METHOD OF MAKI NG M XED METALOXI DE CATALYSTS FOR AMMOXI DATI ONAND/ OR

OXI DATI ONOF LOVER ALKANE HYDROCARBONS TECHNI CAL FI ELD The present invention
rel at es twommetdmchoaf preparati on of solid conpositions eomtusteiongns xed
nmetal oxides that exhibit catalytic activity for anmmoxi dation or oxidation
of | ower al kane hydrocarbons to produce an unsaturated nononitrile or
organic acid in high yield. Mxed netal oxide catalyst conpositions of the
i nvention conprise, as conponent el enents, nolybdenum (M), vanadium (V),
antinmony (Sb), niobium (Nb), oxygen (O . BACKGROUND OF THE | NVENTI ON
Nitriles such as acrylonitrile and nethacrylonitrile have | ong been
industrially produced as inportant internediates for the preparation of
synthetic fibers, synthetic resins, synthetic rubbers and the |ike. A major
use of acryl onighrihe LRrrRD REFIINEITINDYND TRADEMARK OFFICE
Acrylonitrile-butadi ene-styrene terpolyners (ABS) are | nportant

t hernopl astic structural plastics. Nitrile-type rubbers, first

comerci alized as the Gernan Bun L ¥PEAL R &930 are copolyners of
acrylonitrile and a di ene, Usua|§yﬁgﬂﬁa§+eﬁ87 The currently practiced
comeg ci al processes for the prodisddnpuargfiny triles, such as acrylonitrile
and nethacrylonitrile, subject an al kene, i.e., propylene or isobutene, to
reaction in a gas phase with ammoni a and oxygen in the presence of a

catal yst at a high heppenatur®, . Gangraldy.y tdie 1cat ﬁ/SStp%] QL ul ations

enpl oyed are prop |etary to the catalyst supplier, but the technology is
wel | established. Furthernore, is known to include additional starting

Cream o @ﬁh“?'né%tﬁﬁﬁt%#r‘ﬁﬁﬁswf§€1§%ﬁ§tirrrf$%€%rﬁs R RORERL AR BN de. al ong

wi thp$ he hydrocarbon starting getermahnDpl MEYHEw of the rel ati ve abundance
of |l ower al kanes relative to correspondi ng al kenes, resulting in price

di fferences particularly between propane and propyl ene or between isobutane
and i sobutene, attention has been drawn to devel oping i nproved catal ysts
for producing nitriles fromthese, |ess expensive, |ower al kanes. Propane
or isobutane is used as starting material in an ammoxi dation reaction with
anmoni a and oxygen in a gas phase in the presence of a catalyst. Catal ysts
cont ai ni ng nol ybdenum vanadi um anti nony and ni obi um whi ch have been shown
to be effective for conversion of propane to acrylonitrile and isobutane to
nmethagrylonitrile (via an ammeqimslajr orug emetanmorand met-hods of preparation
of saidcatal ysts are described in nunerous publications, patents and patent
appl i cat il00911sce, Ther SXAFANE U 'eHai@nt MoLaBEs5050 760Y8BSREhi RiBo et

al., US t tq 143, 916
to Hrnaggegﬁkg% , andgfgggsggggnt]EEEB%$511¥86%0 ?ﬁougkggg éb e

cat al yst systeimai anagmethpbdefiom ttield-aomamn w&aadrnaiaamdnnnhhruaoand

met hods qf., prepa tron of ai d, cat al sts ar e, described in U.S.  Pa

5. 049, 693 1S VEED OiBAYON) ST pRRdiR & e v s 2ng Staet o,
5, 38@593%Ml¢@@1@ @MrB@@Q§No 5,422, 328 Further oxi de catal ysts contai ni ng
nol ybdenum vanadi um ni obium and antinony are described, for exanple,

U S Pat. No. 4,760,159, U S. Pat. No. 4,797,381, and U. S. Patent No.
7,087,55 1. The nethods of preparation of said catal ysts can generally be
divided in two categories, nanely, hydrothermal and non-hydrothermal. In
the so-called hydrothernmal route generally an aqgueous m xture of
ingredients is treated at an el evated tenperature (e.g., 150-250C) and

el evated pressure (e.g., 200-300 psig) to presunably form m xed oxi de

catal ytic phases. In the non-hydrothermal route generally an aqueous

m xture of ingredients is treated at a tenperature generally | ess than 100C
at anbient pressure followed by drying to prepare a catal yst precursor. The
catal yst precursor is heat treated or calcined to formthe catal ytic
phases. For exanmple, 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 1,806,178, and WD 2007/1
19376 di scl ose net hods of non-hydrot hermal preparation of catalyst

conposi tions conprising nol ybdenum vanadi um antinony, and ni obi um as
conponent netals. US 5,750,760 di scl oses a nethod of preparing an aqueous
solution of a precursor to an oxide catalyst of the enpirical fornula
MoaVbSbcXcOn (wherein X is at | east one el enent selected fromthe group
consisting of No, Ta, W Ti, Zr, C, M, Fe, Ru, Co, Rh, Ni, Pd, Pt, B, In,
Ce, an alkali netal and an al kaline earth nmetal) as (1) a nethod of adding
and m xi ng a conpound contai ning Mo and a conmpound cont ai ni ng an el enment
represented by X to an aqueous solution containing V conponent and Sb
conponent to obtarn an aqueous solutron or (2) a nethod of addrng and
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Mo conponent and a Sb conponent to obtain an aqueous solution. US 6,514, 902
di scl oses a process of nmaking an oxide catal yst conprising a conpound oxi de
cont ai ni nyob1o/N919and Sb as essenti al conponent el enment #CrhiSeHVIPIBCESS
conprises subjecting a solution or slurry, in water and/or alcohol, of a
raw material m xture conprising a Mo conpound, a V conpound, and an Sb
conpound as essential raw materials to a specific oxidation treatnent using
an oxi di zing gas and/or an oxidizing liquid before subjectingthe solution
or slurry to drying and subsequent cal cination. Catal ysts nade by the

met hods descri bed above do not provide adequate selectivity and yield
required for a commerci al &UKGROUNIN.OF THES INVENI TN of the invention to

provid |l ysts for the selectjve oxidati on and, ammoxi dation of al kanes
and nefﬂéﬁé?to nﬁkétgﬂﬁdeﬂgiaW9§ngss RYC PR TRENE NVEIGNGN | AT Br FAPWD

aspect jnt RRePLESENt HAWEPLL PR f6hat 8S phe thRiNed ofadmaking gixed. ot ah oxide
catal yst conpositions that exhibit an ability to facilitate anmoxidation or
oxi dat venietva eft uraved hpdicbcabbonaid t pessor fadpendi mgdundat ufatlégrs
nitril n u d r boxylic_acgid.in high vield, d processes usi;ng

t hese g%ﬁg?§§?§&f%g%§uﬁé% %%%C oﬁ?érﬁﬁ%ﬁf() ?%Eé?'al%ghe %dpgggfbgiﬁ
Cener apbys theltexed hetal bpdrde wealdal yot deaposelaoss ofghhesi nuentdone

conprise, as conmponent el enents, nolybdenum (Mp), vanadium (V), _antinon
(Sb), REBBREM (RBYSVER aridibodiMettoeRimpRli t 1 BheTofPaRNELi nfeAaon an
conpri e R¥LEES O 2Pl yPgdenym cnangdi ¥ile allhd Y ot &dd i Mot D1 ym And
at | east one elenent selected fromthe group consisting of lithium cesium
rubi di akmpiet &asbapntin, germani um zirconi um hafnium | ant hanum
praseodym um neodym um sanmarium europium gadolinium dysprosium

hol mum erbium thulium ytterbiumand lutetium The present invention,
therefore, discloses an inproved nethod for naking a precursor to a m xed
oxi de catal yst for use in producing acrylonitrile or methacrylonitrile from
propane or isobutane by ammoxi dation in a gaseous phase sai d catal yst
conprising the el ements nol ybdenum (M), vanadium (V), antinony (Sb),

ni obi um (Nb), oxygen (O, said nethod conprising making a reaction m xture
of a nol ybdenum conpound, a vanadi um conpound, an anti nony conpound, and
hydr ogen peroxi de, the inprovenment conprising: contacting any one of the
anti nony conpound, the nol ybdenum conpound, and the vanadi um conpound wi th
hydr ogen peroxide prior to mxing with the remaining ingredients wherein
anount of hydrogen peroxide used is such that nolar ratio of hydrogen
peroxide to antinony in the catalyst is in the range of 0.1 of 5, and
further conprising drying the resulting mxture to forma solid precursor.
The present invention al so discloses a catalyst conprising a m xed oxi de of
the enmpirical fornula: M VaSbbNbcTedMeXf ZgOn wherein, M can be one or nore
al kali metals selected fromthe group consisting of Li, Cs, and Rb; X can
be one or nore Y, Ti, Sn, Ge, Zr, and Hf; and Z can be one or nore rare
earth netals selected fromthe group consisting of Pr, La, Nd, Ce, and Eu,
andwherein 0.1 <a < 1.0, 005 <b<1.0, 0001 <c<1.0,b 0<d<1.0 0c<
e <0.1, 0<f <0.6, 0<g<0.1; and n is the nunber of oxygen atons
required to satisfy valance requirenments of all other elenments present in
the precursor solid with the proviso that one or nore of the other elenents
in the solid precursor can be present in an oxidation state lower than its
hi ghest oxidation state, a, b, ¢, d, e, f, and g represent the nolar ratio
of the corresponding elenent to one nole of Mo said catal yst made from a
precursor nmade by the inproved nethod descri bed above. For a nore conplete
under standi ng of the present invention, reference should be nade to the
enbodi nents described in greater detail below and by way of exanples of the
i nvention. FIGURE BRI EF DESCRI PTION Fig. 1 schematically illustrates that
the present invention provides inproved acrylonitrile yield. DESCRIPTI ON
The present invention provides an inproved nethod for nmaking a solid
precursor to a m xed oxide catalyst for use in producing acrylonitrile or
nmet hacrylonitrile from propane or isobutane by ammoxi dation in a gaseous
phase said catal yst conprising the el enments nol ybdenum (M), vanadium (V),
antinmony (Sb), niobium (Nb), oxygen (O, said method conprising nmaking a
reaction m xture conprising a nol ybdenum conpound, a vanadi um conpound, an
anti nony conpound, and hydrogen peroxi de, wherein said reaction mxture is
prepared by contacting any one of the antinony conpound, the nolybdenum
conpound, and the vanadi um conpound w t'h hydrogen peroxide prior to m xing
W th source conpounds for the remaining el ements contained in



the m xed oxi de catal yst wherein amobunt of hydrogen peroxi de used is such
that nolar ratio of hydrogen peroxide to antinony in the catalyst is in the
range of wWoOQdioka9®@, and further conprising drying the Pesuaistoma@mo4rxt ure to
formthe solid precursor. As used herein, a "source conpound” is any
conpound whi ch contains and/or provides one or nore of the elenents
contained in the m xed oxide catal yst conposition. As an enbodi nent of the
present invention the nolybdenum conpound is contacted with hydrogen
peroxide to forma M- peroxide reaction m xture and the vanadi um conpound
is mxed with anti nony conpound to make a V-Sb reaction m xture and the
V-Sb reaction m xture i s couUMMARY] Of tTHES AINVEWMEION oxi de reaction m xture

to forg&(éa%conbl ned M- V-Sb glxture I n one enbodi nent, the V-Sb reaction
r

m xt ur 3heat & aYSheTefp Feihe Yo e (RESH dasbuth 3o erestabsulrardtingx
tenperghake §01rf hgsmaxirin@tfieyn aRoutrdq,di\Abadit é?ffé?%@sch%h@ﬁsb%'fng
contacted with the Moperoxi de reaction m xture. |In one enbodi nent, the V-
react i dedid xtlate it hediwinatea phargseracurelatioes et wasaUt CISETh € bs ab(ﬁut
100C for abOclilt 15 to about 45 mi nutes, prior being contacted with the

Mo- perOX| d% rea%tl on m xture. In anot her enbodi nent, the V-Sb reaction

M Xt ur p00G4 heat eth apaattiemlenrgt i esgbtahouindOketRodakay Blovwiasdeshapri or
bel ng contacted with the M- peroxide reaction m xture. As_used herein,

"ref | ux2R eRBekardr &° iR eﬁpe%@erléreslt sich §HeldealliBANALRt @ME160i | s
at at npspiEs i Cs PIERPURE: rARnAGNS LeAtkiaR MEXAUEEORL: Gy A0UGQUHATAHLCE
conmpounds of the meta conponents are conbi ned ormthe reaction
m xt ure)desltedavieine rédhaknt enperatattond drne<t00Chadmeals enbfodiameio of
the present invention the vanadi um conpound is contacted w th hydrogen

per oxi “%0 forma W per oxi de reaction m xture and the nol ybdenum conpound

IS m xpologe} h anth noiycseaRPeEad Dt ireken a d¥enp 4 8ACtdrbdlindid € and thie
Mb-Sb reaction mixture is contacted with said V-peroxide reaction mxture
to forhEERbhMned MYSEeTh #ﬁ&t@?eorrﬁlehénenﬁéaméﬁt ig herepidedr eadticon
m xtur g, is.heated ajte t t B ou tq a ref

t enper ature for %t Hgﬁer% x% urlfg gr L%a oug3 ?g to a ‘%ﬁ’t h%g%gﬂu%esgwé}:o?elbl%n
cont actengtin t hpn:bee‘e-sp@rgoxa dé€ire&actsiomand xt urfe. sénonde ae'lmbopaﬂentfllitree:

Mo- Sb reaction m xture heated at a tenperature of bet 80C to
Mbout HO0CHY 0F ABOURC: 8ela aeoth O et CherRG . CoRtacedd A the

V- per ori Ueef eagld Opr FE&XE 46 €. the anptber sqrzgeeq' Bftert R MBS dpaslyi amhe
m xture is heated at a tenperature of between about 9 for about 30

m nut e5irpki atlberag donttast-ed di thirHe aVlparamd del Yeert i bavingt ar €hixgd an
embodi ey, ofy Ihgpre ?BEes’% %”téo%eté(} d’ﬂ‘”%& ay . CO”BP“@QuEgh é‘if‘%%% W th
hydr ogen p roxi de t'o orma b per oxi de reac I'on "m xturé and t he nol enum
conpoufidlter i kedingt b ViBnadiundebapoledgth, ndke coredte@acdi ahenbttilnce

and the -V reaction mxture is contacted with said Sbh-peroxide reaction
m xt ur%Jch\)/b PaFT 41 ib’ﬁﬁ. RE8 WFOESIPaH Xl St Anel eRBAJATERE, PHRE SN I

reactipp rind UEBikd hedl eGhAfs a fligRer.at urg, of rhelweegeaQout) SOGHO abrut
80C for about 15 to about 45 minutes, prior being contacted wt t he

Sh- per 8&feRd r datay ohengkhur ¢hel rthorksl edblorli nbength hanibiyer é@@trlt@n debavur e
i s hea tur f t cab t o _abopt 0 r 15
to abol 36" nfabfobevE, ¥ hublanet YEERSE Mk B el Y Lehd rae 2,
m xt urbend;nhaanﬁherheanbedbnﬁntd,enabe thycm eaet ieafuaii Xtdr ehes hieat ed athea

terrper f_ about 9QC for about 30 mn prior being contacted with
the Sht e’F xTGL2Y ebREP0R ANYt hPe. fPHrEHOFﬁe?YeﬁﬁBHl Rent, the conbi ned

Vb- V- SPOG@EFt | ONTHG X Uis 19 et @d 1Ak 2 4EMRenat Urer 41855 %B?Be@ﬁa@guaﬂhéo
about 80C for at |east about one hour, prior to beingcontacted with

sour ceadvmpadrs ABH S aram nfﬁ?@tlelr%ﬁ?remfs tdent Bhvedt font Regritked owitde
cataly in as one_hou ns ut e or
| ong eréﬁ?%és gﬁ@%&?ﬁéﬁ eﬁ%%@éc{g % e g%hbl%%d ﬁéaégﬁ§'re§§§.oﬁﬂﬂixq%#£ IS
heatedda$ceuptﬁqnnunaﬂefqﬂknﬂ&nlﬁfuun}ﬂhdﬂymﬂ wiehakowt de@Gihags.about two
hours, prior to being contacted with the source conpounds for the renaining
el ements contained in the m xed oxide catalyst. As an enbodi nent of the
present invention the nolar ratio OH2OQ2 to Sb is in the range of 1 to 2.
In an enbodi ment of the present invention the nolar ratio of HQ2 to Sh
conprises 0.5, 1.0, and 1.5. As an enbodi nent of the present invention the
catal yst conprises a m xed oxide of the enpirical formula: M3 VaSbbNocT
bdMeXf ZgOn wherein, Mcan be one or nore alkali netals selected fromthe
group consisting of Li, Cs, and Rb; X tan be one or nore selected fromthe
group consisting of; Y, Ti, Sn, Ge, Zr, H; and Z can be one or nore rare
earth netals selected fromthe group consisting of Pr, La, Nd, Ce, and Eu;



wherein 0.1 <a<1.0, 0005<b«<1.0 0.001 <c<1.0, 0<d«x<11.0 0cx<e
<0.1, 0<f <0.6, 0<g<20.1; and n is the nunber of oxygen atons

requi red wo 28siii1sfog val ance requirenents of all other elpemarst@opoasEnt in
the precursor solid with the proviso that one or nore of the other elenments
in the precursor solid can be present in an oxidation state |lower than its
hi ghest oxidation state, a, b, ¢, d, e, f, and g represent the nolar ratio
of the corresponding elenment to one nole of Mo said catal yst made from a
precursor made by the method according to claim 1. As an enbodi nent of the
present invention the conmponent X of the catal yst conprises Li. As an
enbodi ment of the preseBRIERYSESORI KON @ amNtDRAWMNGNe catal yst is

selected fromthe_group conprising Nd, Ce, and m xture of Nd and Ce. As an
enbodi FBAP7bf t hEIRYREent Afvedt BRI @f> & SYSHAhef RBr eSUdNGn field
embodi Tealn i flg<afla<plalE. dERS AIBSANod MMM 400, 826 OTRERS En @(@n@? id
solid precﬁ%s%r? coﬁp?ising conpoun é)oflﬁn f%ggﬁun$ Mo) , vaﬁa%iun1 6?@

ni obi uempdBimenkygenti©) paadenontiagentgow;t h fl owi ng gas at a first heating
rate g t ha t A5C/ mn yntil _the precursqor solid mxture attai.ns a
precali?ﬁéﬁ’on tgﬁggggt&ﬂelﬁfano 37eat e h%nSX§% F%skﬁﬁ éﬁﬁﬁﬂrﬁﬁﬁﬁPeﬁhe
pr esenphé sy el Pt redR ta@WI i € e ddih&Al disBl iath PELEMPBOFy GRHHYisidhd
conmpounds of nol ybdenum (M), vanadi um (V), niobium (Nb), oxygen (O and
cont acPfnE i PReFeBR hovVERELQR a first heating rate greater than about
20C/ m pogpby ! th ugsar, soljd Ju tial agprecal .G nati

Cerpor 0908t of | nerEORE BaTs, B st B £ L L E e, s BE e B TR s une,

gr eat efiehdn valartindy mingl uphaket hdeqreceltsororsoliind atcxbudenakt aviisha an
tenperat ure. of bet An enbodi ment provides a nethod of

megn BOQC %ng 650C.

armoxi GATTBhEY BRPAEETER 0P a 5t RFECER tor YRS Ht ed or mi xture of
saturagediend unsaturet ed hydrocanbeRat0 ®f 0dUGR: BRoMNTAUr 8E8deBEL hll & OF
an unsaturated organic acid, said nethod conprising: physically mxing a
dry nePaRrakibE cf alcopenngdd aoper pedhtncabditl efeEBrroRALe cRlras§stin
m Xt!”SccEé’PS%ﬁb? t%tﬁ?”%”ﬁ‘r‘%&ﬂgﬁ%ik‘?r érr'ﬁooscﬁ'n?e‘%{d@d oM LhE INQURent
consi sting of alum num conpounds, antifony conpounds, arsenic coﬁ%ound%,
boron towpotihds; ceri um conmpounds, germani um conpounds, |ithium conpounds,

neodymi npoun ni gbi,um coppounds, phosphorus conpounds, sel eni.um
conpouﬁggaifantaFgapggngo&ﬁd§; F3HA Y oﬁpgﬁﬁH§T £ kg S FFhpsuRase

vanadi 4BHEeMBAHNES, ol LEORHUHN S URAMS, 1 AndcAbxidhes Lhehealhy Shplary
contacting the saturated or unsapurateq or m xture of saturated ané)
unsat ueBPedingatoedr bba RireReal dxygatieorit ai ning gas, or with an

oxygen inin and . ' t r ft tal. 1. xfure,
whorel ROSERE oy PrEPRR 8 G bt gidn | &F EoSOEPER, Sop BpidaRapp ofilave
presentiecaveal adhonA fued f arowt e faeddf i etdefitde ipr eaerbridaviert i @btkaren
conpri se antinon 111) oxide, antinony trioxide (Sb20 ), antinony (I11)
oxal at 8%°4R ?ﬁﬁném%P?FgePErPFaFQ? BECSFOy 1OVENEROde, i mony tetroxide,
Sb O, 1861 ARNI UM-EEYREOX) dgs T8l lafd&rafi de(Hy TeQ doerd | (R USLGHAXI 14

(Ti @), zirconiumoxide (ZrQ2), lithtum hydroxide (LIiOH), cerium (FV)

oxi de, Wvofeninyxt and t ipdvesef . decones babbeh neni tht hehpeef omesvde tisdi f iigr
compri sesoghoheast ahqut 9,01 mples per mlg ol Myin the myxed mial.gxide
cat al yst “conposition. The presen? nvent i on provides an’i nproved et hod f or
maki ngiavpnetansor to a m xed oxi de catalyst for use in producing
acrylonitrile or methacrylonitrile from propane or isobutane by

ammoxi dation in a gaseous phase said catal yst conprising the el enents

nol ybdenum (Mo), vanadium (V), antinony (Sb), tellurium (Te), niobium (Nb),
oxygen (O, said nethod conprising nmaking a reaction mxture of a

nol ybdenum conpound, a vanadi um conpound, an anti nmony conpound, and

hydr ogen peroxi de, the inprovenent conprising: contacting any one of the
anti nony conpound, the nol ybdenum conpound, and the vanadi um conpound w th
hydr ogen peroxide prior to mxing with the remaining ingredients wherein
anount of hydrogen peroxide used is such that nolar ratio of hydrogen
peroxide to antinony in the catalyst i s in the range of 0.01 to 20. As an
enbodi nent of the present invention, the anmount of hydrogen peroxi de used
is such that nolar ratio of hydrogen peroxide to antinony in the catalyst
isin the range of 0.1 to 5. As an enbodi nent, the anmount of hydrogen
peroxi de used is such that nolar ratio of hydrogen peroxide to antinony in
the catalyst is in the range of 0.5 to ,3. In an enbodi nent, Nb is supplied
as a ni obi um conpound consi sting of ni 8bi ¢ aci d, ni obi um hydrogen oxal at e,
amoni um ni obi um oxal ate, or m xture thereof. In one enbodi nent of the

i nventi on anmoni um hept anol ybdate (AHM and hydrogen peroxi de (H2Q2) are
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m xture (A). Alternatively, amoni um netavanadate (AWMW) and hydrogen
peroxi de (H2Q2) are prem xed. The reaction product of ammoni um

hept anmol yWwoavw/qigtdr) and di anti nony trioxide (Sb2q 3) i gCcadueanotrhe

prem xture of ammoni um net avanadate (AW) and hydrogen peroxide (H Q2) to
obtain an aqueous m xture (A). Alternatively, diantinony trioxide (Sb2q 3)
and hydrogen peroxide (H20 ) are prem xed. The reaction product of ammoni um
hept anol ybdate (AHVM) and anmoni um net avanadate (AW) is added to the

prem xture of diantinony trioxide (Sb20 ) and hydrogen peroxide (H2Q2) to
obtain an aqueous m xture (A). In an enbodi nent heating is perfornmed while
stirring the aquepa$ATLEDUDESCALPTAdYWAOFAPREFERREDNEMBQUEOIENTE Xture is
heated to tenperatures in the range upward from 30 C to_the normal boiling
poi nt BPOY4k ni xtur ethghedfaatiRgiRAy BBIBBr f PARAYENdel 1XEf | BRIGY udifg
equi p Vi ux anﬂﬁgr ; i e Jgﬁgi n r efleX,

t he b%?%ﬁ%épg?l%tﬁggﬁyrtal 1I:fl/ei s’in tfhleé&{kalnﬁg %?‘Ef r(%))gn%1 about R"]lsli(i):llf (Cj:ﬁ'g% %Sénléc.

El evat eelf ¢ cempee ahumes adise negspachiedeivr 0.Thehodrawingoriegulfeen mag he4ti ng
tenperature is low (e.qg., lower than 50 C), the heating tine needs.t.0 he

| ong. Bheh ot e TR CFERaL, (ORI % PAgB o9 g B0 B8 100 260 t he
heat i ngrt istBeind thiypi €shh yahl a deanger fd f poMcbrin e ilaur SesAfhetibhe in
heating, silica sol and_hydrogen peroxide are added to the aqueous m xture
(A . Vi%éﬁ hybebgeh perekpraetysanddeantdsenResaqueous mixture (A), the anpunt
of theypyfispgen Pf(f@%kdi % Saucé‘i%&?émtgf gﬂ!sﬁfstre%'po@f £ydE5eg6n REQH de
to antinony (H2q 2/ Sb nolar ratio) conmpound in terns of antinony is in the
range eidénong0afd pbaze, derdiwe ranges dafn faocebddnte® B§ithnanhexeapde xof

fromO0.5 tq.3, jn the range of from1l o 2.5 After addjition of hydragen

per oxt dEeoSiinhe of e Eiagens Shyerbiof: *t Svshem il 70 (ke Lirga o
from 30n&rt8sd0 €nkor JaraBi3fdn Nt @sht 002 haur souy aqeeeus | beui Bk is
obt ai ned by addi ng a ni obi um conpound (e.g., niobic acid) to water,

fol | onegceyratating of the pugdilt ghenpekt §RENEE St BepddaPioesessed range of
fromb5 to ageoqu q | i-qui .B) nt aj a
di carb 3§??£ aci§9%é%é.%Qg&g%?éggggé)gﬁg Z%%¥$ig§??%rtﬁg'hﬁ%%ﬁuﬁ?go 5ﬁid.
Gener afliytetha2nol @4, r atlilo pds$ he€iditear loXyLDé anidl adlt hegd obiuteecorfgound
in ter of nigbiumis, in the range of from1l to 4, advantagequsly in the
Fange OFB1rEAFD £F ANHHALCFR, Ben HIRISTERGE bbhaTakR S and OTHPFE adiTd
are addedut @ apateloonfiildavwesh byr hgathRgrandnst iddfitighf, thear esHl bantone

m xture to thereby obtain an aqueous liquid (B). A nethod for preparing the
above- fEnt inored &PfEolRre | gavdteBy, opepeitdag t I f od| ogkRgrtlepPuyPHse

m X NgoPBLEL . A diqarhonyl 1o ael d.d&, Inopxpli € a6 H,300. a1 0B, Gamound
(e.g. niobrc ac?df t hereby obtai ni'ng a prelif nary ni obi un¥confal ning
aqueousosblintt danorof wkiickiremec cob@apohagt aguenus imceguae chave ngesus perded
therein a_part  of the niobium conpound; (2) cooling the prelimnar

ni obi UAPRORFAFAPRGSBEGAGES seNhEPEATEH n%ﬁ?wcon%aifrﬁ%ﬂgdaaraﬁ@%%%ﬁe
thereby peechprhgti ngra BaREOf s af1car Raxwhiaceaci d; aand (g r eEwd g, the
preci pitated dicarboxylic acid fromthe prelimnary niobi untont ai ni ng
aqueouSsebtuarefl, @nrdmpliudg t heeprexi piarst edbdiecasboxydentaci drarepdse
suspen ni obi um conmpound from the ni Qhi um contai ni ng_aque .m_xtur

her eby BBTA ng S, Shr R ESRE & ity e et Fuitr & e BP SRS TR s
(B) obbai nesiré n i@ sabo¥e aeddodbriswahley hauetablecasdbbiydte acddidtiwdEum
nolar ratio within the range of fromabout 2 to 4, As an enbodi nent,

di car bBRGFREIAEI dNcbHPr el AL EITE 2R HFd bt oRF cBRPBINdY A PIstY ] 1)
of thigygetbedrincl yde 9LRbLC 861 dap Db Obiymm hydE 0oenpxat @tesand agrondem

ni obi um oxal at e. These ni obi um conpounds can be used in the formof a

sol i d, esempkayye empoddngindpers? Bva re anaappnopridgt enteddunmovhen igiashert

ni obi um.fycr ggengxalat e a1 agiani umAlgbiim gl ateds used as dhe g ol um
conpouna, the dicar%oxy I'C "aci d may not "be uséd. en niobi'c acid i's used
as thegahebalm papposrd, sbiitonder eppldretdonGi distidnTpws tias Wwhdradi o
the niobic acid may have been contam nated during the praoduction thereof,
the ni 8BPESRei 8 AP Fe WadtFs v&%%e%nogqﬁﬁ%soén%ﬁﬁieé SHUHFVE AR Mt er
prior terHseurkl 8Be2AReHLTEAL o %@%%H@&dmaa¥§a%% NP L e €A be
used as the niobi um conpound. However, in the above-nentioned nethod, a

ni obi um conpound can be used which is slightly denatured (for exanple by
dehydration) as a result of a long-termstorage and the like. In step (1)
of this nethod, the dissolution of the _niobium conpound can be pronoted by
t headdition of a small anount of aqueo&% anmoni a or by heating. The
concentration of the niobiumconmpound (in ternms of niobium in the

prelim nary ni obi um containi ng aqueous sol uti on or aqueous m xture can be
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anount of the dicarboxylic acid is used, a | arge anmount of the niobium
conpound can be dissolved in the aqueous sol ution of dicarboxylic acid,
however, wodnazdyment age is likely to arise in that the acwmstooofodsne

di carboxylic acid which is caused to precipitate by cooling the obtained
prelim nary niobi um containi ng aqueous sol ution or m xture becones too

| arge, thus decreasing the utilization of the dicarboxylic acid. On the

ot her hand, when an unsatisfactory anount of the dicarboxylic acid is used,
a disadvantage is likely to arise in that a | arge anount of the niobium
conpound remai ns undi ssol ved and i s suspended in the aqueous sol ution of
the di @dbdkyl i cAhti dabes flrmer nLit W02, Mheceupléle tauspendpdspi dhilder

compou is, renoved_fromthe aqueous n xture, thus decreasing the degree of
utili _zggi ofi¢61 SEHeAtoBRd dongind-3 Z]n@ st t GBHRIFdt hBd2df 886K g &F be
used ingstg.(2) .adohsexanpleeihne R0l tagncanhig, R ouped st &PlbJawteans
of an ice bath. The renoval of the preci pitated di carboxylic acid (or

preci pFeaned sHaar Boxyl' ceuvnéed andrt Heealissiser'sedani obhahmdenpournpdy siicadt ep
(3) ca i.ly perfaormed by copventi.onal nethads,, for anpl e, by
decantg?ﬁgﬁggib#iItﬁgygén. Vﬁ%n t fie d%&ggboxyﬂé%%%ﬁ%ﬂni%ggﬁﬁ1nDISF rati o

of thetebtabvmednbtabionsontidiiuig ,aqueousisehlli orcdrinsut Sble tbaechange of
fromabout 2 to 4, either the niobium conmpaound or dicarboxylic acid may be

added PBTPHENaqGESGE S QARPTB) 1863ERANSE 0 df cARBBXNSMO LI 47 ¥ ©Bi B ol ar
rati o pipbbecgel Wil el | srutbBbn ther@bove: ARNL I aned,;apge. JMRE o N
general ; such an operation is unnecessary since an aqueous liquid (B)

havi ng (shehdi aar bbRybughacpdeni obsi umomel asematriodwuictioirn tdee ircasge igf  farom 2

to 4 cap ared b ppropriately contralling the concentration of the
ni obi u%“‘é%ﬁ%%%‘g E Rl sl T bogt ottﬁsrd?é&%gﬁ‘%%ﬁ COMRECH1eH he i obi um

conpoundoagy t hesgepbmng otenpafaivds DEft hehabave- mridi®nedt fr ahdmmiayne

ni obi um cont ai ni ng aqueous sal uti on or aqueous m xture. The aqueous |iquid
(B) na§haresl b@uﬁ%@pgﬁéarwﬁ&ﬁ%iq@gﬂ fRR theFCELAPORENEL I} Lafok 1@afama 1 nat

| east 8aRB1Ls0khe NG, pa4eaysal igui dehB) Cs‘?xg{tt%'ﬂ(}'enga@dféOla'a%@.conﬁﬂgnﬁecf’t
containing a m xture of a niobiumconpound and a di carboxylic acid is used
t oget hehamneh hydiogehmtperioxi peovidethics e@dde,pads i &ibeaef Ldi 4102t hathitdie

anount ,_of hyd enper oxi de oyi ded nmol ar ratiq of hydrogen roxide to
ni obi ulr%aéor?po%‘%ga}( Hg‘?ﬁ?klg ncgqr aﬁhrat i %)1 PRt é?xr’?é“pgfarrﬁ o%f“b%gilg‘eg 't FS hge
of froon. Sidid0,ddtpmik t @iddtdin anakheso/XanP| Samplekeast pait Rigilhe
aqueous liquid (B), containing a niobiumconpound or containing a mxture

of a nfbBNak cofppubElald deaoddr bty Fenadial, esiuad nitet ubbet hewelg r wiath

hydr oge,peL Oxisde ¢ frhiex 0828@%%%5 AN 2l §¥ GQTRYNG { €485 di gtidpny
tr|OX|deT, a titanium conpoun e.g. titanru I oxi de, which can be a
m xt ur ehef lefiti tbaandlaraddse dadrars)s apdd os sed ewi im adipoasd (fd.lgercdrli um

acet at In this case he amoynt qf the hydrogen per.axide is _such that
he. otb?: + AP0 RO ARAHS AR par G ddaib RO U coRpGUnd DEP B0 M) CABI A
ratio)10m, t @hTenofhds ORi Wi, | Dehhenr anger it f RaMd: Frd @0, rhbamde 1, 20.

I n anot her exanple, the antinmony conpound mxed with at |east a part of the

aqueousenglii dbk B) afdde hereg@ssgsh pedsxi dbansesuchudhat dakanolar tham o
(Sb/ No rati of .t he _ant] onp d i r of i y tQ.t
niobiu%?g%ﬁ%bun%h?% té?nsggf %Fggﬁﬁﬁgrs %g nggg%?ﬁgﬁgs, ?ﬁ;tﬁgﬂkaﬁgé“%f
from OsOitébl@ appyiuestsonsxture (A) and aqueous liquid (B) are m xed

togeth [ Q. an ropriate ratio in _accordance with the desired ¢ osition
of the?égigiyst?gg% RISy R BT eagﬁlQQUgﬂﬁﬁ ﬁFx{Lﬁ&?%ﬁS?n§F8HF§gBSF°
typi cahly, phBst ke1kermi¥ ®s) UﬁﬁYchThﬁsCQnQﬁltaﬁpflé 1©di.gnkhakn ith@ot
aqueous m xture is generally in a range upward from about 50 percent by

wei ghtedeabmtro ebétbsrpedeldy Bynadihghtl fatont25 t oThe pereeassey weiddht .
In thechasfe of BEAUUS NOnEn SpLLGA ER LT3 PHPRALLEC AL VEL bl NG migsent
i nvention, the aqueous raw material mXxture i prepareéaso as'to’'contain a
sour ceha$ si Heday( dameityy, I sthataisohoar efquaad t0 |arep) o f Thie layouringithst he
source_of silica_can be appropriately adjusted in accordance with the
Srountlbf PReOE Mica core BFOPRSBRE FAEHY S Dl Gt ABACPPRe CHitits

m xture of ingredients is dried to thereby provide a dry catal yst

precursor. Drying nay be conducted by conventional nethods, such as spray
drying or evaporation drying. Spray drying is particularly useful, because
a fine, spherical, dry catalyst precursor is obtained. The spray drying can
be conducted by centrifugation, by the_tw-phase flow nozzle nethod or by

t he hi gh-pressure nozzle nmethod. As a heat source for drying, it is an

enbodi ment to use air which has been heated by steam an electric heater
and the like. It is an enmbodinent that the tenperature of the spray dryer

oy . Y - L o g e~ 2 NN N PN



oxygen (O, contacting with flowng gas at a first heating rate greater
t han about 15C/ mn until the precursor solid mxture attains a
pr ecal ci rai2otv/dierper at ure of not greater than 400C. | npram/useiwodisent , the
present invention conprises a nethod for preparing a m xed oxi de catal yst
for use in producing acrylonitrile or nethacrylonitrile from propane or
i sobut ane by ammoxi dation in a gaseous phase conprising the el enents
nol ybdenum (M), vanadium (V), antinony (Sb), tellurium (Te), niobium (Nb),
and oxygen (O, further conprising heating precursor solid mxture,
conpri sing conpounds of nol ybdenum (M), vanadium (V), antinony (Sb),
tel | urswen (&e) ,tani sbeake fdp) foandrexygeing O) treosmassiog, W ténddenimagigas
at a first heating rate greater t about . 15C/ min until the precursor
solid }Pﬁ?‘%@?%n%ﬁt‘g‘f ngoﬁ FReh E‘Fﬁg%@ﬁﬁ £BRDLFAELPBSof not greater than
400C. pgozapodi nent oAk tdienp Xed, oxihdedsabatystamhepgs g trhe tarrecys sgbzsol i d
m xture conprises heating at a second heating rate greater than about
0. 5C¢/ mhl upeisls thel peecdsot04ol iad Ini Re8fe Hilit@imsLa tldiperadural bf pagsut
590- 68 The._pr t nventi,on,can [ a ond _heating ra reater
than a lgttﬁe]f C/LIr%I ?&éz]d:rar‘]nn,e%?h SB%m' %ﬁé)g%so?%{]he&glg%%ngoﬁgat"lz%go r tgﬁéglegg
per f ormediag am atnpaspber ersspshant itddty fiseedeteoxyged. WHyr tdrey moi@tethe
precursor_soljd m xture conprises hol din tﬁéi t enper at ure of _about

[

500- 68008 f HICLERT - t wlPE2 PG SLERREN S abE | AL A dodHe T nLE hdOgr eddit

i nventions cent egpl abes) i) NGy i Nehlssgasi 1 tHe ipeibsdasnccam CoOpREsSeiacaebl e
gas. e inert gas can conprise nitrogen. The gas can conprise sel ection
from ak4, 188eame saglactirtted shaamthsarbomahodekbse lenutcarboa dilgriade.
In the e_of . prem_xi.ng vanadi conpo and . h ogen. _peroxi de rt of
t he ne?ﬁ%%e%?e%a&?'nga)i&r causfs'so?lgg]fef:d m>L<JJtrthJi“r ear?%eggrie%grsr%df}re¥%%dﬁgf 1
cal ci nbéi @ReceRpE 65 BhPr eotallCidelldwnléngehr of The 1w Ngpgasesadd by
conprise. a rate of about 1.33-1.67 cm\/%/m' n. The gas flow rate dePends on
the reattoPasiszefiihean Iehhd8Pmetitd t Re1f i PRFS hddtiteF r afe Heat erl? hgre

about 20GHH Bry | Rb@ 1GRING Nathen heR, 18640y Gat alyst JIRCUFSPEeES 11
converted into a mxed netal oxide catalyst. Calcinations can be conducted
usi ng B02oeady ddill rpass f faildiezed-DbedOki lcan fHaida zé&d riséd peant opaifi xeddbed
reacto or, the Like.. Conditions_of calcinatiqgn e preselected s t hat
{he- caraP yap 1S, EHINES & gl TPE-Sult hE8Taren 101 Pl AbSuPSSnErg (C0
about 85 p88gcahr BB abeelcohel H ignd pahoutsi2éh MAGE €akCctBakilonengtdl \w&s
heating the dry catalyst precursor up to a final tenperature in the range

of abotie588l680Es IHttRrHredents maiht Fananc8Ridat VdHIHr Bre$€ 166H s es
heat i ngc0 I . rec o) ony | I Ik it tl

ol ovat o Pt e FeypEThE Bat rR oL i OOy b o R (RS =Y

t enper h¢ngehof ofiotthgr etest t hbanmabpat. r4G3@ ot 4§r eaderd 3 hand abbet d85.6Q,

not greater. tha out 300C at .a rate of greater.tha Cmn, | n
orbod HENTERS Ha pFBEaFEFRBES GiF S LFE |58 b inTdn SHEBARET: e
heati ngagat ¢inseabait 20/ g Hdvangt bengmedigent ort e headi BYLr plae sl S
25C/ min. I n another enbodi ment, the heating rate is 30C mn. Yet in another

enbodi fehterthé 4P¢ eanabhpye pr cdakxbrlengtmtebdlidedandt 81a ke scdliditeer
mai nt a gedqyat o] 0QC |, i hi,ghegrs i r I e
terrperLa?u?ggofg?hgltag%e%ur(g%lﬁ}( oggﬁégﬁl IIC/)Qi %g’r ggisag étjjgf a %Sl;.l? 583’1&%?1_ é} hle?zfti ng
rat e fcam therepr acalediayat Lengtbnpef affdre t dnt hehis naknhenper dher eveanalde

about 0.5C/ mn, | in, 2C/nn.or, 5C/omin or any rate jn the ra f Q.5-
507 i PEPHEBREIL AP RO ekt nger e Ehaghene tbitber aihr 02 Fangd Br
about 308G he thghtntranBEdiahadienmperat yug ks7about 11CHa _qard fram)t.he

i nternedi ate tecn:fe_rature to the final tenperature, the heating rate is

gr eat ef00&4h 18 i roPeFa gk et erthhmar@ldI ééﬁéltfbl’ggesm%e'ﬁegraeﬁtpé‘rastenan
or equay . : r r.e - : [
enbogi %ﬁ%e t%e ?5 ic}%(r:fécg ggggégﬁe?ha%oerag?%ai %%gg{lﬁg%i n%lg?%%li a?gdlo

t enperdstae thrd tdereheat eh tohéhd fagquandyenped attlree hénatheatfi ngheatad lof

greater _than,about 15C/ nmin, or_greater than _or equal 20C/ m n, .or greater
Shont opata i 1PeYss  Reb el B Bh S re A Pa R i ted Tob rph " pa dh g4sS
enbodi fentepf i EhaiiAeeBhitQN aryep £l &t Nt 80 pBaslONBokRel WR i GAlsC iRakich
stages: (1) up to internediate or precalcination tenperature and (2) from
intermedi ate or precalcination to final tenperature. In one enbodi nent the
solid fromthe stage (1) calcination, optionally cooled, is introduced into
a hot calciner maintained at a tenperature equal to about the final
tenperature in order to allow the tenperature of the precursor to quickly
increase to the final tenperature. In one enbodi ment, the heating rate for
the tenperature range of about 300C to about 340-350C, 345C is about
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2.45C/mn in the tenperature range of 345-680C. Upon attaining the final
tenperature, the solid can be held at that tenperature for a period of from
about 1 hworotomigivout 3 hours, about 2 hours. The fi nal pCEmsesm@m4es can be
550C, 560C, 570C, 580C, 590C, 600C, 61CC, 620C, 630C, 640C, 650C, 660C,
670C, and 680C or any tenperature in the 550-680C range. In one enbodi nent,
the. solid is heated at rate a rate of 0.5C/ mn from about 600C to about
680C. I n one enbodinment, the solid is heated at rate a rateof |Cmn from
about 600C to about 680C. The cal cination can be conducted in air or under
a flow of air. However, at least a part of the calcination is conducted in
an at nospheegrofcrargasl (audio Udses and ovhef rdghas) chadeblasutid ogepagas
that is substantially free of oxygen. The present invention contenplates
usi ng Yhek t bgascliTHaatRd 4+  hd chanr eVEs séna Hivdhl ePgagenthe'idptingasfcan
conpri ni eng . S can . [.se ction fromajr, St syper
heg}t)edﬁggt ezli%q{lplgar Jb%mrm%gjxi gefhla%éar?’boﬁﬁgﬁox%%e."thle(r?]l o?géer%gg}aér?esnt H(E)? t he
pr eserdmphivieidd on dre cat camsihi bhedan beerarrieddspeéakader a fl oBeohuse

ni trogen s that s, substgnti al free of ox n for. both the tenperature
oo St 1 « BELBBAT. A0 4BBESAnG E 2y SoVR abo G SRIG S0 SETR EABt her
enbodi reni1of ihhener egid rémvenbafibhe ol @it EpBgaanche wial ra£dpelhg
under a flow of air for the tenperature range of (1) up to about 400-450C
and under @ | gRdemi edg@eyashehatlsifs sapst antplltl y chpaaedf sR$gERTT or
the te ge - of Q 4 SN I o] can
be cri‘%?%%ﬁ%%%%&gl ?{7 (‘51%?’% h?%%r%ﬁ?ﬁ%%rggg%nggggp IE%J u%g\%%)?% %u%ogﬁa

400- 450(=1dhe flIow paherof wgadscancberébat benr ahge giasboute lGE t dnabaut
2.5 see er cgt al yst%Fre ursor per mnute. As an_enbodi nent m xed oxide
i 8bs HiRe

cat al yst nf$ehBl yoUEAd (W , ©¥RhGHI ¢h (WS HFbbi @

(Nb) ; 2R OEYa kD) . spBEKEXYIGR@hs NIDraS AN STPOMI PRALe Mh¥8dq9XiHe
catal yst conprises the el enents nol ybdenum (M), vanadi um (V), niobium

(Nb), “eetlamss ©Ebfhet eddund ufieTd) tomaddsxyden ¢OpteFuntherhe akefh and

enbodi t ursar lid Xt resent. i.nventio ri.ses
the_el St s Rt ERorERridly (AT AF BE s e R TP
and oxypesri{dd)ivédby an eabodiurgnti zielle precur ssrestod i d addt uienadnpr pdaset he
el emsn(%s nmol ybdepum (Md), vanadi um (V), niobium (Nb), antinony (Sh),

tellur %?ﬁ](ﬁ%})a%h‘anox‘%%ﬁe(@l.ltﬁ]iﬂ%ne embodi ment of the invention the mi xed
oxi de EedPYySt By M xS dtLN %tPei;i,O?)%%@fi%_l@d&é' ebnnk & S@lddggkateent
selected fromthe group consisting of alum num conpounds, antinony
conpouprisy s apferdactciomppuhds,edsdy ophgonpbundsd ceri madsdreuntsse gedtem um
conpounds. -1 it hium cgnpounds, neodym um co unds. . ni obi um conpounds, .
phosph%?%fsflc%lrr%%ﬁsndsw, n@eﬁ eﬂclelﬁ%lcnoqrrpguﬁds?ongg%ﬁﬂﬁ%téo Bund¥™® t & ri am
conpoudgisdrd tdiBai Wit BoRpRsdse £ t YRGS emetomRouUNdssoVvanradi inne@apausdshe

zi rconi um conpounds, and m xtures thereof for use in anmmoxidation process.

I n oned@FBER et OB PYhé itHvert i 8hIRAL: nickEd tdxidd e chtBPy¥RIYENH £84TECt h a
solid n l.e omt r oQsSLihN ti N 4, 9%k d
(szcxa%?ntggﬁ g’rhi%%eag% %%Teoa@%%ﬁfﬁmg Pgéng:a?ITi %%) ° ohe [va¥eTee

oxi de I OZxelqueacyenbadimmemntovilbmngr acdssorssghal cdhpl pyest tdmpiangy r ogal
formul a:, Moi VaShhTecNbdOn erein_ Q. <.,a < 0,,0<b<,1.0.0 <. 1.0,
0001 S0P FUEARIE SRR kel Shisent aThRGtPRRuITY FonSaeRy O

val ancga t €t § egRAhs n0fa akboft er &l aMeyteh iPpieSenty i tBnhBAt PraeUrBsde sabi d
with the proviso that one or nore of the other elenents in the precursor
sol i d BRYF baPPREsdRe i FPHR dRi Fat FaPnseRt BPERRE LPRart 19 shARghes9d%Pdat i on
state sperdn Erofidh fohepyeaspicig ERLALaRALE 940l ohleoGOLLEIRARTLAG .

el enent” to one nole o . I'n an enbodi nent the precursor solid conprises
the enf?923hl f FFEURE NMbi @SbhbTedNbaiCrn West eian 8ystema 20Q. (fom. 0®1&ily <
1.0, 0.,001 C 1.0, <d 0. b.c a_n.is the numher of oxyage ons
requi r%}&arf%e atei%ﬁ/e vé:{)ea%ocrer?ﬁe%‘h}?%nelhrf S a&fcoglqsanoci%erWng}]ewearﬁ sef)(r%g1 gr?t% in

t he praswesnfiesol | df W thet h@ries@vitso iiriaintdre .or Mg esvémt heo ot heanel erent s
in the precursor solid can be present in an oxidation state |ower than its
hi ghestMRXGRRATIH dPath@rdaRe, cSOFRYAdSr &t e ef 7P 1ol GPMP AR B OR e
cor r espongi N ehaAEAL Q% MRhE ehnMybe ThSe PHESGrd NYERL QP PsP¥icdes a
met hod for preparing a m xed oxi de cat al yst e?or use I n producing
acrylonitrile or methacrylonitrile from propane or isobutane by

ammoxi dation in a gaseous phase conprising the el enents nol ybdenum (M),
vanadi um (V), antinony (Sb), niobiumg§Nb), and oxygen (O, further
conprising heating precursor solid m xture, conprising conpounds of

nmol ybdenum (M), vanadi um (V), antinony (Sb), niobium (Nb), and oxygen (O,
contacting with flowmng gas at a first heating rate greater than about

Ao~ o T e o, Y L,



greater than 400C, further contacting the precursor solid mxture with a
hot zone tenperature greater than about 100C. The present invention

provi des wo 2erbagionent wherein the precursor solid m xt BCE/USRMPOIEES
contacting the flowing gas at a hot zone tenperature greater than about
100C, greater than about 200C, greater than about 300C, or greater than
about 400C prior to the second heating rate step. In an enbodi nent, the
present invention provides a nethod for preparing a m xed oxide catal yst
for use in producing acrylonitrile or nethacrylonitrile from propane or

i sobut ane by anmmoxi dation in a gaseous phase conprising the elenents

ol ybdsperra My , onaBadjdie (M) , p@pbb8®NYr6SBysihgl Idrd il e) Th Dk 0B HEEAND) |,
and oxygen (O, further_ conprising heating precursor solid mxture,

conpr i Sihg PeonpotPEd 1 B9 1 HoINakRenGimeMbyarvanadiiom e, same ndishis | as
tel lurigwgd Te), niobium (No), and oxygen (O, contacting with flow ng gas
at a first heating rate greater than about 15C/ mn until the precursor
solid 024k e at3wstmn a20énpercaiudes of mdurgrldatyerof hahas®@Cs of audio
furthe sont ctin%.th% pre ursoh sol 'h)d m xture wth a hot zqne tenger %Hre
gr eat 61° thah” 8Bodt "P60E YT 0fiB2BRBGdi METOhe? [ ER uFBEPRESK i & i R ulMER s
exposesidio hemdhmgl i n hhe temmersd ke rangeoof hhddnddQC dorapotcAREtR bhan
7.5 mn, 10 min, 15 mn,_ or 30 mn. The precalcination tenperaturée of the
preserk! i AYEneildn Rasipr fiébeRotl2grelt ehavhng 400t la50tength3G0C. Lohare
cat al y@ée@ft%hﬁrgﬁgﬁgmth'envﬁrﬁ:tétonamo benY5ad) e Lher ﬁﬂpgé%gdfgiter L3
unsupported (i.e. the catalyst nmay conprise a éupporﬂ. i tabl e supports
are si20cahaalingi na, dalragonilangtint anf a,L.3or antdxtairles phlker edi 1t Howavger 208hen

zirconia or titanja are used as_support materials then the ratio of
ol ybAMTAY & 297 Lok BANEEDT PLaturiten ASath d© RERCTHE VAP USECEREWAUHAC he
above driiABBS, SHORWRRL, tEB8CHD dfi4i HHalll ai@ld O chanPRivees aberksleho

10. A support typical Ig serves as a binder for the catalyst resulting in a
har derPtadaffsrenfatall woss afittrersn haasding adi ffppapterde¥ay denmthsi al

app! i Gatd ons¢pan A oyl s, bLend of @%r@e% ngeaqllys phage il &1y 1 Be
conpl ex of catal ytic oxides descri bed”'dbove) and the support-is eIB G to
obt ai nf Ehteaacckp ablle aetviiwigt \a .adell dar deegsh (aft L2 emd esi 5t page) fliotetrhe
cataly Thg guggort conprises between about 10 and 90 wei ght percent of
the sufydbtt et cabalyse. Tyl | 4ePeHR Sfippeft leonpritedn et healansdevao
and 601 ¢ Heregbh Qfr L PReSHAROTILL CAI ALysL . okB oner RIhgedi meph ok hkhi s
i nvention, the support may conprise as little as about 10 wel ght percent of
t he supperk edetavallypsigth nobnea@ibodhammel ofi st li@d nwentlnonthi he meoppaor t

may c i J e ut. 30 i ercent.of .th upported . .
cat al %&3 ﬁa%o%lb}%& eﬁ%%é?%ean%oofeatm% g%l n@“eent%%%%V{%%agugﬁggfleﬁﬁy (k:)(%rrﬁ%ri se
as nmuaht asa@bocitafle Webghtupebe et aofw itlhe sippard et Tat &dl y sihi SHppant be

materi al s are avail abl e which may contain one or nore pronoter el enents,

and sUtIPr Gitot BV Oifenht3thay 1R i ALGrFor A BHERAES: t Heo cATAYARE vPEIERe
suppord et £Ed Al . £ihg, | NyRntipn cHEIRIA] es ;¢ont nuoys RLeGeSSes skalio |
recovery and purification of orgdanic values fromhot gaseous m xtures which
are ol ehnsntcat gluyhi caammixe dat idaf fefremt] | ghtrabkaneshydrecardssh to

conpo re particul ar this_.invention relates to _recovery and
refinﬁ%%§§?95afha efﬁPF?oééﬁ-cgﬁfg?ﬁ?ﬂ 0?%55 C %%nﬁbuﬁ&§°F Bﬁund
cat al ydtageoXigatinnite atsheashl ongppeedatoopound sel ected from the group
consi st ing of propane and isobutane in the presence of anmonia and oxy%en
to pro a gas%&}g‘pf edctisr 2f fLaREMc Gt & nFHFEEMe 308 rEQpoREFAGTMLD
unsat Wlee FRORA! L ke nBl CRANCHASsE0BKERERA1LR1BE WM LEbLG2A0E with

i sobutane to nmethacrylonitrile, by providing one or nore of the

af or enEnt pyARdleavaleicdiment gag- piss eptkoantedotornt tom. contystémg 3Phe
cataly. 1 t . propane .or | utane, i n the presence of. oxygen . g, provided
to thels&rcel:',iﬂc efsonaz(Ia'fiiersitn 5@35 1ELstsrlegalnrﬁlcoﬁﬁ Fglsﬁéngn %&@%‘% -CS%t%ai %’?né%m,
such ashaingl antgRsNDpirddesdeng eact¢ont cosdichi ansaef Egsteme 30D fOaM be
acrylonitrile or nmethacrylonitrile. For this reaction, the feed stream
conpr (% pLEFantt 8FeP sobtR &he ChENNSdy g8HdEnt aP ni nghpRNe SudhHL ai - Land
ammonia with the follow ng nolar ratios of: propane or isobutane to oxygen
inaratio ranging fromabout 0.1 to about 10, from about 0. 125 to about
5, fromabout 0.25 to about 2.5, and propane or isobutane to ammonia in a
ratio ranging fromabout 0.2 to about 20, fromabout 0.3 to about 2.5, from
about 0.5 to about 2.0. The feed stream can al so conpri se one or nore
additional feed conponents, including acrylonitrile or methacrylonitrile
product (e.g., froma recycle streamor froman earlier-stage of a

mul ti-stage reactor), and steam The feed stream can al so conprise one or
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process, i.e., it operates wthout recycle of recovered but unreacted feed
materials. The specific design of the gas-phase flow reactor is not

narrowl y woi2viomabi92Hence, the gas-phase fl ow reactor camrcChasaobionsds bed
reactor, a fluidized-bed reactor, or another type of reactor. The reactor
can be a single reactor, or can be one reactor in a nulti-stage reactor
system The reactor conprises one or nore feed inlets for feeding a
reactant feedstreamto a reaction zone of the reactor, a reaction zone
conprising the m xed netal oxide catalyst, and an outlet for discharging
reacti on products and unreacted reactants. The reaction conditions are
controth£enéD badebf ect.ivvech@hn80NRIdiionG £ henPr eRdRe tHuaEsY] ONhlihbkes
respectively, or the isobutane to nethacrylonitrile. Generally, reaction
condi t?bneh3mMReetRe a tenperature ranging from about 300C to about 550C,
froma 25C u 0 I L SONR 4 I fr bout .3 to
about E)1§(%")|2C‘?]3and Slggsg%rﬁe?ognggg}%ﬁg%tss%f rom ég’gﬁ?’q{zfgr%g’t(?%' a(g%%{‘l Q%E §6)%:’
Gener agdim tvhetf Bow, r ated agf 30, pappganemnatisobuthdne Mt avinl oy Feedstineam

t hrough, 1 he reacti.on zone of.the gas-phase fl ow reactor can bhe controlled
1 She Ehapeal 2

S
to provide PESRei it tRdur F9REpgEES éPBciaS‘/aYqu\?) SngF RGSFFEM abdut?%. 82 to
about Schisede abadctd.d?d tanabowhidh ag¥byiusoMmarenhedi npats faomneabodt 0.1
to about 0.5, in each case, for exanple, in grams propane or isobutane to
grams b¥NgER alysthethehs egaine fofctohe rafacgivn #ohe S8 bendoaainl Madtt o
range m_ghou Si o] .. 200, psi fro bout. psi.g-ta u 00
psi g, ?Irgnaq%uté%g%gi Sglt% a ggt%g% plsl?g,sq Ad f%% g’t)llloluctq} Oa%gllg Ef%?%b%&# 20
psi g. Thequesald¢s ngpuacryl dhi talidee addnet hahagkonitirfid edppedddhgcasn béhe
i sol at i f desjred, from ofher. side-pr odua(rzrg nd from unreacted_reactants
u

d, i
accordfﬂ%q‘f%nch%t 5489k BSWT S tﬁ}é_eapte.la‘!'he ; Fngadsr idmidri pE GALD
met haciyi ©nBoki | drgdust ean berpsol afpdsei bcdenlr edhi 4P obhehes for
si de-products or fromunreacted reactants according to nmethods known in the
art. TheecAeapyBt oforifssidebay dascrilseddier eph @amén ampltoy@@6i andhgaginngl e
pass (. re e xi dat i f propane_are pabl e of produci
acryl oﬂrlﬁlﬁi I%goél %lgé V\A?a{nﬁ% %apgl%ﬁ%di%(}ﬁg %tcaer'%)ctc)lsrff]l %ﬁ%eﬁé& %?/%r%%en
cyani deoftkiN) lednd asebari kexich® 16T yrednidd igysait deoy G €N ng ThReethliuentt of
t he reactor rraml So i ncl ude unreacted hydrocarbon_(propane or _i sobutane),
oxygenI3ER) " AP a®BRAL) tand lerftt @it d Rt T s tOF i RS0 PRéEeddds oAl
recovegy apdzpur ichieCaHn QAh©Of o ENGHLACT Ok PF OdUEL S alshCtdide, gyeachiiggah e
gaseous reactor effluent with an aqueous quench liquid; formng an agueous
sol ut i Bremorfor heictig the oY r@&Pords g unwatldr avady nohonia r plredefrpdmigent
cyani other organic co-products: and .using an.ntegrated sequ of
di sti ?rﬁaalﬁi[}%ﬂs fg)%d %h e Sep regteﬁyon‘s’atstger g%eo%erer?or q@@cygggrSFsa tu%eﬁ?!té%
aqueousedrepis d, saath obhatn & alfuabiendivt r egesn gont aighidig: 0s@gafi:C wONPoweds
and hydr o%gn (?c%ani de products. Propane, _.anmobni a and oxygen m x together in
the redTROT2LHY 6Ri dAE AFVFeDHIBPyFeABaln t N Dre8épte 16MAdohl aCRakES
pl ace omibe.gupiacs 8hf Lheuhlddi S$; t c ! rmc
reactions taies pl ace, therélby forgnf@ﬁsgéﬁ%%loﬁ%ﬁﬁg Eﬁ% ugtgg: %O%)é%tsg%
acryl omdrthe, sapdiegeateyanilade, orar drormpll Y denbedibent podagidel audio

acetonj1ri rolein, acryli cid, ter,. other higher nitrites,
al dehyéci}eé+$§%t gﬁ%g, aggetsla@%ic% A daar%%%gf of’ ﬁl I‘F%’P\egﬁs PEIRERE S
or gani cheoapatrdsl efgoNerst orteof dehgyt reeiteeagisugenaral Liearauhgss biFan

100 percent, thus, unreacted propane, ammoni a, oxygen and nitrogen may be

cont ai AP ¢S t ReVidaedt &Y &% BEs CaloéredinGris VSTL y Hee t RPeE1f égds by
gener abhy Af€ed &S iRty 109 peReak. pLBUSsypaeact ed propane, ammwni a,
oxygen or nitrogen may be contained in the reactor effluent gas. The source
of prop@@e71 ypi cal kgwromt abnssecemal blanmass of i prepylienep aodidede ulseagi er

hyd t of _which d f h d.
A por (Y BRRT Tho WA B2 noTkBt eV R FLEL PO | 92D emuUeir By Sk s dgE ™

st eam bandish whk¢h gehesainfagndnsuperhedl sWast enst padsal REPL PXéAReLya00
psig for process uses such as heat input for distillations in the products

r ecoverSFEhtEDur FPR chbPord 1d6dt idh oPashelplbessds Hawh grodifiednbygide
passes gh cl , i enoye; cat a t fy. t S. gas
is théﬁ&?ﬁ??he?g¥ooﬁg§§inngggziiorMg%gﬁueh¥§coéFgﬁﬁn&%ﬁgL Pgaggnpﬁﬁgg of
a shell and tube exchangerusing boiler feed-water as the cooling source. As
is well known in the art, performance of the oxidation catalysts is an

i nportant factor, perhaps the nost significant factor, in the econom cs of
this and ot her oxidation processes. Catal yst performance is neasured by
activity, i.e., conversion of reactants, selectivity, i.e. conversion of
reactant to desired product, rate of production of desired product per unit

Y e o, Y "



pore size distribution, hardness, strength, and resistance to nechani cal
attrition, particularly for fluid bed catalysts. Typically, the

amoxi datwonopvag®ss is carried out in a fluid-bed reactrar/usyoenesis gh

al kane conversions are obtained, a single pass system conprises seconds of
a residence tine. Commercially recoverable quantities of acetonitrile and
hydr ocyani ¢ acid are optional co-products. Approximately stoichonetric
guantities of propane, amoni a, and di oxygen are introduced into a
fluidized bed of catalytic particles. Suitable operating conditions include
pressures in a range fromabout 3 to about 35 psig (20.7 to 241.4 kPa
gage) ,ciaxactadinidt Hcd obabeudt &b pRegded4yd Iendth?. 42kRBadagies . afsphecabky,
t enper at ur es are in a range fgom abqut 700 to 1000 F (371 to 538 C), in a
range I$oM2FHORE HBRR M @gbs t8098"€033890 C). Heat of reaction is renmoved

by genpg@dapn ofr,St&pRdo cepty olcide hegperabnne1and, genetaihhg ehgam at
tenperatures of from about 300 to about 500 C el evat ed pressure. In order
to il |siwunaition heninst 322 iavénBR8n, gedmplwsi tof 326ataaldys?z30,meaedpﬂeﬂaals/ed

and th | .u ed under siml_ar reati conditio ositi,0
i sted bel 0\% a?“e $dnital FeBRpdSsi Flﬁﬁg agl etd®on tﬁenlstteo’i aﬁaﬁép | & a8828Yi n
the catabytsit prepar,atana. ssnﬁteezlszﬁﬂeurﬁretgl S3mayare Best @aifmyumdts 336

conpl etely_react during the catalyst qprepar ation, the actual conposition of
the fi#Shetlcatdfyde iy Svdr o8 | VEF rEET R PRRPREI 2édnPasEt fanseShown
bel ow. L £ ad Ygt qgEasty NPe St Bl Mas; eval a atpry Cc 3blyui d
bed react 01?4[ havi ng z¥d| arqrr‘gt er)é(%E 1-1inch. Tili'l%eec?eei llawggBC d;g%%lpa tﬁ about
20 to @Ibfd)u13345@nﬁ q:baffecahat & at atyst ded ayatlsnygth nbLt Lﬁeda_\,Fér 0pafhe ands
fed in th a t.e of _about 04. t.0 about .0.

wet ght Bt pBbarditer he tof vl §8E ) ROGT) £ P e PEa iR i THESHoadlSP was
mai nt at el &Iheabﬁbltaﬂ tqe1abpullehgtpsi @ Beacty oBOf ernel aBuneseqwi Es i thehe
range of about420 to about 460 C. Cenerally, anmonia was fed into the

react ofC%d! adelew Aepgtiuaf t¢ptavunddhi énﬁio 3|§r40pan1en r‘élt“r% RABNEEomSEbOGE 1
to abor':’equg gr%)égg@d.““%cjn?dt ot %1%@} cﬁl?aqr%l atoay \(’j(lfl'@t 8h§ﬁﬁglt txlﬁtll
oxygen to propane rati o was out I trogen was fed Tnto the reactor at
a fl ovwe atmhaaeh ghiafted t rsrgerast 0 tpr opdiigmimattico way aboutdvE2 tentAs pheee
herein, the term "abqu

f
that ardlhTI 2ol n?&gedtri‘hs r‘éé%é rtlatfycg%g‘lfj%‘é% eF’%ijod{fc‘?e]rﬁg/ ?’téﬁg;glhl gr

producssgngat akyshePrRCUNSRs$ide€d J. tol N sk dealy, Pit®t AkaBkrePhtPr odugt i on
facility. For exanple an armount of an ingredi ent e loyed in a mxture

when rbiRdYRECeRt " RhaEE" dardakRisiane endi aEdoseamhdicyr ast faghfe such
typi Caééyw‘ﬁ'él}' Oy@lge' %o u_rLEngaél g: 93%‘8&&@5 C)ra t%l %Sto@lligf ?rtable
production plant or or exanp e anolnt a conponent a

pr oducpuxphese srodi f i ed by "about” includes the varl atl on between batches in

cataly cat st precursors productio | ant or. I ab and the variation
hhor b7 Che MlE) SRR ERP Boiih St nthE Moy it PPBAChYERHouHLEN he
amount sropér UdRaeAdmudl @als orddanen@ouRbs. AMe quaBhib¥dstat edhaipisn
and nodi fied by "about" can al so be enployed in the present invention as
t he an%{ﬁ’ﬁu%%@ naPYeed by "about." EXAMPLES OF THE | NVENTI ON Exanple 1
Per oxi d [ 7. Nbo. 98 o] 2 eq. 04
Li 0. 01 O( NDE ga oﬁ rygact |d>){%g€%rl1r§gjlofnea? eac?clﬁ)ozrl]b\golfgtgi nggleg\%ggg @
prepar;eidubaylity addi npaameds uorheptaio| yedat et02348cgyrédats3pisof in

dei oni zed ter, and hen ||) addi hydr en peroxi de (30 wt % 360 was
drop Vi SePRRIRCS L] P & SEREHEE | ubFon W wadTE

in a nepektisenti mlthfo@ Rﬁ@@tbeﬂ MeXtheQ:l No Reaehl andM xbuhe Bivag or
prepared in a 20 gallon reactor. First, 201 59 ghdel oni zed wat er was added
and heb®edotbegocuifkaeds mﬁme@anaaéﬁ‘éeeﬂe Phawe dhaeprsddaegiant hand
stirri Fﬂ ng.t rapuce ' 1 2 Was
added. @%F]\é@ér |rpnéﬁ{mgé<t%?eggxlzfar§$§?§o§édgt 831;]83%? \%N?ﬁ%stgl F?’ﬁégz%% 90cC for
one hol@03D] yi eIMieiE{e@dt 400 Mbegine Bt Reaepsod 020l amdord 0@ was praer[aarled by

di ssol vij 835 amroni um iumoxal ate.in 217Q dei.on ter t 50C
B R U L AL R SN R ek Gty -t S

and AZ-nNgfge h@@téddé?@réﬁﬁluﬁ%t'%&é/ﬁ'@dR%%Cu@@ M X]Ei'l’i&uﬁsé!““&d%ﬁ't‘i‘b‘n’ég
The stirred conbi ned reaction mxture was allowed to continue reacting at
9CC for an additional hour.The conbined reaction m xture was cooled to 7CC.
Silica sol (Nalco, 32.5 wt% Si O2, 9206 g) was then added to the conbi ned
reaction mxture. Stirring of the comained reaction mxture at 70C was
continued for an additional 30 m nutes. The conbi ned reacti on m xture was
t hen cooled to 50C. Reaction solution C was then added to the conbi ned
reaction m xture with stirring.



To the resulting m xture, a dispersion of 1496 g funmed silica in 13464 ¢
dei oni zed water was added foll owed by addition of Ce(OOCCHsVI. 5H20 (27.4
g), Nd(O™OHoB)y@HMH20 (18.0 g), Te(OH) 6 (243.8 g) and LipOHUS269(00447% Q) .
The resulting reaction m xture was then spray-dried in a Bowen dryer. The
inlet and outlet tenperatures of the spray dryer were 325 and 125C
respectively, with a nozzle pressure of 25 psig. A portion (550 g) of the
spray-dried nmaterial was then calcined in a rotary cal ciner (3" dianeter
gl ass tube) under an atnosphere of flow ng nitrogen (500cc/mn). The

cal cination protocol was 20C/ mn to 300C and then rC mn to 630C. The

t enpercitamee Waschel ¢lato 6B38Cskeparatedyr srdadiwydd by ¢datd ngny osndeable

t emper at ur e. xi datjon results: feedsa 0 2 3.39 ECﬁ %} /NH3 1.20/ N2
12. 61, TUBOSF r9t | BT ERafiplePs PEPGRFEEPNES oG ha_AuM Ret hod Mi. o Vo. 25
Sbo. i 6fod¥®] 0 NdphHORERR 00 dA 0pPd3ebls RRacdd ONahixtige fhWasrpnepared
by addi ng amoni um hept anol ybdate (189.1 g) to 500 m of deionized water
and t hePerelditie hfdreg§enchenofideddBd vk, PZOCcEsgpdnwasitihopami s6 i PRSS

stirri r . 7l nut es, ' ture r red b i) in
armoni ok et abatslicd BT gl hont  faral R TR Rent) ¢8Fd: 14,
W th sprocesnged owdOFR, aandalhepaaddifiig(tidr )hantrigmoay deliage Y&y of 26N1
g)and then (iv) allowing the the mxture to react with stirring at 90C_for
one hpij}}?e‘ﬁb%%ti'&é%%%?‘%{lfbx GRANIRER deftfed o RERSASE /M fAGe BPAPPR!
stirripgyeng 4hgecoybhBadtl Xhae Masyheal & o AQC Whi hdélhgr hBEqthhef
conbi ned reaction m xturé was then heated with stirring at 90C for an

addi ti ol aHddurpIhe donfiared fpgacaiyn atihetrur ehavaretool e@heo M od ithea sol
(Nal co . Po%silica),was then ed. The reaction mxture was then
sti rre%r(gi@ge?%% ?%rz?%% Eﬁ%‘%u?%% llsl‘héagg%glggéd reaction m xture was cooled to
50C. NIob3BmM oxahat 160! yhieoFi(rsk Ichadhrgsl HaAGh theshib/ keesolptdcer)sewas
added to the_conbined reaction mxture with stirring. Next, a m xture of

60.0 g"+tiedldi IPASE i boRr nflddioni ey RaPePSHRS #dddd.2ithi Bagas fAdtrEwed
by theraddihop: 0f1 62 tHECHE B)chahmiPAd da 1t Ha @) ha MALOORCH 313 429 (Q+727
g), and LiOH H20O (0.584 g). The resulting reaction slurry was then cool ed
to roomdtemeesatfiibtent 128t i isi mroRmsadawtitbn afixt preswatitbhen L2N+1.

spray-]gi“'(eevgii na N,LO drxgi. i

T l.et d tlet t t 325 d
125C, TesSpitituel §99W LR 8 hos %éllr%rl%ssi}:]a@ S?eaé% ps}?e%Peégﬁgrﬁ%ES\ﬁezg’é' gf g?

the spcayrdspead iy esbabndas tihepa £al €inedri Nwherdi aimd erehythd BEdeach
cal ciner under a nitrogen flow of 100 cc/m n. The cal cination protocol was

20C/ mi At t 6N80CCTAREPOREH NIC/ I8 FPRS B3DCPaThe fidifseratare Aasfreratatfres0C
for 2 hour coQly t ﬁg‘rrox' ' F | ts:
77% conv%rg?gﬁ%hg%sg?ﬁgcgﬁﬁe{%,g 4 %ﬁ:’%{g %%p?éfge er oxi ggﬁ%ﬁgl%ﬁgi'nnny
Met hodtiv® suaVeR25tisbodieley Noend@Eits Ndd. G2 Ceor 993 abido. HSrk RéAc pacs

M xturg. A was prepared by _addin nmoni um _hept anol ate 89..0 g) and
rmon vt Her Sy AREGATD (423051 T SOBRHP 6P CBe  IIEY RAPEL. HicrFDn oF

M xturend vasl@yeppsegthy addi nghant kmnypaxkderi $pe@s, 261 @)1t 0 ABRrCC
wat er. Reaction M xture A was heated with stirring to 90C and then

mai nt af pREANAES t h&C t @fpeirat aveiforlend Idur SyTearas zekéoandootvedat theur
hydr o [ 3 %+ 30. : | Lkrin ctj

M xt u?‘gﬂ%ﬁﬁ % ﬁ’lﬁ%ﬁt gg\%f (%Céfhgt ﬁ)erg:) é:c?\éa\?sfﬁr%gdl? q]gy%%r‘boélté%]& bergg%gegﬁgatgtu:agr?

M xt ur@daitawas deded trordResciednfdh xbupbeaBe, Theecadliayedl engthse foas dacbught
to 90C.and then maintai ned at ,that tenperature with stirring for three
our 5. SHELRbETAGE rEat: o T ECRFEMMas e neAPEodi BA hE RESCRFFrda Aero

(Nal cogda889fgr 3dch%cHdrrtl) Iasstiberqgaddedy The regadtdOnsdi XEUEe was owhen
stirred at 70C for 30 mnutes. The conbined reaction m xture was cooled to

50C. ArR®nidtdici dditan dedl atech 265 gthel chapns ) t@i kel wedahyondaegd -

dei oni ] I pRixN o 1 re of 60.0 f umed
sili caﬁ?% ﬂé\%‘%ﬁéﬁ e?lggﬁgggﬁ%\/\g?eﬁgmgg4agaggl.%$hll§ %éggc%lglldwed by '?he

addi ti b»034] Ce( GOCCHLE) a3ntl 5H @0 thelpbagk, MddiFICCH B) Bst26heOnd27 dg)a and

LiOH H O (0,.899 . .Jhe reaction slLurry s then cool gd.to rqoom
Fommer kT uPBtRRER B8 SHE e RaaSeibh” ohB AR To et epPay 28T ousm
Niro dryeswidde aalbetiamd10UuthehnbEBPRIAL UPES oepRit325 amd 4RDE, manner,
respectively, with a nozzle pressure of 2 5 psig.
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A portion (60 g) of the spray-dried material was then calcined in 1"

di aneter fluid bed calciner under a nitrogen flow of 100 cc/mn. The

cal ci nat iwo 2proatieel was 20C/ min to 300C and then | T m RCTASEBQCN44The
tenperature was held at 630C for 2 hours followed by cooling to room
tenperature. Ammoxi dation results: 77% conversion, 56% selectivity, 43%

yi el d Exanple 4 - Conparative exanpl e Peroxide Plus Ml ybdenunt Anti nony

Met hod Mbi. o Vo.25Sbo.i 67 Nbo. o8 Ndo. o002 Ce0.003 Lio.0i3 Ox Reaction

M xture A was prepared by (i) addi ng ammoni um hept anol ybdate (189.1 g) to
500 m of deionized water, (ii) heating the mxture to 90C with stirring,
(iii1) tddi dgtantanoby @riodd detbh 20 sp&bkdrg) ,sd hea {bvleskiratenghhaudixt ure
for 10 mnutes, and then (v) while maintainj the tenperature at 90C,

addi ngSh§af bgkhaber®d &N ( 8BPRESP 3G BHohd whbatuiltsh ide¥i hhaBvdiheso
m nut esnpReEL508 Mhxhybe BivRS IPr epett bypirgdl ng aameibynypet avanadate (3
1.3 g) to 400 cc water and heating the sol u}tjlon with stirring to 90C

React | bregtigray e \Bngss ohereadidedheonedactdmncageurish@d wioumdst fieldg tand

t he copdi m xt ure was, i ntained at . 90C with stirring for.ope hour,. The
conbi n%i?% of| SevREd Paas s Ted t%’l%cﬁlsgi’l e s%?g‘(’RﬁF&S?e%@“é{lo

32. 5% shéhga) swasar hese addedrdEie Feact s0Bseguebte pBascéheing) i r4@ch atas/0C
for 30 mnutes. The conbined reaction m xture was cooled to 50C. N obium
oxal atB1¥bPati Oh Ptheiospifabde7p3rRESES -Nb/ kg sol uti on) was added with
stirripge Xt m ; 6 fu Ik [ J QU ter
was ad ed? hi s %s %ﬁ%m%dﬁ'bygfggggdd?ﬁjo%agf %(% %3(3%%%%%(61@1 1
g), NdtoeCOHase3 ¢ROENTZEAL ) ofanthta OHs 2D @3. 58dgwWidEre tkactipparsnirry

was thgguggole o,room.t.enperature with. stirri ction sl was

d.t . _The re rr
then SEYAYSaFTEACT Foa NG (e, The Tt CERATOATI 8F FATRG: AMTee Shive
325 andrl1Z%@, dtaspecthyvehplenWigdrpbdrzl e aptessyhe Ofo 28xPaplard FArtdean
(60 g) of the spray-dried material was then calcined in 1" dianmeter fluid
bed caPEffef udtRr & FF1Poeen faddibionad ckihier T™eades cigdi onl 7 otVeol
was 20 ] ; t I 1., t 1 The_te tu h
530 ot 5 ROGrS TS [aned Ty con iy (5 Oom Y onBS aEord. Amosat oy
resul t $endibs cgnveashonfiUiés selhedn visy,thE/ Ysginel df axamplodh ScPenoxil deoPl us
Mol ybdenum Met hod with Ca Pronotion Mi.o Vo.25 Nbo. 056 Ndo. 002 Ceo. 003
Li 0. 013%T80. 04 Cao.02 O Reaction Mxture A was prepared by (i) adding
anmoni gooBept anokybdate 5( 182. 2 @i dgr a0l 20fs ydeicani 3@ Wat-erp At Antiely
(ii) addi nghydrogen peroxide (30 wt% 29.3 g) was drop wise with stirring
over 1BhAfRutediRaatioh Mixt ¥k e a@dies phepaced By ecroaddingg amhbhi an

met avag 0 : 0 t Id ). i the r | t-inng | ytion
W th errripearyoofplihlat e SE et JARRMDS OV RERHGEOE’ St

g) and ihphemeatédngnt heamiwdne e wbfhwstefriong :ats@0CGbhde aepebiaurtioReadt i on
M xturg_A was then added to Reaction Mxture B with stirring and the

combi AT AV RFGr NS HeH TP t 02BOC A PRt PPRI 1. MPES cSREEHEBASr SIS

m Xt ur gp¥east t Rgnoheat ?Qn@‘rb"_ﬂ plrbbisBd patlo 4G her LAk taddind | onal hour. The
conbi ned reaction m xtfure was cool ed Fo 70C. Si'lica sol (Nalco, 369 g,
32.5% §PP32h) waSyshem ad@edinahidesr summethes tmdnsst3QZ eandt SPEC famir80
m nut es,:JRi S sul t i ng= m xt ol to ,50C. _ Ampnium ni,obi | ate
(25.5 gnlg% 05%%%(? d?i;a%olé\f/%(g Y\%&l%\g g§(g‘1e’| onrllaz\@lcp%vataér l\/\(?ansgnca%deo with
stirrihgkeMezé, aanm stuoadof 80 0 gadunefi btéi cauht 90@sn cdaipariiszed wet er
was added. This was _fol]owed Qhy tége addition, of Ce(OOCCH 3)3 1.5H20 (1.07
g), NdteERER %) 3up36S( .17?ooa©$, S8 0S33R 3yBits OO Bk E;%Qraﬁadud@-}%q?o
(0.56350), TheihRSUAt IRGFEACLEODNSIUNTY AMasden £0Qli@h it KERMchannel
tenperature with stirring. The resulting reactiion mxture was then

spray- 8186 (Fhaiy r ésdrgleewnThe | AétagAe owtheert erfpechrnned sof cahe bspr ay
dryer a 1 respective Wt h nozz ressure,of psig. A
porti O%@%gggé?' o?i%t h%ég raaye/gd%%é%l mﬂ} ‘é?i a \t/vgts:a?he#]&cg C?Lr?gl(?%lhn Y[%g%l errsgt er
fluid égdatakoi hee wedery alendgtiogen kkaw efthHi0 £1lten. chhén¢abeaitnatiaae

pr ot oc‘(E)rI1 wgs 20C/ m_n to 300C and thep | C/mn to 630C. The tenperature was
hel d at"®30829bP2°h08PY O TRy Y gt ?QdnPRenpdfatsr ditferent
AMmoxi gadho8akgSYthSr 83Yaconnersi on, 56% sel ectivity, 46%vyield EXAMPLE 6
Per oxi de pl us vanadi um MVo. 25Sbo. i 67Vbo. 08Li 0. 0i 3q x 25.1 grans of

vanadi um pent aoxide (V20 ) is added to 600 m of distilled water in a
beaker with stirring, followed by three (3) aliquots of 30% hydrogen
peroxide (70 grans, 70 grans, 35 grams), added at approximately 10 m nute
intervals to create a



burgundy red sol ution of vanadi um peroxide. In a separate beaker, 194.6
grans of ammoni um hept anol ybdate was di ssolved in 600 m of distilled water
in the prweanmaiefzanti nony trioxi de powder. To this m pruscwasoadged t he
vanadi um per oxi de solution and the resulting m xture was heated to refl ux
tenperature for 2.5 hours. After cooling the above m xture to 70 degrees C,
369 grans of a silica sol, 30% by weight silica, was added and stirred for
30 minutes. The resulting m xture was cooled further to 50 degrees C and a
m xture of 60 granms of funmed silica and 34.7 granms of ammoni um ni obi um
oxalate in 900 m of water was added with stirring. Further, 0.6 granms of
l'i t hi uppbyslT oxi denwasopittadi.onlhi s sfyistalm M 300r e pesvsdésredh f odiFEerent
additional 30 mnutes and then spray dried to obtain_a m crospheroidal
powderaraiicepbwaer has hestforedingd A/teIRY deyf ecBUELin §PRNPELla WRESCe

f ur nac in o a I [ g
flomﬁnge%€%¥%%£ﬁ92§ 635%hé§¥§%s %ﬁ? gﬁ%tﬁggksgﬁﬁgbgﬁiﬁﬁgge §83gqgra§§n§
this md¢kayalengtheharget Edl4®aasfﬁlﬁtbb€@llbacreatanphaas tvastiad ifoors
amoxi dati_on _of ro ane 440 degrees of ressure of 10
psig ahd faeeﬁupﬁ 871 pf 3& T YantBni 99 :?r:?ge&a?&ans}gﬁ}i 61° Mt r 8§én a
yi el d ef r45r8% act ybni tiié | oiwse OB NeEh s a Sl adld Viddhed %A.18%pass
Addi tionally, 5.3%HCN, 3.0% acetonitrile and 2.2%acrylic acid were also
obt ai nEHL FRE THESONIEPEL STANES PATENENARD tPRADEVSRK CFFF €ka SPET FI GAFtER

Pl ELD. O DERPA NG PFASE BRI AT CN STARERI AR NETHED 1 KD BF fiie -

| NVENT&CNi f8004] Bhre qalrleesensuilru‘abﬂei ourspbates t Addistiensalandireehedsafor
rocessing signals re eC|f|caII to a_system and mnet hod_for

P e BHAS nOachr TR I o R0 BHeR i) Hiotoh 4G e ol TR It | B8 PP Hud

artifaghs @Bﬁlaﬂ?t Jasla unéa@tﬁspalfpai@sf%@ég?@!o)%@n@l:a]}léEel BENTI ON [ 0002]

Systens and net hods rocessing signals are known in the art.

Decorr €P@8Pbn i nFEEVBECLﬂp a¥s has diear ageipvead sivetem a0 @t §osf mﬁ@rwqﬁ by

Al PapRalL! beroRad B i LA, COOhA! g DaL T Sauengy ARd RUBSE SHAAL NO.

I n the pas pass ters have eén used 10 dé rrel ate si s to sone

extentanh@wemylamykemhcﬁﬂmensakﬂﬁ theeprehamel idebayiand mnspsu&mamoo
abilit % chan e the anDunt of decorrelation . in a si | e fashi on.. SUMWARY

OF THE [B08] LAngy Sesmasifd et ABECRHe OFFGA t RaFScriddte 5 -
VarylnQn&hQ§ﬁ1S@Jtlﬁ?lémEHEQH'QﬁuO%Jﬂ&%HEEWYSBQEM$JferSBtth%MﬁﬁébEH
audio data to elimna hase correl ati ons between channels of audi o data.
[ 0004] cpmbpaatienl @t hasylgta@m ant nsphsdazee prvi ded that ccwn dbe wsEtE to
w den ei ye ound flel m nate audio_artifacts and erfor

ot her §§$¥8§ é fuﬁ%%?o%s °& gﬁpﬁatlng Gnd&SiFé % i Ke-dormai n égrre At 1ns
bet weeplabaongl s ofthaudisudadisle [ D600 b a@gp@ﬂﬁnﬁefMAt@r@ncenemmgmwbe

enbodlnent of the invention, a systemfor decorrelatin S|q£als S

provi d8BPSFhEUESdr emWiridt udBEOREF r SR EHIEMPRLGAY | | @R %H§V1 g afffrstthfel ay
| engt NocRE9GesS1sagra i St ¢haNZla AISRAN 31 RBSSf) [ #£2q08V0RY Ghin
second delay length, is connected to the first all pass filter and

pr oceseésmenesf iflogt ism@n§lecemtﬂelor|d|e@‘ces€s$¢@d¢)ythhe firkt pkbvpdes Uddfiwgr. A
third shlsgagﬁ %klter glng a thlgge ela l_en th processes a second

si gnal ourt aF?npés it F aV|ng SEFt &V | ength, is
connecf{ed40d t herFrLourd alhfpassdia@fem afid aprpaasses7therseceraing ghisdld
after processing by the third all pass filter. The first delaﬁ | engt h,, the
second”deFRY Fendfl, RIATSi rﬂeeéFé?lPEh@f‘h HidN hed3 Bir t ROGBILAY 1PBNgtim
each h ue e, jand ft # el | epgt h dhe
secondggg?%wﬁgﬁgt th?J'sweqﬁgl t%yﬁ%ygh% ofé?[t%hdcedltn%r?g dg?fay Flg%lgt %ﬂ;&nd t he

f our t hideeayidengt h.

[0041] System 700 includes summation unit 702, gain unit 706,

gain unit 710, delay 704, and summation unit 708, which form an
all pass filter configuration that may be referred to as a

Schroeder section, and which provides an all pass filter of
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[ 0006] Those skilled in the art will further appreciate the advantages and
superior features of the invention together with other inportant aspects

t her eof oworendiipy2t he detail ed description that foll oweCrnuSeamjomacs i on
with the draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [0007] FIGURE 1 is a
diragram of a system for sound field w dening and phase decorrelation in
accordance with an exenpl ary enbodi nent of the present invention; [0008]
FIGURE 2 is a diagramof a systemfor mnulti-channel phase decorrelation in
accordance with an exenpl ary enbodi nent of the present invention; [0009]
FIGURE 3 is a diagramof a systemfor perform ng sound field w dening and
phase defgtrelat dier NtlagcgadangaMddy adr exeiR! any temuali aat gafint @it
present invention; 510010 FIGURE 4 is a diagramof a nethod for processing
a plurdlPt 2555 eHHAkel INGf ORBGIS t@at &Nt & iddoor pRAatE WHAas#iild aee®F dadde
with a g{%)cod'-tfh rese i,avent i on; : GREHJ s a
di agra%rgéggpé%fgem orhgg?f oé:lnﬁé]ggp?ﬁasge %8:5% c%H% gf[e%an zi'l??l o] chz;cﬁlr?el

i n accbrdgneecwi beiag eanptdy ythabadilmgnt aidt hkepresent faovent bdn;gai®012]

FIGURE 6.s di agram of a sys for performn hase ,decorrel ation and
Sound PREFd 7HEERth AT ALREt dhibe. wiin ot Sexerfhl S SoRbB L MBRS Soft IHer
present si prMtiidRy @8dn§0Q@LdinakliGdREud(it s 7a2di agi A ahiassystemahar saynd

field wi dening and phase decorrelation with phase nodul ati on in accordance
wi t h afeégenplldr ywebbodiansfth ob2t hanst esemmnat hoentirort DETAL LEDTDESCRIESH ON
O P - ! he, descripti ' vl
part?ﬁggﬁﬁgﬁgﬁhﬁhﬁo%ﬁq% fs%%r&i ?lh%a'? ﬁgr?laar?g‘rld\r,@%mg%gk%h% %Wtsﬁg séz;]erreé1
ref er emodifugdr ab, thespeetoviel yal Thepaysawfiag tkirgur eBinhy heos hi ffersod e
and certain conponents may he shown in generalized or schematic formand

i dent i P @aebﬁgg%ﬁngrléiract&é@isgﬁa% UESE The- et r ey JEREHEr 1y i t_%e
conci sepg$stubB04at t th§IRE £l ghs nd udii’Er aMeohaina yet.em 100 for sound field
wi deni ng and phase decorrel ation in accordance with an exenpl ary enbodi ment
of thelpPA&3&nt iFeent madulsytsiasm vodtean 2Be asdd7E4 ians casedt e paEraws/ed
wi dt h a sound fiel .phase decgrrel ation_of th di o channel signals
bei ng SPSodaaan” [ 603ef P BHERT 106  h Faade’ arfrpids RS, BEBpegy,S 2
pass fiahter.2620104thald aS51d tesilhsds 106ThadcaklEfpasentis! tferr lohel@hirach
of which can, be inplenented in hardware, software, or a suitable

conbi n&fi gt gt Hat \ﬁ/araef%n&aééﬁtta\?vélre@‘, ahd q&ér?r&&u&ﬁe Bi thortd '35 t Qér £he
systengraBer afg, oA general RURPPSEe PrAReS el RlAlitAdR AyS HS8Ghird
herei n, "hardware"™ can include a conbination of discrete conponents, an

i nt egr attedadi r cor¢at amg appl itdatd oreypier f ichangteegiat ethei rehase sshikis
progr ambl Ehg%he array, orngather ui tgbl e hardware. A_s used her Eiwrl;}and
"sof tware® can rnérdd& orfE oo ot e %‘I’Sj 5?%?63§§nt3§,net KP&Eds, 2 ITHEL 1% Code,
subrouhbhes, seplatefsafmaree@pPhtgat icdNSothiaw® enifanad | fiegnels coderror
ot her suitable software structures operating in two or nore software

appl i caPi8ns "GRNERE t i Tdre Gioh Rt eS3BFRL L 3F @R hBRt§GIrNgbIME tdMmt \iarkPom

STTUCtBres. 13.QNS X UMY oA RITOM FENoy 50T AL 6aN hnehuda ARty gy ©

| ines of code or other suit tware structures operating i n a general
pur poséss bt warey eayiplilheat i st ersenchs azudht oper ayshgms Ystoempeare ionen@rthr e

l i nes of co r other suitable.software siructures operati i,n_a specific
purposgaESFﬁﬁgéOQBplqrcaf?% ?fgfﬁ?f'Al Iﬁlbjai% %iwlot et Imfﬁl?‘ril%§l(?8uptf %?o
all paagef ishiosh, L2 1hgeadualit passthdrdt eduilshd 6 hemeeupl oF tmiadd @ass

filter L4 108. As used herein, the term"coupled" and its cognate terns
such ag8l®eofpl Bitespatigggrebe Usgd i ncl ude a physical connection (such as

a wireyropmsical fhbeg;oQr grt elREOMIHGEAtI AN TBY Wser Bp¥ibhUabe the
connection (such as
present invention and associated drawings, other modifications
and variations are apparent to those skilled in the art. It is
also apparent that such other modifications and variations may
be effected without departing from the spirit and scope of the

present invention.
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t hrough assigned nenory | ocations of a data nenory device or a hypertext
transfer protocol (HTTP) link) , a |ogical connection (such as through one
or nore swoiemvdemeor devices in an integrated circuit) pCcoruseaamosdstii t abl e
connections. [0018] System 100 receives |eft channel audio data and ri ght
channel audi o data, which can be a series of digital time domain sanples of
audi o data or other suitable audio data. The | eft channel audio data is
provided to all pass filter LI 102, which has a delay length of LI. In one
exenpl ary enbodi nrent, where the audio data is digital time domain sanples
of an audio signal, the delay length L | can be equal to the nunber of

sanpl ewhian tibecdalagdeliesent of all pass filter LI 102. After the left
channel audio data is processed with all pass filter LI 102, the processed
data is then provided to all pass filter L2 104, which has a delay | ength
L2 that is differangybiam ¢elaydNHd dilingThe aee e & inghannel audi o
data is then output, "such as to speakers, for recording, or for other

sui tabl e appl itiatstonell] 009§ ThHe teimghhavhagnel Audsd dEtlay slehkehi stor
provid go%% al. pasi.filten L31106, whi ch has a delay length L3 that is not
equal PS°EFPREFIAEI &y *PENGER A 'or L2 . The processed right channel data is
then providad secehdl pass fgdder fid )8, nekiiely has scdehay dengyh lshddrat
is not equal to any of dela¥ | engths LI, L2 or L3. The processed right
channeFoHRE & st@ héhSoufpaets aPAss spbakers,addr fPacopEpRgssing” the
transmesskeng eLi [ I Ore er,1Sui ; L cations.
[Oozoﬁﬁﬁbgnglgggﬁpﬁgr@%% r%%%%ﬁﬁée}l}? tp?ffssfl?[fsl'l%t grlﬁLlﬁﬁs(t)gz?flglp%%ass filter
L2 104, all apagsifd| gél 132496 faddead | hpussgfid t ehiktd4 ddiacaheegth beor
sparse_Nt h order gole zer o ti|t§LS havi ng an i nmpul se response that is

det er nPASHBY *'He % PEEEN e Seffi%ci‘ent s. The del ay | engths of all pass filter
LI 102, all apassufthtes1l2 dd&s odillgass Havlitgy b3 £86rend a@élapassedddt er
L4 108 are _selected so that the total dela{ | ength of a signal processed by
al | paSSupilefert®| thez HRdrdl |abhseasg t EilEer10mnd s fove BAAESES 1A tht al
del ay - i L. .P I fi]tar Qfg ] SS
fiIterEEEQ%QSQE?ﬁagngnggn%ﬁggéggﬁﬁg%ﬁﬁéﬁ?ggﬁﬁglggFgg'h%ﬁ%%ﬁ% 0 gﬁlaﬁgss
filter 102eardnal thepadd risitl téeldd I gdn beha fdgcindgr dedapgai Yengtrid, t he

LI
del ay | engths o |]_pass filter |2 104 and _all pass filter L4 108 can be a
secondtgﬁ|ﬁ?ﬁﬁ§rsgiﬁ%hi?H8Fktﬁﬁl ot 3F F8H§Fﬁ Felave H19AsEAFN (Y cn
be set uh9qae eguBhe vali@l bynselaghi oF ofnsuitiahie 9518 PAidgeh | Bn@Nethe

exenpl ary enbodi nent, the delay |engths of the first prine pair can be 41
and 43s§fR@nchedeibvy Jasrtfiths i6f e@vadecond thei neupaiatl camebetRirdnddgRy
such th I S ilter LI e a delay length of 41 and all pass
fiIterlgég?é4aggn%ﬁgv§%§réél§%S%Qﬁg¥ﬁ] 73, and all pass filter L3 106 can
have a delay length of 43 and all pass filter L4 108 can have a del ay
length of 71. In_this manner, _the overall processing delay for hoth the -

| eft channef-audf8Sdai¥ ¥ 275134 the'hq i c?u%%]ﬁeIOfauEI}P% ddest AL
71) wibhske efugdr (1ke - sEBBAL] Al opgralienitbhe alhepPassidd | hens gieate
a phase shift in the |left channel audio data and right channel audio data

t hat dépéfgs endt kbef fegudhc @ ldndadte idigh asfe tdrdaaldepaskifi¢rers.
Because the phase shift created by each all pass filter is different, any
pre-existing phase correl ations betweenthe | eft channel audio data and the
ri ght channel audio data will be elimnated, which results in the apparent
wi dening of the sound field to a |istener,” such as when the signals are
anplified and transmtted over |oudspeakers. Because correl ation between

t he phase of individual frequency bins can result in the apparent |ocation
of that frequency bin as being in the center between the left and right
channel speaker, decorrelation of such frequencies will w den the apparent
sound field. In other words, correlation in phase results in a

16



col l apse of the sound field towards the center of the left and right

channel speaker, whereas decorrelation in phase avoids the coll apse of the
sound fi ewo2oveasde the center of the left and right chaomalS:epeeddaes .
Additional all pass filters can also or alternatively be utilized to create
addi ti onal phase decorrelation, where suitable. [0022] Furthernore, it is
possible to connect two different pairs of sections to each channel, and to
nodul ate the filter coefficients while keeping the coefficients for one
pair in quadrature with those of the other pair, so as to nodul ate the
decorrelation by a third signal, creating a tine-varying change in the
phase shifts, ThTeet héysitemgnaf camibe a swRerwvame ohel ofd fseqUErcY pads
nar r owband noi se signal of |ow frequency or other suitable signals, such
that ré&tLERFi 6AMARESEAACel | ation patterns within a roomor a Iistening

envi ronnment jage,. opdg, LA, O¥E ahgyt. the roomin a fashion preventing the
human auditory systemfrom strongly noticing the cancellations or
reflectionsa [0028f RYGURE @nis acdipiedm od aarsystwm@RO0 dr thd t ifigtsdnnel
phase decorrelation_in accordance with an exenpl ary enbodi nent of the
presen?u?ﬂgéﬁ?Polegysten1200 can be inplenented in hardware, software or a
sui tabl e cogbisakiyoBoablbar dvareecand tpeftt W @heafd reaN e of UHirs

sof tware systensoperating on a general purpose processing platform_This
system can Be SSEEHAMIVHIMA e Wik ¢aHPiLAF it tHhe siekaY adRflokhgs HGre.

[ 0024] %XﬁtﬁﬁthOahBC|Udes a plurality of channels of audio data fromfirst
audi o 8 annel, second audi o channel, to an Nth audi o channel. All pass
filter LI 282 smwomd ayadel aypnliengthupfiedl wnd @ld padsyfi bhdr ti2e 204 dsdvi ng
a dela¥ Iength of Lﬁ are used to process the first audi o channel, and al
pass fPPPEF-E3"28B having a delay I ength of L3 and all pass filter L 4 208
having a delay length of L 4 are used to process the second audi o channel .
Li kewi se, each additional audio channel is processed by different all pass
filters havfng di Ther emsteal 3L | ehgifs 1 orgneirhethesfisptNdelagudiangth

(20 and8 1"add i & o Raey KebBrass o By TenBP kel Bedke T

i ndi vi deabndel agldengtdisgioh eaoh afhd he€ocalrthpadsliiyl t eesghhe cofpeieat ,a but

t he total dgla¥,len th of each channel is equal. In this manner, the phase
shift ZppPrEdPEEMEaERI6f the individual frequency bins of each channel of
audio data will be decorrel ated, which can be used to avoid creation of

audio artifacts, to prevent audio artifacts from being generated in a
recordi ng sbudi oTERviTWTARMt 9fsgdlrias WhéretHpEf @ICTRT If idyDphbdReSrartCiBsed

to rec : fr t | ffer ar f recording S e, in
ot her gggﬁgg?gg%ppgg%agg%%%. f%é%%ﬁénqéﬁﬁgégfﬁig%é éﬂggrgﬁggﬁga %ggtéﬁg%%o
for peffiatpirng satind Hdwelrth wiadenndguanddpbage daoprh el aridonone aceormaree

wi th an exenpl ary enbodi nent of the present inventiaon. stem.300 i ncl udes
a firsPIRERRBRLsiidieT otQuBIRY &% ctie SRHTER R cPadRelt dighal cach
processhigngl r£ULhi gpechud hay %bgcm 300nh&88: Re tieedr boh1SIRIRY; b@UTthe
channel audio, 5.1 channel audio, 7.ZIchannel audio, 9.1 channel” audio or
any ot Bérssuifiididles nublher seebnchahindlsr £0026heSystaen?8000inge| agikist ional

sunmat iL,on it 2, i n_unj 0 inunit 31 d nd su i on
uni t 383} &%ﬁéh %%ﬁé%%\%ﬁ#é%%ésﬁPiggg'%ﬁﬁﬁ?ﬁd%%%i§%g¥h§gi%§%lﬁfre er%ed
to as aoScheoataralsetdlayn, oAndhehitth qor avlidesasd alltpass thiel tferurath |anigt h
LI when the in factors of gain unit 306 and gain uni{_ 310 are equal and
opposiPésﬁnégiﬁir%uﬁP%hFBﬁ\ﬂqq Pas&OZF qqqaﬁkﬂﬂﬁksfbbFeﬁflFQ¥ék§iuﬁPa

phase shiftodepandinngpaRst #e 1flgquency bei ng passed, the delay, and the
gain factor of gain unit 306 and gain unit 310. By selecting suitable

values for the length of the delay and the gain of gain unit 306 and gain

6. The system of claim 1 wherein each of the first all
pass filter, the second all pass filter, the third all pass

filter and the fourth all pass filter are first order filters.
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unit 310, the anmount of phase shift at each frequency can be controlled. In
one exenpl ary enbodi nent, by setting the gain of gain unit 306 equal to

+0. 25 andwohelogabr2of gain unit 310 equal to -0.25, thepramuseaod44phase
shift, such as for audio signals fromO hertz to 20,000 hertz, will vary in
a: predeterm ned manner for a given delay val ue between -180 degrees to +180
degrees, such that a frequency dependent phase shift will be generated in
the processed signal. The delay length LI can be sel ected based on a nunber
of sanpled signals that are processed and the sanple rate. In one exenplary
enbodi ment, digital audio signals that are sanpled at a rate of 44.1kHz can
be processed, whehe tigsdangbh Jidie dehderklin sesmab it ccidernupberaiaf
sanpl es divided by 44,100, or can alternatively be specified by the integer
nunber PBFSs ot eat pr $8&sseacondo2rl ] LivRe s@}léegecd'ﬁda althiggdssatl| tRasS s
provid -n u ti [ 1 ai i 16 . 20, . 314 with

| engt h?g?égn ngugn’ﬁrgt Fg{%rgﬁi :aliléas%hgqp}#%é%%di@flﬁgag gﬁnlédcgrrg%ei ved from
the first all pass filter is then nodified by the second all pass filter,
whi ch has differgnt phase shiftcharactieristics based.on the delay |ength L2
and the ampPitud H@e??ﬁ 5@(9g qﬁTn#t£u§3%e5n8°§96?sﬁﬁﬁzg]ﬁ%ﬁé&mé&ﬁgQOr
the Nthoabhanrek RREASH Ml ChAighirsSUSFBLHhEN dMi t§e 322 126 328 £1dRERsUNIr S
326 and 330, and delay 324 are used to forma first all pass filter having
a del agUReRgtHref W2Nh angadanmed: iegwtien £33heard 133 sgydiinligtizs 336 and
340, and delay 334 are used to forma second all pass filter having a del ay
| ength of 2N+1. The delay length of delay 324 and 334 are different from
the delay | ength of delays 304 and 314, but the total delay for each filter
chain is equal, such that the total delay |Iength of delay 304 and 314
equals the total delay |length of delay 324 and 334. In this manner, sound
bei ng processed fromthe first channel to the Nth channel wll be phase
shifted so as to elimnate any inadvertent phase correlation and thus w den
t he perceived sound field where the sound is being provided to speakers, to
decorrel ate any inadvertent phase correlations and reduce audio artifacts,
such as where the sound is being recorded, and for other suitable purposes.
[0029] Any suitable all pass filter may be substituted, w th proper

mat hematical treatnent, for the Schroeder sections discussed above. [0030]
FIGURE 4 is a diagramof a nethod 400 for processing a plurality of
channel s of audio data to decorrel ate phase in accordance with an exenpl ary
enbodi ment of the present invention. Method 400 can be used to wi den the
sound field or for other suitable purposes related to phase decorrel ation,
and can be inplenmented as software on a general purpose processor. [0031]
Met hod 400 begins at steps 402 and 404 in parallel, where a first channel
data streamis received at 402 and an Nth channel data streamis received
at 404. Likew se, additional channels can al so be separately received, so
that any suitabl e nunber of channels can be processed using nmethod 400.
[0032] The nmethod then proceeds to 406 and 408 in parallel, where the first
channel data is processed with an all pass filter having a delay |ength of
LI, and the Nth channel data is processed with an all pass filter having a
delay |l ength of 2N. Li kew se, additional channels can be provided, each
channel having a delay length that is different fromthe delay | ength of
the all pass filter for any other channel. The nmethod then proceeds to 410
and 412 in parallel. [0033] At 410, the first channel data that has been
processed with all pass filter LI is then processed with all pass filter

L2, and at 412 the Nth channel data that has been processed with all pass
filter L2ZN is processed with all pass filter L2N+1.
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Li kew se, additional channels can each be processed by a correspondi ng
second all pass filter, where the | engths of each of the correspondi ng
second alwopassipikters are different fromthe | engths eCTiuseooohars second
all pass filters. Nevertheless, the sumof the delay | engths of the first
and second all pass filters for any channel of audio data should equal the
sumof the delay lengths of the all pass filters for all other channels, so
as to avoid | oss of synchronization between the channels when real -tine
processing is perfornmed. Wen the audio data is being processed for

storage, the delay lengths for each filter chain can be different as |ong
as the procgssedpaugi@hdat a foF epebceBanngl &S PhsEIUEN) | YogOr lgated so
as to allow the audio data for each of the channels to be synchronized. The
met hodcPhehlprgeeds to 414 and 416 in parallel. [0034] At 414 and 416, the
phase nodi f] ' cha LS p d 4. h i s Nt
channel of %gggé%é§%%t%ugﬂﬂ%?ﬁg&?%%,bggéigFggglS@Eﬁﬁﬁéﬁgﬁggggbglggfpﬁp} I n
t hi s npasser flileedatchazim he prawdectkta pPheakershifo ds tithgefiérate vane
audi o signal that has apparent sou field that.is wider than the

anpr ocBe88d ¥R ST, ChRkr dhase gl T RS Bat ASer? f FRAHEAEY Bdnds
of eachrghasnel,;can cause the sound field to collapse towards the center.

Li kewi se, 'the decorrel ated audi o channels can be recorded for subsequent
processi ng, Bueheasinbxiangseepndt Wades hargb| @ugie pesanal] 0ps) Bn second
oper at L on, t hod. 400 _c d rrel h se. of a f
dat a, §32h§§§%cf%f§%ﬂ ?ﬁéquggfeﬁ%gggﬁﬁg fﬁe?%g?% %hﬁggténgFR?oqgggﬁ
creati endef bandi auvaibi fsdeinsl arthdtorhad her sstohdablerpatponesas A tthough dnnvo
exenplary filter staggs are di sclosed, additional filter stages can also or

al t er n2fi VEISAWR WselDfierts s FEdFrEN tast TORg t8E t hiTdEI SR 5 eHgtH of Sedth
fiIterfgﬂeg@ohsoghgrggggnggg gaeh channel of data . [0036] FIGURE 5 is a

di agram of a system 500 for perform ng phase nodification of an audio
channel in wbevedance miabe avagiariloar ygemdborlienbyofthchef pretentll pass

| nvent 9f, By stem, 500 can be Ioplenent ed. Lo bajduar e, 3of (MALG. & no
sui t abf&TESRDIRAL M ORTSE HF dver e Andl S0 tWare, ~and can be ‘one or Tore

sof t wamersyshens+Qper deghtgedn tad genalaals plamosa gy eressidrg pl atform [ 0037]
System 500 i ncl udes summation units 502 and 508, gain units 506 and 510 and
del ay 504, having a length of 2N. Li kew se, a second all pass filter unit

i s conprisedoof sHIMBLLORoANIIS 53233009518 e.Q8IH PRILS 316, ANERE20s i and
delay 514, having a length of 2N+1. Although a single Nth channel filter
chai n wédshowamd a asiitcabbégnaibevioh dihennéisstarmbe Pelssct édltas |Ggmims
each have a.total delay length that is equal to the delay | ength of each

ot her FPI"P&FSERAI n, but where the | ength of any individual delay unit 504
and 514 is dirbtesenhgf riie edch set heiddebayduniddid 083ghaln wpes aki oft,rst
system 500 provides a different architecture for performng stereo or nulti
channePRlphB3esdéédtprel aavéRg By Sa1sdcdaig sdisraie ¢dich val ues and
different d ole My} agk I ilte LKl cr e e valdatipns
as a functighggfgggggugﬁgg ?Er? e“ﬁ?%iéé%%% éﬁg%g %ﬂéﬁg%wgbgﬁffkggﬁgh¥?om
t he phadé varsisatfiidiswfhihiengt bersealdndabsldy | tengthsowasredneltihe nhitest

unwant ed.phase correl ati.qn. Syst 50Q,.can be used for sou field

wh deni G180 TRPAER! OF BF T2Eaoh ta PR E S G A (R ur poses.
Additional filters can also or alternatively be added to the filter chain,
so long as the total delay lengths of all filter chains are equal. [0039]
FIGURE 6 is a diagram of a system 600 for perform ng phase decorrel ation
and sound field widening in accordance with an exenplary enbodi nent of the
present invention. System 600 utilizes a very |long cascade of second order
all pass filters, and can be inplenented in hardware, software, or a

sui tabl e
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conbi nation of hardware and software, and can be one or nore software
systens operating on a general purpose processing platform Oher suitable
fornms of wbIl20measgioki | ters can al so be substituted, w thprprasesosmadsnemati cal
treatnment, for the Schroder sections. The cal cul ation of the many stages of
gain elenents for the second-order cascade that will provide usefu
phase-shift can |i kew se be devel oped accordingly. [0040] FIGURE 7 is a

di agram of a system 700 for sound field w dening and phase decorrel ation

w th gain nodul ation in accordance with an exenplary enbodi ment of the
present invention. [0041] System 700 includes summation unit 702, gain unit
706, gain ublt 71Dhedeleahohf antasmumigt ivdrenenirt FH8cesdl el taemsaroald
pass filter configuration that nay be referred to as a Schroeder secti.on,
and V\hY"t‘:ﬂeprb(?\ﬂOLe ugﬁoalsfl?j}fgs f’ill‘y—f‘ert}befl ERGERILI 2 hthe R3S Hhl heF achGi® of
gai n uBbhprf96eadnd gain unit 710 are equal and opposite in sign, and which
wll pass all frequencies but will also add a phase shift depending on the
frequency bRrpgepassed theheseledny, wadg thendjadudiactségnefl galtth uai tthigel and
gai n uni L .S econd.al,l ss filter is_provided using
sunnat?%% %%?? %&g?g%aﬁﬁvgﬁgté g%ér8n883§8,3889§§'7f24Mtr1|ength L2, and
summat i on upirbcédBindhe hghase-omilifi@d Bhgaalauddeeissashdy onitheaf iffosirtad |
pass fiLier IS thﬁr nodi fi ed by the second all_pass filter, which has

di fferdht PRaSe faitar JMaFiRd efi SPPESNDESIRYorl a1HEE el e rehpt khe2 thidd he
anpl i tydeagetidngsn ofi gai J 71 d . ] i [ on its
722 and 722 ar% used ]isg gr};r%ge?ﬁe ?ir??\erzggef%?giégntgigﬁgﬁpiﬂs }§/ rz;ctlr% ng
t hem beegeed de2Byadénatdh cindthiee $foutrabl dedalyudsndiite caedf tbeesus fodr

one paj{ _of..gain its are intained in quadratuyre with those of the other
pair, a%%e a%l?%trm%&aéf e ?‘H%glgeéi}?r eqi%ae[ i %%C%ngagﬁruﬁﬁﬁd%% L2r 8FPNg B8
time- vahyi sgncbangrei ohtilhe pbase sbhbts. ahll $hehifbehrhgr@ll s6an Heytd | ow
frequency sine wave, a narrowband noi se signal of |ow frequency, or other
suitable signals. In this manner, reflection and cancell ation patterns
within aro or | | I4n i t . ar v e Lyve he | i stener
S0 a5 to provent R Tror o S aan oy SrShom Mront bor beriAY Arset
cancel dadi die othiefll etglans levigithe feoomga nfapdal aidome upiatis , arendhawe, a
single_unit or, qther. suifable n ers of units can_also or_alternatively be
used. f%ﬁﬂ%? Pﬁgi%a&%ﬁgf%ea&ﬂbﬁgaae?8UF£§ ¥p%?8ﬂt8fQQE@p?e§§ﬂ9n&/

i nventppimangaassoci ated drawi ngs, other nodifications and variations are
apparent to those skilled in the art. It is also apparent that such other
nodi fications and variations may be effected w thout departing fromthe
spirit and op sept | tion t .S i .S System
for decorre?giiﬁggéigﬁﬁvg&goﬁﬁaiggﬁgﬁ éhW$§?eéP| %g§gg$?ﬁP§r é%iﬁaﬁg&
first deflay Haangt hufido psogessi ngiteh f ichet Sigsal ;ald seaesd &dltpassHailr er
havi ng_a second delay |l ength coupled to the first all pass filter and for
procesSTHgTtAeS ¢ iprrﬁéleﬁsglﬁgq Eﬁﬁer%blf%“ce%i% Bonthe4di st sdonadaselth| er;
a thirdiakt passdddd efibheyingaaihli rd getay hengyh ifigdi 0688Shng & oHecond
signal; a fourth all pass filter having a fourth delaygﬁength coupled to
the th#tY BRFs phkkter| havinadaf secpnecesdianglengtecond signal after
processing by the third all pass filter; and wherein the first delay

| ength, the second delay length, the third delay |length and the fourth

del ay | engthd eachhdavestehai guife wahig, Bhd wHeresiim ehet heifkestadel aass
Iengthfaﬁd t he ae&gﬁd del a Ieﬂ this ggual to the sumof the third del ay

| engt h" hhtt h8 Folth SRFIYA| 8 gtﬁaﬁ?. heekydt8midr sl &P FHAr whdtePRSSach
of therfitstsall
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pass filter, the second all pass filter, the third all pass filter and the
fourth all pass filter are pole zero filters.3 . The systemof claim1l
wher ei n twe 2hiwEbival | pass filter conprises: a first SuRCEUSEIVIOM4ITS a
first gain unit coupled to an output of the first summation unit; a del ay
coupled to the output if the first summation unit; a second summation unit
coupled to the delay and the first gain unit; and a second gain unit
coupled to the delay and the first summation unit. 4 . The systemof claim
1 wherein the first delay length and the third delay |ength conprise a
first prinme pair, and the second delay length and the fourth delay | ength
conpri se a $éconthprimetipadr o5 clilif syst@refincl prbréskihighethe orgirss ng
one or ggre addi ti onal all Eass filters coupled to the second_all pass

filter " 88cK iﬁ@géoun§h% adel"ayt 1 efgeh, THREC orfet lor PRSP AHHFET o3 in
filtersofpupbed Lo-ddesd oyt Rt | rpase hidder pafachuliand g3l Guecelay

| ength, wherein the total delay of the first filter, the second filter and
t he onélisptnécbragdeti 6esltisgn heasind id tEissttodplad denghd secord ssidonghss
filterql ne t l. _del.ay of th hird all .pass filter, the fourth
al | paggﬁfggggg,ggﬁéggﬂegéﬁéngranéfgoggdgfﬁgﬁaﬂepﬁﬁwérs coupled to the
fourth all pass filter. 6 . The systemof claim 1 wherein each of the first

all pass filter, the second all pass filter, the third all pass filter and
the fourth aPr pale MEthed £E FEF‘%’E‘ Gr d&Irhe % efQUErisTAg gpsudmtdndciai m
1 wherghineaghogt Whe tfid %lla|§a§§s§iﬂ:é1t:§rintgﬁaagﬁgﬂgeauitﬂa%s_ dild &5
the third all pass filter and the fourth all pass filter are digita
filtergnogherThé &het amlopaskaifmltefrgr.t her conprising a phase shift
nodul at or nodul ating a gain of one of the all pass filters in quadrature
with a gain of another ‘of the all pass filters.9 . A nethod for processing
a plurality of signals conprising: processing a first w de band audi o
signal with a first all pass filter chain to generate a phase shift in the
first wide band audio signal that has a first variation as a function of
frequency; processing a second wi de band audio signal with a second al

pass filter chain to generate a phase shift in the second w de band audi o
signal that has a second variation as a function of frequency that is
different fromthe first variation as a function of frequency; and wherein
a phase variation generated by the first all pass filter chain and the
second all pass filter chain varies fromno nore than +180 degrees to no

| ess than -180 degrees. 10. The nmethod of claim9 wherein processing the
first wide band audio signal with the first all pass filter chain
conprises: processing the first wide band audio signal with a first al

pass filter having a first delay length; and processing the first w de band
audi o signal with a second all pass filter having a second del ay | ength,
wherein the first delay length is different fromthe second del ay

| ength.11. The nmethod of claim 10 wherein processing the second w de band .
audi o signal with the second all pass filter chain conprises : .processing

t he second wi de band audio signhal with a third all pass filter having a
third delay | ength; and processing the second wi de band audio signal with a
fourth all pass filter having a fourth delay |ength, wherein the third
delay length is different fromthe first delay |ength, the second del ay

|l ength and the fourth delay | ength, and the sum of
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the first delay length and the second delay length is equal to the sum of
the third delay length and the fourth delay |ength. 12. The nethod of claim
11 wher eiwotzhm/diprzt del ay |l ength and the third del ay | eogtus2doomma4as fir st
prinme pair, and the second delay length and the fourth delay Ilength forma
second prine pair. 13. The nethod of claim9 wherein processing the first
w de band audio signal with the first all pass filter chain conprises
processing the first wi de band audio signal with a first all pass filter
having a first delay |length and a second all pass filter having a second
delay length. 14. The nethod of claim 13 wherein the first all pass filter
and the second ahl spasenf fbtredeaoe rkilast nar degnallls paspfidirey:s. 15. The
met hod of claim9 wherein processing the first wide band audio signal with

the first aPPaPassLIy | PEPCERSIRI ofprilde pPoERESI el t RENETASEe wh def Wadtd

audi o phgnal swikh gsfhrshinsehbpedsr rsegllarhaving a first delay length and
a second Schroeder section having a second gélay | ength. 16. The net hod of

claim9 furmrhenscéepr iiaupswidud athagfargai sighadnetof geheratk passddrid ers

in qua ure. wi.th_a gain_of .another. of the all pass filters.17. A system
f or degégéglﬁPE% 8Pg aFE“SS&SPiSEnJFeﬁESHEonr processing a first signal

to gener at em8ahbkr flophpsecebsfihgasa askubsti igfal r eguesEsra@ans fiird
processjng the first si%nal to generate a second phase shift as a function
of frefl@RByShihanadst 8r IpP6Edes v £TEOEEREYSi gnal to generate a third
phase shiftasna FURCH Q2 Qfs s, qﬂﬁﬂC' @ns: £9L 1 PEQCcess| h qgggg%
signal to ggne?ate a ourf%sﬁhége shi ?cas a§%%né%ig§ g%%Fggéﬁe%Ey; an
wher ei phehe fhift phasefshicttoas of ffuecticowyef afdequency, the second phase

shift as a function of frequency, the third phase.shift as functi on of
frequency afl efﬁénf5%Fih£bﬁ3§epéﬁ%q S tfﬁgcﬁ(ﬁP?ﬁt¥?%qﬁgn HHEERCh
uni quethd8.sekdnsyphareofsiel 8t Mak7 yhengich ithhe dParsdffedtpcessnGHie

first signal to generate the first phase shift as a function of frequency
conpri BBEs§ {3kt opgeraal Tupalskon i [ofer fraguerpe Fnd efahef EParkh1® ein

the megfs rL0LoPLOEERSLABN! BE IrideslNONal of Q960G AlRd he second phase

shift as a function o reguency conpri ses a secon rder all pass filter.
20. The systemof claim 17 further conprising a phase shift nodul ator
nmodul atin ain . of a first pass filter i uadratyre with a gain of_a
second aI? Sggs EPFteﬁyStem po% claim P7q wﬂeréin the m%ans for
processing the first signal to generate the first phase shift as

a function of frequency comprises a first order all pass filter.

19. The system of <claim 17 wherein the means for
processing the first signal to generate the second phase shift

as a function of frequency comprises a second order all pass

filter.

20. The system of claim 17 further comprising a phase
shift modulator modulating a gain of a first pass filter in

quadrature with a gain of a second all pass filter.
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