratio i s betweahlapomt linttianide stled®d frdmsthppeanp .1y pichakd Witha N 8§ sdsped bi nder
for the t r j I . r and.more. attrition resistant

cat al yst ?162815@%\%3\/02?‘?% #’Ilolﬁ&ggpmﬂ"fg%léc}?‘ia%g%%“% ?Iéaé%agqugs’, mé?FCHYFE‘F opriate blend of
both the active phaye efibodimentyaghe caplysxconfpositdm kyhprize0 x| wasd demerdrbed
above) and the,SUPRRLE S hel pful to obtain an acceptable activity and
hardness (attrition resistance) for the catalyst. Directionally, any
increase in the amount of the aMa:VébpfaTeXdaOs eases the hardness of the

catalyst. T port xcC j 9 igh cept qf the
uppor < ed_25 A Al vt XIS TP uRCEEe R B 12 B0 ZheBh 8 and 60
wei ght pé?cent of t hemstppohenef, catal yst. I n one enbodi ment of this

i nvention, the suppori ; i | e e e u i ght . per cent
of the supported cat a%lgsTfﬁyﬁc%g?n%d lglrgrbo P%ﬁéng%gfh?lsﬁ%f ir?ﬁé%t ?%h,ﬂu’t% support
may conprise as Iittlﬁﬁs%&ﬁTwﬂ%@ﬂﬂW@@W@mﬁ t he supported

catal yst. In another gphqgdiggnt of this invention, the support may
conprise 30 as nuch as _about 70 wei ght percent of the supported catal yst.
Support materials ar 098P 1<dbt-e whi ch may contain one or nore pronoter

el ements20e.g. a sili@eoisot<oant ai ni ng sodi um (Na), and such pronoter

el ements may be incor(gg ated into the catalyst via the support material.
In one enbodi nent, th ui)gérﬂteﬁcorrpri ses a lowsodiumsilica. Catalyst
Preparation Theo gakal.g/st useful for the instant invention may be
produced by a vari ety09¥<:6elgho s. Described herein are two possible

synt hesi s nethods. The=fir'st ®Yynt hesis nmethod is carried out under

appr oxi mat el y at nospheris cther aasbsreof hayginnafohRr rdgefay rt@dsaHEfF\;Svﬁﬁlthe

non- hydr% her mal met hod .or S%ntfh si.s) while the second synthesis nethod is
done undé&f el evated pressires’ f“@r?fh@ PYFRenty, Prgsent iy e muxed oxidsoyith harter t he

hydr ot her mal net hod gurodsathitesi 89 motdei tHeywiieotlbnePin tymikbEsiid ArpROdS are
described in US 6,51 . 7,087, ug . 109, 144, . 2004/ 108278 and
WO 2006/ 019078, whi c??r%’%“f‘ %8’?1%33?&5%%%% "63@%%‘? %’f‘gﬁ}%ﬁ SE¥AN. one
enbodi ment, the cat alaybic,df e aikf iepsteanthe imolee Ritioar thiteprrepofdifPaénsht by t he
non- hydr ot hermal synthesi s Asshfl | ows: Ammoni um hept anol ybdat e, amoni um
met avanadat e and di antinony trioxide are added to water, followed by
heating & the rbsohe smbodiingntythe catalyst rpmpesitionesongfris@t a Imigst okife Gfand

t hereby obt aj ;2 @Qugpus m xture (A). In an enbodi nent heating is
performed while stirring the m xture. 15 Advantageously the aqueous

m xture is heated to tenperat ur¥eY.5bdNbeTea¥ahgd upward from 70 C to the
nOr Ml Do | el Nt 50fsskiBledTdth Wironbndilk LS, SRAPRRRL! RLIERI Under
reflux by using equi prent having a reflux condenser. In e case’ of
heating under reflux, the boiling point generally is in the range of from
about 101 Cto 102 C. Elevated tenperajures are maintained for 0.5 hour or
nore. Wien the heating 20 tenperature is low (e.g., lower than 50 C), the
heating time needs to be long. Wen the heating tenperature is in a range
of from80 C to 100 C., the heating tinme is typically in a range of from
1 to 5 hours. Beneficially, after the heating, silica sol and hydrogen
peroxi de are added to the aqueous m xture (A). \Wen hydrogen peroxide is
added to the aqueous m xture (A), 25 the amount of the hydrogen peroxide
is such that the nolar ratio of hydrogen peroxide to antinony (H202/ Sb




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 w@ 26088083k0bi um conpound. Generally, the nol ggpi@ide@edkaat he

di carboxylic acid to the ni obiumconmpound in terns of niobiumis in the
range of from1l to 4, advantageously in the range of from2 to 4. That is,
in this case, niobic acid and oxalic acid are added to water, followed by
heating and stirring bfis sdietedeiom thergroupi cohdistiag bOL4, MR PHWIH BiAER, G@d) aqueous
liquid (B). 5A useful h 0 ri .t he above-nentioned aqueous
liquid (B), conprisest é%gb%’r(gnwgﬁl{g’p@taé%g?xwgﬁeﬁgng wat er, a

di carboxylic acid (e.8l<axabBc acid) and a ni obi um conpound (e.g. niobic
aci d) thereby obtaini ﬁlglgbpg@ki m nary ni obi um cont ai ni ng aqueous sol ution
or a ni obi um cont ai ni Nng°  aqueoUs m xture havi ng suspended therein a part of
t he ni obi @m conpound; 0.8®)<esd3I.ng the prelininary 10 ni obi um cont ai ni ng
aqueous sol ution or njghi ai ni ng aqueous m xture thereby
precipitating a part of the dicarboxylic -acid; and (3) renoving the
preci pitated dicarboxyEiec®&id fromthe prelim nary niobi um containing
aqueous sol ution, or 6%@"%?-?9:1& he precipitated dicarboxylic acid and the
suspended ni obi um conpdund from the ni obi um contai ni ng aqueous mi xt ure,

t her eby obt ai ni ng a niolsi ther comberi of MxysS atprsoosuired)ud dsatily. villawweous
liquids (fp) obtained jofuitdaRnRRAUE m@@gleﬁﬁpékén}( im%%liﬁeddéx%?er\%%wel ¢

aci d/ niobiumnolar ratio within the range o rom about 2 to 4. A
particul arly useful dPEEPOEREANEEr merepfitly othen plewenitindhe mixdd osidé ean bai obi um

conpounds in step (1)pr_e§en;imiaﬁomastmac&tamgwqﬁmmsg!;gh&taﬁhgjon@%g?mm hydr ogen

oxal ate and anmoni um ni obi um oxal ate. These ni obi um conpounds” can be used
in the form 20 of a sbIb% & 95 apd Lreprescnt fie mplairationt sheporespondingiplomentr i at e
medi um Wen either nigQlak HadBedioLgen oxal at e or amoni um ni obi um oxal at e
is used as the niobi um conpound, the dicarboxylic acid ma¥ not be used.
Wien ni oB8Pc aci d 1t gk subodiments ofjthe, cfalyet FPpBosiEPDs descberk by tthe pkavsy e
Sci dic i rr]rpur.a'nipéllaﬁl mrinhlla‘f]WKCidenQGaﬁnin&j %n,aqh Cbtlfjéﬁ)ém'ﬂ@dgﬁlem%ﬁ t{{j@e&ﬁg&nat ed
uring the production thereof, the niohic acid nay_be washed with 25 an
aqueous ammofiPROYHS BFsﬁﬂgegﬁﬁ'ltber ahoxg %‘PP‘B?"‘}? Sqrmplgs. gsis Tu 1 Xis 58 X iferident |
freshly preparadXis¢fi um conpound can be used as the ni obi um conpound.
However, in the aboye-nenti.oned hod,, a ni obi.um conpou can be used
which is sli ght|§18§ﬁﬁf"{5‘5‘% mf‘f‘%r"r‘m ﬁ?i‘i'lé“b‘?ma%%?i’&fﬁef"asﬁ?y gz the pbavg| ¢t of a
| ong- t er 20 stearpiripel fondulad)@ it biecof Ndj C8f @Pr.( In) anothert dmtmdih3on is dnB@f Nd
di ssol ution of,t i obi yum.conpo can, be pronpted. by.t 3 ddition of
a snal | am)uo(r%tpr'()?l"?1 a%illferoel% Ogien é.ap%? c%‘?lyﬁte%%pﬂggom des‘ynb?ﬁgyrfg%é fration
of the ni obianpixehfoouuias, LiisLd, dris€e.df is ®r,dbis ) L isrSni, Has Bodl isrGdaBAY/ T,
ni obi um cont;aj M. ng ; o} ol ytion eous m xture can be mai ntained
wi thin the rLg{ﬁgrﬂé’pgfswgr#gr’i’lfg .Eés nﬁf‘ﬁ%“o ‘the solution or mxture. In
an enbodi ment , Ind anothen erpodimentc didthe antalyet campdsitionsadvsaivediby theigbovehat t he
mol ar ragko b CRRRAXY e Ga@ ATHeleTNVIs:We in ternms of niobium
is appr ox? mat é’llyaB to %SY Wﬁ%&%@gﬁOnggmun?&%ﬁ@ﬁé di carboxylic acid is
used, a |arge ambunthenfmbédiments iof (hn caislys inethpesiionh alegtiribeb by ditk above he

aqueous sol WhingfaPlorftiS&rL9x ¥ & G 3h ?M@gg};ﬁe}éﬂg@ﬂﬁﬁgﬁ%ﬁgﬁa s likely

to arise in that the anpunt of the dicar Ich1s causSed to
preci pi t at e BRgeE PN T gl-2 Irea a5t frred Ogh 8101 i\ lh&rly< hi bBi%Anbcohtab Fi0dfy aqueous

sol ution or gHefld, 6.0PeCONBS <(c00.04 2cIR04 k BUS< 18I £855 NY<N8, Lk phi zat i on of
the di carboxylic acid, On e other h en an unsati sfactory anount of

th and,” wh
the di caPboid POOLEidE0 082 §€efi005:< di &5 AWAHdE RS 45 0@, ¢ $B0RAI<E04.n that a
| ar ge anmountq ©6.04,fe< 4.05 11 ©bbsIA €0.0PWNED 65D <RS 0,000k 8 SP80seLe, 3D H$
suspended in the aqueous solution of the di carboxylic acid to forma

mi xture, whéreth thblyGsfehdsl ficoh?-bARtbREI=0-0e! +&RN0RF & 9-003 € he
aqueous N Xxtadd 6.004 BYT <BEUEEHS 00Y, ft®obe gL 0020f< 0169, Fkpat i on of the niobium

conpound. Any suitable nmethod of cooling may be used in step
(2). For exanple, the 15 cooling can be performed sinply by neans of an
i ce bat h. The renoval of the precipitated dicarboxylic acid (or

preci pitated &carboxylic acid and the di spersed 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 may be added to the aqueous liquid (B) so that the dicarboxylic

aci d/ niobiumnolar ratio of the solution falls wthin the above-nentioned



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 is benghhgisabsthat the anount of hydrogen peroxi de pphRNh mol ar
rati o of hydrogen peroxide to niobi um conpound (11205?@%?@1@}%“ 0) in
terms of niobiumis in the range of from0.5 to 20, from1 to 20. In

anot her exanple, at |east part of the aqueous liquid (B), containing a

ni obi um conpound horone caitadimeny ofl the xhialyst odmmsitioa desdtiba@NBP URE aBivd a

di carboxylic i. d r a,m xture thereof with dr ogen. per oxi de, further
conpri ses anengﬁ??}ngﬁr?u%g’nﬁhgu%a&flﬁ(sg.aéi - 8‘.‘“2'?& ?or?%w r1’?’“?’?“8’)( PRfk yoay pptipgallyi ym
conpound ( e. gpntafni dngrvir moredotberi adiedi mdtile hIrcéis datbodinthihel tRalpdh compositRnand

anat ase forng) LQr. & ceflli conpo .g. ceriumacetate). In this
case, the armur??&gf&%lﬁegd%i/‘%roggﬂgr?mng}%%gﬁéﬁ?s such that the nolar ratio of
hydr ogen peroxi de to ni obi um ddmyeibadb IERORAMG:®m| ar ratio) in ternms of

ni obiumis 10 n f y g 1.tq .20., | n anaqt her
exanpl e, the aérrf?rll %E&J’ g’o‘?fgb?fnfdﬂr%q{(%gp%v}ﬁﬁﬂg? esF%%@? ergmpgrlf atJpast ¢ Aqueous
liquid (B) oK ke Bhandaejutres dheooof.de< § s GsluOIx it A4, dridegiraddth” reprdsent ( Sb/ No
mol ar rati 0),OholalGti3PE i ' ntinmony to.the niobium
conmpound in terrons OF n? Oggﬁiﬁ]sg@ﬁﬁgtéﬁﬂn%@o;oﬁ%%&g%@% Elﬁgig?%rl{%bé’dl&enﬁsrom 0.01
to 2. 15Aqueditke wiaksigomppsifionrenpaiging o weixddi ayide descBpeddryehenbosed empigediher i n
an appr oRb! AofmlidieatalysAChRARRE Contlidcho N KIBS LS MRAPR RN OF 1he
catal yst, to thereby provide an aqueous m xture of ingredients, t§p| cally,
in the formepalg0)s|Iyethgr emtodinesistad the catalysiromedsicon comiprising e maxpdeside i xt ur e
i s general | Yackdtibad bythe SooD URb ek T B0 0 L, 593 Qﬁrgea.to_shﬁwﬁ! ght, from70 to
95 percent by weight, from75 to 90 percent by 20 weight. In the
case of produci nag%l catalystc &f dhg PresentsipBpbion crayc e amgdst eigter tshppopled sent

i nvention, tfSupEMI0US. MWafE}FsﬁH&?'coﬂi:pﬁ&éJﬁ QubpartPirSRAY 64 aSBUlIR BathiQrf 0Nt ain a
source of si| |_ca}?§narrel %‘ a. silica sol or finned siliica). The afount of

the sourdé ofW@hle sepRodsisre SEica, AR Zfe@N3, tisaa, oF wiktues tereof dHeveveni t h t he

amount of  t hehesizdrbdhaa éxaftdrieire ufbdlad QuspdtidhatsialsdRernt the RS0 QPHRiyBEGumiGYi NY
Step The aqueous m xture Qf ingredients is dried tqQ thereby provide a dry

cat al yst pr &CUPUYP O BeYpRgnarEases AYer Bn yriresshows indhshont fosmalps. seabribals, such
as spray dryhe§oas Zevapomas istietebiew iaBeut 1306 ay10014/ kupgort SypRANG berbds @k h Y

useful, becaus fjne erical, dr 0 catal yst precursor is_obtained.
The spray d?ﬁ’?‘ﬁb%‘f{ah‘e bdgmi’(%ﬁaﬁgﬁl@% By? %%rﬁ?rr? ' F‘Qét pgHion pgsistant catalyst.
20

However, for commercial applications, an appropriate blend of both the active phase

(1.e. the complex of catalytic oxides described above) and the support is helpful to
obtain an accepfable 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 littie 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 clements, 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
the tenpRigglotdfRs@E the spray dryer at an entrance topdimes20usyersssect 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 cul ations can be conducted using a rotary kiln, a fluidized-bed kiln, 5
fluidized bed reactor, fixed bedCately#ttEyeparation he |i ke. Conditions of

cal cination are eéﬁ::‘d Phﬁq‘ulsﬂ‘ipﬁle tilgdnt irn@ntﬁﬁtﬂyyb%tpr&ﬁfc&?gy Qaénéy gpecific
surface area of from about /g to about etggds rom-about 15 n2/g to
c

about 20 nR/mgthogs| aemlb%hemﬁm Ve porsiklei -“rYgﬂlFSrlﬁem ati® fest sypthedur sor up
to a final temRARALIA duludddCappRiiRal] ﬁﬁ@ﬂ&n@mssu@&ﬂ&mfae%meh@o present

i nvention, calcination process conprises beating of the dry catalyst

precur sor c enthermpachyirpthsrmalnethed ox %’H@Pi}s)t‘@“]éltb‘?/éﬂcé“q‘ Fthesis method idt ur e

which is | esgnd e S8Rkedtpesturty, BpRbly Rl AbclafdlRRHaneLhe hydthedagat er
t han about 40%0 not %qetgﬁeesr t han gb%ut n3508: not greater {han about 300C

at a rate ofmefiodatresyniisn- 1 lenydrothermal syathesisgmetbads aendeseribed 4r Yhat i on

t enper at ur e g534 369 Gys 17p83351,5U8Mhosl 1 2 WOt Fpsh etk r@drwt)ezm(mmb@nt
20C/ mim In another enbodi ment, the heati ng rate is 25C/ mn. In another

embodi ment , WIEGE ARIAETPRIAtEL PECIndY BHRFHEN. Vet in anot her enmbodi ment, the

dry catahyst pr e GHdne @mbbdimieRt| (he dutaet of HeGnstanbidberiok g be prRpditdbyme at
about 300C or slightly higher in o der to all ow.the teplﬁ rature.of the

precursor t GoahydRibGmah syithesis gy, fo Aryeoniuzg heptapaly AURQYM ) ¢ he
precal ci nat iiavhRIIR@ 288 diadtihonyt ﬁﬁxﬁe Iaﬁ-,l adﬂ&fmeﬁaﬁ.rwoﬂov&ahb)b&aﬁﬁg)bﬁthﬂ 5C/ mi n,
1C mn, 2C mn_ or 5C/rn|nora e é&eragq&q}ﬂb Cmn. In one
enbodi ment , TEHURTH SHER, O, SRR %‘"ﬁ’p Ahge’ t?m FH%0C to
the inter medhigfuse {&rpet ah whﬂ)odmeabheathng(ﬁ& pribﬂﬁarﬂ)ﬁdl while nstitrivg {he treictwedi at e
tenperatuyre o the fin eratyure, the eat at.e reater ; t han
15C/ mi n, Lfér VauPEs “ﬁllhg’ﬁ n(g]g is, T rﬁ%& m ﬁ’fgtélfesgr edé? earg &7 RaErdy equal
to 25C/ m n, fism B0 tocthe hbramnl l‘mhmpmint df the3NIQhure. rirhelhnatmgmtabré:ﬂpenfdmddrrent

the solid can,be gooled .after. at re and
then heat ed T8 trﬁé PHAFE SALERSY ure Mﬂﬁ‘é |ng r;ik' g%gﬁgt han
about 15C/ mumieraeﬂ\gl;&abelﬂmghantgmerehpuuhnmgr@e@ﬁﬁqmahwt Wé@ttew?t"lﬁ'an or
caual 10 25Galeika RopBal e AR REs G181 Al IHAED. whGh e AEaigbod Nt
of the invention ﬁlg C|nat|on|s one in two calcination stagés: (1)
up to i nkeér nedpattersds lom@czaﬂewmthmoi?t@n‘beilms &mg mgeds 29 b¢ lopgn Wicer medi at e
or precal ci f}g& hfkn} Corld efa%easem%%%pﬁommet@mm "BBtheldig @l sd from
the stage (1 ctnation, optionafly cooled, is introduced rnto a hot

cal ci ner naltmpiaalhemaamgﬁﬁﬁ'm&?éb% equal to about the final tenperature

in order to all ow.flRidigraser ak %ﬁmgfmﬁcla%mrah@ﬁym@eﬁ bxids bkl di@meease to
the final tenperature. I n _one enbodi nment, ﬁe heating rate for the

t enper at ur e acapRye nuttusAdt Erndydweeneamexidly a@s@d@ thg pggeous MIHWE A, 5C/ ni n
or 1C¢ m 50 abatine S nga:@genaﬁegiﬁdeﬁs a0 he ﬁn@dayaﬂoaifayarag&lfpardm@ge of
0.5 to 5C mn. In one enbodiment, the solid is F ! tenperatyre in
the range ofto206man0@20n(Sh Rl Bfig)rogpounin smeo %ﬁ““f?&%é in ghe g5l od of
about 1to4 r t ¥ t te of
2.45C/mn in ?‘ﬁgoﬁeto Zg’r%[kg? gﬁp‘g%gg%%fo %W? ol lqnd% 0?1 att gﬂ%?r?ga?%% final

t enperature, addh@nsaélhwétommdy@ﬂmladwalﬁ mixire ﬁ@méﬂaﬁwtetemnem@resan Beri od of
f rom about o Pk Ss. 1he final tenperature
can be GOOC%g%uJéﬁtoglz %37§Cﬁogﬁgp8 650%3 tgsGtESlOC 670C, and 680C or any

t enper at e in th‘elm@@&?@@dr@hg@bm?d@ﬁéd@%ﬁm°h’é‘ﬁ't°°“@|ﬁ'§‘d§61gis6‘°P’§ heat ed
at rate ar azic g% me?%lEH“Fédf MRV ih SRRk GniRARND 1S8R faturbdinGNEnge

enbodi nent , solid is heafed at rate a rate of 1C/ min from about 600C
t o about of from 50° C. up to nearly 100° C. Advantageously aqueous fiquid (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 swbsh@pbigs!y free of oxygen. The present inv%&;@zmgfaﬁtswpl at es
using inert gas. The inert gas can conprise a noble gas. e gas can 20

conprise nitrogen. The gas can conprise selection fromair, steam super
heat ed steam carbon nonoxi de, and carbon di oxide. In one enbodi nent of

t he present theveddriraip ¢fftke digdrbonylit adid te ta nivdiveBEoirpeGhdO tterkhd G€ hioBiufd OW Of

ni trogen gas;dt; | ant 1 al | ree of. axygen far both the tenperature
ranges of ( 153 _lg gﬁ"t"é‘?gﬁ?g %%48&51@8%%&8011(5@)111 gﬁd%@eé’lgg‘&fn 280t 4BwEs. 1,y
anot her enbo#iisreast, ebi¢ haid pné edlic 2qid emtidded tohwateqlftelicdaliilyhatm: 2@ be

carried out ynde d4 f tenperature range of (1) up to
about 400- 450C éa?\ Under a- 'B%ewéﬁerér?Pt%lr’%lélgﬁa%’%‘?gu’i]fﬂﬁ{daﬁ%' substantial |y

free of o¥ygen fok ushial teathedr firuprepariap gbe Gibole2nemibmde aqieoust 1i¢68-@50C. The
flow rate of . i td.cal j for .the. tenperatur.e range of
(1) up to abouarigony Bfasidystcop) %@ﬁ‘?@@e‘%‘k‘}’léé%“é’g’ﬁ’%ﬁﬁﬁe?h‘& aAHD of
about 0.67 t &rdabaigbiup Smpownt (9ar nigbic atid) Yeteby vitsining arprglétingry midbium-30 | N
one enbodi MefntAnisAt Al rsory LSaal Gl under nitrogen in a 1 foot
vertical tube in ﬁoﬁsﬁ%sgﬂlﬁﬁ?eﬁpramgﬁb&gﬁ ?%nga%grég‘mag?%uﬁrgn i f¥8oaded 1
foot verti cafuspapeed frereithe pat ef dhe alsbivm tomp@hdsi 2) dooligd BreGprelitimary
tenper at ue hisbitRldBh@inte hqidous 4Qufod Y nidbiliR\hSa; rd.sten, the

t enperat ure \/\l/asl further rgi sogd a’? t hgrﬁlg‘{lggg?&gg%gtaa‘gesgs m&%unﬁeﬁh?r%’ya

t enper at ur e BECBEGOE it of Tepndicribagylicorcid awdur@) aem@ag B prbwpicaddci nat i on
i s conpl et eddgicdrB6QhiP LAl KoM @l {l%iﬂn]gfahu Robfid -ttt BYuddEs sHERLL L AL €d

into the catalyst by the addition of a tellurium 5 source corrpodncf to any
one of aqueolBOHR% R Brepipyated; disaboeyligi acidyand thp)susponded mébinrm reempburdlqueous
mxture (A) g HROHGAUS-coRthE S8qieBhs mixfur®Hfer HARY niobifin! dhd iR, BY be
added to %he cat al yst gﬁ i r% %at_i on. In on%gg’rg}%z)di nelﬁ?]?]ﬁllhr%#%%@%i on is
carried dat MRYeWsHawd (BhAgicrrs sdB) atgined ig thepbpeaimphodusyaihbate as
described i nditdtbexyhppid/matiin nortrticwismh e kR8s f frohesHdl) Broand water. This
solution is addeg,fto 1 l]e cat %kl}%ﬁt éo ith stirring unti| the catalyst
reached a point OF PPTHEHEDENeletif %xyﬁdF Fadcisryale asifapsd pssfil piokigm” desir ed
| evel of t el doutpours e steprpl yeof aiis Mipkhold ARINED fdbid 184, GRfbiiny Bidrdth{Agge The
catalyst is 1 %{}1,19”9‘1 . g ica# yoﬂ% pl.aci ng the catalyst ih a 90 C oven
over ni ght t o™ 8P GPugt PobRR LAl f?p‘?‘&@'r‘fa EPorREsrandie ysed nbmfosmb ect ed
to .a hed@t tofeabligntmixtuyyioc aldispersing @f arnippfepg @ n2lliudhd OWhed GthernilQihS. .
15Hydr ot her ' hod ... |In one enbodi nent the catal yst
conposi ti ongwgfaoggrpl&%gagé %ea%'ilmr??u(%ﬂm L R Y e 'g‘f/ﬂ’fog’flﬁ’e@ﬁ’é’f’“%ﬂ‘ﬁhesi s
met hods. Hy dficutreyhialacid ymashesi be msédioWhar aicbic said e dseld NasUthS. nibishmnt

licati 0 f. .et ot t.al., "Ne
Syt hosi 5 RETEPar ARog. Ryt e Bkl Ayl hE AR B

anunoxi dat i disen catamipaiéd dufingsheaprodiicton\theBef) Grealigbicl it mOHbe Pashed #@h 485

(2000), agrd Aedak i <oRIeE Gl Ldat | of Light Al kanes. over
hydr ot heni alﬁ@synt‘ ﬁgﬁﬂ'o’zngdéﬁl\/%ﬁgl%l\%gr ‘?ffﬁ‘iﬁ‘f‘d‘%g}‘s%ii,ﬁ%be%"&“ﬁe Trehidie
cat al ysts", DEgnsradeipbinm sorypugd pan @eysed ad the 2DUMEmpdESE TM&yevehicthe ar e
i ncor por at edhpBRLBeMMnddhER&E Giobiuth i oS Lions
descri bed herein gannbe prid:lpar eod by&%%ﬁi?dﬁag%%%rgﬁa%ggﬁl ets%inls)en%ﬁﬁrépe source
conpounds (i@ exampipbuirhydretion atorset of wlong-srm googt e tmikeorin stop @) of t he
metals for draniin@Rbareleabis@Iikio of B hifibmCRRBEAL AN BofoRTAE 1N an
aqueous golution to forma reaction nediumand reacting the redctron
medi um at? el28¢i5eRof gyl apount oh gauspus amraenia sk Eeatingire i n a seal ed reaction
vessel for a tingnsubidehtiatioh dfothé idBidal@ombotad (B leRhs Q¥ il iuahNin®
enbodi nent , tq_e _hydr o_t&er mal 30 synt hesig c‘onti(nues sfor a tmllﬂL ms{ti} ficient
to fully red&" oPgHRTCCORBINNSU I7ALCOBs cOlYien | OF taREcopD amixiwsn ¢ppdibem  f or
exanpl e, solnvaitiised wilitn ihe ridge oP 68 M b0 Mk glo he GALBOY SmiQfurd Y 2Q" 9ani ¢
conpounds added with any of the source conpounds supplying the m xed netal
oxi de conponents 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 anbient

pressur e g h@nA8s M xed netal oxide precursor. In ong iRk, lﬂ"&/ﬂ@l@&? t he
source conpounds are reacted in the 5 seal ed reaction vesse

tenperature of at |east about 125 C, in another enbodi nent at a
tenperature of at |east about 150 C, and in yet another enbodi ment at a
t enper at ur e embaliméngabitartaisglict ackd Ganthe dsed BN BRTAOIGR Mai the RIS SF

conpounds ar n the. seal ed reacti on _vessel , at a pressure of at
| east about %g&ﬁ@:&h,ggc;d PiQBIN oRIbPu ’éf%‘c}aﬁ"ﬁ@ﬁfm fun, is gpprogimaieln? 6. | east

about 50 psi Whemmdexccssymbumrmﬁtﬂeeucaﬂﬁxﬁmmﬂilma, a&irg&axﬂ&ﬁﬁ&ﬂh@ni@f)mﬁat | east
about 100 psjg, acion vess ) ui pped with a
pressur e cont r oq %w ceaél%gg\?%l Svarcopt & @g'étt?P:B?dff E’Pﬁ’am\ﬁé’éis@?“’%’ﬁﬂlaor to
regul at e tShedigashiesttigeris pikels Joimgse inntham&e @monmiref theTiostb oML Scid Wificis RUI Ce

conpounds ar g, H rlses m Xi ng .t.he source
compounds qurira e pRSipiie by BRABIS oblRle ORI Fob s Grinins it sm | s

not criticalsolubed efamixtne| betomes xtom glaize, ghu,s é&creasmggh@ruua@nbﬁtd»mg}e t he

conponents d ea f tlve od Such nef hods
i ncl ude, formgﬁg%%g%c{dg Q%d[ ?élbg%tﬁhgq%gﬁtxevﬁ s of"nf"h thﬁ’cﬁnSY‘Pt ‘éftsgﬁ by

shaki ng, tundfareeyyhs a%@lﬂlﬁ@hmdrsgd‘tah@g%m%dmmmscmnm alaryg amea loff @1 vessel .
Such net hed i e s S tirri
u hodsnighisq doRpbihdGembiRt ﬁf/&ﬂi&kcﬁmﬁs' Idp Elgﬁ?eagié ai%}“'%\'}% g@gﬁ o

menber |ocated at | east partia I'n the
drivi ng for ciBe gisagpedic tﬂ@dttﬁ@l‘sltﬂ miityrg, whendie the snspealed Inmbnmammnnd/essel to

provi de rel aknyeedRith W RELVRERHRE Hid &Jc}eggll}%éﬁ gpﬁf‘e ik OF

vessel . The stirring nenber can be a shaft R4 o s Sported
stirring merfBeHumtpEP@Adyi ng force can be di rectly coupled to the stirring

menber or can be An@cﬂuftﬂﬁé hﬁéth%@lb@lcgﬂlﬂg%ﬁwﬁe §§eh PI s en(?!?xg%ﬁ‘lgkﬂ-‘tew a

magnet i c goultp@?I ing). The mixing is generally
conponent! olig b?B‘?‘f%'f‘F‘iﬁinéﬁtbyﬁ@&E’{?fGﬁWé’P%en corrponents of t he

reaction nedi um tfe kMioVePofMBRE BreBipIRALHEASYEEAGE td?rf)rmy‘ jcand
precur sor S Coerar ed

resulting in eous m xed netal oxide

to an unni xe’ﬁadr %ﬁc‘?‘? g'ffpe"‘gl‘ﬁ{]’élO‘%lBE'u‘PW°Fﬁ‘f3)ﬁBrS@Pe@} Fagy %@aS&bmg@m@ﬂ & of
starting mate@nidatisnabmethbds, aarmu@wrﬂyﬁwaﬂ%ﬁamqtlﬁﬁb@l oxi de product. M xing
the reaction med':YH{m dtgr th reay ep al so causes_ the m xed

met al oxi de proddc BT m'f"h&fﬂ thsn obtpigeds pigbiunpf ¢ he

r eact i on 29 egsssetaininghaqueais| s@hﬁmﬁrﬂf Gufsﬂadk(e R0 \6€ bnA Msbut 2PR! Atdimer @f t he
niobium compound or dicarboxylic acid may be added to the aqueous liquid (B) so that
the dicarboxylic acid/niobium tnolar 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 agueous 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 commpound



m xed metal oxide product by techniques such as centrifugation,
decantation, or filtration and avoids the need to recover the majority of
product fromthe sides of the reactor vessel. Mre advantageously, having
t he m xedygBidhonxd de formin solution allows for partpi-¢hR20@8mMks on al l
faces of the particle rather than the limted exposed faces when the
grow h occurs out fromthe reactor wall. It is generally desirable to

mai nt ai n sone headspace in the reactor vessel. The 5 anount of headspace
may depend ofizCréNlvmeksetatideigitepms of niphient iy pethofanggoftiatn 0.8 taI3E ol 1 fohe
reaction mx&fre is stirred. Overhead stirred reaction vessels, for

exanpl e, ake 50% headspace. Typically, the headspace is filled with

ambi ent air whi chnpmudrdﬁﬁn;ﬁ@mempmtft&facfaadﬁgﬁam& o) DSuiBACE hi8BumHovever,
the headspace, known t he._ar filled with othef gases to

provi de react® at?ﬂ°§“4 PeangEnE2 ‘E%‘He a%a F‘ﬁE‘P’E" %Pﬁﬂg‘ﬂ 1Red & dicerbexjdis agid, or  or N2.

The anounts ok nﬁ:amféamae" ﬁﬂdh;@afgemb:hmﬂe,lﬁmﬁkﬂé&ﬁﬁ&eywanﬁmy%&béﬁﬂ
reaction as gnown |qv (g 113 source cqnpounds can be reacted
in the seale gt’ ARG Pedddia y tfm‘élﬁ”’l"ﬁ‘??‘f |(e-Zptapumy dioxide, whigh ean bsBout 4.
Over the coumsgurebf tutite dnddcinamhdecfornd) aﬁ(y&til&ﬁ‘luﬁhcohﬂﬂurﬁi'[e%f cdringh 4RAKY.T ON

m xture may ﬁ‘lh NOE, s h tht?nt fr}ﬁ’fi“? pH of .the reaction nmi xture may be
15 hi gher or 1ower RE™i i TF AYBE™ ?eﬁo"éq?elscﬂ‘c bthe et Rt the
sour ce CommempﬁomMUﬁﬂhumﬂcddqmuﬁéﬁhﬂyN}&&ﬁlhﬂ Bflo)NE &68Y ofdliobdunPpld Of not
nore than about 3.5. |In sone enbodi nents, the conponents can be reacted in

the seal 8 riBab¢ irge wEdeom Oz 10520 Hiragr 1 gt 20npkneanotfisn exesenie. tBe entirenynot mor e

than about Zompotid dled Wiie at adt APAYbS theOaquetus NRLIATEH &n 1.5 or
of not nore the?g abougrthlﬁt&ohe;@ notpﬁurmre tha?h1 also]‘ti{t1 n@% BW %Q%t nor e

than about OPE'PedhENS pRIakR (FefYtsmolarateyqf ﬂt@ﬁg@@ow ‘EWﬁP&b’EﬁJlP 0to
about 4, andteinis dftah@hor b Gk nidie cothpddid aewis o nidbiufh 8 BUhors than 5/ 4 SOME
enbodi nment s, the can ange fromabout 0.7 to about 3.3, or from about 1
to about 3. ﬂi‘h %’é 5’% usted by adding acid or base to the reaction
m xt ure. 1¥he SOUIKCﬁecﬁﬂnmbdﬁﬁdS(AQaﬁldbeqﬂ’c&ﬁChQﬁdl(B) tahe nsiRe @Sheth@A Gt IaQN

vessel s at the 25 af orenmenti pned re@g%‘ on.condi t.i onts i{ql ncl udi ng for

exanpl e, reatPT8RF & Ei‘)’é?afcﬁ ce WllL P desired Fomrogiign of thecatalysty tpithgaebyet ¢ as
descri bed abpvéde ﬁmlaqla:opnenimulrem‘f 1ﬁgretﬁexﬁuft§plwl1§e,nh the fdror of 4 blarrgﬂ xad net al
oxide. In on [ Odl ment s m xed t.al oxide c es a solid
state sol utl%ﬁgco%ﬁ? mgafl‘é?qobl?%x SISTRAT S "R 8 THHES LR ggp P and in
certai n enboHi mgmsbﬁtwell@as&om 7pde t9Sgrrdehiebye otight) dlond B5 td Ok péreitibgi t e
crystallig @%%ﬁtructure for active and sel ective propane or isobutane

oxi dat i on and r amoxi dation catal ysts, as described bel ow. The exact
period of time idnmeg capgrofopioduesny e isdivh, casned-suppnrtédn citalgie dfothe qraeml e at

| east about I t Sy about

ei ant eon_ ot cri2 e anbus %‘S?tt%ﬁtﬁmt%ﬁk Hpted 5o BoohBR°LaBR2Nr, oy
hours, at | esilice (namsbu silieh selyor Shpedailinay Thet ameugbef taﬁ)wtcefomrtlyactMehours

at | east abOgprd Pﬁ’it&iy aEAY infloldmclidh ﬁ@%tmamythefsthtt Saiti ! R BthSer
| east about SIX hour's, | east about sixty-six hours or at st about
sevent y- £ao REEP lnF@eactl on peri ods of tine can be even nore than three
days, including for exanple at |easp Siep four days, at |east about five
days, at least 5 _about six_days, at |'east about seven days, at |east about

two weeks or at @agtiuea%wuerﬁ Pééngﬁ‘/‘é'éq@és igdngg tof thersby BUSBIdE 2sime cateimisth .
Fol | owi ng t hReduRBE tD@ThgShaibe cohhicke by %&@eﬁmﬂm Iﬁétﬁodg %héhl %ShraP BRAY L | ON

met hods can i ncl ude WQrk éprﬁsteps i ncluding for exanmple cooling the

reacti on medvERAEEHSAY hErviReds gaigilafly Wgfuli begausepa fing, sphewienlt dminbi ent
t enper at 3o e)c,ata@eﬁ&é@t‘doﬂg obfaghed. The spray drying can be conducted by centrifugation, by

the two-phase flow nozzle method or by the high-pressure nozzie 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 |iquid
(e.g., by centrifuging and/ or decanting the supernatant, or alternatively,
by filtering), washing the separated solid particulates (e.g., using

di stil | edyyadeghio:ds dei oni zed water), repeating the sepatabrodgorigep and
washi ng steps one or nore tines, and effecting a final separating step. In
one enbodi nent, the work up step conprises drying the reaction 15 nmedi um
such as by rotary evaporation, spray drying, freeze drying etc. This

el i m nat es t#en fesraneettp die dafer sectien thereeOin frami 507G wa8A°E. st r eam After

t he work-up steps, the washed and m xed netal oxide can be
dried. Drying the m xed netal oxi %ﬁégﬁlﬁbgﬂgffect ed under anbi ent

condi tions (e.g. Thadngcatdysheresungerets shnveped into B nxett metphogdheatilyst pyessur e) ,

and/or in an;Q%eHon.| BaltRRidH c20 bIREREIPAGhITE Wiy KillSa Rulfdla! oxi de
may be dried aat am% errfa)er aturé: rang{';né1 froma out?ry40 “{o a %3’?&% C, and

in one enBoditidimd bid mesen fixod besl respior, o1 e fikngConditiansl offoalgivetinn are e
rangi ng fror@r@@ﬁ%dfsﬁc\s%t%@w%stff&m@m Depkic saitthel a0t Tl gENt  Of

about twel ve pours. DI‘%I g/g can be effegt ed ‘under 3 control [l ed or
mYgn

uncont r ol | ed™de Fo3HEd2 M Bnfommbot 15 myede AbupRE me/e afialpeation ipyadyess gas, an
oxi dative 25dgig, thidfy@didGishgtedsor Ap téth FinalltbinRPRur® fin 1R 'Enel TP OCHUIERLS, the
drying atnosphere includes air. As a further preparation step, the dried
m xed net al ite can be treated to formthe nixed netal oxide catal yst.

Such treapnents Gamhd prebdrtl@nvetfion XcalkiHaorC Blo6dsh AbinPAss (Rathg off B! &gl Ng heat
treatnments under oxidizing or reducing conditions) effected under 30

various treat2fbest PrefuRes wusly-pp dnterpiitientip o pleyaty fivm atempsaiyes which Be

cr Uﬁhed Or QgeaUnsh ZﬂlOi’(Dlto agrcweiﬂaﬁdnetaﬁ;nbﬁaﬁhmd_ AN Seatbrih ) & gﬂdu_t %ﬁgtyncfdulri ng g
such pretreat ment one_or nore enbodi nents e dried mxed nmetal oxide
can be opti OFEA" g’é‘?‘l‘écef,sg&d“’f ﬁg’ﬁtﬁﬁﬂa@ﬁ%‘ %Q?L‘Ed‘ﬁ"ﬁ PfreofrBealsr M8tal oxi de
catal yst. Thesecadifi Nhi iafnenitylinkat, e thé epretbinafiod Nempoitire Bt PESEhEr @nsuch as
ni trogen. I n _qne. or pore enbodi.nent | cipatign copdj.tions incl]ude
enper at U7 e<PRAHERY o PEHPETEGL" 400 0 1™ B moRse SEbodimero e Srame

enbodi nent s, raferio i °Clnin! InSM0thé: ¢mbodiniamt, theSldathg rards BOPCaninEYanhanbthent s, t he
calcination cagn.be effected at about 600 C 5The treated (e.q.. calcined)
i xed ot ol SRt i) PPl P r ey WP bR iihe Ror
exanpl e by gabiomdi0deC os slighilp dhighad inpordasto djow e winperdtunebdfathe precal@oritit 0 i ts
final formfQr | i or fluid bed reactors. As is known in the
art, grindi n‘gncr%i]gggﬂggoc%rgr%l?ﬁ%gﬁ:éd by using various nethods, including jar
m | 1ing, 26ead bedhe heptingmate throm Hiekaecalcpeiigratemgerpingi lnghe Gndi ttmpmsumay be
sel ected depgndqi 3 S C%EQ: Sidd.on. In
one enbodi rre(%?%gﬁougggﬂ%%g‘f tlé%n%g[ﬂ; '3%‘? 01(2)?: a ouotqqyga)r(e;{rnfstﬁeggg b(gtdgs?ound in
a bead beat e¥"Cfromn. Jroonembsslimen, thohcatiog rate for the lemperature range of pppubB¥°Gr  nor e
enbodi ment s, e EAlRlakStmPRNuRSs OHPPE/hil bl frbr tleTBbrnfedlaf B0 ANY
calcinations or other heat treatnment. For exanple, in the preparation of a
fixed bed capahsfral tamperague.chy beatipg sase issereatey] thany 15°Chnin,yqxi gregtarphagrdred by
heating at aéa,uaﬁoqbwa%@@a LRAR ?&ﬁﬁ%%ﬁ&'ﬂ@o b e AnhaPa O ofeubiuded,

pel l etized, etc.) to the desired fixed bed catal yst size and configuration
prior to cal¥@aminon ampthsr) gppgdimens, hee solide paay ke j waledf affer | Atigingg  the

catal ysts, thRnkaiial ¥fbeuRCAHISEE Bdatél Ny ﬂﬁaﬁ&mb@m?aaﬁye Ahal RehidgOratél g7l d
m crospheroidal catalyst particles having particle dianmeters in the range

from 10 to 28ertsHthanabeuta s dCaHRPr EEFats Hiag or saeb fo PhEminy o greater thagpir at i on

met hods des cdguiiesl24versinor gstt @Rn 6PEREMBIE° @it ai ni ng and providing the
met al conponents _used in the various synthesis [TEt.hads of the catal yst

p
(al so ref8rred ténﬂléereé’iﬂ??dﬁ'ée“é°g§’ﬁd‘?"€ém I phie-cglginatinnds done g TR cyfigiAoBed t o
the r eagt i O?ﬁgﬁ&s\’ej upat;a 1 Etedisfe &qirwaicﬂigﬁomﬁ‘embé_&gmgé&inm@)sﬁdﬁn Snterﬁ_@ﬂi&tesour Cle
conpounds of the nmetal ¢ onents can be provided to.t reaction vessels
co Do ds oronaalb s BB EERPG; Tro SRTGHBER: ot it B R D0 an
aqueous nedialchfador cphitiiatle cmibgdo un dstradiicedhmtonetiadt cakifnes neaitsinginat he
provided to the reaction vessels as solids or as slurries conprising solid
particul ates di spersed in non-aqueous sol vents or other non-aqueous nedi a.

Sui t abl e source conpounds for synthesi3iof the catalysts as descri bed
herein



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

nol ybdenunm( V1) oxi de (M03), anunoni um hept anol ybdate or nolybdic acid. A
sui t abl e vanadi um source nay i nclude vanadyl sulfate, ammoni um

met avanadwber®noszgnadi un(V) oxi de. A suitabl e anti nonycsalsbegodi®y, | ncl ude
antinony(111) oxide, antinony(111l) acetate, antinmony(lIll) oxal ate,
antimony(V) oxide, antinony(lll) sulfate, or antinony(lll) tartrate. A

sui t abl e ni obi um source may i ncl ude ni obi um oxal at e, anmoni um ni obi um

oxal at e, ni ofsMpARlE Wial thabeyt tefiaaltengegtre i oriaite dlo&dheitemperamre of tii

sui tabl e tel LdbinddNeRilkRAntBYse kdhb tdeiletfit ¢ acid, telluriumdioxide, 5
telluriumtrioxide, or an organic tellurium corrpound such as

met hyl tel | urol arld o8¢ pebadjmentetbe heasing rate for thetemparataty| rengeidf abdus 306°Gur ce may
i nclude rutijoebandsseeatase ik 'aﬂ(ﬁi?b%%lﬁ&l e tgl-ll;logaﬂﬂut %“’(%Im 191'1'10 52 P-25,
titani umisopropoxide, Ti Q(oxalate), O(acety acetonat e ani um

al koxi de ConplCER@or agy c3e is thpyonge of $15 topS°Emin k| @etembt)@mqntcéwmayd isncl ude
10 tin (1) Raehed Rmpdabid ihakd ﬁngaesmnwmcs%ﬁmggg%smw@ ghgepni unl V)

oxi de. A suifable zirconiumsource may include zi nitrate or

zi rconi um (1 39 2@sriefeof akowt ) toshhaurs, 2y pre gmbodineat theesplid nseheafaé ahafats ofm (1 V)

chloride or hagaaymimin iY)enipetaitGe range of 346D e | ant hanum sour ces may
i ncl ude | ant hanum.(H) chloride or | anthanum (I 11) oxide, and |anthanum CH

) acetate hydrat &PORFHRBE the-nal trmreriie dle salig crhbe held at Gatctemperate] | | )
acet at e hydr sk e pélédt dibirém Pibase 0 ot Waﬁ&iﬂ@ﬁ&uﬁ%ohﬂ@'ﬂéﬁﬁ PRS Ry M um

(rer) chlorlde raseo | V), oxide or praseod

i sopr opoxi de®™ r“&g%%}ﬁ{%ﬁ?lq %&é@%t‘é 6AQ] éanC Bfoecan@édym um

sources may ﬁMlﬂd@nﬁmymdﬂénu( tﬂeleooadabw ta@l@a Iﬂ%ﬁéi)éﬁbwﬁhéﬂtlﬂx}: sOd fle or
acetate hydrate. Suitable

neodym um (HD i xi de, eod &

samari um so 3'5’3 ﬁﬁ‘? %)r?tﬁc‘ffa@g Cg Wl(q fl 0%Ch b b 688K marpushe( HI ) -

oxi de or sananbodimdpt, lthe) salid Gpheupadt dte aame oS AFTminifFbrh labdt 600°€t RLBokty dr at e.
Sui t abl e gur%ﬂ,em sources may include europium(I1) chloride, europium
(I'11) chl"oride or europium (DI) oxide, and europium (I11) acetate hydrate.
Sui t abl e gadol i niThecaciatioe Sambe/cdndediciie agadoidera oW of dit. Hoblalbd/ dt tistor

gadol i ni um ( dol [ ni.um I actatehdr Sui t abl e
terbi um sour?lcgr)%@%l %g naggﬁj{s%% ‘?“ﬁltneﬁg(’? ' 2&“”0?1%’ %08 8%} (° B B ‘?‘%ﬁlﬂ("l“’qu)a oxi de,
and t er bi umﬁamﬁychmeuimw Igytdthats subganitialipt ﬁeedqfscpnygai Uhe presdnt @fefitiy | NCl ude

d HI

2 opr opox des et dung hert VAP R M bl oIS UoBET 35 b
sources Rfly qwmumnnirm«sp_@) Cauhpirise sq!mtlorhfmbmume(aml t@emeaﬁestearm,hol m um
(D) acetal eclpliliyiaSihd Bhhdh SbRILT SALL (r.ﬁtﬁmmyof tﬂ&%r@egt UL | )
chloride, 30 erbium (1I) oxide or erbium I sopro bi um
(111) acetat @lq&rgaawa@v@ begairied pnbundsui flawnof piogensgamtiat nsrwbsmgalﬁmﬁm afm (DI )
chloride or g #rbbile %pgﬁmr@m%&w (ll)uag (ogrﬁh%@ﬁ@t.@bet gg(dﬂg?tagﬁvaw tabl e

ytterbi um sources maélncueytter ium (El) ytter [11)

oxi de or yt t2PWi Mr6BIC It arntics sEbpdimentofhs presepbinyention ie)calcipgGoratan
hydrat e. 28Ui dealabfeasY ue®S aGov Ui & bt R¥npeRRkLIHSed b QY bW Gidu) 461 OF i de

or lutetium III) oxide, and lutetium (M acetate hydrate. Nitrates of the

above |i st ed®ek and updey aflasy of,Bitiogen epsetbet s S%@Wélymmu@n fepthgent s

that may be wadali@ BHRRE(E) Fo¥esboiBLeY-2450%C O MRAGCAEMMNAs bk ﬁék%n%al
i nvention include, but are not limted to, water, al cohols such

met hanol , etREFRNY fo5 i igmperatugs rapge qf LDgp to gyt @?@581’96@3 ﬂ%’r’@fﬁyf%e
gl ycol , etc. dan b@ﬁgﬂé‘ltaﬁgeaﬁ'laﬁt&ltslmho asbutZ. 8 bdof (REE Chtalfd pMBirborpér RinfiRr pol ar
n one, or nore enbodi nts, .the netal source

sol vent s Bnown Hi‘il

compounds’are at T 8% ?n?lf?gfr??“él“lcﬁm%ﬁ RIBFUSsOr 5 Gafraned gndes pitroggn i aaddeotar ¢ he
reaction temneetical ubeinatng smpessmeemsinigjﬂxblnamfahﬁt bf BBDedbdTe féct vedtibf et al
10 source con ds are .sl|j i.,n the solvent. |In _one or nore
enbodi nent s, ;#gl? crplgo fﬁbé’“*sg?sé%? g% \E/‘%tﬂ?eerte‘g?ﬁr?tgﬁllsemi“ﬂ?mﬁ%%tyﬁ €heni cal
synt hesi s rmf‘yr Hbours ebh. mél’lf‘ésmptle:rtcmpgtamhwtasmﬂﬂr nitd biethe fhteSdfiabbd.3and/ or
dei oni zed. The amount of aqueous solvent in the reaction nmedi um may
vary due to the solubilities of the source conpounds that are conmbined to
formthe particular m xed 15 netal oxi dz. The anpbunt of aqueous sol vent
shoul d at | east be sufficient to yield a slurry (a m xture of solids and
liquids which is able to be stirred) of the reactants. It is typical in
hydrot hermal synthesis of m xed netal oxides to | eave an anmount of
headspace in the reactor vessel. Vari ations on the above nethods
will be recognized by those skilled in the art. 20 For exanple a mnethod
for preparing the catal yst described herein having the follow ng enpirical
formula: Mo VO.1 -0.3 SbO.INb0O.03-0.15 MD 01-0.03 Ti0.05-0.25 Le On in




thereof, "e" is greater than zero and |l ess than about 0.02, and "n" is
determ ned by the 25 oxidized states of the other el enents, conprises
preparing solutions or slurries of source conpounds for the catalyst. In
one or t{gy fobd/filassl urry, nol ybdenum trioxide (M03), poiissosspoot de
(S13203), telluric acid (Te(OH)6), titaniumdioxide (Ti02), and at | east .
one "L" source conpound are dissolved/slurried in water at the desired
ratios (all ratios are relative to nol ybdenumnetal). In another or second
sol ution or Gmirtey teng@ramrn a4 o aftenivellieg PrOBmEY at640°¢ . ghaotalcamtion ur ri ed
in water. |n.apadgernate enbodi ment, vanadi um oxysul fate may be added as
a solid. In another or third solution or slurry, niobic acid

(N13205ml- 120) is mixed with dregriperationdf Tekopi@amo2H) . A range of oxalic
aci d: ni obi t un gy, At ﬁlﬂ?bm&x?@raﬁm&%%miy@t Be SHBAGH BB feribd\fn 0Xal i C
aci d: niobiumnolar ratio’is about 1. The three solutions/slurries are
combi ned i tshureheompauadia any ﬁmfeemﬁm RIXHES (Al papepuy mixte 4B OhemiktEe t hi s
tenperature offgaueéxs RS (AP dgh&Rs GRAE YRS, OmlRs Binb&ITRE Aelhirfim tdpi cal |y

by natural heat dissipation. The cooled slurry js filtered to renpve the
not her | i qu&’P addgddo theeatalysehyimperEsyiongd 4o W"W&@Fﬂ?&t’ ypRregnatiefels carpdd and

then cal ci negly Wydedntadfidg efl6Red icafifidt PrebRe@ Gyl ¥ 3hethddnes @BécAbYBn e
cal cined catal yst is, pul verized, the elletiz gpand sized, or spray dried

for testing 2aPREAES Vith 2 selittion Q€ Le(OHRG, %t?fnTB‘F t9dnaddsd ip theepaline vi a
ANTOXi dat § ORyig irdRel vABI 1he Batiips GdcRélS Pdint @R &c@renmmeseﬁmmlﬁgema&aly@r Opane
is converted to acrylgnit{ihllee and/or 10 i B&ane to thaf%/l itrile,
provi di ng orfétothe detied dgvel pltellyriim per mplg g (‘P" ‘?i’l“?’s?% e FalRyg ?r‘g‘r‘Fase flow
react or, a][l drtﬁQﬁlh@&?t mgn i, @giga]gw plwr?idﬂl@fmﬂﬁi 290° ICS@ieubee:ciﬁglgﬂo t he
presence of oxygen rovi ded to the re cti a feed stream
conpri si ng & é'gﬂjen i ReErgied maigriel, isy @J‘F@% R4 ?‘thﬂeﬁme%d

anmoni a und%ﬁiﬂl@@hﬂ@ﬂn@gﬁ&tﬂﬁ@ﬂ&f@ﬁﬂﬁmi ve to fonn acrylonitrile or

met hacrylonitrile. In certai 5 enbo e, feed stream conprises
propane 47 isobutane, an oxyﬁ@%’ 5‘6‘?{?&?#"”3%’“5%" Wth as air, and anunonia,
with the foll ow nlgoﬂmdnﬂ:rodﬁmht thsnathlysmmpomumdﬁcﬂmidﬂtmsap ptdperedo| ar
ratio of pr ut ane t X fir bout 5, in
ot her embodi A UeFB AhaR Gy $HERucRe) AR R, SERskhsR

enbodi nment s,U.Br Batera Fguplicabios Neo 200340004 8795t0 Garﬁfn@bnet ay, Wmmebtenlmidl“ﬁemt s, the
nol ar 20rat r I . i a i 3to
about 2.5, éﬂ’gthgzlsg\tﬁg %%@n&%ﬁéﬁ%%l% a%o!}t{%}@ﬁ) Lﬁeogmp,ggg%g "The feed
stream c2f aAmpdied Gatplyis &: Greerals 1 M4ok98, prd 4T%-4851(2000}, andi UsdapeheBelsctivencl udi ng
acryLoni t1 i 16i@lof% B Xiahkd duet fydb@dltihy bfnsined MON-RLO WA &1 T eam or

froman earlier-stage o ge react’or and/ or steam
exanpl e, theBltéleehdsT@e&W@ﬁ#i}’%‘f)’nﬁPﬂ@ Catsbysis A5 Geresalad9ypp- 3354 4y whishght of

25 one or rmgrgm@ggb;agegﬂggb;ge@ge&grrponents relative to the total anount of
the feed stream e relative to the anount of propane or i sobut ane

in the feed st reémgelllqiialoﬁ@ eathedicrEResiions desrifed bereimofRBol PIBRed d¥scri bed -

herein ang %Ldﬁe?ﬂazlss}nﬁl&@s @m&aa@é éd&iﬁo&idsﬂf@@@nﬂﬁoﬁ@s ﬂﬁf Ydneid bddidre i N a
once-t hrough "process, i wi t hout recycl e of recovered but unreacted

feed materi anrgwd@,emrqymo%% mgtals fop the ai¥RAPeR @x1dg calalysh cORPAUG G AR d

i sobut ane t 0,dRkdAAE fa¥ lalfeod€ bdlutitin dBIfE 8l irdABtidANBedAm BRI feabtingtthereaction
af orenenti oned catalysts in a g@@ hase fl ow reacto& and cont %;tl ng the

catal yst wi tReqm® ﬁéﬁ‘é"afeﬂ PEFET vaked Jemperalere 1p ¢ ealyd THEECN YWE 195 2t he
reacti on zong@mé Bufficitf 86 [drmSBEmERANhdta i oRifle Al oney@Ebddinnt, Shetiydeptigasal such as
and 30 synthesis continues for a time sufficient to fully react any organic compounds present

in the reaction medium, for example, solvents used in the preparation of the caialyst 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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typically air) under reaction conditions effective to formacrylic acid.

The feed streamfor this reaction preferably conprises propane and an

oxygen-contai ni ng gas such as air in a nolar ratio of propane or isobutane

t 0 oxygerwoamgiimgss rom about 0.15 to about 5, and preberabiogsdngm about

0.25 to about 2. The feed streamcan al so conprise one or 5 nore

addi tional feed conponents, including acrylic acid or nethacrylic acid

product (e.g., froma recycle streamor froman earlier-stage of a

nul ti-stage PEhertendling apdyresesingefithe mixed meigheside cahyet. f eed st eam can

conpri se about 5%&@0@&@6&1})@%%r&‘&:'téahﬁﬂe%&ﬁéd'ﬂa%h&ﬁvgs&?aga%ﬁberﬁﬂgum of

the feed stream or nole relative to the anmpunt of propane or | sobutane

in the feed SEH&hN h(éﬂ?e angh 7 @ Bressutg gl then aphiengprasspigda ol awmixedact or i s

not narrow ymetai $ﬂ1&?ﬂrecuﬁ%f‘cﬁ1 orfelEnibaindah ARLsolitce Worh ?&Sﬁé)ﬁre(i@ajate &n the
her

fi xed-bed reactor, f1 ui di zed- bed react or, or ano reactor.

The react dr akd E@“&’“é’??f@'iaéaﬁwe oft leagtbpw 147 &C.r1a arathsr embodiment

nul ti-stage atea@éngferaayotoerﬁt 1b43t @Bt OI50NT, Gan@ RO ARES e BRI GRGE QT
conprises one or nore feed for. feedi n .a reactant feed streamto a

e
reaction zontémB?m‘t’WeOfraéE?éttd'PO“talt-’gSCr 43 ops gb t, S §Durcs i cAEPRURES piex ed
met al oxi de eadia Sthe sk I&ﬁbt@ﬂtvbﬁtel at0d pRbsafhel 41168t SIRAEDS PR PsRGMCt s and
unr eact ed reactglﬁnt S he reaction conélrtl ons are caontrolled to be

ef fective fof™ ﬁ\?’é‘}’?‘t“ﬁﬁ‘“ti’r‘ie& BrSPEn &F 2 Yeast glogh PP (Bsige agd Botey Eretheci d, or

f or conveot i abodineent saljuisane of st leat dtar V0GHBigt SudieseMled fm&icﬁ%éﬁkls GnagCi d.
Cenerally, reaction, canditions |%(§ e a tenperature ranging from 20 about
r

300 C to abolft “BBEICY 3, PgRuregem VG PN P ISF BN SRR Yesssbandert o apout
500 C, in SOlmie@iBhﬂﬂ&rmﬁOSPfelsm about 350 C to about 450 C, and in other
enbodi nment s fromlgt%o ut 4§I(gemb abou 520 C. The ressur bof t he reaction
zone can be cont roPTed THC PERIETERE % 5B GRS 25 SEd Y A0ro9ssly, i n
one or nore tatodipries hexihg dm saloe tofppadgdirng aroeictidh Step.s rrge paﬁdﬂarn some
enbodi nents i 29 t he
f1ow rat gtsoflgl{’%gr%%g%g%gltsggt &2‘3%0%"%%92“3 a?’ﬁ’?mngg(g Fa&lrivs ?r 'l’?bﬂ%gh t he
reacti on zon@npbnanksedugiag thshmaasion [by\any e&o@oc metnd.b Sudomntthods iecludep f@ar ovi de a
wei ght hourl y .5 fgcg ya(ah Ghd ¥ f gho 0 about 5, in
some enbodi nent out °8£%¥g§t% a out erQ 2 %tahmg ?urrr% lagr%nts from
about 0.1 toossmaiatwh@ C*P)nr@nemtwoeta@ingcrawon fvcaseleﬁadpmethoclsmiwlamdeotforpr opane
or isobut aneghp grgtl_;}ﬁn oy CRLR ¥ e r %tlgfgp

g 4 %an%nm T et ﬁelg{}\tl% at fneast about

advant ageous caP perfornance IS seen when
0.1, in @Phetea@ﬁodaﬁsmw drivingelaroe cappled tooﬂlismnaaalenﬁey@t toghéepction

enbodi ment s  vedel loBR&tidRAkYe Qlogon between thel QfrifERbthibdr A8d e TYA-001 {vé‘sée!l e and/ or

acrylic acid _and/ or nmethacr ile and/or nethacrylic acid product can

be i sol at ed, Thefstigwgmegpper ?aﬁgﬁﬁé‘h%ﬁn@&éd/ﬁr%éﬁtﬁtpwr&ﬁdpﬁmgﬂmbﬁun'lfhéact ed

reactants ac(ﬁ%@ fiidcet @R Binkds: ylﬁzﬂﬂ%ﬂ@d ) thheh il meQB& &rcﬁvﬁeeuﬁt}tm' msnt s
of the present jnvention, when enployed in the ingle pass (i.e

recycl e) arm%?%?lﬂ‘éfq'é SW%)F’SE‘B?FG("’ Ba V& TBAgRSH @“Blfng br jxing 1§ egreelly of at
| east abost éﬁ?ﬁcﬁ@fﬁb&ﬂi&ﬂ&ﬁd’o}ﬂpﬁﬁﬂnﬁtb laBow €&tIchiidnt ﬁﬁﬂi@dh@f%&&&&poﬁ% 4 esent
i nventi on, en ed | the single ass i.e. ng recycl

anunoxi dat i d "%B&t%iﬁ'@ﬂ fodpar £.418 §°°§ B iiRe! E‘P‘hﬁ‘e‘a‘“&?l("egd re%tt“f‘lgeast
about 59 periﬁwmofhcmdjﬂdg&lebﬁs hﬁed(ﬁuﬁﬂr oﬁaﬂaﬂdtmmtzs; &imphRRe th 8 Sitfixed

i nvention, when e a%(I‘Jtstnthe |rlt]g 5? e.. no 10_]rdec cle l)n

ot tat | or SO DR S BOR S HE PR iR Tpieget 560 e AP ast
about 61 perwsfotm adxed|naaaltoxide prodhbie foﬁﬂgjﬁe\teaatontﬂmluheaﬁmgrthér&yctﬁinso

acet ont P11 B IROEHST Ceyie L ARRRFRA < B FIRCE R L hon &

(NH3), nitr ouden of M) readtieh ivessel( HEis alloves moderreddy acboeat ahy sépafamoesf the

15Advant age , e cat ommpsi Lo of ¢t resen ention
differ frgméﬁf#ure%ngxg%nwm n§ F& l%fgtsgahé’ssgﬁngﬁlgatfoﬁ’t RE" P’ﬁ?’brc’ét ure in
t hat the catfdhytyn apdrpods the oesl foerCtOher the ewprity ¢fipvaioti foom ke sides ofsthi bit any
observable telluriumloss fromthe active phase when prepared and tested
under the conditions described herei nabove. For exanple, in one or nore
enbodi nents, no observable telluriumdéposit is forned 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
enables t he catalyst to nalntaln good perfornance at hlgher space




A 125 nL Teflon reactor liner was | oaded with Mb03 (8.0 g), Sb203 (1.418
g, Tid (0.444 g), Te(011)6 (0.255 g), and Nd(OAc)3 (2.78 inL of a 0.1 M
solution) and water (10 nmL). As used in this exanple and several
subsequenvoexs@npi®es, "(0Ac)3" 5 designates the acet at edidhdkoolikey the
named | anthanide nmetal. The m xture was stirred for about 5 mnutes, after
which time was introduced VOSO4 (16.67 niL of a 1 Msolution) and ni obi um
oxalate (7.39 nL of a 0.451 M solution where the nolar ratio of oxalate to
ni obi um i s akretier Bsel-. Mag advaniageonsividuving ﬂwbtzabchmatal adideiforB Gd/adlididn VOl une
in the react i thanoncplna
‘met al housi ngﬂmls e %%%@gﬁo&%gﬁﬁg{}g%@%%ﬁlggﬁgé etE A% Fous! vy
rotated to eaFWhemeGlaf@tbpcwrﬁeomﬁqmthbiamrmlh d reagents After 67 h (h =
hours), the reactpl; jdgsa Aes, remye romthe
housi ng. The pr odigcst J%ﬁﬁk?@é@@?ﬁ.r eé‘gﬁ‘t&lﬁ B%d% reacm Veﬁsgfi e

vacuum f i [t efBepng ef hf’gdsaar@ IaﬁfsdePFltd emidre wesstlaldsigryort thetyad df agnamroxise& €0 rnL

wat er in thrae RekdPRGre t 120 C for
12 h. The resulting 15 ség%ﬁpﬁﬁgéﬁﬁ%%e%%ﬁ %’rSélggo I%Te“% t‘q‘:lker

for 2 h at 68 deadspase-sdypigaliva shet hradspageois dled prith sobipnt alndvlmhemeddetso a
particle siZ@meam@Anadf oként® 1358acibe " BFeRp %eth%ﬁs?&eféaﬂs EA ol LS

performance. This_naterial has the naom nal conposi
Mb1VO3Sbar 5NBBYBTERrd0 it Ghergasss troprorde mresanintike Ozor eversantioert ettosgiers

cat al yst 1bor siche mrmog\naelau&uanu&a Sadnld QRs Rfhis § dBS eﬁmﬂ%
p ¢ ? ﬁa % ed rat |do of HSB%NfiléeFOZII ie =

acrylonitrile. At 42%?] V\I:EFV = 0.2 and a

1/ 1. 2/ 3/ 12, EACHQRASAS SAgw in eI d of 61% was obt ai ned (89% propane

conver si on, 68% amley;bl@dsu doﬁﬂﬂo&uﬁ%hﬁﬁ& Fedbtb In thé¥RIRB k&iction vessel at an initial

Mb1VO. 3ShO0. 1 sTeo 02'[1 } 0. 916Ndo. 0050n A first material was
prepared as ¥ P ot opt 4- 7Q¥ar i Gowsse pthe hydretherpalsypthesisothgdl ofi t h Mb0O3

(1.152 g), V%Qﬁct((ﬁrﬁﬁtuf&mﬂfc}ﬁnﬂe b Wab Gl dhil ) of th @AY ntde b5 e 1. 60 1L
xalate 10 niobrumi1s abou

of a 0.4 | ut re the noj ratio o
3/1), 383 ’tsghegé’lrﬁ'ﬂ i ﬁ’&“o“‘igmﬁf“saﬁrr% I,°“°n°ezm(f2 egrbogiments, ghegsopgee)]
sl urry) Li (@ﬁmﬁm(dkaﬁ&eaﬁeddﬁﬂﬁsEhléH}thSﬁkrtktsélafﬁpH ool thih Hui ) of a

0.20 M sol ut Nd c)3 solutjon). Water was
added to obtfél:%ﬁ)ngﬁmg o"ﬁ?&%%%%’ %Pﬁﬁégtf‘ﬁmtthee Ié‘i??f)‘P“l"FﬁE‘r"‘“The
react or was phhefna emkeettianatioht 30 'Eéhbonnomanmnlabomm'ebia{ot hﬁtt-&hﬁgabo@dmed in an

oven preheat i I 0. effect g of the
liquid and chﬁ gﬁ?éééag%ﬁﬂqgc (8% Q@Rﬁéﬂ%g giﬁb?f['\%lgm&él@l“é‘? (r%cf‘he

Tefl on | |2ﬂer0f\msmp@ﬁhﬁn@bomlﬂorh pheeothioers embodithénes, heqdiLmhges fiofmr fhomasiost i rred
for 2 mnut BVE-1od [ asflltad shed
three tines %}?mtﬁg%a%glﬁ]ﬁ on g%f%lohk ggnld%tggbot%h?geﬁl SPF FERdm

solid was t HeaPHchregngefrom pbayt 0.900 ebdup3.3,1@ fiom abhe lrtesbmit Bn@'hsﬂ]{m:lynat er| al
was crushed @ngieRh mg@g%bugg 0 C. This material has the
nomi nal conposi t| ons% g Vo. 3S bort glkllg%c%gn%%gg%ﬁ 0.1 Li | osNdo. 00sOn.

A second materi aIThMS“ffPr m%'ad%gavdbmqaptsé@ dlisoseeled aractidrevésiels ot tmt er i al |
except that drhembitohid RadGR! AdRitNAS leu ﬁ,‘ﬁ&% has the
nom nal corrp05|rtn| on M \E}o 3Sho. |sNb(o 0s eo OZHH@Ié @L&Klnﬁm%
portion of tR¥UPR PEEsufeRtREt SBII"‘n&’erc -gas(lespaibed ahove)ifern retiod hEtimesdficentat erl al
10 were combbigeh 4o nfiidhdlalibe| %Wbﬁ%&%&%ﬂ@'m&%ﬁﬁ%&ﬁﬁ%

Mol VO. 3Sbo. | oNbQ. 08TeQ, 02Ti o. 1Li 0. oi oNdo. 00sOn.. The sol was then ground,
pressed, andPEPE¥FSE seld stats splufien goreprising,ths Fauisy elasnis gs d5mussedabors and

t est ed f Or Caatiah Ydrtath @ﬂd’oﬁiﬁidﬁﬁ% ﬂhastTéhﬁ)rH&I @bkt inM@des Tﬂf‘e%cﬁﬁ’sﬂ@%rﬂtaﬁﬁ& al yst

for the Qszt er ogeneous .ammoxi dati on of
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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15 propane to acrylonitrile. At 433 C, WHSV = 0.2 and a feed ratio of
C3H5/ NH3/ 02/ N2 = 1/2.0/3/12, an acrylonitrile yield of 60% was obtai ned
(91% propane conversion, 65%acrylonitrile selectivity). Conparative

Exanpl e #2 2008/f03343. 3Sb02Nbo. 06Ti 0. | NdO. 0050n A 125 nledpitmosmveset or |iner
was | oaded with Mb0O3 (8.0 g), S13203 (1.620 g), 20 Ti 2 (0.444 g), and
Nd(OAc)3 (0.0893 g) and water (10 nmL.). The m xture was stirred for about 5
m nutes, after which tine was introduced VOSO4 (16.67 nL of a 1 M

sol uti on) arﬁéoﬁit‘@mﬂmbewa-l ay least(abowg fortywodfouss, 4§ Ipggbmtdemueighowsate t he
mol ar rati o joi A%aH itk SrohCholisORIANGR absu@&%ou?sf Iheast bR siffASx BGldEH 40 obtain

an about 80%f| [T vol'une in the reactor liner. The reactor was then seal ed
with a Tefl deastahoul seventyrivraahousss Resceanpgriofy oftane an basvevepreghastbet ed t o

175 C and cqfbd RtRideYrof asaa{pfedattlsas@éﬁoe@fogngs nﬁléa&t atbb@t f'h}e%ly&i affRgssol i d

reagents. After 48 h,” the reactor was co lon” I'i ner was

renoved f P orAPPHeSPhaYs H#deastrrheuhieyery é?yss?tdﬁsf/a%&% W§’c W?erké @ fbleass ahputyt es,

and then vacudbwbidsbesadsthbbtGndngh@ss fit and washed by the addition of
200 mL water in three paortions. The wet solid was then dried in air at 120

C for 12 h. The §91%%ﬂ1e.rﬁfgcn%n°& ot sterp ohile efelyshrpasipnagthedied under

N2 for 2 h afan6R6ude whbheurs Glebs] MEIGhE EBr SkAMIM coflingS B8 0readdl BEdNMRd tO a
particle size range_ of 145 to 3% ﬁcro S and tested for catalxtlc

per f or mance. OMRFENE e dpixed mefalox STRREGHUIR), feparating
14. 35130.18 NRfI@ Thabticulabid OccdPBising the mixed hﬁetﬂabﬁ&é drom\abe tlE{ﬁide(ia @S ba

catal yst for the heter neous nunOX| dat i on, of p onl trile.
At 430 C, Bt O oo he AR EHaE 7o P SIERRe: 3oking) 3/ 12,

an acryl oni tih¢ bepanitee bélidphrtiotibteyass. ohmgldnﬁnbdxﬂai&ﬁopdﬁmﬁm vfawr)wapsatﬁg 64%

acrylonitrile selectivity).. 5 arative Exa

Vol V0. 35Sboi CRBEREE. SEFLit, FSR00 R 0 1 EEF (181 204 PEPE e ot

| oaded with d!dbﬁau@&teﬁséin @he eﬁb&ﬁﬁen(t,lthﬁ&&rlg)lp st&'p Eﬁnﬁrﬁes?»&rjmg)the fdd(tmc) 3

(0.088 Q) and Xt ure .was |rre bowt .5 ni nutes,

St or wiidh TrRmRE PO HrorRR PRT 895 Rk pSther®) RRSHRS and

ni obi um oxalméﬁm@ﬁnoﬁi%am:tabéormuﬁngl@dstdws@hut| on) V\ater was added to 10

obtai n an about 00 . | | cl.on _was then
B0 ble!ork Qb UBs, Ghe Wifhed iy gegsrf,leh ket FOE SEACERbe

sealed with a Tefl'oh cap I'n an oven preheated
to 175 C anddrwdnﬂmnmtlnsmadoneial@dldt:@aleﬁ@Ftwmengnbifmttcnedltmlqm g and solid

reagents. Aff Fhlgéﬁm& 5%0&?%“(9 as{pﬁ&g ufr;dsse:eﬁ ahdr ih&h! Ren! D& YRS

renoved from ousli ng was centrifuged to separate
t he sol i @0r elagrtelemho@;menmdh%mﬁpd)metahemﬂ#w deﬂPﬁétﬂGE}WP@%@n@Bg frewant ed

and di st |1 cghoplic foZboso WS ot oie bAbkiACRQhbbut THE 6 2hbids WBeCT Ushed

and agitated to ssolve soluble salts. The m xture was centrlfuged and
the |iquid deesigdtafhbogthtime \Mﬂgngo%a%b(’ﬂoﬁﬁe fonplout fiftgen hewrs.sdi @ o8s dri ed

inair at 120nkedfiint b2 abcm TheIvE @it DREnS G Be BBLREd AdeVasconfrbifddest and

cal ci ned under N2 for at 600 C The solid was then ground pressed, and

sieved to a WP@WIP%a@PE@eFeaﬁ%ﬂ‘BM%”{“BS@% cAR by & et gas, 20 oFetsy f or
catal yti ospepdsOr TBfieRg ghbict it &f oAd oPaford BALADHENS | the ARPRS httoBphere

includes air.

As a further j)reparaﬁon step, the dried mixed metal oxide can be treated to form
the mixed metal oxide catalyst. Such treatments can include for example calcinations
(e.g., including heat treatments under oxidizing or reducing conditions) effected under

30 varous 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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tested in a 40cc |ab fluid bed reactor having a dianeter of 1-inch. The
reactor WAs iafudehe faffopinga bd shitbls melybdsaum sasee BeY piude mebvkieupiYR| yst or

catal yst i xdxife€Mdes;) Riteonias heMimbighditd HEmbRBGEE AFdAtA Auitdltvmbaiaout 0. 04
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10 ratio was about 12.6. The testing results for the catal ysts of

Conpar ati ve Exanples #6 and #8 and Exanples 7 and #9 through #12 are
sumari zed in Table 1 below. Table 1 Ex. # Catal yst Conposition Tenp C T1S
h C3 conyw@aodblimedss % AN yiel d % WHSV C6 MbVO. 2i Sbo. 24 Roone80xéo1843% Si 02
440 27 82.3 411

antimony(Ill) oxalate, anﬁmony(V) oxide, antimony(IIl) sulfate, or antimony(IIT)
tartrate. A suitable niobium source may include niobium oxalate, ammonium miobium
oxalate, niobium oxide, niobium ethoxide or niobic acid.
A suitable tellurium source may include ielluric acid, teliurium dioxide,
5 tellurium trioxide, or an organic teilurium compound such as methyltellurol and
dimethyl tellurol.
A suitable titanium source may include rutile and/or anatase titaniume dioxide
(TiOz), e.g. Degussa P-25, titanium isopropoxide, TiO(oxalate), TiO(acetylacetonate),,
or titanivm 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 hafnium source may include hafnium (IV) chloride or hafnium (TV) oxide.
Suitable lanthanum sources may include lanthanum, {IIT) chloride or lanthanum
(1I) oxide, and lanthanum (III ) acetate hydrate. Suitable cerium sources may include
15 cerium (I} acetate hydrate. Suitable praseodymium sources may include
praseodymium (III) chloride, praseodymium (I, IV) oxide or praseocdymium (III)
isopropoxide, and praseodymium (III) acetate hydrate. Suitable neodyminm sources
may include neodymium (II) chloride, neodymium (III) oxide or neodymium (IIT)
sopropoxide, and neodymium (IIT} acetate hydrate. Suitable samarium sources may
20 include samarium (III) chloride, samatium (III) oxide or samarium (III) isopropoxide,
and samarium (III) acetate hydrate. Suitable europinm sources may include europium
(II) chloride, europium (III) chloride or europium (III) oxide, and europium (I1I) acetate
hydrate. Suitable gadolinium sources may include gadolinium (III) chloride or
gadolinium (HI)} oxide, and gadolinium {IIT) acetate hydrate. Suitable terbium sources
25 include terbium (1) chloride or terbium (III) oxide, and terbium (III) acetate hydrate.
Suitable dysprosium sowrces may include dysprosium (III} chloride, dysprosium (III)
oxide or dysprosium (IIT) isopropoxide, and dysprosium (III) acetate hydrate. Suitable
holmium scurces may include holmium (IIT) chioride, holmium (Il) oxide or holmium
(III) acetate hydrate. Suitable erbium sources may include erbium ([I) chloride,
30  erbium (IH) oxide or erbium (II) isopropoxide, and erbium (III) acetate hydrate,
Suifable thulium sources may include thulium (III) chloride or thulium (III} oxide, and
thulium (HI) acetate hydrate. Suitable ytierbium sources may include ytterbium (III)
chloride, ytterbium (IIY) oxide or ytterbium (III) isopropoxide, and yiterbium (III)
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acetate hydrate. Suitable sources of lutetium: may include lutetium (III) chloride or
lutetium (OI) oxide, and lutetium (III) acetate hydrate. Nitrates of the above listed
metals may also be employed as source compounds.
Solvenis that may be used to prepare mixed metal oxides according to the
5 invention include, but are not limited to, water, alcohols such as methanol, ethanol,
propanol, diols (e.g. ethylene glycol, propylene glycol, etc.), organic acids such as
acetic acid, as well as other polar solvents known 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 emboediments, the metal
10 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 agueous solvent in the reaction medium may vary due to the
solubilities of the source compounds that are combined to form the particular mixed
15 metal oxide. The amount of aqueous 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.
Varations on the above methods will be recognized by those skilled in the art.
20  For example a method for preparing the catalyst described herein having the following
empirical formula:
Mo Vg1 -03 Sbo.1 -0.3 Nboo3.0.15 Tep01-0.03 Tio.05.0.25 Le On
in which L is La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and mixtures
thereof, “e” is greater than zero and less than about 0.02, and *“n” is determined by the
25 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
(MoO3), antimony oxide (Sb203), telluric acid (Te(OH)g), titanium dioxide (Ti0;), and
at least one “L” source compound are dissolved/slurried in water at the desired ratios
(all ratios are relative to molybdenum metal). In another or second solution or slurry,
30 vanadium oxysulfate (VOSQOs) is dissolved/slurried in water. In an alternate
embodiment, vanadium oxysulfate may be added as a solid. In another or third solution
or slurry, niobic acid (Nb;O5*nH>O) is mixed with oxalic acid (HO,CCO,H). A range

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

sharry is filtered to remove the mother liquor, and the remaining solids are washed and

5 then dred 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 ultimaie nse.

Conversion of Propane and Isobutane via Ammoxidation and Oxidation Reactions

In one or more embodiments, propane is converted to acrylonitrile and/or

10 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

15 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

20 ratio of propane 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 stream can also comprise one or

more additional feed components, including acrylonitrile or methacrylonitrile product

(e.g., from a recycle stream or from an earlier-stage of a multi-stage reactor), and/or

steam. For example, the feed stream can comprise about 5% to about 30% by weight of

25 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 to acrylonitrile in a once-through process, i.e., without
recycle of recovered but unreacted feed materials.

30 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-containing gas, such as and

20
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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 exampie, 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 reactor is not narrowly 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
Teaction 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 controlled 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.

Generzally, 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 0.05 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 WHSYV is at Jeast about 0.1, in other embodiments at least about 0.15, and in

yet other embodiments, at least about (.2,

21
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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

5 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

10 recycle} ammoxidation of propane, are capable of producing a vield of at least about 61
percent acrylonifrile. The effluent of the reactor may also include CO; (carbon dioxide
+ carbon monoxide), hydrogen cyanide (HCN), acetonitrile or methyl cyanide
(CH:CN), unreacted oxygen (0O;), ammonia (NHj3), nitrogen {N;), helium (He), and
entrained catalyst fines.

15 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 ebservable tellurium deposit is formed

20 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

25 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
30 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 slightly

from the nominal compositions shown below,
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zed in Table 2 below, Table 2 Ex. # Catal yst conpositio
solution) and mobium 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 Thas the nominal composition
Mo;V.38b0.175Nbp.0s T€0.02 Tlg. INdp.0050n

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

Example #2 — Mo1V0.35bp.18Nbo.osTeo.02Tia.1110.016Nd0.0050n

A first material was prepared as follows. A 23 mi Teflon reactor liner was
loaded with MoQ; (1.152 g), VOSO, (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
3/1), Sby05 (2.93 mL of a 0.49 M slurry), TiO; (2.85 mL of a 0.28 M slhury), Li(OAc)
(1.00 mL of a 0.40 M solution), Te(OH)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 teactor 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 shury was stimed for 2

23

nd #15
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minutes, and then vacuum-filtered using a glass frit and washed three times by the
addition of 150 mL water in three portions. The wet solid was then dried in air at 90 °C
for 12 h. The resulting solid material was crushed and calcined under N, for 2 h at 600
°C. This material has the nominal composition
Mo1V,38byp.138Nbyp.0sTeo.02Tio.1Lig.05Ndg.0050n.

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
Mo, V¢.38bo.18Nbo 08 Tep.02Tio.1Ndp.0050n.

A 0.45 g portion of the first material and a 0.94 g portion of the second material
were combined to form a sample having the nominal composition
Mo Vo 38bg 15Nbg 0sTeo 02 Ti0.1Li0.016Ndg.00s0s. The solid was then ground, pressed, and
sicved to a patticle size range of 145 to 355 microns and tested for catalytic
performance.

The material was tested as a catalyst for the heterogencous ammoxidation of
propane to acrylonitrile. At 433 °C, WHSV = 0.2 and a feed ratio of C3Hg/NH3/02/N,
= 1/2.0/3/12, an acrylonitrile yield of 60% was obtained (91% propane conversion,
65% acrylonitrile selectivity).

Comparative Example #3 - Mo; Vg 3Sbg 2Nbg ¢5Tig 1INdg 00504

A 125 mL Teflon reactor liner was loaded with MoO; (8.0 g), Sb,0; (1.620 g),
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 VOSQ, (16.67 mL ofa 1 M
solution) and niobium 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 iiner. 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 liguid and solid reagents. Afier 48 h, 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
Mo1Vp.38b0 2Nbg 05 T10.1Nd0.005O%-
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WO 2008/103255 PCT/US2008/001842

i0

15

20

25

30

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 C;Hy/NH2/O»/He
= 1/1.2/3/12, an acrylonitrile yield of 56% was obtained (87% propane conversion,
64% acrylonitrile selectivity).

Comparative Example #4 - Mo; V.15bo.25Nbg.075Tio.125Nd.00620x

A 200 ml Teflon reactor liner was loaded with MoO; (6.334 g), SbyOs (1.283
2), TiO; (0.351 g), Nd{OAc); (0.088 g) and water (10 mL). The mixture was stirred for
about 5 munutes, afier which time was introduced VOSO,; (13.2 mL of a 1.0 M
solution) and niobium oxalate (6.083 mL of a 0.434 M 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 mixing of the liguid and solid reagents. After 48 h the reactor was
cooled and the Teflon liner was removed from the housing. The product slury was
centrifuged to separate the solid reaction products from the liquid. The liquid was
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 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 V.358bp 25Nbo 075 Ti0.125Nd0.006200.

The material was tested as a catalyst for the heterogeneous ammoxidation of
propane to acrylonifrile. At 420 °C, WHSV= 0.15, and feed ratio CsHy/NH3/0,/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 #5 - Mo Vo 38bo 2Nbg.gs Tio.1Geg.0sNdg.00s0n

A 23 mL Teflon reactor liner was loaded with MoO; (1.20 g), Sb,03 (0.243 g),
GeO: (0.0436 g) and water (2.0 mL). The mixture was stirred for about 5 minutes,
afier which time was introduced VOSO;4 (2.50 mL of a 1.0 M solution), TiO; (0.833
ml of a 0.08g/mL shlurry), Nd(OAc); (0.417 mL of a 0.1M solution}, and niobium
oxalate (1.142 mL of a 0.438M sclution). 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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mixing of the liquid and solid reagents. After 48 h the reactor was cooled and the
Teflon iiner was removed from the housing. The product slurry was centrifuged to
separate the solid reaction products from the liquid. The liguid was decanted and
distilled water (5 mL) was added to the solid. The sohd was crushed and agitated io
5 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
resulting solid material was then crushed and calcined under N for 2 h at 600 °C. The
solid was then grdund, pressed, and sieved to a particle size range of 145 to 355
microns and tested for catalytic performance. This material has the nominal
10 composition Mo, Vg 38bg2Nbg g6 Tip.1Geo.0sNdp 0050
' The materal was tested as a catalyst for the heterogencous ammoxidation of
propane to acrylonitrle. At 420 °C, WHSV= (.15, and feed ratio C3Hs/NH3/O./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%.
15 Comparative Example #6 and Example #7
For Comparative Example 6, a base catalyst of formula
Mo V21 Shg 24Nbg 090./45% Si0; (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 MoVg.2)Sbg 24T¢€0.04Nbg.060/45% SiO;
20 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 E:;;ample #8, a base  catalyst of formula
MoV3Sbo 2Nbo asTig 1Ce0.00s0x/ 45% Si0 (referred to hereinafter as the “6 Component
25 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 telluriom content were prepared by
additionally adding tellurium to the *6 Component Base” catalyst using the
impregnation method described herein.
30 Comparative Example #9: MoV 38bg 2Teg.0sNbg.0gT10.1Cep.0050./45% Si02
Example #10: MoV 3Sbg2Teo.04Nbyg 0 Tip.1Ce0.00s0x/45% SiO;
Example #11: MoV;3Sbg2Tep 03Nbog.osTio. 1Ce0.00s0:/45% SiO2
Exampie #12: and MoV 38bg2Teq.02NboesTig iCeoo0s0x/45% S10;
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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 1-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
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 into the
reactor at a flow rate such that atnmonia to propane ratio was from about 1 fo 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
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 | MoV SbosaNDoosOx 45% Si0; | 240 | 27 | 82.3 | 412 | 339 | 005
440 | 48 | 75.1 | 434 | 326 | 007
7 MoVy.21Sbo 24Te0.04Nbo.0oOx 440 65 | 78.8 [ 51.2 | 403 | 0.049
/ 45% SiO2 ' 450 | 218 | 806 | 53.8 | 434 | 007
C8 | MoVy.3Sbo2NbgosTio1Ce0.0050x 440 | 66 | 82 | 414 | 340 | 005
/ 45% SiO,
C9 | MoVo3Sbo2Te00sNbgos Tio1CeogosOx | 440 | 21 | 58.1 | 34.5 | 200 | 0.05
/ 45% SiO»
10 | MoVo3SbozTeoosNboos Tio CeooosOx | 440 | 138 | 81.7 | 489 | 40.0 | 0.05
1 45% Si0, 455 | 332 | 783 | 483 | 378 | 0.07
11 | MoVo.1SbosTe00sNbogsTio1CeooosOx | 440 | 233 | 73.6 | 46.6 | 343 | 0.049
/ 45% SiO, 440 | 45 | 654 | 499 | 32.6 | 0.069
12 | MoVo3Sbo2Te00zNbogs Tio.1Ceo00s0x | 440 | 67 | 792 | 413 | 32.7 | 005
1 45% SiO; |
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Comparative Example #13 and Examples #14 and #15
For Comparative Example #13, a base catalyst of formula
MoVg258bg 167Nbg.0eNdg 002Ce0.003L10.0130x/45% Si0, was prepared by a non-
hydrothermal method and calcination method described herein. Stmilarly 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: MoV 25Sbo.167Te0.02Nbg.0gNdo 002Ce0.003L1i0.0130x/45% Si0O,
Example #15: MoV258bo.167Te0.04Nbo 08 Ndo 062Ce0.003Li0.0130x/45% Si0;

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 Sb20s. 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 | WHSY
# °C h |conv | sel | yield
% % %
C13 | MoV.258bo.167+0.08Nbo.0sNdo 002 440 16 | 673 | 547 | 368 | 0.060
Ceo.003Li0.0130+/45% SiO; |
14 | MoVg25Sbg.167+0.08T€0.0:Nbo.o 440 16 | 706 | 583 | 412 | 0.060
Ndy 002Ce0.003L10.013C+/45% Si0;
15 MoV.25Sbg. 157+0.08Te0.0a4Nbo.0s 439 16 796 | 57.2 455 0.060
Ndp 002Ce0.003L10.0130:/45% SiO2 439 20 | 826 | 556 1 459 | 0.055

439 92 | 83.9 | 57.0 | 47.8 | 0.055
439 113 |1 863 ] 553 | 47.8 | 0.050
442 117 | 879 | 54.6 | 480 | 0.050
443 119 | 88.1 | 53.6 | 47.2 | 0.055
445 135 { 884 | 54.1 | 479 | 0.055
447 140 | 896 | 534 | 478 | 0.055
446 142 } 876 | 555 | 48.7 | 0.055
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48.7 0. 055 As used in this application and in Tables 1 and 2 above,
"Tenp" is the reactor tenperature in degrees centigrade. "TIS" is the
"time on streant in hours (h). "C3 cony" neans propane conversion and is
t he nol e vpeomeaéz2per pass conversion of propane to al kcpistugbasand

by- products. "AN set" nmeans acrylonitrile selectivity and is the ratio of
5 noles of acrylonitrile produced to noles of propane converted expressed
in percent. "AN yield" neans anylonitrile yield and is the nol e percent
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or unsatur at le@too pndni seipressed m‘ﬂisutlahmfe@mwuamyf eatalyssiolry elsokmmyos t o
produce an upggirurated nitrile, said process conprising contacting the
saturated or unsaturated or m xture of saturated and unsaturated

hydr ocar B8n wi t h Vébiledhe fregeins dascoptierernddtbnatenmepdijacnts are tipicabfoedience of a
catal yst co i 10
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0. 01<b<0. 6, 0.001<c<O0. 06, 0<e<O .1 n
t he number o“fm‘tiwﬁéhméit%‘ﬁﬁ”th’éd‘aﬁ %P@H apgbroad scgre;pf\maaméec} @efmsf enent s of al
other elements 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 lower than its highest oxidation state, and wherein a, b,
c, d, e and f represent the nolar ratio of the 25 corresponding el enent to
one nol e of M. 2. The process of claim1, wherein in the catal yst
conposi tion: 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.
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3. The process of claim1, wherein X is selected fromthe group consisting
of 30 elenents Ti, Sn and m xtures thereof. 35 4.The process of claiml,
wherein the catal yst conposition 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 ght percent of the catalyst. 6.The process of claim1, wherein the

hydr ocar bon i ncl udes propane, isobutane, or a m xture thereof. 10

7. The process of claim1,-wherein dhgggrocess includes providing a feed
stream conpri sing saturated or unsaturated or m xture of saturated and
unsaturated hydrocarbon, ammoni a, and an oxygen-containing gas, wherein

t he nDI @0 of hydrocarbon to oxygen is fromO0.125 to 5. 15 8.
The process of claim1, wherein the process includes providing a feed
stream conprising saturated or unsaturated or m xture of saturated and

unsatgurat ed hydr O?ﬁﬁlrgeébs famgerynﬁmmoaaf é’éétgr%fedcd?@rh%tma't& &Qﬁxtuféher ein
the molar ratio o drocarbon to ammonia is fromO0.3 t 20 9.

The procdsgtusated prd Wsﬁtw@tﬂ@ér’f‘éﬁwcﬁ'ﬁ’@“ fredss anﬂﬂsﬁfél'é%?e‘bf‘w é?'ﬁ'g a feed

stream C&Hwés%bﬂgr@ﬁgnéwrﬁé&mg%e sEtoicdror UAChtGHated of iiktareadf satdécdamrl and
unsaturated hydrocarbon at_a flowrate that is controlle rovi de a

vei ght HEgatujates BydEocABPRICViEY agmogta and a8 oxgen-enigiung, oag '83%% B’& %6 granms of
cat al ystef a2fitalyst compdeRion Dothppispg &S6ixed odebfampiricahfimaula: t he process

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

m xt¥re of saturated and unsaturated hydrocarbon at a flowrate that is
controlled to provide a wei ghtmsoss MbIeaceO4el ocity of at [east 0.15
grans hydrocarbon to grans of catalyst. 30 11. The process of
claim1l1, wherein the process includes providing a feed stream conpri si ng
sat ur at ed or\Mn&ahunasaddedﬂnhmmeganpkmsaﬁugafédSanGeuthtunated

hydr ocar bo ra%;hgrgfp i ?ez?é?& Bg%\ thég%%ﬂ%@érétﬂg otgrn dOVan%&tu?&'t % fhour Iy

space vdl 0C rans
15 0.1<a<0.8,
0.01<b<0.6,
0.001<c<0.3,
0.001<d<(.06, -
O<e<0.6,
20 0<f<0.1; and.

n is the number of oxygen atoms required fo 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 ciaim 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  elements Ti, Sn and mixtures thereof.

35
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12. A process for the ammoxidation of a saturated or unsaturated or

m xture of saturated and unsaturated hydrocarbon to produce an unsaturated
nitrite, said 5 process conprising contacting the saturated or
unsaturated or mxture of saturated and unsaturated hydrocarbon wth
ammoni a and an oxygen-containing gas in the presence of a catalyst
conposition conprising a m xed oxide of enpirical fornula:

Mol VaSbbNbcTedX, Li AgLi hOn wherein X is selected fromthe group
consi sting of4Ti, fib priBessét claih 1, vtitsleih Qe dtaly<t BorpPediMf comprisesal 1S
selected fromthe grou consisting. of Pr, and Nd, and mi xtures. thereof; A
s at | esHAPOEIegied (M RS Srauip CRBSIING GFelie AlNipd Zrceive. tapiay OpRixtues

0. 01<b<0Othe5eoi50. 001<c<0. 3, 0. 001<d<0. 06, 0O<e<0.6, 0<f<0.1, 0<g<0.1
200<h<0.1, and n is the nunber of oxygen atons required to satisfy
val ance requirenents of - all other elenents present in the m xed oxide with
the @ oviso that ore mrocgsdiofciain £hehepdihdiie fIppont odrapiisestiDao Al wekhbxi de can
be present irg g{%l ox{ (ilagi on state |l ower than its highest oxidation state,
and wher®TREROTHNEEEE e f, g, and h represent the nolar ratio of the 25
correspondi ng el enent to one nole of M. 13. The process of claim

0 002<aco. 05, S0. OoHEIE oL B PR ARt plckshiete [ 21 17012

wher ei n isobutére, cat alixtsrie theraplosi ti on: 0. 03<h<0. 06 35 15. The
process of claim 12, wherein Xis selected fromthe group consisting of

el enments Ti, Sn and m xtures thereof. 16. The process of claim12,
wherein the cét al yEte rfosaseof claion.cugsein shespracess 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 oxygen is from 0.125 10 5.
15
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, ammonia, and an oxygen-containing gas, wherein the molar ratio of
hydrocarbon to ammonia is from 0.3 1o 2.5.
20
9. The process of claim 1, wherein the process includes providing a feed
stream comprising saturated or unsaturated br mixture of saturaied and unsaiurated
hydrocarbon at a fiow rate that is controlied to provide a weight hourly space velocity of
at least 0.1 grams hydrocarbon to grams of catalyst.

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 fiow rate that is controlled to provide a weight hourly space velocity of
- at least 0.15 grams hydrocarbon to grams of catalyst.

30
1. 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 controlled to provide a weight hourly space velocity

31



5support selected fromthe group consisting of silica, alum na, zirconia,
titania, or m xtures thereof. 17. The process of claim 16, wherein
t he support conprises 10 to 70 wei ght percent of the catalyst. 10

18. The process of claim1, wherein in the catal yst conposition:

0. 2<a<0.4, 0.1<b<0.4, 0.01<c<0.2, 0.002<d<0.06, 0<e<0.3, and 0<f<0. 05.

19. The process of claim1, wherein in the catal yst conposition:

0. 2<a<0. 4, 150. 1<b<0. 4, 0.01<c<0.2, 0.002<d<0.05, 0<e<0.3, and

0. 001<f <@ aQ?eaSt 8<2 gramiggg%%o@{@&g®§gp£atg]8&| m 1, wherein in the catalyst

conposition 1<c<0. 2, 0.002<d<0.05, 0.001<e<0. 3,

and 0<f<0. 05.,202 t
conposition: 022 2<3;1A gl%gegigpﬁ-%sagqhm%a%bﬁgﬁéSat%cpérmé’lggtgm%%&q%@gﬁ) 3, and

04<0. 05. of saturated apg unseerateddydesaisen & BAvaEan vipsalusstad pivilefaiccat al yst
Conpasi tbr%@ess%?nﬁﬁ&ﬁg éonthti]nﬁQﬁ@séiuraQedQ%ﬁﬁﬂu%teooar%%tﬁﬁf& Bfratdfgrd. 3, and

0. 001<f <0. 05. process of claim12, wherein in the
cat al yst Ufé‘@%@ﬁiﬂ hydmcarbowﬁ&emmon@ apdiARPXygemCetaiping 923 '"dh%'?éa'l@ 05,

0. 001<e<g. a%atélf@ c&ﬁbﬁicﬂﬁomprlsmg a mixed oxide of empirical formula:
Mo4VaSbyNb TeaXeLAgLinOn
wherein X is selected from the group consisting of Ti, Sn, Ge, Zr, Hf, and
10 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,
0.01<b<0.6,
15 0.001<¢c<0.3,
0.001<d<0.06,
0<e<0.6,
0<f<0.1,
- 0<g<0.1,
20 O<h<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, 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
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15. The process of claim 12, wherein X is selected from the group consisting

of elements Ti, Sn and mixtures 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 caté!yst.

18.  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<0.06, 0<e<0.3, and 0<f<0.05.

19. 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<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<0.086, 0<e<0.3, and 0<{<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, 0.001<e<0.3, and 0<f<0.05.
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