MIXED METAl OXIRE-GATALYSTS AND CATALYTIC CONVERSIONS OE.LOWER. ALKANE
HYDROCARBONS TECHNICAL FIELD 5The present invention relates to solid compositions
containing mixed metal oxides that exhibit catalytic activity for ammoxidation of lower alkane

hydrocarbons to pr?&ﬁgﬁ&ho A %&J%ﬂﬁl’@ﬂ i r%@@%&%& M%WEE&@QWWGS to

catalyst compositions, met PrepRg-RUAN LR methods of using such
catalyst compositions. More particularly, solid oxide compositions of the 10 invention comprise, as
component elements, molybdenum (Mo), vanadmgmeaNIOxnebreenNb) and at least one active element
selected from he group ggnsicting,of e glemente naving.ihe Bl IG o Rosve lons. Mixed metal
oxide compositions of the fvEhtion: advan ageouﬁy comprise one oF more crysrigﬁne p?mases at least
one of which phasesitistprectbieitrmitadytio aittbely Vot ammeridatiop et e alienginpbogedoribée in 15
greater detail hereigafigr, e AGRENLINVERIARN GYiNRS RethodsdariermingsReimaMedsatalysts of

the invention and ammoxidation processes for conversion of lower alkanes. BACKGROUND OF THE
INVENTION Nitrite@lieh Sosaepishty s inds ﬁ%’éﬂﬂ%ﬁﬁﬁ\‘e°ﬁ‘§?é‘l8?f5%’é‘éﬁ Ffoss of

produced as importahiginteimadibie sciontmtipns pakidie paftisythetoliberddsenmetisitesing Synthetic
rubbers and iy ke,a.maQbH3AR accdaplileiihe faten sidhersats vianitle: buipdigngsstyrene

terpolymers (ABS) are important thermoplastic structural plastics. Nitrile-type rubbeys, first

commercialized as®® enshatdrrES- 1R SR EY6ese BB I &7 M?Wrﬂgtﬁﬁa%%tﬁe,
usually butadiene. RbThe @ierresiliy practigedositivadoaal phicedsesthdr kg raunisitrond mfrites, such

as acrylonitrile andmethacrylonifriie, Subiech aR.aIKENS. Gy REIBNIANE ALISORUIENE o[R (Rapkien in a

. 1
gas phase with amimonia an oxyg%en In“the pgr‘gsence o#% catg?yst at a high temperature. Generally,

the catalyst formulaliesss drsinyeetereinshpristeny toreecand yaestispivr, St e &MY 7 well
established. kyrthegmae, dkisikneywmiadncludepleadiiienahsinting:matetials, ielddingiaddiional
reactants, such as molecular oxygen andlor steam, and inert,materials, such as n{; en an gfarbon
dioxide, along with ?ﬁgrﬂ‘)'/%gr%?r%%%ostaﬁiﬁiérer%t%?e}ﬁagﬁammoﬁdgggﬁﬁ %‘?ﬁs\gﬁgv{% 0 ?ﬂe&rg'%elal%i\.?% abundance
of lower alkanes rekdtar@to corresponding alkenes, resulting in price differences particularly between

propane and 35propylene or between isghgtang aoiiiselviene pattertigoas been drawn to
developing WV JLOW)/ A.4Q7 fEL iUNGUkrI?SéDLM 2ffi improved. cq{tﬂa{}/sts for %goducn&%s%rﬂes from

£ 2
these, less expensive, lowBF ARz %rS% B BBuRRETE %Ee} as s%g?ti}noé} Atarial ina so-called

ammoxidatioaeactiemwith amimpmiamEndiexygiaticn Qgde prepsestivtheipnatbriie Fiascayarpstic
Catalysts containing, malyhdanum.vanadin animony angdiebiuss whithhare:s ibesd shaves to be

effective for conversion of propane to acrylonitrile and isobutane ﬁthacr lonitrile tgvia an.sfast.m
ammoxidation reacfi8fard eRHBRerHHIHIFAERIESUSTRUNBIE i)?é\%é (&R AR, BEPNRESHS. see,
for example, U.S. Paigstiiopias#&), Riflsaips hikbibs, drsticonsrFiatient Miché ©36:88B10KoHREa et

al., U.S. Patent No..6,143,916 '!QQQ iRid e RNG. b fyPfdandnoue etal., U.S. Patent
Application No. 10 ﬂ%%b%?o%%gi 18 Ag\)lo%tf; éér#;%hget al., U.§. Pl%tent Ap iJicalion If\IQ. 004/0063990

Al to Gaffney i al., U.S. Pae AaealicRieir Rc SroBitiaerrost skt {8 IHRTSYISPSR (O e st
Application No. 2005/Qi2295%1R | dedGaffineyyRingtild,) sthiPatent kepicadioprijol2006/32BGEH2 1 to

Gaff l, PCTP Application No..WO 2004/108 [. N i iki.Kaisha,
Jael);neeys:tlfatent Aﬁ%%gé]f;&ﬁp ég%ﬂg%%%&fgﬁ%nﬁ Qn% (%%é% ;RX}@%QEE REP6t ggm{@trgq@a

temperature. Generally, the catalyst formulations employed are proprietary to the catalyst

supplier, but the technology is well estabiished. Furthenmore, it is known to include

30  additional starting materfals, 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 fo

corresponding alkenes, resulting in price differences particularly between propane and

35  propylene or between iscbutane and isobutene, attention has been drawn to developing

1



15by Asahi Chepigal.Go.» and Japanese Patent Application No. JP 2000/112639% A yuAsahi
Chemical Co. Oxide catalysts containing molybdenum, tellurium, vanadium and niobium are
described in U.S. Pat. No. 5,049,692, U.S. Pat. No. 5,231,214, U.S. Pat, No. 5,281,745, U.S. Pat. No.

5,380,933, and U.S. Pat. r%o.a%%g,sfz& Fu ttlher oxg'g]e C taé}/s S colgtaininé% 20, molybdenum,
vanadium, niobium SR SEtiFay Ard HeRigsser sy xeﬁn?[ﬁ | USSPt NP AS%D, 185 rkamsst. No.
4,797,381, U.S. PaPrappk MdsoinnsoGsassbapstaremuistetiall imaddicdldd amappdition2006i61 22055
to Gaffney et al. HayavarRaReAlhgseMEthadsindily dalinfasiarydn tigwyield of the intended

nitriles. Although advancements have been made in the art in connection with catalysts 25 containing

molybdenum, vanadium, SARRER SRYHRS TR RARRSHR & 157 By SREBR 3510 piohite Whishdwiteile and
isobutane to nethaksydosiitnite (viacaetiamnroRidatiovergactidipxciaacaiaystsmedd dusthenhimpeayement

before becoming coRmesGiElHERlE | AEREIANS AEORIR SARMIBSYSIGTS [0 sy reagtions

suffer from generally low yields of the desired product. 30Due to their extensive indu trial uses, there

is a continuing nee@¥GREoMH JHEHh PRIAAT B tteP tCatiy i aeiNAy tafd /Brter Stevily ik alffintsxidation

of lower alkane hydaailiens . IoBlURR:AD Nﬁﬁs@,tmased f_ﬂiﬂdlﬁriéﬁb i@myjﬁhc(l)s. r;f'atﬁﬂﬁb@él epng :]he
invention to overcome.one or mor raple | above r advantages of the
invention will be apﬁoﬁgﬁ%%% ?ﬁggbﬁ%lﬁ%%%tﬁg :%? }%.’;eﬁn%%gr)‘:%%lv% 2 Eﬂﬁ’e‘%bﬁIo%%%gc%@%ﬁ%ag%leg&iption,

taken in conjuifctioVWiRRAHEMSSHEhdd b B &t fly U.S. | Ratent dalaiisodiiactR04R0pI8%R Al
disclosure relates tqoimpravedicatalyst pamposijoradhaiexhivsanabityAe iaelisieanmoydation of

a saturated hydrocarbon to the couespongli urated nigrile in high yield; and processes using
these improved c.a%aﬁ?&fs%%?qg %ﬂ%ﬁ%ﬁé&%@%@%é@f@o@ 5?((5?1%% éogﬁﬁ%’ér@ﬁﬁc%‘f’ﬁi\mar, the
present disclosure R08n8¢E384d Ah imPrdley etirdlyBCANChisrd califetitneNar W0 3084id 0801 prapane
andfor isobutane toaCRUaRitHe Aneien MR IDRERAL GCLE SRRGHVEDHGRHRARYY 1 eoselith 2xdge,

compositions of the present disclosure comprise, as component elements, molybdenum (Mo),
vanadium (V)'ahd aiebih (hsRifeh Shenflfi- 2eroese PSR (HRRRAN RnsllidP iR S8 ehts

ha\{ing the ability tozﬁaﬁmbasiﬁybdon_;, for example antimqny (Sb) niobium_('b), ti_tanium (Ti), and
cerium (Ce). In some cases,;gorpasions el RiRIANAIREIISHIRuSPVRURAXERS, bmavbdenum.

vanadium, antimony, niobium, at ledst one elemént s¢lected from the géougltcon&stmg 0

titanium, tin, germaffsFHLs &Mt HafifumOahE%8ptiondiRf A¥%e d<tdrd faftiafideRIé A8 om the
group consisting of iaBtiranue, HEASEIY B S PACHI 25 3P8A Fuith LRIk et YR Ring
dysprosium, hpymium, GBI, LR, KSR 3d Wistm, Mixed Meta! e1de CIRIVIES oy
compositions advaanagyeous y tomprise 6ne more crystaﬂne phases af least one of which phases

has pre-determinedmit:¢6 k- Fiaét Bopbctoratdl. Also Rrist ARk & ard0fwttetRsfotorbueiy e
improved catalysts having the desiragptristalinesaitaeisse 3Gk amuy eKigiatIRHRELESRS Mlthese
conversion of lowern%l:t ao g?s fully satisfactory in the yield of the intended nitriles.

Although advancements have been made in the art in connection with catalysts

25  containing molybdenum, vanadium, antimony and nicbium effective for conversion of
propane to acrylonitrile and isobutane to methacrylonifsile (via an ammoxidation
reaction), the catalysts need further improvement before becoming commercially viable.
In general, the art-known catalytic systems for such reactions suffer from generally low
yields of the desired product.

30 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,



In a first aspect, there is provided a catalytic composition for the ammoxidatiort of propane in the
gaseous phase, which comprises one or more crystalline phases at least one of which is a first phase
characterized as having the Ml crystalline structure and comprising a mixed metal oxide comprising
molybdenum (Mo), vapagiyi (), 3iseanys Shlend.niokiugh4Nk) «ihssein saidfiralnhass:has a unit
- cell volume in a range upward from 2255 A3 to 2290 A3, a first crystallite dimepsion and transverse
thereto a second HmensibEs faTerang SoTdetharsrePiche BKPR G CEERIGTH RN BS AEREH range
downward from L5319 1.0.  One embodiment of the present disclosure is directed to solid -
“compositions that exhibit catalytic activity. for ; oxidation of alkane hydrocarbons in the gaseous
phase, which comprises one or more ci hases at least one of which is a first phase that has a
unit cell volume in a ralgebupianticinma eurS25iAb sore sl BEOWS! eatfilst eimegdion and

transverse there SE d dimensiqQn with:the i herratig.of ficst {¢ di ions is in
arange downwa%?r%’%%%%&&t Q.E%h(%%%”A va%%ggi;geéé)IE o e fg&@g%gnd@%s

it 0.7. Advanta ’(lﬁ!ithe fast phase that has a unit cell
volume in a rangeupyendinredsoated 2Bres i bigh UyioEo (s PESHERE AfPe &Pt IBPRIEE to

second dimensionsisin &fARgR.JeNNWALERRL A0k br5:Raab Oyt rbons. Margapisilet)lady the first
phase is a mixed metal oxide comprising molybdenun%%Mo avanad%x%\%zg%l%&t.leaﬁl one other

element having thesasifiRsrs BEEHIETORD S (64T AEBHTE SR AR S the composition
- for the ammoxidatignef pipalietaaskow schidaintisniibgasteay ohist, @epretith)ythe first phase is

characterized as having the crystalline structure. In anpther embadiment of the present
disclosure the coﬁ‘?ﬁﬁ@%&ﬁﬁ%@%@b‘f&m 83%%%0?%%%3@ %r%r}rp?rsnugex?%%%gn’of propane it the gaseous
phase comprisessizminscrmbtadoniddlifehantadiare Birriayiset s emporeRcaigRETts fom

molybdenum (M%&‘%%@%%ﬁﬁg 3t leasianesievaptseiasted: ammihngrov e Ristngpkantimony

(Sb) and tellurium (Te.),” and niobium (Nb). and.the first %as%nié q_haracte(%zsd as rs‘az‘x’xi-f‘gcége% M1 .

crystalline structugemesit ERdtEsERTh nEHRE st pHasE s SR metalBxide Comprising

molybdenum (Ma),anadies i preiimpaioésh)camgrisiobiides ¢Nixlybdenmavgaartionl i ogsful

embodiment of the present disclosure at Ig%gs%tgggg%t% 6f Mﬂg%ﬁiﬁiﬂﬁ%ﬂﬂﬁﬁﬂ Eg,nditions
n

. . . TIE SHETN y .
of crystallization By RitTG560FCEE Of metal 1ons In am&unts consistént with a hominal mixed oxide

material represengesidayiting eimepirival kedrivt o veismakin sblyart e lenfbanide selsatrHiramdhe o,
0.001 < ¢ <0.2.5,and 3 is he.pumber ahexygeN alemsiaguicdiamamniain algizenesiraiyof the

other component‘gie"‘ .'ents present At least a portion of the.cryst IIiQ.e maaﬁsrliatleguggrméd by a process
which comprises cafabitiig WM%MHBM@MGS&S%T%OHS, drying the resulting

combined mixture to recauessalidnatEidalsEhtic noaiptaiting tivanserrparbt SEHRRER OB VERTe

~ temperatures for times sufficient to.for atleasiibafl ﬁ%@lﬂ{m Shed ulk 3RDRSERARHRUlarly
useful embodimew}?@%%ggﬁt%i%é%sure, at Ieastgaégortion‘ of the,compo itiog is fo,(%ineg, ,lé)rlder

conditions of crystedfizettieticoy et ARG S RTRCBE B TH A ML TinGTRTIY o e itH% Aominal
mixed oxide materjiglrepresenigddythemem ningaldenmiitanio yaskiskib &td AdbSrsiow e s
selected from the group consisting of Ti, Sn, Ge, Zr, Hf, and mixtures thereof, A is selected from the
group consisting obEEBEN d and mixtures thereof, 0.1 <a <1.0,0.01 <b <1.0,0.001 cc <025, 0.005 < d <
04,<f<0.1, and 8 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




elements in the mixed oxide can be present in an oxidation state lower than its highest oxidation state.
At least a portion of the crystalline materials, advantageously according to the present disclosure, are
formed by a process which comprises combining the sources of metal ions in aqueous solutions,
drying the resulting aguequs mixture to recover solid materials, and maintaining the recqvered solids
at elevated temperatufed #51 GRS s G Sh PIS Fﬁt %P@%&OH}BP R ff’ﬁw@%p aseo;mga%élneficially,
the aqueous m@%@%ﬁ%@@g@g@gtempermures below about 100 C and ambient, or near ambient,

pressure, and the recovered solid materials are first maintaiped at eJevated tefgtﬁﬁr%[ures 0 more

) f
than about 400PEEsEyBREEHFIPEIE SO f P St SHE eSS, ‘Shtt ARBS radg&Upward

from about 55%&&9.29&&&%@@@%@ 41587 ambigNtn PrassHiee and|REOPIRISAIEKilled
compositions of the present disclosure that exhibit catalytic activity for ammoxidation rq%hi)régi}g%ne in the

gaseous phasetrhHEEs SIRIRES AT RISHIETID i S At HaiNg, A2HHTB0 ents,
molybdenum (Vo) vanadiym, M) Aniimomy( pRAUaRGE) candnighium ANDednypeaiCetatly useful

cases the compositions of the present disclosure that exhibit catalytic activity for ammwddat!ion of

propane in the §&ediis Iha2¥ chmphisaistaTstallith SR T8 iAFa RIS T IT ARving™48
component elerents; MMQlydeRUR,(ME) AL (M. AStIRoRLRb linickiuem WD), tianigen (Ti), and
cerium (Ce). A further embodiment of the present disclosure is a process for producing an
‘unsaturated nitdtevby watdigeclcdt¥érSion in the gaseous phase of a lower alicane hydrocarbon with
ammonia and a source of dioxygen in the presence of a particulate solid which comprises one or more
crystnlline phases atdeasmbodnmdwifith pseeefirdsqhirsdsiiisrchadosaidiecancsisinibledibisgaibward
from about 2250 Ao Aboul 2300 4% & ikl MeRsiaRanddapuelse hipke!aaiseconddimension

with the provisoat%at e ratio of first to second dimensions is in arange downward from about 2.5 to
about 0.7. hnt BETORCESHERRS (RBMEEh IERAUBRE LDIHESE 458 ataliRe Sversidi® i opane or
isobutane to an ynsaIReAIRVEEa EeE T2ED s ave by nhaxiEtetidmiadie presence of

ammonia and a source of dioxygen or oxidation in the presence of.a source. of dioxygen, respectively,

using a particulmﬁecfgﬁ@%g\/\%f&? éﬁﬁﬁﬁ%’é}% (‘)‘ﬁglor nlore’ ?:?y%t%lﬁ%\“e%%%ggg raﬁt%/?((e)assétc((Ber?e of which

is a first phase chiarasieniza dnestasyi rig e fomys tabiete? Straclemet 8i7d Sorvaptsery sy ix&imetal

‘oxide comprising,molybdenuin MOy aRadi T, (. A0y B and piskis NI, hesoin said firs
it'cell volu 2 [

phase has a unit'c ume in-arange upward from 5 A3 to 2290 A3, a first dimensign and
transverse theretd.a BersdistrHintonsion WitAE dpretRsd HHReRRePAS BY Hrdgs SORBHEHif¥hsions is in
a range downwayghfroms 3, 98e:10s.  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 (Le. the catalyst may comprise a support). Suitable supports are
silica, alumina, zirconia, titania, or mixtures thereof. However, when zircania or titania are used as
support WV 1,-/ LAM/Of 1 4..)7CA. I/ JhUII4/1/04L40. materials then the ratio of molybdenum to
zirconium or titanium increases over the values shown in the above formulas, such that the Mo to Zr or
Ti ratio is between about 1 to 10. A support typically serves as a binder for the catalyst resulting in a
harder and more attrition resistant catalyst. However, for commercial applications, an appropriate 5
blend of both the active phase (Le. the complex of catalytic oxides described above) and the support is
helpful to obtain an acceptable activity and hardness (attrition resistance) for the catalyst. Directionally,
any increase in the active phase decreases the hardness of the catalyst. The support comprises
between 10 and 90 weight percent of the supported catalyst. Typically, the support comprises between
40 and 60 weight percent of the 10 supported catalyst. In one embodiment of this invention, the
support may comprise as little as about 10 weight percent of the supported catalyst. In one
embodiment of this invention, the support may comprise as little as about 30 weight percent of the
supported catalyst. In another embodiment of this invention, the support may comprise as much as
about 70 weight percent of the supported catalyst. Support materials are available which 15may
contain one or more promoter elements, and such promoter elements may be incorporated into the
catalyst via the support material The catalyst compositions described herein can be prepared by
the hydrothermal synthesis methods described herein. Hydrothermal synthesis methods ate disclosed
in U.S. Patent Application No. 2003/0004379 to Gaffney et al., Watanabe et al., "New 20 Synthesis
Route for Mo-V-Nb-Te mixed oxides catalyst for propane artunoxidation”, Applied Catalysis A:
General, 194-195, pp. 479-485 (2000), and Ueda et al., "Selective Oxidation of Light Alkanes over
hydrothermally synthesized Mo-V-M-0 (M=Al, Ga, Bi, Slasand Te) oxide catalysts.", Applied Catalysis
A: General, 200, pp. 135-145, which are incorporated here by reference.



25In general, the catalyst compositions described herein can be p'repare.d by hydrothermal synthesis
where precursors for a mixed metal oxide catalyst composition are admixed in an aqueous solution to
form a reaction medium and reacting the reaction medium at elevated pressure and elevated
temperature in a sealed Metetharivalsly fusr 2 Firpkase i ciorxes foem! trodnivedpmstgl oridelcnrone
embodiment, the pyglsothermaal, 3 syathasisconinyes i ardimesuificigptigiulv."aact agygrganic

compounds present in'the reaction ‘medium for example, solvents used in the preparation of the
catalyst or any or@%ﬁ‘ﬁc?%%ﬁ?p@ﬁﬁ&%?a@aé’&w&ﬁmﬁg e CoreBrE AR ke LomaRiGheimixed
metal oxide compenrgnis ehihe atalyst dothpesitons phiidd0 GhvaaIRyl ek MMM Hddterized e
components are-reaﬁta%clininﬁtlge{‘\ﬁeglesga{ﬁa}ect'orl vessel at a temperature greater than 100C and at a
pressure greater than anbien pressure to form a mixed metal oxide precursor. In one embodiment,
the components are readteddhetrambedifeutrefdatipmsos séelatn termpepaiitie Ghtxiebistcabbbtit 4280 in
another embodiment af.a tempetatyre.Ahate 3deast Aba 1a0G a&ﬁg&%&%ﬁb&%@?t}@@%ﬂﬁ ae

temperature of at least about 175C. In one embodiment, the components are reacted in the seale

reaction vessel at BRRTREH &8P HA5HE 2hERIDY FRiFLSmeR AU amBdmhetoadiym&dstie of at
least about 50 psigezafichincyehan ethexrdmbrdinenbe copskasyrer ahtitensiSabeid £0A-psiqTSUCch |

sealed reaction vessaalrsﬁo a b 1“&8%%‘9@.3"’{'{%13 regsl%r%h%%spt{% z%gvi%ehtao‘n%vo'{gﬁlg ver E)éﬁssurizing
the vessel and/or t%nregu ate the réaction pressure.” In-any case, the Components af pre?éerably
reacted by a protogokthest barprisdsreitindoget Ssfpopts durirgt et ato somepsiThe particular
mixing mechanis%gipﬁ&q&p@k@pgﬁgﬂdw,@gﬁw«;8ﬁrai§';ggi,§ﬁlqu§[_irring or agitating) the
components during the reaction py any effective method. Such methods including, for example, 15
agitating the contents of therEACUEATVeSEt, FEIaXamMIE By JREaRd TEmBInY GFOSanHI e
component-contairbigpsiision ¥asseal udetvondiiosssdlsyindhitdtoddyexabhitgsibiiog bymaig a
stirring member located at least partially within.the reaetion vessel a riving force coupled to the
stirring member or'f6'ihe rae%%%tg \c/;g%%!éﬁxé %%/%en?%?éemr%%?oﬁ He%wgé%‘ﬁntﬁg g?f?ﬁ%%rﬁeg% &r and
the reaction vessehmﬁiéogﬂifﬁng‘ﬂzo member can be a shaft-driven and/or shaft-supported stirring
member. The driving force can be directly coupleql;;g\tggbmig@ﬁmember or can be indirectly coupled
to the stirring member (e.g., via magnetic coupling). The mixing 1s generally preferably sufficient to mix

the components to allow feketfidieht reabllor?Bitvact LoMmBBhensbine reatbia Melum®dform a
more homogeneougfrg}r:agg io%ﬁ?ﬁ%ﬁﬂi@d&u AGEeS UGN, 2, MALE 27,000, s mixgdmetal

oxide precursor) as compared to an‘unmixed reaction. This results in more efficie tconsugﬁgﬁon of

starting materials aprés#a rddricaihifo RATAEHEY Fie B SRIBFBRIGEE! NRXRTEBeRe aGHORER &t during

the reaction step algggRidsesainsimmsed:aial-esi0aRID et DR sietReL RS CRCtiRIlHniXture
rather than on the sides, of he.r%iafction vessel, This allows mé)nr($ &%%(!jxhrl%goyéﬁp% and separation of the
30 mixed metal oxi 5 &’Bﬁ/ &c nfﬁ%oegrsuc as ce%zt‘r?fuga ion, decaritation, or filration and
avoids the need to eboevdr teprrjoritioiimotedition théooriedussttee st raysidise bivisre
advantageously, havirig the, mixed.meiakaxidaiumaiselionallows icpaticle igrawnamal daces of
the particle rather than the limited exposed faces, when the growth occurs oyt from the reagtor wall.
WV %../ kfi/V O/ &L 8PMPESEmibtoesA thper cﬁ?‘??aéﬁa’F&WH%Rbe rRiRRG SBREHRI R ace in
the reactor vessel. johe amansiné heasseaceitay deptnd otk wddsehdesisnreprthentypéofimgitation
used if the reaction mixturel |fs stir{e'd. Overhead stirred reaction vessels, for example, may take 50%
headspace. The heﬁaEB‘a“'%e EHilfed with ambient air which provides some amount of 5 oxygen to the

* reaction. However, the headspace, as is known M@ afbmiicBaifldtl with other gases to provide

reactants like 02 or even q%‘%%e g@&g&@gﬁ%&ﬁ% %v%nélr r%%%ﬁ&%ﬁg%{]k&{ beadsnagce,andgas

within it depends upon the de reaction as Is components can be reacted in

the sealed reaction thessd] Atiascianied frrotheEar sraistgrhbeid e\ epiece §ursalof the

hydrothermal synthesjs, ghgigj:l of the repgtien, rdUre may; pharge<sued) ghatstae: kpk pH of thet
reaction mixture may be higher or lower than_the initial pH. Pre , the .cog%ponents 1{&& cted in

fetabl
the sealed reaction $&ssetit & i KP6 PHEPHR OF CTHER S50 ?@?‘fﬁgst(? BB SRSt onents
can be reacted in the sealed r ' I ; 3.0, 0 e 15
about 2.5, of not mo?tég?ﬁésr? nélg%%gt}}g%%gfgrﬁgt ﬁf%ﬂﬁﬁg%%%? {%ﬁgrgﬁ?ﬁ%oﬂ% 13158%1 ggﬁ% fm(@)in of
not more than about 0.5 or of not more than about 0. Preferred pH ranges include a pH ranging from
about negative 0.5 to about 4, preferably from about O to afout 4, more preferably from about 0.5 to
about 3.5. In some embodiments, the pH can range from about 0.7 to about 3.3, or from about 1 to
about 3. The pll may be adjusted 20by adding acid or base to the reaction mixture.

)




The components can be reacted in the sealed reaction vessels at the aforementioned reaction
conditions (including for example, reaction temperatures, reaction pressures, pH, stirring, etc., as
described above) for a period of time sufficient to form the mixed metal oxide, preferably where the
mixed metal oxidgiRemRrisanansektl Adiaie SolpHeRAaM RIising:hR Ravilede emensasdiscussed
above, and at least, a portion thereof preferably having the requisite crystalline structure for active and
~ selective propang%%fg%ﬁ%ﬁe oxidation and/or ammoxidation catalysts, as described below. The
exact period of time is vt masravlyrdanticHl fendresnlibel utatdi s xaivpin wbleastiahatidhieehours, at
least about twelve houyrs, at least about.ei rs, t 30, twenty-four hours, at least -
about thirty hou rgrfias'[e#e(%ct?%%rgo%rteﬁfﬁ@?ggg%?f?%%%%@s%%ﬁ%%fﬁ%&%ﬁg ce)a?ls]{é/gst (fg%lé@ a%%gut
forty-eight hours iarisestaEowidHey domefbarsretikastudoss mismye o apsoett esltd atatartsbanyt six hours
or at least about sexeRRHWeb S REAsHAD Aelioss-alLmssanheR BR-IaIS IR hise days,

including for example at least aboyt four days, at least about five days, at least about six days, at least
about seven day%?a?\;ﬁﬁrﬁmﬁﬁf‘?t@fsﬁ'.LtIiPt4/1/11422E4 at least about two weeks or at least

about three weeks or atHessiaiiby tieneysont mixudkeoHevingtiiareagiontsiep-fotheswiapscof the

preferred catalyst prepagaionmgthiogs sandnelude workcup stens. g or example cggling the
reaction medium omprising t e mixed meta I E?‘é.(j., 0-about ambient tempera UfEi separating

the 5 solid particuisitesiveh#p alsivathmmisatiree ofl wx et Srn oty (8 g(bhiceéninfughey and/or
decanting the supgipajapts oseterpativyeChilieringruashingthesenatated splidpedtictlates (e.g.,
using distilled water or deionized water), repeating the separating step and washing steps one or more
times, and effecting®a firaP SERRFaROf S SR RESNB-up steps, the washed and separated mixed
metal oxide can be 10 dsigdadtyisgHthemiaibmel dlepxiserchsibare flectabihirmdetyartiony éonditions

(e.g., at a temperature of .about 25C at atmospheric pres : _in an even, for example, at-a
temperature rangﬁ% Poxrlﬁiga%%U?agﬁ%n%éﬁgu%tgi%éf}%auﬁd%rgge%E%géfgégﬁ%%g %%Eroal%%ﬁng period
of about time rangizmjdrinw dboutiarinty absarmaent bemsninapididsars Ovabovrnedve Wours.
Drying can be effegied wodess contelledrdr Amsungsntielledatmesihsiesiany thegivingatmosphere
can be an inert gas, an oxidative gas, a reducin%a%%%gggr airﬁgjand i%ggfa%a}m?d refer?blg?air. As a
further preparatiofPEWRI5IHE efifscPrrisa driatyr I BE ST T PO P IR E IR 4 ERA bxide
catalyst. Such treaimesntgaeansngdteste donpsison plerdatd natich iy inineitdidgth dattréatingnss under
oxidizing o reducing cghdliens) llecied uach AR OHBMEAIVS LAHIARP PR B IKK UP
mixed metal oxide cah be crushed or ground prior to Such treatment, and/or’intermittently during such
pretreatment. Preféeabrr {5 et wgiemieDried mixed metal oxide can be optionally crushed, and then
calcined to form the mixedipatakexideeatalyss plhacicinationgiprefeiablydfieg teduiragminbririle
atmosphere such as nitrqgen. Preferred calgination conditions include 25 temperatures ranging from -
boLt 400 10 abdth TBOESEFE STENE by TroFk SBLLBICTD S5 FoShC a t Feean b
embodiments, the aaieinion carisecal ShuoEs0dCe prepmectrelnodrovaicantin aiidnseenittal oxide
can be further meghanicalyreatemiHachidias fo1axpmplertwatinging-sigying and piessingdine mixed
metal oxide. Preferably, the catalyst is sieved to form grtic&esﬂ%gvin% é}fggticl size, distrjbution with
30 a mean particle’8iFB IR GiIRPRO Y G=2Bqut B %Tﬁ raBIFFoNPEBEER 30 gm to
about 380 gm, and:pseferabiyetenmzasentidl dBngnsite: akicutiRGhayizo thaiShmmtisasifissr oempaunds
containing and proyiding.the metal com . [ ' the catalyst can be provided
to the reaction ves lé?%%lga‘suléc})ﬁg g%?i%%gsg%&éﬁr%%t%%ﬁ?g%&gﬁ%ﬁ pér)';?éursor compounds of the
metal components can be provided IVU ZIP11511LrfFUT/UNNUN/11114228 to the reaction vessels
as solids or as slurries comprising solid particulates dispersed in an agueous media. Some precursor
compounds of the metal components can be provided to the reaction vessels as solids or as slurries
comprising solid particulates dispersed in an non-aqueous solvents or other. non-aqueous media.
5Suitable precursor compounds for synthesis of the catalysts as described herein




include the following. Suitable molybdenum sources include molybdenum(VI) oxide (M003),
ammonium heptamolybdate and molybdic acid. Suitable vanadium sources include vanadyl sulfate,
ammonium metavanadate and vanadium(V) oxide. Suitable antimony sources include antimony(lIl)
oxide, antimony(111) acetate, antimony(lll) 10 oxalate, antimony(V) oxide, antimony(M) sulfate, and
antimony(ll) tartrate. Suitable neodymium sources may include neodymium (lIl) chloride, neodymium
(1) oxide or neodymiym, (W [spiapexid AdsPReleitRd s Beadvnidiilharelals budialer Suitable
niobium sources include niobium oXalate, niobium peroxo oxalate, ammonium niobium oxalate,
ammonium niclRIPANSETORBTIRARSE Alobium oxide, niobium ethoxide 15and niobic acid. Suitable
titanium sourcegdpeliteel e apdiokanaiasectifaniuiic dioxids @Mk dgoD agussprBsaietitAnium
isopropoxide, TiO(oxalate), TiOu%ace lacetonate)2. .and titanjum alkoxide .compl s Tyzor
3L Suitable T o T B B e )
oxide. Suitablergineohiiy, 20k ircearintlagesolid satA ritratd EnerTREBSLAR W) BRIGSTSEHERe hafnium

sources includgihatainmetly hableridmRdshaimuBHAN) ayifeierizoSuilahiengenidvsaureaingude
cerium (BI) acetate, cerium (lll) oxide, ce.riumpélr\@ oxide cerium}%Dl Of(%| te, cer Qll hloride,
cerium (1v) amfHBHit Fitr S0EREERINT (T FiePATE] QAT RS ﬁlﬁﬂ?@&ﬁ%t@,}f @(]érlﬁ‘rr‘)ﬁ%!fﬁ sulfate,
and cerium (IV{@5sutfateny (SbYbedanviunt dNaguebusisshé dirshithes dasiomitrstiiusiomaynaary due to
the solubilities of the BrecursrcoMPAngs semBineg to farm e patticulrMbed-setalyide. The

amount of aqueous solvent should at Jeast be sufficient t yield a slurry, of the reactants. It is typical in
hydrothermal sSHRRBER Y it H@fﬁ?%ﬂ@é%%%?/é’%ﬁr U TSErRDFHRERERES i AT BSctor
vessel. Thaelvwentahfeentehpdatds 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 organicifiorea pousdomdedtindivl dOtk. inkFor Kudolitr) tatirbicDRMAL 2,6
_catalytic oxidatidgwo{)ée%s;[dgnt% f%%d £om o s&]gﬁg&fg&%&g&wmﬁtm e RERpage and
isobutane in thé’presence of ammonia to produce a gaseous reactor effluent containing the
corresponding exsanisatddmsrventitie. Propane is preferably converted to acrylonitrile and isobutane

to 5 methacrylonitrile, by providing one orapeneraitheestoreptentioned catalysts in a gas-phase flow

reactor, and contacting_the catalyst with propane or isobutgne in the presence of oxygen (e.g. provided
~ to the reaction zone in%ﬁef@@ﬁagf?éﬁiﬁﬂé@ﬁ%ﬁgiHg%%gﬁec%sﬁ?a?ﬁ%% ELS %gﬁra%rpéagﬁa%éﬁcally air)
and ammonia uggetikeaniion eanditonsiseotvmt). foniehioryipnirie siiethabryloaitriteorior this
reaction, the feed stieam, 10.ielskalicompiiens ABRNS IR 1R, ANO AP : CABIRIRING gas
such as air, andEfmonia Wi the 1o owing molar ratios of: propane or isobutane to oxygen in a ratio
ranging from about 0.125 to about 5, and preferably from about 0.25 to about 2.5, and propane or
isobutane to ammonia in a ratio ranging from about 0.3 to about 2.5, and preferably from about 0.5 to
about 2.0. The feed stream can also comprise one or more 15 additional feed components, including
acrylonitrile or methacrylonitrile product (e.g., from a recycle stream or from an earlier-stage of a
multi-stage reactor), and/or steam. For example, the feedstream can comprise about 5 percent to
about 30 percent by weight relative to the total amount of the feed stream, or by mole relative to the
amount of propane or isobutane in the feed stream. In one embodiment the catalyst compositions 20
‘described herein are employed in the ammoxidation of propane to acrylonitrile is a once-through
process, i.e., it operates without recycle of recovered but unreacted feed materials. The specific
design of the gas-phase flow reactor is not narrowly critical. Hence, the gas-phase flow reactor can be
a fixed-bed reactor, a fluidized-bed reactor, or another 25 type of reactor. The reactor can be a single
reactor, or can be one reactor in a multi-stage reactor system. Preferably, the reactor comprises one
or more feed inlets for feeding a reactant feedstream to a reaction zone of the reactor, a reaction zone
comprising the mixed metal oxide catalyst, and an outlet for discharging reaction products and
unreacted reactants.

5a



30The reaction,congitions. are controlled to be effective for converting the prQrang-iR.amylonitrile,
respectively, or the isobutane to methacrylonitrile. Generally, reaction conditions include a temperature
ranging from about 300C to about 550C, preferably from about 325C to about 500C, and in some

embodiments from t in_other embodimenis from about 430C tq about
5200, Goneraly, ok AT 20 B R R e e e
isobutene containirig e g i the sbere daenelastrysh bactet Mrte 5 phkisatiton baswetorabant e

controlled to providg aoveigktifiaut yseane welesity AVUHSY rsangingfiom st 0:92 teakeuhe.
preferably from about 0.0é_ito about 1 anqa'n some embodiments frorq blgut Q.1 to about 0.5, in each
more a a o

a
case, for example, in gramshgnp%sﬁ%ltﬁfg P Rbutane 1o graths BFESTER PRITE YVas A BRBFIRR B action
zone can be cbntrotisddtofrhegeifeastiabpbne sigthe aimpie20Dptlytiprefidablystrirdatbout apsig to
about 100 psig, ang,ins3opae STHRGHMRNEBHRMARL RS I A0SR RPRSIY (arridtAS LaSUILAY

acrylonitrile or methac}%éonitrile product can be isolated, if desired, from other side-products and/or

from unreacted reat¥at BTG ES HRAN O FOY ASIASH ™ din ackive Phaspiscceasas tieckarisssins
described herein wﬂema@gﬂoy@&ia@wﬁin@mﬁmésémemlmm \aeighbp(édm_i@nfawmpﬁmare
capable of producing guieldRLaRRY! Sl LBEICEMhATAMNINIE M ALRIP it Jlabo!£43 to CO

x (carbon dioxide + carbon monoxide), and a selectivity of about 13% to a mixture 37 rogen cyanide
(HCN) and 158cetoritarsted REBT cyhrrfecreindionrnt ahbismyspion the suppes: ey amervichide

unreacted oxygen (@2} st s0(NEZtanecentsritedsepialysd tneBst. Psacesardfaereeovdsy and

purification of the reaction, praducts include.guenching.fne gassaus eagiorellueniylih ap agueous

quench liquid; forming an agueous’solution comprising the correspondiiig dnsa ura_edcmgﬁonltrlle,

hydrogen 20 cyanidétaliet-otharefyasiatasipier ¢é dusindcasivn he ApgroRay seandsresoidibiiations

and phase separalighsui SRR JatsRCYCIBQhppdsRi L ANYRO S HisHH n ARG IR B WAMAB Bhich

nitrogen-cont;rl' ing orﬁanic comgounds and hgdr %eqc a idea&{odugts. Pr(f)‘Bane ammonia and
p

oxygen mix to ethel i t%oemrae“ég:?o? a?ﬁax%%edgﬁp%mo ?oepyfgr?é in hseu%repsrgﬁmé)é% aerrﬁlr%ﬁcg‘?}ig?ék%% place
on the surface of thizdlujgiated dattathecagdyst via thé seppgiemassathermic reactions takes place, thereby

fomt\ingt t_Te foIIovlvi_ng prOdF@%g%@&X{?aE{H%im!ﬁ{ Qﬁ%ﬁéﬁﬂé@&r} %ﬁ%@éﬁﬁ?@b?%@%@d%l%ﬁﬁed
acetonitrile, acrolein, acrylic acid, water, othey higher pitrites, aldehydes, ketones, acefjc acid and a
number of miscellafESHSHHRABRA gfgﬁﬁfﬁ%f%gf’ﬁ BU&&E%MBSSMV@%?S(HE&{H?Q% e ?ﬂa%?‘fgrﬁly are
less than 100 perceiits thagoinrgadiediprodan20eiitiieans, oxyiydnand/ol. 30Vaimogernchly bBew
contained in gﬁ reaﬁ%@i{@ﬁﬂw%MS—W&M@@@%&@@%&%@@&@@a}ﬁ%mu@w

propylene and some heavier h)éc,irocarbon com&%unds most of which are purged from the process
|

unreacted. A portioABIHFL FRIAVES e SR ME FadR S e AW hybiedt tdlm BolfETVRich
generate and supemgkiasté Siglamlaiap praxihydtelye6a6llp sioforsinadddss 36O Ads Gredijnput
for distillations in the, TV4.lrtlal 1LO. AhoUIs Kt Zits products recovery and guefication. section
of the process. Rea%‘i’oarnglf#ﬁ)éﬁ%’égs?lp%%gé’t %ﬁuﬁggh %éé%xes 'ev%ic%r rémove catalyst fines froam the
gas. The gas is theirf@rosted 8fee b 5REM®r effluent cooler, which is comprised of a shell and tube

exchanger usjng boiler feqd-ywaanaRstHae GOOUNT GAUTELESAS dssuritbkriaen parfobngnesaaiitie
oxidation catalysts is gn jmportant factor, perhaps the mgst signifi tfactor, in U‘;iu ecan '(E§ f this
and other oxidationg r%orgetﬁgegrélé a{agﬁ'/ssi‘ﬁ %@ﬁrgrﬁ%nuésegfg rﬁregs%}}fe%? %geqct(lé‘\%ty? faé.,%%ni/er%%ﬁ .83
reactants, selectivitprd.edrieddrsiorrafoaicieintion Heliradgegraeing RElIBT PO RICHSR BrdeasHsg

product per unit of rgReiekLVAIUBR REHWHRE inmsiandaatlystdiife i saliBeivRAIMS vessel for a
time sufficient to form the mixed metal cxide. 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 precursér compounds supplying the mixed

metal oxide components of the catalyst composition.



10on-stream befgre,significant loss of activity or selectivity. Factors upon.which caialyst s
performance depends include composition, the methods of preparation, support, and calcination
conditions. In addition to chemical performance requirements, other key properties include surface
area, porosity, density, pose,si %%!g ution, h r(ane S, Str. th and resistance to m chanical
attrition, 15particularly fo(rjlaqulggb c%’%%l%etsréa e ypﬁiéafﬁ/,le?aeeg?%r%no‘f(?aago?daptrcgl SR EFREE out in
a fluid-bed reactor. WA Hdthd Rt A RICHHPPSIIPR kae astbigniareresswin tdqass mjdmdtisatidactory

with a residence tl@%mr%fe%mﬁ%ﬁwmﬂe%mﬂ;ﬁ%ﬁﬂﬁé reea¥eallR auaniiigsRiagsienitrile
and hydrocyanic amg are o tlanaI ?op oducbs Aggratiglmate st0|cho etrlc uantltles of 20 propane,
ammonia, and diox§ger aFS Mt ucae o M itize 6%380 LSRR f’és EPSHBS R ing
conditions incl@de pressthas 8’ targd froreaboihd wndlodinsgs p@ﬁg@@ﬂﬁ@@dﬁ&ﬂdﬁasgaw more

preferably from abouisbrio @R AR Raiddidi Qb dE & ORI GE iR A4S RRRIAWES afg In @
range from about 700 to 1000 F, (371 to 538 C), preferable in a range, from about 750 to 950 F (3990 to

510 25 C). Heat of FESHHA |§tréer?§6\?§8%;¥5é’ﬁ‘&a?ﬁé}rf’bﬁ’é?é%ﬁh%b@mttﬁ%"’té’\‘i’%b‘%‘ﬁtﬁfé‘%ﬁﬁﬁ?f
generating steam attewhpe nsstigr esdfidrgen abtut 30@¢dimboustS0PrBelevaied ipsastung. BXANPLES
OF THE INVENTIOM., «cTias fellawing.cxarmaliyilenieo s ale Grriainsperlicompodments

of the inventions herein disclosed. These Examples should not, however, be construed as 3 mltlng
the scope of tHe noV¥tTAEH A REdhEresdranienty ratktiv s Wﬁ?@ﬁ‘?’rﬁ’é?ﬁfﬁ‘éemade thereon without

departing from the spirit ofithsydissipgedemnnphiian as prokeablySikibindhe afrait-reRgrigapEys 1
LMPOI llea?" .7rt- 111JLIf| gf Wﬁ?g&eg&i&l}g%ﬂk reaclgo%r gr t%éustlrgégzgpleni stantl ventlon s%lmples
Ut Various catal

of a base catalyst, With and wit alyst moditi rs Were prepare en SV ua?ed
under similar reactientiéshdnsbes Pl pOHTRIR ﬁﬁf@ﬁ&félémﬁ&?@%d?ﬁﬁﬁ%ﬁiﬁb%ﬁmm@fﬁa%d on5
the total metals addgghip he eaiatyat BrepgaifoniJincarvaMesRatalstmday bﬁﬂgﬁﬁgrma&a@b}e

completely react durin Ihe&}talgstg p§r§;[|o éacm%r?(irtgsas otmlposmo ;:Hhehﬂ shedc st may
vary slightly from th compos iChs Shown BaIow éscrlp iOnior Phads n%tlyss

-containing Mixed Gxidé@wtdhgsesThrnpiizsaisnpositinroieairkd %&ammdéscﬁialmhimﬁér
quantified by 10 apeﬁmgzéh%%ﬁg@%mﬁgtaqﬂﬁ%@%m&r\{m ZheRieMeldNeinadnd leddén

Monographs on Crystallograph Oxford University Press (1 to X ra owder diffracti n data
151G GAAS (See AR BPAch IR 1HY BREITAcHS, 1 AT ARG SR B S AP TECH ).
Los Alamos Nationgkdsatorettsime mmmmmzﬁm@m@e@a@mvmmﬁe Thhetstrugtural

model of MI pyblished i P - JqRaNR Al arRer a@%ﬁ%s&p&&@ﬁﬁﬁ%‘nﬁm@ﬁ%@@fwﬁg Fordéolpe
Jr.,, B. H. Toby, and T. Vo gt Z. Knst 219, 152-165 (2004), was used in the Retveld refinements.

The M1 lattice parafiBis Vel FaR é@?%%@g&‘?ﬁ%ﬁ%ﬁa&@ﬁl%&f%@ fLiartF siitte unit
cell volume was calgigtatee (fcr(gmxthieiﬁiag]ilaﬁzl‘d&zpﬁﬁig)prdmemwerg desodbiid psifupbly anfSoimapic size

broadening mode! (iSRS £0.FRSIGERRMINDIONN ERaZkaSEHAIR BISLANG

average crystallite dize para? perpen icular to 001 were calculated from the refined profile
coefficients using tk@@&%ﬁ@ﬁ@f@\kmﬁﬁq%mﬁﬁ@iﬁ%&dﬁ%‘%‘? AL ER atRIeFSHBE i more

Coefficients” sgctiom@hébentod aimtdndeh! ieiasnesisetjavasgalted|ade Rymixed reaction. This

(Slze(parallel)/SIZe(Pe%l; % E]ndlr%grlg' e?}ﬂcient consumption of starting materials and in a more uniform mixed

metal oxide product. Mixing the reaction medium during the reaction step also causes
the mixed metal oxide product to form in the aqueous reaction mixture rather than on the
sides of the reaction vessel. This allows more ready recovery and separation of the
30  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 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 ouf from the reactor wall.



25Description gfcatadystpreparation: Ammonium heptamolybdate, ammepiym metayanadate and
diantimony trioxide are added to water, followed by heating of the resultant mixture to temperatures of
at least 50 C. and thereby obtain an aqueous mixture (A). It is preferred that the heating is performed

while stirring the mixture. dvanta ueoqus.mixture is heated tg, 30 te eratu n the
range upward from 70 C. rtA IHE hor ﬁ%/aliis %%%80}1% lHP%HeS ?mx?}&re(p 6 hea Fnre?ﬁay Bessﬁ(grf%#’ﬁwed

under reflux by usingreiphierdsnass oz @éﬁﬁb@@@ﬁﬁ%ﬁ@éﬁf Hegige enthe bbhehnaiptionlasadiiile the
boiling point generadycipiinguangsisleiomvanens &Q%@réﬁbﬂ&%s@&eY@t@%W%ﬁ%ﬁéﬂ@@%
maintained for 0.5 Eﬁ##or moge? Vgg%] the he ﬁﬁn% per ture is low (e %ég{% lower than 50 C.), the
heating time VT 1) 8T 4075 SRR D Nar466/ A T 4T lgrﬁeaérdg&igz e iPe ﬁﬁ’éo'r’fgé)rfng
temperature iSin assyrge Bf thomeB6WB. tHMOO €. thhddadeping tisne ksityfm(tbﬁlyrm:aauabﬂgﬁmﬂfmm Ito 5
hours.  Beneficiglly, afier s haaliDmkasiita frb eRdwdiogenperaxs Eh@i@&@ﬁ@%%@ﬁ,t fieous

mixture (A). When hyd n perOX|de is added to the agueous mixture he 5amount of the
hydrogen peromde‘?@%\’]ﬁf’fﬁﬁ?ﬁﬁ@ﬁ%ﬁﬁ? gt P dsgenth upaRiths f’c?séﬁ?ﬁﬁfﬁﬁmdﬁ}@ﬁ‘mdl’ar ratio)

compound in termstlaf @ntimony is in the range of from 0.01 to 20, advantageously in the range of from

0.5 to 3, more advantageqysly ia %Qngeﬁ 95 Bélife%@e& %&%ﬁ@{ﬁ&%ﬂ%@éﬂygﬁ? g%ﬁ@g&%

agueous mixture (A) is stirred at ratures in the range of from 30 C minutes
to 2 10hours.’0  AReg B A RELT eisisntansesobibe duiseiis mabimtedim fisuntd q%tbe IPASENE acid)
to water, followed hﬁ;ﬁﬁ;&él@@%&k@g&&iﬁﬁﬂhmm&aw pemFatatwasion a:ﬁaage Bb{r @ eher. &P to

nearly 100 C. Advqnt%g%g)us X a erg#gfel&.Bg tal?gsr %a?ug: rbox I|c grg geOf((?![Ig %8@ in

addition to the nloblum comp oun car ox Icacl e nloblum
compound in termsvetssichie ﬁﬁ@f@@h@ﬁéﬁ@@%ﬁ@@hﬁ 3 t@&?@ﬁ\?ﬁ?‘i’%@@n@l}hﬂ TABPARRFES SRArbIN 2 to

4. Thatis, in this C%@m@@iﬂ@@@@i@@%@&%&@mk@l% @M&M@%aﬁ@u@wd byohesting-emekstirring
of the resultant mixture t(é thereb obtalnt a ue%?s UId SK}\%{A usef od f%:}_gt ﬁarlnﬁ% the
above-mentiotted afif¥bde ha I§5‘m§’0 %h%}f’ R GULRTI g’t@bg |x?ﬁg? el AditEboxylic
acid (e.g, oxalic aciefycand 8, nidinitmcrothpoehel{d.g. mlwwemmmMalﬁm@mﬁprﬂimm
niobium-containing ﬁ%ﬁ@%sﬁ?lmgrf%&'%w %fﬁ@bntpg RU#HRH3 n%?é%@oﬁaﬁl&ﬂ sYshended

therein a part of the niobium compqund,; ( coollng e preliminary niobium- % taining aqueous

solution or niobium %Hfé’in’iﬁ%‘%ﬂﬁ?@%ﬁ@%m@b PeblP GROGIT ANy P& D AR AR EC acid:
and (3) removing thepyetipitateshdicatbciopit 238icfromthkoptélinatant hiobheportairingdiedgekous

solution, or r%own%thﬁlgreacdwt&lggsgk%qﬁlg%y&%gqu@ﬂg the suspended niobium compound from
ni

the niobium-containing agueous mixture, thereby obtaining a niobium-containing aqueous liquid (B).
Aqueous liquids (B) obtainet P ORPSRSIS TSN B JERRSEY) HRvAS ditalrfo TAtgRidY RSBt ibfar
30ratio within the rasfgeathivned tedbiion Aopéiciigislafiycliciiy| ﬁmansmxylm acidtisroxatipastaeand

useful niobium compouér!lrgqs é;nef‘ sﬁtss sm %IDO%IEQ!H'%(EL%Q i tﬁé%wg}%g@gﬁag&(@t@te and

ammonium niobium 0X iobium ¢&mpounds can be us e form of a solid, a mixture,
or a dispersion in aﬁmﬁ%&@m@@hﬁiw%ﬁ ebl WhsEiGhs mixed metal oxide comprises & solid

25  state solution comprising the required elements as discussed above, and at least a portion
thereof preferably having the requisite crystalline 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 Jeast about
three hours, at least about twelve hours, at least about eighteen hours, at least about

30  twenty-four hours, at least about thirty hours, at least about thirty-six bours, 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,
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VT L. <APOIIl WO L4 USZIPIRSPOIP+ZZ25 hydrogenoxalate or ammopiym, Oxalale: is,used as
the niobium compound, the dicarboxylic acid may not be used. When niobic acid is used as the
niobium compound, in order to remove acidic impurities with which the niobic acid may have been
contaminated during the production thereof tpe nigbic acid may be w shel%é\%vith an 5 agueous
ammonia solution agnt Ssr%g%lgr%ﬁo‘?'et%%gééﬁ 7%%?%?&%53?6”5%%, ‘5?&%’@% ErAREdREHNd, a freshly
prepared niobium compoditdiortgdberrascton atsovdurfientitepe cofndithpobfearmibbatrlystoprapataridrcan be

used which is slightly.genatusetéoiexamnls Rurehfiatonasans W ala Bedeiim.Siags and

the like. In step (1) of this_metfggléj, the dissolution of the niobium compound can be promoted by the

addition of a 10smaAiPERISIH B HEEE L HOAF B bYOHBotH GIbIent RMpSFEwR BRI TE &Riobium
compound (in fermsdidyebiodutdn drepistipihanyixiébiand-coidtainimotiaciinid te30) bR M AGHEOUS
mixture is preferably maintainee within f ; likg of solution or mixture,
The dicarboxylic acid is preferably usesdu%r? ﬁ%%généﬁg%:%%égf%%@n% a %ia’f%c? o‘% ?cg?%acgg(?fﬁc acid
to niobium compouftbhAEIFEAFTEBiurSRE StilsdHaReI g sieirized iEican teReating Shaserrrdingie
dicarboxylic acid is stepdndriashin@srpphebitradnahiies) carefiaiing £andeegisamhgatkin the aqueous
solution of dicarboxylic acighhajeerua disadvaniads indiely (0.alise Inthathe amount ofthe,
dicarboxylic acid which is caused to prec pltalpe by cocﬁlng the obiaine prefﬁminary nloblum%%ontaining
aqueous solufi®n 20sKmRieHBESHIE it radeiean broeifeeisthntdss anihicatiopnditivns diaarbioxylic
acid. On the other hangerthenoaayssatsfaatemameupiaishesplicathprylic ais isHeesmale, at a
disadvantage is likely to arise in that a.large,amount.of the niopium compound remains undissolved
and is suspended iﬁgfﬁgeéaﬁrgcfﬁg%ﬁu O EP A %gréooﬁyﬂgta%%g% %‘?ﬁpgﬁﬁﬁ&%’ré’, \ﬁ%% eiihe
suspended niobiumorerspdiring iperéah ofadidub iinth aaagngoen? Berixt fing, thabode Cidesingthe aidgree of
utilization of the niopiu-SAMBOUMut twdNY REIRDIBMEINQEOLEORHBIMNALAE Used iR sieR () For

example, the cooling can be performed simr[é(lgl(ﬁlt()l})é1 means of an ice bath. The removal of the

precipitated dicarboBIRNERIEI STpPaRisHaE 608 RRORR TR L RR APt b Rt s ound)
i_n step (3) can be egﬁl;a:p&hioinggdsby_&ﬁ emuhmytmaw amé_tmaiﬁq,ra’mmple,_ by_decantati_or_w or
filtration. When the d'%&%ﬂﬁe@ﬁ@é&é&%ﬂ@éy%éﬁg@ AR UAPBIRCAN YN,

aqueous solution is outside the range of from 2 to 4, either the niobium compound or dicarboxylic acid

may be added to th&rafisshiBfahieriss @abish e eicErBERgIR SAadnsiBesF sompPlasaortieRsolution
falls within the abovie:meintnideg ddt\rda@8eAQlundedfddillihig 03 Tadibid2 B fdidngs. dfovay endin
general, such.An oRGHANRN deHRNRCERRAM SIS 3. guaens Ik (Ribadng. e disatboxico,
acid/niobium molar ratio within the range of from 2 to 4 can be prepare ytapproprlate?y controﬁllng

the concentration offRBMEioBIGM EnipBurEa e Bhti 679 theRieEFE Y c Hti%o W nRIBIEA IS pound
and t_he cooling temp@gam,qt&h@;ﬂha\&aemﬁeftiam m@%ma@b&uﬁﬁ@ammﬂg@uﬂ@u&n
solution or aq“eouscﬁf%‘é@% fo TE&%%“S@’“S '?‘#%&Bla@aﬁxt?! D ALepared comerising furiner
component(s). For example, at feast® par of the aqueous fiqui ) containing a nio .lu% compound
or containing a mixtireadf aaoBIAIISH pSishd andlErearbBsejiiEcscirianiion teruitens Guitile

hydrogen pergxide. i ihiseRserihisdaenohicibdnaidheamaupiofdyrdioasn RrEmdtsyPrRviIdaca@ molar
ange of from 0.5 to B0 BRI Sre T BN FER 0D, 1 AU LA bE! APTALBU bt of the
aqueous liquid (B), contairfhe taaieBidere., calcined) mixed mefal oxide can be further mechanically
treated, including for example by grinding, sieving and pressing the mixed metal oxide.
Preferably, the catalyst is sieved to form particles having a particle size distribution with
30  a mean particle size ranging from about 100 pm to about 400 pm, preferably from about
120 pm to about 380 pm, and preferably from about 140 pm to about 360 um.,
Some precursor compounds containing and providing 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
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15 compound Q¢ goRiaining.a mixture of a niobium compound and a dicarboxylig; aGigs@Al@mixture
thereof with hydrogen peroxide, further comprises an antimony compound (e.g. diantimony trioxide), a
titanium compound (e.qg. titanium dioxide, which can be a mixture of rutile and anatase forms) and/or a
cerium compound (e.g. cerium acetate). In this case, the amount of the_hydrogen pergxide is such that
the molar ratio of hg?d%bg’ﬁ%ﬁéﬁi?&e%sm%i%%émﬁﬁﬁ?f’(ﬁ%%’ﬁm‘ PILhqulgtss ivesmed &t
niobium is in the rangsjoédusmedib. t8dih; prefesabbrimptivadaclbaahéteindtatnn cmdiberoeigample, the
antimony compoury) gixedloyih tbedt ieashaparbebinanaur s Epanc e v

Qgen, g)eroxide
is such that the molar ratio (Sb/Nb molar ratio) of the antimony compound in terms of antimony to the
niobium compoundPhPRHHE B HEHS ST RIPISIRAG RIS BePieferably in the range of from 0.01 to 2.
Aqueous mixtgre (A) and swdteRusHiaiidH Byrayeumixdo togatibeas ibT dn applopsiatedntiobing aseardance
with the desired compositign of the .catalyst, to ther roviding. an.agueous mixture of ingredients,
typically, in the form o gesﬁ'ﬁ@?‘%ﬁ?emgbnéuﬁ%% einrazr)gy |ee?1lt%n?n9t he gsqhneé(i)uus? mixtu r)%e?é" r&&kg%’ﬁ@?n a
range upward from{dissib serpasaiim Jeplsypnaligate prfapabiydis asidrafydtaisropratnm 98 ercent by

weight, more prefeighlain shgdonea@idramnioniend Gpeicandy waighhadiuniMe:6ase ghpsgducing a
silica carrier-supported catalyst of the present invention, the, aqueous rE}#inateri | mixture is prepared
so as to contain a GRSt g’ﬁ? %eingzrﬁg 37’, g%tfﬁé%ngmr%lr%eédagfﬁ%’gfy aaﬁ%al?erit BRI BAlrte of
silica can be 17 Voyaliey wtivapryiiledxidest antenchpiit) sniaig4 aad popriens(ldirsatel irbeaddrdance
with the amount of HagSlicaCIBUREINIRE ﬁ@t@&ésaéed%%mﬁﬁdcm&ég iR AaureKRdnXture of
ingredients is dried to thereby provide a dry catalys &é)ﬁrec%rs,or. D(glng may _be conducted b
conventional methd¥8xuEHL P PBRATE & e?/"é‘i) O UryingS W‘Brm BB F?S%useful,
because a fine, sphiicale diyidaiakysirprenitisde isaidtainedliaid)aisphay deysng caaldre eondaatad by
centrifugation, by the Mie:POATE AABAEIS MSHAH Bl:0N Be AN RIERSH5. 221G A8 2 heal
source for drying, it'is preferred to use air which has been heated by steam, an electric 10heater and
the like. It is ﬁ@ferr&‘éjiﬂﬁﬁ?l‘l’]@l%mperature of the spray dryer at an entrance to the dryer section

thereof is from 150 C. to 3Q@i451:Calginaiieouiiepinciuda thelcalelnationtsie pitdhisdrgicaiddy SiQypcursor
is converted into a mixed metal gxide catalyst..Calcinations d d ysj ry kiln, a
fluidized-bed kiln or”"¥5 eéqfﬁaé.%éng%a g}ilﬁiat{lsoer? of a%}éga’ryfggg?ﬁgé% regt%gﬁ)cré@g%ﬁ%%%d %ﬂg
stationary state, probinm pdketidy semetrrenatusie B5rdeersdd tantibtabls ey ealdiide tHudféading

to a deterioration of,therogg#tiss ebthercatalt-abiaingd aachalsada\y breakageiobr akingaf the
catalyst obtained. Conditions of cal.cina%id)

n.preselected such that the catalyst formed has a specific 20
surface are of from SR BSEOrAE7G™ yiﬁfgg%y,a %?:laﬁ"é’ |5umsﬁgén%§?éd uﬁ%{é(?recaﬁg?ﬁ%rﬁosﬁué%%sditions
wherein the heatingitelwisrafuirendi i stdeyidaeal befpisedorasiéontinuously or intermittently elevated

from a temperature which ¢g:les8 thanA0Q GredGR feIBReFRM emyhichtde irdhesanme ofidgr:a54 C. to

700 C. Advantageously, the conditions of calcination are preselected such that the resulting, catalyst
comprises one or (IV¥ oxide cenum (II) oxalate, cerium c%?onge, cerium EF\% ammomunm ﬂna?e,

cerium (1) nitrate, cerium {IV) ammonium sulfate, cerium (1) sulfate, and cerium (IV)
25  sulfate.

The amount of aqueous solvent in the reaction medium may vary due fo the
solubilities of the precursor compounds combined to form the particular mixed metal
oxide. The amount of agueous solvent should at least be sufficient to yield a slurry of the
reactants. It is typical in hydrothermal synthesis of mixed metal oxides to leave an

30  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
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25 more crystalline. phases at least one of which is a first phase that has a unif ¢glLyQlsnRe.i a range
upward from about 2200 A3, a first crystallite dimension and a 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. The

calcination can be conducted.in air. or.ynder a flow.of air. Howevyer, at least.a part of the calcingtion is
preferably conductgﬁ‘?g(%% %g%%gsgﬂ%ﬁg?o?%n%ﬁgrt ngggcflél.gﬁe\l{fr? : eglri{amﬁ%vtt\}1 AN e alg%,gs %ch as
nitrogen gas that isPseRsSa A IRPPHERNS A FGRIRSAneR A1 ATMesity ProdBea sl petenus resetiraiant a 40 cc

fluid bed reactor haydpginisianaierabdniishuldarasgtabysasabarged with about 20 to 459 of
particulate catalyst. Propane was fed WV. 4.% 4111.101 12,07 IrUi | ?21. 1,5/9/U42,2N into the reactor

at a rate of about 0.05 to 0 15 VW (i.%r.?%%lé%t SPBYEPEhe/ReidRPor RSy sBRbur P RR#RBNI P was
fed into the re&ctormethatanonstdles ish avidingneoniarti;pre péts raficwersivnedecatalgpsior alpesit 1 to

1.5. Pressure insidgjihe W@é&@?ﬁ%@éﬁéﬁﬁ%@@%&%&%R?&e%?%&%ﬁrﬂpﬁ{ﬁ%&ié@ere in

the range of about 420 5to 460 C. EXAMPLE 1 This example demonstrates preparation of a mixed
metal oxide catalystheR e HErRR SR SLRiERIAN S8R EH AL FRITCAE Somapiginh Feoryern- Nd
0.005 On 10(Prepacatiamiafapaqsedu ssmindutepadatig redientd ) ahinsnie thodbu sed ticun adiditigentoxide

(V205) and excess gyalic a6ldHOIG GO A spbainnwasRepaipehy.disaoling 334Gl piobic
acid (Nb205n.H20) while stirring in a Solution prepared by dissolving 751 g oxalic acid in 3750 g water

at 60 C (Solution 1Pl AP RRESHTSFRES 18 fHkiEna: 88 G eroRRiRREnsatiskitic tMB02)4816 ¢
of vanadium pentoxigienOa0oxhohe idwinkiraanyt dioeraaeptsphi20s)is8ohgntif oofgoineestyenium

acetate (Nd(acetate)3.1.0H20), and 7 f water, (Mj ixture laced into a
20-gal reactor to which' 's%ll_l%q n%&%ﬁ%&%‘g.&a‘lﬁg ha g?(%%ﬁ%ég ér ?T%%§§tv@é%gggd%ﬁ%?dgf%§%reactor.
During these additiGrepaB6 P65 isPhHiRBS WeakEEIgadr isct RO IgsRpEprpo seout il sa dlsiuivas hisdted to
175 C, under nitroggransystioRckehd @0 Rraysitwo. days shlierdwr dayadhedapaieronasgasled

o a S e oA S reRalst AP LSl SRl o
from a recycle stream or from an earlier-stage of a multi-stage reactor), and/or steam.
For example, the feedstream can comprise about 5 percent to about 30 percent by weight
relative to the total amount of the feed stream, or by mole relative to the amount of
propane or isobutane in the feed stream. In one embodiment the catalyst compositions

20 described herein are employed in the ammoxidation of propane to acrylonitrile is a once-
through process, i.e., it operates without recycle of recovered but unreacted feed
materials.

The specific design of the gas-phase flow reactor is not narrowly critical, Hence,
the gas-phase flow reactor can be a fixed-bed reactor, a fluidized-bed reactor, or another

25  type of reactor. The reactor can be a single reactor, or can be one reactor in a multi-stage
reactor system. Preferably, the reactor comprises one or more feed inlets for feeding a
reactant feedstream to a reaction zone of the reactor, a reaction zone comprising the
mixed metal oxide catalyst, and an outlet for discharging reaction products and unreacted
reactants.

30 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 zbout 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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25A portion of the HJ.Slirry was mixed with a silica sal and spray dried to ohigin.a drigdusatalyst
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.th ft 0 PLE In this ex higher temperatyres are
used in the two stelg%a%%%t%rﬁséggt&e%ﬁéggéﬁé%n%hﬁﬁnﬁ%i w%aﬁaﬁgﬁggté%é na%/?r% cgn Sminal
composition represgastabresy foy \roger sprobrocosiplied iR ods oveihtkboptiasored Welodty
USZUUG/110422t1 (Prensrakiehe fom agbeauszmiduse: of insraaisnsin] liswnebod usstk vagadium
pentoxide (V205) and excessoogialic cgj. A %O|L¥[i§3 Wa%greé)gred by.dissol ing?g?,l 9 of niobic acid
while stirring in a sSIUEH STRPRPEERY TREAVIG 75 10 8RRt & § o4 Fatr At S B0 $8Blition 1)
5A slurry was prepareghiny enixoin 478 Jogeofmaoiflsdisish tiibxipresivie 08) 1816ty amasd itam be

pentoxide (V205), t] i j Vgl Ve t
(Nd(acetate)3.1.0H%2§(%Tg' ;@rggatgslg;?%%%)a%m@%Q@Mﬁ%&ﬁ%ﬁ%ﬁm}eﬁs pjace?clnto ?aGZO-gaI

- ,of water &Mi),(ture 2). Al
reactor to which sofi88h! 9 P5e-ARGA SKBLRB %*Wﬁﬁcﬁgﬁ’&b"“mﬁbo@%aﬁ%%ﬁﬂﬁaoiﬁféﬁthe reactor.
During these additions 186mbrddditig buveitsriwksou seshicryimsinie pueposeail he rehatd ifdsshegted to

175 C, under nitrogen, and sttyed,ak 490 i, Ml e Ay A URE RO Havai G d SREINV AR, GR3led
down to about 40 C and the resulting hydrothermally prepared slurry (HT Slurry) was emptied to a

Teflon-coated (E)ail. ¥Pr#baration of a dried catalyst precursor) 15A portion of the HT Slurry was mixed
with a silica sal and sprayTtdediit/akiaipaitkiasdaiabal pretuidencanivid hIRepeighiasiiGa.

into a rotary caloindl AN Lol SR S A L B R 520
C. percent acrylonitrile, with a selectivity of about 24% to COy {carbon dioxide + carbon
monoxide), and a selectivity of about 13% to a mixture of hydrogen cyanide (HCN) and
15  acetonitrile or methyl cyanide (CH;CN). The effluent of the reactor may also include
unreacted oxygen (O;), ammonia (INH3) and entrained catalyst fines.

Processes for recovery and purification of the reaction products include
guenching the gaseous reactor effluent with an aqueous quench liguid; forming an
aqueous solution comprising the corresponding unsaturated mononitrile, hydrogen

20  cyanide and other organic co-products; and using an integrated sequence of distillations
and phase separations to recover for recycle of a useful aqueous liquid, and obtain
valuable nitrogen-containing organic compounds and hydrogen cyanide products.

Propane, ammonia and oxygen mix together in the reactor and oxidation of
propylene in the presence of ammonia takes place on the surface of the fluidized catalyst.

25 A set of complex exothermic reactions takes place, thereby forming the following
products: acrylonitrile, hydrogen cyanide, carbon dioxide, carbon monoxide, acetonitrile,
acrolein, acrylic acid, water, other higher nitrites, aldehydes, ketones, acetic acid and a
number of miscellaneous unknown organic compounds. Conversions of the three feeds
generally are less than 100 percent, thus unreacted propane, ammonia, oxygen and/or

30  nitrogen may be contained in the reactor effluent gas. The source of propane typically
coméins 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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20EXAMPLE 3.4 this, example a single higher temperature was used in the galcinsionfor.the
preparation of a mixed metal oxide catalyst having a nominal composition represented by Mo V 0.27
Sb 0.20.06 Ti 0.1 Nd13.005 On (Preparation of an aqueous mixture of ingredients) 25This method

used vanadium pento&q }’/c%gg an r%ﬁgﬁi%ﬁt%é %)ec@ SSO ) ggégswaée ggog%fﬁ §¥7 glssolvmg 331g

of niobic acid whllé)stlrrlng i a Sa1io prepare ng 51 g oxa c acl o] gfwater at 60
C (Solution 1) A slthigughnssstepsiretigh FRIATe LAY dMeoRpiachareptrioXfieandodiemfgiyer  of
vanadium pentoxided¥aaR)s 26 @roffaatne Qo4 waiiHes(ShRPRsL265d THOR aRb1eb30akRapdymium

acetate (NdCe(acetat(%)g%]leﬁl-flg ), .and 25670 of water (Mixture 2). All of mixture 2 was placed
oluti

into a 20-gal reactor By ' Wwas a de%ls%dcdetlonal oxalic acid (420 g) was added into the

reactor. During these addiidasveBaTSwroboviraranesaishel dsidaneingpbigiobesTimpasiastdrsivas
heated to 175 C, updar20aflU g4l "%’?énikiéaﬁﬂkd@ééush/ Hesé&l%%{W%#—lﬂ%@ BHEOGRR, andustised at

400 rpm for two days. After two days the reactor was coo g)down to about 40 C and the resulting

hydrothermally pre‘ﬁf&F&?ﬁ%ﬁurSﬁ@YF@ "seéfrfﬁﬂ%s(‘f % B okt SR HIPe PR a dried
catalyst precursor)stldcioityon @fdbrerdddicBlafryeavamnixdehindhpeodilitarstsl efhpkspretiodridditsimtitain a

dried catalyst pre ag;gggcqq,@wm@g@&mcemﬁw% (GRsPalendfomamiedosdRsalaR) A

portion of the drie catalystgrecursor was charged into a rotary calciner, and calcined under nitrogen
at 700 C. 10EXAMPLtrerm vefore sigmifaam @éﬁ?éﬁ%%%gréﬁ‘é‘f??%rothermal preparation of a mixed
 metal oxide catalyst haviFgotoromnal ebinpositityiraprésenied biepdody 381G O:Antho8tibn).heCe

0.005 On (Preparatloglocfl Al &%%%%Eon%&'ﬁﬁeg 'Me& @thas[)mn conditions. In addition to chemical
' performance requirements, other key properties include surface area, porosity, density,
pore size distribution, hardness, strength, and resistance to mechanical attrition,

15 particularly for fluid bed catalysts.

Typically, the ammoxidation process is carried out in a fluid-bed reactor. Where
high alkane conversions are obtained, a single pass system is satisfactory with a residence
time of a few seconds is typical. Commercially recoverable quantifies of acetonitrile and
hydrocyanic acid are optional co-products, Approximately stoichometric quantities of

20  propane, ammonia, and dioxygen are introduced into a fluidized bed of catalytic
particles. Suitable operating conditions include pressures in a range from about 3 to
about 35 psig (20.7 to 241.4 kPa gage), more preferably from about 5 to about 25 psig
(34.5 to 172.4 kPa gage). Generally, temperatures are in a range from about 700° fo
1000° F (371° to 538° C), preferable in a range from about 750° to 950° F (399° to 510°

25 (). Heat of reaction is removed by generation of steam to control the temperature and
generating steam at temperatures of from about 300° to about 500° C elevated pressure.

EXAMPLES OF THE INVENTION

The following examples will serve to illustrate certain specific embodiments of
the inventions herein disclosed. These Examples should not, however, be construed as

30  limiting the scope of the novel invention as there are many variations which may be
made thereon without departing from the spirit of the disclosed invention, as those of

skill in the art will recognize.
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"15A solution was.prepated by mixing 222.4 g ammonium heptamolybdate tetrahydrate and. 1160 g
water. To this solution was added 44.22 g ammonium metavanadate and 30.67 g Sb203 . The mixture
was heated to 90 C and stirred for 2.5 hours.The solution was then cooled to 70 C and 466.9 g of a

Nalco silica sol (96SNO36, 32% solids) and 44.5 g o&%&éﬂgpz was added. The solution was stirred
20for 1 hour at 50 C. (Mixture 1) Another mixture was prepared by adding 6.1 g of Sb203 to a 153.7 g

of a 0.63 molar (in Nb) nidBierdeidroRkiraeidhe IR PravionsiprissHoa bres trdlvsiait sade

added 38.5 g of 30%ith320ZaiZe0Y Gatab@cRtAtiE)KIs] . bert2prepticliOad gheh THOdukese Madtgnias stired
for 30 min at room tem er%turqei M'Xtuitfﬁ 2 A %5{9;& ahs f a ggée!gggnalg%{yst Rrec 1g,lcs)r Mlxture 2
was added to Mixture 1 while: stlrrlng S this Was added a so?vflon prepareaqb mlxmg 2?37 “fumed

silica and 112% g wﬁ)@fowﬁﬁ#alaﬁﬂma@@l}ﬁ@ﬂwmﬁn|ﬁ1a¢ﬁﬁ§m@§ﬁ§m@bﬁdm§at}0mw form a
mixed oxide Cata'Yﬁﬁﬁ%ﬁSlH{eEﬁ @04 thisinpray @Hﬁ@@?\%ﬁﬂ?ﬁhﬁ@ﬁ @ﬁécuéﬁﬁiuegﬁb&%g%'ﬁh@ 1-foot
t

vertical tube in two s. After raising the temperatur lQaded vertical fube at the rate of about
17 Cimin, 1o 345 DL WA MBI e 298 Co P ARSI RS ep the
temperature was agaln ralmmr@ﬁ@mabmb@@@ﬁﬁmmwg Mixed €¥ifd4CaRl$8044/00/
ltP4L4,6 temperature of 680 Gy 1hiscalginatian M@m%@d@a@@mgﬁw%%%gﬁawoo C
for 2 hours. This catalyst was evaluated in a 4Q cc fluid bed reactor. EXAMPLE
10  applying the Rietveld method (See R. A. Young, The R:etve!a’ Method. IUCr
Monographs on Crystallography 5. Oxford University Press (1993)) to X-ray powder
diffraction data using GSAS (See A. C. Larson and R. B. Von Dreele, General Structure
Analysis System (GSAS}, Los Alamos National Laboratory Report LAUR 86-748 (2004).)
or equivalent software. The structural model of M1 published in P. DeSanto Jr,, D. 1.
15  Buttrey, R. X. Grasselli, C. G. Lugmair, A. F. Volpe Jr,, B. H. Toby, and T. Vogt, Z
Krist., 219, 152-165 (2004), was used in the Retveld refinements.

The M1 lattice parameters were refined (as well as a specimen displacement
coefficient), and the unit cell volume was calculated from them. The M1 peak profiles
were described using an anisotropic size broadening model (X and pfec profile

20  coefficients, with {001] (Pba2) as the unique axis). The average crystallite size paraliel
and perpendicular to [001} were calculated from the refined profile coefficients using the
equations given in the “Interpretation of Constant Wavelength Profile Coefficients”
section of the GSAS manual The aspect ratio was calculated by
(size{parallel)/size(perpendicular)).

25 Description of catalyst preparation:

Ammonium heptamolybdate, ammonium metavanadate and diantimony frioxide
are added to water, followed by heating of the resultant mixture to temperatures of at
least 50° C. and thereby obtain an aqueous mixture (A). It is preferred that the heating is
performed while stirring the mixture. Advantageously the aqueous mixture is heated to

30  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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In this example.asingle higher temperature was used in the calcination for the Snon.bydsethermal
preparation of a mixed metal oxide catalyst having a nominal composition represented by Mo VO3 Sb
0.2 Nb 0.08 Ti 0.1 Ce 0.005 On (Preparation of an agueous mixture of ingredients) A solution

was prepared by mixing 222 4.g.2rmeniaHasRizmalvadale Faielrahvdiaie ankdle0.g wgtex. To this

solution was added 44.22 g ammonium metavanadate and 30.67 g Sb203. The mixture was héated to
90 C and stirred fot® BeRtREImRds SHRRARY aTIREhESsred (9 78ENd 466.9 g of a Nalco silica sol

(96SNO36, 32% solids) apehdficmilyokBa%ntiRaRinga sinadad ath b saddtinpesasdtisreddasalihour at
50C. (Mixture 1) 15Another mijxtur repared by adding 6.1.9 of Sh203 to a 153.7 g of.a,0.63
moiar (10 Nby niobi eSS P A Lo e Racare (At el GREER A B |
of 30% H202, 2.07 yrcettebthtcly3d1oBe 20ranidel . 6¥ch 8rTib MM fsheuré Wamsthrperdeid8@mm at

room temperature (ixtides 2,y epariansid shigsbentaly Hrntasusanodd Mixture Aneasogsdsd to
Mixture 1 while stirring. To this was added a solution prfe)gared by mixing 74.7 g fumed silica and 1125

g water. The final nfiftute dfaodvrEsersly imiha e Phyiared > (Eafeimelip Adtrrerasashiie dhexide
catalyst) About 75 gaaf¢his spray-dsiedsmatasnkidscaaldi RediRedareriiidgcaoiitdud daekugd (vgriical tube
in two steps. After raising the temperature, of the loaded vertic atthg rate of.about 1.2, C/min, to
345 O, e temporati T A TR S BT L PR 5 the o o I RO s
again raised 4Pthe hatssof about 2.3 C/min to a temperature of 640 C. This calcination was completed

by maintaining the tempergig.ab84qtidam3 Roskinkhis L atalustavastaualdatgrbingdQ.caifisid bed
reactor. 30EXAMPLE Irgethi £xa %Ie k{]}i herg? peratres are us oqtei:pntg% tv]\r/é)s §te rgglgigfa_tion
for the non-hydrothé?}?gaﬁopVépé?gsfl n r?a |x8331%1et§|] oxide catlgfyg‘[ RAVING B Rominal c6Mposition
represented by from 50° C. up to neatly 100° C. .Advantageousty aqueous liquid {(B) contains a
dicarboxylic acid (e.g., oxalic acid) in addition o the niobium compound. Generally, the

15 molar ratio of the dicarboxylic acid to the niobium compound in terms of niobium is in
the range of from 1 to 4, advantageously in the range of from 2 to 4. That is, in this case,
niobic acid and oxalic acid are added to water, followed by heating and stirring of the
resultant mixture to thereby obtain an aqueous liguid (B).

A useful method for preparing the above-mentioned aqueous liquid (B),

20  comprises the following steps: (1) mixing water, a dicarboxylic acid (e.g. oxalic acid)
and a niobium compound (e.g. niobic acid) thereby obtaining & preliminary niobium-
containing aqueous soiution or a niobium-containing aqueous mixture having suspended
therein a part of the niobium compound; (2} cooling the preliminary niobium-containing
aqueous solution or niobium-containing aqueous mixture thereby precipitating a part of

25  the dicarboxylic acid; and (3) removing the precipitated dicarboxylic acid from the
preliminary niobium-containing aqueous solution, or removing the precipitated
dicarboxylic acid and the suspended niobium compound from the niobium-containing
aqueous mixture, thereby obtaining a niobium-containing aqueous liquid {B). Aqueous
liguids (B) obtained in the above method usually have a dicarboxylic acid/niobium molar

30  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, & mixture, or a dispersion in an appropriate medium. When either niobium
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VI, I"P LOOM Niay' LIBCHWUS2MM/EINL422if Mo V 0.3 Sh- 0.2 Nb 0.08 Ti 0.1xCe/Q00&0n {Rreparation
of an aqueous mixture of ingredients) A solution was prepared by mixing 229.4 g ammonium
heptamolybdate tetrahydrate and 1160 g water. To this solution was added 45.6 g ammonium

5metavanadate an 3. . The mixjure w, ated 0 d sti for 2. rs.The
solution was then c%égggﬁ%%%gg a(r}w-llc-i f'élg‘ét‘g{ gﬁ‘ a%ﬁ?otgliégegpﬁ%g%Nggé, y %‘%"gfﬂg&%{aﬁé%l g of
30% 11202 was adietbrndiatidisxve btitksd fol tensinbit soEisnedardhe)nighbtropempauré was

. prepared by adding£.2@4 ab SeAQdtadd23B@ia iR Lamalandimiyb): niehicasidigxaliseagid
solution, previously prepared. .To this mixture were added.32 g 0f.30% H202, 2.238 e(acetate)3.1.5
1120 and 1039 o SETBFRE TR e P b e R B B, (2
(Preparation of a drgetestaysnpracesbign and/pfiwate Poastadded b Wirteiaredniilesstiniriye To this

was added a solutiqn,dapreRarsshiy, Wikagy SR AMacslsaantbdldd Gyalek: Thadinalsnixture
was stirred for 15 min and spray, drjed. (Calcination to éor;nﬂ?’ mixe e caial t About 75 g of

oxide,
this spray-dried mal&FEPRASBEHTTed DISGRIhESRARA 521 -RSotS rfi’g(éﬁ dBETRANIEHEBEhKEF raising
the temperature of #xentpldeddebyticaicuios arthet20 dsegeub ctordz@@drtia jie. 346s@p hpdattiperature

was maintained at 345.64h 4 Q1N B NHRIGR: %WE%%@%@% iy iaiseshiotheriate of

about 2.3C/min to a temperature of 640 C. This calcination was comp in 2 hours by maintaining
the temperat(f® at E2eHGTPHIY eERGNFOMI AR RYHR OREY A0 cc fluid bed reactor. EXAMPLE 7 25This
example demonstrates a mpa-bysiathsionalofrépardttinmf cmpxectimtateoxid e L atialyistaiinga

nominal Compositiogréggrégg 5 tnexgb}?l}/n{\-/l:%n\éig%gs Qqu?oNbs%Q@o}Ei erag.%&;éor%ig)cﬁre is preferably
maintained within the range of from 0.2 to 0.8 molkg of the solution or mixture, The
dicarboxylic acid is preferably used in an amount such that the molar ratio of
15  dicarboxylic acid to niobium compound in terms of niobium is approximately 3 to 6.
When an excess amount of the dicarboxylic acid is used, a large amount of the nichium
compound can be dissolved in the aqueous solution of dicarboxylic acid; however, a
disadvantage is likely to arise in that the amount of the dicarboxylic acid which is caused
to precipitate by cooling the obtained preliminary niobium-containing agueous selution
20  or mixtue becomes too large, thus decreasing the utilization of the dicarboxylic acid. On
the other hand, when an unsatisfactory amount of the dicarboxylic acid is used, a
disadvantage is likely to arise in that a large amount of the niobium compound remains
undissolved and is suspended in the aqueous solution of the dicarboxylic acid to form 2
mixtare, wherein the suspended niobium compound is removed from the aqueous
25  mixture, thus decreasing the degree of utilization of the niobium compound.
Any suitable method of cooling may be used in step (2), For example, the
cooling can be performed simply by means of an ice bath.
The removal of the precipitated dicarboxylic acid (or precipitated dicarboxylic
acid and the dispersed niobium compound) in step (3) can be easily performed by
30  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 fiquid (B) so that the

dicarboxylic acid/niobium molar ratio of the solution falls within the above-mentioned
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(Preparation of an agueaus mixture of ingredients) A solution was prepated hy.mixing 882.8 g
ammonium heptamolybdate 30tetrahydrate and 4605 g water. To this solution was added 175.5 g
ammonium metavanadate and 121.7 g Sb203 . The mixture was heated to 90 C and stirred for 2.5

hours.The solution th t a. Nalco silica so! (96SN0O36,.32% solids)
and 176.6 g of 2006 1) 5%%%%@%%3%%&%%% %ﬁg%%f}rié “ﬁ‘f’fﬁé}o@ﬂ’t‘ﬁﬁ% i ?ﬁé‘%/)?%ﬁﬁ‘i‘ﬁ%@ MLLS
for 1 hour at 50 C. (ks &) issehpylinpadiaiohiep radlar seipyithin the 2ange b fiopRd 3ot4 ersde g of a
0.6 molarf(in Nb) ni@b&g@@&%@ﬁ@ﬁﬁ&pIwmimﬁgwm&mﬁ?aammamﬁamue&ﬂyﬁ@@gﬂfd
152.9 g of 30% F1202, 6. acetate)3.1.5 H20 and.40 g of Ti02. The mixture Swas stirred for 30
i at oo tommper AR TSR B0 R R T arie g CERREL L e 52 KRS s
added to MixtuPe 1 Wisilebstgingnionediprwinudgte hipkvratontréparemhenemisoinias . 619 4erees silica
and 1125 g water. Thg fial mixture was stirred for 15 mm and spray dried. 10(Calcination to form a

mixed oxide catalyst) out 75 g qf thi ray-dried material was calcined_under nitrogen in a
-foot vertical tube i two HEhEKREY FAER ST B AR A BT BRSPS (PR hate o
about 1.2 C/min, to BdSeSxntipte tenigpetatpest oftsenaiatanbehat ) 5@ tharidghouichiimthen@iohsdep the
temperature was agginaised ahike e PLARRML ol d 2SRRIV ERiAT 8 30E 1dddifer

calcination was completed in 2 hours by maintaining the temperature at 630 C. This catalyst was
evaluated in a'80 ccfithdBEa s AP FdbIe It Siidy@sp dirdintaridieiah theb fsoRmRENG AT WS Pratio

Ex. Run Temp C peroxide provided a molar ratio of hydrogen peroxide to niobium compound (HrO9/Nb

molar ratio) in terms of niobium is in the range of from 0.5 to 20, preferably in the range

of from 1 1o 20.
In another example, at least part of the aqueous liquid (B), containing a niobium
15  compound or containing a mixture of a niobium compound and a dicarboxylic acid, or a
mixture thereof with hydrogen peroxide, further comprises an antimony compound (e.g.
diantimony trioxide), a titanium compound {e.g. titanium dioxide, which can be a
mixture of rutile and anatase forms) andfor a cerium compound {e.g. cerium acetate). In
this case, the amount of the hydrogen peroxide is such that the molar ratio of hydrogen

20  peroxide to niocbium compound (HyO/Nb molar ratio) in terms of niobium is in the

range of from 0.5 to 20, preferably in the range of from 1 to 20. In another example, the

antimony compound mixed with the af least a part of the aqueous liquid (B) and the

hydrogen peroxide is such that the molar ratio (Sb/Nb molar ratio) of the antimony

compound in terms of antimony to the niobium compound in terms of niobium is not
25  more than 5, preferably in the range of from 0.01 to 2.

Aqueous mixture {A) and aqueous liquid (B) are mixed together in an appropriate
ratio in accordance with the desired composition of the catalyst, to thereby providing an
aqueous mixture of ingredients, typically, in the form of a slurry. The content of
ingredients in the aqueous mixture is generally in a range upward from about 50 percent

30 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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appropriately adjusted in accordance with the amount of the silica carrier in the catalyst
to be obtained.
Drying Step
The aqueous mixture of ingredients is dried to thereby provide a dry catalyst
5  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
catalyst precursor is obtained. The spray drying can be conducted by centrifugation, by
the two-phase flow nozzie method or by the high-pressure nozzle method. As a heat
source for drying, it is preferred to use air which has been heated by steam, an electric
10  heater and the like. It is preferred that the temperature of the spray dryer at an entrance to
the dryer section thereof is from 150° C. to 300° C,
Caicination Step
In the calcination step, the dry catalyst precursor is converted into a mixed metal
oxide catalyst. Calcinations can be conducted using & rotary kiln, a fluidized-bed kiln or
15  the like. When calcination of the dry catalyst precursor is conducted in a stationary state,
problems possibly arise in that the precursor cannot be evenly calcined, thus leading to a
deterioration of the properties of the catalyst obtained and also to a breakage or cracking
of the catalyst obtained.
Conditions of calecination preselected such that the catalyst formed has a specific
20 surface are of from 5 m¥g to 30 m%g. Typically, calcination is conducted under
calcination conditions wherein the heating temperature of the dry catalyst precursor is
continuously or intermittently elevated from a temperature which is less than 400° C. to a
temperature which is in the range of from 550° C. to 700° C. Advantageously, the
conditions of calcination are preselected such that the resulting catalyst comprises one or
25  more crystalline phases at least one of which is a first phase that has a unit cell volume in
a range upward from about 2200 A3, a first crystallite dimension and a 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. 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
30  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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into th;a reactor at a rate of about 0.05 to 0.15 WWH (i.e., weight of propane/weight of
catalyst/hour}. Ammonia was fed into the reactor at a flow rate such that ammonia to
propane ratio was in the range for about 1 to 1.5, Pressure inside the reactor was
maintained at about 2 to 15 psig. Reaction temperatures were in the range of about 420
5 to0460°C.
EXAMPLE 1

This example demonstrates preparation of a mixed metal oxide catalyst having a

nominal composition represented by
Mo V 0,27 Sb 9.2 Nb 0,06 Ti 0,1 Nd 0.005 On
10 (Preparation of an aquecus mixture of ingredients)

This method used vanadium pentoxide (V205) and excess oxalic acid

(HO:CCOsH). A solution was prepared by dissolving 331 g of niobic acid
(Nb,05nH,0) while stirring in a solution prepared by dissolving 751 g oxalic acid in
3750 g water at 60° C (Solution 1)

15 A slurry was prepared by mixing 4783 g of molybdenum trioxide (MoQ;), 816 g
of vanadium pentoxide (V205), 969 g of antimony (HI) oxide (Sbp03), 265g TiOy, 56g
of neodymium acetate (Nd(acetate)3+1.0H5O), 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
20 g of water was used for rinsing purpose. The reactor was heated to 175° C, under
nitrogen, and stirred at 400 rpm for two days. After two days the reactor was cooled
down to about 40° C and the resulting hydrothermally prepared slurry (HT Slumy) was
emptied to a Teflon-coated pail.
{Preparation of a dried catalyst precursor}
25 A portion of the HT Slurry was mixed with a silica sol and spray dried to obtain a
dried catalyst precursor containing 30 percent silica.
(Calcination to form a mixed oxide catalyst)
A portion of the dried catalyst precursor was charged info a rotary calciner, and
calcined under nitrogen in two steps, initially at 225° C and thereafier at 600° C.
30 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 8b 9,2 Nb .06 Tip.1 Nd 9,005 On
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(Preparation of an aqueous mixture of ingredients)

This method used vanadium pentoxide (V7Os) and excess oxalic acid. A
solution was prepared by dissolving 331 g of niobic acid while stirting in a solution
prepared by dissolving 751 g oxalic acid in 3750 g water at 60° C (Solution 1)

5 A slurry was prepared by mixing 4783 g of molybdenum trioxide (MoQ3), 816 g
of vanadium pentoxide (V205), 969 g of antimony (III) oxide (SbyO3), 265g TiOg, 56g
of neodymium acetate (Nd{acetate)3+1.0H»O), 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
i0 g of water was used for rinsing purpose, The reactor was heated fo 175° C, under
nitrogen, and stirred at 400 rpm for two days. After two days the reactor was cooled

down to about 40° C and the resuiting hydrothermally prepared slurry (HT Slurry) was
emptied to a Teflon-coated pail.

{Preparation of a dried catalyst precursor)

15 A portion of the HT Slurry was mixed with a silica sol and spray dried to obtain a

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 345° C and thereafier at 620° C,

20 EXAMPLE 3

In this example a single higher temperature was used in the calcination fer the

preparation of a mixed metal oxide catalyst having a nominal composition represented by
Mo V .27 Sb g2 Nb g 06 Ti 0.1 Nd 0.005 On

(Preparation of an aqueous mixture of ingredients})

25 This method used vanadium pentoxide (V3035) 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 frioxide (MoOa), 816 g
of vanadium pentoxide (V205), 969 g of antimony (I} oxide (Sbp03), 265g Ti02, 56 g

30 of neodymium acetate (NdCe(acetate}s-1.0Hp0), 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 info the reactor. During these additions 18675
g of water was used for rinsing purpose. The reactor was heated to 175° C, under

20
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nitrogen, and stirred at 400 rpm for two days, After two days the reactor was cooled

down to about 40° C and the resulting hydrothermally prepared slurry (HT Slurry) was
emptied to a Teflon-coated pail.

{Preparation of a dried catalyst precursor}
5 A portion of the HT Slurry was mixed with a silica sol and spray dried to obtain a
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 at 700° C.
10 EXAMPLE 4
This example demonstrates a non-hydrothermal preparation of a mixed metal
oxide catalyst having a nominal composition represented by
Mo V0.3 Sb g2 Nb 9,08 Ti 0.1 C2 0,005 On
{Preparation of an aqueous mixture of ingredients)
16 A solution was prepared by mixing 2224 g ammonium heptamolybdate
tetrahydrate and 1160 g water. To this solution was added 44.22 g ammonium
metavanadate and 30.67 g Sbn(O3 . The mixture was heated to 90 C and stirred for 2.5

hours. The solution was then cooled to 70 C and 466.9 g of a Nalco silica sol
(96SN036, 32% solids) and 44.5 g of 30% HpQy was added. The solution was stirred

20 for 1 hour at 50 C. (Mixture 1)
Anocther mixture was prepared by adding 6.1 g of SbyO3 to a 153.7 g of 2 0.63

molar (in Nb) niobic acid/oxalic acid solution, previously prepared. To this mixture were
added 38.5 g of 30% H209, 2.07 g Ce(acetate)s'1.5 HpO and 10.07 g of TiOp. The
mixture was stirred for 30 min at room temperature (Mixture 2},

25 (Preparation 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)

30 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
tate 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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temperature of 600° C. This calcination was completed by maintaining temperature at
600° C for 2 hours. This catalyst was evaluated in a 40 cc fluid bed reactor.
EXAMPLE 5
In this example a single higher temperature was used in the calcination for the
5  non-hydrothermal preparation of a mixed metal oxide catalyst having a nominal
composition represented by
Mo V 0,3 8b g2 Nb 9,08 Ti 0.1 €2 0.005 On
{Preparation of an aqueous mixture of ingredients)
A solution was prepared by mixing 2224 g ammonium heptamolybdate
10 tetrahydrate and 1160 g water, To this solution was added 44.22 g ammonium
metavanadate and 30.67 g SbyO3. The mixture was heated to 90 C and stirred for 2.5

hours. The solution was then cooled to 70 C and 466.9 g of a Nalco silica sol
(56SN036, 32% solids) and 44.5 g of 30% H0Oy was added. The solution was stirred
for 1 hour at 50° C. (Mixture 1)

15 Another mixture was prepared by adding 6.1 g of SbpO3 to a 153.7 gof 2 0.63

molar (in Nb) niobic acid/oxalic acid solution, previously prepared. To this mixture were
added 38.5 g of 30% HaOg, 2.07 g Ce(acetate);.1.5 HpO and 10.07 g of TiOg. The
mixture was stirred for 30 min at room temperature (Mixture 2).

(Preparation of a dried catalyst precursor)

20 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

25 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.

30 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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Mo V.3 8b¢.2 Nbg,08 Tig,1 Ce 0.005 On
(Preparation of an aqueous mixture of ingredients)
A solution was prepared by mixing 2294 g ammonium heptamolybdate
tetrahydrate and 1160 g water. To this solution was added 45.6 g ammonium
5  metavanadate and 31.7 g SbpO3. The mixture was heated to 90° C and stirred for 2.5

hours.  The solution was then cooled to 70° C and 456.3 g of a Nalco silica sol
(96SN036, 32% solids) and 51 g of 30% HoOy was added. The solution was stirred for
1 hour at 56° C. (Mixture 1)
Another mixture was prepared by adding 6,26 g of SbyO3 to a 123.8 g of 2 0.63
10 molar (in Nb) niobic acid/oxalic acid solution, previously prepared. To this mixture were
added 32 g of 30% HpOp, 2.238 g Ce(acetate)yr1.5 HpO and 10.39 g of TiOy. The
mixture was stirred for 30 min at room temperature (Mixture 2).
(Preparation of a dried catalyst precursor)
Mixture 2 was added to Mixture 1 while stirring. To this was added a solution
15 prepared by mixing 73.6 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 Joaded vertical tube at the
20  rate of about 1.2° Cimin, 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/minto a
temperature of 640° C. This calcination was completed in 2 hours by maintatning the
temperature at 640° C. This catalyst was evaluated in a 40 cc fluid bed reactor.
EXAMPLE7
25 This example demonstrates a non-hydrothermal preparation of a mixed metal
oxide catalyst having a nominal composition represented by
Mo Vg3 5b g2 Nbg 08 Tig.1 Ce 0,005 Cn
{Preparation of an aqueocus mixture of ingredients)
A solution was prepared by mixing 882.8 g ammonium heptamolybdate
30  tetrahydrate and 4605 g water. To this solution was added 175.5 g ammonium
metavanadate and 121,7 g Sbp03 . 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% Hy07 was added. The solution was stirred
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for 1 hour at 50° C. (Mixture 1)
Another mixture was prepared by adding 24.1 g of SbpO3 to a 626 g of 2 0.6

molar (in Nb) niobic acid/oxalic acid solution, previously prepared. To this mixture were
added 152.9 g of 30% HyO3, 6.8 g Ce(acetate); 1.5 HpO and 40 g of TiQ,. The mixture
5  was stirred for 3¢ min at room temperature (Mixture 2}. )
{(Preparation of a dried catalyst precursor)
Mixture 2 was added to Mixture 1 while stirting. To this was added a solution

prepared by mixing 73.6 g fumed silica and 1125 g water. The final mixture was stirred
for 15 min and spray dried.

10 (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
15  a temperature of 630° C. This calcination was completed in 2 hours by maintaining the

temperature at 630° C. This catalyst was evaluated in a 40 cc fluid bed reactor

Table: Catalyst Performance, M1 cell volume, and Aspect ratio

Ex. | Run | Feed ratio WWH | P, AN C3 AN Ml Aspect
Temp | C3:NH3:Air psig | yield |conv {select |Cell 1 Ratio
°C vol.

A3

1 430 1:1.35:16 0.1 8 20,8 1767 |27.2 2249 125

1 440 1:1.2:16 0075 |54 |208 |817 1255 2249 12.5

2 430 1:1.0:13 0.1 30 1272 (754 |36.1 2253 122

2 431 1:1.0:13 0.1 30 (253 749 1338 2253 122

3 430 1:135:16 005 19.0 |328 761 |43.0 2257 12.2

3 449 1:1.45:16 0056 9.0 1327 (836 |39.1 2257 122

4 430 1:1.35:16 00.56 |4 385 | 724 |53.2 2263 |13

4 443 1:1.35:16 0.056 14 41.0 | 785 ;52.2 2263 113

4 444 1:1.35:16 0.056 |10 376 1839 | 448 2263 |13

S 430 1:1.35:16 0.056 16 40.1 ;1 78.7 [ 51.0 2261 1.2

5 440 1:1.4:16 0.056 5 415 | 84.1 1493 2261 1.2

6 430 1:1.35:16 0.075 |10 358 1757 149.1 2259 2.1

6 440 1:1.2:16 0056 |95 (335 |88 38.1 2259 2.1

7 440 1:1.35:16 049 {40 {404 |75 53.8 2266 1.4

7 440 1:1.35:16 049 |40 (375 (1735 |510 2266 1.4

20 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,



2266 1.4 7 440,),,1.35:16.0.49 4.0 37.5 73.5 51.0 2266 1.4 20For the purposgs;Qfihgresent
invention, "predominantly" is defined as more than about fifty percent. "Substantially" is defined as
occurring with sufficient frequency 24. VI' If <MUM 1.6."Hil' LI USZIIIMM1422 or being present in such

proportions as to moer%surgab affect m%crosc%) gg%erté%s mh? % C|ate0dscc(:)om ound or system.
Where the frequency or |§r8por l0n TOF S6C mpact 15 noten clear, S e a‘ﬁ’iy SR e eﬁ%\ersd%aaﬁs about
twenty per cent or psereiaPieompaurdfersistonk cOhsistihe kepmntniy anfd@mﬁ@dsa@anma&u%

percent of the feedgtpckehy éma&:mﬂbeotsé%gﬁmmuai%&%a&y%&eée;&eeﬁﬁcﬁpsq%@%%ﬁxgeDt that
small variations whjch_have no mqre than aﬁ:g%églblg%%{e t on acr co ic qu?lltles and final
n

outcome are perml as%ggww%e% pﬁr as at east pe cent of the feedstock by
5  volume. The term "essentially free of" is defined as absolutely except that small

variations which have no more than a negligible effect on macroscopic qualities and final

outcome are permitted, typically up to about one percent.
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CLAIMS That which is claimed is: 51. A catalytic composition for the ammoxidation of propane in the
gaseous phase, which comprises one or more crysta&%ﬁ‘ﬁ\q@ses at least one of which is a first phase
characterized as having the M1 crystalline structure and comprising a mixed metal oxide comprising
molybdenum (Mo), vanadium (V), antimony (Sb) and niobium (Nb), wherein said first phase has a unit
cell volume in a ramger wiviet dfeiimi@id255 A3 to 2290 A3, a first crystallite dimension and transverse
thereto a second dimension with the proviso that the ratio of first to second dimensions is in a range
downward from 1.5 to1.0. 2. The composition of claim 1 wherein at least a portion of the
composhion is 15formed bndes@aivtiticAEIBPERMAINE Ao A BPesidBifhglsPuURES of MMEIARFENSIn

amounts consisternipait) @tﬂém&% mié@gh%fimsa@tﬁsiabmﬁéqﬁ@aée@bﬁégmﬁmwmrmsﬁ
MoVaSbbNbc08 w ereO <a<1.0,0. qr‘ 0 |s the number,of

¢ <0.25, a
oxygen atoms reqUit&dtd ﬁfﬁefﬁzee%ﬁﬁse avdﬂ%ponegﬂt e e¥nta(htl§ %%ré}‘gin fmdtro “feutraity o 3. The
composition of clameRvheidincanipasing porlphdentve cNslallineadiaterieY is foliveenby @hreodss

which comprises combininenthe %@ME&?s@fcmﬁE@ ;%% inag %ﬂt&%ﬁ%ﬁ%&ﬁmé%mﬁm
combined mixture tQ recoyer solid mag,terl S, nta{tA nin (rgeﬁvered sollc}%at elevated

temper&lures for tinfes <bffilfient 16 fomfa @ag’fy JERSVESs, LKL A pSEian of
claim 1 wherein atdeastsonovtitntbé lgbre\cmtba(sihorralsd@rﬁﬁ'ﬂst md@wdrrﬂmgmmcwybaﬂlm by
combining sourcesdgmgi\hl%ﬁil@ amgunts consistent with a nominal mixed oxide material
represented by the empirical formula:

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

15 formed under conditions of crystallization by combining sources of metal ions in
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20MoVaShi,NheXdAiO8 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<1.0,
0.01<b<0.5, 250.001<c <0.25, 0.005 <d<0.4, 0<<0.1, and 8 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 elements in the mixed oxide can be present in an oxidation state lower than
its highest 5oxidation state. 5. The composition of claim 4 wherein at least a portion of the
crystalline material is formed by a process which comprises combining the sources of metal jons in
aqueous solutions 8matuieoBsHisELFES) arfTpirAeTEwd Midds quesial rteraies! lecdierannigal
materials, and maiftaining the recovered solids at elevated 10temperatures for times sufficient to form
at least the first crystalline phase. 6. The com%%sﬁ%gé%{é aim 4 wherein the aqueous mixtures are
reacted at temperatures below 100 C and ambient."8 rambient, pressure, and the recovered solid
materials are first maintained at elevated temperatures of no more than 400 C, and thereafter in a
range upward from 550 C to 700 C and ambient, or near 15ambient, pressure. 7. The composition
of claim 4 wherein ¥heisst a poﬁién%‘fﬂe%rystalline material is formed by a process which comprises
combining the sources of metal {aris<rbaqu@ous solutions or aqueous mixtures, maintaining the
resulting agueous mixture at eleolagﬁdggrgg)eﬁgt%% and pressures for times sufficient to form at least
the 20first crystalline phase. 8. The composition of claim 4 wherein the composition comprises a

mixed metal oxide in particulatedférfhecBimbasi g EecEGHpEATHE A s sHON e

vanadium (V), antimony (§@)dikanismpdhemndenionisiprcdyh. 9. The composition of claim 4
wherein the composition comprises a mixed metal oxide in particulate form having, as component

elements. molybdenum (Mo), vanadium (V), antimony (Sb) niobium (Nb), titanium f(Ti), and cerium
(Ce). 10 3. The composition of claim 2 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, drying the resulting combined mixture to recover solid
materials, and maintaining the recovered solids at elevated temperatures for times
sufficient {0 form at least the first crystalline phase.

15

4. 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:

20 MoV, SbpNbXeAO;
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<1.0,

0.01<b<0.5,

25 0.001<c <0.25,

0.005 <d<0.4,
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10. The composition of claim 1 wherein at least a portion of the composition 5 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: MoVaSbbNbeTid0 where0.1 <a<1.0,
100.01<b <1.0, 0.01 <c<0.25, 0.005 <d<0.4, and El is the number of oxygen atoms required
to maintain electro-neutralib\ég th 0H1er component elements present. 1511.A process for catalytic

u

conversion of propane or is ?ané‘“to an unsaturated nitrile or unsaturated carboxylic acid by

ammoxidation in the presémgélefrmbmmiﬁmgea smlmg@jlﬁiiéd(yqm@ﬂﬁxidhﬁ@ﬁ-h&ﬁhﬁi@f&ﬁ&h@e of a
source of dioxygen,eaPesiishent g2 pamicuiaie sl dicaialyslyish SOMATRR3.C0P B DAL
At

crystalline phases at least one of which is a first phase characterized aving the Ml crystalline 20
structure and compri€igy Fﬂiﬁ@d"?ﬁ&%%ﬂﬂ&%ﬁ?d’@?ﬁﬁtw fr8Y, ‘ParsadiamiehicBrtimony
(Sb) andsniobium (Nk)datibergaiesaid first phase has a unit cell volume in a range upward from 2255 A3
to 2290 A3, 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 1.5 to 1.0. 25 ]
3. he composition of claim 4 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, drying the resulting aqueous
mixture to recover solid materials, and maintaining the recovered solids at elevated

10 temperatures for times sufficient to form at least the first crystaltine phase.

6. The composition of claim 4 wherein the aqueous mixtures are reacted at
temperatures below 100° C and ambient, or near ambient, pressure, and the
recovered solid materials are first maintained at elevated temperatures of no more than
400° C, and thereafter in a range upward from 550° C to 700° C and ambient, or near

15 ambient, pressure.

7. The composition of claim 4 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 ternperatures and pressures for times sufficient to form at least the

20 first crystalline phase.
8. The composition of claim 4 wherein the composition comprises a mixed

metal oxide in particulate form comprising, as component elements, molybdenum (Mo),

vanadium (V), antimony (Sb) titanium (T1), and niobium (Nb).
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9. The composition of claim 4 wherein the composition comprises a
mixed metal oxide in particulate form having, as component elements, molvbdenum
(Mo), vanadium (V), antimony (Sb) niobium (Nb), titanium (Ti), and cerium (Ce).

10.  The composition of claim 1 wherein at Jeast 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, SbyNb:T140
where 0.1 <a<1.0,
0.01<b <1.0,
0.01  <c<0.25,

0.005 <d<0.4, and
& is the number of oxygen atoms required to maintain electro-neutrality of

the other component elements present.

11. 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 dioxveen,
respectively, using a particulate solid catalyst which comprises one or more crystalline
phases at least one of which is a first phase characterized as having the M1 crystalline

structure and comprising a mixed metal oxide comprising molybdenum (Mo}, vanadium
(V), antimony (Sb) and niobium (Nb), wherein said first phase has a unit cell volume in a
range upward from 2255 A’ 10 2290 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 1.5 to 1.0.
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