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DESCRI PTI ON 15The present invention provides an inproved nethod for making
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sour ce compounds for the renai ning el ements contained in the m xed oxide
catal yst. As used herein, "at |east about one hour"” neans about one hour or
Ionger In yet anot her enbodl ment, the conbl ned Mb- V- Sb reacti on mxture i's

. ey e v o B —r~ o~



As an enbodi nrent of the present invention the nolar ratio of H202 to Sb is
in the range of 1 to 2. In an enbodi nent of the present invention
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conpounds, a m xtures thereof; d cant actl n he .sat urated or

inoat ur at ed BnfR rtirEmenaht (e i Ele ARG e S RO bon wi th an
oxygen- cont ai ni NgAgased lagteiid 4 HsoarceQoypetind’ Ol taay lamlﬁgoxgﬂSwEiald contang had/or n t he
presence of the, catal st méli1 g wherein |ﬂe dneta ogi de cat. aﬂ%/ is
made from a Bﬁ"(‘—’:@ﬁsr%rl’fr 80Tt R FETERE CP%‘E indhe mix§d RXE CHBIVREREROHBN £ i er
of the present inxenhi @ﬂb&ﬁrﬁelﬁoﬁmthesﬁre&m lifveAior lthd )noqwdelmm adinpbomy is
trioxide (Sb203), ant al aje I . tartrate, antinony
(V) oxideO arfntdesdywit tq\g'gg\ég é{’f h’é‘@r‘n&ﬁ %lfi ea& pRydnixpurg ppd the aci d
(116Te06), tbi@&hﬂ%&h@éﬁnﬂ&s(ﬂil&a)wnﬂlahﬁﬂﬂh}uﬂbxﬁiidndﬂ (0ZndRY a VisthidaBlion
hydroxi de (LiQH), cerium gl\/) oxi de, or .a mxture Lhereof 251.n one

embodi ment , PREUISEAMSRRYISE TERRioR| Mixture it rondastedaith 3k Mospsrexide feactian es

per nol e of M@ tb R&imim ¥&ElbiiBd Mo- vngdﬁu&lﬁ&ahy&e SREEAAA L] BB V-Ib eeabliGs ent
i nvention provides an inproved nmethod for mak mg%a precursor to a m xed

oxi de cat al yBExtpis s fieaed #f picamparatyig ohbetyrematopt PR "o Aeuh sefhux temperature from
propane 35 for the mixture for about 15 to about 45 minutes, prior being contacted with the Mo-
4



or isobutane by ammoxidation in a gaseous phase said catal yst conprising
the el enments 30 nol ybdenum (M), vanadium (V), antinony (Sb), tellurium
(Te), ni ovoumo(dwmos oxygen (0), said nethod conprising maliusgooe/oo438£ti on
m xture of a nol ybdenum conpound, a vanadi um conpound, an anti nony
conpound, and hydrogen peroxide, the inprovenment conprising: contacting any
one of the antinmny conpound, {he npD denum c ound, and the van dlum
conpound i ¢ TR SGRIPRIERBSE-ols g0 E R g1 g A EFF TR S Bl AP

i ngr edi fent7 S l&h?éﬁhfﬂe afbetikerDhbdiy 40T Natar tWO"dﬁfoidSl&ﬁht :15 tSIdBJShtWSthlﬁﬂfblsar
ratio o rogen pero o.antinony in.the cata is in the range
of 0.01 to 2®‘¥ r bethg ‘:Rg ?‘?ééﬁgb‘g‘lﬁ’%‘?@ef&“ fé‘%?‘b%’é’ﬁ‘t‘rel \ éﬁ?tp‘c’)rnemlf‘?ﬁlém%{ﬁ’ount
of hydrogen penogh eactisitdixnie Sehtel Bed temaieﬁturé afauauMO°bx&rmmmrr@@sde to
antinony in the catalyst is in_the range of 1 to 5. 5As an embodi ment,

the anmounP ofTIHRENELONAGIER Fuiftythe Mes Qe‘ioé‘dg dﬁar?tlt)‘h a’c‘x‘?ﬁﬂ ofs psgdi heredn, “gfikogen

peroxi de to RRpeARNY’ isNtheNBmpahRky 8t whichi thet BEtLANBRRE HBil® at AtrAospheric | N
an enbodi ment, Nb is supplied as a niobium conpound consisting of niobic

aci d, ni obi UPRERER 0BB rRABSANS deastion MBI fhen PISOBTERE srrapoupds ff the melal

thereof. In Q515 RBRE S BAbInRH & f38m e sttioR mlmwwﬂada%temem%%&e 6AHV
and 10 hydrogv) hﬁ}? oxi de (11202) are prem xed he reaction product of
!

anmoni um et e (AW) and diantinmony trioxide (Sb203) is added to the
prem xturng of ammaiiambiharR R Ln(iA iR AR XA BmPEIHRE 9&4&&0% to

obtain an aqueous m xture (A). Alternatively, ammonium rrePavanadat e (Al
and hydr ogenvierysiogen pripgidy tadorar & Yretexide deactine misties pih ther welybdenym

amront um NePLARIHE A B ed Oithlundoy L AHoLAP Windlel Vb &8 6eR it AURI L0

t he prem xture of ammoni um net avanadate (AW) hydr ogen per oxi H202)
to obtai n anMactletrastion mixiyre if pyntacted Wltwselér\ﬁmliomép yeactiPmmiktyrmte formaxi de

(Sb203) and le?é&lgggﬁg "S?iﬁﬁ% aHﬁQ)%E eRAbSdiNeRTin o-sb e ﬁg@ﬁl? tﬁN)lQ hQfkict of

anmoni um hept ano AN Um 20 met avanad I's added
to the prém # 4 emperefurephbrtwveasrapout $Q3Q|td@b‘élsbciﬁ)a)temn@rawwjfoeg@mwreiorde
(H202) to ob r e ing is
per f or med vm%t{%epé? |rlt P ?i%régpuaemé?ﬁ Legogrsl&'r?‘li)?n% contfl ?dqﬂc?vgﬁr%?ggdgg eh?et%]tltla(Ql
agueous m xt mpdutes Iineng ededmn@IHnmerMQ-ﬁbe&ctlm trirvetuneaﬂg@t‘tﬁwvalrtdmbﬁ@mtr@@f Cto

the normal bﬁ)ét\lv&glgalpo?l't %b é’ft E&n”?dé‘é”fﬁr t}@?&‘ 1363t LSS @%iﬁﬁ&eﬁ%rﬁ&%&% under

25 reflux by using avin ux con enser e case
heat i ng undeconltae:felduwgth ttlkaeVmwdmctagrepcnqnt mgdurer dhlapother embedmentatigeMofSH r om

about 10%0C ﬁaact]boz L)c(:tur(!E l qlv Qtteg Q%zg Fé%%{aﬁfry F et@ge% Jﬂ‘ﬁhmoat ﬁrdabogté%q?mp%gr or

nore. \Whén t nperature s ower "t
heating ti rrEmeHéIdBlgtCOntbﬁed witly the\Wrperokide rmadm mgctltrerrper ature is in a range

of from80 Cto 1 h alel, i NE: .I i r. from
1 to 5 hours. R ?IPBOCF?F& tfea r%lége?lasrw?ml@éméeo lan[}lnoél1 Y %9%8%&3 nlg@(gnﬁ%c?( i de are
added to t hewihugdiwgemparbxide t¢ A)nn Wsbrpehyraldeogectiopenixkirelend ﬁxaanidbuddmnt he

aqueous m xture unt t he hydro ide.s such that the
nol ar ratio &I ‘?‘fé]‘ﬂ%é)sgrgﬁe egtgm (P 10 “ah ?‘}r%@r%?/g‘tagﬁgg)} §rfzr%“'ltlz(irrlmruz(i |023ngcorrpound
in terns 26f BRLY rredtyioh Snikturd Imecomgad with f54id ritOpeddxideoreafjon3mixturetohformange of

f2r gm 0.1to 05c>mlgur1]e:dt IOI %gqn Oomneoem%o%%le%’t ti1 Nfohg LS mlxturferl(s)rflr%:a_]fedt 0

at a temperature of between about 80°C to about 80°C for about 15 to about 45 minutes,

prior being contacted with the Sb-peroxide reaction mixture. In one embodiment, the

Mo-V reaction mixture is heated at a temperature of between about 80°C to about 100°C

30 for about 15 to about 45 minutes, prior being contacted with the Sb-peroxide reaction

mixture. In another embodiment, the Mo-V reaction mixture is heated at a temperature of

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

In another embodiment, the combined Mo-V-Sb reaction mixture is heated at a

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



8 After addition of hydrogen peroxide, aqueous mxture (A) is stirred at
tenperatures in the range of from30 Cto 70 Cfor from30 mnutes to 2
hours. WO 20fwn1apaeous |iquid (B) is obtained by addi ngca/useabiomssEonpound
(e.g., niobic acid) to water, followed by heating of the resultant m xture
to tenperatures in a range of 5 from50 Cup to nearly 100 C

Advant ageously agueaqus.liquid (B) contains a.dicayboxylic acid (e.g.,

oxal i ¢ aci d)cqnﬁm%ad\"gﬁ B se cet‘f‘?g‘&?f‘%%iflﬁ hﬁé?f‘b%ﬁ‘ﬁ%lg{eff%@ﬂ%rcﬁli‘tial?‘? ’c“htée W%feé}r
ratio OL theoﬂél&@e%tﬁl?éﬂ/' A:sL udéd gleréiaa threlednt Q%M[Bn@@fﬂlﬂ’ﬁﬂldaﬂsrhﬁoﬁf ?ﬁef ﬁesurrt'bzrobi u 21
isin the range o rom1 to 4, advantageous in the range of from2 to 4.
That is, in PRES s anqibesismbodipieat Bisopibinen ord 3P HAIOAFHIEHTS i hiplp

foll owed by heatgeRurdngeatdrithdn Gehl foh@odO76°eStkl bBdu tWb hbisSplict thhRmgbY
obtain an_aqueous liquid (B). A met hod for Pr epari ng. tﬂ,e )

above- menPi offaticikd vethibe peugts @mPRyndsdenibe irgpainipg glemghts SRtaged indpe mixer)

M xi ng wat er oy ;g dkg@t.boxylic acid (e.g. oxalic acid) and a niobi um conmpound
(e.g. niobic aci d%ﬁt her eby obtaining a _prelimnary niobi umcontaining
aqueous sol uti on 4 aEeIBNe P E RS PEISeRt AR catRIEGE 19T K2t of HeSa it s f¥nded
therein a palrahgé)(;flttgg_ 15 ni obi um conmpound; (2) cooling the prelimnary

ni obi um cont ai i ng aqueous sol ution or ni obi um contai ni ng agqueous m xture

t her eby preci pi t dni #y eabpdimentopf thee peiserdrippsnfion chgapqlar mig ¢3H:Qzf0Wbng t he
preci pi t aped, g&ggm&yﬂ.é,gn@@gd fromthe prelimnary niobiumcontaining
aqueous solution, or renoving the precipitated dicarboxylic acid and the
suspended ni obi uMcampoeesinent ofthetnsesshiobyentioe dietcatahisheprerjiseoy Bixpdxaxifice

t hereby 20 o i ni &H'jﬁlt?'.um cont ai ni ng aqueous liquid (B). Aqueous

l'i qui ds (B) %g?éa%}h@gciﬁnf t eA'above met hod usual | y have a di carboxylic

aci d/ ni obi um nol ar rati o withi n Mp.SeudipeleoMXeZgh about 2 to 4. As an
enbodi nent, dicar i i i i I i,00i : ounds
n step (1) of & i F AR ETEkeRe Bl Al BRkE AR R and
25 ammonil&@m ofi [opCsandRA] Htcen baoreeser mmire bélentedcloom thergieupccomsibéng afel, TinSnhe
formof a sojkid 1 xt.upe di i i p I i VWhen
ei ther niobi {']'Fﬁ %@Z’?g]g%%lo%aﬁagg% g?e gmorﬁiéﬁ%q@nélaogia]ﬂ%ggx% a{egaiirrcgn{}ggé%zyg t he

ni obi um conpawsidting éfPrdia AdbOryand Euamidd may not be used. When niobic acid
is used as the niobi um.co ' L L Qi Cq intql W th
whi ch the niobic ‘g}éﬁrﬂnr?aygggvéqggéjgn% éq%g?g}nsﬁggg’ (g”tgj?i“nlgo’togy%ro'c}dﬁgti on

t her eof , t hef gidohitc<act @ Iyayd hes Wasimeubeniof loxygen atpmsoeguisninorsabsfg ohlan¢eon
and/ or er_prior to e.. In_an enbodirment, fr | YV J0L ni qbi
corrpoun\clll\%?anreﬁ'é“edgeé%s %tlséﬁt% RN reé%nrtrb%ﬁlﬁa’ ree %agﬁ?)é‘? Q&fﬁﬁﬁ{ ﬁrgv‘% R
above- nment i osredomeifhisdether alémditsuin tho prrowsa sohd cioebaiprestntvin anhoxidatioh isglet | y
denatured (for exanpl e. dehydration), as ,a resylt of a long;term storage
and the i kegwleﬁﬁ’g{’rgtﬁﬁtg%gt §§1Ia%?°nts:tﬁt%’ rrlétﬁﬁgtﬁ’ f’taﬁlg EJTREES tut#' i 3%1%1{ at]tohoztﬂhel obi um
conpound cancdiespondiriptedéndiy td biee Boleaddid said caflyst nsnialffonaaprentrsaf madgpugous
amonia or b heaﬁ idn%. : 'Iih.e ﬁoncentrati on of the niobium conpound (in
terms of ni obtMAAdECEdng SRt Hary ni obi um cont ai ni ng aqueous sol ution or
agueous msxt ure cA$ ahenbaidindi REdharpiebén ihveatiom tigecafpdnennX Cof2tht @a@ly8t

nmol / kg of the solutjon or m xture. In an enbodi nent, 5 dicarboxylic acid
can be used PH™RIRF®&bunt such that the nolar ratio of dicarboxylic acid to
ni obi um conmpound A# ah @hibediafennbOthle LhRksent aP@ItioN ithatahponantt D ob the\Waeabysa i
excess anount of the dicarboxylic acjd s ysed, a nount of the

ni obi um conpfﬁl‘?‘f&f’dc‘gq{"g@%‘?@s@ giging N4 (e agg puaye %fltﬁdﬁﬁ% “of dicarboxylic
acid; however, a giSadyaMddaa&tioF the beds¥ntli@vattioneb indthat FhvgneafiBends &f the
di carboxylic acid which is caused to precipitate by 10 cooling the obtained
prelim naly pnbidimantcdrtdat @0hg aqueous sol ution or m xture becomes too

| arge, thus decreasi | i g My i i hhe

ot her hand, when ?ﬁlé %g%‘?ﬁg?‘%;“g'{’%?@*a%ﬁﬂ%e g?ﬁltnges_%élﬁi gg?ra)tl)%ﬂff/liri?(g’ gc():rimt?ﬂsiugg]used,
a di sadvant agenpaints lof| polybdenuins Moy, vénadium (¥} géobiwr uiNb)opxyase )okrdim
conmpound r engj undi-sseol v j i i of
The di car boxgr BN RER oL d SrsEHERRERRE gl Bip BRI CIAB I D
conpound i s penovadolid onxtueattaigs e presalpingtia temperhiug: efeot graatenyan H¥°degr ee of
utilizatign of the ni obi um conpound. Any suitable nmethod of cooling
may be used in step (2). For exanple, the cooling can be performed sinply
by neans of an ice bath. The ren®val of the precipitated

di carboxylic acid (or precipitated dicarboxylic 20 acid and the di spersed
ni obi um conpound) in step (3) can be easily performed by conventi onal

nmet hods, for exanple, by decantation or filtration. When t he

di car boxylic aci d/ ni obiumnolar ratio of the obtained ni obi um cont ai ni ng
aqueous solution is outside the range of fromabout 2 to 4, either the

o Y o o



The aqueous liquid (B) may al so be prepared conprising further

conponent (s). For exanple, at least a part of the aqueous |iquid (B)

cont ai ni nyoaorwaldoam conpound or contai ning a m xture ofca/usc@biomsstonpound
and a dicarboxylic acid is used together 35 with hydrogen peroxide. In this
case, it is beneficial that the anmount of hydrogen 10 peroxide provided a
nol ar rati o of hydrogen e oxi de t o ni obj um conpound (H202/ Nb nol| ar rati o)

in terms of ni obi dtn#sembodimenty ey @resents pEeAtion scangcomprise hgsfipg aigipsolid I'n

anot her exanpleursd! cdnRfingdnipoRhdst semagsRams (Mo WaadiBh (VIORbEuA @g,)a

ni obi um conmpound or containing a mxture of a ni obi um compound and

di car boxyl i cOREFY (ObFndaC‘P}’t?ﬁ“%E J¥iEh flpeingams @ e Hirshyheabrg Faty greater den @GWt her
conpri ses anz@@vmmll GRPRuFEbr (2118 mifthA bk dIRY plebhlOmhtR) tenfedablr@BE HEP
conmpound (e.g. titanium di oxide, which can be a mxture of nitile and
anat ase f 6r n&'patghtnem PORCe and epntacns serand heatigs rate sieater e ehew) *C/min uhiils
ﬁ?é?ogéﬂepif‘éfilﬁﬁeﬁ%“ By P o W CBRES LR, s of
ni obi umis in t heAnempegdigeniorrovidens meﬁloﬂef ammokidgien] o gxigeyion [of; a sty tatesl
i d (B) o T P oaHis oF G ol Thsq sl faRRE ol o B RIENNS
mol ar rat i o) urshturdtes pitile porep uneripEteddTEMmiq adidrssaik mathpd mmpnslmg tphesipdlybi um
conmpound 4pn 0.01
fo 2. 15A0ucnaeris dy Bl e A nd @ Re hoglhs [ Beh AUELE mb B 2
appropri at e whereia the partf@mraeiefneedxﬁet s sdiectadefsom dlie gompeontistong affalethipum

catal yst, to, #ﬂﬁ Qvi de 0 ! e t al ly,
inthe formo aqlg{yﬂr%%gec C r?t%g(lglgt? %?enimné{r)ﬁe{ (lﬁleng% sb(l!}%ﬁtﬁdn?&hﬁ%(ﬁuésémrh&xt ure
i s gener al | ycampoandsanggamempwair dorhp@mds b bithiund Ocopepos edst ltwdmlughtcpmbomds 70 to
produci ng a PP o SpubniitsPRbERnarY RO - cStholiel TaifRE. " ¢ e
aqueous rlaw oemundd, titaoium ecorsp@ndpartmgsso aempmmdsmt\anardlmnsmumpmrﬂﬁ
Si1ica can beteepmSteiRad sl IRl S8 bonedtRe HEHE! o FRBR T e
silica carriermixturt fof satatatdyest] uneatipeted tiydrocazton REH ke oaygmemﬁtarmng gaseorof
oo et e T RO e e B L R AR
evaporation ﬁbhgtemg;aldﬁpy atationidercatalgst ranidedtdnas bi}écmrS(ﬁfdﬁ Ithe ﬂaaemuﬁeenaoﬁl ne,

spheri cal,, dry catal recur iS,obtained. The s dr
conduct edby cent i‘}eﬁfég{’%}r’cﬁﬁ m ?rhets PRETBRLSAVF8H © ‘8 ’?’Bn?%?ﬂgb‘mﬁr H@y t he
hi gh- pressur exiﬂ@ZZﬂtﬁnmEt hﬁdldmsmola)eadnuﬁﬁng ol exflate, dﬂnyimbgy () itstracs,

nbodi t ot h b b t h
and the 1 etniony R, P4l BatPRamt SERaer HEOropRraL &0 otie ‘CFay Rl yer

at an entran@gTeOq)t ﬁﬁnﬁhy&lbxﬁie((ﬂ(ﬁm Zirdediemfoxide (Zr@4)) ithidm h@irSQ0E(LiORS,

i nvention, furth r|5|n hea the solid precursor, conprising
conpounds of C%‘Py )‘ng?frf m (V), antinony (Sb) niobium (Nb), and
35 oxygeres5(0), comt @fet erﬂgoduntaxlit ft}id)mrﬁgmgﬁfc Abdifiefl témpridacat ilagt aedue ogrieat er
than about 11 15C/ m n g%l t he, precglﬁsqr solid mxture attains a

precal ci nat i BRI BRRIROIS of Mo ipthepixed metal axidg ealalysh 60POSHPY n enbodi nent, t he

present inventi 0mmomehsmexaloﬂqirm&sfaarlmﬁfcﬁaaiﬁieﬂ@da?omlmadg @)ptdaersslatbaA yst
for use in producing acrylonitrile or acrylonitrile frongropane or

i sobut ane by ™RiFHPXIG SRl foRuse ‘aé’é‘t‘éj&%gﬁﬁa@éltﬁlﬁﬁﬁme&aﬁ@ nHEledfmpippanes

mol ybdenum ( mobu\(ﬁl@w AMhd¥datioftHh b FRWBud Sibe sdi € bdtalidtCBinprighg tH Mdhenid (ND) ,
and oxygen (0). further conprising heati ng%precursor solid mxture,

conpri si g cb"ﬁb@ﬂﬂﬂé“ MolnBnpBERUM t¥YonY @R ate lirvm (i), BiRbiumdAp), (%&en

tel lurium (TRY), sdié %&1{6@JoMg,hsmgmkm@/ageact{og)mlxm&mﬁlbnmdyuuhhc&ﬂlm@Qh gas
at a first heatlng rate greater than about 15C/ mn until the precursor

sol i d m xt ur sanagdiugy Gesnpeupd. EB ANEMARY FURPauadyrad dydipeeroperoidde, iy igweaeaent han
400C. E¥nidaRd béFﬁﬂ:ttlngfan§&?e mﬁee&ht%ngeo&amhm& Y8 ERpdRn@CUr SOF
solid m xture conprises heati ng at a second heating rate greater It)han about
0. 5C/ mi n unt pid thagansdsouseepousd With hyiseeen ecrexidapniey tamixing siithtthe wmgningbout
590- 680C.4<Th n e r great er
han abodt’ 1EERR o Sbr R ni® B O PR ASEE"
perfornmed at an at rmsphere substantial ly free of oxygen. Furthernore, the
precursor solid m xture conprises holding at a tenperature of about

590- 680C for about two (2) hours.



The cal cination process in the present invention contenplates using inert
gas. The inert gas can conprise a noble gas. The inert gas can conprise
ni t r ogen.wohelogas2080 can conpri se selection fromair, streargs2eupesssheat ed
steam carbon nonoxi de, and carbon dioxide. In the case of prem xing
vanadi um conpound and hydrogen peroxide as part of the nethod of naking
precursor solJid mxture the preferred thod f calcjnatiaon conprises a
pre- cal ci nat {“6‘50%%?850?“ ¢ to antimony -, thegcplg tﬁ%f@&ﬁoféﬁ%m e a rate of

about 1.33-1.67 cABAfkAbBdIMEREOOMS Présem( ﬁEerrt@hetheQawﬂdfsopmydr&@nr@a@&&r
size. In an enhodi nent th first g&ftlng rate greater than about, 20C/ m n.

In the cal ci V5 Poircathay m ?fe‘aﬁ‘i’)‘? Tg PR ECBraBmon bR varbetisi Rk a

m xed net al ﬁﬁggiﬁfoclafoad yst. Cal cinations can be conducted using a rotary
kiln, a fluidized-bed kiln, fludized bed reactor, fixed bed reactor, or the
like. Conditions 4% aksmbpeimentihe;pmous of hydrogen peaxide dked Watuch fhat aaglan yst

formed has ara§p6fhfdrépes pelodfae t@aﬁ&l&i‘y ih ERBaARBUE imthBRinge bPo 8Oyt 35 ni/ g,
fromabout 15 n2/g to about 20 nR/g. Cal ci nationinvol ves heating the

dry catal yst pr eéa@&lnhyﬁlme@té\@ﬂwpkl@nﬁe%a@w@ samponad eonsipting of Aisbist

550- 680C. ac1d niobiun Hy&r@ﬁénﬁ)&@ﬁ%@mh@ﬂﬁ&tﬂl&flumﬁﬁlﬁfen&tmﬁﬂlrpfhgf‘eQFS conpri Ses
heating of the dry catal yst 35 precursor continuousiy or intermttently t

el evate froma t aQI%hf@IWﬂt(ﬂf the ingegton [Emonum M@n@]db@?t?)l(éHM)cmﬂat i on
tenper at ype Rfardheh gérsaa@r%tzb?n AP PEMKLPC, et reg&ﬁﬁt gfodg&a%faépmmﬁﬁoc

not greater than about 300 a rate of greater than n an
enbodi ment , Mmptevanedata (AMIAt 4r1§1ndlmetm@ryamr<@el(§b@b@ added 4o tearbrsdiixuret oft he
heati ng ratedn% BRHepaBGtyPste (ARG A&H 1{{9(1 eis
25C/mn. In %no?ﬂer 5P enb )?hngét ME}he hg rog rate 26%0%94?{‘?5 euelgl%s
anot her enbowisia(A).t he dry cat aI yst precursor is introduced into a hot

cal ci ner mai ntai nggh BB hm3ARk ﬂ{ef(a]%bﬁaqm'(xw)gﬁﬁr Fblﬁ% g)g{%ﬁcf% @,b9 W the
tenperature of the precursor to quickly 1 ncrease to

heati ng rat earfrigemixkeé pilbe abastiontirodnct efpammonine  heptanndylidatea (AHM)p eansit ur e
can be abo”tdlgntﬁﬁ] &bx%g(g]gﬁ'bﬁéﬁga@eﬂ R the YrdhiRed oPEXlP{o?nLu‘?n | 0438a {%nge of

0.5- 10 5 mn one enb heat'ing rate nper a
range of abo(tM¥Da@ hydrdaghe pemakide nfé@zat(eowaanpeacamwsemmrabbht 1C/ m n and

from the fnter medih b OPLALHLSR, LobBe (03 aleIRALARYchosidd B4

rate is greater th or grea
gr eat er t hanpremixedudhe reac@SGrmlyrt 06amglloeameheptaha>mbdateéQHM) ] 80G6mum. | n

anot her o] | J f t
"t er meatlt enpavsatat (RY I RopR i3 BrP ct YarnoRly iBad 0D gne,
heating rat eh;caitognpato&idet(ll‘lﬂh)wmhlamﬁﬁ@ﬂummmmturg(@ht er than or equal to
20C/ mn, or great r th t02 er than or, e

30C/ mi n. I% o glmen?g 4 ’fngtlfﬂlgel rP\}lgﬂtVYhélﬁ Stlﬁh % ha fntl)xnturlegxgone in
two cal ci nat AdVBnSitge&gﬂly th¢ dquenys ﬂnmturahehetmdlt@temp@ratxpesemaha:tang& uptward from

tenperature 2 fromlnterrredla i nat i al
terrperature.gjqjﬁC g‘hél © 2B PIHINE ROHY © §1 ’a"‘ﬁl omrrﬁfh gfl%meay ff)per e?in“éﬂfi?ron
optional 126 cedhedy llsmgl equippient édving taoredluk aondambkei nhr thma:iam af hﬁ(ﬂmgtunﬂer

t enper at ure equal t he final. tenperatur Jo)

tener at ur 6 GHpe eBg kbt el iriig B Pesof ol ol Pl I Er ur e

I n one enbodEwestd tédgeritartiarg malhairfedrfdrh(estlmmpecrrahmda rwhege thé hebiig 300C
to 25 about 340-350C, 345C is abqut 0O, 5C/ mn or 1C/m C/in or
bbout 50 m nieOPHRYE AP e INET R g0° Ei 6 aftte G areas X nBRE Whendidrent
the solid i shdaghgteaipernire ighaingef fidmt 08 O @N0e° af thd AextihRdime ik fypldaRy imange

of 340-350C, at 345C for Sggeri od of about 1 to 4 hours. I n one enbodi ment,
the sol i #0i s2 Frage RfroR (40 PBPWSof 2 . 45 U min in the t enper ature range of

345-680C. 30Upon Afidraihdinagkirg) Qilich nal aﬁ@mbgdn%&omaéﬂ@resmdeai tC A hgueb d at
that tenperature for a period of fraom about hour to about 3 hours, about

2 hours. The™ixthg|(A)eWhep dydipgendisrotide Badded tsé*mqum@lxm@ Hs@moughoC,

610C, 620C, BB@EChy &f}g&a , peeQe 1sGEEThaBHR GrolANati S 8ORy B geR P¥rok RIENE hAdMéEy | N
t he 550-680C ra/gb n one enbodinent, the solid is heated at rate a rate
ti}

of 0.5C/ m n GECRSEmATEIC)sOmEoRs AeMms o guianonys sride awspaf kem©,01ttad0sol i d
i's heat eggat ; Il Fange b£Em B3l to S, in the range of from 0.5 to 3, in the range of from 1 to 2.5.
8




of 1C mn from about 600C to about 680C. The cal ci nation can be
conducted in air or under a flow of air. However, at |east a part of the
cal ci nat iwo 208/a@vduct ed i n an at nosphere of a gas (e.gPcTarsd@o/oed3ss ow of a
gas), such as nitrogen gas that is substantially free of oxygen. The
present invention 5 contenplates usi ng inert gas. The inert gas can
conprise a n The |nert can conprise nitrogen. The gas can
conpri se sel gg‘ %%atforno%qﬁ' Foge%f’ ’s?ﬂ’)‘g?“s Bfuze ( ‘Sig %?regﬂ B8P erBHek e,
and carbon dthexar@eofﬁam@loeceaboﬁcmﬁorﬂfsohhﬁxtésrtssemtnrsi nvention the
calcination can be carrie under .a flow of nit as is
substantial ly fre‘grl 89“38%8%‘}131(%} ’Sbcg)ttﬂ"etdhl@’ #9dmse Ao }” ‘Hﬂ%ﬁé’%‘gig? 8¢ T)Obl?p to
about 400- 456d)a0 tvafez) folOWstELylKEa RO bit thd E3ulh Gixthie 8 f@igtedureshodiangnss of

the present [nve n the calcination can be carried out under a flow of
air for tﬁ %' g‘ia ufR ¢ Y 4RO H VPW%H?BQY aqueRu SHBIG A GARERS & 1 ow

of nitrogen &aﬁb@ﬂ% atid (&pbstafiBhatial im/adarti%ﬁ t@the HIOLURR codRpounB e GeRIMBS, atleUr €
range of (2) above about 400-450C. The flow rate of gas can be critical

especi al |y fBPlaf pdiord ihredigathexa i éﬁ‘&é" dte mghiugFomgo ttemsrfAnptum thia | ow

rate of gas G@Raneof ﬂoﬁlhetolﬁad'v@ﬁ‘lﬁg‘eo@glyfﬁb%trar%e@?fr%ﬁ’l BBAUITHE: B, iR BRSERES 9
catal yst precursor. per an enbodi ment mi xed oxi de cat al yst

conpri ses t h&oRir @fidmnd %h‘gxbﬁ‘éﬁmﬁd@%}o woihcatlemsd &y heating ppd, pirriRg pf the

ant i MoNY 16SbisulAREmARNS LRy cWthis An a8eodSGHRASH MeNt i xed oxi de’ cat al yst
conprises the el enments nol ybdenum (M), vanadi um (V), niobium (Nb),

antimony (Sb), tehmathasniof Feparingnie ghgusanentioned spuEewst lissid (B)s comprseh dhei ment
the precur SOfougmdgdstépsxwrnﬁxmg \sake& PURaMRL ncnaewag)r&xgmci)sa% o figbifhenent s
nmol ybdenum (M), vanadi um (V), ni obi um (No )5 antinony (Sb),” and oxygen (0).
As an enbodi $REFROURG - &mibisr asish) theggby @bHAIniR R erebimingry Bekiumrenginingpugous

mol ybdenum ( Mption\6R BHHAT-CYatainthls Qb S R nao dereih §l palle D (T€)
and oxygen (0 ).noél I n one errbouiljllnrrllgntH of the 1|fenven ﬁ% (&e rr?r?(leg IJ(;)lgl '(S%HQ

cat al yst 1Ps wpkiser eompleued; ﬁ@r@@hmﬁ@@rﬂmnw@robmnﬁorﬁ'@mna aguepue seletiarcered
from the gropyGANBE A WA &gg ty

arsenic corrpounlds boréﬁggcg'jeoounds cerl&tﬂ;& co gllt}ﬁ HQQ%E%%%%? 1bcund
lithium conpmmdsd (ﬁ)a@wmrng momﬁ@tdwﬁb@mhgm@cfmothn@selmpmpmbrumg
conmpounds, s 3 S i unds,
1t ani um coma e e o e R e T AR
conpounds, aﬂdpemdﬁd arobim Iqeme@mdfﬁmm uls@nlohluarmalniag jageeops ooemee, thereby

In one e od f 0X with a
solid corrrégoub %cntlédgﬁyrgl\r{f@wgoﬁ}%gt}gl onS|g 1 ge%é‘gﬁé‘ﬁ{i?v@r??&t“ﬁdﬁﬁﬁ‘
(Sb203), 35 abwlvb meﬂmdatsudly(haai e i prboxyliasdid/motiuoxindlar (aTio0ithin dhredramger gfoni um
oxi de (Zr02)ﬁoél%bodt%bﬁg enbodi nent the precursor solid conprises the

enpi rical formula: VaSbbTecNbdOn wherein 0.1 <a < 1.0, 0 <b <
1.0, 0 < ¢ < 1.0,A9.ap0dmbkodiment) ditBrbonylics atidecomprises oaﬁhcomylgerandtmnlslum
required to s of. al | qt I n t in5
the precur sof lﬁspé’li 0 sﬁ’l?ﬁoﬁﬁ?%{t@gl 15113?6 Inoglc am% 9‘85111% l%ﬁ'ﬁoge% ’%[ea? %I]%errent s
in the pi2écuammpnisol mdblomno)&atateprEb@nmlqblmnanommtmds lczmbcsuatlen timMfoirmtdfan its
hi ghest oxi datlI onl nsﬁ %ur oty dipefsion nd d apStopiia € dtluhe tﬁer m l())l t he
cor respondi n§ ) AR O A SISRSIER T 1 . pII’npan enpodi men he preeurtor
solid conpri B;&Bogehmﬂrqabr aramloniuor ninbiam d»hlaté\/&Stsbd' es:tﬂbdﬁbblﬁxﬁ\ﬁbmpeurm fthel < a
< 1.0, 0.05 € b,< 1.0,.,0.001.< ¢C 0

sunber of oxPaahostisfedres Befed JuinaiyPic Sidincis® acinf pbiuel Ordaoud

ot her el enenins ofilee3€Nembie tabidicp i@t rwisto whichwitieh niohie qimab\m@ohh%abe@ne or

oxi dat i ofi0at SETIBTET P T RO RBARAE the Tohic cEl B 4% ERRed vif g

represent thgyueBksahmfmdhiaOsaditionhénd/or water prior to use. In an embodlment, freshly
prepared niobium compound can be used as the niobium compound. However, in the
above-mentioned method, a niobium compound can be used which is slightly denatured
(for example by dehydration) as a result of a long-term storage and the like. In step (1)

35 of this method, the dissolution of the niobium compound can be promoted by the
9



15 corresponding elenment to one nole of Mb. The present invention provides
a nethod for preparing a m xed oxide catal yst for use in producing

acryl oni twpl2e10an42eet hacrylonitril e from propane or i sobRCRNS269/004355

ammoxi dation in a gaseous phase conprising the el enents nol ybdenum (M),
vanadi um (V), antinony (Sb), niobium (Nb), and oxygen (0), further
conprising heat.in recursor 2Q solid m xt.ur conpri sing conpounds of

nol ybdenum (@}tl,ong’éﬁﬁﬁlfuﬁ]mf’%t,ogﬁ?ﬁef’ﬁsomm?%?&yn}fe ﬁ%}m (Nb), and oxygen (0),
contacting w th fTlewtsigegasioatofathei ishiuleadmpuynd Jire tgme adfehiobina) Abhdt

15C/ mn until the precursor solid mxture attains a tenperature of .nqt
greater tharPBERBEPR IR ORBHINEAT R SCRBHRP BEEHER I oM % TPEIh
hot zone tenpakiathe @ng ddtoat 0.2 ha0. 8@l of HeGColutiboPh Bt In danvediblodidient,

provi des an enbodi ment. .25 wherei.n the precursor. solid m xture conprises
bont act i ng tHETPPURE AT GRLDGTSeE e SRS LR ear e e &t BPTb R Ab Ot
100C, gr eat e dibtimadaipoud @Gergé 6RhbiubNAMNppARIHatdY3Co O Vaicaainedxctddan
about 400C prior t caond heat i | n an enbodi nent, the

t he se g rate step.
present i nve‘H’E“?‘B‘hOgﬂ’Bgica"i?Qx)éllcr?éthéasego‘f lepgegmanntty e WoRem SRR GCER ARy ot
for use in paigduel M tRGGYEAR S 10fidofUicBIXDRE A31d; tdiveldr] £ dfshdvahiREORARE1yOF
| sobut ane 30 by, ammbxi dation in a gaseous phase conprising the elenents
rl

nol ybdenum (tRuAtise yia thgdithendpennt of the fsprhorydig)acid which is GaHsedren) PrepiPBEe Wh ( Nb)
and oxygan (&blind Uhd Ndkaic@MBrlitiintey NS oRbRGHY 8QkeodP|sbRitifh XSrUmSsture
conpri sing conpounds of npl ybdenums(bl\/b),, vanadi um (V), antinony (Sb),
tellurium ( TREFOmES 9Bilaras: (thys)decrsasnnbhs yalization of ths dicaroxnic Gid-nOR tsath gas
at a first heall Rfed A EnsBiSRRY bR ANRUicABEYTE BcidS hded! DBisARaRbECUr SOT

solid mxture attains a tenPerature of not greater than 400C, further 15
contacti ng tliehpioesise sbthatsplaras amornteidhypiohiug spspopethenapedigsalyed ddeat er

than about 1QQ€wended in e QRS TDAHSATB the EREHLBE R UERIAD fOf] 4 Frikfirs! WhéeinS
exposed to heating in the tenperature range of  100-250C for not nore than

7.5 min, 190 the auspemledinipbivm c@ppayng is removed from the aqueous mixture, thus decreasing
the degree of utilization of the niobium compound.

Any suitable method of cooling may be used in step (2). For example, the
cooling can be performed simply by means of an ice bath.

The removal of the precipitated dicarboxylic acid (or precipitated dicarboxylic

20 acid and the dispersed niobium compound) in step (3) can be easily performed by
conventional methods, for example, by decantation or filtration.

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

25 dicarboxylic acid/niobium molar ratio of the solution falls within the above-mentioned
range. However, in general, such an operation is unnecessary since an aqueous liquid
(B) having the dicarboxylic acid/niobium molar ratio within the range of from 2 to 4 can
be prepared by appropriately controlling the concentration of the niobium compound, the
ratio of the dicarboxylic acid to the niobium compound and the cooling temperature of

30 the above-mentioned preliminary niobium-containing aqueous solution or aqueous
mixture.

The aqueous liquid (B) may also be prepared comprising further component(s).
For example, at least a part of the aqueous liquid (B) containing a niobium compound or
containing a mixture of a niobium compound and a dicarboxylic acid is used together

35 with hydrogen peroxide. In this case, it is beneficial that the amount of hydrogen
10



5The precal cination tenperature of the present invention conprises not
greater than 400C, 350C, or 300C. The catal yst of the present

i nvent i orwoeyioa4206ed either supported or unsupported (iPCe/USRéve/0cassR] ysSt
may conprise a support). Suitable supports are silica, alumna, zirconia,
titania, or mxtures thereof However, when zirconia or titania are 10 used

as support mater.i.als t ti bde umt zirconiu ani um
i ncreases ov efro’flﬁeépvg ﬁg ? ﬁ?lhﬁcim%ed’o‘%% C{E“mscﬁg‘ll?o't"wa@{zpla@%lvb to
Zr or Ti r at inolar satiopinvees cﬁlnmbiunhstl@t}ﬂeeang%ofﬂpmarstot250|oﬁ6ﬁll 1% 2®erves as a
bi nder for the catal resu a rder cat.al that.is nore
attrition resist X%BVW G f"o asé8%@?&%‘3&9“?&),‘ﬂ‘ﬂéﬁbﬁgnm‘é‘wg&f‘p‘ﬁ?@bﬁ’ﬁ ate
bl end of bot lfbnﬁﬂ'tﬁn@.ﬁi tmlmhgaemgtureeofatrheblﬁﬁra@h@zsmmfaxﬁaatcﬂwsm@hﬁmamﬂes
descri bed _above nd the su)FdFort IS helgl g to obtain an acceptabl e
activity @ndmMiargniReeet vt ydrqesn pproxidst BB coppristsia anlmany sempopd (S&ppor t
conpri ses begMe@RoBbaIbxidk§) @MFEanA VnPotind ¢4 £efifania HRRIdSUMIMH 864 satal yst.
Typi cal ly, the support copprises between about 40 and 60 wei ght percent of

the suppor t eBERFAN FEHS 21AM3HES ETBBIANTN Ce@fmfwvgownﬁ&%ﬁtqesﬁm acpiatel ulpor t

My Cconpri semasScakd, ithd Sndint 3P et hydfdowe beBkidp & $:6H thal thelh8lar2fis WP BMHES
catalyst. In one embodi nent of this invention, the support may conprise as

little as abPRiPxidp tq@iofnim semeamd GROYNE melahFtiobin teana|of Jiobitm ig b thser

embodi nenfy ofanfhbs rbAVEBLb 20, rbiel wmyomﬁ an&xercquﬂmes aleaﬁum&b BRpaifaut 70
wei ght percent of the supported cataly &Bort materials are ava| | abl e

whi ch may comiglvigne least ppeg Oérﬂamﬁuewehq@rﬁb sind gheghyglreaen pevpisiedp sedhenrent s

may be i ncor pay @t fbidr MR SBAEAbRL ¥ib) Yf Be ZRikdMS OMBBRRALin TEER Ok #htimony . The
i nvention contenplates continuous processes for recovery and purlflcatlon

of organic vialthegiobhanrempougdde s of riohiuesisviel glerathen Shindhaepebyf famal yt i c
ammoxi dat i ong@f (s | 1 ght al kane hydrocarbon conpounds. Mre particularly,
this invention relates to recovery and refining of val uable

ni t r ogen-Bont ai ni fgreonyamitere (6 gous digwid dBhyre B0xagdtpgdthariicamipgenriatsn  of

at | east one.f;ged, ﬁ&%%@%ﬁ%@ L5dd chBE&MHSI S Y atfIOGS toShk df%Ey BlovRleopane
and i sobutane I n the presence o amoni oxygen to produce a gaseous
react or ef f| egueouscommttaiendinpgtedientso typaeabipnti g fors atfue shuet. ndhogontent| ef
Propane is ¢ | e,

by provi i ng. Beaichfin b ALk -Gl B3 LRG0 A5 IBGIIUER

f1 ow r eact or by waight3 Fomoltta @6 ipergertipg weaghtl fyom 7ot M mr@p@veV@ghtl sobut ane in
Lhe presgiice, of OMYERNALE & proBhd] 4edibe LRRLAAGHLONLARAP oF nl hagH
stream conpri si ng an oxygen- gont al ing gas, such-as air d nira under
reacti on contiventmns tlefafqacQusvrewnoatémlnnauw lippicpared eo @5 torsoitaiora bamict off | e.
For this rea(s:luzaoglamepe ﬁ%ﬁ st?lt Jreﬁmeg %ngg) Sfig a%o%gg{)]ﬁth? soﬁr?g Pf‘glﬁgaemn
oxygen-containin amoni a W oW ng m) ar
rati os of: Sapproparty mijust@binLHcaoréaxtce vothythe amount af thetsilearcangr ngthe rcatalystbout
0.1 to about lbO fror;p about 0.125 to about 5, from about 0.25 to about 2.5,
and propane 8 §Bttane to amonia in a ratio rangi ng fromabout 0.2 to
about 20,25 rom abmﬁ acﬁleaust muahmutf ﬁgﬁdleﬁus asndaibd td t}@rcﬁytmo‘ab@atdrsz cBtalysthe
feed stream can al 53? i% § oLy pore rgno(l)mtﬂl 0 dSf euec S Srrlgoraents

i ncl udi ng acPYFEAT"t ng?ay St FPACPYT oM FYFE ? & ANE Feyel e
streamor f rMp&.ﬁnam dBg. i Spraytdagﬁg of paticnldriyi useﬁxaa,ggcmsacat fmne) splamrdalstigam
The feed strear? can al so. cQ %I’IS one or. nore ddltlonzdl fee?"}fﬁ ) o nts
i ncl udi ng acFRASHPISERISET 15 OPIARH A TS I SBIAY (I PR S5 RS foRfuqes! By cenpriidggtion cycl e
stream or fr e w@o-phasd lew ndLAgenctiodaorbyl the hﬁhag&smeamfzﬂé)metm)’d ShAearheaf-or
exanpl e, the feed tream can conprise about rcent by
wei ght e#oat sQpEce; 1o dRang: 4t 15 any Mt 10 e ?‘ég"g‘ éa?ﬁfn S?a%ﬁ{/b%ﬁtf 18 ati ve

to the anmountledtic (Héat&raﬁﬂﬂﬂﬂlk@r 11§ ebethBotment thad thefrempbrathfeadithe spray@nger at
enbodi nent the catal yst i

nposi tions descri 10 are enployed in the
anmoxi dat i ona’bFntBF'Beptﬁﬁ]ée ‘?%era?ﬁ?tiﬂndh‘?r??f“f Eom,l,lgﬁ%qu?gg cﬂr ough process, i.e.
it operates W thoyfe iRENEHE ﬁlfrthéle(é@iﬁ@ﬁﬁﬂg Phhting e Gbed ﬁraﬁdso&awﬁp@dusg The
specific design of the gas-phase flow react or I's.not narraq ical.

Hence, 20 théorg@@méhaéénquwqr&a@{% vangdivge (), RRYBENY, 63P)r g ’t"é‘r , and

flui di zedspegxfRAGOY corﬁﬁctﬁ@%f‘ﬂ? MWRE g af 83fkOheatih GrafeC@CAtSN tlﬁiﬂna%ﬁt a
single reactor, or Can be one reactor in f mul ti-stage reactor system The
reactor conprises one or nore feed inl et& for feedi ng a reactant feedstream
to a reaction zone of the reactor, a reaction zone conprising the m xed

net al oxi de catal yst, and an outlet for discharging reaction products and
unreacted reactants. 25 The reaction conditions are controlled to be
effective for converting the propane to acrylonitrile, respectively, or the
I sobut ane to net hacr yI on| trile. Cenerally, reaction condl tions include a

e I NN PN 2 I N~ r I AN~ 2 I T



5 desired, from other side-products or fromunreacted reactants accordi ng
to nmet hods known in the art. The catal yst conpositions described
herei n whwo 2erpliozeed in the single pass (i.e. no recycl ecTasemriodsss on of
propane are capabl e of producing acrylonitrile along with CO" (carbon

di oxi de + carbon nonoxi de), hydrogen cyanide (HCN), and acetonitrile or 10
nmet hyl cyani g§ &CI—BCNl The effluent of the reactor may al so include
unreact ed hytt SEBPHBI! (s pcier sl aybUraMEns HRIFGAA NI tempaRBEe & paiH3)
and entrai negregtat i ¥D0%0. NRSan embodlmE’ﬂtO%S&@ssntf Bvertiof Q¥RbMsed NOmBibé fdcat i on
of the reaction products include uenchl ng the gaseous_reactor effl uent

with an aquebfGRArEGgeRRet ogide d:atafy@} for e thr%“%'éﬂﬁ-féﬂgmgﬂF QF Msthaeyipptrilsi ng
the corresponsth PopiRs 81 isHtAE bYRRRxidatibfin hg@e&g%a&s&aﬂbﬂﬁngﬂe Rnliaks

organi c cQ-products; and using an integrated sgfguence of "distillations and
phase separ amplihdenul (Meyvanadfsn (Vo capsmenp{(Sh), tellsripm (éfqheuelgumu @l.dandand

obt ai n val uaflige by, aaeHRr e&n;;r?smg mtnqg g%mrgorgeﬂ@%ﬂql% &Qgﬁu Jani de
t he reac

products. Propane, “anmoni a and en m x together

oxi dati on of oxmolsbdssymeto); Yﬁnﬁqhem Bsttigony @mﬁﬂnmant@@egxomuac@\ﬂﬁnartdhe

surface of thetd yosll Zathofifd AidSHowfeSEls Af 2 GRYPhEHNEIAE ons

t akes pl ace, JSB@hgergbg forr%ﬁé lﬁlz ?Wﬁ‘ %sng aE)roduct sngacr %)Arﬁr t}{aﬁaa%ﬁt

hydr ogen cyah‘l géninggtip ghe m*pwsqnesoheanmm s xd deecalgiveticontempeiaaire atnetl ei n,

acrylic agi dyeiBlis a@bBer higher nitrites, aldehydes, ketones, acetic acid

and a nunber of m scel | aneous unknown organi ¢ conpounds. Conver5| ons of the

three feeds 25 gehleﬁlabM}mamt@fIth%theHindE@@tabetr‘e‘zbfm'm thhprscursarsalid exdxtpreopane,

ammoni a, oxy%ﬂ: (o) n f gas.

Conversions o0 trﬁe t%eg zge g%\ég%rag ;ﬁg&g%téers%ﬁ?ﬁagé&iﬁég%re@[ elhthen}h

unr eact ed prppewsr selithmiNteae atayse temperatire pbagont FROy689EC.c The presead inventtone

reactor effl s T ai ns

amount of propg(f é‘f"%e A Q§°8§é*‘%ﬁt?‘§ %feer E%thrglgréra g‘htcfggnr%l{)luﬁ’?/mm f% (1%% whi ch

are purgdd fAbm thtieccpndb@sgsg ate ewctfelahedm patiriogphend subktentiwdlztireo bf dbxygen.

exot herm c g i e of . ils, which gener.at e and

super heat @%ﬁegmﬁgtﬁ%ﬁ%?g%@r?a e)itn?/reézﬁﬁl%%ges Og(ﬁng gtr?)(t:eem ST ulérgs fs&’t?‘ht as

heat i nput fﬁﬂO @HOSCE Kdrlaboutowe (A)rhotike pr oducts recovery and purl fication

section of the prgces React or eff uent sses cl ones, which

remove catal yst fﬁlnes?l?act)lr%ntphocea !h‘f’rf’eesﬁasmlv gs)rgioﬁ #e ?“E‘% USHEY in a

reactor ef f | Tienine gad amcomtmshamsble(gaprirhcemeﬂfgaacmmpraadlttolgbm @h@@nger
usi ng,boil er feed-water as the

b the AP lriemiEn Eegon AR STy e S Sty s msPeie e or

per haps the ¢aisin doxgjae. fin dﬂrtbsefcffq:trmlxmgmh&tﬁurecompdsurﬂsandhydxhgcﬁq enekidd dzer

Conver st on' P SO IRBSBEAINY &1 VRHPBBIEPUPEy or M B O B et MsTop Shed Hhttor

desired prodegiprisesd pre@blcpatdiiatdion of desired product per unit of reactor

vol ume per unit t me, and cat al ffective.ti on-.stream
bef ore significan hg,gas.gap EQMP e&rraééﬂ?é@f"iﬁﬁéa g m'/g/mis, The gas floyn

whi ch catal Yﬁ'te memrdmmeeeai&@emS Th @l antld dibaenp disd filsO Reatihf) @ategkdacel Shaaf
preparation, F q ,.. and cal cination conditions. In addition to chem cal
10 perfor rran%l?é’“ gﬁ tiMi8nents, other key properties include surface area,
porosity, densityn tRO¢Acigdtion s@tpsihe idBudatyst plalid6ias Sonveité Mg H middddnetal

resi stance to rrechanl cal attriti orlge artl cularly for fluid bed catalysts.

Typi cal ly, tPEdafRRIXTd&@IGHIBPOMASY Go8dLdrd 1eire %{ﬂtarmﬂa 3 flyidipeddad ket or .

Were high ahkana B&ﬁ‘{&'{:ﬁ)koﬂﬁedab@d QEdcBIrN 8l thed ik NEbAYIRGES of X B REHGP AR | S€s
seconds of a 15 residence tinme. Comercially recoverabl e quantities ,of

acet oni t S0 eprawépcffwﬂ%}t%trﬁﬂ% caglysf farmed gt 2 sRpsificyriptecuRaat mﬁw&%mﬁ ely
st oi ChO”Et“fba‘BU@trBtS'rﬁq/g%onab%Ppﬁﬂég 48N @m%gnd di oxygen are introduced
into a fluidized bed catalytic particles. Suitable operating conditions
i ncl ude pressur esC41ﬁn§1qnaﬁ§éV€fSr}@ﬁﬁl%@8tdrBC%tQJY%WPrSSBUI’pg’i yfipggemperafue 1. 4
kPa gage), f{nqmiadgg e BohiSsalebic.25 psig (34.5 to 172.4 kPa gage). 20
General ly, tenperatures are in a range from about 7000 to 1000 F (3710 to
538 C), in a range the prfeabimyentipPEOCH@naBY PrCESPImMpPHsE Tgatmg oftedryshtabetact i on
IS renov tg,gp(g rating
st eam at %?’en%era urg{éﬁlglp ﬁglrsnﬁlgég%%&ﬂ%%%&&%&l}? 5tOO ¢ 3}\(’/}2%12 f)%glgag]ure.
In order to illustrate the instant inventdon, sanples of a catalyst, were
prepared 25 and then eval uated under simlar reaction conditions. The
conpositions |isted bel ow are nom nal conpositions, based on the total

netal s added in the catal yst preparation. Since sonme netals may be |ost or
may not conpletely react during the catalyst preparation, the actual

corrp05| t| on. of the f| n| shed cat aI yst may vary sli ght I y from t he nomi naI

o " ~NN~ 2 1 o, e 21 T 1 o




catal yst m xture. Propane was fed into the reactor at a rate of about 0.04
to about 0.15 WM (i.e., weight of propane/ weight of catal yst/hour).
Pressure wontitee reactor was 35 nmi ntai ned at about Pcrawsaimowv43id psig.
Reaction tenperatures were in the range of about 19 420 to about 460 C
General ly, ammonia was fed into the reactor at a flow rate such that
anmonia to p ne ratip.was fromaboutf 1 to about 1. xygen was fed into
t he reactor g(ibgg ' Iamcra@f’@tl%fzeﬁlqef?ﬁ'{re 8&9@‘&5‘3??5 ﬂb"r"oﬁ?&H’e“qoa@i LRttt 3. 4.

Ni t rogen wasatfoat 3507CO nbhgresteathapabait W0CE aa kat of Sraks (a1 CIhiAgEn aho
5 As used herein, the term "about" nodifyi

propane ratio abotltglt 12. 6. ng

any amount ‘3?%%%%‘"?‘5 RBreGAF A qnIRmPFaRFS 30056y Ft ancemebadinest & heatinegate wor | d

condi ti ons ofs 6AAREEONGinC dh ahythér ShbdMMEHMC thd thea@iAtays s 235’°€¢1an5@1§ fnotferd. » 1N

t he | ab, BI | ot plant, or production facility. For exggﬁ tI’an anount of an
fn'en

i ngredi en eFRPAskrRent; the esfingiraieds AGmir diet i"b%l‘OSW e thel divi eatalyste

variation angtefl@e @inRbduedd fitd ¥ RbtCalchnér Mmkmead s AbbulBRSE ok SEkHY nfbneAhal yst
or catalyst 10 precursor production plant or |ab. For exanpl@e, "the anount

of a conponediderdp alow thsdemperaisPitksmresuster iyauidipivereaserie bbete30¢°Ke vari at i on

bet ween bat ches iTheORh@g/Rte m %t&éaé&ana%ﬁwpm&ﬁewﬁémr el alaﬁ&tcaw I ab
and the variation i nherent in the anal ytlca met hod. Whet her 8

modi fied by beapRfit 0:5°CHBINg ARMIB 2%emirder a¥cmimiorany ratp in nhﬁseanmmﬁrﬂfs Any
quant i ty 19t as@Onhe bR @msbaRREl: he fedte a@@&tthe feﬁﬁseakug@ralag 9@&%@ En the

present 15 invention as the anount not S OF THE
| NVENTI ON Ext@ript @termpdintgteraeergpigsis nkpuwéf%m aleﬁOI@ the7imteredin® tanarmisare08

NdO. 002 Ce0. B0, Rur O I ; t
Sol ut i on Al we T}%ﬂp%f“e"* B s S ey e P e P R B 55 )"

to 7537 m offqudlei Eédmwat eteatearlildmt dreqquil iO)ZSéGdnlngotlgmf@génanraqmlde (30
wt % 360 g) y@g/&aom%mew Elﬂbé&iﬂngﬁt' e W ga% ﬁ%a%&zﬁ% Sgl.ution
eac ure I eat

A2 was prepared I n a manner [dentical tron
M xt ur e BdSwaistepmediate dempenatareandcthén bwtqdetezctﬂm rﬁnalFien‘cpbgatuZ@ 459 hgatohgi retei ofed 25

wat er was ad ° Amp)‘ﬁ was t hen
added with s@?&?‘?‘ﬁg"mﬁéﬁt‘?n@&ﬁ‘?m n%r t !ély?}e erature é éﬁea%%eﬂfané)@ g
Sh203 was ad@lsdltO‘lZﬁ%C/rrmswerIemgrﬂlam(bwqaak/via§0‘étl/hmued to react with stirring
at 90C for one h Hr l}/od?m%gg)?%f entlonXEhe cabcmatlogds don é%gvd gaﬁ]czsgl ytion C

was prepared by <901 m ni 0bi um oxalate 1n

dei oni zed wadtages:dil) GG laiﬁandlIQﬂOlSmrmaﬂQmHleh Ium;smdtmrb lamh(Z) dtronﬂﬁtdmemiteSOrat

50C. Reacti.on. S PRsS Al _.and hen uenti al |

Poset | on 201 prarsiBoR i HilaP Pemicrot Rl Gpd EhBadiRER, AECRN0 SR T MR Ul & was
al | oned t o cahtinatios, bpfamtaimgco@led%é: 1ﬁmduaed aokdi allmnadaldmﬁmr maidfained at a The

conbi ned reaction m xtu 70C.. Silica,sol | co, 32 wt %

205 "6206° atpel SR G B8R B RN byt in Pidet RS s IR Bt e o

t he conbl nedpre@awt koquicklx tngreaseat thedihahempennire.nued for an additi onal 30

m nutes. The comhi ned r tlon m,xt ur e ed to tion

Torut on G5 v TGS i ire i s e e e e farde o7 5t TOL PP T g
25 about 340-350°C, 345°C is about 0.5°C/min or 1°C/min or about 2°C/min or about

5°C/min or any rate in the range of 0.5 to 5°C/min. In one embodiment, the solid is held
at a temperature in the range of 300-400°C, in the range of 340-350°C, at 345°C for a
period of about 1 to 4 hours. In one embodiment, the solid is heated at a rate of
2.45°C/min in the temperature range of 345-680°C.
30 Upon attaining the final temperature, the solid can be held at that temperature for
a period of from about 1 hour to about 3 hours, about 2 hours.
The final temperature can be 550°C, 560°C, 570°C, 580°C, 590°C, 600°C,
610°C, 620°C, 630°C, 640°C, 650°C, 660°C, 670°C, and 680°C or any temperature in
the 550-680°C range. In one embodiment, the solid is heated at rate a rate of 0.5°C/min

35 from about 600°C to about 630°C. In one embodiment, the solid is heated at rate a rate
13



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(00CCH3)3-1.5H20 (27.4
g), Nd(OxoHB)oA1kD® (18.0 g), Te(OH)6 (243.8 g) and Li OFCHAB2402404859) .

The resulting reaction m xture was then spray-dried in a Bowen dryer. The
inlet 10 and outlet tenperatures of the spray dryer were 325 and 125C,

respectively, .w nozzl e ssu 5 psig. A portion (550 g) of
t he spray- dr?féldcﬁfﬁ‘c‘lgfl@%?bq}ééégq ﬁéﬂa %Hté% in arotary calciner (3"

di aneter gl ass t ube)calbithéibn 84h B FHRGRIET i@ aBfor [ihddh MW UlalrOBEW e A ER4IE N) -
The cal ci nation&gr ot ocol was Zog/m n.to 300C and then 1C/nin to 630C. The
15 t enper at uP&t fateisaiciation Fed 3 HoRIMESRISTY fvib &Yy 2 dBHFy oW afGom

t enper ature. ga%mm dehitRiEeh %&yh{a@ is GIMBHaTlyOfteeSEH &ngéﬁ“”ﬁﬁé pre&@hfindentnd9. 1
47.1 84.5 59.2 50. f eeds: 3.39/C3 1.0/ NH3 0/N2 12.61,(16 air) 10
psi g Exanmp ecezltqv&laﬁﬁ PRngAngR 8%|%démaasmae RyAPTIES MUY 8g0. Fhe ST g267nNbO. 08
Nd0. 002 Ce0. Qd3prlsk QQIJE%CIQ(ThC gas Jgﬂ%&rnbﬁ& Me&ﬁdﬁrﬁoxﬁaﬁﬁsﬁeﬂ QB3 Gdatby st@gﬁ“ ng
anmoni um hept anol ybdate (189.1 g) t 00 m dei oni zed water and th

addi ng hydr ofEbPryBeRRidre a{l@earmw/élowe4ln99nemg>oém&at of the pygsent igyqntipn ﬁg over
15 m nutes. @ﬁﬁéﬂoﬂr}:aﬁ/‘b@c%ﬁd BuaRde 2 ERAY gﬂnlgxge(n' éasqgg'lg%l@mmme of

net avanadate (31.3 25 g) to 400 cc water, heatin the solutron wth
stirring to gowmen dordbathdhe teepersie rngesaf ( tOo@hoéé4 IS, angle(21 agwand
then (1 v)1gal Lt ih-430PCt Ruclnkt hBodiffodi R, poER iildntibh iR Aoimdfifn Lalneone
hour . Reaction Mxture A Was th added t action xture W|th

stirring andeamied ewrvpderca flen sof @irefonths tmmr@uretrenm (W b tasabout #oy450Fke
conbi ned r eagl{dl L%em HHRTS ?_P‘ﬁ%eg' g%st ﬁl@[gl Q@@s‘aﬂgalw fr& ogftdx éénrﬂr e t?r9§ %tﬁFe an

addi ti onal hour. I ned reaction m xtur was coo o 70C.
Silica sol (Magcof (23850vg,abget HHANPCcHYe fhews rathehgaddade cTitieal reepes tallp dor

e s USO8 3 B A AP L

15 range of about 0.67 to about 2.5 sccm per g catalyst precursor per minute.

As an embodiment mixed oxide catalyst comprises the elements molybdenum
(Mo), vanadium (V), niobium (Nb), antimony (Sb), and oxygen (O). Also, as an
embodiment mixed oxide catalyst comprises the elements molybdenum (Mo), vanadium
(V), niobium (Nb), antimony (Sb), tellurium (Te), and oxygen (O). -

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

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

30 tantalum compounds, tellurium compounds, titanium compounds, tungsten compounds,
vanadium compounds, zirconium compounds, and mixtures thereof for use in
ammoxidation process.

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

35 telluric acid (H6TeO6), titanium dioxide (TiO2), and zirconium oxide (ZrO2).
14



5 (112.0 g, 0.765 noles Nb/kg solution) was added to the conbi ned reaction
mxture with stirring. Next, a mxture of 60.0 g funed silica in 900 nm

dei oni zedvoavsvoivms added. This was foll owed by the addiPCirars2@b/004355
Ce(00CCH3) 3. 1.5H20 (1.11 g), Nd(OOCCH3)3.H20 (0.727 g), and LiOH H20 (0.584
g). The resulting reaction slurry was then cooled to roomtenperature wth

stirring. 10The reaction mxture was then spray-dried.in a N|ro dryer. The
inlet and outl et Yémsaafimeatthgeresursorsolid qompases thegapince] fpampla: it iy a

nozzl e pressure of 25 psig. MQVLSHI,WNB@Q, g) of the spray-dried
material was then calcined in 1" dianeter flu cal ci ner under a

nitrogen flow of YBOeRGhias hd el Bdi F6i5 1p9 cﬁ%oﬁ d 7ds2 5 0d8 hermumdenooc
and then 1C gf skyloh £3RCreqlt6d IARSY ILMAR rdGutrehRhd ol éﬁlglcemém;ggaer@wr S

foll owed by cooling to roomtenperature. Amopxidation results nver si on
Sel ecti vi Oy theepracurspr gobg vgity the7prpyisgghat o ar mpropt Bigvetheri gamemgdy the

sel ectivity, ,As¥oi6lidc lzs%nt?’nn'%ﬁro%&hﬁ'@n Rbte%\wtmam@ '\%‘lﬁtmﬂia%&ll\/%t@ V0. 25
Sb0. 167 NbO. 856 NdO. 002 Ce LiO React i on ture

prepared by add Pn@dalrrﬁrfmeamhhwﬂaamqmdhﬁ regggdoe glemgndorapielaeh Mo.
net avanadate (31.g aQ)eﬂdemgt ik pi:gcug&l Ll %gﬂgﬂ\ﬁg fe- emfmcal fdRaapl i on M xture

B was prepared by addi ng antinony oxi de to 400 cc water.
25Reaction M xture A was heated w MPIé’EShbT%NQero 900 and t hen mai nt ai ned at

that temgrature MBIewl%wloT@W@% E@Q)(ﬁﬂicoilt()hélkd@}’b hydrogen

peroxi de (30 wt % was added with'stirring to Reaction M xture B.
Two mnutes afterbthe éddl niiorthefnumbdr oferxypar etongereReiaest tosatidfx tvalaacA was

added to Rea?égf?élné\ﬁt SHiGote e%ﬁl%nfégy@kﬁﬁﬁ' tHE‘;%échsSr %’é@? @@qyﬁf}ggk 10 nANd

t hen maintain at t enper at ur rrring ours.
or more of the other elements in the precursor solid can be present in an oxidation state

lower than its highest oxidation state, a, b, c, and d represent the molar ratio of the
15 corresponding element to one mole of Mo.

The present invention provides a method for preparing a mixed oxide catalyst for
use in producing acrylonitrile or methacrylonitrile from propane or isobutane by
ammoxidation in a gaseous phase comprising the elements molybdenum (Mo), vanadium
(V), antimony (Sb), niobium (Nb), and oxygen (O), further comprising heating precursor

20 solid mixture, comprising compounds of molybdenum (Mo), vanadium (V), antimony
(Sb), niobium (Nb), and oxygen (O), contacting with flowing gas at a first heating rate
greater than about 15°C/min until the precursor solid mixture attains a temperature of not
greater than 400°C, further contacting the precursor solid mixture with a hot zone
temperature greater than about 100°C. The present invention provides an embodiment

25 wherein the precursor solid mixture comprises contacting the flowing gas at a hot zone
temperature greater than about 100°C, greater than about 200°C, greater than about
300°C, or greater than about 400°C prior to the second heating rate step. In an
embodiment, the present invention provides a method for preparing a mixed oxide
catalyst for use in producing acrylonitrile or methacrylonitrile from propane or isobutane

30 by ammoxidation in a gaseous phase comprising the elements molybdenum (Mo),
vanadium (V), antimony (Sb), tellurium (Te), niobium (Nb), and oxygen (O), further
comprising heating precursor solid mixture, comprising compounds of molybdenum
(Mo), vanadium (V), antimony (Sb), tellurium (Te), niobium (Nb), and oxygen (O),
contacting with flowing gas at a first heating rate greater than about 15°C/min until the

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



The conbi ned reaction m xture was then cooled to 70C. Silica sol (Nalco,
369 g, 32.5% silica) was then added. The reaction m xture was then stirred
at 70C f owo201mi1meses. The conbi ned reacti on m xture wa®Crask@d/0043550C.
Ammoni um ni obi um oxal ate 5 (26.5 g, 21.0 wt% Nb) dissolved in 100 g

dei oni zed water was added with stirring. Next, a mxture of 60.0 g funed

silica in 900 .dei.oni zed wate s added., This was followed t he

d £ on of GRS Prerstan Fitiregyh Rdp LA Byt Bes iy “oaq

Li OH 1- 120 (0°@99 g). The reaction slurry was then cooled to room
tenperature with stirring.,.10The reaction slurry was then spray-dried in a
Niro dryer. The ilRI®E %qg’dBE‘fqtége PEYSP L UKSLIRYE S $3ROsgE) do ﬁ‘f?ﬂf}g in the
respect i vel yemperhtar@raf@zatl 1902501k BotGfioré thaf FiTmin, 10 min,ASREALIra0 nliR0 g) of
the spray-dried terial was then calciped in 1" dianeter fluid bed

cal ci ner tnder a HiStPIEHEHDAI0B\EHPeratts ofc i presentyiBVentIon; GOEPTigHt I GEHDB|  was
200/ m n to 3@4end, 3dvem ok@borcn to 630C. The tenperature was held at 630C

for 15 2 hours faollowed by cooling to roomtenperature. Ammoxi dati on

resul ts: 77% convBsic@iAlysSeb, &e| REWNYifyentignomey dieg ussda sphe auPPeBthaat i ve
exanpl e Per oaﬁsgﬁpoﬁbwii.évqhwe%gbmewcbﬂ%%e Mt 1 5 tab1yY Qugpdrole 4iéd\b0. 08
NdO. 002 Ce0. 003 Li 0.013 Ox 20Reaction xture A was prepared by (i) adding
amoni um hepRlERERy BEeNE. (ied, o gyixuessmel] Beweysn ovhiercdrenpie oF litaniq yre
heating yhe el il Qipb&t Ieertdid bhedl it Mhfi® of (hbikddeatell ©9zddhnliPRY RXdidle
(51)203, 26.1 g), tﬁen (1v) stlrr_lngthe m xtuire for 10 mnutes, and then
(v) while neinereaichPYR tienelies shaymingheaboyve fomulasdyrinthahipa Mo ree Tostide (30
W % 30.4 9)isBEAReNhSR Wil o SAlshRGyRAly sBRefhdWhiRder toRERAMIVAMhkuUr € B
was prepared by adding ammoni um net avanaa’ate (31.3 to 400 cc water and
heat i ng t he Wwokuhdrder eatalhiststhaf rip ngoneoatyiyon resistant. ReHoweewnr, N cammeRialas

t hen added t . ! ] i i L cggﬁj e LxJur e was
mai nt ai ned a%pgg%%&\f’? E agkli)&w%tﬁaép gﬁro Eg%tgtt ({)guértlpgp%g _(tt'éﬁrhee c r%%%e%la?yengcti on
m xt ure As @oddsalgsartbed @ veband the suppor{ indietpbul tg@dtagn argaccgPaomstiviiycayl was

t hen added. ' LI f ' es.
The. combi ned FL5st [raniod sEhth Tt e i, Ik i TomPnte Byl SPABHOET
(112.0 g, O0.an85%Goveasht ordeyt ebithet suppdrtedasatapde dTymicaly s ther suppert cheptisesa

m xt ure of f i d A | i.oni r e hi s
was foll owegg %ge%hagggﬁg]l %{ldoén&‘g?lggg&%? g%%gg@%? ﬁggﬁ%z}%&%l _ﬂf’?ﬁeg?ﬂﬁlocﬁlmerl,

Nd( OOCCH3) 3: ¢f2is(iBvenidn,ghe sapportimfitobize @6 liBB4as apput Iheeigbpdr¢ennobthar ry
was t hen.gool ed r t er re w.t brri.ng. T r .jon
ooty waB° PBRoded GORT | BIDR Sl of 0Bt WAEM. me cuppor Ay bERELN

t enper at ur eslite aeatdd b3 @wdighPieeent eShegtpperddcatalyist. Hnanotbarzndopmesns of thisof 25

psig. A portion (60 of the spray-dried teri,al s.th cal ci in 1"
G anetor 5. (rCrEeBod S affeperad RGPS b erBBe 1R BT 1080 eBPut X e

cal ci nati on suppdrcciotatalpgss. 20Epoat mteriaBOAE avadhbid ehichGhay koritain 636 Gr nibre
t g%g:: ZE 3:: : [\)Ar%rsnog? lel%m%ltlts,Ga%ggughogror%ot}%P alér%erfltg lnlaycl) ‘é’g%cg%oga?e%l i{ltr(%Qhet gatzﬁ}%?gi]a
25 the support material.

The invention contemplates continuous processes for recovery and purification of
organic values from hot gaseous mixtures which are obtained by catalytic ammoxidation
of a light alkane hydrocarbon compounds. More particularly, this invention relates to
recovery and refining of valuable nitrogen-containing organic compounds formed by

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

Propane is converted to acrylonitrile and isobutane to methacrylonitrile, by

providing one or more of the aforementioned catalysts in a gas-phase flow reactor, and

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



Ammoxi dation results: 41% conversion, 41%selectivity, 17%yield 10 Exanple
5 Peroxi de Plus Ml ybdenum Met hod with Ca Pronotion M)1.0 VO.25 SbO. 167
NbO. 056 N&l0.20021@®6. 003 110. 013 TeO. 04 Ca0. 02 O« Reaatstana/0d438% ure A
was prepared by (i) addi ng anmoni um hept anol ybdate (182.2 g) to 500 m of
dei oni zed water and then (ii) addi nghydrogen peroxide (30 wt% 29.3 g) was
drop wise w tr%v%%érté i&Qegr over 15 m nu e% 15Reaction M xture B was prepared
by (i) addi nBamioni um et avairagde & %% SUCal CREPORE A ORECRIONRINNG €3St | ng
t he resul ti ngnchalsutin) and wirdnionsd under rreaction Y0Aditi@ncffebitve (o foth arfltingileast | nony
oxi de (Sb20311rl &’STgQ gﬁnd herg reacti%g t{&e mxture with stirri at 90C for
one hour.  Mmethacrgenitle, Fopts frpeioR: tiidoqI ER"a GHBATIICS PRPARE POORABE A B
vviht h Sﬁri) rri ggx}@&dcctrhﬁnﬁl@ gadduch ag alfﬂF1 xhd,lﬁfnmua& hﬁmﬁl&dfdlmwﬁ&crn\&at fﬂatﬁ)%}d’f:ri ng.
The conbi ped reacti on m xture was. t hen heated w stirring at 90C for an
addi ti onaP hBUPICPREOBEART WY BB A BT FPRPS ?‘8"\/9338“%‘6&%@0%61076‘@“ akopy cq

so! ( Ngl co, 7%29% ®. abggt. % Posii dbbﬁﬁ)_l._%];'_v\@s?abbﬁltealis,{iﬂdi p@pamrssdgheshwoaalnwg&i& mggc
stirred at or . m nut es. iis resulti xture was cooled to '
Anmoni um ni oBPB s S aﬁ%.%? 1§, absut 2?1%"\/\??*%6’%? tQupRauh Py e Hommbegs®. o
dei oni zed waitut MBS TAGad ek cah bIsb icBEpriddessk or ol ¥dditidhaPlee®Qorflpshehiymed
silica in 900 m_ deionized water was added. This was foll owed by the

addi ti on of nsdpeceryonitilespppethacrgonigyle predueiieerdiomn poesyels. stigan gy from
Ca( 00CCHIADZ. it EkidrItald 0f) mAiGtabd RlaktbBO0arldidai3 Phe fedd fireafiSdah talsBLomBALL | ON

slurry was then cooled to roomtenperature with stirring. 30The resulting
reaction m xPifr & Wete afdifionah fegd. enmpogents, inclyfing agpxjeiyitrilerge meghasrylanifdleout | et

t enper at ur esp@fiud: 18y SREAY RENR!S sttfnCordom AN chrdDtage 083 RRALIMEL Yoactth)l & 2
nozzl e pressure of % psig. A portion (60 g) of the spray-dried materi al

was then cal ¥fafedFerexamplei hedeedstraam gag cpagreAbentaper¢atorabguiriOnesrgatbyf | ow

of 100 cc/ M Reioli@lafidd & MatdtANnRIuAE SCAL (A48 Streimn, 2P By Rdle teatRRUCHRNhLREN
1C/ min to 630C. The tenperature was held at 630C for 24 2 hours fol | owed

by cool i A§ tof nrerare peispetanein e fapdyisepmain ore qehodimant thg3gtalyshepapobitans 56%

sel ecti vity, 346%Mirlesh SirFRE MihdLidRidtSo AGAAL Wlcrylonitrile i )
SNV, sty SaSHilEw EE el 25,1 grams Lof vanadum pent aoxl de

(V205) is addeanghopreods.ni-e.ofit @parates |vathophreaycle nofardseeded bk tunregeted rfeedy,
fol l owed by theeg.(3) aliquots of 30% hydrogen peroxide (70 grans, 70
grans, 35 grams?, added at approximately 10 mnute intervals to create a
bur gundy red sol utliesnedfic desendefithe pasrwsedifow reactar s @pbimartosvlp erticat., Harg4, 6

oLam o1 240 MO ol X £ sl Al SRl
was added t hepyafrsaitermTherexiodearsbd usingla rantr, o ear eserletreastpr i X muktesteges
reated Lo ekbl GgReT S Gy Aot oRRl R AR 10 o
and stirred febdstroam 39a méagaerezone of the reactor, a reaction zone comprising the mixed metal
oxide catalyst, and an outlet for discharging reaction products and unreacted reactants.
25 The reaction conditions are controlled to be effective for converting the propane
to acrylonitrile, respectively, or the isobutane to methacrylonitrile. Generally, reaction
conditions include a temperature ranging from about 300°C to about 550°C, from about
325°C to about 500°C, and in some embodiments from about 350°C to about 450°C, and
in other embodiments from about 430°C to about 520°C. Generally, the flow rate of the
30 propane or isobutane containing feedstream through the reaction zone of the gas-phase
flow reactor can be controlled to provide a weight hourly space velocity (WHSV)
ranging from about 0.02 to about 5, from about 0.05 to about 1, and in some
embodiments from about 0.1 to about 0.5, in each case, for example, in grams propane or
isobutane to grams of catalyst. The pressure of the reaction zone can be controlled to

35 range from about O psig to about 200 psig, from about O psig to about 100 psig, from
17



The resulting m xture was cooled further to 50 degrees C and a m xture of
60 granms of funed silica and 34.7 grans of amoni um ni obi um oxal ate in 900
m of watwo 2emi1azded wWith stirring. Further, 0.6 gransPofi/uS2e09i0m3ss

hydr oxi de was added. This final mxture was stirred for an additional 30
mnutes and then spray dried 20 to obtain a mcrospheroidal powder. This

powder was heat, treated at_350 ees. Cin a muf fl e furnace for 3
hours in a C?EIR?@FQBSI%E" QP SGpsig, Bﬁéﬁorﬂfbﬁ‘glocﬂsfﬁtﬂﬁtﬂﬁggﬁ’%i owi ng nitrogen at
630 degrees C forThe bailtig acﬂﬂkﬁﬁt@ﬂd srahehycrydbnigiapidedt cambsisoRiea] if dbsivas

charged to 4& cc fluid bed reacto andvva testedfocg arrrmmda on of
pr opane. o sy sudgepr “°5§ °c5‘? “B‘eé‘ée Epagianis agfopding to ethofls, Peed

ratio 1 prOpﬂhBear( I hé Sre TR héryloniti B Sor0 ¥ BRerylonitdleSgrofiidt rag et modieal Gk of
45. 8% acr%I onitrile was obtained at a _selectivify of 57.8% Addltlonally,

5. 3% HCN, °3. ¢rsareh IR qtiasr deapigdustsr of érem/ preacted aeafﬁé?té agradingioameBeds W
2010/014206%&@@%{@04355 NV .0 21."09 [ L1717 |1 9717 0 CvV Cr) CD

9'17 | Si' IZaPCOCC} . . . i i _
The catalyst compositions described herein when employed in the single pass (i.e.

no recycle) ammoxidation of propane are capable of producing acrylonitrile along with
COx (carbon dioxide + carbon monoxide), hydrogen cyanide (HCN), and acetonitrile or
10 methyl cyanide (CH3CN). The effluent of the reactor may also include unreacted
hydrocarbon (propane or isobutane), oxygen (O), ammonia (NH3) and entrained catalyst
fines.
Processes for recovery and purification of the reaction products include
quenching the gaseous reactor effluent with an aqueous quench liquid; forming an
15 aqueous solution comprising the corresponding unsaturated mononitrile, hydrogen
cyanide and other organic co-products; and using an integrated sequence of distillations
and phase separations to recover for recycle of a useful aqueous liquid, and obtain
valuable nitrogen-containing organic compounds and hydrogen cyanide products.
Propane, ammonia and oxygen mix together in the reactor and oxidation of
20 propylene in the presence of ammonia takes place on the surface of the fluidized catalyst.
A set of complex exothermic reactions takes place, thereby forming the following
products: acrylonitrile, hydrogen cyanide, carbon dioxide, carbon monoxide, acetonitrile,
acrolein, acrylic acid, water, other higher nitrites, aldehydes, ketones, acetic acid and a
number of miscellaneous unknown organic compounds. Conversions of the three feeds
25 generally are less than 100 percent, thus unreacted propane, ammonia, oxygen and
nitrogen may be contained in the reactor effluent gas. Conversions of the three feeds
generally are less than 100 percent, thus unreacted propane, ammonia, oxygen or
nitrogen may be contained in the reactor effluent gas. The source of propane typically
contains a small amount of propylene and some heavier hydrocarbon compounds most of
30 which are purged from the process unreacted. A portion of the heat of the exothermic
reaction is removed by sets of steam coils which generate and superheat waste steam at
approximately 600 psig for process uses such as heat input for distillations in the
products recovery and purification section of the process. Reactor effluent gas passes
through cyclones, which remove catalyst fines from the gas. The gas is then further

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

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

Factors upon which catalyst performance depends include composition, the
methods of preparation, support, and calcination conditions. In addition to chemical
performance requirements, other key properties include surface area, porosity, density,
pore size distribution, hardness, strength, and resistance to mechanical attrition,
particularly for fluid bed catalysts.

Typically, the ammoxidation process is carried out in a fluid-bed reactor. Where
high alkane conversions are obtained, a single pass system comprises seconds of a
residence time. Commercially recoverable quantities of acetonitrile and hydrocyanic
acid are optional co-products. Approximately stoichometric quantities of propane,
ammonia, and dioxygen are introduced into a fluidized bed of catalytic particles.
Suitable operating conditions include pressures in a range from about 3 to about 35 psig
(20.7 to 241.4 kPa gage), from about 5 to about 25 psig (34.5 to 172.4 kPa gage).
Generally, temperatures are in a range from about 700° to 1000° F (371° to 538° C), in a
range from about 750° to 950° F (399° to 510° C). Heat of reaction is removed by
generation of steam to control the temperature and generating steam at temperatures of
from about 300° to about 500° C elevated pressure.

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

Catalyst Testing

Catalyst was evaluated in a laboratory 40 cc fluid bed reactor having a diameter
of 1-inch. The reactor was charged with about 20 to about 45g of particulate catalyst or
catalyst mixture. Propane was fed into the reactor at a rate of about 0.04 to about 0.15
WWH (i.e., weight of propane/weight of catalyst/hour). Pressure inside the reactor was

maintained at about 2 to about 15 psig. Reaction temperatures were in the range of about
19
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420 to about 460 °C. Generally, ammonia was fed into the reactor at a flow rate such
that ammonia to propane ratio was from about 1 to about 1.5. Oxygen was fed into the
reactor at a flow rate such that oxygen to propane ratio was about 3.4. Nitrogen was fed
into the reactor at a flow rate such that nitrogen to propane ratio was about 12.6.

5 As used herein, the term "about" modifying any amount refers to the variation in
that amount encountered in real world conditions of producing catalyst or producing
catalyst precursors, e.g., in the lab, pilot plant, or production facility. For example, an
amount of an ingredient employed in a mixture when modified by "about" includes the
variation and degree of care typically employed in measuring in a catalyst or catalyst

10 precursor production plant or lab. For example, the amount of a component of a product
when modified by "about" includes the variation between batches in catalyst or catalyst
precursors production plant or lab and the variation inherent in the analytical method.
Whether or not modified by "about," the amounts include equivalents to those amounts.
Any quantity stated herein and modified by "about" can also be employed in the present

15 invention as the amount not modified by "about."

EXAMPLES OF THE INVENTION
Example 1 Peroxide plus Mo Method.
Mo1.0 Vo.25 Sbo.167 Nbo.os Ndo.002 Ceo.003 Teo.04 Lio.013 Ox
In a 5 gallon reaction container Reaction Solution Al was prepared by (i) adding
20 ammonium heptamolybdate (2343 g) to 7537 ml of deionized water, and then (ii) adding
‘hydrogen peroxide (30 wt%, 360 g) was drop wise with stirring over 15 minutes.
Reaction Solution A2 was prepared in a2 manner identical to Reaction Mixture
Al.
Reaction Mixture B was prepared in a 20 gallon reactor. First, 20159 g deionized

25 water was added and heated to 90°C. Ammonium metavanadate (776 g) was then added
with stirring while maintaining the temperature at 90°C. Next 619 g Sb,O; was added.
The resulting mixture was allowed to react with stirring at 90°C for one hour to yield
Reaction Mixture B.

Reaction solution C was prepared by dissolving 835 g ammonium niobium

30 oxalate in 2170 g deionized water at 50°C and then stirring the solution for 15 minutes at
50°C.

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

35
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The combined reaction mixture was cooled to 70°C. Silica sol (Nalco, 32.5 wt%
SiO;, 9206 g) was then added to the combined reaction mixture. Stirring of the
combined reaction mixture at 70°C was continued for an additional 30 minutes.

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

To the resulting mixture, a dispersion of 1496 g fumed silica in 13464 g
deionized water was added followed by addition of Ce(OOCCH3)3-1.5H,0 (274 g),
Nd(OOCCH3);-H,0 (18.0 g), Te(OH)s (243.8 g) and LiIOH-H,O (14.5 g).

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

A portion (550 g) of the spray-dried material was then calcined in a rotary
calciner (3” diameter glass tube) under an atmosphere of flowing nitrogen (500cc/min).
The calcination protocol was 20°C/min to 300°C and then 1°C/min to 630°C. The
temperature was held at 630°C for 2 hours followed by cooling to room temperature.

Ammoxidation results:

Conversion Selectivity Yield
79.6 59.1 47.1
84.5 59.2 50.1

feeds: 02 3.39/C3 1.0/ NH3 1.20/ N2 12.61,(16 air) 10 psig

Example 2 Peroxide Plus Molybdenum Method
Moy .9 V.25 Sbo.167 Nbo.gs Ndo.002 Ceo.003 Lig.013 Ox

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

Reaction Mixture B was prepared by (i) adding ammonium metavanadate (31.3
g) to 400 cc water, (ii) heatingthe solution with stirring to 90°C, and then adding(iii)
antimony oxide (Sb,0;, 26.1 g)and then (iv) allowing the the mixture to react with
stirring at 90°C for one hour.

Reaction Mixture A was then added to Reaction Mixture B with stirring and the
combined mixture was heated to 90°C with stirring. The combined reaction mixture was

then heated with stirring at 90°C for an additional hour.

21



40 -

01. 01. 0O1. O1. - =0CO0c;, oCOO6 0CO0dO

WO 2010/014206 PCT/US2009/004355

10

15

20

25

30

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

The combined reaction mixture was cooled to 50°C. Niobium oxalate solution
(112.0 g, 0.765 moles Nb/kg solution) was added to the combined reaction mixture with
stirring. Next, a mixture of 60.0 g fumed silica in 900 ml deionized water was added.
This was followed by the addition of Ce(OOCCH;3)31.5H,O0 (1.11 g),
Nd(OOCCH;)3'H20 (0.727 g), and LiOH-H,O (0.584 g). The resulting reaction slurry
was then cooled to room temperature with stirring.

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

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

Ammoxidation results:

Conversion Selectivity Yield
76.8 58.3 447
77 58.7 45.1

77% conversion, 59% selectivity, 45% yield

Example 3 Peroxide Plus Antimony Method
Mo1.0 Vo.25 Sbo.167 Nbo.os¢ Ndo.002 Ceo.003 Lig.013 Ox

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

Reaction Mixture B was prepared by adding antimony oxide (Sb,03, 26.1 g) to
400 cc water.

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

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

The combined reaction mixture was cooled to 50°C. Ammonium niobium oxalate
(26.5 g, 21.0 wt% Nb) dissolved in 100 g deionized water was added with stirring. Next,
a mixture of 60.0 g fumed silica in 900 ml deionized water was added. This was
followed by the addition of Ce(OOCCH3)3'1.5H,0 (1.11 g), Nd(OOCCH;3)3H,O (0.727
g), and LiOH-H,O (0..899 g). The reaction slurry was then cooled to room temperature
with stirring.

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

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

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

Example 4 — Comparative example Peroxide Plus Molybdenum/Antimony Method
Mo1.0 Vo.25 Sbo.167 Nbo.os Ndo.002 Cep.003 Lio.o13 Ox

Reaction Mixture A was prepared by (i) adding ammonium heptamolybdate
(189.1 g) to 500 ml of deionized water, (ii) heating the mixture to 90°C with stirring, (iii)
adding antimony oxide (Sb;03, 26.1 g), then (iv) stirringthe mixture for 10 minutes, and
then (v) while maintaining the temperature at 90°C, adding hydrogen peroxide (30 wt%,
30.4 g) drop wise with stirring over 30 minutes.

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

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

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

The combined reaction mixture was cooled to 50°C. Niobium oxalate solution
(112.0 g, 0.765 moles Nb/kg solution) was added with stirring. Next, a mixture of 60.0 g
fumed silica in 900 ml deionized water was added. This was followed by the addition of

Ce(OOCCH,)31.5H,0 (1.11 g), Nd(OOCCH;)3H,0 (0.727 g), and LIOH-H;0 (0.584
23
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g). The reaction slurry was then cooled to room temperature with stirring.

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

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

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

Example S Peroxide Plus Molybdenum Method with Ca Promotion
Mo1.0 Vo.25 Sbo.167 Nbo.oss Ndo.o02 Ceo.003 Lio.013 Tep.04 Cap.02 Ox

Reaction Mixture A was prepared by (i) adding ammonium heptamolybdate
(182.2 g) to 500 ml of deionized water and then (ii) addinghydrogen peroxide (30 wt%,
29.3 g) was drop wise with stirring over 15 minutes.

Reaction Mixture B was prepared by (i) adding ammonium metavanadate (30.2
g) to 400 cc water, (ii) heating the resulting solution with stirring to 90°C, and then (iii)
adding antimony oxide (Sb,03, 25.1 g)and then reacting the mixture with stirring at 90°C
for one hour.

Reaction Mixture A was then added to Reaction Mixture B with stirring and the
combined mixture was heated to 90°C with stirring. The combined reaction mixture was
then heated with stirring at 90°C for an additional hour.

The combined reaction mixture was cooled to 70°C. Silica sol (Nalco, 369 g,
32.5% silica) was then added. This mixture was then stirred at 70°C for 30 minutes.

This resulting mixture was cooled to 50°C. Ammonium niobium oxalate (25.5 g,
21.0 wt% Nb) dissolved in 100 g deionized water was added with stirring. Next, a
mixture of 60.0 g fumed silica in 900 ml deionized water was added. This was followed
by the addition of Ce(OOCCHs;);:1.5H,0 (1.07 g), Nd(OOCCH3)3-H,O (0.700 g),
Ca(OOCCH3)2 1H,O (3.64 g), and LiOH-H,O (0.563 g). The resulting reaction slurry
was then cooled to room temperature with stirring,

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

A portion (60 g) of the spray-dried material was then calcined in 1” diameter
fluid bed calciner under a nitrogen flow of 100 cc/min. The calcination protocol was

20°C/min to 300°C and then 1°C/min to 630°C. The temperature was held at 630°C for
24
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EXAMPLE 6 Peroxide plus vanadium.
5 MoV .25Sbg.167Nbg.0sLig.0130x
25.1 grams of vanadium pentaoxide (V20s) is added to 600 ml of distilled water
in a beaker with stirring, followed by three (3) aliquots of 30% hydrogen peroxide (70
grams, 70 grams, 35 grams), added at approximately 10 minute intervals to create a
burgundy red solution of vanadium peroxide. In a separate beaker, 194.6 grams of
10 ammonium heptamolybdate was dissolved in 600 ml of distilled water in the presence of
antimony trioxide powder.
To this mixture was added the vanadium peroxide solution and the resulting
mixture was heated to reflux temperature for 2.5 hours. After cooling the above mixture
to 70 degrees C, 369 grams of a silica sol, 30% by weight silica, was added and stirred
15 for 30 minutes.
The resulting mixture was cooled further to 50 degrees C and a mixture of 60
grams of fumed silica and 34.7 grams of ammonium niobium oxalate in 900 ml of water
was added with stirring. Further, 0.6 grams of lithium hydroxide was added.
This final mixture was stirred for an additional 30 minutes and then spray dried
20 to obtain a microspheroidal powder. This powder was heat treated at 350 degrees C in
air in a muffle furnace for 3 hours in a covered beaker, followed by calcining under
flowing nitrogen at 630 degrees C for 2 hours. Approximately 35 grams of this material
was charged to 40 cc fluid bed reactor and was tested for ammoxidation of propane. At
440 degrees C, a wwh of 0.06, a pressure of 10 psig and feed ratio 1 propane / |
25 ammonia / 3.39 oxygen / 12.61 nitrogen a yield of 45.8% acrylonitrile was obtained at a
selectivity of 57.8%. Additionally, 5.3% HCN, 3.0% acetonitrile and 2.2% acrylic acid

were also obtained.
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82.1 59.2 48.6 2 76.9 58.5 44.9 3 76.6 55.9 42.8 4 41.0 41.2 16.9 5 81.1
54.5 44.2 6 79.2 57.8 45.8 Exanple 7 Peroxide Plus Ml ybdenum Met hod
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Table 2
Example Conversion Selectivity Yield
(%) (%) (%)
1 82.1 59.2 48.6
2 76.9 58.5 449
3 76.6 55.9 42.8
4 41.0 41.2 16.9
5 81.1 54.5 44.2
6 79.2 57.8 45.8

Example 7 Peroxide Plus Molybdenum Method
Mo1.0 V.25 Sbe.167 Nbo.oss Ndg.02 Ceo.003 Lio.o13 Teo.04
5 Reaction Mixture A was prepared by (i) adding ammonium heptamolybdate
(183.4 g) to 500 ml of deionized water, and then (ii) adding hydrogen peroxide (30 wt%,
29.5 g) drop wise with stirring over 15 minutes.

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

g) to 400 cc water, (ii) heating the solution with stirring to 90°C, (iii) adding antimony
10 oxide (Sby03, 25.3 g) and then (iv) reacting the mixture with stirring at 90°C for 30
minutes.

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

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

15 32.5% silica) was then added and the resulting mixture was then stirred at 50 °C for 30
minutes. Ammonium niobium oxalate (36.8 g, 21.0 wt% Nb) dissolved in 200 g
deionized water was added with stirring to this mixture. Next, 60.0 g fumed silica in 800
ml deionized water was added. This was followed by the addition of
Ce(OOCCH3)3°1.5H,0 (1.073 g), Nd(OOCCHj3)3-H,0 (0.705 g), and LiOH-H>O (0.567

20 g). The resulting reaction slurry was then cooled to room temperature with stirring.

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

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

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

2 hours followed by cooling to room temperature.
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MoLo VO. 25 Sb0. 167 Nb0. 056 NdO. 002 Ce0.003 1-10.013 Te0. 04 5Reaction

M xture A was prepared by (i) addi ng ammoni um hept anol ybdate (183.4 g) to
500 mM ofwdenowiizmd water, and then (ii) addi ng hydr ogemcparseondes3c80 W %
29.5 g) drop wise with stirring over 15 m nutes. Reaction M xture B
was prepared by (i) adding anmoni um netavanadate (30.38 g) to 400 cc water,

(i) heatingthe olutjon with stirr to 90C addl ny 10
oxi de (Sb203, 25. m@)oxﬁiﬁﬂo"c‘i‘?ﬂ'ﬂts( }8\})98%/%%@{’??1‘@“16&&%% %%Pé‘% 8 H% HDI ng at
90C for 30 m nutes. Reaction M xture A was then added to Reaction

M xture B an*‘q‘l t he conbi ned reaction m xture was then heated with stirring
at 70C for x3mptedi onal hour. The conbined reaction mixture was cooled to

70C. Silica so! (Nalco, ﬁﬁ%\%,zsg&l%tﬁ%ﬁNd%bo?@)eoo\{\ﬁSo&bf&,o@dded and the
resulting_m xture was then stirred at 50 C f 30 m nutes. Anmmoni um ni obi um

oxal ate (36.8 g, PMOERMIS 70‘?X§§18|tb%&"’?‘h‘“?@)@“&“&e%ﬁ?af@a“ Wik e Wagndadded
Wi th stirrinQedcBod Mistufd B WHE RactNekdr 2 HBResQt goctumed silica in 800 n

dei oni zed water was added. This was followed by the addition of

Ce( 00CCH) 31. 5H20Amopigtion reslky; BOCY-EN3Ersion @070 selgotivitynt? 4% oidld20 (0. 567
20 g). The resulting reaction slurry was then cooled to roomtenperature
with stifrin The resulting reaction slurry was then spray-dried in a
Niro dryer. I(1377‘1‘§"‘l)1|‘1l9et and outlet tenperatures of the spray dryer were 325
and 125C4qr espectively, Mbtotvoqsmzlém,og{mw @eoo‘;slgéo pp&,g; A portion (60 g)
of the spray-dried mat eri al hen cal ci ne di areter 25 fluid bed
cal ci ner under a Yane ¥gBxanpley exceptghe eemhingd mlfh@recaﬂ F}?aﬁét)lil dMixproroasl  was
20C/mn to SQQaQtl@[pgﬂtngngvg{ghae&th@e@@r g tenmperature was held at 630C
for 2 hours followed by cooling to roomtenperature. WO

2010/ 014206PCT/ US?@O@K@‘@K@B@SWS 74.1 Xneroxerdigni @/ % ededtivily, 8100884 onver si on,
61. 16% sel ectivity, 50.1%yvyield Exanple 8 M)1.0 V0. 25 Sb0. 167 NbO. 056

NdO. 002 Ce0. 003 Li 0013 Te0. 04 5Sane as Exanple 7 except the conbined

m xture dp RExaompledOM xture A and Reaction M xture B was reacted for 2

hours at 70C. Anmoxi dati KeS Ukt S: . 9% con n 0% sel ectivity,
52.4%vyield Exanple 9 16%8‘1".‘??'2%5"2@%%6?“&@” E ‘Rﬁjgédbz Ce0. 003 Li 0.013
Te004 Sane Senefsdixgmple?’ W@Mp@ac{ihenmm%wds reactedatd 0%F fdRd doni oml

M xture A ang R B %‘ o
Ammoxi dat i onﬁllr egﬁﬁn &) % c%ﬁ?%%?%%r%a}%g%%/g i 3 ﬁl\% a@i%cge(%at |7%ch 15
Exanpl e 10 Mdtl®how0. 25 Sb0. 167 Nb0. 056 Nd0. 002 Ce0. 003 L| 0.013 TeO 04

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

Example 11
Moo Vo.25 Sbe.167 Nbo.oss Ndo.oo2 Ceo.003 Lio.013 Teo.04
Same as Example A except the combined mixture of reaction mixture A and
25 reaction mixture B was reacted at 70 C for 20 minutes.

Ammoxidation results: 78.2 % conversion, 55.8 % selectivity, 43.6 % yield

Example 12
Mo1.0 Vo.25 Sbo.167 Nbo.os6 Ndo.002 Ceo.003 Lio.o13 Teo.04
30 Same as Example A except reaction mixture B was reacted at 70 C for 30
minutes and the combined mixture of reaction mixture A and reaction mixture B was
reacted at 70 C for 1 hour.

Ammoxidation results: 60.8 % conversion, 59.7 % selectivity, 36.3 % yield

35
28



Same as Exanple 7 except reaction mxture B was reacted at 70C for 1 hour
and the conbi ned m xture of reaction mxture A and reaction m xture B was
react ed awo200@/f@we6l hour. 20Ammoxi dation results: 59. 99CTase@wdas; 60. 4%
selectivity, 36.2%yield Exanple 11 M)1.0 VO. 25 Sb0.167 Nb0O. 056 NdO. 002
Ce0. 003 110.013 Te0.04 Sanme as Exanpl e A except the conbi ned

m xture of reaction m xture A and 25 %%§éﬁ n m xture B was reacted at 70 C
for 20 m nutes. Anmoxidation results: % conversion, 55.8 %
selectivity, 43.6 %yield Exanple 12 MOJA V0. 25 Sb0. 167 Nb0. 056 NdO. 002
Ce0. 003 Li0.013 Te0, 04 30Sane as Exanple A except reaction m xture B was
reacted at 7Uhetisglimed isi nutes and the conbined nixture of reaction mxture
A and reaction mixture Bewda hieaakifgl adblid Preburk@io h MRBA oxiBEERA] gsi%f 48
results: 60.8 %conversion, 59.7 %selectivity, 36.3 %yield 3 CLAI M5
What is cPaiiedroducing acrylopitrily 195 Risthastyloniiziie fipmy @epz}ne OF etsabwsie ty a

m xed oxi de gahatidstionl Bra PSBow pHAsPERE YEhRS @APHsPBI the lelefeffs molybdenum

met hacrylonitrile from propane or isobutane by anmoxidation inh a gaseous
phase sai d c@fal yapedisenyd; atiggny k) eriabiam GToiorygsad Rurrridvagthod eomising (V) ,
antinony ( Shhakifid opulegat{ohlb}mxtaeey%&pﬁmg & 8l dyb&dn0ed cSﬁ’iBPt'iddS' DOvaBdihAY @
reaction mxture conprising a nolybdenum conpound, a vanadi Um conpound, an
ant i mony coWﬁ@HﬁHndaﬁuahW®?@©éWnH@W@xﬁﬂéIWWWQQEWﬁﬂéakd“m@E@lﬁ@ﬁ reactipnxt ur e
is prepaxgd t denum
compound. Can e B g oy e B e g
with source mrmwﬂzd@dftber varagiumeeaainoung) wethaydrigsn poiex e meigr |t<nmu>heg witeed

oxi de catal yéohrc\én%;rg,b "RHhe RmdWAL BUARNASICANIAE i IR niRed bl kstm)' ar
rati o of hydrogen OXI to antinohy I1n the catalyst is In e range of
0.01 to 20; whmaﬁ@nmhetrof@mwpgmpmgﬂ@ﬁwdag sugh thhernplewltlmoﬁgydwgemme@xtdg form

the solid pr IEE‘%{: d, I m; t he
nol ybdenum ctg%{gﬁlﬁgy fnsthgocﬁtaé’(sz% %-ggt H% fdéggﬁlod%dgggé?udﬂ e?o&}%n &SA i}

Mo- per oxilfe tthemsultloglmmtetméormwesﬁeiper um conpound is nmixed with

anti mony compound to make a V-Sb reaction 20 mixture and the V-Sb reaction

m xture is contacted with said M-peroxide reaction mxture to forma
conbi ned Mo- V- Sb 2 eactlihemathodt agcerding to claim 13whetéip thﬁemhkyddemilmcdoaipmuﬂd s

wherein the V- 2R eagt ure of be en
about 80 C tcé)n tc?ﬁtw fh?(tif)?g% h%rgr%éi ‘:}(r)e g@o%e%)%% G ‘%)ofﬁm}ﬂf %it}r?fnut es,
prior bei ng coadiamt esnpuiund is hmeb-vpehr anxtlmhmyr eaopduod toi maluar @.V-Sb reactibn The
erper at 66 BIUBSE b PBre RSt b Tt Rt R ig SR Ssedina ¢

t he Moper oxi sixture acforran combingd do-V-Sb reactlon letu&. The met hod of claim 2,
wherein the conbined Mb-V-Sb reaction mxture is heated at a tenperature

| ess than or equal to about 80C for at |east about one hour, prior to being
contacted with the sourheenalodpafiids %, ovheteirethe &iv8b meéacgorenditeetis headd aianed i n

the m xed OXIercril%er%l% & cl)fyt;settWeen about 80 °C to about reflux temperature for about 15 to about 45

25 minutes, prior being contacted with the Mo-peroxide reaction mixture.

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

peroxide reaction mixture.

30
5. The method of claim 2, wherein the combined Mo-V-Sb reaction mixture
is heated at a temperature less than or equal to about 80°C for at least about one hour,
prior to being contacted with the source compounds for the remaining elements
contained in the mixed oxide catalyst.
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WO 2010/ 014206PCT/ US2009/ 004355 6. The method of claim 2, wherein the
conbi ned Mb-V-Sb reaction mxture is heated at a tenperature of about 70C
for aboutwOwolomawos, prior to being contacted with the ®ouruseocvomssiinds for
the remaining el enents contained in the m xed oxide catalyst. 5 7.
The nethod according to claim1 wherein the vanadi um conpound is contacted
wi t h hydrogen pe[ﬁm de to forma_ V-peroxide reaction mxture and the

mol ybdenum conpouhd i s hi"n%}éf’dvﬁftcll?“&r?t’ P"rli’ﬁﬁ"?yl @E)Fr?}BEFﬁEd Mo-Yrslbgeagtigp megure
reaction m xistHegte@Rla ttéi@emuémfrasaﬁwoem £60 ablolf Bvd Boued) Pride teBkiMy bohtscadad
V-peroxide reaction 10 m xture. . The nethod accor di ng to claim1l
wherein the ¥Hbi t]i‘ﬁ)?ﬂ}‘r??o‘f%%ﬂ&’ﬁﬂdsl for élafnfeg@fréeg glemsnts \Fariaes nbélrf'owmé elef or m a
Sb- per oxi de gfagdki on m xture and the nol ybdenum conpound is mxed wth
vanadi um conpound to nake a Mb-V reaction 15 mi xture and the M-V reaction
mxture i € contacted with said Sb- per oxi de reaction m xture. 9. The

met hod according 40 Clﬁfe%éthw%c%kﬂn% RS c1Rh A whkinOthe fvahidm L QmpBudfis N the
range of 1 to 2. 20 d according to claim11 wherein the

cat al yst confitasted with; byétpgeé(m@x&e tchéoremau Yingegxideoreaefion: mixture and the

Mol VaSbbNbe Ted VB X XompMiRd & Rixelf G Harkn ) S ool € Iﬁéx&ad Mo”@& AaStion

sel ected fromthe group consisting Rb; can be one or
mor e sel ect eaityrigrandHbe M@ Sp reastisn Smlixf\’@e of Conf'acteﬂi WltBr?ialdGb’ -pepyxideHfeactiond Z
can be opg OhiJipke rare earth netals selected fromthe group consisting of
Pr, La, , Ce, and Eu; and wherein f < 0.6, 0 < g <0.1; and nis
the nunber of oxygen atoms required to satisfy valance 30 requirenents of
al | other elementg preggnfehfy taﬁ,%rcﬂﬁ GHTRRh M eﬁdqﬁaepz{n?i\ﬂioi? H%Buﬁ)d‘g
nore of the other elenments In e cursor can ]be_ present an oxli dation
state | ower ¢tdntastedt withihykwgen (pmodaiel onfosnag Sb-perodde egacihn eyixtire amd thy
represent th r e I

sai d cat al ys’t%()%g%qlpr %’E‘n’l‘%“g‘ﬁ észzﬂl?(seg%&h gﬁ%g@h{‘%ﬁﬁgﬂﬁ%m%g%gﬁl %%%‘3908 | ai m
1. 35 W0520bdvtrt 420 6RCMGSS2 GaSi@0hB8aEre is contadted withe saiditShlpesaxidec actitinng t o

claim 10 V\,her in Xis Li. 12. The catal yst according to claim10
wherein Z is set'llected fromthe group conprising Nd, Ce, and m xture of Nd
and Ce. 5 13. The cat al yst of claim 10 wherein b + d a. 14 The

cat al ySt Of Cl al 6 V\’fﬁ{ e n]?] atCCOI'dII‘IgQO Eesum }O%CTCIH t%e motlar I'E(:I:LO &CI-?bczil

claim1l further corrprl sing
in the range of 1 to 2.

20
10. The method according to claim 1 wherein the catalyst comprises a mixed
oxide of the empirical formula:
Mo, V,SbpNb TegM XZ;O0n
wherein, M can be one or more alkali metals selected from the group consisting
25 of Li, Cs, and Rb; X can be one or more selected from the group consisting of: Y, Ti, Sn,
Ge, Zr, Hf, and Z can be one or more rare earth metals selected from the group
consisting of Pr, La, Nd, Ce, and Eu; and .
wherein0.1 <a<1.0,0.05<b<1.0,0.001<c<1.0,0<d<1.0,0<e<0.1,0<
f<0.6,0<g<0.1; and n is the number of oxygen atoms required to satisfy valance
30 requirements of all other elements present in the precursor with the proviso that one or
more of the other elements in the precursor can be present in an oxidation state lower
than its highest oxidation state, a, b, c, d, e, f, and g represent the molar ratio of the
corresponding element to one mole of Mo said catalyst made from a precursor made by
the method according to claim 1.
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precursor, by contacting with flowng gas at a first heating rate greater

than about 15C/mn until the precursor mxture attains a precal cination

t enper at we 20fo/naeto6gr eat er t han 400C. 1516. The net hod aecoruseeng/ovsssl aim 1
further conprising heating said precursor, by contacting with fl ow ng gas

at a first heating rate greater than about 20C/ mn until the precursor

solid mxture attgins precal cination te rature, of .not greater than
300C, and cont actﬁng é@‘@(ﬁ’f‘u‘ﬂlyﬁéﬁ‘fqr&‘@gF%‘flémgp(g‘é(sgfmtsﬁb?rlr"about 1C/ min until

the precursor solid mxture attains a tenperature of between 300C and 650C.
20 17. A net hod of_ a idation or_oxi da&i.oglrof a sajurated or unsaturated
or nmixture of satldrat edc£ARYSnCSeTdMg: oA HPH OV ITHB ’tscfe%f’ g dfom the eroup
unsat ur at ed niprising N¥, CRNandSiRtued atieédlay @ani ¢ aci d, said net hod conpri sing:
physi callg m xing a dry netal oxide catalyst and a performance nodifier to
form 25 avcatal yst m xture, wherein the performance nodifier is selected
fromthe group consi stiRGa@fys@rUiRYIWHRPYREGS: o ant | NONy conmpounds,

arseni ¢ conpounds, boron cofpounds, cerium conpounds, germani um comnmpounds,
| i t hi um conmpounds, neodyni um conpounds, ni obi um conpounds, phosphorus
conpounds, sel eniym CGI’EQSH&%]&’O LAalh 3l W G2RYNEDe. titani um conpounds,
tungst en corrpoundls,' vanadi u 35 conpounds, zirconli um conpounds, and

m xtures thereof; and contacting the saturated or unsaturated or
mxture gh saturaied and HosghULRLAthd S ASAM RORMEL RoABOKY 9RAEONLA N N
gas, or wth an oxygen-contal ni ng ga§ and ammmoni a, In the presence of the
cat al yst m xpreeuesorwhecentacting with flowisgigds dt ¢ et héatingirdie greaterd {heh absutnade

froma precu . - i .

b030/ 014200 P RIaRE) %E&%ﬁrsg%wrf%aﬁﬁgécdﬁ%aﬁg“ét‘%%/\gﬂpéf”rﬁri‘/’,f "0HEFETn a
per formance tmd#dd°€r conprises antinmony (l111) oxide, antinony trioxide
(Sb203), antinony (Il11) oxalate, antinony (Il1) tartrate, antinony (V)

oxi de, antinony tetroxide, Sb6013, germanium (l1V) oxide, telluric acid
(H6Te06) 15t i t ani uid. di Ghiedmehdil 0Rrordiigr corilaim A x futthe LoMPyising i Hdatingn said
hydroxide 5 (LiQOH),.,ceriu I ide. or 1L xture thereof . 19. An

i nproved net oo M el b¥r§ Ptﬁﬁrpmg VE)&rﬂégfljorwsm Soagannfiirﬁégeagl?? Jatelf ag?rytsl"tanfa(?f’utuse in
produci ng ac2¢/Comintunitil ¢heopresnedon aolid Inoxtuter attagnsf a4 precgciogametemperamod uf aste by

ammoxi dation in a,ga S phas aid catal yst conprisjn he el enent

ol ybdenum 18ENROT SRGr T oF TP bR ES BRRET IPT ahiL 165 R PB8) um
(Nb), oxygenthéPlecurséad sdlidatixiot attaifp b itchpegatire lof hegwaen 0T hoh6J0°Rt ure of a
nol ybden conmpound, a vanadi um conpound, an antinony conpound, and

hydr ogenlég]er oxi de, wherein any one of the antinony conpound, the nolybdenum
conpound, and t helwanaslinéfMod @famaictidatibh oh yidmiparofaesaaxated opnsaturdtal o6 Xi Ng
with the remaining_ingredqients wherejn amunt of 15 hydrogen peroxi de used
" Sucht hat THVEDS TRGAGRS hoUF Y PREP BT Bipdisk PO ATETSS ) voy
is in the rangeuefedor@anid &£idGaid method comp@singhe met hod of claim 1 wherein

t he amount of hydroge eroxi de used is, such that nolLar ratio.of hydrogen
bor ot do 1o ant } RS TG Gt e b TR ognatsg it 4o Ko ©
21. The mst hpdapliyst Infikfirdl Whediai the t feefoanmitst modifiby &y agedted drdaxithe gispd i S
such that nolar ratio of hydrogen Qeroxi de to antinony in the cgtg{ st is
in the rangecqypls@x}%o? aluminugi compounds, antipoeay ﬁgxglﬁglamd&far NG FeMPARALS SOFP™ND i s
supplied as goridRREL McERHROBBRAPEHAS, S%d'nﬁgniﬁxfn Néoatpolin®¢i Hthiwth ORosFbuUNdS,

hydr ogenoxal at e, ammoni um ni obi um oxal ate, or ni xture thereof. 3023. The
met hod of ¢l BSOS THHAEHRRNNES eNigRIM T (SRERE RS0 RIOSRIOTYS o (SRTP LIS o Sele Ry

about 0.01 npdrﬁp%u‘?@i 416 @bmPBunids) thtixuil ¥R owRI Sin@XdndRnipBhilsy $dnadium
composit |3%n' compounds, zirconium compounds, and mixtures thereof;, and

| contacting the saturated or unsaturated or mixture of saturated and unsaturated
hydrocarbon with an oxygen-containing gas, or with an oxygen-containing gas and
ammonia, in the presence of the catalyst mixture, wherein

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

35 claim 1.
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18.  The method of claim 17, wherein a performance modifier comprises
antimony (IIT) oxide, antimony trioxide (Sb,O;), antimony (III) oxalate, antimony (III)
tartrate, antimony (V) oxide, antimony tetroxide, SbgO)3, germanium (IV) oxide, telluric
acid (HeTeOg), titanium dioxide (TiO;), zirconium oxide (ZrQ,), lithium hydroxide
(LiOH), cerium (IV) oxide, or a mixture thereof.

19. An improved method for making a precursor to a mixed oxide catalyst
for use in producing acrylonitrile or methacrylonitrile from propane or isobutane by
ammoxidation in a gaseous phase said catalyst comprising the elements molybdenum
(Mo), vanadium (V), antimony (Sb), tellurium (Te), niobium (Nb), oxygen (O), said
method comprising making a reaction mixture of a molybdenum compound, a vanadium
compound, an antimony compound, and hydrogen peroxide, wherein any one of the
antimony compound, the molybdenum compound, and the vanadium compound with
hydrogen peroxide prior to mixing with the remaining ingredients wherein amount of
hydrogen peroxide used is such that molar ratio of hydrogen peroxide to antimony in the

catalyst is in the range of 0.01 to 20.

20. The method of claim 1 wherein the amount of hydrogen peroxide used is
such that molar ratio of hydrogen peroxide to antimony in the catalyst is in the range of

0.1to 5.

21. The method of claim 1 wherein the amount of hydrogen peroxide used is
such that molar ratio of hydrogen peroxide to antimony in the catalyst is in the range of

0.5to0 3.
22.  The method of claiml wherein Nb is supplied as a niobium compound
consisting of niobic acid, niobium hydrogenoxalate, ammonium niobium oxalate, or

mixture thereof.

23.  The method of claim 14 wherein the performance modifier comprises at

least about 0.01 moles per mole of Mo in the mixed metal oxide catalyst composition.
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