METHOD OF MAKING MIXED METAL OXIDE CATALYSTS FOR AMMOXIDATION AND/OR
OXIDATION OF LOWER ALKANE HYDROCARBONS TECHNICAL FIELD The present invention
relates to method of preparation of solid compositions containing mixed metal oxides that exhibit
catalytic activity for ggup@xidaion or oxidation of lower alkane hydrocarbgrs A RE9eHSE an
unsaturated mononitrile or organic acid in high yield. Mixed metal oxide catalyst compositions of the
invention comprise, 10 as component elements, molybdenum (Mo), vanadium (V), antimony (Sb),
niobium (Nb), oxygen (0). BAGKGRDOMNDRINE WEXBH/ENTAO M il iles8ie wag acrylonitrile and
methamylonitrile have long begaifskisialuPiodertASHEPRIASE DsrRediaissdor the preparation
of synthetic fibers, synthetic 15 resins, synthetic % like. A major use of acrylonitrite is in
the form of fibers. Acrylonitrile-butadiene-styrene terpolymers S) are important thermoplastic
structural plastics. Nitrile-type rubbers, first commercialized as the German Buna-N type in 15,30, are
copolymers of acrylohitrile and a diene, usually btRa#REEALTRELBurrently practiced commercial
processes for the production Bfenitrites isuciv? Gehsacrylonitiler arg:nrethacxyilenirilassukject an

alkene, i.e., propylene acispimgengeda@aciiondnagasphasaiminanyneniaand axygen.in the
presence of a calalys ab gl SRIEN B SEAIAN S SRS IBUPAIGNS employed are

proprietary to the catalyst supplier, but.the technology is well estaplished. F_ur?hermoreg, [ s known to
include additional startiﬁad?ﬁngtgegrlgfggin% %n%etgag?{lor‘faatfitjéﬂa%ﬁﬁ?sslf"’s 58h B I BIRRUIAFE B DXy gen
and/or steam, gas, dhd ThEPFHTATET RSl AL ATTTE EMIn deeasine i Bigwiterns 6¥), withitre
hydrocarbon starting m#tpiakyess {Rview of the relative abundance of lower alkanes relative to
corresponding alkenes, resulting in price diffexemcaspantictiaiyrtwesn propane arid propylene or
between isobutane and isobuigngs attentioB-ashesACrRNLRARNEIORINGIMRIRYed A0 GAtalysts for

produ_cmg nitrites from tprgg&ieasssi ﬁqg@rggtsh\{tgmliggya%rsaflgg_atggsfeParxggO%ng or Isobutane Is tsﬁggi as starting
material in an ammaoxidation reaction with ammonia and oxygden in a ga@‘ p%ase e’ presence of a

catalyst. Catalysts cf&té?ﬁfﬁg%%‘%d%%%?‘%ﬁ%&iﬁﬁn SaRHORS A lhisimien Bavétheen shown
to he effective for convet&itin SFBIBITEKSYBBESIEHIISarrgs itthetdns s tbaordbsitile (via an
ammoxidation reaction) ssnchrsietheds oNprigpapatidhod, Jaid coatalyBizdre desGeted Bufthmerous
publications, patents angpatenicppisalians: Seeytniexannlaeld, SuiatraNe. 5,750, 760 to
Ushikubo et al* U.S. Patent Ng,.6,036;88Q40.45Qma02.61 Ale oS PRSI NR 0 k43:2:16,{9, Hinago et

al., and U.S. Patent o.ag,a51ffo,920§et% noeldgcetk%liuggbéig%art:art%%(stg ceont%lnlgg mo,I;/ denum, tellurium,
vanadium, and niobium Brd mMethods of preparation’of aid catalysts afe described h U'S Pat No.
5,049,692, U.S. Pat. NoF& @588 PRE° Pt 2RGOBE] oFxgsnip &° parigs o652 s800as% 2 U.S. Pat.
No. 5,422,328. Further, exitetzialyisesebntdinirripiyio [{ivaeainms, carladiuase siobiegwy andvantimony are
described, for example, d8t:FsPappiq. v ABO1ED14dySs Ralll. dahidh#0 75384 GandsUsbwlPatent No.
7,087,551.  The methoslaoiarenaratienohsaidicatalysts canoenealdadividessinimo
categories, namely, fiydrothermalARd-nqn:nydepthsmaln he se:caled:nydrathismal route generally
an aqueous mixture of |wtgegl%ng§aé§r£g%%teq atmaagJ r%LI{evated temperature (e.g., 150-250C) and elevated
pressure (e.g., 200-300 psig oypresuma%ﬁ/ rm mixed

In view of the relative abundance of lower alkanes relative to comesponding

alkenes, resulting in price differences particularly between propane and propylene or

between isobutane and isobutene, attention has been drawn to deveioping fmproved

30  catalysts for producing nitriles from these, less expensive, lower alkanes. Propane or

%scbufans i.s uged as starting material in an ammoxidation reaction with ammonia and
oxygen in a gas phase in the presence of a catalyst,

Catalysts containing molybderum, vanadium, antimony and niobium which have

been shown o be effective for conversion of propane to acrylonitrile and iscbutane to

35 methaorylonitrile (via an ammoxidation reaction) and methods of preparation of said
1



15 oxide catalytic phases. In the non-hydrothermal route generally an aqueous mixture of ingredients
is treated at a temperature generally less than 100C at ambient pressure followed by drying to prepare
a catalyst precursor. The catalyst precursor is heat treated or calcined to form the catalytic phases. For -
example, US 5,750,760, US 6,514,902, US 6,610,629, US 7,087,551, US 7,109,144, US and EP
1,632,287, EP 1,808 278 4H& 0 20 2007/119376 disclose methods of rem4zorahesmal preparation |
of catalyst compositions comprising molybdenum vanadium, antimony, and niobium as component g
metals. US 5,750,760 discioses d of preparing an aqueous solution of a precursor to an oxide
catalyst of the empirical FTormula %%503'5?6?,5 SPERSCREYE red SelsHeiisitiont sttected from the
group consisting of Nb, ?ranWplﬁUZSr FEFMNTR, SF"'éO’Iiﬁo CHsRbN Py SEPRtnBole, Besdnoalkali metal
and an alkaline earth m&eaidast (1) @ SrRatinotfo b AdHME abthaxing, anc orspaeschzoRiNing Mo and a
compound containing aw eleeslt represented by X to an aqueous solution containing V component
and Sb component tg obtain @ﬂcﬁ%‘@@é@c’é%iﬁ@m‘afy@nﬁnﬁnﬁﬁ%lnot&dg'n an xm ?compound
containing ¥ and a compayd Ganialning an,cleenirepreseniqu By X 6 i Ci - SQluton
containing a 30 Mo compoonentzand) a Sh component 10 obEin gh aq Gebts™Sblu %grﬁ %Jéjé 514,902
discloses a process of MAKIRg &N G dE" §a¥étiﬁ? -Cottipttsintg®a Pébil?ibé&ﬁ?igé%dﬁdéb%tﬁihiﬁg Mo, V, and
Sb as essential comporiéit: é?ém@fﬁ@irv?ﬁ@ﬁ pevESScosimpe sendybisbjestingdiwolutibnmarasturry, in water
and/or alcohol, of a ranamtisteyateriextuiret ConaprigirglasMacompesinNds a\s.qampeung;agd an Sb ;
compound as essemtial xavw Matesials tnog7epecific 35 oxidation treatment using an oxidizing gas and/or :

an oxidizing liquid before subjggting, 2 M%g oF slyrryto dr S bs nt calcination.
Catalysts made by the m thads deslcrispt;% oV no ogroa\%?d% ell}.leé%e ;éelgi(tl#/ ity and yield

required for a commercial Applicaton. ri’t I$an % jec i’r’i“vaénlﬁ‘ e 5rERA edeiamets for the |
selective oxidation and E&H’Wﬁ&%‘d%’fi%aﬂTeﬁi‘Ré‘H&%ﬁﬁl’i‘ﬁ’éﬂ‘ﬁﬁﬁé%B’%l@é ety ekhlyses s SYMMARY The
present disclosure relaté$to #rétHéd B el rmixee (retat bidesEtalysteconipdsitionssthat exhibit an |
ability to facilitate ahffmoxidtatieityor gxidatio moha-seditateckihyokogachon 40 die.cokasReving ;
unsaturated nitrite or 1ngns@,i;w@t%daﬁarmcp<%@s§ﬂergéaighiy'ﬁéga@mdaﬂeca@%%%&s%&gsi@ese catalyst

for economical conversigns,of L%/g{ngik%ne% gtg@rp]orgcsu Sene Q/ Sthgem%c}ec‘i mgtale%ide catalyst
compositions of the present dISC osure com nse , &S comp onent ele ?Jof’

e
vanadium (V), antimony’ (&5} Richiim tREY Ao i %m%aé'iﬁ%%?ﬁp?&&i@n%i ﬁidsgﬂ?’vé" tion
comprise oxides of mol§Sd&rInt S/ atditint SiPbiy; ¥lleidR | £52 30 RIM,Sahe Btdebdtone element
selected from the gé8upre®iisiiiia diesidithmairde eSiaminrmisidinan ptitaniong fitacgemmapigtenzirconium,
hafnium, lanthanum praseedyngitidyiieaehy Rk s oaaE I AQUERRIUL:G3RleNRI R .AN¥SPEOSiUM, ‘
holmium, erbium, thuliugysyties Qlé&ﬁﬂs&'&%@iﬂ@&'U@re}ﬂﬁé%d%ﬂb%ﬁ?ﬁ%ﬁi&'§F£Q§&gr§>?tH’QPEQ‘é@d method for -

making a 20 precursor 19, }'?t ())({egeog%%% Ci:’ltta l%stl Jo\dolﬁesvbw% (i cing @gré/lorlfirsiiemog I e%tgiacrylonitrile
from propane or isobutanc by ammoxiclation in a gaseous e sald cataﬁg} comprising the

elements molybdenum ff&%&“\f&”ﬁé‘&lﬁﬁ‘ff“@ffﬁfﬁ?ﬁ%&‘iﬁ(§b) niotaim (b % g‘é‘hr(‘é’)Néé' method
comprising making % reBefofriixtirdkel asmoiybaerimresmboonl 2o VaradiedrEeidipoudd, an
antimony compound, aneingh ogerpe roxideingddmprovement 2sngainpesihgieconpactngiany one of
the antimony compoundytRaJsaphiacan umcanpns andhpesmaaiiumoeemarwnswithhydrogen

-+ peroxide prior to m'““%ﬂﬂ&@uﬁ@‘é}&%ﬂ'%%g M@QA?Q&&A@Q%%&M%%&BMQ&?Q%@ Pgigxide used is

such that molar ratio of h roggnﬁ roxide egﬁgntimoer; AT tFe %tg sgé%uiysghﬁggnge of 0.1 of 5, and
further comprising drying the TesOtng Tt re 16 Torn A Gold preaurasi s S Mir A Hr Mshact, there is
provided a method ?g n‘i’&kﬁ‘?&%"%‘|6“E)r?-:§ﬁr%?&ﬂ‘%"n‘ﬁx@ﬁaﬁﬁaé‘%ﬁ?é?}%’l“fm“us@smﬁﬁﬁé&ﬁ%ing
acrylonitrile or methacryds#iitrites frosesprbpaivre or ¢sivboraiyve bymaramoxderationdipcEigaseois phase, said
catalyst comprising the siemenis 3nalydadent datibtadnivanasis hdd)prartirenyr ) suabiim (Nb),
oxygen (0), and comprigifg;gh @Q‘iﬁ%@?ﬂdﬁt&fmﬁoﬁm@ﬂ@ﬁ%@%%ﬁal mixture comprising a Mo

compound, & V compound, and an Sb compound as essentiai raw materials to a specific

35 oxidation treatment using an oxidizing gas and/or an oxidizing liquid before subjecting
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"MolV,GbbNlicTedM,X(ZgOn wherein, M can be one or more alkali metals selected from the group

consisting of Li, Cs, and Rb; X can be one or more selected from the group consisting of: Y, Ti, Sn,

Ge, Zr, Hf; and Z can be one or more rare earth metals selected from the group consisting of Pr, La,

. Ncl, Ce, and Ett; and wherein 0.1 <a <1.0,0.05<b <1.0,0.001<¢c<1.0,0<d<1.0,Use <0.1,0<
f<0.6,05g <0.1; and n is the number of oxygen atoms required to satisfy valance requirements of all

other elements present in the precursor with the proviso that one or more of the other elements in the

precursor can be present i an.oxidatign.statglower thanitshighesiaxidation siale, g, B.c d. e, and g
represent the molar ratio 1g})f thg cqgr%sagondin% elemecpt t%one mlol of Mg, a gl said raethod

.. = methods describe ove do.not provids ate ssiecfivity an eid reguired. for &
comprising making a réaction mixture comprising a moﬁ/ enum con%ou , a vanadium compound,
an antimony compound®aReriydreiiaitheroxide, wherein said reaction mixture is prepared by
contacting only one of the aritimenyisordfoumdntre tnrodybd ereimtcbmipoghdarndithgeovariadium
compound with hydeogamperaxideniierdodnixagwithaeusse campounds for the remsining elements
contained.in the mixed oxide catalyst wherginamgynt of hydrogen peroxide used is such that molar

ratio of hydrogen peroxide to anfimony.in the, catalystis,in the,range;8f 0:0%49,40; and further
comprising drying the resulting mixture to form the so Id precursor. n a second aspect, there is
provided a method of aftififoXietitio ACEPESkIeRit B oPaititaratelity it fedtinat sasrpitfreTof saturated
and unsaturated hydroeaideos: tofprosicesdnvivsatoratéd fitriererariunsaturated olgédnicracid, said

method comprisir?gr;g uﬁg\yﬁggalum@rﬁgaaiajrm mgﬁa&g@gj,dg;;@%@%@&&ﬂ@@pﬁ!&@r&ﬁ@@&g-qui.fier to
form a catalyst mixture wherein fhe.performancaumadifier isselested Fom e graup,copsisting of

aluminum compounds, an}lmony compounds, arsenic 1compouncls, boron comp ur]eg% %g{}ggc[gnum _
compounds, germaniurfi €oMPBEECRESURS ESIHESURGS hEBR i CORpouUNnds, niobium
compounds, phosphorudeeTpsis) sEERMH I ComFBURIS Ltalt At R HHRPb THBECFfaM O
compounds, tungsten ciinpounds; vemerikurrdempo metddzirge niarmitom potmds; dethimmixtures
thereof; and  contactipgithesatdiaiechotimsaturatethammixiee ofsatuaietuang wrsaturated
hydrocarbon with an oxygen-containing;gag. ALwih an.axvgdencantainind.gas aodammania, in the
presence of the catalyst mixture, wherein _  In a third aspect, there Eﬁ,ﬁ“ﬁ}gd&?}% 2an improved method
for making a precursor F5°§yﬁﬁ%dsaé§ﬁa‘éméa%ra°ﬁ/s?tnfﬁr use In br)éauung‘ acry’lon’ltrl e of mefﬁnécrylonitrile
from propane or isobutaffetyaariititation in a gaseous phase, said catalyst comprising the
elements molybdenum (Mo), VEiradiutire£itre antinrenyr(Bip)otedlmtm (Fedanighkium (Nb), oxygen (0),
and comprising a mised,exige-af the-empitcatfommtlaecMavatShbbNbehedbe Xtdgovwherein, M can
be one or more alkali mgfals, selected Hom-be: SRR SeRSISH BGeat LS @NduRR: Xrsatke one or

more selected from the group consisting of: Y., Ti, 2038 raﬂ& & C%Qb?ﬁn ornore rare earth
metals selected from thegl {%;Fi%nmésoﬁglfﬁ%a%f@ﬁ)’ ?:a, N:JI, C?gj ’angu é%l?qanélvl\éhgre%ﬁg.)i 337% <1.0,0.05<
b < 1.0, 0.001 < ¢ < 1.0,/ SHIFRIGEFIE P § TGE" FLHL 0 PRI HRERS R sar of oxygen

atoms required to satisfyarafitrceorenguife R EMS B SHHPHE SRhIEtE REE R e DPSETTEor with the
proviso that one or mpraeeiihengtbetetamentsdnithe precursomparnd dpresdedtimrarvopgation state

lower than its highest oxjdation siaiem erthotndhv e ydbchopepiasant thammelan tiatio oftheng
corresponding element to one mole of Mg, and saidmeihod compLFIng MakiRg Adgaglionmixture of a

molybdenum compound‘,ng\rvanadlum compound, a antlr’pony compound, %qd IP drog?un eroxide,
‘wherein only one of the HAREBRFESH IS AT e niBlyBRER P comBating, Ghd the Y ahagium
compound with hydrogerepersiglenfrichsTHNG R therehisirieeitfedients wherein amount of
hydrogen peroxide used is such that molar ratio of hydrogen peroxide to antimony in the catalyst is in
the range of 0.01 to 20.  The present disclosure also discloses a catalyst comprising a mixed oxide
of the empirical formula: MolV2Shi,NbcTedMeXrZTO,  wherein, M can be one or more alkali metals
selected from the group consieting of Li, Cs, and Rb; X can be one or more Y, Ti, Sn, Ge, Zr, and Hf;
and Z can be one or more rare earth metals selected from the group consisting of Pr, La, Nd, Cc, and
Eu, and- wherein 0.1<a<1.0,0.05<b<1.0,0.001<¢c<1.0,0<d<1.0,0<e<0.1,0<f<0,6,
0<g<0.1;andnisthe number of oxygen atoms required to satisfy valance requirements of all other
elements present in the precursor solid with the proviso that one or more of the other elements in the
solid precursor can be present in an oxidation state 5 lower than its highest oxidation state, a, b, c, d,
e, f, and g represent the molar ratio of the corresponding element to one mole of Mo said catalyst
made from a precursor made by the improved method described above. For a more complete
understanding of the present invention, reference should be made to the embodiments described in
greater detail below and by way of examples of 10 the invention, FIGURE BRIEF DESCRIPTION

Fig. 1 schematically illustrates that the present invention provides improved acrylonitrile yield.
DESCRIPTION 15The present invention provides an improved method for making a solid precursor to
a mixed oxide catalyst for use in producing actylonitrile or methacrylonitrile from propane or isobutane
by ammoxidation in a gaseous phase said catalyst comprising the elements molybdenum (Mo),

vanadium (V), antimony (Sb), niobium (Nb), oxygen (0), said. method comprising making a reaction
mivtiire comnricina 2 molvvbhdeniim



20 corhpound, a vanadium compound, an antimony compound, and hydrogen peroxide, wherein said
reaction mixture is prepared by contacting any one of the antimony compound, the molybdenum '

compound, and the vanadium compound wit dr eroxide prigr to mixing with source
compounds for the reI?nai';afll(rglfinagSp éz%ﬁ%ﬁtg 8’6‘?1’%%%1%8’ ?%%E%E%&%& %%(lgg SR WHPEiF 8RSunt of

hydrogen pero5&dstiSesstsrseieAugizg molar 25 ratio of hydrogen peroxide to antimony in the catalyst is
in the range of,0,03.40:20..a0d fHithercomprisingduying.the.resulting mixture to Jorm the solid

precursor. As used herein, a "source compo C{1d Is any compound which contains and/or provides
one or more of?ﬁé’%ﬁ%@ﬁ‘éﬁ@%&%ﬁﬁ%ﬁ‘ﬁ%g%ﬁgeg&%&%%é’ﬂﬁgﬁ&ﬁpggfﬁgﬁ? W)W Bodiment of .
the present invedhiiowytre(@olybdemrsircompdnd ds 80tsompicted fwithihydrogen peroxide to form a
Mo-peroxide reaction mixture and the vanadium compound is mixed with antimony compound to make
a V-Sb reaction mixture and the V-Sb rea_Mf’dXﬁﬁ}? s¥ctideted with said Mo-peroxide reaction
mixture to fornwaeconibired:ve:- -8 mikalrecinsorletahboudifrrestuheoitiSbaetiction ambdre is heated

a:) ate ?SDerath@cgi &aﬁy%%gﬁ@b@aéﬁ& %&g @Q%&:ﬁe&%‘g&@ Rerature So &y fhesm %&quecx%abgutd 1510
about 45 minutes, prior being gontacted.with the Mo- eroxide reacli ture. In one embodiment,
the V-5 reaGh LG e 5 e e e e ABDL 400 b ST Z0GE for about
15 to about 45Whttad, Triol-Being EdritdcdtetiURithaiie ME-peratiBd reastioh Pibitife: hsariother
embodiment, the; n8b redctionsnixiusevis-heatedralade mperatyral afabeui-98 & farabeuk30 minutes,
5 prior being confagled with;ihe Mo-Reroxide reacion mure (A5 U3ed Bersif, feflux temperature™ is
the temperature at which the reag_tlon mixture boils at atmospheric pressure. An aqueous reaction
mixture (i.e. aqiBHY SHRCE SO PO 8RR ETH&RRIT HE T CEMOTHERS fofhfthe reaction
mixture) will hawe ereptiex: tbmparatuie oftaboute100Gnd OAs-anembodineiiofdheqiestnt invention
the vanadium cgmpgundis:coniacted with:bydrogenperoxdadodanma MaRefaade teaction mixture
and the molybdenum compound is mixed with rgtimorl compound to make a Mo-Sb reaction mixture
and the Mo-Sh°PBREHSn Thisttre T 8%‘8%’88?& RS RTANTS T ([ ééc&iéﬁ‘%ﬂs?t"d‘r"é {8 6Ffn"a combined
Mo-V-Sb mixturesindneeintiodimbmote frorSprenetiarrmik thranst fidamed dEnptadeniderature of
between about,8Q6nie akeutrelinstesanaatucesfor theomixtureifer-abodde ka4l minutes, prior
being contacted i, fhs. Veperoxide Leaction mixtuie. 10.90s embadiment, g, Mo:Sh reggtion mixture
is heated at a tem-p_er%\ture o?sbetwe_en about 80C 1o aboutyi(_)OC or about i fé a olt 45 minutes,
prior being contEAtEF Rt tHENAEHSIH & ERBAT R I P e FBEEI R dhib RS 20
reaction mixtureistheated fttactempeiatyré of bdtweenabout®o foraboulid@reinates, prior being
contacted with the V-peroxide reaction mixture. ~ As an embodiment of the present invention-the
antimony compound 18 édftaedetiRiith HarEgeA BEf ok iBE o S a B fEkox & FEETo A rixture and
the molybdenuwnuess pouisdus adixetivite vanadium compound to make a Mo-V reaction mixture and
the 25 Mo-V reactign.mixture, is tacted.with said Sh-peroxide reaction mixtureto.form a.combined
Mo-v- S st B e o
between about?8GC48 BEBR BOETFEAbout 15 to about 45 minutes, prior being contacted with the
Sb-peroxide reaction mixture, in.one embodiment. the Mo-V reaction mixture is,heated.at a '
temperature of betwelgg| 2 aEJF 808%5 zﬁr;%yolrjl}“[l%)8’(%1‘,&%OcaffoMry gﬁagfjgt ig ?To@oélﬁgjcteéfgoﬁﬁ%ﬁru%ggoﬁigr being
contacted with THEXSHIRERES T FEFc S nPRTRRIFESS| PAHE R ETTEEHIATERt I EID-PFERBESH mixture is
heated at a tempetatireefabnodit G-fory abopb30sninates cprenbeinpeontaetpcaith dhiessb-peroxide
reaction Mixturg, . uqas NARGIESK emhodine e combined Mo Shseachion.nixtylg isheated at a

35 temperature less than or equal to about 80C for. at least about one hour, prior to being 5 contacted

with the source"BPRSEAAFEPIRE rETRRINTHG TR CEREIAEY FATAE MG BtHe BTt As used
herein, "at least@irowdsntrtusisn’ rreprindboytdne kourontisngerotnyetoamothey embodient, the
combined hilo-V=aRsreaction mixture is heated at a temperature greater than or equal to about 70C for
about two hours, prior-to being 5 contacted with the source compounds for the remaining elements
contained in the mixedooxidiegdtalystrated Aer aireniiodirpe ntisfuite reserstdhvadtiorsthveiadolar ratio of

H202 to Sb is ime-sAage-@f dd@xdeen-containing gas, or with an oxygen-containing gas and atmonis, in

the presence of the catalyst mixtare, wherein

said dry metal oxide catalyst is made from a precursor made by the method ag defined above.
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In an embodiment of the present invention the molar ratio of H202 to Sb 10 comprises 0.5, 1.0, and
1.5.. As an embodiment of the present invention the catalyst comprises a mixed oxide of the

- empirical formula: MoNaSbbNIlicTedMeXiZgOn wherein, M can be one or more alkali metals selected
from the group consigtingyds oL Ge-ARLRBiuS CaNRLQNE QLR Selasied framile group
consisting of Y, Ti, Ge, Zr, HE and Z can be one or more rare earth metals selected from the group
consisting of PPTARY E&YEAY Bi%nd  wherein 0.1<a<1.0,0.05<b<1.0,0.0D1<c<1.0,0 .
<d < 1.0, 0 < pediBidg @crylfmin@ss o0mefaaronitdldets rive e viber Ok oe Ao ey dired to satisfy
valance 20 requitemsints of ali.alhetalementspersentimihedresurser, salidiwitmtheqaraviso that one
or more of the gther elem in the precursor solid can be present in an oxidation state.lower than its
Highest oxicatSH S B e T A e A S Y ement t
one mole of M&™&é catalyst made from a precursor made by the method according to claim I. 25As
an embodiment of the present invention nen e catalyst comprises Li. As an
embodiment of the present invention thetg%ﬁ%g%gﬁ%?ﬁf%do t%@%ltalyst is selected from the group

comprising Ndy g and-midure 9fNE and:GRels selecASiRM b bedimentahihe presentdnyention, b + d
a. Furthermore as an 30 embodiment, 0 <d 50.06.  .The g)fr.y tinvention can comprise heating
said solid prectr&8r cBmPriing compounds of molybdendm ( t?}ﬂ vanadium ](g{% hiobiim (Nb), oxygen
(0) and contactgvaheftewiviomsa sehrscHEat ity mergrostngii about $56if Btibthe
precursor solid#nixtyite attaing a precaleinniicn terapearaturedef notoreater then 4006 03 < As an
embodiment, the present.invention ise ti i id. bre isi ompounds
of monbdenunB; %M%%,uvgtr%d?ﬁﬁ% \Y ?%% %%%(%br)&%%{/&]%ﬁ%%igé%%ﬁé%%\%ﬁ%ﬁ?ﬁlﬂgias at a first
heating rate grasmeRtREFIcEbBURIDEH Uit i BretUrebP Sl ik irds ﬁﬁ§1ﬁrﬁPéscﬁl%?ﬁation |
temperature opnoirsgraeaieprthan 300 Cridatcontdotingisedtrictheatirideratesgreatér thar.dbout 'amin
until the precugsgr, solid mixiire Attains 2 AL MRS Ol EIWES B3 006 3RS0 wmid médhembodiment
provides a method of ammoxidation or Q)gidati(%n Of? g\turated or ur&saturatfd or mixture of saturated
and unsaturatégHyarSCAESR ?666?3%51@%6uonsaa?ﬁ’rﬁe?“ﬁﬁﬁf)emg?ué}n dnSafirated Bryaticacid, said
method comprisitgenyivysivatil. EOdhixirmgea trprtetal sxiacowatahystiabrl atpendo rrapeadmbdifier to form
a catalyst mixtyigywwhere nthewneriamancemoditionissalectedkomihe groupeonsisiingof
aluminum compauipds. AnimMoNY. SOMPORNS AISRNIC £OMPRUDAS.RAED LOMPRUNdS: FRLm
compounds, germanium cow%p uncfg, lithium compounds, necdymium compounds, niobium
compounds, pﬁé@ﬁ%@%ﬁﬂﬁéﬁ?&?@%l@ﬁﬁfﬁ?‘é@ﬁﬁﬁdﬁﬂﬁ§ﬁéﬁgm #5%ompounds, titanium
compounds, tungsten compounds, vanadjum compounds, zirconium, cCOmpou and mixtures
thereof; and contacﬁﬁﬁpfﬁsérgéjfffgﬁfga oral rllss%ﬁefqa gﬁ%’rs TR e e §§ea%%§6nsaturated
hydrocarbon witkriairelokygén-containing gas, or with an oxygen-containing gas and ammania, in the

presence of the catalyst mixture, whexeirvgaighslngmetalmxide catalyst is made from a precursor of the
prejent invention. Zg,é,ggrf@rg%m%mpgﬁi@rﬂ&ﬂ*&%@ﬁ%&@&&d’wﬁ@%@wce{;mmgse antir(nO)ny (Iclll)
oxide, antimony trioxide %) 3), antimony (Il gt N :tiarQ / (D) tartr jgeo antimony (V) oxide,
antimony tetroRide, %b‘gﬁ( :Qge“rgrrhgash?ﬁ?ﬁ”(ﬁ?%o%(’ggétéﬁﬁ%_’ac%%’%eéo%af %’"taﬁ?lﬁn dioxide (Ti02),
zirconium oxide ¥z M CARFASH PSR BET Eib By R mire A To kit b & Mkdtr&thereof. 25In one

embodiment, the performance modifier comprises at least about 0.01 moles per mole of Mo in the
mixed metal oxide catalyst composition.
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The present invention provides an improved method for making a precursor to a mixed oxide catalyst
for use in producing acrylonitrile or methacrylonitrile from propane or isobutane by ammoxidation in a
gaseous phase said catalyst comprising the elements 30 molybdenum (Mo), vanadium (V), antimony
(Sb), tellurium (Te), Rigbitm M), oxygen (0), said method comprising ma&%%?zﬁ?%%@%? mixture of a
molybdenum compound, a vanadium compound, an antimony compound, and hydrogen peroxide, the
improvement comprising: contacting any one of the antimony compound, the molybdenum compound,
and the vanadium compound whithih§drogen.perepdde<arios.toraixingoydthdhe gemairing 35 ingredients
wherein amount of hydrogersesxideiused isisuehihatBRlaEatRAL AAvaradenpargxide to
antimony in the CatalyStxjéllmemtggnglee@;xoé&%e%%gésen inAthse argct? mxb 59 %me!tgttg trb;?‘ prestent invention,
the amount of hydrogen eroxicg@lus d is such that moTar rafic o ﬁ%/(?rogen_perpox!%f&% &htimony in the
catalyst is in the range of 0.1 10 5. SAS &1 EMbOUHEHt BRESEHSHht O Fit S PpéréRidetused is such
that molar ratio of hydrol&ff Perdxiiges aHERBNRR the catalferisimmherdhgedf Gtwd:  Inan
embodiment, Nb is suppiieetzesdnnidiviern:compelne donsistingyefriabinacigrwielimaibydrogen
oxalate, ammonium niobik mwxalbtemes medxduee theeeof. In one embodiment of the invention

ammonium heptamolybdate (AHM)a0d, L Qy@m&&%gﬂg%gg&gpnzg

3
product of ammonium meta .
ma

re pggegg}jjxeg{ Tg% reaction
VR M) and denunnony, e (ShIs) & Sated 0 The

premixture of ammo?néumh h_epta,moriny ate (A and ny rogen pe?oﬁﬁl% G’i—l’?’@Z)f faEmtERTan aqueous
mixture (A). Alternatively “dRiERium metavanadate (AMV) and hydrogen peroxide (11202) 15 are
premixed. The reaction product of ammoniurfiHEBEBFSBFIREHERIAIMY and diantimony trioxide (Sb203)
is added to the premixture of &grhoriemtindiaiinadate{Ad\prand hyciegenpaiaxiss ld202) to
obtain an aqueous MixtutsiAsiic yvielternatively, diantimony trioxide (Sb203) and hydrogen peroxide
(11202) are premixed. The reaction product of am%ieﬁppﬁq\}amolybdate (Al-IM) and ammonium 20
tnetavanadate (AMV1)5is addeghte? the premitxture 0,1:! diantimony trioxide (Sb203) and hydrogen peroxide
(11202) to obtain an-aqueous Mitare (A T an e MEBIRTEREReA P pefroif EWHiTe stirring the
aqueous mixture (A). AdVSTERGESHER THalvagige sttt riarddiseteripemitersderithe range
upward from 30 C to therrormar Isoilisgepoi nnobiietiviitur gasddue dhaatiag caalydecperasmed under 25
reflux by using equipmetithaminggbtedin condenstsm vihagass chiieaingurdebigiiixothe boiling
point generally is in the raRoRalFomBRAKE 104 1Q 1024, Elgvated ifmReralures are maintained for

0.5 hour or more. When the heating temperature I%|OW .g., lower than 58 EJ the heating time needs
to be long. When thé heating temperature igofﬁpguftaha%%%#%% c§61péuf§’f(51 ,dfﬂ‘gmg%rﬁ%e’time is

typically in 30 a range of fIBAT T48 EHECR ™ fe PHRE M HtifRy SiiNta b A Ph i darPperoxide are
added to the aqueous mixdtrrErdaha mebhdsperorampeiorid éhisvatkdiar: terrrsad rétusvinisture (A), the
amount of the hydrogen geerdikideorsosuningvathtbemaetamratib bf thy drogengpiiosidedaaslirmnony
(11202/Sb molar ratio) campeenin terns ohasiimand st thgsanas ef om0k 10.:20,35 in the
range of from 0.1 to & infhe.ranesaf e dd o Rihdh theRas.at f1am 102 R 1 o 20, end
further comprising drying the resulting mixture to form the solid precursor.
As used herein, a “source compound” is any compound which contains andior
provides one or more of the elements confained in the mixed oxide catalyst composition.
As an embodiment of the present invention the molybdenum compound is
30 contacted with hydrogen peroxide to form a Mo-peroxide reaction mixture and the
vanadium compound is mixed with antimony compound to make a V-Sb reaction
mixture and the V-8b reaction mixture is contacted with said Mo-peroxide reaction
mixture to form a combined Mo-V-Sb mixture, In one embodiment, the V-Sb reaction
mixture is heated at a temperature of between about 80 °C to about reflux temperaturs

35 for the mixture for about 135 1o about 45 minutes, prior being contacted with the Mo-
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After addition of hydrogen peroxide, aqueous mixture (A) is stirred at temperatures in the range of from
30 C to 70 C for from 30 minutes to 2 hours. An aqueous liquid (B) is obtained by adding a
niobium compound (e.g., niobic acid) to water, followed by heating of the resultant mixture to
temperatures in a range of 5 from 50 C up to nearly 100 C. Advantageously aqueous liquid (B)
contains a dicarboxyliezemsier{®ag., oxalic acid) in addition to the niobium cempaundoiegrerally, the
molar ratio of the dicarboxylic acid to the niobium compound in terms of niobium is in the range of from
Ito 4, advantageously in the range of from 2 to 4. That is, in this ease, niobic acid and oxalic acid are  :
added to water, followed By BFERTHY: At atirfntporrhedineveta YaPh ittien eboutaérbimedbtain an
aqueous liquid (B). Rrppretiisc fGepreparing M6 abover metttidneshaquesusliquit{B)ecomprises the
following steps: (I) mixingowaies canditarkaxyhie Msistigs Rxalie asid)and anibiwm.gompound (e.g.
hiobic acid) thereby obtgining a.Rreliminany:Niehldm-coRAININg.AAEURSQIUton .8 .
niobium-containing gaugaus Mg haying suspended therein a part ofthe 45 niobilih tompound
(2) cooling the preliminary nloglqm-containlng aqueous So Gtion B tﬁ‘fgbiﬁ%"-sc%ﬁ'?éﬂﬁndﬁg?fbeous
mixture thereby precipitStiRgFa paft SRRk iRiIdclr SR HERTE IR tiepredimtated
dicarboxylic acid from tREsBElimmagyeriv Fitstintomamifg aquesusseiutioncotsemnbvingthe
precipitated dicarboxyliccasiseandrtivenstispentied hiobiuion eampounthikemrhe: Hebim-centaining
agqueous mixture, therebys2Q@ootataining a niobium-containing aqueous liquid (B). Aqueous liquids (B)
obtained in the aboye method sually haye & disatboxylic.asidiniabiym molar ratio within the range of
from about 2 to 4. A%?‘cﬁ?] e(iggk%odimeqt, tdi arbo>g¥!ic aqidd comprises oxalic aci ,'anci1 niobium
compounds in step (1) of this methbd inciude Tiobic BEd, isBiiM AyisyEHoREES Y25 ammonium
niobium oxalate. These ABBRITFCHsPEIhRIRARY Seraewd fhtrke fdVitrSresdisnaiatrizedies or a
dispersion in an approp¥ate nsedramivvisan wsitheehivhsay hyohogenosetiaterdrammanitum niobium
oxalate is used as the niofita BormpBURdLRthels icarosylitacin: Mageldenusae-d\heRn.aiobic acid is

used as the niobiumsCompasREt. N IR GRAVECIHISIMAITes.YithWRich the:niobig acid may
have been 30 contamingted during the production thereof, the nigbic acid may be washed with an

] MInLiEs,” prior DewEg’ con W Toxxde reaction . o .
aqueous ammonia solutipn and/or water prior to use. In an embodiment, fresh preparedl niobium

compound can be used A< fie RiSKitH CoMPoliR A FBRER NS S06ved A edemrsrmathod, a
niobium compound canBEG8EaWHIEH: i& SARgRtIVEENBIUTRRI (For @ralipRbIS ity iiatibrijeas a result of -
a long-term storage anddhetikeyitn thtepietdy:@& ofathite: methed, thevdisselltidimefithie nokiim
compound can be pmomeiaddy:the:-9 radition ehpeanalbpmnetnt:efagireaus.amBoRia.es by heating.

The concentration of thg piekilg.compound. L terma.of Righiym),in the preliminary

niobium-containing aqueous golution Qr agueous mixtpre can be maintained within th(? range of from
AS ah emboGime g present nyention k) nmo%/ compound 18 con ag&ed .
0.2 to 0.8 mol/kg of the solution or mixture. In an'embodiment, 5 clicarboxylic acid can be used in an

amount such that the m8iarYAREBrETRAT SIE cid 16 RivHitATER MBBEh & B& MY BkRBbium is

approximately 3 to 6. WitERoEP édeed i stRtisrrrereat borsiie ddistsenmatargaddmount of the
niobium compoundafanie \dssoivediimthds aquetisvs bl wtid rfopalicairboxyio adichroviever, a E
disadvantage is likely taaiseinthatshermeunt ok theslicarboxy liaciewbichiis.caysea{o precipitate

by 10 cooling the obtained preliminaty,Biohitm;coIRING,A%IROMS SelUTon o MixiWe hecomes too
large, thus decreasing thert%lllzatlon of the d{gg&p)&@l(ﬁgmd. On the other handbggpen an

. elng contacted with gactign muxture, .Jn gne e ment, th
unsatisfactory amount df the diﬁar o_xyflc,am IS U ecff a disadvantage is likely to’anse in
amount of the niobium CHMPBERHEFBRIATHE B??&%%tcﬁ%’a’%{ﬁﬁf‘?§§i?§’ﬁféﬁﬁ*§’ﬂ‘i?f)‘%é"é‘aﬂ’é&%csolution of
the dicarboxylic aci@o forseat ifixeuresiiiarainteEorine Simpendee nidhibaPeompdisrditaemoved from |
the aqueous mixture, thusdecreasihg dheodegreehoMatilizatiom efthe ninhiemteampaund.or  Any
suitable method of cooling.may-he-used 0 steRdbrbosaxmRla.dRacerliag can:heperfarmed simply
by means of an ice bath,. . . The removal of the precipitated dicarboxylic acid (or precipitated
dicarboxylic 20 acid and the dispersed nio{pium compound) in ste‘? % can be easily performed by ‘
conventional methods, for exSrBTE b A aRTatS SP HIFRIBRY ® "AHSHIRE S SPES M acid/niobium °
molar ratio of the oBtaireammiskiIssCBIRt TG AteReBLY Soferitieie sbraides tarr afgeobFém about 2 to |
4, either the niobium compound or dicarboxylic acid may*be added to the aqueous liquid (B) so that
the 25 dicarboxylic acid/niobium molar ratio of the solution falls within the above-mentioned range.
However, in general, such an operation is unnecessary since an aqueous liquid (B) having the
dicarboxylic acid/niobium molar ratio within the range of from 2 to 4 can be prepared by appropriately
controlling the concentration of the niobium compound, the ratio of the dicarboxylic acid to the niobium :
compound and the cooling temperature of 30 the above-mentioned preliminary niobium-containing |
aqueous solution or aqueous mixture.

that a large



The aqueous liquid (B) may also be prepared comprising further component(s). For example, at least a
part of the aqueous liquid (B) containing a niobium compound or containing a mixture of a niobium
compound and a dicarboxylic acid is used together 35 with hydrogen peroxide. In this case, it is
beneficial that the amount of hydrogen 10 peroxide provided a molar ratio of hydrogen peroxide to
niobium compound MAZOZINEMolar ratio) in terms of niobium is in the rargewhitemse:5 to 20, from 1
to 20. In another example, at least part of the aqueous liquid (B), containing a niobium compound
or containing a mixture of a niobium compound and a dicarboxylic acid, or a 5 mixture thereof with
hydrogen peroxide, furtfEFPEBIHR<BSSAHCA ArMABTRF CBntsoeminies gleaiarithmerne drinsticisxed titanium
compound (e.g. titaniuriogitidysivhisrredribena Teiltercbfuutie lend anatasefosms)and/or a cerium
compound (e.g. ceriumiagetateyed mitie easeitheamosnbatdnehydiogenparaxide is.auch that the
molar ratio of hydrogen ngsgxidedeRirbivm SAnROWNENZ02NG melan alig)in ferms,ef niobium is in
the 10 range of from,0.5,40.20, {iam. 1. 0,20.,In anather example, the antimony compotind mixed with
at least a part of the aqueous liquid (B) an the ﬁy rogen per(?)‘(l? & R BT RYAR I BiAF atio (SID/Nb
molar ratio) of the antinf8Ky @K ound in terms of antimony to the niobium compound in terms of ‘
niobium is not more than 5, idtAeFaigE & fiTH oMt erisAmuetusemirfio(&)sandagueous liquid
(B) are mixed together mrgrcbpprdpriate ratio in accordance with the desired composition of the
catalyst, to thereby provide am aguanuaHeixturenof iRgredieBisotyRICally. iIRthefore of aglurry. The
content of ingredients iqo%@gggpg(ﬁ mixtyre is generally in a range upward from about 50 percent by
weight, from 70 to 95 percent ?Xnvge Q}Iﬁlgrré)(r)rt]tZS to 9(t), ercenghby Wieight. 20 In the case of producing
a silica carrier-supported catalys of the present muantion tha AotebT PaRrRLtata Hvdere is
prepared so as to contdih®s eBrired @i”gﬁ‘%a (namely, a silica sol or fumed silica). The amount of the
source of silica can be appropriately adjusted MeatSorfaredtith®he amount of the silica carrier in the
catalyst to be obtained. 25ThehagueBusmhixitreofirgredientsiisatied torhrrelyravidea dry catalyst
precursor. Drying may kergandiates ky£0ventianal BeRedS«SHER@s SREAYPVING A §yaporation

drying. Spray drying is particulgely useful, hecause a fine, spherical, dry catalyst precursor is obtained.
The spray drying can b(goésgqhuc’ d py ﬁg trifugation, by the two-phase flow no%rz‘[i)leg mEthdd or by the
high-pressure nozzle method. As & [féat 30°source for drying, it is an embodiment to use air which has

been heated by steam, an el&fdHeatérdit HHe Fike P8 AH embbliifieht il theté@mPerature of the
spray dryer at an entrarice®t6 the gls/ét:sedtion Grereoiasoi ometb8@1taROBE vThesiavention, further
comprising heatingZhe seligkpsesuraniee aprising eampaipesehneheamup e maanadium (V),
antimony (Sb) niobium NR)AG35:0X¥ERE.O)h sRpaGHRY Withflowing.gas af aditsl.heating rate

greater than about 11 3¢/qil Wil Rigeisar.oeidmixtye.adains. 8 precaleiation femperature of
not greater than 400C. In an embodiment, the present invention comprises a method for preparinga

mixed oxide catalyst forcﬁ%eépﬁ“%%&]ﬁr&?%t&@?ﬁl‘é‘ﬁ%frﬂg%or RIS AR B IS ORI SFSBaEdY isobutane by
ammoxidation in a gaseBUR PRASEEBHEIPisHTE the elements 5 molybdenum (Mo), vanadium (V),
antimony (Sb), telluztum (Te) AniebrmhofNiz): afidhoxygen (OFrfisntiier compeigikgdieatingpipsecursor solid
mixture, comprising corpmseas pf molybdenum (Mo), vanadium (V), antimony (Sb), tellurium (Te), :
niobium (Nb), and oxygen (0), contasting. ity lawing.oas ake.fkst.hesting 21e %%Eﬁgsm?” about

15C/min until the precursor s iglm ixture zggtaixqssma EGEQIQAQ%QQQJ%F‘N%%;%%? of not 10 greater than

400C. An embodimeént of the mixad _Bxﬂg’ cata yst wherein the precursor solid mixture comprises
heating at a second heating rate*t SR P AFS TG SR IahtT thd pracUiedieseiE smixture attains a
temperature of abo@f 536+68@E:.Thedpreésént invention can comprise a second heating rate greater %
than about 1C/min, 2C/min, orveGiesir KoeAlso cihespesaddaealing:rainiispariornead.atian

atmosphere substantial@g,%%gngg QY PR IR Em B PrAGUIRRESP IfENILLE CRIRTIFEs holding

mperature of - for. wa (2) hours.
ata temperature o aboyc:[n;act(i)ng? gggﬂoowa%bgoagta} a%r t geat?nl'slg rsate greater than about 15°C/min until the

precursor solid mixture atfains a precalcination temperature of not greater than 400°C.

35
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The calcination process in the present invention contemplates using inert gas. The inert gas can
comprise a noble gas. The inert gas can comprise nitrogen. The gas 20 can comprise selection from

air, steam, super heated steam, carbon monoxide, and carbon dioxide. In the case of premixing )
vanadium compound and hydrogen peroxide as part of the method of making precursor solid mixture l
the preferred method @G &E#Aion comprises a pre-calcination in air.  pcTheéloxingsgas can
comprise a rate of about 1.33-1.67 cm3/g/min. The gas flow 25 rate depends on the reactor size. In an |
embodiment the first heating rate greater than about 20C/min. In the calcination step, the dry
catalyst precursor is converteFifito S PARET ImBEaPHKite ity taC aivimatiohswan e conducted using
a rotary kiln, a fluidized #sedridfncordisient repbredctbmdlibe chive dveaciamian tv, ikeimqrgitions of
calcination are 30 preselegiadGuet hakthe; catrlystiermed hasaspegificsydaceatea Qf from about

5 m2/g to about 35 m2/gssanm, apAUk AR/G BiRLAMELR0MRLY prcRlcnAtion involves heating the

dry catalyst precursqy u%&g@gp}d@@ggature in the rggge of about B50-680C, e of foty o present

invention, calcination pr?‘cess comprises ﬁggrﬁﬁaago “the r;a}ug trﬁﬁey?ie?%r Bi’é‘c?ﬁf%}ogéfﬁ‘ﬂh’%‘usly or

intermittently to elevate TFo 418} Dﬁgr‘é’?cﬁéewm%a ISTREETFAR brY o0t to FFealcination ;
temperature of not greater théf SERRG2E00ER St grestied ehamrabde@506xihotgreatenihan about 300C
at a rate of greater thanof 5GAmir:droamsnmbodinentethepiecateiratigaiempediyrais.300C. In an ?
embodiment the heatingratedgahen 206/ Minuit-anaiber fmbodiment: eealing.falg s 25C/min. In

another 5 embodiment. jhe-peating.iats. ik 3AGR: Yelin.anather. empadiment ihe dry catalyst

.. ) . 1 : cafalyst mxfure
precursor is introduced into a ql%t cag&lrger malngaln.ed ?t about 300C or sﬁﬁmy MghET i 8rder to allow

the temperature of the precursor o GUIGKTY INCreass to SHOTB0BTET PRt e Trom the
precalcination temperattf&Pi8 e N IBRIIIAE T KBBOHNGSE Y min @rpind2Gerivin or 5C/min

or any rate in the range*fer%dL0BEANMR. Hyrorerdmbtdimennihadeatingmate fanthetamperature
range of about 300C to theiintennasiais, tephperatiiredsnaboul, 1 Gisimane fdanmibe intgrmediate |
temperature to the fipal JeRpRtuig.ihe t@ﬂ%%ggtetggg%ga%gg%&SQmmmorogg%%g%sthan or equal

to 20C/min, or greater t | 5 in, or greater than.or.equal to 30C/min. In another
embodiment, the solid cgf# qunggb %&L%ﬁg?%%?m C %ﬁggl’Sa ?f{]tcg?ﬁ?e%a%g% temparatfEsRFinen heated
to the final temperature A& Heating Tate oF gresEr AR SHa0E1 BEIAR A Bryrestiither 6f equal to
20C/min, or greater thaft Br @IET OBEnA B PYreaatindn O egtrartoR0C st mixtyean :
embodiment of the inventia#in tad daloriaiodesatbrasinalv d calginaiion stagessd nsptdintermediate or
precalcination temprature andp2hiramenienmne dinie: Qe nrealsinalicaig inaligmpemture. In one

embodiment the solid fromdhe.stage hcalcipation, QQQ%QIIMISOQQQE,isa;%%g (Eﬁi ig;ga%’hot calciner

maintained at a temperature equal toﬂabouﬂt the ;inal .t(pnbg%ature in ord mSo allow pe temperature of
X AT ETIonY oX1ae, anfimony tetroxide, 13, germaniim QX1 telluric ac
the precursor to quickly increase to the final te d)erature, n'dde embodiment, theé ealln{jirate for the

temperature range of abbtiIBoteR IlgK A 440 3EQEIB 45 E (EkBb B dyimiG LM or about
2C/min or about 5C/mirfBiar§Yiatedh tHeraMgE erels5 to 5C/min. In one embodiment, the solid is held
at a temperature inZhe rangelnP80ent0lGsnn trepahgeuot 34di350Gnats34nCebor a@enad of about 1
to 4 hours. In one embodimant.be solitisikeaied aa sate AR L4afnindn the temperature range of

345-680C. 30Upon attaining the flaahiemnasaieatte.saliteanbe el akihal lemperature for a

period of from about 1 ho% to bout .3 rurs,.abo t 2 hours. . The final temperature can be 550C,
560C, 570C, 580C, 5908 SO %ﬂli%?f%z‘ﬁ"_c‘,“6&988?3“%388?%‘?8& '8%628?‘5‘?’6& ORI or any
temperature in the 550-88EE G TTEHEEMRIL B FTENE Rt SBiIfr1&e staw isingifs 8Fareisof 0.5C/min
35 from about 600CG%0 alsdiitE8ECM N sredm bYbrrirtkE)s sldrisrhdakedbbitrafson cage:d 3

{0}, said method comprising making a reaction mixture of a molybdenum compound, a
vanadium compound, an antimony compound, and hydrogen peroxide, the improvement
comprising: contacting any one of the antimony compound, the molybdenurn compound,
and the vanadium compound with hydrogen peroxide prior to mixing with the remaining

35 ingredients wherein amount of hydrogen peroxide used is such that molar ratio of
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of 1C/min from about 600C to about 680C. The calcination can be conducted in air or under a flow
of air. However, at least a part of the calcination is conducted in an atmosphere of a gas (e.g., under a
flow of a gas), such as nitrogen gas that is substantially free of oxygen, The present invention 5
contemplates using%ezrglgl%sm;l‘;he inert gas can comprise a noble gas. The inert gas can comprise
nitrogen. The gas can comprise selection from air, steam, super heated st E&BYHMonoxide, and |
carbon dioxide. In one embodiment of the present invention the calcination can be carried out under a |
flow of nitrogen gas thaijg.substantial n.for.both the te ratyre ranges of (1) up to '
about 400-450C and (2) %b%%/%ﬁ%%%qi%éig f%ii%%g‘%ﬁd%ﬁ{é%ﬁ%?‘%% ?){();}l]rér?i@nt ?)‘lé'the present invention
the calcination can be carried ot Gnder a fiow Of Air-Tor The Tsth S Attt S yd-oreLy ¥ es about
400-450C and under a i DIt IBY P EaRihAL fekersaraisin fresomoiy gerrdfelvthis tefperature
range of (2) above abodt"80-456C: The flow rate of gas can be critical especially for the temperature
range of (1) up to abbut 400-45@CeTheiflaw tamigass eamndenipthedd £ang6.0f ahout .67 to about
2.5 sccm per g catalystrm@gmﬁggg@gﬁgﬁm&g% amim&& ﬁqhgmf}gimﬁ%@@' %&g@@&gatalyst comprises
the elements molybdenum ('\ﬂpln\é%%%%m,Mss”'Ob'#g‘aQ}"Qz%a}pt'monz b), and oxygen (0). Also, as

an embodiment mixed oxi§d§, cPatal¥s comprises the elements molyBagRum: (oY &anEaNm (V),
by,

niobium (Nb), antimony‘{ SRS &5 B BRYGER (690 Rt e B W BF1Sdiment the
precursor solid mixture of the"pPESEAPRTETIHIGH BoripMEes theeiemdetsmbhlbderliv(Mo), vanadium
(V), niobium (10), atftimodyg8bpsandeoxigan (@). Aswarde mbibdinmensthgq@aecuwsamsalidmixture
comprises the elementsnolybaenim i), Mamadingicniainms(MBd aninERLER) Jellurium (Te)
and oxygen (0). 25In 0Q@u@&ﬂ@ﬁ’m&}ﬁﬁ@gc‘m?(Mﬁ@g%%%ém)ﬁ@rgx%ig%&ﬁtzglf/bsfgiinsanmiéﬁguwth a |
performance modifier inm%f%ggi State selected from the group consisting of aluminum‘compounds,
antimony compounds, arsenic compounds, boron compounds, cerium compounds, germanium
compounds, lithium compourftd& REGH AT EEh AR hidbRYred Rifsemae pitssBherus
compounds, selenilith camietines, Jhametiompestishof rdwasturimmaeolyigerndsifanium |
compounds, tungsten céimpoenydspxianaetiimm com@ounds; zEeORILMCaMPaURdsandmixtures thereof
for use in ammoxidationAMegesssydrogen perdflR NGO GEIMEALALIRENYENHGN the mixed oxide catalyst
is mixed with a solid compou ) l'st!i] of antimony trigxide (Sb203), 35
telluric acid (FT6Te06), titar;{iﬁﬁzig% %{%ﬁ%mlgﬁgg&%?@ Sxigligley Jf%(%nz .er?ﬁx (zifn e%§§o%fment the

u

e
precursor solid comprises the empirical tormula: Molvashn teeRbIsHe “ ihepaifrga"ea < 1.0, 0 <13
<1.0,0 < c < 1.0, C:O0PLHEHYS; ALt Hidridesr st slotiatraeprifderids S80Sk vadance

requirements of all otheeéfemantdsrebefivinn S tiesproewmsorgalidAith the proviso that one or more of

the other elements in the pretussembsiit-aan-bagpiesehadarmnxidaiiomstaiedowardhanits highest
oxidation state, &, b, ¢, apehapepigsaptihemalanratioeting casesRanding . Slemankia.qpe mole of

Mo. In an embodiment the pregursor saliskeomprisesdhs gmpirical formula: Mo YVashbTeeNbaOn
10Wherein 0.1 <a.1.0 0.0g <b<1.Q 0.0%gLa< <1.0,0<d< f.oeag ﬁé";aﬁ"‘i’é liﬁreolhnl’f]ﬁgmBe%rof oxygen

. <
atoms required to s%t‘rﬁsfr;(/%%létlaﬁc“g?%c?ﬁi‘?%nr?ﬁrétnlfgvgﬁgélr8?f?@r°%’|%eﬁ?§rn{§np?5§eaﬁet i PRETF&REFSor solid with
the proviso that one or Fitite SPtHY'SBY BISHEMY ih hepresrdorsprtreai’behredé?it @ an oxidation
state 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 needs to be long. When the
heating temperature is in a range of from 80° C t¢ 100° C, the heating time is typicailyin
30 arange of from | to 3 hours.

After the heating, silica sol and hydrogen peroxide are added to the aquecus
mixture (A). When hydrogen peroxide is added to the agueous mixture (A), the armount
of the hydrogen peroxide is such that the molar ratio of hydrogen peroxide to antimony
(H;0,/8b molar ratio) compound in terms of antimony is in the range of from 0,01 to 29,

35 in the range of from 0.1 to 3, in the range of from 0.5 to 3, in the range of from 1 (0 2.5
8



lower than its highest oxidation state, a, b, ¢, and d represent the molar ratio of the 15 corresponding
element to one mole of Mo. The present invention provides a method for preparing a mixed oxide
catalyst for use in producing acrylonitrile or methacrylonitrile from propane or isobutane by
ammoxidation in a gaseous phase comprising the elements molybdenum (Mo), vanadium (V),
antimony (Sb), niobwenddmx:end oxygen (0), further comprising heating peacuses@&solid mixture,
comprising compounds of molybdenum (Mo), vanadium (V), antimony (Sb), niobium (Nb), and oxygen :
(0), contacting with flowing gas at a first heating rate greater than about 15C/min until the precursor "
solid mixture attains a t&frépatditinecdhyisregraateridhandBe @pfurthed contadtingthepresusor solid
mixture with a hot zonetteragerdltime greaterthamabautdORGeskhe pi@sent invention provides an

ermbodimen 25 wherein (e picaussor SISk KOIVPASERGONNEHNG NS I9WDG g i a hot zone.
0 _

temperature greater thap,about, 100G, areater thanabout 200C, greater than abou C, or greater
than about 400C prigr tgot:gesgoecéond ﬁeaﬁ% %’Eggsotepe. rlerﬁu%ner?ﬁ %iaig%tgﬁﬁefﬁwemr“e@éﬁ’fgm?;ention

provides a method for preparing aanfﬁen 8% caraly s rsiersasin mrsatCHR S AR Gttt ar
methacrylonitrile from pHEBEFEE AT &t EiISer iy mrftiioriatioteiue: quumows Beasdicomprising the
elements molybdenum fil®):atanbdiudivatd:dnteron yhé Siohitel kesipnnlhe kemio biumss(Mb), and oxygen
(0), further comprising heasing freesisor salishappdreinapEsnecompounds ofmaldhdenum (Mo),
vanadium (V), antimony;(&bhcte duibemni¢Te) piopium{NBL. ana.exygen.(0), sontasting mith flowing gas ¢
at a first heating ratg, greafer m%&%btg te}%ré@@inn%]gl L}Qoes%? l% ursor solid mixture attains a :
temperature of not greater than 400C, further 15 coﬁta&ma yrecursor solid mixture with a hot
zone temperature greater th&‘%\%‘g’ﬁtfirdﬁ@?““g % BRE STEHhRarCH S e Sy soretire Wixture is
exposed to heating in tHRYIBIRHEFATUTE iFER BILO0IPBEG for Nt Froredivasid). sanimid®:min, 15 min,
or 30 min. 5The precalcmaton tempatatured)ofidaey presentdnetniiar comprisesneigseatar than 400C,
350C, or 300C.  ThegatalystelidhepiesantRyention:may-bansedcithersupporied L unsupported

(ie. the catalyst may comptise.AsURRAM . SHiiRhlS, SHRRGHS 8565 IoR: alumina, icqnia, ttania, or
mixtures thereof, Howeyer when zirconia or titania a&e JBO used.as support materials then the ratio of

molybdenum to zirconiam %‘Flfﬁ%nn?b%giﬁ reases over the values Shwh 1 R BhaatBifitilas, such
that the Mo to Zr or Ti r&ti5 1ehERTEaH B BePreigtae feutpnbrerbicafceriadas siobimter for the
catalyst resulting in a h&tarearayesEEeiieem or cemoite e pistaivteH dnrsvar)iforgbmingecial
applications, an appropuiate:dsengtdidothihedstivetphaseuth-eothritp mplex afaataield oxides
described above) and tmawmuhﬂm&lmmmsa@@p@p@g@@@ﬂyﬁy(@@gbgg@qg% (attrition

resistance) for the catalyst. Tha.sUR00I £0PHSES. ReesRAR0YL A0, and, 90 weidht percent of the
supported catalyst. Typ%r%aml% tfgg %Lipport comprises between about 40 and 60 Welgrﬁt ercent of the

supported catalyst. In one embodiment of this invention, the support may comprise as little as about 10
weight percent of the 20 supﬁ*érf’é’deég’f‘&f%‘f’."lﬁi‘ﬁ‘ﬁE"@ﬁ*ﬂaGﬂmﬁﬁh%ﬁ%@ﬁiﬂoﬁ?‘ih@@ﬂﬁport may
comprise as little as aboutB@ndrdiptitrder cthizofiethed subrdoricticcatalystiim bnotrerembediment of this
invention, the suppest maneomprissuascrlieh ascabeutivh weighipeisentefitharsupposied catalyst.

Support materials are ayaijablgwichmay; GeRiainLne Shapae RgRteralemants..and.such 1
promoter elements maxupd%i@g&gpﬁgg%gea%%gm%iggitalyst y'a 251 ess{gpgiggt material. The invention

> g ainloxalate 15, use 1um compound Uﬁ:
. contemplates continuous PI’OCE_SSG,S for recovery an purlﬁcatlon Or organic va ueg rom hot gaseous

mixtures which are obt&iSaeP By AT BhTHEKatisn BPUGRSIAREHS 1Y BSUR 58RPepounds. |
More particularly, this ifbetiorTerRes teF e dvRtiaha B fivi dfevalbibrsifitreydavedntaining organic
compounds formedby a8reatadyticiosidatioprabicide dstohefesdieomipounthselattedyinom the group |
consisting of propane angedsebisanmdnshedpresence ek ammaniaanthoxygemigRioduss,a gaseous

reactor effluent containing, thg GRHESROAGING WRsaiuLaIed MANIHIGHHSARANEIS. GeMY&Hed to

acrylonitrile and isobutane to methaé:rrs}/lgn trile, Q nE’rOVid'”% one or more of the aforementioned

. abgve-menfioned niet ad %mo 1}{ Com (}Lﬁl Can cius witlﬁzh 38 § 1§htié; 8?’”'%18&1 .
catalysts ina gas-phase ow reactor, an 3 contacting the catalyst wi EI’OD‘ n | Utane in the
presence of oxygen (e_éf_o&%;ampie by dehydration) as a result of & long-term storage and the like. In step {1)
35 of this methed, the dissolution of the niobium compound can be promoted by the

5



provided to the reaction zone in a feed stream comprising an oxygen-containing gas, such as air) and
ammonia under reaction conditions effective to form acrylonitrile OF methacrylonitrile. For this
reaction, the feed stream comprises propane or isobutane, an oxygen-containing gas, such as air, and
ammonia with the following molar ratios of: 5 propane or isobutane to oxygen in a ratio ranging from
about OA to about ¥y feamsaeut 0.125 to about 5, from about 025 to abet2:8.@RgkRLopane or
isobutane to ammonia in a ratio ranging from about 0.2 to about 20, from about 0.3 to about 2.5, from
about 0,5 to about 2.0. The feed stream can also comprise one or more additional feed components,
including acrylonitrile opdfidthattyreniateuprotiaetoge apnfromrayéayiste stream or from 10 an
earlier-stage of a multi-stageTteastorytanchstedimn . ridideedhsHaamCamzls® eRBARKISE GRe or more

additional feed compongatsnghieing.achdanirile i Relhacsyiantrile Rradut (¢ 9. fiom, a recycle

stream or fom an eatlcrsile, A Wl at75 tsagi): Q. sieam, Eor example, {h feedstream can

comprise about 5 pegced?ctaro about 30 Fercent,b weight relative 1o the toral amount oF e feed stream,
0

or by mole relative tS the amount 15 0f Propane’ or e tER&hlh BB G PE 4Rt RTBREEmbodiment

the catalyst compositioffsEREHBEEP HEfeTh e ehifnbyed drirmeximrplioXidatioV thpropare to

acrylonitrile in a once-thrsygfvishodesdorBis itioparatesinithovtnegyitie:iobirecoveredize sinreacted feed

materials. The specific ciesiga of thagas-pbaseflowsarsins isinobraowlyritical. Hengs, 20 the -:

gas-phase flow reactor €an0e.arixad-DedMeAciRr s HIGIZEA DAl LR ACIOl 8T 2RINST type of reactor.

The reactor can beﬁza sig?g e ret%é:totg or can be.one reglctor in a multi-stage reactor system. The reactor -‘
eed inle

. 11g . ablain (? €LIMa NIOOIU-C0T Fitt
comprises one or more feed inlets for feeding a reactant feadatréam 1o a FeachdrzSHE St the reactor,

a reaction zone compridfRYTRERIKEY i faraRine atiafonridra disurmetiordis Qratsipgereaction
products and unreacted4&atiEnts Psativistrasmont ebhdidiontrar edatroliedl 1ol effestive for
converting the propaneliglaoryionitriie: rosgectively;idhietisabutanentsmethasadonittilesGenerally,
reaction conditions includg:g-iemmparatiyRsanging-tem: akeut,300E koAb 259G, fram;about 325C to -

about 500C, and in,50mg embadiMeRe.toRARPKLARIG 10.8RQUL4R0G,;a0d in other embodiments

from about 430C to aboﬂl{let d% difgu iE:l&eurall fs;t]Q% JL?V% Egr%e cg}f e 30 propane or Isobutane %ontaining
feedstream through the reaétion zone of the as-p“nase }OW reactor can be controlled to provide a

weight hourly space velocity fHEEY FaRTRG Mverabsar :02% assat 6) frBen apBre0iss to about 1,
and in some embodimesdifesen eanstivmad srabdutG:8s Hheedelratase, for example, in grams propane
or isobutane to grams of catatyst:ihie: press preiphdae Feattionzane aapbpieentialaddad5 range
from about 0 psig tobgui 2R0msigsfrem abawh Cnsiee)ahau, 1808sig TR I4ahautP psig to
about 50 psig, and from,abgut 0 RSiA 10, 30QULR0.ASIGecanadhRS (Esklling acrylonitrile or

methacrylonitrile product can b;? |s%lat§d, if desireq, fr%m other side-products and from unreacted
reactants according to methodaRnowiT i tRe art>FHEC Pl TN aB A oHitie B oRetEyBnitrile product
can be isolated, if 5 desSPEE S AAGIHBIOLER: Bratie e or s i TrTPeantbl Pdatithritderiedrting to
methods known in the artnpound he GaratystcendpositiorsdeserilednivereiiawhdR) empiloyed in the
single pass (i.e, no recysiepammaxidasionahaiopanerake capgabioipiadineing crylapitdle along with
CO" (carbon dioxide + carhonMARSXidel-Iydiagen W@lﬁgs(hm)%%ds«;—;ﬁ@ma‘i&mﬁiﬁdmethyl -
cyanide (ClisCN). The efflyent.of thefeacler maalsg indlide unieadied ydriacarian (propane or
isobutane), oxygen (Or), mm(%nlalze 53( and entraine cataﬁyst _ﬁnes. _Processes for recovery and
purification of the reactiBhPIFEHt QYL IREIRIGE Y R CHIG Th e SR b IR s B esMWAtht2n aqueous
quench liquid; forming aid 5f deprsesthesdiutidhte Simp sy R eofreshbn cinlpa rar@ated’mononittile,
hydrogen cyanide td cthetorganideoes protuctsy ansbiusingianiigtegrated skquence:gkdistillations and
phase separations to reg@vgg.for recycle of a useful aqueous liquid, and obtain valuable
nitrogen-containing organic C%Q%Q‘gsqiwg Q{&gﬂg gyg{gbgg(pg%g%ﬁ%% Bropane, Smmgnia and

oxygen mix together in the reac}or a}nd oxida iog of 20 pro ?I%ne [ resence of ammonia takes
place on the surface of eSS E5tANEE OA s?eaﬁ%efg%or"ﬂ‘g e X BB PRSP IAREY place,
thereby forming the foll GoWAE P GdUisiee KE A AT RyeIrEd & PiaibrsyEarpérisdisditesttarbon
monoxide, acetonitide, attoteiomerytoxdeid, wadterssethe nihighedicnitfite shaloehydes hidetenes, acetic
acid and a number of miscellaneous unknown organic cémpounds. Conversions of the three feeds 25
generally are less than 100 percent, thus unreacted propane, ammonia, oxygen and nitrogen may be
contained in the reactor effluent gas. Conversions of the three feeds generally are less than 100
percent, thus unreacted propane, ammonia, oxygen or nitrogen may be contained in the reactor
effluent gas. The source of propane typically contains a small amount of propylene and some heavier
hydrocarbon compounds most of 30 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 products :
recovery and purification section of the process, Reactor effluent gas passes through cyclones, which
remove catalyst fines from the gas. The gas is then further



35 cooled in a reactor effluent cooler, which is comprised of a shell and tube exchanger 18 using
boiler feed-water as the cooling source. As is well known in the art, performance of the oxidation
catalysts is an important factor, perhaps the most significant factor, in the economics of this and other
oxidation processes. Catalyst performance is measured by activity, i.e., conversion of 5 reactants,
selectivity, i.e. convesign/efisactant to desired product, rate of productiorcofideswadsproduct per unit
of reactor volume per unit of time, and catalyst life, i.e. effective time on-stream before significant loss
of activity or selectivity. Factors upon which catalyst performance depends include composition,
the methods of preparatfH “SUpPEiT A BuIiA A6 SHTEBHOREGHEe I Heliiorrry e o
performance requiremeHedr it PrenHrOpeiiesy ichidestrfdon fda 2Hdrosityy density, pore size
distribution, hardness, strengtignathet cesigtanceia paechanicatatiniton (Pactiowkany feoiiuid bed
catalysts.  Typically, g ammaxidatinpnroeassis samisd aulinaduidbed.coacian Where high
alkane conversions @reﬁm%gm@@m%%rg %sp%%t&fgu% mprises seconds of a 15 refjs'dence time.

. CF COIPIISGE &N aniimony compoun G.g.
Commercially recoverable quantities of acetonitrile an rocyanic acid are’optional co=products.

R
Approximately stoichom&thc guanites o fffabnﬁ%%é:?%ﬂ!ﬁ%%yrﬂfé”; Wb s avashirgtaedd into a
fluidized bed of catalytic"Favficfes IS thtasR S Rratni o A drtivh s mematpressuresiie) rdnge from
about 3 to about 35 psi§28:7 t 2adudt kPhedadrerfnormalsdunbitbaabout®s psigo(3dbinl72.4 kPa
gage). 20 Generally, tegepeiatir eseim iboagangefromahout 7Z80)te 1000 & (344t 538.C), in a range |
from about 7500 to f50: k43990 10:L 3o Heat @ﬁ&%?%%&ﬁ&@&%@g,Qﬁ(e%@r%%i%h%&%t@am to 5
control the temperature and gﬁﬁ%r%ﬂs g sleam.at tempe iaﬁ%r?sséggdf%?er@x ?poogé 300 fo about 500 C
elevated pressure. In order to illustrate the instant Invention, SAMples of & Catalyat were prepared 25
and then evaluated und8¥ SHMAFEHR (ST EIHATEHE Fis EbmpBStmmersBe w e Hominal
compositions, based orftHeE FErmETErSHd de RSt caitm/s npr sprin f. [Stheexsridmetals may be
lost or may not complet&Bt react during the catalyst preparation, the actual composition of the finished
catalyst may vary slightly fromqheunaminat compastions;siaosya-belew 30katalshlesting

Catalyst was evaluated ip.aJaboratory 4096 fuid BedsRsAr hawng.2.diameler ol dsiaeh, The reactor
was charged with about 20 to abc%Jt 4§qnof &grtic%%telcatal st or catalyst mixt%rhe. Propane was fed

into the reactor at a raté Bf Aot 0.04 to Aot 0.75 WAV (e et St Broparer gyt of
catalyst/hour). Pressurd HEfia e oS irisss Hestiein Bd Sramiey fPasbe 55/t Reaction
temperatures were in they reitgeforalide 1 reptbrovasut a6l © SGesrerally vaightnonia was fed into the

reactor at a flow ratétésuch that sémnreniaiterphepane ko wakdsarpraDuitdite abast dxbedOXygen was
fed into the reactor at aflpisate:sUghdMAOWIEMRIGCRIORINSIAN WAS BBk Nilkagen was fed
into the reactor at a flowfale. SHGh At NIULYER. IR PIABANGALIR RS AL A2 § R ATHsed herein, the

term "about" modifying any amount refers to th variation in that gmount encountered in real world
conditions of producing BEIVEESF BroGUEAY CatAT st pretiresrs’ &% SIS BisERisht, or
production facility. For é%4fiP"e4n amount of an ingredient employed in a mixture when modified by
"about" includes the2¥ariationTandadesenixiiire axietgysitaly iedisfolpedicimbmeasideinglin @watalyst or
catalyst 10 precursor praetieioniplanttidylabcdnos-examalethed metats ofuahco mppeneniof-a product

when modified by "abo%igagmwng variatiambengenbalchesincalalysher catalyst pecursors

production plant or lab and the variation inherent in the analyfical methad, Whether ar not modified by
Fabout” the amounts inoTute B L B D o ociec

by "about" can also be eHBISPER I TR BFESEHEE TR HEAS LS SR CHE hodirfebf By "about.”
EXAMPLES OF THE INES TaORying, it is an embodiment to use air which has been heated by steam, an
eleciric heater and the like. It is an embodiment that the tfemperature of (he spray dryer at

an enirance to the dryer section thereofis from 150°C to 300°C.
The inventior, further comprising heating the solid precursor, comprising
compounds of molybdenum (Mo), vanadium (V), antimony (8b) nicbivm {Nb), and

35 oxygen {0), confacting with flowing pas at a first heating rate greater than about
11



Example | Peroxide plus Mo Method. M01.0 V0.25 Sb0.167Nb0.08Nd0.002 Ce0.003 Te0.04 Li0.013
Ci" In a 5 gallon reaction container Reaction Solution Al was prepared by (i) adding 20 ammonium
heptamolybdate (2343 g) to 7537 ml of deionized water, and then (ii) adding hydrogen peroxide (30
wt%, 360 g) was drop wise with stirring over 15 minutes, Reaction Solution A2 was prepared in a
manner identical to Reaetiondvlixture Al. Reaction Mixture B was prepared#tasfgaien reactor. First,
20159 g deionized 25 water was added and heated to 90C. Ammonium metavanadate (776 g) was
- then added with stirring while maintaining the temperature at 90C. Next 619 g Sb203 was added. The
resulting mixture was alléWéeitontdatt withestirsiiy at:98CatemonglaatiitoiyiaelehRaastion Mixture B.
Reaction solution C wagrprepatedioyCdissalving3ae:@, e pepivmaiohivem3Q0%alate.nz170 g deioni
zed water at 50C and then. st ingi{be SO 0% 30N HIES M50 Gmxi RGN Solutions Al and A2
were then added Seq“eﬁlé@tlglyoEQneRo‘?%ﬂ%Qm ixtureo% mlltorll] stirring. Thi? stirred =c.omﬁ)lﬁea reaction ‘
mixture was allowed to copfintie reacting at 806 Tor an adaitional hour. S5 P-4 ¢8Hned reaction
mixture was cooled fb 700 EHER SO NHIRE 35S\ eI) SV BB Hy I EE i HetF ard@itothe combined
reaction mixture. Stirrin§¥ith@LSifbhemradesisrrtnmgrerat FOCTEscontinted fomamuaslditional 30
minutes. The combinedeadticrmixXidse wagithe(Vi,coledtp (SOCIRRaCHDS), saiutiamSaas then L
added to the combined sgaeiiGO)MiXIERYHRSHERG: o0s J0.tRATQSURINGMXIYE, A dighersion of 1496
g fumed silica in 13464 g-geianizedwaternas aaded llowed by.addition of Ce(00CCI-13)3-1.51-120
(27.4 g), Nd(OOCCM3)3+éaJﬁgIQh% (308), Te(OH)6 (243.8 g) and LIOH.H20 (14.5°9). The resulting
reaction mixture was théen spray-(frled in a Bowen dryer. The inlet 10 and outlet temperatures of the
spray dryer were 325 and 1258 “PESHBEINE b Rt LoRE: st el Bt popsiy solid misertion (550 g)
of the spray-dried matefrarNEs fseiredicinesdars droteryatalamer (Bindibmmeter glass titbeajander an
atmosphere of flowing nitagens(t600beimin)ikhe-caleinatienyptO0cabwas2OGHRIN #10:30QC and then
1C/min to 630C. The 154empgralurewasHald:at630GHon2 howrsdolowed-Ry,cqpling,ig,room
temperature. Ame%ld%!%tﬂg‘?&éHﬁ! %Qﬂ‘é?!%‘ %rbe%t%!:%ce: I\a/ét% Itlgtl)(sjphere substantially free of oxygen.

Furthermore, the precursor solid mixture comprises holding at & temperature of about

590-680°C for about two {2) hours,

The calcination process in the present invention contemplates using inert gs.

The inert gas can comprise a noble gas. The inert gas can comprise nitrogen. The gas

20 can comprise selection from air, steam, super heated stearn, carbon monoxide, and
carbon dioxide. In the case of premixing vanadium compound and hydrogen peroxide as
part of the method of making precurser soiid mixture the preferred method of calcination
comprises a pre-caleination in air.

The flowing gas can comprise a rate of about 1.33-1.67 em’/g/min. The gas flow

25 mate depends on the reacior size. In an embodiment the first heating rate greater than
about 20°C/min.

In the calcination step, the dry catalyst precursor is converted into a mixed metal
oxide catalyst. Calcinations can be conducted using a rotary kiln, a fluidized-bed kiln,
fludized bed reactor, fixed bed reactor, or the jike. Conditions of calsination are

30  preselected such that the catalyst formed has a specific surface area of from about 5 m/g
to about 35 m/g, from about 15 m’/g to about 20 m¥ig.

Caleination invoilves heating the dry catalyst precursor up to & final temperature
in the range of about 550-680°C.

In the present invention, caleination process comp'rises heating of the dry catalyst

35 precursor continuously or intermitiently to elevate from a temperature which is less than
12



79.6 59.1 47.1 84.559.2 50.1 feeds: 02 3.39/C3 1.0/ NH3 1.20/N2 12.61,(16 air) 10 psig Example 2
Peroxide Plus Molybdenum Method 20Molt, V0,23 Sb0.167 Nb0.08 Nd0.002 Ce0.003 Li0.013
Reaction Mixture A was prepared by adding ammonium heptamolybdate (189.1 g) to 500 ml of
deionized water and then adding hydrogen peroxide (30 wt%, 30.4 g) was drop wise with stirring over
15 minutes. Reactionoviixtare® was prepared by (i) adding ammonium metavanadaies{31.3 25 g) to
400 cc water, (ii) heatingthe solution with stirring to 90C, and then adding(iii) antimony oxide (S1)203,
26.1 g)and then (iv) allowing the the mixture to react with stirring at 90C for one hour. Reaction
Mixture A was then add®d f%)t%%f&‘f?&‘f’ﬁﬂ?ﬁtfff@ﬁaww@!mmwmm@ﬁﬁs@mweawas heated to |
90C with stirring. The céfreiipEE et toaamibdupdonalB0 sthen:kedtaehwndtinstirsagmat 908G for an :

additional hour.  Thentombinetd Bl BtHRYYaSs Sa0ed 10 Ofb.alicR §0LINRIGY, 369 g, 32. 5%

silica) was then added. JQ@o&?Q@EG}MthH{&hmﬂaﬁ%éﬂr £l % Jﬂﬁ% ?'”“t%% e combined
reaction mixture was cool lg)enqotg]:e A\Ieagbl%gpegx%% t| n 5 1 "Molés Ri%/lcg solution)
It rrlng

was added to the combln reaction mixture w (- e %B‘f‘a"bﬁﬂééﬁbd@wm@a silica in 900
ml deionized water was’&ddéd ‘W&%\?ﬁ‘é’?&I%Wéﬁfﬁﬁﬁ’é”ﬁﬁ&ﬁ?d’ﬁ%?‘@%@@@%% HgbHR0 (1.11 g),
Nd(OOCCI-13)3.H20 (CrAg7og) oaritr FoacTa?e (0Be s ¢)soT irarviski tirrgesemction orey was then cooled
to room temperature with stirfilmched@if hecreactionmbiiiesy as.jhen-s py ay-siiedpaMitQdryer. The
inlet and outlet temperailisuvesecisa, ARt S IRIPECIEIN Witha ARZZIG,DIESIULE &f 25 psig.

A portion (60 g) of the sjo(ﬁ;{uglrg@%mg{g&%gg@&%g&ggqmggt|n 1. diameter fluid bt{)sdica ciner under a
nitrogen flow of 100 cc/{u The (?Icmatlonﬁrotogfo was 20C min to 3008 &nhd ®Jhin to 630C.

< PSS Pl Bﬁnéﬁm@%w?&wwﬁaﬁrawe

The temperature was held at 6 ours
Ammoxidation results: to the final temperature, the heating rate is greater than 15°C/min, or greater than or

equal to 20°C/min, or greater than or equal to 25°C/min, or greater than or equal to
30°C/min. In another embodiment, the solid can be cooled after attaining the
18 intermediate temperature and then heated to the final temperature at a heating rate of
greater than about 15°C/min, or greater than or equal to 20°C/min, or greater than or
equal to 25°C/min, or greater than or equal to 30°C/min.
In an embodiment of the invention, the calcination is done i two calcination
stages: (1) up to intermediate or precalcination temperature and (2) from intermediate or
20  precaicination to final temperature. In one embodiment the solid from the stage 4y
calcination, optionally cooled, is introduced inte 2 hot calciner maintained at =
temperature equal to about the final temperature in order to allow the temperature of the
precursor to quickly increase to the final temperature,
In one embodiment, the heating rate for the temperature range of about 300°C to
25  about 340-350°C, 345°C is about 0.5°C/min or 1°C/min or about 2°C/min or about
5°C/min or any rate in the range of 0.5 to 5°C/min. In one embodiment, the solid is held
at a temperature in the range of 300-400°C, in the range of 340-350°C, at 345°C for a
period of about 1 to 4 hours. In one embodiment, the solid is heated at a rate of
2.45°C/min in the temperature range of 345-680°C.
30 Upon attaining the final temperature, the solid can be held at that temperature for
a period of from about 1 hour to about 3 hours, about 2 hours.
The final temperature can be 530°C, 560°C, 570°C, 580°C, 5%0°C, 600°C,
610°C, 620°C, 630°C, 640°C, 630°C, 660°C, 670°C, and 680°C or any temperature in
the 550-680°C range. In one embodiment, the solid is heated at rate a rats of 0.5°C/min

38 from about 600°C 1o about 630°C. In one embodiment, the solid is heated at rate a rate
13



Conversion Selectivity Yield 76.8 58.3 44.7 77 58.7 45.1 77% conversion, 59% selectivity, 45% yield
Example 3 Peroxide Plus Antimony Method 20M0O1,0 V0.15 Sb0.167 Nb0.056Nd0.002 Ce0.003

Li0.013 Reaction Mixture A was prepared by adding ammonium heptamolybdate (189.0 g) and ;
ammonium metava%d te 31.3 g) to 500 ml of deionized water. Reaction Mixture B was prepared
by adding antimony oxide &8%03, 26.1 g) to 400 cc water. 25Reaction MBHERNME Heated with '
stirring to 90C and then maintained at that temperature for one hour. Towards the end of that hour,

hydrogen peroxide (30 YiPay30. 4.0 Was Added with ggtéggng to Reaction Mixture B. Two minutes after
the addition of hydrogen per%de Reaction L\éllxtu e A was added tg Reaction Mixture B. The comblned __

mixture was brought to 90C and Thah MaiAtanad A ‘thAt MRt PRt HTReTot Sesthree hours.
The combined reaction Tha0Hs FEHHeh LGS PoC 2omebesotiNetc 65,2369y 825% silica) was
then added. The reacticgasmixtbres wassthensdtirred sabsE0@ fo80 ahinytes Thh ereeimbingd.reaction
mixture was cooled  50Genfinmaasighdi @hiunhoNatt &r26nrle 2400 ¥E%0 NQ)Q@gglggd in 100 g
deionized water was addegaithiengnNEXteR SIS L B0 Qogqfﬁm%qm?' H?%r'ﬂeawoo [l deionized

water was added. This was followed by the addition Ce(OOC 111
Nd(OOCCI-13)3.H20 (0,727 g), and Lloc'?'rbmqm'd o FhaT ré“aef:}hé.ﬁﬁsl TEZ‘ é’§“’ &R Eoled to room

temperature with stirring® 10 He Rl SﬁgﬁP&“ﬁ?ﬁs%ﬁ%‘ﬁ USPpeEiEn NS HRE Fretnlet and
outlet temperatures we 35 P ABTCereepEiveRrs Wit lan &z 2heupHo8 SGPECOPEE D sighve

10 about 400-450°C. In another embodiment of the present invention the calcination can be
carried out under a flow of air for the temperature range of (1) up 1o about 400-450°C
and under a flow of nitrogen gas that is substantially free of oxygen for the temperature
range of (2) above about 400-450°C. The flow rate of gas can be critical especially for
the temperatuye range of (1) up to about 400-450°C. The flow rate of gas can be in the

15 rangs of about 0.67 to about 2.5 scom per g catalyst precursor per minute.

As an embodiment mixed oxide catalyst comprises the elements molybdenum
{(Mo), vanadium (V), niobium (Nb), antimony (Sb), and oxygen (Q). Also, as an
embodiment mixed oxide catalyst com;ﬁrises the eiements molybdenum (Mo}, vanadium
(v}, niobium (Nb}, antimony {Sh}, telluriur {Te}, and oxygen (O). .

20 Further, as an embodiment the precursor solid mixture of the present invention
comprises the elements molybdenum (Mo), vanadium (V), niobium (Nb), antimony (Sb),
and oxygen (0). As an embodiment the precurser solid mixture comprises the elements
molybdenum (Mo}, vanadiura (V), niobium (Nb), antimony (Sb), telluriom (Te) and
oxygen (O}

25 In one embodiment of the invention the mixed oxide catalyst is mixed
with a performance modifier in & solid state selected from the group consisting of
aluminum cornpounds, antimony compounds, arsenic compounds, boron compounds,
cefium  compounds, germanium  compounds, lithium compounds, neodymium
compounds, niobium compounds, phospherus compounds, seleniwm compounds,

30 tantajum compounds, tellutium compounds, titanium compounds, tungsien compounds,
vanadium compounds, zirconium compounds, and mixtures thereof for use in
ammoxidation process.

In one embodiment of the invention the mixed oxide catalyst is mixed
with a solid compound selected from the group consisting of antimony triexide (Sb203),

35  telluric acid (H6Te06), titanium dioxide (Ti02), and zirconium oxide (Zr02).
14



A portion (60 g) of the spray-dried material was then calcined in 1" diameter fluid bed calciner under a
nitrogen flow of 100 cc/Thin. The calcination protocol was 20C/min to 300C and then 1C/min to 630C.
The temperature was held at 630C for 15 2 hours followed by cooling to room temperature.
Ammoxidation results: 77% conversion, 56% selectivity, 43% yield Example 4 - Comparative example
' Peroxide Plus Molybdesium/&atimony Method Mo 1/0.258136.187 Nikes NgfQ02%£0:003 L10.013 X
20Reaction Mixture A was prepared by (i) adding ammonium heptamolybdate (1891 g) to 500 ml of
deionized water, (ii) heating the mixture to 90C with stirring, (iii) adding antimony oxide (80203, 26.1
g), then (iv) stirringthe mixturé foretGormrut és pesad thestifvpnhiles adniaRingthademperature at 90C,
adding hydrogen peroxide (30 wt%, 30.4 g) drop wise,with sfifang over 30 minutes. 25Reaction

Mixture B was prepared by aqggggn@mglpgim@gt@y@p@ggtgl(éjﬂﬁog)stg APQ ce.water ,%Q? heating the
solution with stirring to 90C. eaction Mi eactic A with stirring

on 282G mreévw(stgr B was then added to réaction mixture A w
and the combined mixture Was maintamed at 90 With stitg 1or ohe HtF clemers pseEbbined
reaction mixture was cobTed S 7SI & proxittoPe6ere 3032 Soheifite) daeaen &dded. The
reaction mixture was theesipredlidrP0C fere80mairmaidation statTihecctmbinsghegastipiomintyre was
cooled to 50C. Niobiumaoxalate $clprtiom ({2 br il 6% sales-Nhkegselition) was adgdged with stirring.

Next, a mixture of 60,0 g fumpd:silicadmaPAphasionizedwaiacwas agded khis,was followed by the
addition of 35 Ce(00CCH3)3.1.5H20 (1.11 g), Ndﬁggggbye%&gjlzo (0.727 g), and Li01-1.1-120 (0.584 |

23 @). The reactionglurry Wa‘%heg &ooleditg room temperature with stirrin The reaction slurry

' in a Nird Ger ThHE et AR Satiet hbeFatdied We?g 495 and 125C,

was then spray-drie
respectively, with a nozzle pressiiré ¢ 25haig. WHSHRINCtBerY R ey tel e inatbne was then
calcined in 1" diameter Btirithbechtalciheriimdas mavitoytn flowsof $00-ce/menrcbhe aleination
protocol was 20C/min te:3R0C o amel dhenibahnin tB6a06so] haidempe it Was-hald aAtH30C for 2

hours followed by coolingte #aen tRRBL iHIE.AmBexidation resylis. 419 converion. A1%
selectivity, 17% yield 1000%%%@% Peroxide PIL1|es0 (I)ybdenum Method with Ca Promotion IVIo 1.0

V0.25 S130.167 Nb0.056 NG0.002 Ce0.003 LI0.013 160,04 Ca0.02. 0x _ Reaction Mixture Awas
prepared by (i) adding ammoniam ReptaRERHRTE 282508 f TP set e F St it srisedhatér and then (i)
addinghydrogen peroxidfé (30 RS0 23yijele dropairse witiilstifrimgronnene] Srnidphtes. by

ammoxidation in a gaseous phase comprising the ¢lements molybdenum (Mo), vanadium

{V), antimony (8b), niobium (Nb}, and oxygen (O}, further comprising heating precursor

20  solid mixture, comprising compounds of molybdenum (Mo), vanadium (V), antimony

(Sb), niobium (Nbj}, and oxygen {Q), contacting with flowing gas at a first heating rate

greater than about 15°C/min unti! the precursor solid mixture attains a temperature of not

greater than 400°C, further contacting the precursor solid mixture with a hot zone

temperature greater than about 100°C. The present invention provides an embodiment

25 wherein the precursor solid mixture comprises contacting the flowing gas at a hot zone

temperature greater than about 100°C, greater than abouf 200°C, greater than about

300°C, or greater than about 400°C prior to the second heating rate step. In an

embodiment, the present invention provides a method for preparing a mixed oxide

catalyst for use ir producing acrylonitrile or methacrylonitrile from propane or isobutane

3¢ by ammoxidation in a gaseous phase comprising the elements molybdenum (Mo),

vanadium (V), antimony (8b), tellurium (Te), niobium (Nb), and oxygen (0), further

comprising heating precursor solid mixture, comprising compounds of molybdenum

(Mo), vanadium (V)}, antimony (Sb), tellurium (Te), niobium {Nb), and oxygen (0),

contacting with flowing ges at a first heating rate greater than about 15°C/min until the

35 precursor solid mixture attains & temperature of not greater than 400°C, further
15



15Reaction Mixture B was prepared by (i) adding ammonium metavanadate (30.2 g) to 400 cc water,
(ii) heating the resulting solution with stirring to 90C, and then (iii) adding antimony oxide (Sh203, 25.1
g)and then reacting the mixture with stirring at 90C for one hour. Reaction Mixture A was then
added to Reaction Mixture B with stirring and the 20 combined mixture was heated to 90C with stirring. .
The combined reactiorammiune was then heated with stirring at 90C for apcagdditignalfour. The

- combined reaction mixture was cooled to 70C. Silica sol (Nalco, 369 g, 32.5% silica) was then added.
This mixture was then stirred at 70C for 30 minutes. This resulting mixture was cooled to 50C.
Ammonium niobium ox¥P4telireshs geas SOt DY digsbit echinciPSapdaicaizatkwater was added
with stirring. Next, a mixtike of 60.0 g finned silica in 900 ml deionized water was added. This was
followed by the addition of Ca(QRC&BEARhEAe 1210 T8 NAUQGCLKB4 120,(0700,9). |
Ca(00CCI-13)2.1H20 @éx@%%:?x@%é-h@%&ﬂ@@ {9263l he sesulting reaction sly d"}/ was then cooled -

to Mom temperature. with stir, n%) OThe resulti ngr reaction mlxture was t enmsm pray-diied in a Niro
dryer. The inlet and outlet temper

STIFESUST (RERERIAY Gy WaFE SV87lfy oopBterdehietively, with a
nozzle pressure of 25 p&y*R boitfor 6% of the spray-dried material was then calcined in I' diameter :
fluid bed calciner under a nitfdgentiiow of 180 wenwin hivhnticalckyationprototet wasdsd26LC/min to
300C and then 1C/min ie:636Ed The terapeyatueg washeld ab@30C faeid 2.boursdaliawed by cooling
to room temperature. Ajomexisgiation r@%&t%&%{&&@&\é@%%@@@ %ﬁ!&% Vit A% Yield EXAMPLE 6
Peroxide plus vana,gjum <§'>MOVOZI,t58bp%a(‘i?I\[‘be(RLS a%OOZ(L);B OX bdenﬁ grams, of vanaélum pentaoxide
(V205) is added to 600.ml of distiled water in a beaker with StrHing mfoﬁovl\li‘égé' By f rré“ear‘ff’s‘ﬁnallquots of
30% hydrogen peroxid& {7 G ARME 8y “é%tbfré%"ﬁ)f"éfﬁﬁ@dsé‘t"éb%FBWH:&?&V&@* FAfAute intervals
to create a burgundy rééPSBIERTGRSY \isrdditimnpetdnigely praes epabistfedkertdod 6sgrams of 10
ammonium heptamolybdatetowés disdpiveigtin60o-mhoftdistiledwateHindhe preserta:ehantimony

trioxide powder.  To shisaamixiyie wasaddadihervanaglum peradde salutiapang teygsulting

mixture was heatedd4o gflyxiemper s the JMmixture to 70 degrees
C, 369 grams of a S|I|cq.] S l%T 2 Q%QP%%UVQ ggg@%%%gﬁzggd%lﬁn%%%%}%d &%%9 Oz(mL%’r’lutgs The

resulting mixture was cooled further to raes AR a sk c?r%‘ﬁ”e?é}ﬁ%w%’f fimed silica and
34.7 grams of ammoni@if AloBREH é’%‘?&Fﬁfe"frf oumRIr Gt \Rﬁ&%lé’?twﬁ%aéd}iﬁllfhpﬁ?ﬁrl??@’PFﬁﬁther 0.6
grams of lithium hydroxXieferepresband deendTidi s figk naisatré thvaspstitrd dfeivan ladaittomadiB@xminutes and
then spray dried of this invention, the support may comprise as little as about 10 weight percent of the

20 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 maierials are available which may contain one or more
promoter elements, and such promoter elements may be incorporated into the catalyst via

25  the support material,

The invention contempiates'conﬁnm}us processes for recovery and purification of
organic values from hot gascous mixtures which are obtained by catalytic ammoxidation
of a light alkane hydrocarbon compounds. More particularly, this invention relates to
recovery arnd refining of valuable nitrogen-contzining organic compounds formed by

30 catalytic oxidation of at least one feed compound selected from the group consisting of
propane and isobutane in the presence of ammonia and oxygen to produce a gaseous
rexctor effluent containing the corresponding unsaturated mononitrile.

Propane is converted to acrylonitrile and isébutane to methacrylonitrle, by
providing one or more of the aforementioned catalysts in a gas-phase flow reactor, and

35 contacting the catalyst with propane or isobutane in the presence of oxygen (e.g.
16



20 to obtain a microspheroidal powder. This powder was heat treated at 350 degrees C in air in a
muffle furnace for 3 hours in a covered beaker, followed by calcining under flowing nitrogen at 630
degrees C for 2 hours. Approximately 35 grams of this material was charged to 40 cc fluid bed reactor
and was tested for ammoxidation of propane. At 440 degrees C, a wwh of 0.06, a pressure of 10 psig
and feed ratio 1 propanedsks2ls ammonia /3.39 oxygen /12.61 nitrogen a yiele,ohdaa%sacrylonitrile ;
was obtained at a selectivity of 57.8%. Additionally, 5.3% HCN, 3.0% acetonitrile and 2.2% acrylic acid
were also obtained. WO 2010/014206 PCT/11S20091004355 NV -O0roe 17 I ri.171 LVt F91-1
1---97Z171 Ott cr, tth | Sipidpdtohy @istion zone i z feed stream comprising an oxypen-containing gas,

such as air} and ammonia under reaction conditions effective to form acrylonitrile or

methacrylonitrile, For this reaction, the feed stream comprises propane or isebutane, an

oxygen-conlaining gas, such as air, and ammenia with the following molar ratios of:

5 propane or isobutane to oxygen in a ratio ranging from about 0.1 to about 10, from about

© 0.125 to about 5, from about 0.25 to about 2.5, and propane or isobutane to ammonia in a

ratio ranging from about 0.2 to about 20, from about 0.3 to about 2.5, from abous 0.5 to

about 2.0. The feed stream can also comprise one or more additional feed components,

including acrylonitrile or methacrylonitrile product (e.g., from a recycle stream or from

10 an earlier-stage of a multi-stage reactor}, and steam. The feed stream can also comprise

one or more additional feed components, including acrylonitrile or methacrylonitrile

product {e.g., from a recycle streum or from an earlier-stage of a multi-stage reactor), 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

15  of propane or isobutane in the feed stream. In one embodiment e catalyst compositions

described herein are employed in the ammoxidation of propane to acrylonitrile in a once-

through process, i.e., it operates without recycle of recovered but wnreacted feed

materials.

The specific design of the gas-phase flow reactor is not narrowly critical. Hence,

20 the gas-phase flow reactor can be a fixed-bed reactor, a fluidized-bed reactor, or another

type of reactor. The reactor can be a single reactor, or can be one rezctor in a multi-stage

reactor system. The reactor comprises one or more feed inlets for feeding a resctant

feedstream fo a reaction zone of the reactor, a reaction zone comprising the mixed metal
oxide catalyst, and an outiet for discharging reaction products and unreacted reactants,

25 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 530°C, from about

325°C to about 500°C, and in some embodiments from about 350°C to about 450°C, and

in other embodiments from about 430°C to about 520°C. Gewnerally, the flow rate of the

30 propane v isobutane containing feedstream through the reaction zone of the gas-phase

flow reactor can be controlled to provide a weight hourly space velooity {WHSV)

ranging from about 0.02 to about 5, from about 0.05 to about !, and in some

embodiments from about 8.1 {0 about 0.5, in each case, for example, in grams propane or

isobutane to grams of catalyst. The pressure of the reaction zone can be controlied to

35 range from about O psig to about 200 psig, from about 0 psig to about 100 psig, from
17
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about 0 psig to about 50 psig, and from about 0 psig to about 20 psig.

The resulting acrylonitrile or methacrylonitrile product can be isolated, if desired,
from other side-products and from unreacted reactants according to methods known in
the art. The resulting acrylonitrile or methacrylonitrile product can be isolated, if
desired, from other side-products or from unreacted reactants according to methods
known in the art.

The catalyst compositions described herein when employed in the single pass (ie,
ne recycle) ammoxidation of propane are capable of producing acrylonitrile along with
COx {carbon dioxide + carbon monoxide), hydrogen cyanide (HON), and acetonitrile or
methyl cyanide (CHiCN). The effluent of the reactor may also include unreacted
hydrocatbon (propane or isobutane), oxygen {0z}, ammoniz {NH;) and entrained catalyst
fines.

Provesses for recovery amd purification of the reaction products include
quenching the gaseous reactor effluent with an aqueous quench liquid; forming an
agueous solution comprising the corresponding unsaturated mononitrile, hydrogen
cyanide and other organic co-preducts; and using an integrated sequence of distillations
and phase separations to recover for recycle of a useful agqueous liquid, and obtain
valuable nifrogen-containing organic compounds and hydrogen cyanide products.

Propane, atnmeonia 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.
A set of compiex exothermic reactions takes place, thereby forming the following
products: acrylonitrils, hydrogen cyanide, carbon dioxide, carbon ranonoxide, acetonitrile,
acrolein, acrylic acid, water, other higher nitrites, aldehydes, ketones, acetic acid and a
number of miscellanecus unknown organic compounds. Conversions of the three feeds
generally are less than 100 percent, thus unreacted propane, ammonia, oxygen and
nitrogen may be contained in the reactor effluent gas. Conversions of the thres feeds
generally are less than 100 percent, thus unreacted propame, ammonia, oxygen or
nitrogen may be contained in the reactor effluent gas. The source of propane typically
contains a small amount of propylens 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 distiliations in the
products recovery and purification section of the process. Reactor effiuent gas passes
through cyclones, which remove catalyst fines from the gas. The gas is then further

cooled in a reactor effluent cooler, which is comprised of a shell and tube exchanger
18
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using boiler feed-water as the cooling source.

As is well known in the art, performance of the oxidation catalysts is an
important factor, perhaps the most significant factor, in the economics of this and other
oxidation processes, Catalyst performance is measured by activity, i.e., conversion of
reactants, selectivity, i.e. conversion of reactant to desired product, rate of production of
desired product per unit of reactor volume per unit of time, and catalyst life, i.e. effective
time on-stream before significant loss of activity or selectivity.

Factors upon which catalyst 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,
pore size distribution, hardness, strength, and resistance to mechanical atirition,
particularly for fluid bed catalysts.

Typically, the ammoxidation process is carried out in 2 fluid-bed reactor. Where
high alkane conversions are obtained, a single pass system comprises seconds of =
residence time. Commercially recoverable quantities of acetonitrile and hydrocyanic
acid are optional co-products. Approximately stoichometric quantities of propare,
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), from about 5 to about 25 psig (34.5 to 172.4 kPa page).
Generally, temperatures are in a range from about 700° 10 1000° F (371° 10 538° ), in a
range from about 750° to 930° F (399° to 510° ). Heat of reaction is removed by
gengration of steam to control the femperature and generating steam at temperatures of
from about 300° to about 500° C elevated pressure,

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

Catalyst Testing

Catalyst was evaluated in 2 laboratory 40 oo fluid bed reactor having a diameter
of 1-inch. The reactor was charged with about 20 to about 45g of pasticulate catalyst or
catalyst mixture. Propane was fed into the reacior af a rate of about 0.04 to about 6,15
WWH (i.e., weight of propane/weight of catalyst/hour). Pressure inside the reactor was

maintzined at about 2 to about 15 psig. Reaction temperatures were in the range of about
1%
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420 to about 460 °C. Generally, ammonia was fed into the reactor at a flow rate such
that ammonia to propane ratio was from about 1 to about 1.5, Oxygen was fed into the
reacior at a flow rate such that oxygen to propane ratio was about 3 .4. Nitrogen was fed
into the reactor af a flow rate such that nitrogen to propane ratio was about 12.6.

As used herein, the term "about" modifying any amount refers to the variation in
that amount encountered in real world conditions of producing catalyst or producing
catalyst precursors, €.g., in the lab, pilot plant, or production facility. For example, an
amount of an ingredient employed in a mixtare when modified by "about" includes the
variation and degree of care typically employed in measuring in a catalyst or”catalyﬁ
precursor production plant or lab. For example, the amount of 2 component of a product
when medified by “about" includes the variation between baiches in catalyst or catalyst
precursors production plant or Iab and the variation inherent in the analytical method.
Whether or not modified by "about," the amounts include equivaients to those amounts,
Ay quantity stated herein and modified by "about” car: alsc be employed in the present
invention as the amount not modified Ey "about.”

EXAMPLES OF THE INVENTION
Example I Peroxide plus Mo Method.
Mo1.o Vo.zs Shaisy Nboos Ndo.ooz Cepoos Tepos Linois O
In a5 gallon reaction container Reaction Solution Al was prepared by (5} adding

ammonium heptarolybdate (2343 g) to 7537 mi of deionized water, and then (ii) adding

'hyérogen peroxide (30 wi%h, 5360 g) was drop wise with stirring over 15 minutes,

Reaction Saolution A2 was prepared in 2 manner identical to Reaction Mixture
Al

Reaction Mixture B was prepared in a 20 gallon reactor. First, 20159 g deionized
water was added and heated to 90°C. Ammonium metavanadate (776 ) was then added
with stining while maintaining the temperature at 90°C, Next 619 g SbhaO3 was added.
The resulting mixture was allowed to react with stirring at 30°C for one hour to yield
Reaction Mixture B.

Reaction solution C was prepared by dissolving 835 g ammonium niobivm
oxalate in 2170 g deionized water at 30°C and then stirring the solution for 15 minutes at
50°C.

Reaction Solutions Al and A2 were then added sequentially to Reaction Mixture
B with stirring. The stirred combined reaction mixture was aliowed to continue reacting
at 90°C for an additional hour.

20
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The combined reaction mixiure was cooled to 70°C. Silica sol (Nalco, 32.5 witts
SiQz, 9206 g} was then added to the combined reaction mixiure, Stirring of the
cambined reaction mixture at 70°C was continued for an additional 30 minutes.

The combined reaction mixture was then cooled to 50°C. Reaction solution C
was then added to the combined reaction mixture with stirring.

To the resulting mixture, 2 dispersion of 1496 g fumed silica in 13464 g
dejonized water was added followed by addition of Ce(OOCCH:) 1.5H,0 (Z74 g),
N{OOCCH;)3H20 (18.0 g), Te(OH)s {243.8 g) and LIOHH,0 (14.5 g).

The resulting reaction mixture was then spray-dried in a Bowen dryer. The inlet
and outlet temperatures of the spray dryer were 325 and 125°C, respectively, with a
nozzle pressure of 25 psig.

A portion {550 g} of the spray-dried material was then calcined in a rotary
calciner (3” diameter glass tube) under an atmosphere of flowing nitrogen {500cc/min).
The calcimation protocel was 20°C/min to 300°C and then 1°C/min to 630°C. The

temperature was held at 630°C for 2 hours followed by cooling te room temperature.

Ammoxidation resuits;
Conversion Selectivity Yield
79.6 59.1 47.1
84.5 59.2 50.1

feeds: 02 3.39/C3 1.6/ NH3 1.20/ N2 12.61,{16 2ir) 10 psig

Example 2 Peroxide Plus Molybdeanm Method
Moy Vs Sbo.167 Nbo.os Ndo.oo2 Ceg o0 Lig5: O

Reaction Mixture A was prepared by adding ammonium heptamolybdate (189.1
g) to 500 ml of deionized water and then adding hydrogen peroxide {30 wi%, 30.4 g)
was drop wise with stirring over 15 minutes.

Reaction Mixture B was prepared by (i) adding ammonium metavanadate {31.3
g) to 400 cc water, (i} heatingthe solution with stining to 90°C, and then adding(iii)
antimony oxtde {8ba0y, 26.1 giand then (iv) allowing the the mixture to react with
stirring at 90°C for one hour.

Reaction Mixture A was then added to Reaction Mixtere B with stirring and the
combined mixtere was heated to 80°C with stirring. The combined reaction mixture was

then heated with stirring at $0°C for an additional hour,
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The combined reaction mixfure was cooled to 70°C. Silica sol (Nalco, 369 p,
32.5% silica) was then added. The reaction mixture was then stirred at 70°C for 30
minutes.

The combined reaction mixture was cooled to 56°C. Niobium oxalate solution
(112.0 g, 0.765 moles Nb/kg solution) was added to the combined reaction mixture with
stirring. Next, a mixture of 60.0 g fumed silica in 900 ml deionized water was added.
This was followed by the addition of Ce(OOCCH,)y1.5H;O (111 ),
NA(OOCCHs3)3 HaO (0.727 g), and LIOHH0 (0.584 g). The resulting reaction slumy
was then cooled to room temperature with stirring.

‘The reaction mixture was then spray-dried in a Niro dryer. The inlet and outlet
temperatures were 325 and 125°C, respectively, with a nozzle pressure of 25 psig.

A portion {60 g} of the spray-dried material was then calcined in 1" diameser
fluid bed caleiner under a nitrogen flow of 100 cc/min. The calcination protocol was
20°C/min to 200°C and then 1°C/mir to 630°C. The temperature was held at 630°C for
2 hours followed by cooling to room temperature.

Ammoxidation resulis:

Conversion Beleciivity Yield
76.8 58.3 44.7
i 58.7 45,1

77% conversion, 59% selectivity, 45% vield

Exampte 3 Peroxide Plus Antimony Method
Moo Vo.25 Sbo.i67 Nba.oss Nedo.aaz Ceg.ans Lipers Ox

Reaction Mixture A was prepared by adding ammonium heptamolybdate (189.0
g) and ammonium metavanadate (31.3 g) to 500 m! of deionized water.

Reaction Mixture B was prepared by adding antimony oxide (8b20;, 26.1 g) 0
400 cc water.

Reaction Mixture A was heated with stirfing to 90°C and then maintained at that
temperature for one hour. Towards the end of that hour, hydrogen peroxide {30 wt%,
30.4 g) was added with stirring to Reaction Mixture B, Two mimutes after the addition of
hydrogen peroxide Reaction Mixture A was added to Reaction Mixture B. The combined
mixtire was brought to 80°C and then maintained at that femperature with stirring for

three hours.
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The combined reaction mixture was ther: cooled to 70°C, Silica sol {Nalco, 369
g, 32.5% silica) was then added. The reaction mixture was then stirred at 70°C for 30
minutes. ‘

The combined reaction mixture was cooled to 50°C. Ammonium niobium oxalate
(28,5 g, 21.0 wt%% Nb) dissolved in 100 g deionized water was added with stirring. Nex,
& mixture of 60.0 g fumed silica in 900 m! delonized water was added. This was
followed by the addition of Ce(OOCCH;)31.5H,0 (1.11 g), NA(COCCH)2 FLO (0.727
g), and LIOH-H;0 (0..899 g). The reaction siwrry was then cooled to room temperaiure
with stirring.

The reaction slurry was then spray-dried in a Niro dryer. The inlet and outlet
temperatures were 325 and 125°C, respectively, with a nozzle pressure of 25 psig,

A portion (60 g) of the spray-dried material was then calcined in 1™ diameter
fluid bed calciner under a nitrogen flow of 100 co/min. The calcination protocol was
20°C/min to 300°C and then 1°C/min to 630°C. The temperature was held at 630°C for
2 hours follewed by cooling to room temperature,

Ammoxidation results: 77% conversion, 56% selectivity, 43% vield

Example 4 - Comparative example Peroxide Pius Melybdenum/Antimony Methed
Moy Vo.25 Sby.167 Nbg.os Neo.goz Ceo.003 Liooss O

Reaction Mixture A was prepared by (i) adding ammonium heptamolybdaie
(189.1 g) to 500 ml of deionized water, (ii) heating the mixture to 96°C with stirring, (iff)
adding antimony oxide (Shy03, 26.1 g), then (iv) stirringthe mixture for 10 minutes, and
then (v} while maintzining the temperature at 90°C, adding hydrogen peroxide (30 wi%,
30.4 g) drop wise with stirring over 30 minutes.

Reaction Mixture B was prepared by adding ammonium metavanadate (31.3 g) to
404 oc water and heating the solution with stirring to 90°C.

Reaction Mixture B was then added to reaction mixture A with stfiring and the
combined mixture was maintained at 90°C with stirring for one hour,

The combined reaction mixture was cooled to 70°C. Silica sol (Nalco, 359 g,
32.5% silica) was then added. The reaction mixture was then stizred at 70°C for 38
minufes.

The combined reaction mixture was cooled to 50°C. Niobium oxalate solution
{(112.0 g, 0.765 moles Nb/kg solution) was added with stirring. Next, a mixture of 60.0 g
fumed silica in 200 m! deionized water was added. This was followed by the addition of

Ce(OOCCH;)s1.5H,0 (1.1 g), NA(OOCCHz) H 0 (0.727 g), and LIOH-H,O (0.584
23



- r.,- .- ,-.-- Catalyst MoV0225b2,62N0O0.02Ndom02Ce00031-e024L.100,30,; 45% 5102 + 0.08
SO/Mo as 5b203 MoV0,25EbnivNbo.oeNd0.002Ceo.0ceijo.0130x: 45% 5102 + 0.08 mol Sb/ mot Mo

as 50203 tvloV0.25Sb0.162Nb5 22Nd22,020e0.2031.12 2130x: 45% S102 + 0.08 mol Sb/mol Mo as ¢
. 8b203 M01/22255h826/NpssNd0.0020e0003L10.01302; 45% SIO2 + 0.08 not Sbimol Mo as Sbh203
MoV022Sbo.167Nb0.02Nd0.002Ce0,003Teo,04Li0.0130a02202; 45% 5102 FBB¥HHBF shimol Mo as
5b203 MoV022Sb0167N0O022L102130x; 45% 9i02 + 0.08 not Sb/mol Mo as Sb203 "00.0 e

£)- The reaction slurry was then cooled to room temperature with stirring,
The reaction slurry was then spray-dried in a Niro dryer. The inlat and outlet
temperatures were 3235 and 125°C, respectively, with a nozzle pressare of 25 psig.
A portion (60 g) of the spray-dried material was then calcined in 17 diameter
5 fluid bed calciner under a nitrogen flow of 100 ce/min. The caloination protocol was
20°C/min to 300°C and then 1°C/min to 630°C. The temperature was held at 630°C for
2 hours followed by cooling to room temperature.

Ammoxidation results: 41% conversion, 41% selectivity, 17% yield

10 Example 5 Peroxide Plus Molybdenum Method with Ca Promotion
Mo Vo.as Sbe.1e7 Nbg.oss Ndp.soz Ceoops Ligss Tepo: Cagpn O
Reaction Mixture A was prepared by (i) adding ammonium heptamolybdate
(182.2 g) to 500 mi of deionized water and then (i) addinghydrogen peroxide (30 wi%,
293 g) was drop wise with stirring over 135 minutes.

15 Reaction Mixture B was prepared by (i) adding ammonium metavanadate {30.2
£) to 400 co water, (ii) heating the resulting solution with stirfing to 90°C, and then {iif)
adding antimony oxide (Sb203, 25.1 gland then reacting the mixfure with stirring at 9G°C
for one hour.

Reaction Mixture A was then added to Reaction Mixture B with stirring and the

20  combined mixture was heated to 90°C with stirring, The combined reaction mixture was
then heated with stirring at 90°C for an additional hour.

The combined reaction mixture was cooled to 70°C, Silica sol (Nalco, 369 g,
32.5% silica) was then added. This mixture was then sticred at 70°C for 30 minutes.
This resulting mixmre was cooled to 50°C. Ammonium niobium oxalate (25.5 g,

25 21.0 wi% Nb) dissolved in 100 g deionized water was added with stirring, Next, a
mixtizre of 60.0 g fumed silica in 900 ml deionized water was added. This was followed
by the addition of Ce{(OOCCH;);'1.5H0 (1.07 g), Nd(OOCCH:)yHoO (0.700 g,
CalCOCCH:) 2 1H,O (3.64 g), and LIOH H,0 (0.563 g). The resulting reaction slurry
was then cooled to room temperature with stirring,

30 The resulting reaction mixture was then spray-dried in a Niro dryer. The inlet and
outlet temperatures of the spray dryer were 325 and [23°C, respectively, with a nozzle
pressure of 25 psig.

A portion {60 g} of the spray-dried material was then calcined in 17 diameter
fluid bed calciner under a nitrogen flow of 100 co/min. The calcination protocol was

35 20°C/min to 300°C and then 1°C/min o 630°C, The temperature was held at 630°C for
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2 hours followed by cooling to room tempsrature.

Ammoxidation resukts: 83% conversion, 56% selectivity, 46%% yield

EXAMPLE 6 Peroxide pius vanadinm.
5 MoV ¢.255byg.1671Nbg 08 1g.0130x%

25,1 grams of vanadium pentaoxide (V20;) is added to 600 ml of distilled water
in a beaker with stirring, followed by three (3) aliquots of 30% hydrogen peroxide (70
grams, 70 grams, 33 prams), added at approximately 10 minute intervals to .create g
burgundy red solution of vanadium peroxide. In a separate beaker, 194.6 grams of

10 ammonium heptamolybdate was dissolved in 600 mi of distilled water in the presence of
antimony trioxide powder.

To this mixture was added the vanadium peroxide solution and the resulting

' mixture was heated to reflux temperature for 2.5 hours, After cooling the above mixture
to 70 degrees C, 369 grams of a silica sol, 30% by weight silica, was added and stirped
16 for 30 minutes.

The resulting mixture was cooled further to 50 degrees C and a mixture of 60
grams of fumed silica and 34.7 grarss of ammonium niobium oxalate in 900 mt of water
was added with stirring. Further, 0.6 grams of lithium hydroxide was added.

This fina] mixture was stirred for an additional 30 minutes and then spray dried

20  to obtain a microspheroidal powder. This powder was heat treated at 3250 degrees C in
air in a muffle furnace for 3 hours in a covered beaker, followed by caleining under
flowing nitrogen at 630 degrees C for 2 hours. Approximately 35 grams of this material
was charged to 40 ¢¢ fluid bed reactor and was tested for ammoxidation of propane. At
440 degrees C, a wwh of 0.06, 2 pressure of 10 psig and feed ratio 1 propane / |

25 ammonia / 3.39 oxygen / 12.61 nifregen a yield of 45.8% acrylonitrile was obtained at a
selectivity of 57.8%. Additionally, 5.3% HCN, 3.0% acetonitrile and 2.2% acrylic acid

were also obtained.
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55.942.8441.041.216.9581.154.544.2 6 79.257.8 45.8 Example 7 Peroxide Plus Molybdenum
Method Moia V015 Sh0.167 Nh0.056 Nd0.002 Ce0.003 1,10.013Te0.04 5Reaction Mixture A was
prepared by (i) adding ammonium heptamolybdate (183.4 g) to 500 ml of deionized water, and then (ii) ,
adding hydrogen P&IY @@go(g Wt%, 29.5 g) drop wise with stirring over 15 minutes. Reaction :'
Mixture 13 was preparéd b ? adding ammonium metavanadate (30.38 dj 10 48° €8 Water, (ii) heating |
the solution with stirring to 90C, (iii) adding antimony 10 oxide (Sb203, 25.3 g) and then (iv) reacting
the mixture with stirring at 90C for 30 minutes. Reaggiga Mixture A was then added to Reaction

Mixture 13 and the combined HOT-ratxtare en-heated W'*h °f-rr'rm at.Z0C faor.an additional
hour. The combined reactlor‘:erm Wag ?oolcées 0%8‘23 ;lllca so?maﬁicy 36(09/0;3 Yieid

1 82.1 59.2 486

2 76.9 58.5 449

3 76.6 55.9 42.8

4 41.0 41.2 16.9

5 81.1 54.5 44.2

6 75, 578 458

Example 7 Peroxide Plus Molybdenum Method
Mo1.4 V.25 Sbo.s67 Nbooss Ndy.ooz Cepnes Lisoss Teo.ns
5 Reaction Mixture A was prepared by {i) adding ammonium heptamolybdate
(183.4 g) to 500 mi of deionized water, and then (ii) adding hydrogen peroxide (30 wt%,
29.5 g) drop wise with stirring over 15 minutes,

Reaction Mixture B was prepared by (i) adding ammonium metavanadate (30.38

g) to 400 oc water, (ii} heating the sclution with stirring to 90°C, (iif) adding antimony
10 oxide {8by0s, 25.3 g) and then (iv) reacting the mixture with stirring at 90°C for 30
minufes. .

Reaction Mixture A was then added to Reaction Mixture B and the combined
reaction mixfure was then heated with stirring at 70°C for an additional hour.

The combined reaction mixture was cooled to 70°C. Silica sol (Nalco, 369 g,

15 32.5% silica) was then added and the resulting mixture was then stirred at 50 °C for 30
minutes. Ammonium niobium oxalate (36.8 g, 21.0 wi% Nb) dissolved in 200 g
deionized water was added with stirting to this mixture. Next, 60.0 g fumed silica in 800
ml deionized water was added. This was followed by the addition of
Ce{OOCCH)3 1.5H0 (1.073 g), Nd(OCOCCH)3Ha0 {0.705 g), and LIOH-H,O (0,567

20 g). The resalting reaction slurry was then cooled 1o room temperature with stirring.

The resulting reaction slurry was then spray-dried in a Niro dryer. The inlet and
outlet temperatures of the spray dryer were 325 and 125°C, respectively, with a nozzle
prassure of 25 psig.

A portion (60 g) of the spray-dried material was then calcined in 1”7 diameter

25 fluid bed calciner under a nitrogen flow of 100 cc/min. The calcination protocol was
20°C/min to 300°C and then 1°Cfmin to 630°C, The temperature was held at 630°C for

2 hours followed by cooling to room temperature.
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15 32.5% silica) was then added and the resulting mixture was then stirred at 50 C for 30 minutes.
Ammonium niobium oxalate (36.8 g, 21.0 wt% Nb) dissolved in 200 g deionized water was added with
stirring to this mixture. Next, 60.0 g finned silica in 800 ml deionized water was added. This was
followed by the addition of Ce(00CCI-13)3.1.51{20 (1.073 g), Nd(OOCCH3)3E20 (0.705 g), and
Li014-1-120 (0.56 7+20gl/dikmaesulting reaction slurry was then cooled teroandempatature with
stirring. The resulting reaction slurry was then spray-dried in a Niro dryer. The inlet and outlet
temperatures of the spray dryer were 325 and 125C, respectively, with a nozzle pressure of 25 pstg. A
portion (60 g) of the spray-drieertiateivarsids: t8ePs¥ateiretan A @AansketeriassAuld ved calciner under a ©
nitrogen flow of 100 cc/min. The calcination protocol was 20C/rnin to 300C and then 1C/min to 630C.
The temperature was helgngh&SS0C for 2 hours followed by cooling to room temperature. WO
2010/014206PCT/US2009/004355 oxidatign regults: 81.98% copversion, 61.16% selectivity,
50.1% yield Examplg 8 Mems\z,t/rg.zag Mbﬁwngﬁl%gzolf Q&Wﬁ.‘ﬁgg %'g§60§ 0{]%?013 Te0.04 5Same as
- Example 7 except the combined mixtuterof Resction Mxure A XK ReS&ior MikiireBalas reacted for
2 hours at 70C. AmmoXtSTSITHEETHE "85 gt rdersis s BT:0% selectivity, 52.4% yield Example 9
10M01.0 V0.25 Sh0.167 NbC!@56d:001:Ce8:008c00:618. Te0Diecti GarfidsyEample 7 except the !
combined mixture of Reaction Mixture A and Reaction Mixture B was reacted at 90C for 1 hour. !
Ammoxidation results: % &gpcc0nversion, 60.7% selectivity, 45.0% yield 15 Example 10 M01.0 V0.25
Sb0.167 Nb0.056 Ngl0.002 Ce0.003 MQ{_QJ‘?’SEEO'%E; '055§{§me&§mllfs)l<‘amme’%dexcept reaction mixture B

was reacted at 70C for 1 hOlg and tt&e CO[T‘?BIHGG ‘Mixtlre o ﬂ?zea(,:non1?'rcﬁxtﬁ'“r‘,e A and reaction mixture B

was reacted at 70C for | hour B0 AMmEHdation Tastite B bRt efisH ed Ut gk éitity, 36.2%
yield Example 11 M01.8%¢95 S refe72NERSets a0 ud2ee0.003 U0.013 Te0.04 Same as
Example A except the combihedherisdtimerofiteattithn amxteren /A% sZ&ieac oA ixtdre B was reacted
at 70 C for 20 minutes.

15  Example 10

Mo 1.0 Vo5 Sbo.agr Nbooss Ndosoz Ceo.oos ooz Teaos
Same as Example 7 except reaction mixture B was reacted at 70°C for 1 hour and
the combined mixture of reaction mixture A and reaction mixture B was reacted at 70°C
for 1 hour.

20 Ammoxidation results: 59.9% conversion, 60.4% selectivity, 36.2% vield

Example 11
Moo Vo5 Sbo.asr Nboess Ndo.ooz Ceo.ons Lis.ors Teops
Same as Example A except the combined mixture of reaction mixture A and
25 reaction mixture B was reacted at 70 C for 20 minutes.
Ammeoxidation results: 78.2 % conversion, 55.8 % selectivity, 43.6 % vield

Example 12
Mo1.0 Vo.zs Sbeasr Nbooss Nida.oez Cenno Lisgiz Teooq
30 Same as Example A except reaction mixture B was reacted at 70 C for 30
minutes and the combined mixture of reaction mixture A and reaction mixture B was
reacted at 70 € for 1 hour,
Ammoxidation results: 60.8 % conversipn, 59.7 % selectivity, 36.3 % yield

35
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Ammoxidation results: 78.2 % conversion, 55.8 % selectivity, 43.6 % yield Example 12 1.0 V0,26
Sb0.107 Nb0.056 Nd0.062 Ce0.003 Li0.013 Te0.04 30Same as Example A except reaction mixture B
was reacted at 70 C for 30 minutes and the combined mixture of reaction mixture A and reaction
mixture .B was reacted at 70 C for 1 hour. Ammoxidation results: 60.8 % conversion, 59.7 %
selectivity, 36.3 % yield 35 CLAIMS What is claimed is: I. A method for making a solid precursor to
a mixed oxide catalyst for use in producing acryltﬁﬁigﬂasor methacrylonitrile from propane or isobutane
by ammoxidation in a gaseous phase, 5said catalyst comprising the elements molybdenum (Mo),
vanadium (V), @iiimenykaky), niobium (Nb), oxygen (0), and comprising a mixed oxide of the empirical
formula: MoiVeSbbNbcTedMeXfZgOn wherein, M can be one or more alkali metals selected from
the group consisting 6fA in@sddndiRbipX acatidgereowecp o oreseleidted higmithasg ooy domsisting of: Y,
Ti, Sn, GZ, Zr, e!allfy'ﬁfn@hz(ﬁ%@m@%&@@ﬁsﬁpﬁwﬂ@@@?&m@t@m@@mmfﬁ é&eogm&e@c?nsisting of
Pr,La, Nd, Ce, a u;,and Q.1; is the number o en atoms,requlire atisfy valance
reqéirements of lég}f%%?é*r"&“ r%sélrﬁas}gﬁr%snelﬁ t?nmﬁ:ﬂ%bper%uc% gsﬁg}j Wi'it%a(t?uén p?gi/?gg tong@?é 1’S%f)r}{nncr)lre of the
other elementSEyEPersof eAPPHESRESIEIP S Uxisiistaia™ier than its highest oxidation

state, a, b, c, d, e, f, 15 and g represent ttﬂ/?ﬂr(}(gg})%aliigdﬁfit&e&orresponding element to one mole of
Mo, and said method comprising making a réattion mixtufe comprising a molybdenum compound, a
vanadium compBiries MAeBATIAE F e rbtiHeeah et Syehtsero it iitisrdhtsdis tadton mixture
is prepared by X entaeting <o myro neckthevantienmny comipingd, hEinfolybedenuit eohfpauarnd, and the
vapgdium compaund with. vdragen. Reraxide PARLO Mixing\ith seppee compeunds for the 20
remaining elements contained in Bhe< 2«? %%9F<cat<ap/ost0v¥ er(?iH gryg%tlo%tlyfdgg'%egn Jperoxide used

<

is such that motAFFatS o hydrogen péroxide 1o anfimony I the ¢atalyStis in the range of 0.01 to 20;
and further corfyprisidg driingunkeres arrgmaittirecgsifestiy mesBoiepreseraoments odalrpdemethod
according to claimawhesinihe melyhdenumieampaudisroitactedwithoyd cogenperaxide to form

a Mo-peroxide reaction mixture and fhe yanadium comnptng i5 %= Bixadwithantimogy.compound to

make a V-Sb réaction mixtute and the V-Sb reaction mixture is contacted with said Mo-peroxide
red@tion mixturéd feprrrRi B M oNASts TEsReRERaiRTRS o one mole of Mo, and said method

comprising making & reaction mixture comprising a molybdenuit compound, a vanadium
compound, an antimony compound, and hydrogen peroxide, wherein said reaction mixture is
prepared by contacting only one of the antimony compound, the molybdenum compound, and the
vanadium compound with hydrogen peroxide prior to mixing with source compounds for the
20 remaining elements contained in the mixed oxide catalyst wherein amount of hydrogen peroxide
used is such that molar ratio of hydrogen peroxide to antimony in the catalyst is in the range of

0.01 to 20; and further comprising drying the resulting mixture to form the solid precuzsor.

2. The method according to claim 1 wherein the molybdenum compound is contacted

with hydrogen peroxide to form a Mo-peroxide reaction mixture and the vanadium compound is

25 mixed with antimony compound to make a V-3b reaction mixture and the V-Sb reaction mixture
is contacted with said Mo-peroxide reaction mixture to form a combined Mo-V-Sb reaction

mixture.

. 3. The method of claim 2, wherein the V-Sb reaction mixture is heated at a temperature
of between about 80 °C to about reflux temperature for about 15 to about 45 minutes, prior being

30 contacted with the Mo-peroxide reaction mixture.

4. The method of claim 2, wherein the V-Sb reaction mixture is heated at a temperature

of about 90°C for about 30 minutes, prior being contacted with the Mo-peroxide reaction mixture.

5. The method of claim 2, wherein the combined Mo-V-Sb reaction mixture is heated at a
temperature less than or equal to about 80°C for at least about one hour, prior to being contacted

35 with the source compounds for the remaining elements contained in the mixed oxide catalyst.
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3. The method of claim 2, wherein the V-Sb reaction mixture is heated at a temperature of between
about 80 C to about reflux temperature for about 15 to about 45 minutes, prior being 30contacted with

the Mo-peroxide reaction mixture. 4. The method of claim 2, wherein the V-Sb reaction mixture is
heated at a temperature of about 90C for about 30 minutes, prior being contacted with the
Mo-peroxide reaction mixture. 5. The method of claim 2, wherein the combined Mo-V-Sb

reaction_ mixture_ IS heatad ﬁttaotemrleﬁamrehlesis MmﬁiﬂﬂMbM~ﬂb&a&ﬁﬁ@M&idﬁ&ﬁ®iﬁ@ut one
hour, prior to t%@mrmma&t%?ﬂgfe the mmgqm&g% for gheeRning.alements,sentained in

the mixed oxide catalyst, 6. The method of claim 2, wherein the combined Mo-V-Sb reaction

mixture is heaf@ RPN e iTrRias SEBERHEI8F At RS HEIS 475¥ to being contacted with the
source compounds for g [eMAINING SIeMEeBis.coUaRgd 4 he.MxedAsdeCaalsled wide The

method according to claim | wherein the vanadium compound is contacted with 5 hydrogen peroxide
to f3im a V-per%’&&%e?é%‘ﬁ%?‘? X SN P T R IR BB h B S i o L R RS iR ny
compound to méed aviNloeShnraactivnommiktioreaiac thie MorSitieaniidrrarisdube Medhtsetdehwith said
V-peroxide reagli@R-NixtRied wil.«Th& Hethadaceardingte claim | wherein the antimony compound
is contacted with hydrogen peroxide to form a Sh-peroxide reaction mixture and the molybdenum
compound is 1 0 mixedwithetadagiomtireompetnt whasakdceaNioogTeaetiondnixenecgddvibe Mo-V
reaction mixtungdsogantastact withsaisl Shrperaxidedeactionurixitge molddihe eibedaacording to
claign 1 wherein the malar, (240, 0THE0218 BRI NGIIAERE! 108id 3na me AV hEMGNOd
according to claim 1 wherein X'is LI. 11. The method according to claim 1 wherein Z is selected
from the group ESHpHGMRERIE W g F hrARRIE SR amy e, 12. The method of claim 1
whereinb d a. 513. theymeihad pLARID & WAR'EIN G Qulbrano ool hesethag aggerding to
claim 1 further comprising heating said precursor, by contacting with flowing gas at a first heating rate
greater than aBbLt5C/min until the precursor mixture attains a precalcination temperature of not
greater than 400C. 15. The method according to claim 1 further comprising heating said
precursor, by 10 contacting with flowing gas at a first heating rate greater than about 20C/min until the
pregursor solid mixture attains a precalcination temperature of not greater than 300C, and contacting
second heating rate greater than about PC/min until the precursor solid mixture attains a temperature
of between 300C and 650C. 16. A method of ammoxidation or oxidation of a saturated or
unsaturated or mixture of 15saturated and unsaturated hydrocarbon to produce an unsaturated nitrile
or an unsaturated organic
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acid, said method comprising: physically mixing a dry metal oxide catalyst and a performance
modifier to form a catalyst mixture, wherein the performance modifier is selected from the group
consisting of aluminum compounds, antimony compounds, arsenic compounds, boron compounds,
cerium 20 compounds, germanium compounds, lithium compounds, heodymium compounds, niobium
compounds, phosphorus compounds, selenium compounds, tantalum compounds, titanium
compounds, tungsten compounds, vanadium compounds, zirconium compounds, and mixtures
thereof; and cohtemd eacsandiratedgmungbiirated br mixture of saturated and unsaturated
25 hydrocarbon with af xygeR-coniaining gas, on with an Sxydsn:containing.gas ang ammonia, in the
presence of the catalyst mixture, wherein sai éllry metal oxide cata?ysf IS made from pre%ursor made
by the method ™t &laiprdpnixture off ¥d gdCpnethod of claim 16, wherein a performance modifier
comprises antimony (Il1).oxide, antimany, trioxide (SQR203), antimony (I11) oxalate, antimony (Ill) tartrate,
antimony (V) oxide, a(ir%i)rl%r?if%leotré’)g%] e“,T}/éBN(%Tﬁ’, bg*ergrﬁka‘?‘hium (IV) oxide, telluric acid (116Te06),
titagium dioxide (Ti0O2); zifcanium SEEe. (25 dithium hydroxide (LiOH), cerium (IV) oxide, or a
5mixture thereof. 18. An improved method for making a precursor to a mixed oxide catalyst for
use in producing acrylénfiniersthiethactilpnitrileifromiipiiop anewisiso betdare sby amemoxidation in a
gaseous phasggsaithgalalystwamptisingiiheslementsmelyidensn (MohvanadiipLMksgntimony
(Sb), tellurium E%Bnﬁ%um Na%& og&ggg\}é?})ﬁlmarpg cggé}gritseiqgagé%d oxide of the empirical

credme ?ig n 'i\ﬁ can

10formula: MuVa erein, beé one or more alkali metals selected from
the group Consislfing gﬁ.LthQ%Beaﬁd Rborfigals heane %&mrﬁﬁgiﬁﬁ{@d&?@ mﬁ gresp&ongisting of:fY,
Ti,8n, Ge, Zr, Hf: and Z capn be one or more rare earth metals sele rom the group consisting o
T N co o B G B e
requirements SP4 BiREFeIEHE RPBrASERIT (RERSFELGSOPNitHHE FHVRY thatBneBisifsre of the
other elementsdmtidehprgqurser gancbebpregent iN@Emioxiddaltion stateriowaiithanxitsehighi@staoxidation
state, a, b, ¢, d.g,§,.and.guepLesantihespalar ratio of the corresponding element to one mole of Mo,
and said method 50 comprising making a reaction mixture of a molybdenum compound, a vanadium
compound, an antimdniycompaisfcyramd iy drogenigeioxide, saherginronbonedthexamntinfony
cogapound, the mplvhdanumGRmPRKAC. ADE (e Managium.cemacHAd with hydegenperaxide prior to
mixing with the remaining i gcredients‘wherein amount of hydrogen peroxide used is such that molar
ratio of hydrog%cﬁdpsé%o%??’éort}o %%?lrr}ﬁ%%y in the catalyst is in the range of 0.01 to 20. 2519. The method

of claim | wherein the,ameunt afkydiogembaraxide usadissyshthatmalaniatigpthysregen peroxide
to antimony in the cg&&atrgs ‘;Vr}lthe range F?f 0.1t0 5 20. The %¥queof claim 1 \S/yiger%jn the

catalys erelr erformance modifier. 15 selgcte TOUD COMSISUNg o .
amount of hydrogen peroxide used is such that molar ratio of ﬁydc}ogen per%m eto anu%nony in the

catalyst is in thdupafge 6PERSUfgss antimony compppndsh ariFfathtSErRFerint PR SRETONSs StipBlied as a
nidium competinpocalsistingoi3Qniomicacididniebivompydiegendxaiate, campmardimisiobium oxalate,
or mixture therﬁQEpounds%Zp&%mgtﬁgﬁl@B&é@%ile%imbecr&}@&!i}ﬁap%mgmn&%m@&e&aﬁqmrlses at
least about 0.01 moles per mole of Mo in the rgjxed metal gxide catalyst composmgn._

compounds, tongsten compounds, vanadium compounds, zirconium® compounds, and mixtures

thereof’ and

contacting the saturated or unsaturated or mixture of saturated and unsaturated
25 hydrocarbon with an oxygen-containing gas, or with an oxygen-containing gas and ammonia, in

the presence of the catalyst mixture, wherein

said dry metal oxide catalyst is made from a precursor made by the method of claim 1.

31



10

15

20

25

30

17. The method of claim 16, wherein a performance modifier comprises antimony (HI)
oxide, antimony frioxide (Sbhy0s), antimony (I1I) oxalate, antimony (III) tartrate, antimony (V)
oxide, antimony tetroxide, SbsOi3, germanium (IV) oxide, telluric acid (HgTeOg), titanium
dioxide (TiQ,), zirconium oxide (ZrO,), lithium hydroxide (LiOH), cerium (IV) oxide, or a

mixture thereof.

18. An improved method for making a precursor to a mixed oxide catalyst for use in
producing acrylonitrile or methacrylonitrile from propane or isobutane by ammoxidation in a
gaseous phase, said catalyst comprising the elements molybdenum (Mo}, vanadium (V), antimony
(Sh), tellurium (Te), niobium (Nb), oxygen (O), and comprising a mixed oxide of the empirical

formula:
MoV, SbpNb TegMXZ,0,

wherein, M can be one or more alkali metals selected from the group consisting of Li, Cs, and Rb,
X can be one or more selected from the group consisting of: Y, Ti, Sn, Ge, Zr, Hf; and Z can be
one or more rare earth metals selected from the group consisting of Pr, La, Nd, Ce, and Bu; and
wherein 0.1 £2<1.0,0.05<b<1.0,0001 ¢ <1.0,0<d<1.0,0=e<0.1,0=<f<06,0<g<
0.1; and n is the number of oxygen atoms required to satisfy valance requirements of all other
slements present in the precursor with the proviso that one or more of the other elements in the
precursor can be present in an oxidation state lower than its highest oxidation state, a, b, c, d, e, f,
and g represent the molar ratio of the corresponding ”element to one mole of Mo, and said method
comprising making a reaction mixture of a molybdenum compound, a vanadium compound, an
antimsony compound, and hydrogen peroxide, wherein only one of the antimony compound, the
molybdenum compound, and the vanadium compound with hydrogen peroxide prior to mixing
with the remaining ingredients wherein amount of hydrogen peroxide used is such that molar ratio

of hydrogen peroxide to antimony in the catalyst is in the range of 0.01 to 20.

19. The method of claim ! wherein the amount of hydrogen peroxide used is such that

molar ratio of hydrogen peroxide o antimony in the catalyst is in the range of 0.1 to 5.

20. The method of claim 1 wherein the amount of hydrogen peroxide used is such that

molar ratio of hydrogen peroxide to antimony in the catalyst is in the range of 0.5 to 3.

21. The method of claim] wherein Nb is supplied as a niobium compound consisting of

niobic acid, niobium hydrogenoxalate, ammonium niobium oxalate, or mixture thereof.

22. The method of claim 13 wherein the performance modifier comprises at least about

0.01 moles per mole of Mg in the mixed metal oxide catalyst composition.
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