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contai ning m xed netal oxides that exhibit catalytic
activi ty for ammoxi dation of |ower al kane hydrocar bons
roduce an unsaturated nononitrile in hi i el d.
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synt het i i.ber.s syt?lt heti c, resi ({\?4 het i

S et o gtl peroimatia? S (eseft TREPGRL B cmpBods, fg foming the

f dfipravkd tathigsts of the finnleAtior drid snrhioiiddlion Peocsisys M @onversion of lower
terl%el%rrers (ABS) are inportant thernoplastic
stAREREGr al plastics. Nitrile-type rubbers, first

commerci al i zed as BAGKGROUND GBITHENNWENTION 1930, are

copol yners of crylonltrJIe nd a dj usuagl | ) )
but adi ﬁgﬁe &ﬁrﬂ‘@ﬁ?‘?‘?‘ ?)F‘%Fﬁﬂe&é‘&’ylf’é‘fﬂﬂ?r @Vﬁﬁm‘g been industrially
PrR6AREE Ss fildportdhe iERbdGdsOfor Whe Pieparatiis of Sﬁﬁlﬁbtﬁsﬁbers synthetic
acrylonitrile and nethacrylonitrile, subject

al R&PRe SyRthetic Tubbers and the like.j &opitospise of acrw@aev}eolﬁ ip the, form of

gafbeR agsrymnlitmeamamér@ sAEheOM BB Merd) (Albg) mqmaﬁm Qherfhoplastic
catal yst at a high tenperature. Gener.al

c atry PlRgichy Mﬁleowge @’r\’BPrényat %?aneg?lelﬁeri @t Qxeﬁ%la% Buna-N type
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est abl i shed thernore, it is known to i ncl ude
addi t i dhalcugentin pragiicad eipmgicial prasesserdion dreaeduchiom gf nitriles, such

r Ritrilk 24ubRXY S AKEHRIA OF pRpFIRAS 0PR6b
|ﬁ§%%%}?§%m@§ﬁ@t)as n| tur%gen and car bonbgll ox?de utene, fo

al Tengionjin i gasphas With @gmBNA NdBeIyinhe Biesace of a catalyst at a high
temperature. Generally, the catalyst formulations employed are proprietary to the catalyst

supplier, but the technology is well established. Furthermore, it is known to include
additional starting materials, including additional reactants, such as molecular oxygen
and/or steam, and inert materials, such as nitrogen and carbon dioxide, along with the
hydrocarbon starting material.

Recently, in view of the relative abundance of lower alkanes relative to
corresponding alkenes, resulting in price differences particularly between propane and

propylene or between isobutane and isobutene, attention has been drawn to developing
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attention has been drawn to devel opi ngi nproved

catal ysts for producing nitriles fromthese, |ess
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made i mltmeglapdvanwnmmwmsm wiaddrincthe artyigtognnection with catalysts

Cc n |
COMR R WO A0 08P fin o
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i nproverent ore becom ng commercrl a Vi a
gdnegendral, thearaknowonaalyteatysteys ifar suyls teanmonfs onffguftdm generally low

reaglas gf'h?e éeéll‘eflgroaucqm generally low yields of the

Due to their extensive industrial uses, there is a continuing need for compositions

having better catalytic activity and/or selectivity for ammoxidation of lower alkane
hydrocarbons to produce an unsaturated nitrile in high yield
It is an object of the invention to overcome one or more of the problems

described above.
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of | ower al kane hydrocarbons to produce an unsat urat ed
nitrile in high yield It is an object of the invention

to overconme one or nore of_the.ﬁroblens descri bed .
above. Grtherradyenfaass afbs inyentionwilhbecapppignt tjthgse plilled in the art from

APPRVRAN of e FHMSANS Abtal &P adsBriftlR, BkEn i QBjdhcliby WatH RE appended
the follow ng detailed description, taken in

cdﬂPHﬁction Wi th the appended clainms. SUMWARY OF THE
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relates to inproved catal yst conpositions that exhibit

an abi |Intbjoadmspessithe present amveniiondeeldtesrio dmproved catalysteapmpositions
hyglr.0Cak ta: -1 [ UNs r it R

| YHRCER B (Bl S0 TRGHERCARR R B I BhEed b obdibon o the
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hatié gup bensidbing bf the lelenfedtsrhapmg ithd ability € form fpokitiex R fér example

ant i.non ) _.nj.obi No),.titanium (Ti), a cerium
(Cofon (Shaniptibs (bbb (35 ot fedimolins . S0 cases
C QJdpipoSifioxofiths infentitn, o prisdTbxideN afimolybdéiii, Vafadium, antimony,
ni Qhi.um at | east one qle t selected fromt e.grou& . .
COTHGP] Hgessh e A9 S LA T 9P g T, R, i,
Zi gegrfitin) zifahitiny Kafniving aa@bpastally ¥t Bist beeRhthami@e selected from the
| ant hani de sel ected fromthe group consisting of

| HOYRFORSIStRBaSh JRRIPANYRY, RYARSATYAIYR, ReQfERIUly, samarium, europium,

e Uga@plitdith, GRp1okiumi, Holinishi Sdbiam|, thiliukOYtteriinm afd RitétHim.
thulium  ytterbiumand |utetium M xed netal oxide

cat al thie‘%é e Sxide SRtalyLa FamPARSS SAVANEAgRsIS oTdise R or more
MO fstAARNESHIakds! 4 Seabl\GHReST vllicH SiRSés RRPréfetiitiindd RIEEHASvolume and

has pre-determ ned unit cell vol unme and aspect ratio.
Al 28Bect 83810y | Mae deserbadears reshods forr fgrming ghe Improvieg catplygts having the

C et Liyshfie Nerichife AR ABMo%ia¥ o ptdcBResS bl ehWeRiGNdf lower
amoxi dat’i on processes for conversion of |ower

aldlanes. One aspect of the invention is directed to

sol i d_ (‘(ﬂ{ghgﬁéci bOMS idvRAtorti Rirbittd ﬁa:bﬁé_l ¥drhSosffohb Wat ¥xHiGf catalytic

amoxi dati oh of al kane hydrocarbons i n the gaseous

prastieity fonammorisetion efealkang diydrocarbens ig thepaspons phas gudscomprises

2te(fr{e%?§ﬁor9 Qﬁ/s&ilin\é’mhggés 128 168stl dne Vi WHIESE al 8L pﬂ'&@es tHat HAY 4 unit cell
volume in a range upward from about 2250 A3 to about 2350 A®, a first dimension and
transverse thereto a second dimension with the proviso that the ratio of first to second
dimensions is in a range downward from about 2.5 to about 0.7. Advantageously the first
phase that has a unit cell volume in a range upward from about 2255 A? to about 2290
A3, Beneficially the ratio of first to second dimensions is in a range downward from

about 1.5 to about 1.0.
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first to second dinensions is in a range downward from

about 2.5 to about 0.7. Advantageously the first phase

that has a unjt cell volunme in a range upward from

about 2495 parsiculgrly s firstphoes a3 mipedmetak pxifly gorpprisingamplybdenum

of (Md)! %na&iﬁmsgé%ﬁ A NIBOSHO8Ber! lerhdht RatiAs Uk MQW@rfgrm positive

fromabout 1.5°to about 1.0.Mre particularly the o

f i1pay aghtesenhpreegthercatalytipraetiyitynéi the ceropgsition; fof the ammoxidation of
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t asdating the Mherystallime gtrycturect i vity of the conposition

for th i ' f. - ' ST

the gasanong Skt 8FuR imBnRHFHE AP ol SRCHARE dfliytic activie

c Har amtmoxidateh af proparenip thé gasdous phase sbipriges st mixet umetal oxide in

¢ AR o ORS e, £5 edrSonelt GHBLRE sholfbBIR B, Sibagim (V).
prlessamee dlemdnt selgaskion thehmew casiptingsdantmony@©h) anet tallurium (Te),
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el seretnie. S&l get ebtliar cispdch ahey fiedt [phasenizi & ikl afetad nixiidedeymprising

Tl LT S R 7

cryst althi hgafticulaely liseful | pyet ofatiet heenthapactiedsha portidh of the

phase i.s a. mxe tal qQxide conprj.si.ng, nol ybdenum
NETPoy AR i e AroecoaniifoRy of TaILigioR by SRR purcps of metal
a ipay i emb@itd Yonkiedny| wids pafimindl hixed ioRidendateRaladeptetiitdd by the
a por,t,iag of the conposition is fornmed under

c IARAMY Bicrystallization by combining sources of

netal ions in anobunts conmovtdslstg\m@b%h a nom nal m xed

oxi de material represented by the enpirical formla:
MbVa ShbytlisesOd. ser<d @, 4.0k <d <110,d.000. 0a<&2h <1. and §.i9Che number

< ¢ <0.25, and is the nunber of oxyqen 0 requi r ed

t PIEYHrAMTeapiredfo ajptpin ﬂEWO@F“%ﬁ%Y of f?f& gﬁ%ﬁogw?é*ﬁlet elements
el ReRAL S ARNGSERtporthin b MBSt cristdliid matkrial ist fofmed by a process which
crystalline material is forned by a procesfs,\/\/hiqfYI;i )
C SIPPIPTISESCorBiIng ihe §oyrres of suptaldansgn aguseus sqlyfjpas, drying the resulting
acdsabired Shixuirt A9 Secodlérydold thiterid1§ ki trhaiBtafiMipdihe&€covered solids at
m xture to recover solid materials, and rrgl nt ai ni ng

£

t fdevaisd drapesriues fior dianes sufficisptio derm atdenst th '

Fsb gryptg{line phase.

times spfahbmbepirtibardyP (1008t ashQBDF th Rivtion! at least a portion of the
crystalline phase. In another particularly useful

as{omposigen isHermerd wder ennditions peryitallization by sambning Reurces of metal

COBROH hinBihth Toh@étdR it d EfonGifAl Chhixe@ BXidef material represented by the
crystallization by conbining sources of netal ions in

ammpitieal fsmylast ent with a nominal ni xed oxi de materi al
represented by the MoV,Sb,NbX4A{Og

where X is selected from the group consisting of Ti, Sn, Ge, Zr, Hf, and mixtures
thereof, A is selected from the group consisting of Ce, Nd and mixtures thereof,
0.1 <a<l1.0, 0.01 <b<l1.0, 0.001 <¢<0.25,0.005<d <04, 0<f

< 0.1, and § is the number of oxygen atoms required to maintain electro-neutrality of the

other component elements present with the proviso that one or more of the other
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consisting of Ce, Nd and mi xtures thereof, 0.1 < a

<1.0, 0.0K b <1.0, 0.00K c <0.25, 0.005 <d<0.4, 0 <

f <0.1, and 5 I?ff t_ge nunber of ~oxygen atons required

t CIRFTR i the apixed Pxide, can Peypresant iy an pradasionestate kwyss Haamtits highest
el ga®itibs s@ateesent with the proviso that one or nore of

the otherelements in the m xed oxide can be present in

an oxi d¥tleesh aspostien ph sy crysialling materalghadventagqoysly jaseprding to the
Stigféhtiofilard Rmkd By BkdeQ Wt EdiriEy SnRihihS fhe sources of metal ions
materi al s, advantageously according to the invention,

ari@ afesone splpons, dryine dhesreqifitingaqueoys miswse leapasver sedjd mpgerials, and
SQHficRmifY theBiRNere@SStids it @f&u&w&n@@aﬂﬁémﬁ timd§ Xﬁfﬁ%eﬁthtg form at
resul ting aqueous m xture to recover solid materials,
arigastiedrgichistlinetphaseecover ed sol i ds at el evat ed

t enper ' i Gl o
firot aryepihe i dofBous s 8 ook Pl &AM ow Bout 100
mi X tand embiang oremgar @thbient, teesseeatnd the rbaivered sdobd tmat@dils are first
C [ ient LESSMLE, 1AD he. .

- Rt o Bbvar 1o B PR pord SR b 407 (Gficany i a range
el feonatabehit 2807 €r @t 4008 £) pdndrnthenaaftes it hamgebpuardioh dBput 550° C to
(LBb £l Yorbfonf of AOISLIAMLARGUL 250" C to 4007 O,

and t herearcer "ich"8" f'a g ’pr\%llrd from about 550° Cto

700° Clasananises ibe comipositians afithe miventioprtla exhibit chtalyso agtivity for
cases .igrche C 0OSiti onﬁgof t he i.nvention that .ex(ﬂi bifﬁi de i
calHROPTACR LG BEOPERS Bt M BRsRe ok ash CBPPRIE paMuX s mefl oxide in
0 graaiu it fiirse hevingr 4sS esmponsintXlemens, aholgkdefi@mi (Mo), vanadium (V),
part.i cul form hayi.ng, .as. conp nt el enents

ePUBGER (RPY RRAUD ol i H9th 05 I AN o]y RASKSLISTI Miffilnfases the
( Eo)npoﬁﬂdls_ﬁif@bé imwm}gtiﬂhj)"that lerhipR chtalgtié ﬁd’dv}ty tﬁ;‘r@nfg_uhoﬁ&ﬁ'@ﬁ of propane
the conpositions of the invention that exhibhi i

c A1 EREOUE PO SPTIRSISSsa R P B FRe  BFHAte o daving, as
gaﬁ)ﬁ@UﬁTm h&%?:nfs@ Wﬁﬂﬁﬁemﬂ (Mio)ﬂaiinmﬁrm(vglxdrﬁﬂmin? (Sb) niobium (Nb),
parti.cu e form ing, as conponent el enents,
nﬁi%&‘&ﬁ%ﬁ"ﬂt?f{‘“‘?%@di um (V), antinony (Sb) niobium -

(Nb), tA FiMhet!iBpédtiof thedidertioh iid/aTplotid forrédilcingen SAGGted nitrile
of the invention is a process for produci ng_an .
urlYafaiRlxtic GORYersion dn ghe #aseqrs phasecohn g clo¥rbalkepe thydrocarbon with

JanfRdHia PSS Souide oF dli&i@?én il theAptBseRY S FAGRARA M which comprises

ammoni a and a source of dioxygen in _the tpresence of a |
pehne g mose £rysBlling RRAses 13t legsrine S svhihis griirpipphase that has a unit cell

Crybhlndd inl DEanphasRardatont 86tk 205 Ao WMHuED390SAR af firkSdimension and
phase that has a unit_ cel]l volune in_a range upward
f s e Utherstpsp sexgnd dimgnsion vitiothe guovise thaty e rafjorefEishfp second

aNfimensions is in a range downward from about 2.5 to about 0.7.

For a more complete understanding of the present invention, reference should
now be made to the embodiments described in greater detail below and by way of
examples of the invention. ’

GENERAL DESCRIPTION

The catalyst of the present invention may be used either supported or unsupported

(i.e. the catalyst may comprise a support). Suitable supports are silica, alumina, zirconia,

titania, or mixtures thereof. However, when zirconia or titania are used as support

5
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conpl ete understandi ng of the present invention,
ref erence should now be made to the enbodi nents
described in greater detail below and by way of
exagteals thep the, £atjq, oF malyhdenuaeNgrgiponimy gy tpaqipR infrgases over the

Calafiley Sowl in (AbBYE foRflilak, rmamhmcme Mo 28 ob'$8d1i& istteRieen about 1
supported or unsup forted .€e. the catal

cApPi b SEPPOTBRIFLlYY seyfstag 9| tndgg BRrothe §a%\§8 @F‘}I%’['@fam a harder and

al e Raritidd FesRAhPcathlydtaMGvevef, fO8 ednith&Sial 1€£%fons, an appropriate
However, when zirconia or titania are use

s thbgrdraf athethe astivetphase ¢ nehe eernplenef mlwcfém?mdmnbed above) and
z 'tﬁ& 1§)f1el#)fui &\ %'aﬁ%&ﬁéﬁ%ﬁ &Y@{ty L&Ph&f&&eg?gn%}smsmmme)

in t ove ormu SucC
r dox e p@talyett \/lbeqqtl@mdiut any ipgyeas@ in the sgtwmhaset depicases Ithe hardness of

SGhY Eﬁalgs?] q @?)aft cfofhr ngé}%efv@éeﬂl 19%hd o6 é/h't ?grc o? the supported

har der ttri |on resi stant cata
f @latabam’rﬁ"b’p,lndly, lpep buppatti comprisesnbetpeanodt ami 60 b;}/eaghj pyfcent of the

bot h otr{é cg&!yl tl\;glap %Se?nl{"dgﬁ%lt 0 ﬁ’llé: 81@91]1& s&é‘g %* X\F’:ﬂl Comprise as

oxI' esc ove e sup por
ohitthe as abouti ¢ € eyzighit lpercemtt af\ith¢ yuppoded eattlyﬂs ﬂn at bmbbdlment of this

th ta l.
" SRIRAEE e sobRir i S il BEUR ik psR of he upported
t hatabat. alnyaabtherldneboglimpg of thioinpéntoasthd aippeﬂrma@&:o&tpdséﬂs much as

REL.Ge nt of, the su rte lyst. T
* S 9RE e Rersg e SEPO Sy SL ok ol e rbphte which
0fméyh eoralp pcmret &dmoad @fqnsdter élemeﬁtﬁg sidbaghng@binorf cldments may be
I nvention or t. y conprise.as little as about
1075 yripd B’é‘? @%ﬁ?tgﬁft ‘f“'hg‘a ?ﬁ gePdlatal yst. In one

errblodl rr:he tcatafystt dvn@ogﬂgvﬁmeseﬁbedtﬂem@ wpl}grr prﬁmiyd Bpmarﬁyamthennal
as |tt e as ut wWei g ercent of the s

ot mefRoSAoeTed BB Heohee] AR VRaPRB e dhglosed in
SLUPUOPﬁteﬁfﬂMp At 3®. aeozmdmsass t@ lCRhey’ 6t WIEi Wiatanabe et al.,, “New

percent, of the suppor ed cat S ort materials
b rmshosis [Rayfeo FHYIRTY - %‘ éfﬁe° &?}ghéqreprmwomdaﬂon
el Gipried TataBRd A UGEheR] 01'9111315 Bh.4TOUSS (DBY0),Ad Ueda et al., “Selective
i ncarporated into the cataléft via the su

mePf4tion of hight Alkengssover Brgraemally synthesized B@g"r%@r% {(Iq=Al, Ga, Bi,
cadh £ T SRAE @staR¥is PNRpMAriIidR! Generdl e, Ep Bi5hAgSwhich are

descri bed herein! dro her mal synthe3|s met hods are
dulg@qug@tadhwebysfemeem Appl i cati on No. 2003/0004379

to Gaf fIHeéé @Fal atlhe'ca%s@%lﬂﬁ)oﬁhoﬁé desan@thaém RESILR prepared by
Rout e for - m xed oxi des catal yst for propane

a rhyd;gtl@pamplosyntheﬁp p\{he@dprgg{rggrg, &ra mlxeéé]}pézfl Axi elgl@lm 5omposition
PPire 40Rxd® 4r2Ri0us s%ﬂﬁiloy?&i forfala éhctron n%%luﬁﬁ Bhd/ feacting the reaction

Oxi1 dat1on of Light Al kanes over hydrot hermal
symediemjag e@vmd ptemu@ engeplevatethtempieratugy i geaies) reagtiogevessel for a

1?&‘%1 @i“é ent to BB B TR Y&l Sxifs. HEBR &hbodiient, BR-hydrothermal

ich are
synthesis contmues 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 precursor compounds supplying the mixed

metal oxide components of the catalyst composition.



i ncorporated here by reference. In general, the
catal yst conpositions described herein can be prepared

whgooksgeloet her mal synt hesi s where precursors f oPCHURIORE 004228
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net al oxi de catal yst conposition are adm xed in an
aqueous solution to forma reaction nedi um and
reacting the reaction nedium at el evated pressure and

el evat ddecemperenis Arereasied insthg sealed reartion yRSsgleal adpmpegptuge greater

titAEn sooPEiand ani pfe@suf@%t@%t&hlﬁaﬂﬁﬁi@nﬂﬁ&s@hreQK ifglh a nike@Nfetal oxide
enmbodi nent, the drot hermal synthesis continues for a

t | ITRSUEGF f irwr@.ﬁmhoélmqw |the ﬁ@amneatﬁyredwm i@ the pgalsdrigastion vessel

Pr 3 atthpdritute 6F 4t 84St vt MRRCU adobier 8XBOBRRNt &0 féﬁi%ﬁture of at
used in the preparation of the catal yst or an anlc

cdpgsbabei 130ednd; intyeh ﬁyotberr erplodipent 3 80empey) et least about
S ul@"l’d ' ﬂgoﬂeréﬁlbghfﬁfeqt 'ﬁ?ﬁt éﬂ@ar@ QERRA G e sge(le& H:Qctlon vessel at a

catal yst compositl on. The onponents are reacted in the
s qu¢seererof at ldasimbpuis2epsigtand inanplberebaslimensat @rpressung of at least

%or i gs %tana @tf‘%*ﬁﬁ%r g@g@alﬁ{en{ Haan?r@{gpfeeﬁ at ReSsCauf 100 psig.

oxXl precur so
erﬂmhllsnaéﬂt reactivm vasspiomentbe egnippedewith adpressuteneongreldevice to avoid

5;@5@@&&%@?{1 v@gse (?fe lu{e‘%hé){ea&}on ?%gl} €. about

I'n an ure of at
| east diveny caBE,O(hélcompohtmts a}epreﬁndﬂh eeacedﬂlxydl pretocolathatacomprises

te er ure eas, about
er}%ntg‘a} %Om]%%lgn gurm the eactéornes erpeél% galqlcglq{ ﬁléxné%m'ech&msm 1s not
r aaititalpindve@asedludd foae)pmqﬂs unigingf(egt, stiemgtor aQntaling)Zﬂhe components

" ape 5 o0l B Y BRINE b S msEh B TRRR B RnE g exameie

a agitsthputhe aintants b alsd reﬁbﬁm’t v&.@él sl exanfple tbyssimkingd, tumbling or

reaction yessels ed wt ressur.e
e PR R BT e SRR Bt 2 M ey aleginlude, fo
argtample! Sirfiegby ading b Blrring zmhnhm lqeated atlesst phitialy WlthﬁlStHe reaction

the c nent s e preferabl react ed

{ HESeL D (B oae g P 1 TN ST A s esction vessel t
r 9@6\‘1&1@1{%13‘5@6 (Ejhotﬁﬁﬂ Betﬁ/adléd the Bﬂfuﬁhg Mefibefandrthé) AAEtEoM veSsel OThe stirring
critical, an n.inc e for e m xin e
S TR G be & AT RS )an‘?ﬂbShGGrf‘B 9§f"aws.r?f‘gfgﬂt% THe driving force
I &k bt Aitedily BEYledid 06 biiig MinieEor CaH®a 11|iﬁifebﬂ>ﬁ80upled to the stirring
i ncluding, for exanple, agitating the contﬁnts of

r SRERPGBHC G Y RMABTEBr CRUPLRR)- o Ty miring fsgpnerally Brafery piy rsufﬁcwnt to

0Shixl thetbmforel t6 AMHR TeNéfficient Rhdtiol BetvRRf tcbﬁpoﬁeass&m the reaction
Such nethods al so include, for exanpl.e, stlrrln

usT9fumR te PR B BT BREOBCTCORR FeaeHOR G (€ garapd a{Fstuymg in a more

Wi foRidgedddfis hRGT hoM] ¥A8S Blec@ash) As dohyirbdtd A GRmxeURERFon. This
to the stirring nenber or to the reaction vessel to

priosuligdn mereetfigientronsuspptioatafsieringeatenals anchig apaisamiform mixed
ar}getﬁlh&lﬁcﬁﬁ%aﬁ&n Mﬁﬁ%%e rélz—iegor?ﬁl'e&lﬁhmn&lrﬁ%rm@fea@@dh Q@p &lso causes

shaft-driven and/ or ft-supported stirring ne
THbe wxe@.m@alfm@@r@aﬁt t@efoml iethe @we@bﬂwa@wnmwﬁ%raﬂwr than on the

Stél&@'&&hﬁéﬁéﬁ& QEssE:lanTPig 18R "R&E I r¥adg oeRdver, b Eéfﬁrauon of the

stirring menb ., Vvia magnetic coupling).
mi mixadymietal gride pmdpgxgnmt@fhemm spch a§ ¢antrifagation ecantatlon, or filtration

and avoids the need to recover the majority of product from the sides of the reactor
vessel. More advantageously, having the mixed metal oxide form in solution allows for
particle growth on all faces of the particle rather than the limited exposed faces when the

growth occurs out from the reactor wall.



m x the conmponents to allow for efficient reaction
bet ween conponents of the reaction nediumto forma

wOoroos/1tenbgeneous reacti on nmedium (e.g., and rPGIIUS2008/004228
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in a nore honobgeneous m xed netal oxide precursor) as
conpared to an unm xed reaction. This results in nore

efficient consunption of starting materials and in a
nor e udi BEcReAX desirable dp mpintaia sping digedspacy! injthgyreaster vessel. The

I 6fduh O8Y HER rrﬁejs'tphlc!@ HYY depend &?th@ Qegkl (ﬁ@lgﬁ bfihe %%f @gitaton used if the

t he m xed oXi de product to formin aqueous
r gegetipp ﬁll¥ﬁl§©t1€|$t§quatQ$@Fheﬁ¢1 siirregrreaction ¥¢sgels forr exmele may take 50%

r %Q&sgé’& V?l?esﬁéad ep-Et:‘é s ﬂhéé’%h Gﬁ{bi‘eni %ﬂ%&l@?&‘(rﬁd’eé’ s8M€ amount of

separati on of m xed netal oxid pro uc

t exxbiganctadhe @a@wnaéiweeﬁprs ttelhgadspage, agis &aﬂmﬁhw mygy be filled with
T duldr %gée% had¥, 'cQﬁts ﬁl@ d; ;6?%&% G OMRbs %{)AI ¥r Ny, the
of pr omt e Si es 0 e reactor esse re

acbmuna@fdwaéﬂpycze dnd\gap gy ithineit déepeads wppndhe desirebreaction dsris known in
sqlugion allows for particle growth on all faces of
the particle rather than the Iimted exposed faces
when t [ite gommﬂentsmam be reacted fir thersdaled reagtion vessalat an inftial pH of not
gen%r% gll}alnyagglg v?elﬁ e;c%bx%a of hf%l dro rég%laggylﬂngegsascﬁle é)g-l dtﬂﬁe reaction
t heixues sy cﬂhen:gegxucb rthatthe lﬁymieplfbfof alga teattionnmixsierd mdy behigher or

\r/g@g%r: z?n 1n1§§1:?1f6|8 gre %él?l? the g&% Bg/;é% g A% Bagétgg m].ﬁ-ng GL4194 reaction
heasepacepH Sf ﬁdtlnlu&d thantabowt/308. &nsontd ¢mbvddirgdnts) tiee/dotigBnents can be

Sone oxygen to.the reaction. However, .the

P BT ANE sefleg TGt vesten ol St OF Rl s B 19 (o ot more than
otdpeit DK SETSnok ehaddé ﬁiéh%oﬁtezi@t@ﬁoﬁ nork thafAb&it 1€ eNoffiot more than
i nert atnDsphere

S P TRSRhere SUCh 28 oot o R RIUD Bt ph ranges

I 6AQhdeOR pﬂsrahgmgrmm abéuttrlegatdet0.5 & eba@npgfwmaym aBout 0 to
react ed inth aI ed reaction vessg at an initi al
%é‘ﬂ’ ‘0

o oPRg ST PIERAP A B0 B S8R ol Sanegymienénts, e pit can

hy:ggat fth ABdut BYNol @633, IR ropthsdlut | REaboRBS! TEE pHl nidbeadjusted
may change such that the final pH of the reaction

i BYraddwe gaid op basgite isreasHon B\RETet han the initial pH.

Pref er affley cohpéneaRMRANERY Sreathéd lifafeCPedldd BLLISE alv&@els at the
reacti on vessel at a pH of not nore than about 3.5.

s oreremanfingiedreiseation; penditions ofiesiyding: Hor [5EamRligc Feagtion t?tneeratures
S er@éc?ign bRAGHEOPHY 3R, eﬁ:t ad d@édn@éd dvebe)ToF @pérﬂﬁrbf ARRWfficient to

not nore than about 2.5, of not nore

abfeml ﬂza wixed imetadtoxidss prefarably subetstthe mixedymesal %46 ?ﬁﬂré'lses a solid
Q(ﬁ %)rrgmsﬁ)l% O eqiiRdS 14l ARRYLssEd Rodk, Afd A Rast a portion
nDret 0. Preferred pH ranges i nciude a pH
r athereely ptefezmlyaﬁ@mng nibg aequisitep crystalding tsueture, fosr actize Apd yselective
fr
AT 00 by, Son g LGt BTp AU b, T
r am(gei p‘enodpﬁbmatls OOanwzhbmﬂcaB apd cayy lnpkudmf@tﬂzempb at deast about
9#:% }%'ur lqu Mt Rﬁel@éjhbﬁg eﬁ lpéét Qg&Ut Qggh?e%hdnogfs, RARKst about

er eac on m Xxtur
twenty-four hours, at least about thlrty hours, at least about thirty-six hours, at least about

forty-two hours, at least about forty-eight hours, at least about fifty-four hours, at least
about sixty hours, at least about sixty-six hours or at least about seventy-two hours.
Reaction periods of time can be even more than three days, including for example at least

about four days, at least about five days, at least about six days, at least about seven days,

8



The conponents can be reacted in the seal ed reaction
vessels at the aforenentioned reaction conditions

w@ ovslieadrhg for exanpl e, reaction tenperatur espPCT/US2008/004228
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reaction pressures, pH, stirring, etc., as described
above) for a period of time sufficient to formthe
m xed netal oxide, preferably where the m xed netal

0t drastabApItYe &seks gt least§b@ttéllr§%>we‘ths Onatdeashrtiont oy menth.
reqU|r Isg U v

port | on L perBone se@foff by RIELT SR B teicRlid SAShsCproparation
crly%th%dsl R etl%udeumr&w@ steps, la@ltldlvg qrﬁaa@elb@evlmgethg reaptigremedium

g@s g‘ :dlg @%ﬁnﬁgdg@v%g SRR peri o %ﬂﬁ&%h %Sge?mra'ang the

namhémmc'datm Femaprisingrifie maxr:dl methlagadef fegm dwdmpide(eat, by centrifuging
e t I

%?}é)a 21?&2{ 1n%J I?}Ee 31 E l:i{é«lﬁt ﬁ)g ﬁ}téﬁmelf%gﬁlte%uwas&%g the separated

t mhd yarltlgulateh(;q,g ,sl;snm distdked twatdy on eibhized watb) mepgatiag the separating

Lgu ta’nale\gkifm%gtlﬂgst e é’rﬁés ax?i#ﬁ%ﬁf?é ﬁﬁ) %;rara%r %%tei)wo

about fAffer ythd wrk-hp) lSteps, tht Waelmlt arﬂkxeparatsd )rmyed]mﬁafl oxide can be

| east aut ..si xit ut ..

s gﬂt %%n V\%t}ﬁ: Jpixed d S)t(lH% ﬁan q%ea 39{ 1eggﬁonéiétlons (e.g.,ata

€ iepermti e dfhahnutt:hf’@ at ﬁkﬂyﬁphet’m Passlire)g aﬂdbcrr iR dABPE fatexample, at a

| AREberEiR famefh ay ¥Pou or 8 Bba ' AR about 1207

| evet a dbong périvd ofeablsst tie &?dngh@aﬁsdm abﬁuﬂﬁvb h6 @aBowefiftegn Bburs, and

at one | ] owi ng ction step,

T RHEEPIYS Db ABour PYRILE Hotiso LEHPe eARaPS CTeEa udat 2 qotrolled or

rratnb&ldﬁ)ue@afmcss@h&ﬁ | Can@0thl ﬂuﬁnghmphdr@ GArBeé Bg) ifedt ghas an oxidative

exan‘pecoom t ereactl onprlsmgt e

mi Se&d TRANCHIS 833 Sa@r @ed i tYP‘P"gE’a*gE @fel%%fﬂﬁy &int

t e”per A s ﬁ}thels]ﬁ'%ﬂidnns%pt e dviell intixderrhéth Caridd @% be treated to form
nprising the mxed nmetal oxide fromthe |iq

i d
éhg mlx%;n@éh?)flgq Efﬁ?lﬁﬁ aﬁbqhogeagg%fa}nn@clp%for example calcinations

SU(Q Q! NAdIadhg hédt tRhinRMBAENd¢E byidizihg dr ﬂe&ﬁﬁﬂg‘"&?ndﬁ%@"%ff&ted under
t he separated solid particulates (e.g

i BFipHY BERTERlcFmMOpPhsERSOn The & oHirte rn)lxed} g}f&hthrﬁg famebe crushed or

SER&rAl IpRBr StbeBuchN dre¥@Rht, NEndBdre Rifterdifer®y ARG (SubSpretreatment.
and effectlng a final separatleéag st ep fter the
3

wdtrrferablys fos sxamplpdhedeednixgd &lldﬁtcéﬂl berpptisaliperyphed, and then
O)Qaﬁ:‘}heﬁq& R Bk nfded Metal BRidl @ﬁal?ltx e@hé@@ﬁat%'lg fa‘re?éi‘ibly effected

be effected under anbient condifions ?
t dnp@y et atmesphest siclp 3s Mitsesent ntaémeﬂ ¢a %n%@gum}imons include

a t
" e S ol SO sy TRty fm shou

of509E>© m abpROGNO°Gyand in smycrngoq@@mt@dhetﬁalcamen car} bgeat about 600°C.
rangin f éﬁ?@p g@% chl\é e?)o nﬁ%ﬂuhe{a'l fotxﬁﬁ:ncdﬁoﬂé SI"urtﬁ’el? dmechanlcally
it ou

prefera rs. Drying can
efﬁ@tedemChIdmerforaempﬂer by penfling, signingreand prdssing the mixed metal oxide.

ggﬁggf%%tnaﬁ{b%e A of l;%le%g;a k@ﬂmgf&, fe@gg@ngagameasﬁe da*&msutm with

are
t yapineal payticde siz rapgimg diviny alzout 1000gmzo about 460 ppy; epéﬁrrdtly fnom about

7 o L0 35 ol by HEhF DofPlag I W B0CH0

can i ndougepréaumsoe xanpdunds edntainag Iami]prowdmg the metal components used
in the synthesis of the catalyst can be provided to the reaction vessel as aqueous solutions

of the metal salts. Some precursor compounds of the metal components can be provided

9



(e.g., including heat treatnents under oxidizing or
reduci ng conditions) effected under various treatnent

w@remsAapdses es. The work-up m xed netal oxi de caPCDES2008/004228
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crushed or ground prior to such treatnent, and/or

intermttently during such pretreatnment. Preferably,

for exanple, the dried m xed netal oxide can be

opi@ ihsrraadtipn oessels@d solidschrias shiries compeiging solid parfiewates dispersed in
L. 3:0X [ |

oy el S6f Rty omob s R AN Bhpbis can b provided

nite ﬂ@geapn09w9$seksraecsola®| arias aturges Qompmmg onkd particulates dispersed in

t | C to about 7000C,

an 2oh AhuBS AR Al A ARG AT 0, %6200C and

in SorTSum’[ﬂmﬂlemBNISqomﬂoendsafoc syrsldsisrofathe citalysts asldesgtibed herein
SR FhRh e i Lane SRR HERGETRpARD ovia
exmaspd;p almmgnmm dlepgmod;ybduue myd anclypche ssidng Smkablerwamdmm sources

er abl t he cat al S Si.e to. .

£ Gy Rty hgiofiugh ARt tnd, Farp P BEY) fRide.  Suitable
WahfimanyTBairc@a liidledee amtindeny (1 gmge, f anpitnoRip@Il)  at€ftemamtixony(III)

abo 400. Mm ,.preferably fr a t 120 mmt out .
oL Sride apimonn L SRR, a3 Rritamins detie, Suiable

mﬁbo@ﬂﬂﬁm@oﬁfcéé’ g1y 1ﬁﬂﬁﬂ&h’dﬁﬁ§mﬁmn(liﬂ) rthﬂ;gxda,nﬁboﬁymiumd (INK oxide or

t he net.al nponent s sedln e synthesis os(gﬁ d

c deadxpapme QH) b‘é"%?PR?‘l‘ edmfiop‘F eije chqogymipme (HD getate hydrate.

GRS nfoBlukt ERREesGhclideenioBilAl oxaRtd, fiobi@iBerBX & 64156 ammonium
compounds of the netal, conponents can be, providedtaq

£ OBER O3, YRR Bibige) ReRKOGalae, Sjobjm ggde, mioblum ethoxide
CopBhiobicgigsol i d particul ates di spersed in an aqueous

medi a. Sone precursor conpounds_of the netal

conpon@Hitable ttnien pewsess degludeoritifeandrcanpigse Yiaaiyg diogide (Ti0y),

SQ:Ié dﬁe@'ésaa§-255| Wehdiga ﬁ@ﬁmﬁéﬁdé‘ gI‘l@%)éaﬂité)ar’Itlﬂ)(hHJ:tfj‘ltaé’e‘ionate)z, and
di Sperse N an non-agqueous solvents or ot

ndtianaen edipxideecpmplexss,i sugh(ag Tyreiclitls osu@}ppg@ serrce dnpclude tin (IT)
S %@ét?tgs I%it1e tg%a‘ﬁ?.\(ng Féﬁ%esln@ﬁdg E&ﬁ{ahﬂﬁﬁme&x@den Slﬂﬁblédz@rcomum

t he 1 'owm ng.” Sui bdenum sources i ncl ude
mbylb@bemha(iwycwl aratevBwl )mcamm fFOne¥idpt Spittje hafom sources

arigclgaq el éﬁ?'émoréu'awmfﬁl uhAesib4ge. sour ces include

vana anmoni um net avanadat'e and vanadi un( V)
oxi de. SSitatlalotruma sounce includs gesivm (IHY heptpde, sagribmo@if) p¥ifdg, cerium

OB BRI bl SEALE Y b (5t i

arvetinmr(JD nitrate, ceriem 41\, an&;wm'ab|se1fa19@aywmﬂﬂ)§glfatee@drmyum (IV)
[ ng de neodym um (I111) chloride, neodym um (111)

ox1 neodym um (I 11) isopropoxide, and preferred

is neod;hm amnu(mt bf pqewes aoleentyidrthe ecacton mmdivn mayhvagymdue to the

sou ude ni obhi um oxal at e opi :
oXSQF %ﬁ%’es 3&7% P R 0B Ui oXa oﬁblgédatlrgﬁ’r%ﬁh Sﬁné ﬁ%ﬁggllﬂﬁrmmlxed metal
pesxide0 The amdust, of agudonsisoleent sleuldiatddaistbe saffivgont tbeyiddd slurry of the

glrfg;)cléq?nts:ﬁzdlg Sti'}%’i'{;%laiglnl? StFﬂlt an f@glﬁ%l#sc mlxeg lnkilqul &xlilé tg leave an
amount of headspace in the reactor vessel.

The invention contemplates continuous processes for recovery and purification of

organic values from hot gaseous mixtures which are obtained by catalytic ammoxidation

of a light alkane hydrocarbon compounds. More particularly, this invention relates to

recovery and refining of valuable nitrogen-containing organic compounds formed by

10



e.g. Degussa P-25, titaniumisopropoxide,
Ti O oxal ate), TiQ acetylacetonate) 2, and titani um

w@bkdosn2i#es conpl exes, such as Tyzor 131. Suit abP€T/U52008/004228
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source include tin (11) acetate. Suitable gernmani um
source include germani un(lV) oxide. Suitable zi rconi um
sources include zirconyl nitrate and zirconi um (

oﬁP’éb’th oxridation of fepstorefesd spmpaundnzelegied fFom thy moepwpnswnng of
Hahél! Qn@ﬁgblhﬁ'ferih W0 frbbhcdt dnontitd FFBIRe (&e%z_i"sébﬁh reactor effluent

source I nclude cerium (H') acetate, cerium oxid

c sphigining thy cersasprndingrunsspmane Qseitilee, cerium ( 1Q

chl ori @gpaf€r 14 Mpldrdhbiy TRALHBINI {of )RylokiBilk UI’HnﬁQ 1)sobutane to

nitrate, Feerium I'V) aimonium sul fate,” cerium (I

s undtiagcelonitade, chyr Praviding\oneser| mevecof tn afosgraentionesk catalysts in a gas-

a C

¢ R s RBE and Dorftfink B2l BRE pHAPY NTMarE B i presence

t @ffooygnnt (@ee. proviidedutiocthe mgaction meain aafoed%reamh@nmmmgt an oxygen-

of 0 f

ylcg C us? rJqug;ys t%‘& wg {’1‘} Zaa‘?)Pt zgﬁn&ld]; dncc‘lleﬁe %ac&@n conditions

h)edﬂectweeuonfbhn sayrwdwsles oomeﬁnwwnmlpal Fomxhxd esaqtlon,l fdaa\fsed stream

réafgrt'ilgl'g ogg)rltseesﬁgﬁga%eor 150 tll'?a%ergnag n- \égrfélglnig o%alg Quch as air, and

€s con I'nuous 0ces
r emmﬁnaywahdhqs Eliofvingammbolan ratfos @f gaopane wa lispbstafie tonoxygen in a ratio

gaseous ni x re y
%Ig?’ino ° 8(1}%‘ g{houg?kaélﬁé’ Ry ’&?‘a’c 2\ or&o‘%:tootn%)sgtl? apout 2.5, and
I\/er@paaarot |1sw{1ané Yo alhhioﬁlal m\/eerahbcrmgmg frbmsatioot Oédowbmﬁ 2.5, and

e ipbhlrararg A Yoy BPaF b c TS AP B 11 8agiRg Sne or more
f eqditiopdrpfeet) dompdraise ﬁhcilfdﬁl@ adiglogitrilel pr avibdceylonigile product (e.g.,
propane angeal sobutape in t presepce

D588 oy 5o Bore B ier FHER OF & G AR SR e andlor steam
C Qo @RAMS16lI tRE) fed iR Icah e6mpeBoItrS ﬂe@cenﬂ’o@b&ﬂ@ﬂ @rcent by weight

pr ef er abl erted t lonitril obut a
P EHatS i B o pmout, Sl Jra et ar By s egRe e houn of
af 6 mine ré} iOBEEne A Mk Y&ddSstieimA 16 da§ Bab&limkmhe eﬂﬁlyﬁtrcomposmons
and contacting the catal st W t ane or iso ut a
| fepqibep Peiei e cBploysd e pramgxi at?%v?f@é%?%tq FAonHIE s a once-

I BffuEIRHréRBE id), & bRestsd MAMBLC AEPElL SIMEkcavered but unreacted feed
oxygencontalnlng gas, such as and typically air) and

arm#eials-under reaction conditions effective to form

acryl OnlihtersPéc@ﬁ@ﬂes%tJﬁHé %’ AsPhbde fldwereadtor is nBi SarfoRady bAi@dal. Hence,
the feed stream preferably conprises propane

| stho gasaphase Bow ssagtor o b ¢ Aixed-hegl 1adors aélﬁldé@dd]e[réi reagig, or another

b Ererdrh ThB Seal Rl EAVSNYsiARL Ractort ok Bh B oneRERRRMEa Rlulti-stage
|s utane to oxygen in a ratio rangi ng from about

0. regsor ystamso URrefsTablya thepreadtel easIRfises i AITBYE feedzsl%for feeding a

abQitlar? -feeds@EUth RS 9 oft rzohé QP lt!ﬁcafbﬁct&o aafEHaanazdnE cBmprising the
rati o ranging fromabout 0.3 to about 2.5,

preixed atsta) okide mtawuancbareowlet fapdiseharging rewnfpé@hlcts and unreacted
st Leacan al so conpri se one or nore

The reaction conditions are controlled to be effective for converting the propane
to acrylonitrile, respectively, or the isobutane to methacrylonitrile. ~Generally, reaction
conditions include a temperature ranging from about 300°C to about 550°C, preferably
from about 325°C to about 500°C, and in some embodiments from about 350°C to about
450°C, and in other embodiments from about 430°C to about 520°C. Generally, the flow
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addi ti onal feed conponents, including acrylonitrile or
nmet hacrylonitrile product (e.g., froma recycle stream

wo@eooBneayran earlier-stage of a nulti-stage rearCDUP2008/004228
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and/ or steam For exanple, the feedstream can conprise
about 5 percent to about 30 percent by weight relative

"to the total amount of the feed strea or_ by nole
@1&9@{1

r &ntatof (he RTEPAng O ATPBiERe EINtHRIHE dprdsteram Serepfiopyzgne of the

%‘ig st W 1daBtoP 8n VELQALBRA td BRVIR! @' ht hourly space velocity
ﬁ:ﬁosml ons described herein are enplo t he

§\Oarenging Epmmabepfhe2 wbaeﬁupmf?r@blwf@m %boat 0.5 to about 1, and
g?ff 4L QB5iRE ﬁbﬁ’tgm abouf OC} t%)tabeﬁﬁf atig %aé’M éag@ %r &apE, §n grams

recovered but unreacted feed materi al
we@aﬁq': or dsobutgne tsf grams ofcatafishs dhe |pmsxrré@§tﬂm rqa@thmozone can be
r
C achgled of ol Tl B0 g 1 ot 306 PR B AT S 0 poig to
orabautdﬂﬂ @sigt anddn edme eraladimenty fremrabews t0msigta abdd S8 psig.
single
Feact ot e bl oByisfledf AR prblcT el horBk P dcsired
orfrommothef sidedprodiott andfay rﬁcﬁremdeacgedaeacma wmrdfneé@l mtl@dnknown in
g rFeact ion zone of the reactor, a reaction zone
c 'E‘Fp?’ 'sing the m xed netal oxide catalyst, and an
out | et The batdiystmbmpgs';m@srdemﬂaiedaheqemo;dlmtempmyeld imthe singlegbass (i.e.
reactants. The. ({a%act l.on _cond q)ﬁ ntrolled to 5758
b OSEPYIS) APInGXIG2EgR 2 BFIRARY a‘&e %—‘% s R‘é’ ’c‘%“g 4 yield of abou
a@eweﬁﬁi&ﬂbﬁlmle,r\ﬁﬂpeCsélleMBhty of aboit 4% &000k geaebdnodioxide + carbon

met hacryloni tri : reaction itions
e 20 ﬁﬁ@?‘éﬂ"ﬁé’?l"g %’ oSS of Rftssh gpide (HON) and
ath@é%mﬁ‘ﬁ@%@mdﬂiﬁfc%rﬁ& 6CH30NI] aNRusffldetb o€ tiicoreadidruinay also include
500°C, and in agrre enbo ﬁs fram abo HF‘SOOC to

abBERactEd gBYEen ). IRMBRA P56 GPHERTC afaryé Wout 4300C
t 0 abowrodedded Gor GRB&Very |dnd bvefidationw 6ft €heOfredction progae include
or isqQbutene contai ning feedst rqe]:amthrou gh the

¢ CERGRTE T gsEus: Toactei eLTiRAS¥Ith | 0, ATUEAYS BpenEh fiayid: forming an

CopbiERs! &uddd R&AMiSRy ahdRjoeBipoR@iHE | dhssAEA YRNOSKitrily, hydrogen
\%E‘S rangi ng frgm%bout 005 :

to abqut 5, prefer %tlcytllt
AT IR sprBtnduats; apdgpsing anJpigerated sequsRrR o distillations

f r o SR kefaraliohd 162 BRBYerOfoP redydle€STH uSEFRE aqueBiis 11qu1d and obtain
exanpl e, In grans, propane or isobutane to gra

c atahlapletnitropga-contaismgasgasic qompopadsand Srdrogrneyanide Bfé’ducts

contr Olljr@;gjanE OathABHa Iﬂdoa&)%b& %lxotogéh& #nOthe heatior28Hd oxidation of
psig, preferably from about psig to about 100

armtopylensdnrtheanresengerad mﬂgnm%ﬁk%sm op tlpfsiuﬁfa'feoofébfoﬁvldged catalyst.
pSAgset -B?ecofn% | Ho@l?erﬁg Yéa@t%rfsrﬂak(% ﬂﬁcmﬁé}@@' Ydrﬁf'hhé ktid Eollowing

ct can at ed if desired rom ot her
si ptedystso derrlositulehysrogen synids; earbendioridacuthon nonoxide, acetonilrile,

l C acia ana a
ac&?&lghn&r%lﬁ: A(F(fs ??d?{f h ghé? di ‘?esamichyﬁ&e k&%é& ¥&dtic acid and

0SItl 0 en e n the
Si m,gxh‘ter pﬁgsscéﬂmeousnmknew ofgapicompry vgﬁlopsr gﬁb@g ghree feeds

ar een%l%ﬂ? l?il'eelegg tHah Q%H Cdep&n@ tﬂ(dset!ngea%tedaﬁ}gﬁgne,SZmégma, oxygen and/or

nitrogen may be contained in the reactor effluent gas. The source of propane typically
contéins a small amount of propylene and some heavier hydrocarbon compounds most of
which are purged from the process unreacted. A portion of the heat of the exothermic
reaction is removed by sets of steam coils which generate and superheat waste steam at

approximately 600 psig for process uses such as heat input for distillations in the
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percent acrylonitrile, with a selectivity of about 24%
to COx (carbon di oxide + carbon nonoxide), and a

w@edsaeisvity of about 13%to a mixture of hydrPQENS2008/004228
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cyani de (HCN) and acetonitrile or nethyl cyanide

(CH3CN). The effluent of the reactor may al so include
unreact ed oxygen (Q2), ammonia (NH ) and entrained

c Rrasiugis redovery and mupfigasisassestinn ofethe prrcgssanieactor effluent gas passes
p%blfl%lcﬁtci @s Qi hil ) Penh R lataWt BnOIHEMStht ¥84. UdRe gas is then further

guenc gaseous reactor effluent wth an aqueous

qeeeled in p qgncd)r erffétremit sepler wAdheis sompobag: olon shedngnd wibg gxchanger

t 'ﬁ?in 51‘ie§ %ﬁ%&%%&kﬂﬁ Pldatkemononi trile, hydrogen

cyan e an er organi ¢ co- products; and using an

| nt egr asasiwsk fnewn,cpenformanse jof ﬂ@tcmdasloaﬁdabﬁaman important factor,
Qr%a ! Itlpngwts 1%%%%X&r fat:%F ﬁiéclec%ngrfmcg Wﬁﬁ& lan@%ﬂ?equ&ldatlon
qU| , I'nvalu ni'trogen-contal ni ng

o ipgaasses. C Caalysnpls famandeyid mugened panrtidtypf.odoertvsrsion of reactants,

. geglg%lwty,aﬁemcrgg\:regsal? Pgﬁ Qe)égtgr?t torﬁe?%%dg S%,l]&?,rra{e oft e;;}gductlon fof desired

amsmmctapdr ait of péaame vohmtehzer st fofi timepand cmalydt lifed ii 2 eeffective time

e

acryl oﬁadwnsl @onhyvﬂfchgeanalszs;qmrﬁenamardnpmdm plude, composition, the
car bo noxi de, acetonitr acr ol ei lig.acid .

CaRedods G PP isHo POt Af&ateigh it pdiong oy ittt chemica
a@eifbitnanté tbqaitéments) wile kePfproperive |1i1<ﬂlitEC)sm:BfaCH’l k!ﬁavm)rosny, density,
organi¢c c ounds. h%Oanver sions of the.three fe

g PRET §1Fy Y Uﬁl%tgs S,1 BfEF Caéqu‘t resjsiance dRr gxg aga:al attrition,

PRRRERrly BFTRIH Bed catayy@sn and/ or nltrogen may be
contained i.n the reag

ffl t Th of
pr opané Y% Hhel %V"E@H%%"ﬁg’r%fegsﬁ‘gf? a eotf““g F’%‘ﬁ?ﬁ“éﬂ‘é Where

angbrsakaie ReRekstins RAYCsHRbRdd) @ Bingle PR ERsiem DS tisfadtomhivittha residence
are purged fromthe process unr act ed. @éﬁgrtlon of

£ HidHRici (o1 rscRamgs isgRifRly OBMeRIY Torpveiable iiauites 9§ acegquitrile and

OfhydloBAMC A Are\btfoRaldQI 308l ®s. aﬁ?pﬁ)blﬁﬂftél?%bldi@ﬁfeﬁ‘lc quantities of
stéamat approxi mately 600 psig for process uses s&Jc? catalytic

aPropeae. pmmania; gpd (ligtern A6 dpEoduped pup rp dividized be
zﬁﬁféfersy ﬁﬁtgble L{fﬂe{a'tlﬁé‘tcbﬁmtl&%clhblﬁﬂe Ef esdulf® ﬁr@%§§ from about 3 to
Reactor effl uent sses_throug cl ones,
r eleue3 Scrsig(2Psh tor P41 s i 166 oY, R feraile frggsahogt SR ﬁbout 25 psig
fysi Bgp I%’Qllﬁq éa e)a G@l?&ilﬁlr té?ﬁ;fekéi@r% al‘éqwaefangé’\"ﬁ'oﬁhaﬂo‘ét 700° to

conpri sed and tube exch anger usi ng o o
f eIQGO‘V\B\(-’&rP assit&%é:)cnr@fqr%e inraege, from abant g9 tOk%B\AB (399 to 510

pe(g)f O IR 36 Seabfont ﬂqeﬂ&/eqagy' ékﬂeﬁﬁ&ﬂaby ﬁéﬁn kS cHirol ﬁEQEﬁ@&ere and
t perhaps the nost “stgnificant factor, in the

e Engniingsies athmpeamre@pﬁ@@m okt 300%H0 apps SRALE slevated pressure.
Cat al yst perf or mangeg A R1pi: ?ﬁEW‘N‘T‘I@Nt y, i.e.,
conversi on of reactants, select|V|ty . €. conversion

of readtharfollavwingesimples pilbskree to ﬂlasteatqaﬁermrbenfetﬁcmhvﬂlments of
d it r n

t Ietﬁ ’n%gn cfmg%?l%f & ?&?éé? Thgge E)?a%‘#l%cshl}‘glgqgf nlg%%}r]éfsb% g%l{r%trued as
bdfmitieg sheystiope oﬁmhe host lrwknmn asvthexe oe meanlyeariptignsywhich may be

made thereon without departing from the spirit of the disclosed invention, as those of

skill in the art will recognize.

13



Fact ors upon which catal yst performance depends
i ncl ude conposition, the nethods of preparation,

W@ paeI97s and cal ci nation conditions. |In addit POTUSZH08/004228
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chem cal performance requirenents, other key
properties include surface area, -porosity, density,
pore size distribution, hardness, strength, and

resi stance to mechani cal aﬁ%ENEBéh, particularly for

fluid hedrdepi@insiste tHy Ristadd inyemiohesaﬁlﬁmwd@base Q:atalyst with and
process is carried out in a fluid -bed reactor. We

hivgthot rameuscentrlyst snedifiersy wershprgparedy andy them, gy ua;s%sis gnder similar

S %84cRiBh kondt@dusS fithe Q:Qﬁclgoéﬁlctrﬁ lﬁteﬂ %élbq'ecﬁ‘é: RothindBcaHipRitoRYYbased on
seconds is typical mer ci al recover abl e

qUthtotal mﬁsalm dgd én @mcﬂﬁalys@rwqqyd BHEy 89INe mgtalsgmay lee lost or may
O Yol %ﬁkegé?%?é&g l{ﬁhﬁ% {hY Qﬁﬁﬁkﬁﬁ&g&){tuﬁ Gh& RLRTE E&hﬁosmon of the

quant i propan oxygen are
i rfinished catelystmay vary slightly fren thesepranal @atnapsmm shown below.

particl ﬁscrﬁﬁgﬁ 3PPEasORG B o%lka Eo gﬂaﬁm‘i 1)Je8 ?g%eCatalysts

pressures | range
(20. 7 {Tthe 2phhse} chﬁaogacge)of mixed np«rtdf exxslbIO}taintsrrwatm geangified by

:%&E@?"g lt}r%gg@ e::{ir'egd frﬁétgé?; el?l%r om a ogt %bﬁsﬁ)gﬁ{[%%%dl: e

( BWdﬂogtdphS 38°Crigytallggreplor 2 b Pafard Univezsity Préss (h9EH.o e X-ray powder

t 9 %Q“’g‘é%réé é?gg rgge? Rle Qotn Oa'ﬁEg{L r gllon?ﬁgele %]eneral Structure

t eqmgrsatswtem arGSA@enesr Alairiog NatieraarLatiorateny/Repatt AR 86-748 (2004).)
from about 0° bout ' 5 e at ed. pr.essyr
e pesonmare. NURNAery A Taodeh BF Bt i Desapep Jr. D.
Sﬁ!ﬁt&eﬁ‘k K. |Glﬁ§sfelii,€ @gl@mlhlﬁ pe Ei Niolpee]ibcﬂ'.iimﬂl fobs, iiqﬁ‘d T. Vogt, Z.
the inyention n di sc¢l.ose Thes es shoul d
st Sy 2165 0008 Bef e 1 BORemeld R THES cope. of
t he novmle MNVigfiicé Paradfetdrd Mefe Pof@edTdRy wilRlab At sﬁéﬁﬁaeﬁhd@ﬂlacement
may be. made thereon w t hout deaf [ﬂg@g%;romth%11 R&
ofcopicicaDsdde it gelb elusls, wasaly m o lhléeak profiles
arferd ddscritR@OGhe %n%’l\ﬁ%plc' Rize! B84dehigl Hotl@lt (ﬁt ﬁldt B@c profile
i nstant invention, npl es of a base_catal yst

arr@efficientsuvith éP@lddEb@atam%wmﬁ‘;omso e §e ayGEige C;SYSéad‘é'ieétFe parallel

ar}:ﬁildgng SRnEVALUB 661 | WREe EalduldiEd ﬁ()mﬂ?&%ﬁh&f‘pr@ﬁﬁ%&fﬁ@féﬁts using the
onmpositions |listed bel ow are nom

c REpYEINS | Given inp heedintsrpretation of zﬁonﬁfé@ta“@vﬁlﬂ%%]él Brofile {goefficients”
Calegtionst o %}Fe’;f SAQ: maAntMe SOFRe MBiRLS MR DRal O%hicated by

may not conpletely react during the catalyst
pree(parallel)size(herpendiaydar))conposi ti on of the fini shed

catal yst may vary SP %an)f%l%i‘ﬁreﬁﬁ%&?l

conposi tions shown Description of Phase
Anal ysiAmmpniym heptamelyhrateg amoemme@ea@d@talaydtc&annn@ny trioxide

Phas %dc?e%rqg%ityé %lro%d rﬂ))(ﬁeqtlg bt Ee tﬁﬁg@&% §b ?er}.i‘ﬁerrﬁures of at

gquant etve See
Ydazsg 50"]‘(]3@nﬂ|thqrela4 qj)tamah aqiieonUdixture (A) Itis preferred that the heating is

performed while stirring the mixture. Advantageously the aqueous mixture is heated to
temperatures in the range upward from 70° C. to the normal boiling point of the mixture.
The heating may be performed under reflux by using equipment having a reflux
condenser. In the case of heating under reflux, the boiling point generally is in the range
of from about 101° C. to 102° C. Elevated temperatures are maintained for 0.5 hour or
more. When the heating temperature is low (e.g., lower than 50° C.), the heating time
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Monogr aphs on Crystall ography 5. Oxford University
Press (1993).) to X-ray powder diffraction data using

wEINg1t8ee A. C. Larson and R B. Von Dreel e, BeTeszN08/004228
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Structure Analysis System (GSAS), Los Al anps Nati onal
Laboratory Report LAUR 86-748 (2004).) or equival ent
softvvare The rut ra] nodel of M ubI| d in

Déeedsite gllong g%fx lngé?'npqgtur}g is 1y, glggq 1)1%1 0 80C§ to 100° C
Ll%ﬂé‘?éaﬁn fhme s n%rran eBf fiom 1T@BYhoustnd T. Vogt, Z
Krist. 19 1 2004), .was_used in the Retve

r ef i nemenefisiallyy %ﬁ%l thef aflp&egllﬁf’&rsah@tde}l‘@f%P @eROEIde r‘i’éedadded to the

( 2guédRl mifdreX AP SPNBN didgSP &GﬁH@ﬁtadﬁélﬁthth&écﬁ%ﬁs, mﬁﬂﬂe (A), the
the unit cell volunme was calculated fromthem The

peioupt of the dydipeert peraxide iihaush batibe melagsptin el @mr@gegu peeoxide to
b raﬂﬁﬁF% q-?zd%%lg hnofaf raﬁ{bﬂ cBhBGund iR kdrin€ of ARirhdnF'i€ B Be range of from

2) as e uhique axis). The average
croyt @l 20 taﬁvﬁita?geow i ﬂlelra@’d:dofp@dﬁlﬁ@rﬂjtd:ﬂl moret advprdfpkpusly in the

vverec e th refined, profi oefficien
5P RHEPTR s - AATHOR o HRetBReR RerrEE s ire (A) is
Congtaat te%uﬁhmgxhhhﬂ@fge log flcaesd°i Ci 1rmos'C. FecfrbmB0ominutes to 2
the GSAS manual . The aspect ratio was cal cul ated by
( 1998 ( par al | el )/ si ze(per pendi cul ar)). Description of

cat al yin Ruesar idjuid(B) @\Wﬁdd%ﬁﬁﬁl@@h%bﬂﬁi &mpound (e.g., niobic
ammpni um et avanadate an ([ﬁ;J‘antl m)n trioxide are

R q BaGR ool NGRS oy BN MGG IR MRS i @ range of
M 9 198° L@, & 1P Sleddyin @§° Qf aidvlaﬁlﬁgoué‘]&) aqﬁ‘eouarlfhu'id'l €BEyntains a

obt ai n an aqueous m xt preferred that

t HicarRoxylingrid e Herbs ﬁ%lé) lmdﬁ@og fq ‘th Pwl%@%%ﬁr Generally, the

AdN AR AHE BF HleYdiddMoxFHe 884 So Helid¥iem icdmPeRidsd térths of niobium is in
tenperatures in the range upward from 70° C. to the

n chereengaefi fromd tpdi advanspgaondy i the tange offfigmpdad fgatigyin this case,

er?@ﬁé £a8TRE oHaHescid ﬁlfel die®Yo Watleh Q’OWWE%UHQ%J‘ §hlﬁng of the
ux condenser. In the case of heating under ref

t tresulfant|mixEIres; th‘!fel@éﬂéﬁla n pquegus quidB)r ange of fro m
about 10 lu 1 hendd 2for q)re@rﬁléaﬁﬁd aﬁcﬁ'@%nﬁt)hgde 2q&olis liquid (B),

rralntalne or 0.5 hour or nore t eheatln? ‘
t eoprisasithe follpwingysteps: 1) mixing Matenamdsmoth acifb(e.g. oxalic acid)

heal! NiobiufER nll Qe g nloBIY acgcy\hﬁ&el%h gbtgﬁﬂ% 4 8re11mmary niobium-

tenperature 1s 1n a range of
t rentagdng ayyeousraelution toypmmmrycbmtalamgaqg@uammmmhaxlrng@uspended

5 gé% paﬁe&%é ﬁme%uhvcon@goh O(gﬁsoolﬁﬁ E’le‘}ﬂelnﬁi’nh %bﬁ.%-conmmmg

ogen per oxi are d to e aqueou m xt ur
( A)quednh epnlutipnl pogivhiupecatiiting iaquedsl axturs thWebsapf@elou@tmg a part of

bg)ﬁ%l% 5&8 P ';@ﬁ I'QIIIO Jl‘% tlgévglr ﬁaggc? gi(clggJé)Q?m' gcid from the

suc nol ar i0 o
amrelrrmmyry( i2abiiih-Sbntainirgr alqaeoue) soiommund iemovimg mheof precipitated

< RRYEL Tk OB SR ok 53 ot coninin
achqaedua peirtusd, yherebyt dbtaininp geuoiﬁumroomamutgaaqﬁc@s Iuide(B). Aqueous
angiuii-cis?ﬁ) gl];tairrll tge Qbo[\’r% rn?e)%ho%eusu%g' %083 dlth? tO)l(J)Ellc a(:%)/mobcium molar
ratio within the range of from 2 to 4.
A particularly useful dicarboxylic acid is oxalic acid, and useful niobium
compounds in step (1) of this method include niobic acid, niobium hydrogenoxalate and
ammonium niobium oxalate. These niobium compounds can be used in the form of a

solid, a mixture, or a dispersion in an appropriate medium. When either niobium
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stirred at tenperatures in the range of from30° C to
70° C. for from30 mnutes to 2 hours. An aqueous

wo p@aileBof8B) i s obtai ned by addi ng a ni obi um coPEDURZN08/004228
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(e.g., niobic 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

adwémgsnaxalgtn @t (BpmewiNraialate i daed sy fiec nigbiugn (compound, the

O)@éa'rlgox?ﬁé adid 'nﬁy%gfjbé el Weﬁhﬁoﬂ% abd ié'ﬂs&‘@amﬁy Afdbium compound,

Gener al the holar ratio of di carboxylic acid to

t Ha mi@b fQu e eNep acifig impun@psmmbf Nhicd?bﬂlﬁmllp icj apid Hpay have been

r%gﬁgl%atéd Qﬁﬁlx# e p‘}odlﬁ:GXE%e?&)?ofﬁél Molh@ af:iaemﬁyagg Qavagf)ed with an
from hi's case, niobic aclid an

O>alu s ATRIona @Ohdde@nd/or watt@rpnot db lusevedt bwpteémeﬂntg use, as the

a rri t

oDffe L, £ B A8 il bt N SBle. n e above

prmgﬂmnc@nteﬂ&dab oiobiume wompoed g beaised Whiphi id slightly denatured (for

di eg(g % i drg;t%l %s a regulgé a Iég'a%a’ &?gr%(ﬁ%ggg \ﬁ%tlg(ﬁ Ir?step (1) of this

Comsthodj ahe dass@lumn(mlﬁ ithe mobldm doh'elbem/cankite@rmmngd &y the addition of a
1 nar% | obi untont ai mb ueous solution or a
FROUBHYATNTNE 2RG 88 L X‘%ﬁ%ﬁﬁe havi ng suspended

t her ei Mhe @akéntation R th okibbioine cofwaund ; (it 29msoof inngium) in the

the prelimn ni ohi .um cont ai ni aqueous sol uttu forabl

R O IO BI T P B AT LU b gt Smikhind s Freferably

Prsih@idedtwithin EheFta;ige def frddile 20ioar8 BYYKE bf thrGolition é nﬁﬁt)lre The
renovj ng. .t he, preci eﬂl car boxylic ac*ld frﬂlm ? ¢
prisartbaxglic \acid dbiny Bt i Hy 2RqHBRN W6k (fhptofie giolar ratio o

I ediubdX@lié REIdPb afidtidirh ai‘oﬁﬁ)oﬁilhd?ﬁ{ ety bf Giobiuinflisdpprdxi@ately 3 to 6.
su ended ni obi um conpound fromthe m(?bl um cont ai r} {11
BN FfCess graount Hg am&lﬁﬁ 1sgised, a large amount of the niobium

nl &m;;é{{ﬁd: ekt 8b ﬂis@&v&ﬂﬁﬁﬂiésaqhé&idl sA1iBh - ofmﬂﬁi;t?hd béidj Bewever, a
(B). obtained in the above nethod usual ]y

di @adwsaae.l&hbedy by Hise i that the prpuntof the %af*mxpfh? i Whighds caused

Oftogf QBitatd 9y éoolrﬂgﬁl?er B‘tbt&%@fﬂeﬁmﬁﬁ Hiobﬁhpélfn%%ﬁik la§ueous solution
acCl is oxalic acrd , usef ul ni‘obi um conpounds in

s t@pmiktp bggorpasitgo lﬁrﬁenéws degreasing the wHizationeeldhe dicarhpyphic acid. On

hydlE QIR AN A e FHERRIICHSR) Hnfaht! BT TR URMBoxsIRESA is used, a
ni obi um corrpounds can be used in the formof a solid,

a drsa;dee ig likely 4 apieer igithat & larea AMoBpY Hfihe BiokivmseRTHRAUN remains
Wi é}%}?ﬁn s%@éﬁéﬂ&\ﬁ% RENRAXAsAbRitBh of HEH HBx9KEbAH €0 form a

IS use e niobi um conpound, the dicarboxylic acid
mayixwot, bbeigiethe Wseendefl otipliumcemposng sis Femevadh &rom the aqueous

ni @E&L&{E tﬁgy@ggggn%g@ dggrg?gf&tﬁlza o AbBlus dompbidd i €s

e ni een cont aim nat ed
dur i ng Amesyitabiumethod of repking mayHhe wsedbincstepc(2d. nkgr ¢rample, the

wa t l; and/ or wat er

r‘?olc?)’ﬁg %ﬂnusﬁpff){ ﬁlgf gr r egé?isod%dggeﬁa%gs t he ni obi um
conpounfhe mn‘owdscbﬂ t}ae ;pr@pmawd dicasbrnylie @eoidplou pecipitated dicarboxylic
I_ba\ll\g ha tfle dls grs&*) QMBI Bﬁg&ﬂm) in step (3) can be easily performed by

conventional methods, for example, by decantation or filtration.

When the dicarboxylic acid/niobium molar ratio of the obtained niobium-
containing aqueous solution is outside the range of from 2 to 4, either the niobium
compound or dicarboxylic acid may be added to the aqueous liquid (B) so that the

dicarboxylic acid/niobium molar ratio of the solution falls within the above-mentioned
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nmet hod, a ni obi um conpound can be used which is
slightly denatured (for exanple by dehydration) as a

wo emaliz3oed a | ong-term storage and the |ike. |PCHUSI08/004228
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(1) of this nmethod, the dissolution of the niobium
conmpound can be pronoted by the addition of a smal
anmount of aqueous ammoni a or by heating. The
cdﬁwmﬂ%q% inpgenetah SHThAR ORRTAERINIS MOPRSCISATY SinSE 38 agieous liquid (B)
Ni fAbingMhe diBarbbi1iB raeidymmawndim%&mtﬁﬁm@fﬁg@ ot ﬁaﬂepw can be
solution or aqueous mxture i s preferably maintained
wi Rrenaged: bie apnapryiately copteplling, the tcen@ngatml 9&:@ @iobiypa compound, the
S%H& bP ﬁleQﬁca'i‘Bd&SlHE Geid & %edthslﬂﬁlh%}f{pbﬁnda&{ddthé fooling temperature of
preferably used’in an anmount such that the nolar ratio

oftheli abgyyaentianed aprelimingnh inishium-censaipivgnaguepus selgomfor aqueous
nHﬂﬂﬁH@"s approximately 3 to 6. Wien an excess anount
of the dicarboxylic acid is used, a | arge anount of
t he ni dﬂiemu@mnﬁ'uuidd(ﬂiamybdswbswwe@ comprisieg Buthencamponent(s).
S t f L0 ant

ofhiil k&’rﬁ lg’t 6 (iiéaa‘r;taa; ga%ytl t%n% %cﬁl%%%eh({}m %Emtflﬁm% asﬁgﬂlﬁﬂl c%%ound or
dlcroatahmxg/h ingixtacd of aviniabinm somammddmﬂ@ diraboxylic acd isywsed together

CO0kh Rl ARABCPHA! LILT' WBAORAH AL YO o yarogen

on or mX
dget@ddd progvidédea nidldriradd oblrydocfgeh Iperoglide o Inmﬂoyim corapnmid (HpO,/Nb
On the other hand, when_an unsati sfactory anoun
t Heolar retphdstgmseof aiqbapm & indhsrange ofi fomi e a&epf?%rably in the range
lidGiom i@ &Y. se in that a large amount of the niobium
conmpound renai ns undi ssol ved and i s suspended in the
aq ueoudn spotheri example, athleas parh pHbk AReOuS Hifed (B), fcgptaingng a niobium
gn? E:'ﬁlﬂné B iRt RS hdrﬁgblﬂfn%hﬁ%m%garb&yhc acid, or a
renD rom the aqueous m xture, thus decreasing the
d egixgue derapf mmhzla/simﬁn oeroxide, furthes compEisasRBARImOny gompound (e.g.
S uchlnﬁlk?lluﬁl rr&ltogﬁg nﬁ?ﬁﬂ cp?e é‘sﬁgnfufh afoﬁﬂie( %ohlch can be a
exa ool I ng ca e performed sinply by
rrsam;urobf antilé ol amatabp fonhe) andien¢ aerium cempoyndde gpterizmeagetate). In
r | r
g;% &%Qg(éliln Sﬁré(ﬁlgl(lte gf E]h%o}gﬁfo%gﬁ gér{)glgﬁ éiil:cfrf] %{Sal?ep ljz\%gﬁr ?a‘ﬁ'o%f hydrogen
eamrd»ydepex ﬁmbmedcwypmd\(HaOaﬁ‘ﬂammetrMsn térors @xmdpll@ is in the

by decantati on or filtratjo When e . di carbox
acRaEH P 5B 128 PfF%ﬁb@/ ’Gftﬂ‘i ﬁ@gf‘o%fié%é& 38" Baote? example, the
ni hwﬁ?%h@bﬁumﬂn@qu\eﬂu&esalwdst Qrbai‘tsoﬁkﬂé aqlckauﬁ thmd (B) and the
ra from2 to 4, %her t he .ni npound

RS TR s Uy BH TR AR PO (R NPGmERRIHS) fj e andmony

( @onﬁﬂmﬁ@% teri® ofl bAHHBRXMH the ndsbinh RoMPbUHD iATEmMs Sfadibbium is not
of the solution falls wthin the abgve-mentionedrange.

Howmetedhan 3, prefeaidy i the sangs ohRoBAdtdPon i s unnecessary

since aRyRAHERNIurk (A A :«fq@mﬁ AqbagBY B n‘iiké‘cﬁfo@&li&’ﬂ ih "ain approprlate
aC|d/n|o%|un1nD lar ratio within the range of fro

4 wetin ibaccprdepes with Bip depiadofompasispy SEBRCABIF Hgth@wéy providing an
X hagfﬁg Ds" Aidt@d & inghRieRtsO Ryp#emG O HeNfbemt &¥€a I'sBlrky® Ghe content of

|carboxyI|c acid to the nloblun1conpound and the
c opetedigntsantheraguequs mixture is generally in a range upward from about 50 percent

by weight, preferably in the range of from 70 to 95 percent by weight, more preferably in
the range of from 75 to 90 percent by weight.

In the case of producing a silica carrier-supported catalyst of the present
invention, the aqueous raw material mixture is prepared so as to contain a source of silica

(namely, a silica sol or fumed silica). The amount of the source of silica can be
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t he above-nenti oned prelimnary niobi um contai ni ng
aqueous sol ution or aqueous m xture. The aqueous

wo p@aileBof8B) may al so be prepared conprising f uPCTes2008/004228

10

15

20

25

30

conmponent (s). For exanple, at |least a part of the

aqueous liquid (B) containing a niobium conpound or
containing a mxture of a njobium conpound,_and a
d.aearpara%elmaeluaﬁssi ¢n peeotsisrer Wiy derasrougt efhe gilica garer in the catalyst
PRS BXbBiBined.N this case, it is beneficial that the

anount of hydrogen peroxide prow ded a nolar ratio of
hydrogen peroxi de to niobi éﬁf?@und (H2U2/ Nb nol ar

ratio) The aﬁﬁédﬁ'e‘ kil BPiinpRdichtd B &R {oatﬂ&%bﬁ’%rcfv'idé”& QAryd catalyst
to 20, preferably in the Tange of from1l

ameacHEer. eRuvipg may he cp@e\lﬁted Mrcpnmhpm metheds, sech pyepray drying or

S SO Gt ST UMY (€ S0 Mg, o
orcatalyst preeursor tihebtaiped. wilhé sm%ddwgarpap dp sndpeted foyreepfeifugation, by
CQ@HOS s@@loﬂdz%%etﬁgmp Hﬂ ghé ﬁlgﬂ-prégélﬁgihbﬂ?@ ethod As a heat

trioxl ani um co t1tanrum | de
Wsbarhe dardrbeg,at isi peeferred d;f useudii wahrh@s hmhm@dﬂ)arsma)n an electric

a d/tgrr an% tﬁe {1 Iel'I rﬂ n% ?ryegﬁh{tﬁl’é@ﬁmggrraﬁm&ﬁee § e }garyer at'an erhtrance to

t case, rogen per

thm drydsrsemdnaherequ ﬁomflSﬂydrtogi@W 6er oxi de to ni obi um
compound (H2U2/ Nb nol ar t| 0 terms of niobiumis

in the range of from0.5€ '?étlonrbte?erably in the

range od thercalinhtibost2f).thé dryasatatysepreensorps ennvbllne:d 1nto a mixed metal

ant cO m xe

R EREE THEDR R o5 Bt BHe-Eyat B otk Thiaded-bed kit o
S Bdlilten aNhérhéhldﬁidtlah of gHei ddy C4ta1Sulpratuisanis batduOl)ad tnf a kt_hﬁonary state,
c GHRITRAPTR DTS i R Bros P Soamet By ey el T 18kding o o
prdéfeﬁbﬁﬁbf{ of thelphépettits € thef cafalystiolilaifdd 4rd also tAgUredkage or cracking

m xture and queous liquid (B) are m xed together
i rPEahe B&FL&W"B‘? ratio in accordance with the desired

conposidon@itiofd oft Ja?nm‘bﬂ Ipyesblecttd sddiahabrﬁ st ﬁirig@d &8s a specific
aqueous m xture of jn epts, .typica nte

ofsuga%el #ergf ramed dB 18 g?lt3 }igng&%‘&ém §a'¥Wa't‘ &‘Eﬂ%ﬁtg}l under
M cafciaBon Soﬂﬁﬁkﬁfs abllle‘x‘elh Rhelhéating Rertipt@ied JfrtRendabeutdlyse Qrecursor is
percent by weig referably in the range of from?7

d:oggm}ggﬁlx &h tnthutWQ lg ﬁ]levatﬁq)fr@nﬂrtgtpgq,ratmew ich 1s/lgss rﬂgﬁg4 0°C.toa

Oftel’;lf)é}ﬁ%zeSwB{%hQQ ID RS Bilze RY AL 8B0° C! B 70® casRdwihtageously, the
producing a silica carrier-supported catal yst of the

preesdifiens eficeleinaon arerpeesslyeied S el CAIV GoraPTises one or

P rrﬁ&@ {%gtaﬁﬁ)e %ﬁasteQ ekt ahé‘oiavvlﬁélpfs(‘a%rgfphﬁéé thz&éhaé Qﬁﬁﬁ? téll volume in
a silica sol or fumed silica). The anmpunt of

s cumenge witwasd fromcabewt?208 4ppt Spt Pastallie @mea%%alq &yfransverse thereto

taﬁaggeggx?dq glse;ﬁ%l%ﬂ wtlthech@FWﬁB tRft thdEatidiofified 16 8Edoh& Wirhéhsions is in a

range downward from about 2.5. The calcination can be conducted in air or under a flow

of air. However, at least a part of the calcination is preferably conducted in an

atmosphere of an inert gas (e.g., under a flow of an inert gas), such as nitrogen gas that is
substantially free of oxygen.

Catalyst Testing
Catalyst was evaluated in a 40 cc fluid bed reactor having a diameter of 1-inch.

The reactor was charged with about 20 to 45g of particulate catalyst. Propane was fed
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Drying Step The aqueous mixture of ingredients is
dried to thereby provide a dry catal yst precursor.

woeasngonny be conducted by conventional et hoRPGT/US20081004228
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as spray drying or evaporation drying. Spray drying is
particul arly useful, because a fine, spherical, dry

catal yst precursor is obtained. The spray drying can 6 .
bantedhritrastatata rateetf depLg 8t tof 1S W%E-%%—‘% Q% gropppspveight of
NQElyeyIBREN OAmonRY wh RdNh@hhe kR ha Me%ZhaR JWBh MRAE ammonia to
As a heat source for drying, it is preferred to use

aiPIORAAE Edficnes b dhe Frage dor abous tleton] SanPressure inside Hhg freactor was
anfhihtified hkfboul 3 td B5 P REAEEN tdiPerdrli®s WERNR R hg & about 420
the spray dryer at an entrance to the dryer section

t fefdedfC.is from 150° C. to 300° C. Calcination Step h

the cal cination step, the E{(Xl\ﬁﬁt | yst precursor is
converted into a m xed netal oxi (ﬁ: cat al yst.

‘Cal ci ndhisoxemplerdepwnsitates prenaeationiof g mixedmgtal oxide patalyst having a

flnghgéa?/g%g{;%ﬁidﬁir ;ﬂeé%ﬁteh% | i ke. When cal ci nati on of

th yst ‘precursor is conducted in a
stationary stat &o Wrogy $ne2 pbasodolyo. BNd9e0is Pt hat t he
precursor cannot be evenly calé)gl ned, t?us | eading to a
det er i &FrEPaaiongf ap aauesn prustyte oL ingredignts) c at al yst

obt ai NgGisANKetRIdS st vankdigAk pgRroRide COVAMKI NEndf exlcB oxalic acid
cat al yst obtai ned. Conditions of calci nat)l on

pr(E©eCELEY suclsotutiah whe prepané¢d/dty dissolwidghaddl ag of niobic acid
S ifi rf.ace .are of f 5 : . .
SISPGSBS A s SO0t b9 BB i st

C ATA0 giveares anbr@{Sohitiva Ipeat i ng tenperature of the dry

catal yst .precursor _is.contin lyecar,internmttent

ol evat QS 485 PReaisd oS PlIbnR AR i b Bonpdb i Moy, 816 ¢
t ofaaiaige paitoxide (Nj@4), 969 § of drimang (G oafdef(Bley@H5DE52Xi02, 568
to 700° C. Advantageously, the conditions of )

c Af apodymiien aggtate @Ig@eqt%@eéep@@haqdh?éﬂ aef wals(Mxpge 2).

catal yst.. c ri ses one or.nore crystalline.phases

et HESEPIHE e oopares i o 207t Bt o Pl Gififonl was addea
ceAdditisilalio®alic acid (4200gewasmddedlinta heredotont DAANE theSs additions 18675
firsg crystall i%e% di.nmensi on andgg transverse {Qetrelfggo% d
o - BhaF S EAISYSER 108 TR BUBPE; LB FREIOT (RS AR GO > O under
f ibrﬁﬁégehpalﬁﬁﬁtﬁfbd dﬂ:m PinOfds twé days. aAﬁagge digy\ﬂmabtcﬁrr wias cooled
about 2.5, T al ci.nati on ca e copducted.in aif.O
i & BudterC e e auting thoroaly Paphss gy (cStumy) was
Cadnfptiddid HMefléh-galipaidbl y conducted in an at nosphere

of an inert %asﬁ(e g.., U{1der a flow of an inert gas),

such adPispRralig agdd'§dt°ﬁt3 YS{RICQWROL: antial |y free of

OXygen.A fettioh ¥bthe TEISSIuRY wad nitkadSwith\@siliey/ sl uid §flayi diied to obtain a

40 cc fluid bed react.or hS\vi ng a.diameter of 1-inch.
dried catalyst precursor containing 30 percent silica.

(Calcination to form a mixed oxide catalyst)
A portion of the dried catalyst precursor was charged into a rotary calciner, and
calcined under nitrogen in two steps; initially at 225° C and thereafter at 600° C.
EXAMPLE 2
In this example higher temperatures are used in the two step calcination for the
preparation of a mixed metal oxide catalyst having a nominal composition represented by

Mo V .27 Sb 9.2 Nb g.06 Ti 9.1 Nd 9,005 On
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The reactor was charged wi th about 20 to 45g of
particul ate catal yst. Propane was fedinto the reactor

w@eoos/12re of about 0.05 to 0.15 WM (i.e., wePQhuS2mp8/004228
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propane/ wei ght of catal yst/hour). Ammonia was fed into
the reactor at a flow rate such that amonia to

propane_rati o s in the ran for about 1 to 1.5.
Pr essur(%rePﬂgt?‘H‘\e\ﬁtaﬁéq\’eé’H% R%ngﬂﬁﬁ AP ned at about 2

to 15 ghisImefRBACise@ vanediRg! Rintbxefe (IG5 l&hdt BfresA0gAticohcid. A
about 420 to 460° C. EXAMPLE 1 This exz;

denlotien vats geeparedpby dissalying33h gnofkeidbineical Wb»lfp gtérring in a solution

L e e

( Pr epartaslinoy was peparad) by mising¥ X33ug ef mblybdmpuediriexids XMoO3) 816 g
Thi s nmet hod used vanadi um pent oxi de\(‘ﬁg/ZCB) and exce

o8 VARadiEn gertersiaA0iRy). 9 opide ;S%l?z&s)b%ﬁg "Ti0,, 568

sl Frediiy eta Fﬁ@ﬁa"eﬁﬁ%é p@fzeoﬂ 3230 ek Pl s Bl 2

oxal i ¢ AaLhfmixfurd Z%sq:l%!@& fito §t20 re&t&x&@'Wﬂlélp%lﬂt)onAl was added.

slurry epared by m xin of nol ybdenum
t rActsixm@el w%ensld (sa%g)gwefadd%ﬁlam ttrﬁmetef oRpHiag thesecagiyitions 18675
fer AT TR Yorl Hﬁn@?hr‘ﬂ@se( S{?ﬁa re%ltor 3@5 %elﬂe@ tg 1756@ under

neo ymum acetate acet ate . ,
rmtogm,t and gtiviedtay 490 2pm ToptveT daﬁsm%eé tz/ovdags steare@,fdor was cooled

S%Q'nato 28800 [Cakd file 65%4%% l'%hm%}@nlﬂg &eﬂar«‘f@ﬁuﬂ'g gﬁ‘i-SIurry) was

|t|ona oxallc acl was added 1 nto
r eaptiod to Slefloneronted pailaddi tions 18675 g of water was

used f 1§ R ctor was heat ed to
175° ?ﬁreﬁ%fgt?é ni tar%Heg%%lgSt &tufs(ra ed at 400 rB for two

days. A pation abthd éEISShutm wage mixedrwitheas siieasfoban drigd to obtain a
abdo%t1 c%%g%ﬂ%ro} ?&m%glﬁg%%&g&nm&gt hermal | y prepared

to a Tefl on-coated
pa|I ((ealemanmnocfmmﬁnaxadrqxwcatatyal)yst precursor) A

gg(rjt Isg §flaltpfl?e }t_&r odc'l"(l) Yal V\@Srgmrx oj’%:ﬂl ctl'lF'rfg? ?ﬂtl) acrgtagpéalcmer and

precur
C Qfalciried iunder 3irqgen dretwto ss:epls; ioially @A467 Qamil drcreta@elf @redaC.
m xed oxi de catal yst) A POEL, (i%f]% the dri ed catal yst
precursor was charged into a rotary cal ciner, and
cal ci nadl this deatmpste tar cingee) highert Mpe:tamps was nsedi mlthg/ caltination for the
225° C and the MPLE .2 In
e)@maélomog A gpxei tgcg?cija cg,g?ygt léavlljléaanomﬁnzfl ﬁgmp mgor{ reBresented by
cal ci nation for MJSIQ’ 0.27 Sb 0.2 Nb .06 Ti 9.1 Nd 90.005 On

(Preparation of an aqueous mixture of ingredients)

-This method used vanadium pentoxide (V205) and excess oxalic acid. A
solution was prepared by dissolving 331 g of niobic acid while stirring in a solution
prepared by dissolving 751 g oxalic acid in 3750 g water at 60 C (Solution 1)

A slurry was prepared by mixing 4783 g of molybdenum trioxide (M0O3), 816 g
of vanadium pentoxide (V205), 969 g of antimony (III) oxide (Sbp03), 265g TiOy , 56 g
of neodymium acetate (NdCe(acetate)3+1.0H0O), and 25670 g of water (Mixture 2).

All of mixture 2 was placed into a 20-gal reactor to which solution 1 was added.
Additional oxalic acid (420 g) was added into the reactor. During these additions 18675
g of water was used for rinsing purpose. The reactor was heated to 175° C, under
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preparation of a m xed netal oxide catal yst having a
nom nal conposition represented by Mo V 0.27 Sb 0.2 N
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m xture of ingredients) This nethod used vanadi um
pent oxi de (V2(0b) and excess oxalic acid. A solution
was prepared. by dissolving 331 of niobic acid while

stmwaengaqdnstlareécﬂt 409 apm e e é%b’sbyAfEﬁr§§’8|<\?}’sr1§‘e‘FS¥t‘§ was cooled

OXRlwinCto 36 bt 400 CAmPDthe ré@ltflg Birddimaty }?@bd#&d §16rry YHA Slurry) was
slurry was prepared b‘_gr m. Xi ng 4783 g ‘of nol ybdenum

t remptied o ¢ Taflomycoad gaiy of vanadi um pent oxi de (V205),
969 0 QPGS dibognidiechiSlgg 9 2650 Tig 2. 560

of neo um acetate (Nd(acetate)3' 1.0H2 q ),
25670 g°x partiompthe m Slpny avagymixed) withos sikigagoliprs Sx.vrwakled to obtain a

plcﬁfeQQa%\fg%%r&;u?sg lﬁg%g&é&e sigh ch solution 1 was

t ona oxa 420 g) was added into
t he redealgmanm|fvngnam>$doamuoaialyn@ 18675 g of water

Was US?Q&L&E% glﬂﬁe' dHaRit E}g?g recurbdt Wl 3&%& ﬁ%&%a'}g@f}ﬁ&lcmeu and

to 175 r nitroge nd stirre m-f or
tv«alodm;imndeﬁafnttmgetlaﬁw&ﬁs the reactor was cool ed down

to about 40° C and the resgltivpg dydrothermally

prepared slurry (HT Slurry) was enptied to a

Tef | on lﬁmemhmaidbmorﬁslﬁm:par pori-lydratherpall preparation af ysmixed metal

prec ortion th s mxed with a
si P eca%y“ Q%vg“gsap'}o f”é‘8°%‘o O%Péglgeﬁlyeg ried catal yst
precursor cont ai MoﬁQo@CSbRﬁber@togéﬁlollc@eo()é‘@Oﬁi nation

to forma m xed oxi de catal yst) A portion of the dried
cat al y4Preparation efan agpueous RExgePlingredients) ot ary cal ciner,

and cal gi n t ant I'Il!llﬁlh ta'fhtxlbd
30521 GRAGHTAa1 RLPAOSH i HEABLETE ) il

eﬂamyc!ra@ ahchd(160 18 gyatar. t depiisseipdon s u%déed ﬁH Phg ammonium
%Eél Dadd50.67 g Sﬁﬁggar’?ﬁe‘ ARt was Bkateo ) @lan@)éﬁ&l@d for 2.5

cata Vst having a conmposi ti on represented by
Mhors). 2Thé sblufio? wWdsOthei cboled Go TONC carid. 468D ¢ of a Nalco silica sol

DSBS 590 2D A TG Sy T o s

oxg“goﬂcdltgocAmvsﬁlteilzn was prepared by dissol ving 331

niobi ¢ acid stirring in a solution prhf
by di sswtoglien gnixme yas)mp«'pred by iadding, 63 750f PR ora h13.66 of a 0.63

C B b BB SRRl oA 7 ko wee

pesddex 388 § YR 8%, HAGL WDk @dadetite)yl.§ EHO and d€.07 FoRTiO. The
3), 2659 Tig 2, 56 g of neodym um acetate

( NulBeyrasies stiregdot 30 mppabyroon trnpzswre (Mixsuredat er
(M xtu r(ﬁre%lration of a dried catalyst precursor)

Mixture 2 was added to Mixture 1 while stirring. To this was added a solution
prepared by mixing 74.7 g fumed silica and 1125 g water. The final mixture was stirred
for 15 min and spray dried.

(Calcination to form a mixed oxide catalyst)

About 75 g of this spray-dried material was calcined under nitrogen in a 1-foot
vertical tube in two steps. After raising the temperature of the loaded vertical tube at the
rate of about 1.2° C/min, to 345° C, the temperature was maintained at 345 C for 4 hours.

In the 2™ step the temperature was again raised at the rate of about 2.3° C/min to a
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Al'l of mxture 2 was placed into a 20-gal reactor to
whi ch solution 1 was added. Additional oxalic acid

w@ 2@8/12397was added into the reactor. During thPGEUS2008/004228
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addi tions 18675 g of water was used for rinsing
pur pose. The reactor was heated to 175° C

undernitrogen, and stirred at 400 rpmfor two days
Afteraperatyfs ¢f809° CneThis salcimatiopnwat exmpleted Gwmetneialab’csdﬁmperature at

4Q00CcanD hdiRs. MAdtddINg waY SVRldne iiRl40Xc BLRIARE Géiacﬁ;lr urry

(HT Slurry) was enptied to a Tefl on-coated pail.
(Preparation of a dr| ed cab¥MMRLEY ecursor) A portion

of the I#Thlg old KigfereiPerduid Wh&asedGh (ROEMISRAN for the
drledtootal Trled atal ySt precursor containing
3opdwydrotermal| p@aara(l@aloa enaweth mealf gxide ecapalysé chagiigde nominal
Cac%%k;ﬁﬁﬁém?pfé%nttédod} of the dried catal yst precursor

was

arged into a‘rotary cal ciner, and cal ci ned under
ni trogen at 700°M@V(E3(,&NIBL£\I‘!10'6I3|TSOQ>@1@D@5 On
denonstrates, a n- hydr ot her ma aration of a m xed
met al ﬁe%a%QEIa?§ﬂuqu§/F‘f?ﬁ“r§ B%Hﬁigq sSlorrposi tion

r epr eS @Dts%ﬂmbﬁ Whs \prépasedSiBy Omexip 222@B o akan)nlun@ Keptamolybdate
(Preparation of _an_aqueous m xtu

n

i ﬁ@traéluﬁirém §1}d Aléfbmmasarr wag thisepolntrn pps rﬁdféth g“*z?ézg angmonium
aArfEN aHARa R HETRE Y P 48165 1 The AliXEfaw s RAtkdkd 80 @ aNiitffed for 2.5
To this solution was added 44.22 g anmoni um

metoaxsanati solatich 3@s Glerg c@I&1USo 70 T eandi 466 H ¢ ofos Nalco sﬂlca sol

SR 13 R B S e 15 L G s

SGbhr { RESHNPSP. C. Zg%‘mé {fds) and 44.5 g of 30% H2Q2 vvas
added. The solution was stirred for 1 hour at 50 C

(M xt urgother mﬁmlmwawrﬁnasﬁdebmuﬁ& @é&r%fosh:%atacﬁ 135 7 9f  0.63

b ol eRe 3o B R Ra oo My Batpd Pohis e vere
Todtidd 38.81gxb130% B0, 2deg) CRBicBiat):0f.5 BHT HROP.07 2. (TTig). The
Ce(acetate) 3-1.5 H20 and 10. 07 of TiG2 . The

i ik twre Wissfireed ifor 30cmingat ropm tempery g-‘r? drrturedber at ur e

(M xt urﬁre%)rau&np Jﬁﬂﬁfeé%bt@l@stﬁﬁecﬁm@ﬁ' ed catal ySt
precursor) M xture was added to Mxture 1 while

stirri %lxtll'r@ 2twasaddedstoMirdered whilg stirgpg. pfl"g ﬁ]&lp &S @gded a solution
mﬁfé}ﬂﬂad rhix$hel #1”73% flﬁhéd &ﬁ’caad?lq 13 é?é veht MR HRE findNRixtlrd Yas stirred

m xt'ure %assure mn and spray dri ed.
(Cfatb’imataldr‘&ptawdflﬂm a mxed oxi de catal yst)

(Calcination to form a mixed oxide catalyst)

About 75 g of this spray-dried material was calcined under nitrogen in a 1-foot
vertical tube in two steps. After raising the temperature of the loaded vertical tube at the
rate of about 1.2° C/min, to 345° C, the temperature was maintained at 345° C for 4
hours. In the 2™ step the temperature was again raised at the rate of about 2.3° C/min to
a temperature of 640° C. This calcination was completed by maintaining the temperature
at 640° C for 2 hours. This catalyst was evaluated in a 40 cc fluid bed reactor.

EXAMPLE 6

In this example higher temperatures are used in the two step calcination for the

non-hydrothermal preparation of a mixed metal oxide catalyst having a nominal

composition represented by
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About 75 g of this spray-dried material was cal ci ned
under nitrogen in a 1-foot vertical tube in two steps.

WG@\RG08123925 si ng the tenperature of the | oaded VRCT/USZNNS8/004228
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tube at the rate of about 1.2° Cmn, to 345° C, the
tenperature was maintained at 345 C for 4 hours. In

the 2nd step the terrperature was again rai sed at the
rate of about 2. CDmSHOthEOQRﬂ"éﬂatQFr(EOQﬁ 800° C.

This c einatio L ai ni ng
t enper ?t)rePara n%‘g‘é’%&vﬁ%ﬁgﬁ &ﬁ% q%ﬁ‘&g cat al yst was
eval uattedsolution ¥8s quepfatadi By bmakm@azwdr £ BEXitiviaivn Sheptamolybdate
is.e l.e. higher rature u
PR 4T1 9150 oF P nale. AErBERED e SRERGREP, b pmmonium
ofmcaamam@b anelt 3.7 g>Sb§63C&thalrmstureh as heptal todd0° @ hnd stirred for 2.5
conposition represented by Mo v 0.3 s b 0.2 0,08t

0.hpuse OTiosplution ppy disar eoledntoof0°af anguttd endlke G?aécoloﬁﬂlca sol

&10%3%”%?% sgh Liid 5PB o880 w&dadi¥d Mirkd Sludordwds Sirred for
ni um hept ano ybdat tetrah ate and 1160 g water.

thﬁdﬁrms(ﬁﬁlwt(mgmgmas(ﬁdded 44,22 g anmmoni um
o 0 enaftt woribrecumsarrizahoding b3he SLSF iR Bre fEH Eore 063
(%@mgﬁs gﬁdg ? ﬁpﬁ%ilglog gﬁgv@us 1€ r§d |T&ﬁhs§9§xture were

acddell 3Xigeofs¥% tHaskp, \1%238% Cetagetateprl. 51H|z@uarndat0 %g of TiOp. The

(M xture 1 ot her m xture was e adding 6.1
G Tt g diried K St oo bRt (RERe O \b)

ni obi ¢ (p{é £Hh6orPof aCdri@ icekaly§tl pddufsor) pr eV| ousl y prepared.
To this m xture were added 38.5

Co( ace by § esaariiabirtus lowhie Siming.q To iR vasagieg soluton

V‘E’;ﬁep%{'édr verlixir 7336 g MhrhlePdilicaOMa 11 257 &Faddr U The filhDehixtille was stirred
(Preparation o% a dried catal yst precursor)

Mfmlﬁr@mzanﬂégraddl&é@ to Mxture 1 while stirring. To

this \A@éa@ﬁdﬁ&@t@&hm@ao&i&pﬁfag@oby m Xi ng 74.7 g
fumed silica and 1125 water. The fi nal g{ure was

stirred\bost 718 Qﬁthlséﬁﬂwélﬁﬁﬁy‘la&‘ﬂab&’as edlsined Hader gifrqggn in a 1-foot
f Ol fibs w8, Q\Qfeiﬂ;‘{‘a)fs?ﬁg erafire @f @fe 164Hed vertical tube at the

spray-dried naterial was cal ci ned under nitrogen in

1-igcnf apent 1.33C/milpdo BhS% Gothsttergreratafe was mainiginggd U3 C for 4
AR Eﬂi Mee,l“ogteﬁ e térﬂ&qgﬁ*e\(@arsta £iftkaided REthRtraté BLabodt 23/ min to a

about . , ete erat ure was
nﬁpmpanMO%ﬂ@@f TtySfC@lcmtl% wiag completeddn 2nkpuss By, majjgaining the

EEI%H‘.‘[ £ H6SCaGHIs Qa&%%ts\@:g e@ﬁluﬁt@@ 1nr ﬁi(ﬁcc‘:ﬁul@g&}’ka&oﬁ

a tenperature his cal cination was
corrpl eted by mai ntai ning tﬁé(A{MPJ@%Fat ure

This example demonstrates a non-hydrothermal preparation of a mixed metal
oxide catalyst having a nominal composition represented by
Mo V 9.3 b2 Nb 9,08 Ti 0.1 Ce 0.005 On
(Preparation of an aqueous mixture of ingredients)
A solution was prepared by mixing 882.8 g ammonium heptamolybdate
tetrahydrate and 4605 g water. To this solution was added 175.5 g ammonium
metavanadate and 121.7 g SbpO3 . The mixture was heated to 90° C and stirred for 2.5

hours. The solution was then cooled to 70° C and 1883 g of a Nalco silica sol

(96SN036, 32% solids) and 176.6 g of 30% HpO7 was added. The solution was stirred
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at 640° C for 2 hours. This catal yst was evaluated in
a 40 cc fluid bed reactor. EXAMPLE 6 In this exanple

whe@hae3srenperatures are used in the two step PCT/US2008/004228
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20

cal cination for the non-hydrothermal preparation of a
rri xed netal oxide catalyst having a nom nal
nposi tion represented byMo v 0.3 s b 0.2 NO.08t i
ffﬂf Icheurgt 55> (Mixpues bhar ati on of an aqueous i xture
of i ngnediRPixtuft W& PlepRBd WaRaBheRAN &L 0P kg
229.4 g anmmoni um heptglterrg ybggte tggﬁé%&gtt)iggnd; 16%6(§Ofa06
g mialargin NBnidbic acidfokalid aeid sehsioaguedoutly ireppradnfmthisrmixture were

rret v te 7 T. Xt ur Jeated .
SHGEE B 2By o8 e L M O i

t heR sGRe R 30 thid Qt ro&n%}i;ipégtﬁre?(lvﬂxtgfe Nal co silica sol

(96SN036, 32% sol i ds) and g of 30% H2Q2 was added.

The sol @tqpeﬁtlwagf%ﬂqur@@bfsbprequrmhr at 50° C. (Mxture

1) Ano r r n

Sh2q stl\{flgfuég]i@éé add )gprg 18%hi Wstﬂlqn?é 9o @hl% ?’3’ Iagéed a solution

amr@ﬁatmld:lyu mixing . 659 Iﬁumcbnhcamné\hl%g Iv\gatq@r &beﬁed miggyre was stirred

r dded 32 g of 30% H2OQ2 , 2.238 g
ac%r’]t'Ig}ag‘)d%B‘Eng@ 00 and 10. 39 g of TI® . The
m xt ur €Caleigatidri torfemh 4 mixed®xidersatatyst) oom t enper at ure
(M xt ur 2 Pr, ' . .
precur sor )Kl? %tolg ﬁggf&[ wg%pie&)&'agprg{)l’vﬁﬁd%qﬁ%gd {ﬁé\% Pftggen in 1-foot
Stwietticahigbe ifawtomtezps wadtentdkeny me sawipetature of the headed| viryical tube at the
m XI n S 112 ter. [
Lf& ea% 1 gt ?I‘Pléld t‘f g“ é e terp g}.‘lsllgr \Q@S %glmtayl:% Jt 3Q§‘L C for 4
( Gl ﬂﬁthe(ﬁ‘fd $top fhartemmramveechscagald ealmltaa Itlgﬂﬁ'at)e oflbaitt 2728 C/min to

of this s al was c
mattFB‘B%fﬁ“‘F%g‘g% g%o 15 & ‘i“&‘é 0 Y@ PrY t?%%“& 5 Rp{igining the
I abmpdiauieut 68END.LThis ditalysfwdshealhatedlinc 40arctfluidibed ralorat
the rate of about 1.2° C/min, to 345° C, the
tenperature was mai ntained at 345° C for 4 hours. In
the 2nd stejblé:heathlgsarerfoinnee, M5 célDwluime, ahd Adpatt ratibe

r _f_abn 2 Q°f‘/m toa fnmar at e of 640G

% JRW nhisediatits chMoVEL b ofif3 b AN M1 | Aspect
i nt di rig| R HEer pture Vs ?Fé“’tcél ySell | Ratio

s eMalGated in a 40 fc flu 't or . EXAI\/P-%IV

This gxanpl e denpnstrates a |

plepar|#A30an| &f.33:16 vod| Odt 2 2’64t | BE2i n62249 2.5

nom na1448onpddix1@n rehP-84%n /8073|2550 52349 |25

0.28 t|4300. 11¢.®lD. 005] 6.1 75.4 |36.1 2253 |22
2 431 1:1.0:13 0.1 749 |33.8 2253 |22
3 430 1:135:16 0.056 76.1 | 43.0 2257 |22
3 440 1:1.45:16 0.056 83.6 | 39.1 2257 (2.2
4 430 1:1.35:16 00.56 724 | 53.2 2263 | 1.3
4 443 1:1.35:16 0.056 78.5 | 52.2 2263 | 1.3
4 444 1:1.35:16 0.056 839 | 44.8 2263 | 1.3
5 430 1:1.35:16 0.056 78.7 | 51.0 2261 1.2
5 440 1:1.4:16 0.056 . 84.1 |49.3 2261 1.2
6 430 1:1.35:16 0.075 10 35.8 75.7 | 49.1 2259 | 2.1
6 440 1:1.2:16 0.056 |9.5 335 88 38.1 2259 | 2.1
7 440 1:1.35:16 0.49 4.0 404 75 53.8 2266 |14
7 440 1:1.35:16 0.49 4.0 37.5 73.5 | 51.0 2266 (1.4

For the purposes of the present invention, "predominantly” is defined as more
than about fifty percent. “Substantially” is defined as occurring with sufficient frequency
24



(Preparation of an aqueous m xture of ingredients) A
sol ution was prepared by m xi ng 882.8 g anmoni um

whepsarrybdat e tetrahydrate and 4605 g wat er . PADUB1908004228

sol uti on was added 175.5 g ammoni um net avanadat e and

121.7 g Sb2 q 3 . The m xture was heated to 90° C and
stirred for 2.5 hours. The solution was then cooled to

797 being pegseng gnsugh propartigRs aptodngasyrably afteqt gragiqgenpic propgrties of an
S%éo@ﬁked%glpglzxﬁi & Gsten. IRHelddhd l‘)@r%n@}d&eﬁoll)\z &h for such impact is
solution was stirrédfor 1 hour at 50° xture 1

Amet ¢lesr, sibstaptially\igéo be eganded|apgbontiyenty pa csntgﬂ Srorgp Fhg term “a
G st@él? céhsRling! e&eﬁhaﬂ?lo@r ls(deﬁn&lbas aﬁ'l%{ 95 ﬁ&béﬂt@fﬁ{e‘ feedstock by

aC| ution, previo pr epar ed his mxture
weolimed d dde 1tsm 9'egsentfallxoéser|2ms @eﬁsle@ a@ea(ba@letebt gxycept that small
3- vlm%t?lﬁ@ QR hadOndInBle thaf? neLﬁ-Hgﬁ) {%ﬁ‘éc%x?m scopic quiiities and final
mn at room tenper at xture .
( PuEpmeatd pmmtlfed,etypipalb'dlpdatahdnysne pereantir sor) M xture 2
was added to Mxture 1 while stirring. To this was
added a solution prepared by mxing 73.6 g funed
silica and 1125 g water. The final mxture was stirred
for 15 min and spray dried. (Calcination to forma
m xed oxi de catal yst) About 75 g of this spray-dried
mat eri al was cal ci ned under nitrogen in a 1-foot
vertical tube in two steps. After raising the
tenperature of the | oaded vertical tube at the rate of
about 1.2° C/mn, to 345° C, the tenperature was
mai ntai ned at 345° C for 4 hours. In the 2nd step the
tenperature was again raised at the rate of about 2.3°
C/mn to a tenperature of 630° C. This calcination was
conpleted in 2 hours by maintaining the tenperature at
630° C. This catalyst was evaluated in a 40 cc fluid
bed reactor For the purposes of the present invention,
"predom nantly” is defined as nore than about fifty
percent. "Substantially" is defined as occurring with
sufficient frequencyor being present in such
proportions as to neasurably affect macroscopic
properties of an associ ated conmpound or system Were
the frequency or proportion for such inpact is not
clear, substantially is to be regarded as about twenty
per cent or nore. The term "a feedstock consisting
essentially of is defined as at |east 95 percent of
the feedstock by volunme. The term"essentially free of
is defined as absolutely except that small variations
whi ch have no nore than a negligible effect on
macroscopi ¢ qualities and final outcone are permtted,
typically up to about one percent.CLAIMS That which is
claimed is: 1. A solid conposition that exhibits
catalytic activity for ammoxi dation or

25



oxi dation of propane and iso-butane in the gaseous
phase, which conprises one or nore crystalline phases

w@rooBaa®rs one of which is a first phase that heST/aS2008/004228
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cell volume in a range upward from about 2250 A3 to
about 2350 A3, a first crystallite dinmension and a
transverse thereto a second dinension with the proviso
that the ratio of first to §&4¢9MP dimensions is in a

I FHAEwHRWIVA4ifhedl §9M about 2.5 to about 0.7. 2. The
conposition of claiml1 wherein the first phase is a

ni xed ret al AoxalidecorpRpitirn thay exigbiiensalitia aqtiyity foragmampxidation or
t( géxfid%ﬂgn 8f pﬂo?é%tanﬁ R&-BUthRin %{eeﬁ?&;us Bﬁ%ie,n\ghit:ﬁ‘ Sompridel b¥e or more

ormpositive ions and to enhance the catalytic ]
acrysialline pifasesiné leasinenssaftwhieh fsor firshphasenthsk ihame jupi celt volume in a
pr Qs 0 Nt .
C B g O PR R o ¥ Ty SR ginkion and o
c Hensxerserthoreld aasecprd, dimgnsipe with the peavigol thatethe ratigcefifirst to second
4. .. . 111 ' rcej first phase
R e L S A RS
vanadi um (V), antinony (Sb) and niobium (Nb). 5. The
conmposi,t i on ' [ Ry at .
exi bi £ candf inBbsich S ERlRD Dol BTRR A p bl mett ovid
proopgrieing mdlytdemes €doy viahakien (¥)rpnd stdsashomd other el@heait having the

o1 NS PR Rt R e oF SRR Comppgsiton fo
el thermninosidhtiuit efprépandraridier ighbotape mths gastousgphade. ant | nony |

(Sb) and tellurium (Te), and niobium (Nb). 6. The
conmposition of claim5 wherein the first phase is

char act3er i zdtle asmpesitisigof blainV2 wheteihahé ifine phhgeuistcharcterized as
7.. The c osition of claim®6 wherein the first phase
i§m¥mﬁﬂ%§gwﬁ@?@JmﬁfFﬂﬁmFonprising mol ybdenum ( Mb) ,
vanadi um (V), antinony (Sb) and ni obi um (Nb). 8. The

conmposition_of claiml rei,n at .l ea a. por.tion of .
the corfposi tT'?’B fOTROS g &E‘HH devhersh gleﬁrﬁr@gﬁf‘s a mixed metal oxide
C r'dpsfiipdiking Aflybdbnudy (M6))Randiditgn GO akRsony (SHIRIna hiobfuns (Nb).

i nanmount s consistent with a nom nal m xed oxi de

mat eri al represented by the enpirical fornmula:

MbVa Sb b c O hyh@inpobitidn <ofaclaikn 2 whedin Bthe loothpobitiB) lthat exhibits
c <0.25, and d is the number of oxxﬁgn ato required )
t catphytistagiyitefos ammexiation of propansy inithe easepus, PhasipfspRlses a mixed

el RERING:@dePinSafithlate form comprising, as component elements, molybdenum (Mo),
vanadium (V), at least one element selected from the group consisting of antimony (Sb)

and tellurium (Te), and niobium (Nb).

6. The composition of claim 5 wherein the first phase is characterized as

having the M1 crystalline structure.

7. The composition of claim 6 wherein the first phase is a mixed metal oxide

comprising molybdenum (Mo), vanadium (V), antimony (Sb) and niobium (Nb).

8. The composition of claim 1 wherein at least a portion of the composition

is formed under conditions of crystallization by combining sources of metal ions in
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9. The solid conposition of claim8 wherein at |east a
portion of the crystalline material is forned by a

w@e@sas®7Whi ch conpri ses combi ni ng t he sour cesPOf/URBNED04228

10

15

20

25

30

ions in aqueous solutions, drying the resulting

conbi ned m xture to recover solid materials, and

mai nt ai ni ng the recovered solids at el evated ..

t moBRgtQpagentoyith A Rominglmpixed exide mypterigh pepEgsented by the,gmpirical
figggtulgr ystal l i ne phase. 10. The conposition of claim

8 wherein the first phase is characterized as having

the M crystalline structMe¥a®hdbcRas a unit cell

vol,une in a,range, ypward from about 2255 A3 to about
285A3, a %j%g<b‘|uhensi on and transverse thereto a

second di mrep®iicrbxi.0h the proviso that the ratio of

major to trﬁ%%ersgo 'me({]si ons is in a range downward

from about Y:9?5t%at0@%¢ 0.7. 11. The conposition of

clai m 8 fur 5hetheGanBed &fi oxggdneltdrid telilirdd 6 Inairkain eldd®o-neutrality of
conposition of claim1l wherein at |east a portion of

the cofbfodhsricomppeent glemeRs BIFSEYE: conditi ons of

crystallization by conbining sources of netal ions in
amounts consistent wth g nominal m Xﬁd 0oXi dE mat eri al

repr esént ed Ty soHd compositien of; Jaimy B aWhergi0ap IsRE ck PRFESR of the

Wh&Ystalkhe MaRRhICE LBRnddr M pRRe &M Whibh ¢oMpries icB@bRiinglthe sources of
Sn,” Ge, Zr, , and m xtures thereof, A is selected .
f rioetel inBs drasiypPusSALTIGRS, dying thedesulipne cambined ppjxLe to recover solid

t hete@dls, Shdlmirfaifihg the QeloBred Osotids @t Qiblared CtemBerdfures for times
0.005 <d<0.40<f <0.1 f

] .4, .1, .and d is the nunber o
oxspffenient toofesm eblgest thedfirsterypiallinegthasee| ect ro- neutral ity
of the other conmponent el enents present with the
proviso that one or nore of the other elenments in the
m xed d®i de Tharsopwositiers eficlaim Sawhergindghe ifisyt nhase & ghatpsterized as

il . X . it ¢e hdd ar m
hlﬁg}rfgi trﬁﬁ %lggﬁe 1if& E?ﬁ%&r? Mhat 13l & unit 3ell TORMeQARARhEd d fro

t
of rein Jirst phase is characterize
asaboa/22f§ Ahto wbout 2280 #Y’|  meajen dimensipe andh Fansygrse ghegefpra second

¢ eélﬁlte}{%ggﬁﬁl{b ]g'o*'i?@ g}%t @P\Qﬁ{odotf th4 ot %%ﬂgve&%%@&l&n@ is in a range

abo nmensi on"and transverse
t hdovetvardfremabout 1diSteabéw®.- A t h t he proviso that the
first of major to second dinmensions is in a range
downward from about 1.75 to about 1.0.

11.  The composition of claim 8 further comprising tellurium (Te).

12.  The composition of claim 1 wherein at least a portion of the composition
is formed under conditions of crystallization by combining sources of metal ions in
amounts consistent with a nominal mixed oxide material represented by the empirical
formula:

MoV ,;SbpyNb:X3A{Og§
where X is selected from the group consisting of Ti, Sn, Ge, Zr, Hf, and mixtures thereof,

A is selected from the group consisting of Ce, Nd and mixtures thereof,

0.1<ax<l.0,

0.01 <b<0.5,

0.001 <c¢ <0.25,

0.005<d <04,
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14. The solid conposition of claim12 wherein at | east
a portion of the crystalline material is forned by a

w@e@sas®7Whi ch conpri ses combi ni ng t he sour cesPOf/URBNED04228
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ions in aqueous sol utions or aqueous m xtures, drying

the resulting aqueous m xture to recover solid

materials, and nmai ntaining the recovered solids at

el evat 8¢ kefdeddt ures for times sufficient to form at

| east §5he tfd hithbeérof Ux9bdnl AEmPRERSGed 10 maidiéin CRIEREAEG ANy of the

of claim 12 wherein thée aqueous m xtures are reacted

at tothepcpmponens clsaienty RBWHt Withohe prayise hatopusner mgre of the other

neale| MBAlsGA the MIxEE BXIE paﬂbdp&%ﬁt inGAO¥REASh SAE Iddver than its highest

materials are first maintained at el evated

t enpeidation ¢tateof no nore than about 400° C, (250 to

400), and thereafter in a range upward from about 550°

Cto 700° C and anbi ent, or near anbient, pressure.

16. Thd3sol iTHe comperitian eficlaim &2 atheneimthifustaibaseais dharagterized as

a.porti f . ' | | 4

o B2k SROMA crbet s YRl WP AP G Bt L b @EATE Sy B rom

| absuti 22550At a1 abeun| 2290 o's aofirsh dineension rAndt traneerse thereto a second
..ntaining the resultij e . Xt . t.

¢ el Py i pfof B ;e AR B2 HRicH S Hig R € o rane

f alonavard feas bbduh @ . 75ito shouci Pst al | i ne phase. 17. The

conposition of claim 12 wherein the conposition that

exhibits catalytic activity for ammoxi dati on of

propand4j n The sghé eotpogitias of aluifar 15 eherinrak dastmetpwition of the

LG B TR B SRR s o
tihal 1oms (01 dquedR dsolitidhk Wi dgidgus 1dixtukes drgihgl ths tresulting aqueous

conposition of claim12 whergin.the copposition that
xIRBITE 40 EekoxFy FOIE Baierighr o BITARDR It ro-oNeTeH sohi at elevated

PrieRpésuted fdriin@asaRitht RITER aCledptheFes ciystailine phaget al
oxi de in particulate form having, as conponent

el ements, nol ybdenum (M), vanadium (V), antinony (Sbh)

ni obi ums( Nb)rhe tbhpslitith df Hlaim @Nheiéih itheBqués)s mikBiresHd€reacted at
conposition of claiml wherein at | east agggrti on of

t H@nggm‘g@il{ql% abguty 1007l g ambIeRn @F 18 jent, pressure, and the

Cri¥&ivalelisdRd nRiferfals 40 Firdt MhdietaHOd ACASvaRId tBRpérhtukedUT noMmore than
amount s consistent with a nom nal m xed ox] de

r ebPeistAet £ (3 to180) AP eteafteriB ArFaRES PRSI it %ré'%% to 700°
WhEhd Snblert, & riehr Anbibhtfeddurel. 0, 0. 01 < ¢ <0.25, 0.005
<d< 0.4, and
16.  The solid composition of claim 12 wherein at least a portion of the
crystalline material is formed by a process which comprises combining the sources of
metal ions in aqueous solutions or aqueous mixtures, maintaining the resulting aqueous

mixture at elevated temperatures and pressures for times sufficient to form at least the

first crystalline phase.

17. The composition of claim 12 wherein the composition that exhibits
catalytic activity for ammoxidation of propane in the gaseous phase comprises a mixed
metal oxide in particulate form comprising, as component elements, molybdenum (Mo),

vanadium (V), antimony (Sb) titanium (Ti), and niobium (Nb).
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19.  The composition of claim 1 wherein at least a portion of the composition

is formed under conditions of crystallization by combining sources of metal ions in
amounts consistent with a nominal mixed oxide material represented by the empirical
formula:
MoV,Sbp,Nb.TigO

where 0.1 <a<l.0,

0.01 <b<1.0,

0.01 <c<0.25,

0.005<d < 0.4, and

3 is the number of oxygen atoms required to maintain electro-neutrality of

the other component elements present.

20. A process for catalytic conversion of propane or isobutane to an
unsaturated nitrile or unsaturated carboxylic acid by ammoxidation in the presence of
ammonia and a source of dioxygen or oxidation in the presence of a source of dioxygen,
respectively, using a particulate solid catalyst which comprises one or more crystalline
phases at least one of which is a first phase that has a unit cell volume in a range upward
from about 2250 A® to about 2350 A* , a first dimension and transverse thereto a second
dimension with the proviso that the ratio of first to second dimensions is in a range

downward from about 2.5 to about 1.0.
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