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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
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In another aspect, the present invention 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 hafnium, and optionally at least one lanthanide selected
from the group consisting of lanthanum, cerium, praseodymium, neodymium,

samarium, europium, gadolinium, dysprosium, holmium, erbium, thulium, ytterbium,
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a, b, ¢, d, e and f represent the molar ratio of the corresponding element
20 to one mole of Mo.
In other embodiments X is Ti, Sn or mixtures thereof.

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

DETAILED DESCRIPTION OF THE INVENTION
25 The present invention generally relates to a process for the (amm)oxidation of a
saturated or unsaturated hydrocarbon, and catalyst compositions that may be used in the
process. Such processes are effective for the ammoxidation of propane to acrylonitrile
and isobutane to methacrylonitrile and/or for the conversion of propane to acrylic acid
and isobutane to methacrylic acid (via an oxidation reaction). '
30 Catalyst Composition
In one embodiment, the catalyst composition employed in the process of the
present invention comprises molybdenum, vanadium, antimony, niobium, tellurium,

optionally at least one element selected from the group consisting of titanium, tin,
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0.001 <d <0.06,
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n is the number of oxygen atoms required to satisfy valance
25 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, e and f represent the molar ratio of the corresponding element
to one mole of Mo.
30 In one embodiment, the catalyst composition comprises a mixed oxide of
empirical formula:
Mo, V,SbyNb. Te X L0,

wherein X is selected from the group consisting of Ti, Sn, and mixtures thereof;
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In other embodiments of the catalyst compositions described by the above
20 empirncal formulas, L is one of Nd, Ce, or Pr. In another embodiments, L is one of Nd
or Pr. In other embodiments of the catalyst compositions described by the above
empirical formulas, L is La, L is Ce, L is Pr, L is Nd, L is Sm, L is Eu, L is Gd, L is Tb,
LisDy, LisHo, Lis Er,Lis Tm, L is Yb, and L is Lu.
In another embodiment of the catalyst compositions described by the above
25 empirical formulas, the catalyst composition contains no tantalum.

In other embodiments of the catalyst compositions described by the above
empirical formulas, a, b, c, d, e, and f are each independently within the following
ranges: 0.1 <a, 0.2<a,a<04,a<0.8,001<b,0.1<b,b<0.3,b<0.4,b<0.6,
0.001 <c¢,0.01 <¢,0.02<¢,0.03<c,0.04<c,c<0.1,c<0.12,¢<0.15,¢<0.2,c <

30 0.3,0.001 <d,0.002 <d, 0.005<d,d<0.025,d <0.025,d <0.03,d <0.03, d < 0.04,
d<0.04,d<0.05,d <0.05,d <0.055,d <0.055,0 <e, 0.001 <e, 0.002 <e, € <0.05,
€<0.1,e<0.15,e<0.2,e<03,e<0.6and 0<f, 0<f, 0.001 <f,0.002 < f, 0.003 <f,
and 0.004 < £, £<0.006, f<0.01, f<0.015, f<0.02,£<0.05, £<0.1.



In other enbodi nents of the catal yst conpositions
descri bed by the above enpirical formulas, a, b, c, d,
we@ 2008na265 ar e each i ndependently within t he foPd:Tywsmgsmmsn
ranges: 0.1 < a, 0.2 <a, a<0.4, a<20.8, 0.01 < b,
0.1 <b, b<0.3 b<0.4 bc< 0.6, 0.001 <c, 0.01 <
c, 002 <¢c 0.03<¢c 0.04<¢c €<01 cx<0.12, c
< 0. 15,Incone gmbodigent of she gatglyst eomposgioneAescribed ObyO@lE above

< 5 zﬁi‘q?ffég‘é"gg%’ tge }a%l)gé?d%lqgrfaélgogo?ltaélgs<ﬁglggg%ndgm§y optionally

o @BBin Qne<orgnor® oligt akkalh maial9Oh thiscgmtwdimdnt EHe, caglyst Gorhposition
6 and 0 < f, O < f,
. Syt ‘g‘d‘eﬁg’é‘%" of the 8m86§alef°¥“,“9and 0.004 < f, f <

50 006, f < 0.01, f <MhlUJSHDbN'6T€d)QL&%L1hO < 0. 05 f <

od I, e f the cat St oS. ti
TP T Tite b VBB PRy HFfIPALR R A 1 ot leastone of
c amalky s, Roldhd mixtadel thefRttas B 0.1, II?K NR}OEH ;inmlg’t anld;h” Irenpresent
i on C ain one _ or re ot her all neta

¢ P s o A teSoas B Bneat oS mofest My tBerempodiments
M ofekk exd1gke cohpdsitondRIptkiag b rﬁ&édﬂﬂl& descnbed by the above empmcal

NblVaSbbNbchdXeLngLlhCn wherein X b, d,
10+ Togmgayfhe Faalistcomppiion enniauns nadla, Ko 3 R onmistaige thoreof (ic. g
| eéilﬁﬁls @5‘ eInQd‘thé}J@mbKdmféﬁts o%l?head'é Jm &dnoBitioh Q%Fﬁgmg D nitxed oxide

represen

noqeaqnheapv &e@oveh@n@a?afl é%fﬁblﬂﬁsl Prfgh 8|0é rfelmh TG0 B e
of M. 1R ei1gh SMIRAHPRGLSinEntodCma i Yille ejther s orted or
conposition conprising a m xed oxide” described by t
abowernerpd ((i-¢ dhe fcatelyst may taempeiag &l sppport onpuwi bd arbulk catalyst)
C t
15 egsl}glﬁglggs)uﬂﬁblr%laage ﬁhcacsai nﬁg? %rﬁ%% t?tﬁrﬁ?c; Jrhﬁl&ﬁ‘%s t‘ﬂaregf However,

c ovipmsAitcpia ot btapial &3¢ nspdas siprodt roxtenikds thes drei xbe@l obgnotybéenum to
ab enpj. I, 3
2 R i SRR Y e 481t e BB, Buch
nettie Myl toharorsii pﬁtfm tsdatvaren aheutdplotot ke th. ( A. sappdrh@plcally serves as a
Catirg+e¥ ttps IIR% r Ile'CSSISl 612%21:{1'?2{8) %éltrdgro réuluim n¥ore aétin&m'l r}'gSlstant catalyst.

20zi H@WJWea fot cdmmemal appltmudmsr &8 apprepriags blellrdDmEHﬁh thevb@ive phase

ZI CO a or tlnq)ta{];iﬁg}%ﬁ}l ﬁsf%ﬁU%ﬁ]Ort ngatﬁlgrﬁilal S I e?pful to

| rkﬂitzﬁﬂsdhs a&épfabreh@cﬁw&y U Biranéds I(Bttrﬁthﬁ) a&s&mcé)omumas@atalyst
such that_the Mo to Zr, or Ti ' en about
Iﬁ“‘t“’é‘oia“feanwngﬁﬁ??dP the; %‘?‘%Pf\&‘e §%ti‘ﬂ9 a%’? egrepges gy hardness of

f Ohe RSBy QATBE Yisgpoft@Bthbtiéed Beiwer 1 (s weilkt ;Jasweﬁt of the supported
attrition resjistant catal yst. However, for mrer ci a

25 apf3falysht iTomsalla the sppers PHPESS| RSB HOHY WEBRCRATRat of the
Phaporfed-Btalysh IR difent 8t disyhicntiO It SupP6® laly R8Fhprise as

above) and t'he support is helpful to obtain an

aclipeaphant 40 teight pergen of Shegsverarted getalyst j yrpne embodiment of this
I &gl &idAC e &.\%Ee)mtt hRay @bk M&t as BileC8d LORR! 0 wefdY percent of the

increase in t anount of the active phase decr eases
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30 as much as about 70 weight percent of the supported catalyst. Support materials are
available which may contain one or more promoter elements, e.g. a silica sol containing
sodium (Na), and such promoter elements may be incorporated into the catalyst via the

support material. In one embodiment, the support comprises a low-sodium silica.
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30 An aqueous liquid (B) is obtained by adding a niobium compound (e.g., niobic

acid) to water, followed by heating of the resultant mixture to temperatures in a range

of from 50° C. up to nearly 100° C. Advantageously aqueous liquid (B) contains a

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



typically in a range of from1 to 5 hours.
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of this method, the dissolution of the niobium compound can be promoted by the

30 addition of a small amount of aqueous ammonia or by heating.
The concentration of the niobium compound (in terms of niobium) in the
preliminary niobium-containing aqueous solution or aqueous mixture can be

maintained within the range of from 0.2 to 0.8 mol/kg of the solution or mixture. In an
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The aqueous liquid (B) may also be prepared comprising further component(s).

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

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

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

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



conventional nethods, for exanple, by decantation or
filtration. Wen the dicarboxylic acid/niobiumnolar
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The aqueous mixture of ingredients is dried to thereby provide a dry catalyst
precursor. Drying may be conducted by conventional methods, such as spray drying or
evaporation drying. Spray drying is particularly useful, because a fine, spherical, dry

30 catalyst precursor is obtained. The spray drying can be conducted by centrifugation, by
the two-phase flow nozzle method or by the high-pressure nozzle method. As a heat
source for drying, it is an embodiment to use air which has been heated by steam, an

electric heater and the like. It is an embodiment that the temperature of the spray dryer
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te erature of the s pray ryerat an entrance to
S¢/miact ilpnan [eabediment the opreqAgoationoteBPER@Ie is 300°C. In an
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converted into a m xe oxl de cat
c allatei in 36 1(@min. clzalamthmem@mn theeheatingl at¢ ESCBOﬂ@AmIg ‘et in another
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reactor, ftixe ctor
cadboilh&(i0°6mraahghqbr bigbéreint @derstocdilowvhthe t¢dmsarambaifythé precursor to

fo urface area of from about 5
”Bﬁyu% o%?ggﬁ nép&{§fron1about 15 n2/g to about 20
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30°C/min. In another embodiment, the solid can be cooled after attaining the

intermediate temperature and then heated to the final temperature at a heating rate of
greater than about 15°C/min, or greater than or equal to 20°C/min, or greater than or
equal to 25°C/min, or greater than or equal to 30°C/min.

30 In one embodiment of the invention, the calcination is done in two calcination
stages: (1) up to intermediate or precalcination temperature and (2) from intermediate
or precalcination to final temperature. In one embodiment the solid from the stage (1)

calcination, optionally cooled, is introduced into a hot calciner maintained at a
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15C/ min. In an enbodi nent, the precal cination
tenperature i s 3000C. In an enbodi nent the heating

WO 2008/10858bout 20C/ mi n. I n anot her enbodi nent , PETES2008/001842
heating rate is 25C/ mn. In another enbodi nent, the
heating rate is 30C/ mn. Yet in another enbodi nent,
the dry catal yst precursor is introduced into a hot
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50r gepecal cination to final tenperature. In one
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e fin
n‘gér?gi?tg? gﬁ?lﬁl@tﬁo 59% H{eﬁ llr?ﬂy%hmogq%enper :2 O*ln eﬁa flow of a
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66‘@@@‘3”3’7@(5’@86 ah@) above about 400-450°C. The flow rate of gas can be critical

especially for the temperature range of (1) up to about 400-450°C. The flow rate of gas
can be in the range of about 0.67 to about 2.5 sccm per g catalyst precursor per minute.
30 In one embodiment a catalyst precursor is calcined under nitrogen in a 1 foot
vertical tube in two steps. After raising the temperature of the loaded 1 foot vertical
tube at the rate of about 1.2° C/min, to 345° C, the temperature is maintained at 345° C
for 4 hours. In the 2™ step the temperature was further raised at the rate of about 2.3°
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6800C or any tenperature in the 600-6800C range. In

one enbodinent, the solid is heated at rate a rate of
w@ 288104285 f r om about 6000C to about 6800C. | n PEEUS2008/001842

enbodi ment, the solid is heated at rate a rate of

| mn from about 6000C to about 6800C. The

cal ci nation can be conducted in air or under a flow of

ai ¢/minipteaperagire peGadf Gy Aftardwetling fler 2chaue a1 464006, the calcination

cqgg%%@fgd] n an atnosphere of a gas (e.g., under a

flow of a gas), such as nitrogen gas that is

substantially free ofIncompgeationfdfdefndumnt i nventi on

conte ' i The | t .

compr | cshafEm A6t B nio hE cllfl oy 8 aiion ot ceturium
5 Thougasowpeunddopny e of afjemis mixtine ¢4), aqueous meaune (B))jpes mixture

ord S TR B P TRRR afre 0 65 B PR R ctiom may
c lecidded toothe catalykiebyCiatped gaalticnu tIn whel embedifemtwirregnation is carried
nitraogen gas.that .is substantially free qf oxygen for . .
hotth P &orackng: iped FARBEE PipaY) by, Msthelopy deseribed in. this
40fppHERL withth soRion bOYEOFD6 dhd WaKEr. 4FIOSlutlon iuiddled @ the catalyst
enbodi ment of Lhe tBr esenk%d' nventi gn .the cal ci natian ‘
10 ¢ afithhrEng P dhg ertalys deached 4 pospy offincipientyvymest producing a catalyst

t ewjae iRt ddsRed BVEICOOk]Iirim PBr MBleadTaHblyHd¥nmARORE @Y st surface.
under a_flow of nitrogen gas that is substantially

f r B grbskipghim drisd. wRiaihepriaeing e crialygidn g0 £)ovab evemight to
ab@yitin 400- 490 Uried iRPrddn M rdi&raPTis YD GBRcRE 1B'd hiftateatment,
especially for the tenperature range of (1) up to

abypicalbpodgsmyogenyh 4547 Gpr 2hoursof gas can be in the
1srange of about O. 67H§&oﬁ?é?ﬂal§¥£h g 9 cat al yst
odl me

precursor per ninute. In one enbod nt a catal yst
pr ecur doong smbedigientcttic gatalyst qempesitens described hérgit can be prepared

SRR LR B B g e s
r dY'6. Batcabamplication Won2¥03/0094M5toatfiiey o ehpfasnabeeti ., “New
{Tgé#h%ls]? %gou?et fo%zl\?%-rgt- -r’l"eélrngcgéil (rg%éi{sé ?%t}tlpsﬁ f%rngrgsatmeepantlragxidation”,

erature was er rarse e’rate about
20 2. Bpliwd (Catadysss AcGperat 194€l 96§ pro419-E85 @DO@) ardiigédaiengl. f“Selective

2 hoyrs at..640 the calcination is complete
DS AR ade? Ry P BTy SRR B0 (u-al, G,
i NBioSp andTebxide dataly’a” Cappiey Satabysist AreGenei@i, 200 ppol 38145, which
telluriumsource coppound to any one of aqueous
mi 8¢ [earppiRfed &%@oﬁ?‘?ﬂcﬁt ure (B), or a mixture of
atrqrg egusm F@@ﬁbﬂdl,letlhé Aptadyael caﬂge@ﬁtglé ndeérivee hl{eE’ain tdafi Kb?ﬁrgpared by
enbaodi ment, tellurium may be added to the catalys

25 n*ry@sﬁﬂegwbwmheﬁlsaﬂgr@e i FAEROUN]S h F-cSOTRONRLS thdt contain and/or

C agrbVifsl ofdIbr MYreCTMhPmbilaRFof Mk GrhiRQTmEEL MideSéatdly e RampBshition) are
by a nmethod as described in this application with a

s AARIXEShInGAN 35ueeYs)SIuiqn toderay 2 repgtien meigm; ad reacting dagreaction

t OmEdIEmGRERVME pressure and elevated temperature in a sealed reaction vessel for a
time sufficient to form the mixed metal oxide. In one embodiment, the hydrothermal

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 catalyst or

any organic compounds added with any of the source compounds supplying the mixed

metal oxide components of the catalyst composition. This embodiment simplifies
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with stirring until the catal yst reached a point of
i nci pi ent wet ness producing a catalyst with the
waoleasnextss evel of telluriumper nole of nolybdeeroszms/001842
the catal yst surface. The catalyst is then dried,
typically by placing the catalyst in a 90 C oven
overnight to dry in air. The dried inpregnated
rrafuethﬁr%anﬁilylaq@émr@swmféhﬁ mixed mistahoxide estalysint |
typi cal
Hydr ot hit;}%é r?g %}E/:Cr)]rtﬂ elgnlgggl% r@a{gl:t gﬁg rt'lhg os%aggde % lﬂ V%3se1 %t a temperature
cagradtgsthag dP S€iand ah g raessweigoeatkr hhﬁneamblcm rprd:seurp ne fared mixed
by hyd synt hesj dr ot her nal .
oy PHEBALC Blelort Vil B HboBBICHE e sl QB ar reacted in e
5 Apsehled ad¢action N!Bsel 300 Bh(poMBY 8f stdedsadtone256C, &l another embodiment

Wat.anabe et ! n [ Rout e for -
mi %(te?jqox?ed%tgrecg & 3[;%%\{ %‘f'utt B‘S@p “gnﬁ‘oﬁ d%ﬂ'\(/’%l‘f embboglment at a
quehnpadn@abﬁhtylsass alé\iut (Bem eCalIn ohd 4mE&5meﬁtD the‘kzﬁrcé 88mpounds are

(200 S ti dat i f_Light
RS O R GREREHER Vi) St AIHRGY JEA WES\DMCPS PS8, and in

( Nﬁﬂher GmboBimenblat angredsare @Xlaﬁiqeaﬁsﬂta%lﬁ% psigARRd 1i® et another
sis A, Genera 135- \M}W)I ch are

I
O; rBrs abe REPrppf 33t 2100 R¥igy eRich 4#416d gton vessels may

C aberdqrifpe & MR QASIrbds@R ToREA el ibe B HBIddvar ﬁl%QSulﬂgmg 'il?eoﬁ:rége@ and/or
by hydrothernal synt hesi s where source conpounds

co'i‘?ﬁ & thefeactipR BeSSUFE- and/ or  provi de one or nore of

the met@lose fop ndrd18mBbdifEniBthekodd SfnfoRhd 48 treacted by a protocol
conposi tion) are adm xed in an aqueous sol ution

f othah eomEises MBvngE isowrce Aempaiads dwring the reaction $tcm The particular
15 "Eﬂixlﬂﬁg Rbchghishat ﬁ‘& opi'hga"‘lS’zﬂfd%af{jl %lu%l‘: %ﬁkgge # ?%Hgﬁ:g%{)xj‘qgﬁatmg) the

in a seal ed reaction vessel or atine
f oromponentsridwent the tredction by @ny leffegsive neathasldi Suehtmethdds include, for

t og{aﬁﬂtpr%e rz&ﬁknr?gy %eh %éﬁtgntg Ot {h@uﬁaﬁct{o v&sél' g tS?lgklIl% ﬁﬁ r1)11ng or

ct® any organi c conpounds
r e@ctliaong ﬂeohoumpnérmcommamgl reactisn Ivvssnlt sSucheniethmistaﬂm include, for

ti at a st or_any
gﬁg.p?e ﬁﬂm%y of" gltn e so%lr € conp oll? | tg %U@h &vithin the
20m eadtionsiesdel and derigmgpforvervospled td the sﬁﬁix@l méthber or to the reaction
iLtion. s enbodi nt s Lifiesfurthe )
ol P BRide e CEPRG B enahaPyhe RETHF £ g roection vessel
C aTl&J ¢isling mhbv@b& @t bea elmfparmd andlbeshaRaappeked Btifkilg member. The
l ed r.eaction at .a tegiri)er at.ure greater than

O E L o e ieat, cBURP AT R PR SRAORER (o7 foB ok ngirectly

t Ocdupletd (el s)l(iﬁﬁhgniﬁérﬂberQX ed %anhg@éﬁ@ 8duplihg). OINR mixing is generally
t he source conpoun are reacted in the

I.ment,
>s e%’%g fenjt &0, % {5 comranentsp alloy &psEhicien rechm btwpaafomponents of

ab@uteaddon Médiuimiio & DRGreHBARBEABRBRS re@étiod rheNRE (AL USRI resulting
of at | east about 150 QC, and  in yet another

enBoRl MeEh hompeenepusmited Tistel ofidesprepwaen) agiseMmpared 3o @n unmixed
| NeeQMRn ETIG SsiR n, mérb @ At €6nsERAPRH ¥ Bar@imaterials and in a more

uniform mixed metal oxide product. Mixing the reaction medium during the reaction
30 step also causes the mixed metal oxide product to form in solution rather than on the
sides of the reaction vessel. This allows more ready recovery and separation of the
mixed metal oxide product by techniques such as centrifugation, decantation, or

filtration and avoids the need to recover the majority of product from the sides of the

14



reacted in the sealed reaction vessel at a pressure of

at | east about 25 psig, and in another enbodi nent at a
w@e@sass of at | east about 50 psig, and in yePCHOS100&001842

enbodi nent at a pressure of at |east about 100 psig.

Such seal ed reaction vessels may be equi pped with a

pressure control device to avoid over pressurizing the

vesador vesgpl.oMare advagtageeuslys heving thetigad pretd owide foirm in solution

onzﬁloWs é g%?c%ﬂ%t a?l]hfatcgheofstﬂ ?&%cfé%g’y&gr? 158 fmited exposed

reacte ot ocol at co ses m X' n he sourceé

cofapsuries ﬂdlarowgl achers peafmrnm rsatcetp wallhe partl cul ar

m xi n can.

i xi ng | B gl Bkl Some BPA0SREC i B sty aosset. Toe
5 duammgt bphieadsmace imap dbgendmyn thd fzcssélldmgxﬁret ihedypeSafcﬁgltanon used if

net hods. i ncl f.or le, .a tat ont en

of 1 RESHUE s PO OB TSt T R, BF Shample, may ake

osim% heddspae! HMBypeaaltpohe nfeadspweas filled wlﬂtaﬁhlblsm a\heﬁvﬁﬁ:h provides

Such net hods. al so i ncl ude,, exan‘péPa stirring

usTO AP} ?frwgerh@rtﬁ% P o Hopaver s baad PAF% 25 Y lgnown the art,

Wi thily Be ikl WRR6thePFhs¥LHIRbviIdd adaktt 1iNd 0P of &efi@n Wﬂtﬁgsphere
to the stlrrln menber or to the reactjon vessel

105 67 aeAF o1 B The amaunbef hradspacerandieas withingt #gewén@em the desired
andadtidf a§ RAGLWAM Mesfel . The stirring menber can be a
shaft-driven and/or shaft-supported stirring menber.

The driTHerfguice cempRURds B bR teacted in the sgsladreacdion fyessel at an initial
SthH bF A niBREBRR aB8ut A2OWRE tHeRBiisE St h¥ hg&}UFHleﬁ%l E%@J}% the pH of
stirring member (e.g., via magnetic coupling
i the m}cn@ wixtre alayyehengefsueh tat the dinali pH ohite wnp@nmmnsre may be
15t ohlglllér oW oWer etfl CI{ e%napeﬁﬁt I ] ogg t Wel?lgrec Qrgpgd?r%nﬁé 81e source
he“reaction nmediumto m a nore ormgeneo
etavmnogndsrmejreamq . the sealaddeaction vesseigt 2 pHaofmot more than about 3.5.
Pglgggﬁlg %%%é(él eﬁ&dthgtégﬁbor%ﬁts%gn BL ‘13‘% ea ?I{t] ghﬁ%é:'aégdo n?&lon VH%sel ata
coptd uﬁmtnmne dtanStbartBl (hgpf neit :eore alham abnut 3.5 ofl notmnere than about 2.0,

un ed ne rogquct the reac
no{ ur i %Ibattoﬁle r &a tnoetﬁgosrf nﬁP%ugA l)édaﬁg’é ’?‘ﬁ%gﬁf‘ h?}"t 0.5 or
20 nectfaiot ﬁmra}ltharpamitmt It enef @midre lmsadlmbnt@ rthé ﬁHhafget Fram abbut 0 to
th s' es, of e reaction ves
| cabait £ 3 DLahe SO QIR vE DG 0@ ol B sine gipbeiments,
prmel thcab)Iantge Elor £bees0.3 e fboas 3.8 Setiffdnk bighat 1 @about 3. The pH may
decant ﬁ’é Er filtr t|on and avmdsthe need to

r e gpgid or Seﬁ?%‘&ﬂ??f’“?“r‘&lﬁ“lrﬁe si des of

t her eaCH@r sO%RsE S@mpolidsecadbe Rdad@8 GH Sthy sedll fedddtidnNGessels at the
netal oxide formin solution allows for particle

25 grtfmeﬁleatﬂpnam repciion scapditions (ingluding for rexpmaple. wepgHon femperatures,
| i )@hdtRd peshRSE ?Hf @tﬁﬁﬁg,vé?@ rhstdeﬁcrm,e&%&e%? urpénswsf fith® R fficient
the reactor wa s general |y desirabl
rra‘iorff”ali‘ thesmixgd W@&dé’ﬁtﬁ’ée Ip gne Hé“'toéf-‘a%‘tﬂ?ﬂd"v%% éhe migd metal oxide

is&f a BRRCARRESOUARY c&ﬁ;ﬂ%ﬂ% AP rdddfe ERREhts 48 8B above,

the type of agitation us
and in certain embodiments at least a portion thereof includes the requisite crystalline

30 structure for active and selective propane or isobutane oxidation and/or ammoxidation
catalysts, as described below. The exact period of time is not narrowly critical, and can
include for example at least about six hours, at least about twelve hours, at least about

eighteen hours, at least about twenty-four hours, at least about thirty hours, at least
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the reaction mxture is stirred. Overhead stirred
reacti on vessels, for exanple, may take 50% headspace.
way@saed2by, the headspace is filled with anbi ePCT/E52008/001842
whi ch provi des sone anount of oxygen to the reaction.
However, the headspace, as is known the art, may be
filled with other gases to provide reactants |ike O2
orabsyethirgyrsix hesrs, aa? agapptrertytienhouss, Af least abput fdityeeight hours, at
AR bk ARFANAARER, ANChsOABUNAD hurk fat FERSBER HRPG G or at
desired reaction as 1's known e so
c Olngsb @bl seventybteyor lemict eedctiont h@mzsle af anhe rcem bt ieoen me&asthim three
at t abou
e 98 Bl ol BnediP bl RRD SRRV, e sy, at teas
5 r edboti gR days(tat ﬂeestrmypuctcamg dawsyiahlehdrabouthevof weekb oplak hst about
reaction t ma hi gher or | ower than the
| nitral . ﬁ—?raltmaéag(’lgpnﬁélroélﬁlenbodl ments, the source
conpourfdﬁloavng the aedceon isep} ﬁeths:e@épﬁObfrtﬁaeithl@& pressfionahethods
Hof re than about 3.5. |In sone_ enbodi nents,
C HEnC DR HPB ot PRALPE OF P ERERERIBR 6 AERGHoR” medium

Vecﬁﬁﬁinsﬁhtg the. fikedfmdigltoxidRr @.gl, Ra Bbe @ibiedt Qmp@fatlﬁébt séﬂ&faﬁng the
t han .about 2.5, of .not npore.t han about

10 ppyold paticulses ccompesipg the mixed npetal topids ﬁBB‘ut‘hel lﬂuldo{eg, by

NOdentHi@ng BAdDoRBRYALIHY: the %ﬁpé?ﬁatzﬁﬁ’t oﬂ@fe?nabbél? @bﬁl{&lr%t) washing
In one or nore enbodi ment s, sﬁ}ﬁH ranges rom abou

t ofhe prpatated solig gartignlgfehiers. »éﬁ%i'éd‘ﬂ pd water 9rdiﬁ<alb?@dtwa@r5 repeatmg
t 0th@ R@pratthed steh Mand OWBSHEE OEhITBAL Br hbie r
from ag%)rﬁt gssebt 0 aboutﬁ-[go b or from abgﬁfsc?htdo@ﬁ%gﬂ% @ final
3. Sefating-stemy Irbeneaetpwmwtbghe atk g stepi c@mprisdsadiping ghe reaction
t C b
15| QRCEATRE, B) Kl ExppdidfoR lab B AL Ry R M Fhis climinates

aftbe élmntwrm’fwnctelamntamng:wm stieems (i ncl udi ng for
exanpl e 1 r.at ' Fessur.es
oo e B ol GERE 4 WhBa ghd BGHICE BLRE Sl osige can be
of drieidnmd®rging fthecinemd ntegal beidecambe effected umderaalmhmeut dmdlticms (e.g., at
OnE el IRLE B TRAI2EL B BLAR A5y ovn. 1 one o

20r elquneread)oéinmmtsnths nasedinsaliedddmal by drieddra telﬂpcﬁailfeahﬁ\gmg from

"R & B ek TR 1e B ot PmopGeScer FEuGHRC. o%er o aying

Seﬁeﬁh@tl idofeau@nomareefaﬁgn'gsmbﬂtawa ﬁxebdcatabém fificbhOliours, and in one
xidatio at a as scri be ow., The exact
DT (1 APORC B aiF oyt R D8 tectfhpndins contrlled o
| NElcuAteolfe@ atrRdspAEE Candithd @&l AMGsPhefe 0an MR WnSnerBhas, 8@ Skidative
about t ve hours, at_|east about eighteen hours, at
25| &gt @ V\@lﬂ“gt &ﬁn?rya‘FouIP PR P's MOLt eméa‘gwe%oﬁv qrpiing; afmosphere
houéigdesalr. | east about thirty-six hours, at | east about
forty-two hours, at |east about forty-eight hours,

| east abRRUIheFRICRAFASIOR SieB.fhe dried mixgd getah pyide cajy b@ttyeated to form

hoME $hixedt me@%&d@&%st Sigtkl wehtheRQWAS 1n@fud@tfor| e’igﬁ le calcmatlons
about sevent}i hours. Reaction periods of ti ca
b e @y dapclpding heat sigatmgpts ainder oxidizing or reducing conditions) effected under

30 various treatment atmospheres. The work-up mixed metal oxide can be crushed or
ground prior to such treatment, and/or intermittently during such pretreatment. In one
or more embodiments, the dried mixed metal oxide can be optionally crushed, and then

calcined to form the mixed metal oxide catalyst. The calcination may be effected in an
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days, including for exanple at |east about four days,
at | east about five days, at |east about six days, at

wo e@stiorbdut seven days, at | east about two weRPKBUS2008001842

5

10

15

20

30

| east about three weeks or at |east about one nonth.

Fol l owi ng the reaction step, further steps of the

catal yst preparation nethods can include work-up

st i@ atmqyphage| M‘Q af pitrogsmn nlploee evwbierggnbodenentsa cdl¢ioation conditions
TelbES GPBLh el Orahb 0xid f Q

about an‘gag ] tﬂe@ P ?‘ gﬂlﬁré@ alg%gﬁ gzlrogtfdr:lg%t %EOUQ 0[Q% G in certain
patmlquuhattsa §r<1m) mpoutsi(}ﬁg°ﬁ Ihee ahoux a0 €}, ahd o isokde ferbotlintedts, the
i Qui and/ or decanting the
su%ég#%a ?“b"gye" felat fcht i by filtering), washing

t he sepHrealrenbdst g dcglaingéd)ciixat asetileoxide cais 'bélgfurther mechanically
distill ed

sep RIS l“ﬁb‘ :%r &&ﬁ@@%&@% ﬁlg{ Bx{é gal) tgg ¥fdgmetal oxide

anigitoeit findlifogn &rfusélarh fis@pbédadr Mgd He& Peactors. ONE i lS known in the art,

enbodi nent, .t he wor conpri ses dryln

e%l‘E?‘fWhéé BF arfompli k‘rF% WP% Wrgps methods rigglp ﬁg Jagrsm&ylg, bead
dreatifl, ahd 8RAke dOptiNGEI Sirdinglddnditihd Mhy B Rfected@le endmg upon the
formati gn of a netal containing waste stream ?

t MR {2 Hdsqatabust comRositioan dp oas embediment @uuwmcated catalyst of
Meftaht P¥lafR nfadbe Rfoumtt il bea@rb%étglgfoi' REmTbas tm%@dt lgﬂlﬁiﬁes

can be effectéd under anbi ent conditions
t enper dbANg Bfmerssbodmnaps, the mmwrbecsl}ap@bsm et} Final form

ang{Rfo bAy @ﬂmﬂé’tﬁ‘fﬁs ol’ Gth Pfrezgﬂér?t %%pgﬁngﬁgilrz the ﬁ'@paranon of a

m xed netal oxid dried at a tenper
r alrepidnlepdf Wm}'%,bdﬂﬁtcalmsi)@rchrsabdutry 1150yn3®11yadrd:dl by beating at an

e"é?&%'te'&%hl Qrfatu?é)QHJ %}Jeglo hg d ex@u(%dygég ? ed{,l CCB f% the desired

about tine rang| ng froma
hofirred, beah dathlystosiee elmboajmﬁgmu@f peibotd chlihatien. h(ﬂmﬁlarly, in the

G 00 GE By S g o

beyield minesphegeidal caualysupaimtlesvlmm@s;;amler «hdmeuefsgn @lesrafige from 10

altrc') 20bh; 808, o nrcea Sn odi nents, the drying atnosphere
i nCludes al'rt". hﬂ her preparation step, the dried

m xed rRek athe ooatadi}est Qﬁfpab&lohrmaﬂladi; HesctibgdThedeR, NodRe compounds
nmet al . oxi de, cat h treat nent c n |ncl ude, f or
Y SEA, AL b met Com b i B FarL e QB Amethods.
unsfatie euxdlght Zdlt0refdired &EgEiNgs & Cddick? BITSPureds peinar p%\d&’d to the
vari ous treatnent at nDs heres. The work-up m xed net al

PR ARFSBLAS ARHEING 4O BROTAS MR, 1S { Spras pfrce compounds of the

t ri@ahIesthpordE@/ @h BeNpRVIded 1t8thd Yeadtidd P&sAY @B solids or as slurries
pr etreatment. In one or nore enbodi ments, the dried

Shi WW&PII%Rara@I@S%dIa&r%stlm ahaTuegusInedih e Some pepreerompounds
CadGhdBidtal orhSUnBhis B%n Be $i8dide®tcthe RALA VeRlel %3b1ids'BEs slurries

calcination nmay be effected in aninert atnosphere such
asconiprisngesalid partigylatey disperpesd @mondanenys solvenis ef pther non-aqueous

copelii i ons

Suitable source compounds for synthesis of the catalysts as described herein
include the following. A suitable molybdenum source may include molybdenum(VI)
oxide (MoO3), ammonium heptamolybdate or molybdic acid. A suitable vanadium
source may include vanadyl sulfate, ammonium metavanadate or vanadium(V) oxide.

A suitable antimony source may include antimony(IIl) oxide, antimony(IlI) acetate,
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i ncl ude tenperatures ranging fromabout 400 OC to

about 700 OC, in certain enbodi nents, from about 500
wodmsaorbdut 650 0C, and in sone enbodi ments, PEEUS2008/001842

cal cination can be effected at about 600 OC. The

treated (e.g., calcined) m xed netal oxide can be

further nechanlcally treated, including for exanple by

gr?ﬂﬁ@i%@(nlkl%‘@]aﬁg @ﬁmop)'(é/s)sbmge t #réinrpny@H) I’F’Btf%ﬂ?, oK i agimony(I1T)

| nGaedd SA fslifkle fngfnmnf &Brcgﬁﬁag 1Hclﬁag(ﬁgblglgndongat m%an% niobium

reactors. As is known in

ac@mmmmhmﬂmdnbydMQmﬁgnnaﬂmn@sonmbhod@d |nclud|ng jar

mlling b I

condi t |%n§%ngl§ %g&glg?eé){ﬁ %g émﬁelﬁl |u§eg I%ugﬁ f‘ﬂ%’ §AIHBP18 dioxide,
5si eluraml taexidé,yet agcorpasd ttélbumium oompe@ind duohli asemmethyRéllurol and
un%%pgjoy ﬁdr E:at al yst of about 2 grans may be ground in

a PESUYb&EAt S for fromabout 2 to about 15 minutes. In

one or ABtieabdsrhfdiurefiusce nbe irﬁ;&tdahyﬁlb aﬁ&'}ér Bfat£s0 aﬂzﬁﬁlum dioxide

n iits final f ri.or .to an ns or ot her
Q?O%)r%gt‘h%%% o t wm@wqm%@ﬁ’e 1@ S TioNacslagetonate),
f | erflatiendl alidkade\eoinplek b shch! R TS ér meWELﬁﬁBIefﬂn%ﬁl\ée Infay include
1y dried by heating at an el evated tenperaturé

@ﬂ @e%e?r‘?a ped(Plg emenpipyganroepBry Bclude gemgangum(IYhoxide. A
t heitd18 | 2ir8 it XRHrcB &fayC § ?HcﬁJd)é Shirc §'dy¥ %1t?a‘?éj of iddnflith Qf\’)o&ldc A

prior to calcination. Simlarly, he preparation of

f | Bitgblp afngum squpegrmay mﬁed%hetfawéwb‘rh&z@p%hafmum Ay) pxige.
be spr ay,idble Gshthdud s%'l.xﬁi:emn“égl mnﬁrlﬁitﬁﬁlumh g %Mocﬁde or lanthanum

particles having particle dianmeters int range f

100Hpoxide anfl dangresum{HI ) hegtate hydratge Suitstde cariyen smxtr@bytw include

pr tir 0 Cri e c nds
S e R (REALEP Rk e M " Eo fOAT R, Sncluce

t heraseqdyrolym Sihtdhrgids, ¢uddsmmﬁ (IR el VO adxadey st p(aaéo;i@mlum (I11)

re [ oyr c

pr iSOt ide) aRE bR (BB eEfie oGO ShERTe heEBRg sources

of mah enqlnteiealheOQﬂhhm (180 bl alay n@dymqum {ABsoxide th aeoﬁyhﬁhm (§14))

t dto t {

CORRRFI, SR8 pRELREN RED B Back Sy KRN etcs may

20di mpleds minarmna(lllathendles samahiiam (Hi) roRideau rsﬁ)nﬁalﬁlﬁmQHI) ristropoxide,

of the netal nt.s ca prov ded to t .
et e bR D RBRE Higraef S PRI sk Ces i inghuy europium
sofli)@hlpeidé, |eatdpameanqi tslpadsactutdpivhe (HIRGide) 4sd serlopR (sn) acetate
or. ot her ]ga(?qis nmedi a. Suitabl e source co

%

F o nSGTReTe Eeqainth sapiyes dhay maBidE, §A0Gen r DY Chioride or

i ngdduﬂﬁumﬁn‘ SlidQvhd gadoﬁnﬁllrﬂ (e h@eun@ h%&ﬂe n S[thﬂﬂ’él feﬁﬁum sources
i ncl ude nol bdenu % oxi de

25he‘é‘€’é‘% Feytpjiy (s 1%1%&? tuge (1K) Oﬂd‘éLﬁ“f‘ sesm Qb aetaie hydrate.

Suitable dysprosium sources may include dysprosium (III) chloride, dysprosium (III)

oxide or dysprosium (III) isopropoxide, and dysprosium (III) acetate hydrate. Suitable
holmium sources may include holmium (III) chloride, holmium (III) oxide or holmium
(IIT) acetate hydrate. Suitable erbium sources may include erbium (III) chloride,
30 erbium (III) oxide or erbium (III) isopropoxide, and erbium (III) acetate hydrate.
Suitable thulium sources may include thulium (III) chloride or thulium (III) oxide, and
thulium (IIT) acetate hydrate. Suitable ytterbium sources may include ytterbium (III)
chloride, ytterbium (III) oxide or ytterbium (III) isopropoxide, and ytterbium (III)
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source may include vanadyl sulfate, amoni um

nmet avanadat e or vanadi unm(V) oxide. A suitable antinony
waomsaes2eny i ncl ude anti nony(H') oxide, anti noPg1/U510D8/001842

acetate,antinmony(l11) oxal ate, antinony(V) oxide,

antimony(l11) sulfate, or antimony(lll) tartrate. A

sui tabl e ni obi um source fy i ncl ude ni obi um oxal at e,

anifsite b dsatebiSuirlls apurees, ofnfutstipmmnay ingdude dighim rfII) chloride or

etmmgeaﬁy oﬂ'd@ bdrﬁl Rekitm dnf u+ Q'hgd&gl | Nl te@o%% GBove listed

may i ncl ude luric acid luri I OXI
tetlnﬁtahnmaﬂmhwnw@ye@ps souresregmppendsel | ur i um corrpound
such ass&TFeﬁny hBF’Ha rb%l us%@qo Ic I"elh}q edeJn{L, gjci'deéa‘ ccording to the
sui tabl e titanium Source na der U ands of

5 aniavenion tindlade, bt aeaiot diimi'(eflit@\)vatee ag;ohﬁlegu@tsas ﬁeﬂﬁnol ethanol,

AP0 BB oL OMRHE el sty o e

conptiexerl, asuedll as ofhezr qrola1'3§olveﬁtssldmdvab|ne thé ArtSOUH @@Be or more
may i ncl ude tin |) acetate., A suitable

PR e Pia P TRRPOICE 7 thePEP TG A B the solven,
Zi 4t¢eui AtMheSRUdtoN téryeratirR] and @rezslrrs @iy in &¥rfainAdnfbodiments, the metal
2| r coni uﬁ)@%F\% oxi de. A E‘Ht g af ni um sour ce may

07 RORTFASORRPHAATS FABPXPBIDlecia b SHRPHi dfnops 05 moks Bbodiments,
SU\klita;bithé SAIVERN WHySWALEC QtabB Yol el i et §AMES Mhdy! De used.
chl.oride or | anthanum (Ll lLA,dOXI de, .and | ant hanum (I Tl

) ey Grieed n@lhet diptilled apd/prdgigitrdces may i ncl ude
ceri umtHel dmoude 8F g0l SHIRHR in el feAdtoR RERRR WY VadH due to the

sources_may include praseodymum (111) chloride,
pr @bedifiasiohihq squrce qoppogndsdaiopre sprbimed yarfum the Ippiticular mixed

151 SRPLOPAYL. dGhe %%u&f&}ﬁa%%’é{m sHWe&tl éhwl gaﬁ %a‘fél{ be M&?ﬁteto yield a

Sui t abl e neodym um sources I ncl ude neodym um
c hilerry (hemixtie @i srlideragd IlquldSo\Xhldle isablente dd yhidredhof Khel fpactants. It is

i S@f)fc@pﬁm J&rotm@Rih "SRR WP hideh) @cgﬁ%hss M&@%m gmount of

| e samarium sources may I'ncl ude samar i um
c hheadspdes inghamgadtonmegdel.| ) oxi de or samarium (111)

| sopr oP\%ﬂaﬁSms &p&e %ﬁg(perﬂl&ﬁ&{sl \Lllll)beatg(g)gg{zgd Q% g{oge f ‘lsd in the art.

Sui t abl e europi um sourc
20 c hF ayreixaiaple eaunﬁbdefvr (atephl)ng:lhb oatal;‘(et describad hpmemrha@inlglthe following

oXi dehcaqr%glm% aropl um (I'11) acetate hydrate. Suitable

dn THF OAS'0r ces may include gadolinium (I'11)
Ch| oride or OaelU)i.gk EWICHNon%d@@ﬁoom Taragles LoOym

(H cet.ate um,sQur Ges .
i tniE® Baf LR s oo b e e B oHA R AP g ang mixtures
anedesf, be’ um;;édatdr)thametoaarﬁ 1egsdnai efboutSMOZ ahd en’di¢ Slpfe@Sindd by the
sour eS. ?c ud 03| um chl ori de

25 dy% 6%1 a eelq ?;1 &%Ca& en&ygﬁpgg;%rﬁr@appg SOIUthIlS or slurnes Of
| SQRFRPRDKipdEndsafas tlféyéa@dl?ﬁl qﬁn dnk lok Jthex sk @tueryhﬁmy%a&mm trioxide
Sui t abl e hol m um sour ce ude holm

SRS TGPHPTHS (FDp): it o CHRDRriphipdiotids gi@), and
?Y?{‘%ﬁﬁ?ﬁ% sgﬁlre% Ripoiil HEHEEFedPirricd G WiRr &f ik Wllired ratios
(all ratios are relative to molybdenum metal). In another or second solution or slurry,

30 vanadium oxysulfate (VOSOs) 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,Os*nH;0) is mixed with oxalic acid (HO,CCO,H). A range

of oxalic acid:niobium molar ratios may be employed. In one embodiment the oxalic
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erbium (H') oxide or erbium (I11) isopropoxide, and
erbium (l11) acetate hydrate. Suitable thulium sources
woregositebude thulium (111) chloride or thuli unPCHU$2008/001842

oxide, and thulium (H') acetate hydrate. Suitable

ytterbi um sources may include ytterbium(I11l)

chloride, ytterbium (H ) oxide or ytterbium (H)

i S35k BigbkMBolag Ftioyis akaub Biim Thel thesesplutiensisherrips ere combined with
S%ﬂe%hﬂlels Qiate® %ﬁfmll)(mgqyll?g] FEha HAfd HEis! tﬂﬁf‘éf&tﬁ'@ for 67 hours,
(111) chloride or lutetium (II'1) oxide, ut et
(1 qqd)th@c@oéqdéo Fgaam temperafyre,rtypiealydfy qahgaldtggtyd;ssllpagpm dThe cooled

ur
ol ey T S e GRY HOUEE L Ror M P ATRAL D are washed and
5 oxthele dried end thengalcined hadémmitrogenoat G0ACutbeactilvate the eatadgm The
lplr(!c]);'lchﬁegl éaQa&YS\P@§ %Ell'vgg%e%o %lnlspe cl:zlgii )a/aglg lnsllezte!lJ agroisﬁ etgplecp ?or testing
glayxdanlrultenate se. organi c acids such as acetic acid, as

as .ot h oar | vents known i he a
or ChasiEsigh B Brdbane and FalSing S "Chthoniabinh abt Gridasiod actions
| ﬁaSt dar érieabd yhosé)leﬁibbdmieﬁts{j popasy Vseﬁénveﬂ%d k@a&ﬁyloﬁﬁtﬂle and/or
t he reactjon at and pressure, and in cerfain
10 ¢ 5 uaRE niog me L*ﬁ@f?@{'ﬁf E’é{ UPTOBIAME BRI, 98 SMYfF 015 fheg pforgmentioned

SOdaullyses i atdae-phse VR -redcforOBRd @bntAding BERAMIYIEMith: propane or
vvater IS ta; solvent. Any water sujtable for use in

c HEPRUEARP B PRRSERCS afayyass (6 garovideskioyh erctivhyzonginta feed stream
NeQfnpgiRingf, 0xipéd-tdrtARind REE, Qi & S’rﬂi gpttallyl BR) ﬁf@é‘rﬂﬁxoﬁﬁg under

agueous solvent in the reaction nedi um rm%/ vary due to
t hgadisnuinnditiope sffggtive e fomnraceylenitiiho on daethasatlonifrde. In certain

15 C OSHM ARt thOfell ts{q@mp 8rhpisdl @fopw&dlsaﬁhﬁl %bféfgen EBfaining
amount of aqueous sol vent  shoul | east
sugasi ickris aip apd edngmenia;| with ythg éolmvmgj molayf rag@s i d8 camacor more
li [ f
| Il 8 31 BHS of roinctr e B oxyplh & BAGH AlghEg.125 10
oxahsi’ets 5t on| ethere emhmhmeumtfr@fl #wat Hgkc ¢o iahouthd, mediohoyet other

\rlgez]?)tgdnl 1 \e{g{ Si Egcgu {oh |9 é e tlﬁg)'ﬁg ?)? ?nc%% angc?lme{lts the molar

20 nerlaho of bmpaqmr @pacvbumye ttdn emmhal iy $lomdebeor 0.8 eol abart a15n and in other

haV| foII ar - Mo Vo.i - 0.3
s TR ML R TR SR B Fiatity i ometiione o
i nmmtel aﬁlﬂltionalsfetchcorﬁimneﬁ%s,, 1nNddm§l?ipryEm;tnECbr ﬁlfhhadﬂylomtﬂﬂe product

Lu and m xtures t r eat
G- PR R oS, o e ke iyt FGES HeBbton, andror
dedteuntri P @xdxyiple the i Sirda@lcanicainpisetibolithss & dbdat 30% by welght of
eIenEnts ri aring solutions or slurri
5 < P8 T RS et COTTRORERIE QPR to\hF GiEARunt HEHE Tecpstream,
S| ¢t ByymoRue MG UL himb@nti FPrdpiREB) isoRitideManNe %l §€earSPIn one
O), telluric acid (Te(OH).e), titaniumdioxide (TiQ2
ancanbodlment 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
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at | east one "L" source conpound are
di ssol ved/slurried in water at the desired ratios (all

WO 21080683285 € rel ative to nol ybdenum netal ). | n BODURE08/001842
or second solution or slurry, vanadi um oxysulfate
(VOSO ) is dissolved/slurried in water. In an
al ternate enbodi nent, vanadi um oxysul fate may be added
astygicaby pig) undgr @ﬁ@tqnaon@honsﬂffeduwlfommcrmluc ahidir lei: feed stream

?L@%&&&n@h&ng%&géﬁ aCI zlnnlhoa(gré(%l rr{:o(r%rl[t:ﬁmmg gas such as air

r ain a)mo}aayaﬁbeaf @l’qﬂamg/etdlsohmamm@oye_,@m damgmgtfrcmln ebout 0.15 to about 5,

[ r at t 3:1. The three
Ol SRR KON P28 fo bl 9. % BRPHicat chin ol comprse oe or
5h embm.‘iaddllﬁdmahfe)ed rRgmpaenehitd 1rﬁ~:1uﬂm§ ah;@}lﬂi #id bhinsthacrylic acid product
ture for 67 hour and then coo%ed tQo room
o figm

P r2eTeCYSS PSRN OF r?é‘tfi?fléﬂr'sﬁg%lf’ aimuisiaee gepetor), and/or
Thﬁezﬁﬁ)di"cﬁ(bxsmﬁ]lér theifBed itbdne caflcdmprise @BME PHC ABIRBD% by weight
%gagl n]{d th rerran(gj ﬂ% sqolids are washed and then
drf eyt éﬁllolﬁ“ dhe, fesd sty anmgle syvetq the amount of
f)ﬂo}jﬂieﬁ)rﬁsh)ﬁutﬁﬁé althSteed Sth@mcal ci ned catalyst is
verized, then pelletized and sized, or spray dried

10f or testhengpesHie %Slam of thet easpbiase BRWVIERUPTOIF BYT MATTOMAN ritical.
anHehE oAb xANFhadé Ao &t b fidahePrb A é)@ulﬁﬁg& 2bd 38ctor, or

In one or nore embodi nents, propane i s converte
actipthsnitmeiaf aeasing dhe reselon cambe 2 gingle regior.drsan be pheereactor ina

by mBftRMhg @ta&rb‘}:}st% 'iﬁ’[)ﬁ‘e ?ﬁf mBllé%nﬂ)t)QﬁI%HEn&lg Q0L compri nses one or

cat al yst S1In agas-p hase ow reactor cont ac
t heoreafeed ndats Wrtquyrgo@metamrfeq:dsmltnan@ Teactioh goyr efsthn a:tEactor a

5 of | gé(t}’og%né @oxg %ﬂ% AG0. £ RehGidER 1ys9 Mnd G %gga fgru%lﬁchargmg

tream co i ng an oxygen-cont-ai’ni ng
sreatrtdmtpycpﬂusalahs?uatleaQtedmdctaernl a under reacti on

condi ti to for onitril
net hacryl o ﬁi?{nro i l%éﬂ&’ e amﬂﬁeﬁné % G Hesiive For ef {*RBVEFling the propane
st toemnyloitrie os eayli agidine for conserding aliecisotaitane to methacrylonitrile or

0X n- cent ai, ni s such as d,ammonia, wth
RS R Ay  BPSRTEapraen SPaflite BRUER dmpeiinn? ranging from
20emidt FEMCSto abbwet 5f50|;6[ infok loPmofe dﬁfbbﬂﬂlﬁtﬁhtﬁom SEtbiﬂ BQSWC to about
out in oth

el £ BRPRREts %8 Peu LR o bt 49D Yiarand in other
Ot aebodabas meRNBut 430070 aPsidut S200°¢. OTBQQkHssuge of thetefM6n zone
or nore enbodi nents, the nolar ratio of propane or

i stubefenttalied fadangs frams ahowt Quesig to) about 209K, ip agie or more
angmbaliAEME frof TR 0BS to SBRM EP YL, ShdPin! SnRPAHEodmbhts from

The feed streamcan al so conprise one or nore
25adehont HREe g dhedt Ikibnent s, incl uding acrylonitrile or

et hacrydeplly! tHeenhk Qe r t(l@ pgopané‘ bR SoButhit X&Jtzﬁnﬁ% e Stream

or froman earlier-stage of mul ti-stage reactor
antiraygh éhee@mtmoﬁon@szfawslges-phase flowagacarrcen ibe samfrolled to provide a

COQPi%h@ﬁotﬁf}Ss%%éV@l&&WWﬁ%%\égm%% % QB&thf 0P eaﬁ?)[llt t5 1n some

nore - addi ti feed co trve tot
anembadiménts fremfabeut G toaghout 1, and in other embodiments from about 0.1 to

30 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 least about 0.1, in other embodiments at least about 0.15, and in

yet other embodiments, at least about 0.2.
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or by nole relative to the anount of propane or
i sobutane in the feed stream |In one enbodi nent the

W@ 26081193265 conposi ti ons descri bed herein are enpCDYSIN0$/001842
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t he ammoxi dati on of propane to acrylonitrile in a

once-t hrough process, i.e., wthout recycle of

recovered but unreacted feed materials. Propane can

al so bdheomspdtingeabryloniside ynd/or acrylic acid and/obmtetirmerylanitrile and/or
gﬂmﬂi-' Y..AMQVi di .QF re of the

g?%)r enme %Ci %ﬁ(gg{ogg?aﬁag stf%sls‘?lh{gga” §§§§lgeﬁa§§mf ?tg% Srlééea%rf’ Qyets and/or

anfdone omieaci¢d regctaiieaccatdirigyte tmethddk kpovapianke arh t he

presen 0 en .g.. prqyvided ta the reaction zonge.

PR St BRI EBndfindio, St RSk imieaioh By ShREYE in e

S uidglapasaidt ypreegtleyarmmolidatiderf pfapand, arrcapabislof prodiing a yield

effective to m acrylic .acid. The feed streamfqr

t Hfsat Leg%tt ?lfﬂ’f{ 3’:7ef’%rffﬂ%l 3erdaNpHS-s e e‘f?ﬂ’br?é‘f?é’d‘é‘?ﬂtsaﬁ? the present

O Xyt gitio, OvHeniefipl e@ A5the WinBledassAi.E. rioted cléP hmokhiiéh Sfpropane,

pr opane ?r }so ut.ane t.o oxygen rangi ng from about 0,

{ G ORI of BIRGUSIFE YISl SF Fir I5pat BBkl o PSR el Other

ThenHoaRekntd bEMB fRFend!ifRnEONPWhCeRPBY& il ReCsingle pass (ie. no

addi tional feed copponents, including acrylic aci cP or

nEERELS pmoxidation of RIeRANE, 3re c3pablerof prpducipg e yieldofat feagpbout 61

OrpekdeRfacifloMarie.! he SHAAR of the@edBrinaySRIRIEAEO Ofchrbon dioxide
and/ or steam For exanple, the feed steam can conprise

abourartme, menaxdel hydoegey epenight (HE@Watdopwenitplet e meshd| cyanide
aney) f € Y/ : td

armun_ttNZ’f ur{rg%hgf)efgn%g%?& :@2 gh?lg{?gﬁi W%Zﬂ@gﬂ @gel{gﬁ%l%%g ) and
spatampd calelystdmesf t he gas-phase flow reactor is not

nar r ow L] . LAS - | . >t Of.

tan bo AdifiebdbRy, mbRREEs CptRRIIARE plet N i ERRCdifrer from
orteuroinheontiigipg oétalystac tiescribéfhanr @mctliteratomn ibethat the catalyst
Si .[.eac ne reagtor in a | ti.-stage

> DB iR rafe prplenleion Aol SRR Cny offsdvallt kirklif 56 from
r ethe baive phaprwisapranpedand nasted Undadtheé odrditionk desciib&tihdd€inabove.
a reactant feed streamto,.a reacti.on n f. th ..

LR FEPTDE, NGB T O16Te SMEoHBRNS: 19 PR Ae oy fepait is formed
OXindke cAtiAdtiomt vesehdr thie daltiatibn figrhaddi wihahe catglysteaaipositions of
prtﬁduct s .and _unreact.ed égogc ants. The reaction

C

JREI PO & SPROT R C7IGRPL T EBOH S RFotidey fipgn at a temperature of

ccwgetr mm?:.t e pa0BRH eorh@c;]sﬂﬁi_hy'og kel prichedit @veAGdny biitfibit enhanced
acia, . or or converting the | sobutane to .
TRy VBT EPTPESR o nehera Y cqpipinecaalysis y This enhanced

I BHAL) ResuBE Gh 1ds® ASrhdiibh G catalySRefofthatce Wil EhE SnistOsth, and
about 300 OC to about 550 OC, in one or nore _
erdbenanaRlgs the catalystdp g1aintaip oot parormansa et gher grace velogigive
enmbodi nents from about 350 OC to about 450 C, and in

ot her enbodi ments from about 430 OC to about 520 OC.

The pressure of the SRECHIGHEMBODIMENES controlled to

:n??ge fIﬁ %eqbtgl"i‘ilu&a&s 'tl{% antal?tbﬂUénﬁ%Q,omBéidgmetLlp oa€ c%lyst were

prepared and then evaluated under various reaction conditions. The compositions listed

below are nominal compositions, based on the total metals added in the catalyst
preparation. Since some metals may be lost or may not completely react during the
catalyst preparation, the actual composition of the finished catalyst may vary slightly

from the nominal compositions shown below.
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enbodi nents from about O psig to about 100 psig, and

in some enbodi nents fromabout 0 psig to about 50
w@siog/102eneral |y, the flow rate of the propanePGr/us2008/001842

i sobut ane contai ning feed streamthrough the reaction

zone of the gas-phase flow reactor can be controlled

to provide a weight hourly space velocity (VWHSV)

rangi ng fromEusople #). -0Mot Vo.:8boxusNbGgs Tean: BaiNEo 00sOn

enbodi

cmbodi ment e "1 pnaattordinbe A AR Mo 0 B Rl g 415
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ot her nts ast t 0.
" oriePoics me AR vRER de e e ien RSt GRTRL of 2 1 M
nEidhamhth1blﬁluﬂnQ>xalﬁfU(0B9ﬁiﬂI bELOMET M amtdmmm&m& nfoMd} ratio of
be i olate ) %&f*'%ﬁ from ot her, si de-produ
andPGe Py ‘Emr‘% bef 1} e Wetex fas added 3p btay al“d’bﬁ\éttsr%’ﬁg“ volume
Knigwhe tedctbNBne! trhe £a6tof Kvam{eﬁ S@Witﬁrﬁ %ﬁo@éapt il% metal housing,
present. i nvention, when eg in the sing ass

10( i Placedjp ap e&wr@}eaﬁﬁﬁwa cqalrmwaam@tedap &ffeci mritsing of the
of liRh@EHCIoNE réhg¥hte! Anef 67 (]’J £H§Jrs)aﬁ’ig WaciRf wﬁ?E&ff&f and the Teflon
acrylonitrile. Certain enbodi nent's of the present
i Ak ap FemayRe froenthe Bousing ril"herpéo@prr@wry wassined fer 2 minutes, and
I ey s b EhuAl m%djtﬁsﬁﬂg?f%lggs fidlt mgshe@[)g élféazﬂiﬂmoﬁ o?fZOO mL water in
producing a yield | east out erce
acthydecportionis| dhe @rehsolidewvirodiemdriedsingfir tthléopﬁefse b2 h. The resulting

5I n%ﬁﬁtrﬁ PdHal %?&38{58 lagé' & mh&i ﬁrnﬁr I%l ﬁglqu zﬂ%ﬁi é.l Tgé sold was then

recycl e amoxI dat1 on of propane, “arée capabl € 0

prgrdumd, pgswdyand|seved toa pareds S1zataogﬁ ofd 43 tpaFmitrons and tested for
itr e en t he reagtor 4B | sg ..

i ncalﬂu% i ﬁ@ggar ¢ o§| d’té]a nalr g’& i mgh oxi'd 33{‘}*‘? composition

hyMDdgng(gysaﬁbm@eo(on\lNdo@gfe,t onitrile or methyl cyanide

() oo AR BORE) S BBty yoposin o

20f i prepaneAdl uaploaisiou S\It w20 PG,GWHH\G4= VX andQnp&Btatib 0N €;1§/NH,/0,/He

t he I nve di ff omt [ Luri cont ai ni ng
cat AT 2382 e B ot e Gk b blained (R prppipe comversion,
cagsah yailoainpesledtivips of the present invention do not
exhi bi t any obs ?é%a;bl e tellurjum]oss fromthe active

phase when B¥ X1 Vebp stfbess irep2 T Llog sk opsQons

descr | bedirhah/bmARAKregardd KXRIBWE, A 18 I THod RE&or liner was
di ments, no observable telluriumdeposit is formed

25| n‘°§¢?€ vt MoRa(l- b1 eVOS0:42-30 Fl efa LOHM pejptiqnlrmiehiem oxalate

wharsot e orat @hy M sQIRARPFhbre QRS nidlar Tl HF SSEA to niobium is about
i nvention are calcined for about 2 hours under

ni }/}bééﬁ)aa@ 93 npleﬁf)gp 49 M glugy), TiO; (2.85 mL of a 0.28 M slurry), 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(OACc); (1.00 mL of a 0.04 M solution). Water was added to obtain an about 60%

30 fill volume in the reactor liner. The reactor was then sealed with a Teflon cap in a
metal housing, placed in an oven preheated to 175 °C and continuously rotated to effect
mixing of the liquid and solid reagents. After 48 h the reactor was cooled and the

Teflon liner was removed from the housing. The product slurry was stirred for 2
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about 600 OC. The catal yst conpositions of the present

i nvention exhibit enhanced stability when conpared to
WwW@RWeno12es | uri um cont ai ni ng catal ysts. Thi s enPertszio8/001842

stability results in | ess degradation in catalyst

performance with tinme on-stream and al so enabl es the

catal yst to maintain good performance at hi gher space

velypitesy andsher vapuuneliered ME S glassofriyand twashéd theeer times by the

t Nt A0 bl VReRLS lﬁ%e@};&ggn o alweP ¥ ey £3ha %&E iEit §t 90 °C

prepared and then eval ua r various reac
c ofedlil2 hoAde reshbing selpbwaterigngasicrshathndahlomed ruedemNm fnaz h at 600

t d t qt.al I dd
coqposi tions; gase gg&ggpe ql,@ ne{hg s ad mgposmon

catal yst preparatio nce soie al s may 1151 I ost
5rraMon‘értsSb(anhiboet@bgaTroehmsI\th(rosO}.g the catal yst

prepar a | act ual 0s f I pi shed .
catal y St{\ %lg’)t/ld &%?eya&vas g%rf:]i)are oc#ﬁrﬁgd Ol%)ome E%ﬂ tfle pxrs? material, except

c othrp‘ahe htlmns a&lmmabahmmd EXhigéodnd mhterialNs the nominal composition
1V1?li I?@BO{ 2Ti 0. 1Ndo. 005C>., A 125 nmL

R RS0 saded wi t h MbO 3 (8.0 g),
Sh233 (A 04439g 19))rt10an>fft}1@?ﬁ(s€)mﬁl%ﬁalga)1d a 0844 Porfior 8F RS SecBhd material
and Nd( OAc 78 nL of a 0.1 Msolution) and wat er

10 19 ) o n‘i?seé]o i fOThi & eX3APIFe BAYIEsether apominal — composition
S UWWSBJ 131&%%5%0 &310 |Ll() %an 06’30,, d?ﬁé .%’lﬁt\@a% tﬁéhegr@ﬁrﬁf 9*6@86(1 and

hydrate for the naned | ant hani de netal. The nixture

waseed tor agpariifle sizsurange AfnlA%do 335t wicrensi M fasted foascatalytic
| nhdrfuend. VOSO 4 (16.67 nL of a 1 Msolution) and

ni obi um oxal ate (7.39 nL of a 0.451 M sol ution where

t he nol Hie materie) was xted as @ ceblyist Bisitherhéteroatnsges @hmpxidation of

V%r%ﬁan‘é@@ a&?ﬁ)ﬁgnfeo A}bit3§'°& QH{SG\bOlf)tZ ?rﬁio/e? fe%!l L‘ n‘éng %TEE/N@{JOZ/NZ

the reactor liner. Thé reactor was then seal
Tet 116007348, am agrylamitele yieldséfn@p% praacbthined (Qh%opmpane conversion,

pr@ﬂ%g&g@ ftﬁlejsgéctgﬁg)and continuously rotated to effect

m Xi ng and solid reagents. After 67 h (h
= hours), t@@npaeametﬁxamk #HoMe ¥ o s81d W TieNdessO4 ner

was re The pr.ad
S edn gl PenIEac iR Bae REARLACHID, Tl Bl K05 620 o),
20a TiCag8.444 ), anNd(@5t)e . 0393@) endiddiet (I0nmbY. PH0mixture was stirred
hree p The wet s t he
oboE apbil, S et 9BEn h S hnshief, YESQb Ml LSt 2 1 M
medofution) arr]kﬂﬁlobllﬁﬁﬁd yathtea (Vb 1Qah Ioﬂ&g) %Bd&rsolNgotf Gﬂhgr% the ﬂfolar ratio
600. OC. The soli S t oun p se and sieved
© oo REpiBumsis Sont S WaE s BEAP Guie Snyahont 0% il
t ecdl@de ierhle G@dc&ir)linblf Wﬂf/ﬁd’téﬁﬂ&ﬁheﬁrﬁﬁa&dr{ﬁﬁﬁi Teflo@&$ in a metal
nomi nal comnposi tion 0
25 1?‘3%5*&%3%@61 BoM GVINBBheARCH. 17ﬁ"|ec Rad sprtifuoysly, retated dg effect

asmaikgabathg Siquidind fdidheiRneg em*&t@ IO ¥daeidt WS cBbled and the
propane to acrylonitrile. At 420 WHSV = 0.2 and a

f ebgflongliney wis rempmed\fiomy the /hqusing. 'ﬁw product slurry was stirred for 2

minutes, and then vacuum-filtered using a glass frit and washed by the addition of 200
mL water in three portions. The wet solid was then dried in air at 120 °C for 12 h. The

30 resulting solid material was crushed and calcined under N, for 2 h at 600 °C. The solid
was then ground, pressed, and sieved to a particle size range of 145 to 355 microns and
tested for catalytic performance. This material has the nominal composition
Mo, V.3Sbo 2Nbo .06 Tio.1Nd0.005On-
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= 1/1.2/3/12, an acrylonitrile yield of 61% was

obt ai ned (89% propane conversion, 68% acrylonitrile
w@eeisaoi2sity). Exanple #2 - PCT/US2008/001842

Mbi Voj Sbo. i sNbo. osTeo. oi Ti 0.i Li 0. oi Ndo.oosOn A first

materi al was prepared as follows. A 23 nL Tefl on

reactor _liner was |oaded with MbO 3 (1.152 g), VOSO 4

(2. 30 nihegnatgrial wes tstebpsiicotalyst fordhs beterogeriequsearihogidation of

n"-pr@;ﬁani:’,l t@acq’g)loMu?lgl ut h?(f‘ Wflgy h@ lggxg%fe%ghgg 09E3HWH3/OZMe

oxal ate to niobiumis about
O A9/IM/312y ay perylpn(rile yigldss 6% Gfas bG8 (87%l propate, conversion,

, 0.40 Msolution), Te(OH) 6 (0.80
nL o?ggr}l%&‘?glgl\}% fu;tﬂao and Nd(OAc) 3 (1.00 nL of a
50. 04 M sofCuinparaive Ehaqu:rle #ﬁsMad\dﬁESbemeahmM@aom
60% fil I react or I|n
Chen s PBimtl Tsch HaToriet yg lonodiise Motofding). S8 1283
pl @p’éﬂ)zu(man%)?m(om)e tmmse%; ahﬁ wl{%5(l@ffna)’l dmem“lktuwmbsém‘red for
ated to effe of the al i

! CRES it g pich Hing aas dprodieed SsBalgmmingt o 10 M

Taa‘olmnj aridetiobiam dxarRV@MSE Mot £10.4BOWE kcnﬁhonTh Qv ARErQHAGIdded to

d for 2m nutes, and then
10, Ak Pl SYolpmecighaeactpr fifer o Hae fagnieyas therssaled with a

t i TéRnRYp IMenRahédstip, PlacelSf afleviiBliBheated th M €€ and continuousl
porti onsp The wet sgilgl pltd?Nas tahexéqﬁé d in air a?n 9<(:)ono%uousy

f getatedl 1y efferhmixipg of tlﬁerlglugbmddsqhﬂtreq@eaqs VT @B U thedreactor was
a%o%'aﬁﬂﬁﬁ@ Tblﬂ(gf-‘fmé}' \I'é%rre%obedaﬁorQQQe Q&Smﬁgo R 8%&&& isﬂllrry was

has the nom nal Con"pOSI tion Mi Vo
oxemifugedite ssRaats the soid rqqcts@bmﬁduqﬁsafrem the liguil. The liquid was

15 P RRATEF AN H81RE Wake @ﬁmﬂy&'ag Maed H)ethg chlﬁit Tg@goﬁq v?zls 'crushed and

except that the lithiumacetate was omt
s eagpinigd tndissolvel sohite salte Feevnixgure @'@srpmmﬁlgmwbhe h@%b@anted

' 8H9§)wgsh-f§ w3 (Tér% WOTBQQ'QWSOIA V\Qasdd%e? r{) %; tai Pﬂ) “g for 'TS h. The

first | a ortion
nabsﬂmraj so}td rrmtemﬂmaaﬂ euished afnd mnhcmeds angek &, Iﬂrma lngt d(lOé’C The solid

no os&%én%rgnﬁcﬁgrésge@n slle\\//(e):i'l% 022(1; palxg r1o€ %io e8 ;I;l%gg g)g giéo to ghg mlcrons and
205|tesxﬁbl foo atgiptid i ekferrsirnce. Thing enaierial 1Hé§; ttie Iwnifidl C eePosition

a sted r ta i c performance. The material was

t glglf’bd” O'Q&g&‘lélal%?'é%\y‘#"@?z(ghe het er ogeneous

amoxi diiei itedd] wsopRe® ad @ caalygl fonithe hdterogdicods3amMbxidation of

WHSV = 0.2 and. a feed rat] ZN 2 N2 =

L erogss 4 3oyl RGO, Cr MBIV S Sobbioon o BT He -

( Y Yepriepan ecryRAME S of S&ovAS rayﬁl&fél:ltai h ﬁ)pane conversion of 84%

seI ectivity). Conparative Exarrpl e #3 - Vo3Sb0 2Nbo

o &pdgn Iam@n&s&e@qlectlvny of 69%.
Comparatlve Example #5 - Mo1V.3Sbg.2Nbyg.06Tig.1Ge0.05Ndg.0050n

A 23 mL Teflon reactor liner was loaded with MoO; (1.20 g), Sb,0; (0.243 g),

GeO; (0.0436 g) and water (2.0 mL). The mixture was stirred for about 5 minutes,
after which time was introduced VOSO4 (2.50 mL of a 1.0 M solution), TiO, (0.833

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

housing, placed in an oven preheated to 175 °C and continuously rotated to effect
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A 125 nL Teflon reactor liner was | oaded with MO 3

(8.0 g), Sbh233 (1.620 g), TiO 2 (0.444 g), and Nd(CAc)
W@2¢08/108938 g) and water (10 nL). The m xture WAST/US2008/001842

stirred for about 5 minutes, after which tine was

i ntroduced VOSO (16.67 nL o f a 1 Msolution) and

ni obi um oxal ate (7.612 nL of a 0.438 M sol ution where

t heixigg af thediquisl ard eplid| igegentso Aftedlithe re@bfouovaS/cngled and the

i 0,

{hiionier AP b R B AC R sy Eogfuged o

Tefeparatecthp sphd geagtiom pradocts i frogn thel Howd |'Fhea1muaxi/ avas decanted and

pr COtI u ated t,0.effec

m(ﬁi?lgt‘ﬂféh %r 117 qgi%dﬁd;i% %H‘?e?gén Pdt ’f?ms}leﬂ agd get Blated to
5t h@ssobaciotlrble/vseﬂtsc o’ﬂieenhuamd Wd‘sece'ﬁ&‘fﬂxgﬂd dndnlhe ligakl decanted. This

d f the.h
R R N e T
a @huaﬁmg sforhdtmzﬂmhl was thed chishédundadiided anded N, 4002 mat 600 °C. The

rlnthree rtion.Te.vve solldﬁasthen ried
el v R BiesEd: fnd S (008 ertickSign Famge of 145 to 355
Mk dr| aﬂiﬁ&eﬁdUS'dSEGataﬂ'ﬁc Codrformitte UN ddiis H?atefrﬁ[ Ias hth@t nominal

600 OC.. Th SO|I S then ground, pressed, and sieved
104 (camRosition MaaVeiSheNogpefio 1Ge0odipopsPn355 i crons and

t est ed TiRIrm&Hial wisl leste® 5§ Qrcﬁﬁg@?for-ﬁ% fetBRE& b arhﬁl%mdatlon of
t he nom nal conposition Mbi 3Sbo 2Nbo 0 Tio

ooRreRamgdo agionitile. WiA20e MHEY =4 1Saend frsd r‘}‘t@rcxfh@THs/oz/He =

het/g Q%@ﬁ%&ﬂ@ﬁf&ﬁé%@& biofB%?fwaQ 589@\%@ at  propane conversion of 84%
acrylonitrile 15 and a feed ratio
of and3HBRAY F@l@ezszﬁét“ﬂtﬂqfﬁ9% 3/ 12 an acrylonitrile
1syi el d of 56% was AL rsion, 64%
acrylonitrile sel%?jtil Vit gE&ﬁzcgéQg?g‘Plﬁ%aﬁgﬂﬁpl e #4 - '
Myi Vo. 3&8ho CR8meting 5 TExamplgNd 6. 0062 gbase A anﬂystL of formula

Sg,gﬂ&gn ,(1§€0§§{§6%,0 o) TSR S“%%TQSE*, %?‘}%? §1 G ‘gﬁfﬁpcggeht Base”)

anwawmleme(( 0a nm) hydlfhéemal mﬁtlmdvamé calcinati@dmf:thpd dessribedbherein.

m f. h i V 3.
§llﬂl @ﬁ% t?ﬁ gg%mﬁ%orf)a Pt Srtm% 0|nlr1“rlnaoxa ‘lazf Of‘és 6’8@}‘}?&&6{@% Si0;

20a @aﬂﬁépd\feé de}ILEtddﬂm)lallW\bd(hﬁg vellariagiote cthé ¢4 dldndponemnBase” catalyst

about 8C 0% fill .vol ugl'% gpre reactor liner. The

r eRUESPC {IRregation method desgriped Dett | on cap in a metal

housi ng, QbmapestiverExamplzy &8 afd £haail Bxdmples 419 tﬁl@ug}ﬂ#ﬁZ

conti n%ousl}ee rotat.ed tgo effect f{ﬂXl ng, of the

| 2 'h

and so E‘Qﬁ’iagve ATPEMRAB 1% hedr eB¥Eor SHA Stco (%edform‘ﬂa

ankio/h ESby NBGITi] 08EHsOYPE5% smvmexfrédxmhmmah@;tb%mg“s Géfponent
pr odugt slurry was centrjfuged to separ ate the sol

i d
Sr eBrseiotrsgrreritec & # Py drethermpl methogaad P?lalaﬁtaomgﬂwd described
degaah e Bimngh st CdrhRiathVat Blan{ptd#9Thnd WREMAEHBE0 HRoddhe#12, the

solid. The solid was crushed and_agitated to dissolve
sofaialyss cempesitionsisgovm belomwewith ¥ apvé tellvringe Gonterf Were prepared by

|1 gdiisbnd@F 3MISY. tellurium to the “6 Component Base” catalyst using the

impregnation method described herein.
30 Comparative Example #9: MoV 3Sbg2Teq06Nbo 0sTio.1Ce0.0050x/45% SiO,
Example #10: MoV 3Sbg.2Tep 0aNbg 0sTip.1Ceo.0050x/45% SiO,
Example #11: MoV 3Sbg2Tep.03Nbg 0sTig.1Ce0.00s0x/45% SiO,
Example #12: and MoV 3SbgTeg.02Nbg 08 Tig.1Ceo.0050x/45% SiO,
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Thi s washi ng was done tw ce. The wet solid was dried
inair at 120 OC for 12 h. The resulting solid

worisnorss was crushed and cal ci ned under N2 f oPCRUB2088/001842
600 OC 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

t he norff#alysts gﬁgg@pqrpr@)\ﬁ, Fxpmples #6 and #8 and Examples 7 and #9 through

I V?Ql ﬁgép QCS%%N*PQ 4@;0516 ?Ull(i PC&E T ﬁlﬂn TJ.Al &arﬂ@t‘éxegf lalncﬂva‘%he reactor

tested as a cata etero eneou
anwex qudowltbfabplrto?}@amahogt atg of particulpteccatalytst 42 0adlgst mixture.

!

VPPl £ BRI O rietRAGHER ST 1 iy gressure
Sa jpsidp: aheere@@mvwssm@mtaofedm%cama tanbawtrlfl iy, t Réacton temperatures

se t. wi t % arative, le #5 - ., .
ROV e -
r elaad:to:r at Ialﬂmratmdi thatketinonia Fo frbfand rdtib. \Qz& f@ﬁm atoe Ofo about 1.5.

(0,243 , 0.0436 g) and wate 2. . The
i Qe YT o POt Al et b oxupisp i raio was
t i ABUVES. Nﬁﬁd’g@ﬂ WHae ﬂed\lﬁﬁ@léreéaow aﬂbw&%trerzisuali @atMitrogen to propane
slurry

sol uti on) m. of a
10ngeBp s 3‘)‘(‘{5 1? Pz T.(’PE tf‘éfm%\feéulm%me &Pﬁagfﬁtf of §ﬁalpi*nagatﬁ Examples #6
oxgdatgeand Exddgles afd #RthoidBEM 8RlskifhfAYed M\bftaﬁle WRiow.
added to obtain an about 80% fi

reactor liner. The reactor was then sealed with a

15

Teflon cap in a netal

[l volune of the

housi ngypiddf aced in an oven

preheated ta 175 OC and continyously rotated t

ef Fect fatabrtCompesifion] | qui d and |sbimpl [r E@genCs. | MNer AN | WHSV

8|/ the reactor was cool ed and |t Tef lon|l | ner S| o

renmoved fromthe housing. The product| sl ui rclflxnvﬁvas,éélijl yield

centrifuged to separate the sollid reaction fFopdutts %

f reprt e i thg T he kst g was—geganted—angsatstHed

WA %r Fﬁovﬁﬁsgﬁ%@bg’gggés%gglpﬁe soiﬁlig. T‘rgI7I :;§P13d %Z 339 0.05

crushe¢d and agi tat ed to di ssol Ve 4401 ybke sabtis| 43ke| 32.6 0.07

npette c.. i are—-he—-guhd f‘e:'-*.“tﬂ Thi-s

washi ng/[%vz%' Mégb"The wet] Vi d Gas|dFiBehSiA 403 | 0.049

at 12)/@5%fs<im2 12 h . The resul i mgosclildg RO | 3b.sWau3 4 0.07

t hep—trushed and raJ_g_Fn_ed_bl_n_d_gr N2 _far h-_at 600

The® s §MaY oado2Npeon Tl Kcsap0e0x pr eds 40 ané65| e¥%d| ftb4al 340 | 0.05

partl ) 85%i57@, range of 145 to 355 mi ¢ronsjand [ested

f catalvtic performance Thiqd materdial has the

noﬁ? naMorphes T eoiod¥bontTio 1 GeeaGrd. A48 | 21 | 58.1 345 | 200 | 0.05

o} 06Ti| P43 05Ndo. 0050,, The rmaterigl was tested & s

al cat gl yst for the het er ogeneoys anmmxi dafi on bf

pr Hbané’lq\ﬁo3&@&?%;1\1110981]1@@0%5(11;049@ | VM8SY=810. 198.9and#0.0 | 0.05

feed 1aj H8/ NH 3/ 2/ He = 1/{1.,2L3/ amn

acryl o?:i %(iraisl%e2 vield of 58% was ag |ée\ é%azal 73’3pr3%}%ne 3738 0.07

cphiv elf Madh.3 B0, BN 0k Taon CaguoyfdxQnidedi 1| 23sk| 8161 Y6y (0f34.3 0.049
0,

6% / 45% SiO, 440 45 | 654 | 499 | 32.6 0.069
12 MOVo.;;Sbo,zTeo,oszo.osTio_1Ceo,0050x 440 67 79.2 41.3 32.7 0.05

/ 45% Si10,
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Conpar ati ve Exanple #6 and Exanple # 7 For Conparative

Exanpl e 6,

a

non- hydr ot her nmal
descri bed herein. Slmlarlé for
cat al yst of flenmparativeiiyample #l

S02 vag Pespatatydy Bl ‘133‘?%!. ﬁg%' 09 S

t

herel nafter,.a s,.th

oWl BRonafa 18 FedisiRaly bR BN GRm &8

a

conposi

10} Erdbmsat BT AL
Exﬁﬁﬂ{oﬁ

s the

he "4

nd Ex

a base catal yst of fornula MVo.
wWQr®BooR4Nbo. 09q X/ 45% Si O 2 (referred to her ePCHUSIN8/001842

"4 Conponent Base") was prepared by a

Conpone ase"

c/ 45% Sl 2 Exanpl e #10
0. 5ih §bzpe oIS NIy HBTEIS th@etssts@gqa #Parstrb Slu@ bedeseaetpt ender the

#

J'S%me
Exa

npl e
2 Tiempday

15C0E5%{

t hrou
reactor haV| ng a di aneter ofTable|210h The reactor was

#12 were

ent

Sgirls LitoMe Vsar et oy
cont entE)é&ﬁfpﬁe #qrsg mq%sgg ga&gtg%\lgm@idl, RGN

FAmpergdcEramne ﬁb’? #dEx
08 MOYR. S%@l@ l‘aa—)exga@zﬁﬂb@ td thS Lh@nyk&D9- RORE the catalyst

met hod and cal ci nati on net hod

nmple #7, a

st usin

i rye g n a(f
nthUdzsﬂbrsevab)@UdM@b lemiﬁlﬂlS% i 810, Exveasp| eepatiedd N d a non-

#9%\,%?&1%%{‘8 t%é% grédlcgaétlrrx] rtl%}'ll h gﬁ)%%g?c[(r{me(ggc%%{)ﬁgglxaeﬂy for Examples

5 Nb%i4cthr'5ugh #e dleaxa&mt coﬁﬁ%sfﬁb@ showh bR with V4tying tellurium content

P e

he_ cat a| yst

etel Aenge oL 45% SiO;

are

Soud @mmmmtaod 8y x/ 45%

ormula

d

olanpregnatlon
demethod)édchleerdmerem Simlarly for Conparative Exanple #9

Em;@ L4
agg)%@gflgtqndétw additional

e, EPERR bies #ParfNA g%ﬁ 0@%5{%@4@ ’Fa%lebZ %rf&"w #9

ested I n

AL o~ ~f

itlo%§b&sgn-'&9 Q)%b@ Ofog Eﬁfé QZO‘H%&'&QQ %ayp@%sﬁnq %8 and
5. @9'?%96}110@@13:#1?00"5@ iRABIe IO CThe edtslysts oHComparative

C g:' i 20—to—abott ofr—parteutpte

c;@al ) gf'it\aqa'?i%ogrilp%gﬁlo? m xture. Rropane was fgbl rﬁ]g t e | WHSV

react or at a rate of about 0.04 t«@ aljot Qcddv WRBV.| yield

Presstire inside the reactor wag nmainfai ned at pbgut| 2

tlo abput 15 psig. Reaction tenperatures weré’ip thel %

r pope Mo\abmslsmmammmw 460 Qao Cener alel7, | 3AMONTF 8 | 0.060

V\anP E)e reaQ or at a fiflow rate such that

amon e‘to@)3 a/ﬁé/"rsd to was fqom abgut 1]to apout

1 DsSBRR 74 & PedoINB of NE T §AGLOT [T6a| 0B BABE 412 | 0.060

such that oxygen to pr0)3ane ratli o wag about 3.H4.

N t r og®Ho ae{sfo foeleio 411+ FhiQeactor at |a flpw rafe such

tngg MMQ}S‘B JQT&F&%@% of AU 0 [Waggal ULI'E Z9% [ 578 | 455 | 0.060

teestipg resul Por 1 cat al ygts of nparatiye

Exanp é@odtﬁeaw@wﬁﬁs%r‘ﬂ:ﬁ@@rpl eg #3Ang #@ 1 B26uphSH12 459 | 0.055

are summari zed in Table 1 bel oW blle 44 Cp rpth e

BExanple #13 and Exanpl es #14'ard4 ?5 St B PShY 478 1 0055
439 113 | 86.3 | 553 | 47.8 0.050
442 117 | 879 | 546 | 48.0 0.050
443 119 | 88.1 | 53.6 | 47.2 0.055
445 135 | 88.4 | 54.1 479 0.055
447 140 | 89.6 | 534 | 478 0.055
446 142 | 87.6 | 555 | 48.7 0.055
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For Conparative Exanple #13, a base catal yst of
formul a MoV 0. 25Sbo. i 67Nbo. @BNdo. 002Ceo. 003Li 0. 0i 3Q

WO 23X BFI2 was prepared by a nonhydrot her mal PEL/OSIH08/001842
and cal ci nati on nethod described herein. Simlarly for
Exanpl es #14 through # 15, the catal yst conpositions
shown below with varying telluriumcontent were
pr epar et wpgd anithis apphiadtion aaddn ﬂ“gblbsel bud 2 abovep“Tdmap” is the reactor

h o @%)Xx%{ugiﬁf Hﬁ%réeg%ﬁﬁt%c%g n‘altgg St i€ L Er%g o%es e;rirlnb (:i‘r(n:i hours (h).

i 6c0TE bm&N@om&va@mﬂfﬁe&doﬁB&n@e@eﬂc&q pe&/pdss YorfskefSloR of propane to
15: . MoVo 2 Sho |67Teo 04NDb
Nl RS 47 SYREHER3q A1) HEnGErD B fdectsioapyst dre o of

5 of m@empfarcelidnitele Emaiil‘p)ddeto #ﬂxﬂesaﬁ darcﬁmwmh%ted# l;ébraﬁbd itf borcent. “AN

adﬂélﬁ eglg%%a foluqﬁgé\ %1 I ng trP]o e er err{F L (Pass: c;[oHvegbcﬁldq'epropane to

Thrstyéattaley sTYHRET @e@héln% veight é?dudmsmce4®¢®lty ab the| padpdndoed to the
re@&t&r IR AR reck s AR Weig RN ipk e

t he Corz}npar at%fr%se E)szarrp eelg#6 anchg E‘g&i& :gr&’ppie?(gl\f algiooknown as
andv9’-t hr ough #12. The testing results for the

cataly D, I
02, VB0 R PR BT 204 o
usigacticn of Hiednsigmd Imvcamcrnort isenddént thatinhwysaltergtide 2 maldificetions, and
"T ' r era e |n deagr ee . L
Cexﬁaggté?ﬂg dw lpﬁch gsgl‘gl% '3? sklhe On d r elg q el t HS Lﬂng description.
( h/)ccordmlz,anvs 1ntmdcdsth|ar mlpamxh aimma&va; mndlﬁnahdns ahf@ariations are

sl 5 Ahe BT PR el S 8o SonBae iRy o

elect|V|ty and is the ratio of noles of acrylonltrlle
produced to nol es of propane converted expressed in
percent. "AN yield" neans acrylonitrile yield and is
the nol e percent per pass conversion of propane to
acrylonitrile. "WHSV' neans the wei ght hourly space
velocity of the propane fed to the reactor and is
expressed as the wei ght of propane/wei ght of

catal yst/ hour, also known as "wwh". Wile the
foregoi ng description and the above enbodi nents are
typical for the practice of the instant invention, it
is evident that many alternatives, nodifications, and
variations will be apparent to those skilled in the
art in light of this description. Accordingly, it is

i ntended that all such alternatives, nodifications and
variations are enbraced by and fall within the spirit
and broad scope of the appended cl ai ns. CLAI M5 W
claim 1. A process for the amoxidation of a
saturated or unsaturated or m xture

29



of saturated and unsaturated hydrocarbon to produce an
unsaturated nitrile, said process conprising

w@omsae2sfg t he saturated or unsaturated or m RCT/US2008/001842
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15
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saturated and unsaturated hydrocarbon with amobni a and

an oxygen-containing gas in the presence of a catal yst
conposition conprising a m xed oxide of enpirical

formul a: MOV aSbbNb cThdXeCLA@MSnwherein X i s sel ected
fremdig. group consisting of Ti, Sn, Ge, Zr, Hf, and

m xtures thereof; L is selected fromthe group

COI’]SI stling of ptlgaeSS@H thePammivgiidat®m of ELsatu@ded drtunsddyrateir mixture

fl-m:abc%oanglng zﬁ‘tﬁ}gtg%%r%ga ﬁo*bto%;&ﬁlc%mu@at&raied&ig%g ’s&id process
e eonﬁzrﬁ;ngOcmtafcnng Othd ; satunaded) dr Surishtratedmoe rmixfur®Xofg&iturated and
Q sati sf ce requirenents of all

ot SRS P Sl eofon R at0 i ety et amerkat e e presence
pr«ﬂw @aljshadmmeitiond comprisging mied oRid F crapicio® ol t he
m xed oxi de can be pre an Qxj dation state | ower
than its highest oxi daﬁe"g{{ gy}?ﬁ Ee&ah@ nwherein a, b, c,
d, e anghekeif ©PhE 5@ ed FEMNAL %rrod'paédnglsﬁﬁg Bf‘?l Sn, Ge, Zr, Hf, and
corres ondlgqg el enent. to gne nole of M The

pr‘BE‘é‘g hereef: Litpselectagfzara e arwptq%mmas)@g{cc Pr, Nd, Sm, Eu, Gd,

qgl HooOPY, TQ} Fb<Laafd MidureChkrebr < 0.4, 0.01 < ¢ <
002 < < 0. 05, 0.001 <e < 0.3, and 0.001 < f

< O 05. 0B<aﬁfé8=process of claim1, wherein X is
sel ect gfhf£gmgdie group consisting of elements Ti, Sn
and mi xtures thereof. 4. The process of claimi1,
wher ei 9-01jsc s813gct ed from the group consisting of
el enentgsyids g €@.06Pr and mi xtures thereof.5. The
process of c?al m 1, wherein the catalyst conposi tion
conpri sﬂaseé()sﬁ,lpport sel ected fromthe group consisting
of sili u a, zirconia, titania, or mxtures
t her eof&§g<%‘llhgﬁcppr ocess of claimb5, wherein the
suppor tnis mhmmuMS ofatrigbn dOntsgeqiirod to séfisfyeialphte equicemints of all
of Bhe cat

ot

er elements p¥esent 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

corresponding element to one mole of Mo.
2. The process of claim 1, wherein in the catalyst composition: 0.2 < a <
04,0.1<b<04,0.01<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 elements Ti, Sn and mixtures thereof.

4, The process of claim 1, wherein L is selected from the group consisting

of elements Nd, Ce, Pr and mixtures thereof.

30



7. The process of claim1, wherein the hydrocarbon
i ncl udes propane, isobutane, or a mxture thereof. 8.

wab@sponsess of claim1l, wherein the process iPCI/USHE8/001842

10

providing a feed stream conprising saturated or
unsaturated or m xture of saturated and unsaturated
hydr ocar bon, ammoni a, and an oxygen-cont ai ni ng gas,
wher ei -t he The|paecepsaef dainf 1 hylerowathd catalyst eonygeition somprises a
fr t . 0[O of . cl ai .
1, RGP oty e 1 BRU ecpegie FSUPL AERTar G, Buania, or
stmixgurecthegsef. si ng saturated or unsaturated or m xture
of saturated and unsaturated hydrocarbon, ammoni a, and
an oxygen-contai ning gas, wherein the nolar ratio of
Shydr ocdr. bon The paresnifalais 5f whereiahlesupPorBedripraboaiou1 dto about
107 v'vrgehtprpces tl(h)f Ilai m 1, wherein the process
i nd) WAL RSFST At ¥k ed st ream conpri si ng sat ur at ed
or unsaturated or m xture of saturated and unsat urat ed
hydrocaybon.at a flow.rate thatf is controlled to
p¥ovi d27r'a m&%ﬁmro??S%Pff? aizew Pigcing ygdocarpon daclydes propane,
abigsButdde lorGrmixturdiedfeocar bon to grams of catal yst. 11.
The process of claim1, wherein the process includes
providing a feed stream conprising saturated or
unsat ur@t ed 19k pRdcebUbecifiin 5alnkréhqkk Aalesy IRAILE BtRhing a feed
hydrocarbon at a flow rate that is controlled to
pr&FABCOMRRSING et wEHEd Py usgritated oF seixtuge of safuratedaand unsaturated
ab@idkoclrbba, ShShial Y A6 %ﬁg&h-&dﬁtﬂﬁi a0 whALid! 45 tmoldPratio of
Thé process of claim1, rein the process iInc ul{l:]es
prividrasiarbgn o exgen istfraanshoubhp? tiabgutshat ur at ed or
unsaturated or m xture of saturated and unsaturated
hydrocarbon at a flow rate that is controlled to
provi d&.a wdihglprodessuef] glaisphowehereih dled prpodss arnchidesaptoviding a feed
ab 0 r of gatalyst. .13.
A b ST SE RS 8 R of Helgedana hsauraa
unsatasadioedammoniax bod @n ofxygat-crmidisidg aas] whaeihuhatmedar ratio of
hydr.ocarbon to produce a tura nitrile, said
prlalcc:1 es grbc(:)?) rtr%?rlméll Irlfa cont gc?ull{ ﬁéat? ﬁ%oué g% urated or

20unsaturated or m xture of saturated and unsaturated

hydr ocarbon . w th anmpni.a apd an .oxygen-containin S

int healr?r es e-lMﬁ\'AS é’r?f?ssaogg%{?‘ﬁ’l S¥hergy PIOFSH “tcg‘ﬁgf Pg‘]‘%ﬁngaa feed
M g amoonfirisih Afipdted 6Anda@irid dr mixture of saturated and unsaturated
Moi VaSbhNbcTedXeLf Al ﬁi hOn wherein X is selected from )
t hlgldcha napa g/trlaﬁg Agis qqn’troﬁie]cftocgf)wg? a »\f_qu’ht hewyly space velocity
M oftatl @St abORI0E0Framb hydoeBdRad @ﬁnfsr&mtﬁlgg. group
consisting of La, Ce, Pr, Nd, Sm Eu, , Tb, Dy, Ho,

25y, Tm Yb, Lu and mixtures thereof: Ais at |east one

of Na, 1K, CSpheRBRo®8of 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

of at least about 0.15 grams hydrocarbon to grams of catalyst.

30

12. 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
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m xtures thereof; 0.1 <a <0.8, 0.01 <b <0.6, 0.001

<c<0.3 0001 <d<0.06 0<ex<0.6, 0<f <0.1,
w@2008g059. 1, 0 < h < 0.1, and n is the nunberP@f/US2008/001842

oxygen atons required to satisfy val ance requirenents

of all other elenents present in the m xed oxide with

the proviso that one or nore of the other elenents in

t hef atjer¥ @beptiOPeramp hysogarleonde grams of gatelystdat i on st at e

| ower than its hi ghest oxidation state, and wherein a,

b, ¢, d, e, f, g, and h represent the nolar ratio of

the corlBes pdnpliopess &rgheamnmpridation of el setugfted\vr. ungaturaied @r mixture

pr I ) ) .
D ASEER g G BREE S e ARl i, i proces
5 O @mpRisd@ 2 centagdting Oth€ Ssatudat@D br <ursataraed3 or anottde OfFlsaturhted and
roct%ss of .clajm 13, wherein in

nsiltura{e:(li%al%oggrlb n Wﬁ adan%,ma axhd an Bxy(ggn %ntal-ﬂ?g %51? &ﬁ@spresence

ofofed catatpsil Gmpulsigion icomprisisg £mixed bride bf ofpitibsa fomalp

consi sting of elenen Ti a i Xt res t her eof .

17. The process of cﬁviﬂ %ﬁ%ﬁ@&&fﬁxﬁ Ps sel ected

f ronaréihex gs" selgetedOficrn Shd PP lcoMiRINE B Ti,Noh, G&8.ZrPHf, 2 mixtures
reof 18. The process of claim13. wherejn

10} rf)é(gfgaf Z(I i§ 5§ e%%fﬁ the SRR SRR T2 SepfiolNd: S8y lb e Tb, Dy,

f ree) Eherngr obipLE aR® nfiktuRE Rérest Il 53t 18dsH Ghé‘%f Na K, Cs, Rb and
Z|rcon|a tltanla or m xtures thereof. 19. he

prigtdyss ®erees; aj m 18, wherein the support conprl ses
about I k@ <ahgut 70 wei ght percent of the catalyst.
20. The process of claim1l, wherein in the catal yst
corrp05|0t(5)loﬁ<(963<a<04 OKb<0.4, 0.01 <c <
102, 0.4 < d03,0.06, 0 <e <0.3, and 0 <f < 0.05.
The process of claim 1, wherein in the catalyst
corrpos&(?QierGOzOk a <

0<e<0.6,

0<f<0.1,

0<g<0.1,

20 0<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, c, d, e, f, g, and h represent the molar ratio of the

25 cormresponding element to one mole of Mo.

14. The process of claim 13, wherein in the catalyst composition: 0.2 < a <
04,01<b<04,0.01 <c<0.2,0.002<d=<0.05 0001 <e<0.3,and 0.001 <f<
0.05.

30

15. The process of claim 13, wherein in the catalyst composition: 0.03 <h

<0.06.
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0.4, 00K b <0.4 0.01 <c<0.2, 0.002<d<0.05 0

< e <0.3 and 0.001 < f < 0.05. 22. The process of
wa@bk@smikss wherein in the catal yst conmposition: POT/RS2008001842

< 0.4, OKb<0.4, 0.0l <c<0.2, 0.002 <d < 0.05

0.001 < e <0.3, and 0 < f < 0.05. 23. The process of

claim 13, wherein in the catal yst conposition: 0.2 < a

< 0.4, 16 K Fhe progess QofpRlaim <13, wherein0¥2is< seleoted) f36) the group

iS, ng\ﬁ&lgsofemn%ﬁ §n andIQn&ﬁrresztﬁereTfhe process of claim

erein 1 n the catalyst conp03|t|on 0.2 < a<
O, Kb<04 001<C<02,0002<d<0.05,0
< 0. 001 ,E ocess of -
caim 13 wnBP e e daruien s Rl PR ginsopisin
5< ﬁeﬂqmdﬁtslNd;Gé,Brm ixfitestherest. 0. 2, 0.002 < d < 0. 05,
0.001 <e <0.3, and 0 < f < 0.05.

18. The process of claim 13, wherein the catalyst composition comprises a
support selected from the group consisting of silica, alumina, zirconia, titania, or
mixtures thereof.

10
19.  The process of claim 18, wherein the support comprises about 10 to

about 70 weight percent of the catalyst.

20. The process of claim 1, wherein in the catalyst composition: 0.2 < a <

15 04,01<b<04,001<c<0.2,0.002<d<0.06,0<e<0.3,and 0<f<0.05.

21. The process of claim 1, wherein in the catalyst composition: 0.2 < a <

04,0.1<b<0.4,0.01<¢c<0.2,0.002<d<0.05,0<e<0.3,and 0.001 <f<0.05.

20 22. The process of claim 1, wherein in the catalyst composition: 0.2 < a <

04,0.1<b<0.4,0.01 <c<0.2,0.002<d<0.05,0.001 <e<0.3,and 0 << 0.05.

23. The process of claim 13, wherein in the catalyst composition: 0.2 < a <
04,0.1<b<04,001<c<0.2,0.002<d<0.06,0<e<0.3,and 0<f<0.05.

25
24.  The process of claim 13, wherein in the catalyst composition: 0.2 < a <

04,0.1<b<0.4,0.01<¢<0.2,0.002<d<0.05,0<e<0.3,and 0.001 <f<0.05.

25. The process of claim 13, Wherein in the catalyst composition: 0.2 < a <

30 04,0.1<b<04,0.01 <c<0.2,0.002<d<0.05,0.001 <e<0.3,and 0 < f<0.05.
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