; >?@\e3e {ttul wwFz64{T{ SUPPORTED M XED METAL OXI DE CATALYST The present
|nvent|on relates to an i nproved catal yst for the OXIdatI S or a
m xture of al kanes and al kenes to their correspondi ng un Mm@w @m
carboxylic acids by vapor 5 phase catalytic oxidation;
maki ng and supporting the catalyst; anfd to a process for the *GHPOr phase

catal ytic oxidation L d al kenes to their
correspondi ng unsat U&MM—@%@ L% Dﬁb&aﬂ élanenu on al so
relates to a method of producing unsaturat ed nitriles by subj ecting al kanes
or a mxture ; al kanes and al kenes .t o vapor 9 2se cat? ?/ ?%l dation in
the presence ORBiEHREhINYENTPH rRiPES [0 40 mPEyed, catdyst dpnfhe Axifatang! afgnes ora

net hacr y bt dflafandiame alkeeR th E}Qﬁ':‘eb{xb@bhd‘in@ﬁx%dweﬁéh a@sbdxpliehdigdiyalgs: for the
preparation of fibers, synthetic resins, nt hetic rubbers and the |ike.
The mbst Pb@ﬁptﬁﬂtalry“?rﬁ’éllﬁl@iwnf bra ipeiberel KBTI SpRariin e catalys; aukipedrocsss

ol efin, ?&Hh‘e %oﬂ I2REDR P &3 MB%P%kf&Qoﬁq Frikele Nk hfkdﬁe‘é%ﬁ%hﬂé‘ne‘é‘té fhef2MTONI A
and oxygen, in presence of a catalyst, 1n a gaseous phase at a high

t enper at ucpxeaspﬁnbnvmunsamaﬂtqﬂsnénomnc wohdlet preggnt ihventoe abe rdates® amaheded a

e

mechani cahpoy phaskicglyac WxiShHdMiDtiexprekenand aanBiniaCe- Mo- W O oxi de. However, in

! Sondfane and HEBEULERS SRTTRRIT B TG BAGN e aHe FONRE B PORRER of o

net hod f q¢ inRrREUEHHthr AR REFYATRAICE FibéiS, sQhthemR BRI, ¥ RtCribRrdMnEdRe like.
anmoxi dati on reaction wherein a | ower al kane, such as propane or isobutane)

is used d8e mostroPHiahgehad &qripapduciag quehenifrdesda oatuPiericas Alsfiny gueh e BraRFich

anmoni a YRR d DA BasREYS W3R Endyih DX PERSENAEpRLene 681 hy5g . I N
parti cul g?go%ﬁsrfg %A mq‘ytNo 5,281, 745 crlll scl oégés a met % en for prod%sm ng an
unsat ur aureazlgfrsbcou’smhﬁeclbni:rghgqugergtut@} &oowrmgatdmstafman@uamg @rsrreasiian i n t he
gasequs st o cat.al |n the presence of a catal yst which
sati g?l ed’© dg cl\g% ?tﬁ@ﬁ%a% ?Voiﬂg ala rret al oxide catalyst is represented
by the eopShilc&INi-Orcomalyat, Mnab’sniltée&(ﬂ@t WHeSbeWRP-X casal gdt amceasamlgasne el enent

£1 1 ani un? PGPSOt RUE AN * She ol Chy Re G iag: Plorgro 30 IO um

cobal t, Emﬁéwmherﬁxﬁkﬂiﬂerd}\a& badfbuf@ropdllahl1dllplfﬂ$per&nbﬂ tliﬁlmgle,n 1hjb$1niblé bad bor on and
cerium and, when a = x =0.0l tol .0

and n i siSROWERDHATedigR Ik}ast tl’f'ﬁf‘ dt"‘i”‘f"etotdﬁftd&l"e]%m%%@{/aBFﬂpﬂéorrﬂP@ﬂc”@l enents is
sati spi egmyﬁ)‘ﬂﬂrlle or %e(k%);ryﬁ&]ﬂn i€ Ay ShmEadarin t@¥i6H Whédmta 10N NBAIE, sakh t he
following angles ( 0.3) of 28 inits X-ray diffraction pattern: 22.1, 28.2,
36. 2, 453PPAeIy IVbUBHGHIl wed ys a Saisiasaverphiped bheiitabdicaly reagpd et i on

Publ i cat ron, JNp 18 0%y e%qggl 94e584 1%3 émelhé'rﬁreﬁgge &fa DAyt ! e preparation

conpri sing reacting Kane in a gas phase contact 5 reaction with
anmonia in thé mm@@émrc@ SoPatantrNocéc%ﬂrﬁﬂéﬂldeEde nesahadl| fgssprogicinghan f or nul a

VaVbTexr %saturated nitrile comprising subjecting an alkane and ammonia in the gaseous state to

25  catalytic oxidation in the presence of a catalyst which satisfies the conditions:
(1) the mixed metal oxide catalyst is represented by the empirical formula
Mo,V TecX Oy
wherein X is at least one element selected from the group consisting of niobium,
tantalum, tungsten, titanium, aluminum, zirconium, chromium, manganese, iron,
30 ruthenium, cobalt, rhodium, nickel, palladium, platinum, antimony, bismuth. boron
and cerium, and, whena=1,b=0.01t01.0,¢c=0.01t0 1.0, x=0.01to [.Oandnis a

number such that the total valency of the metal elements is satisfied; and

NN
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wherein X represents one or nore el enents selected from niobium tantalum
titanium alum num zirconium chrom um nanganese, iron, ruthenium
cobalt, 10 rhodium nickel, palladium platinum anti nony, bisnuth, indium
andcerlumand whenazlb 0.01,to0 1.0, c =0.01to 1.0, x = 0.01to
|.0 and n is determ ned by the oxide f20rmof t he eI enments. U. S. Patent No.
6. 043,185 al so discloses a catalyst useful in the manufacture of
acrylonitrile tmah%fif b{ls@@htymh@mayontﬁamqmrélfmdv@ng £R0dsi(20.3PbridRen r@por
phase of a para f| n 15 selected from pr opane and i sobutane wi th nol ecul ar
oxygen and ammoniarayyiffractainypaitgnciint’adt. 2eB6.2héS 2tast ¥i’s in a reactl on zone
wth a catalys erein the taI t.h |r|c f
Vb Sb~Ga~XOX V\;llél}llém Jelgane%e .1(1)r Mﬁer)ft lu,a.ﬁ.lgn 1caNb ‘1‘6%?\%:’17% Zr ,
M’l Fe, RdisclQses a%thdtllo,fnﬂﬁlelﬁd:paﬁtlpn qu;irmng(ﬁeqctlﬁ@an dlkane@ep gBmphafl qonMpt Pr an
aIkaI| met al and}an al allne earth ! lwg g } g ?01t0099)
c = 0.1 {BOERGHTNYTRIn g PESEIce g FERgeg it 9XE Brile3t of e deudi med by the
OXi datl on state of the cations presenMTeioat urated carboxylic acids, such
as acrylic acid and nmethacrylic acid, are industrially inportant as
starting materials for various synthetic resins, coating materials and 25
plasticizers. CRIEROCHPlekdhts dR®r fldfd @thel¥ Q&8RS nfoﬁ‘{ nidGa! hetaRe, d
manuf acture involves a two step catalytic oxidation reaction starting with
a propene feedtitanigms flamfriups girepngge chignvyameanggnesenipar Lighgniug., @bl ei n over a
rodi f'ﬁd bi smufRRl ¥REat Sucaha e%%nun{ Qm‘irﬁ&f Q{Rgﬁl &Hmﬁmd%‘éﬁﬁi &g, Product
fromthe first stage I's convert to acry acid using a catalyst’ conposed
of mainly nol ywbemenl dnd 0Pamadluns ORIl tes0, A 70Gbse | 0ases js deteeminad by yet
formul ations arc ri ry to the catalyst supplier, but the
technology is ?Né?jel Q’gg @f’eﬁ'ﬁ% & Moreover, there is an incentive to devel op
a single step Ulsoeasm N® GO B N&T ﬂqd dneclmslasatanaslystte@bfaon dn.fm:mnfalctuﬁe of
correspondl ene. Therefo & prior art. describ ses where
conpl ex n@c&régm&gpaémethacrylommle ythe catd ytic reaction in the vaporpnseo a paraffin

15  selected from propane and isobutane with molecular oxygen and ammonia by catalytic

contact of the reactants in a reaction zone with a catalyst, wherein the catalyst has the

empirical formula

Mo, VpSb.GagX.Oy
where X is one or more of As, Te, Se, Nb, Ta, W, Ti, Zr, Cr, Mn, Fe, Ru, Co, Rh, Ni,
20 Pd, Pt, B, In, Ce, Re, Ir, Ge, Sn, Bi, Y, Pr, an alkali metal and an alkaline earth metal;

an,whena=1,b=0.01t0099,¢=001t009,d=0011t00.5,e=0.0t0 1.0and x is
determined by the oxidation state of the cations present.
Unsaturated carboxylic acids, such as acrylic acid and methacrylic acid, are
industrially important as starting materials for various synthetic resins, coating materials and
25  plasticizers. Commercially, the current process for acrylic acid manufacture involves a two-
step catalytic oxidation reaction starting with a propene feed. In the first stage, propene is
converted to acrolein over a moditied bismuth molybdate catalyst. In the second stage,
acrolein product from the first stage is converted to acrylic acid using a catalyst composed of
mainly molybdenum and vanadium oxides. In most cases, the catalyst formulations arc
30 proprietary to the catalyst supplier, but the technology is well established. Moreover, there is
an incentive to devclop a single step process to prepare the unsaturated acid from its

corresponding alkene. Therefore, the prior art describes cases where complex metal oxide



3 catalysts are utilized for the preparation of unsaturated acid froma
correspondi ng al kene in a single step. European Published Patent
Application No. 0 630 879 B 1 discloses a process For producing an
unsat urated al dehyde and a carboxylic _acid which conprises subjecting S
propene, isobutene or tertiary but anoB to gas phase catal ytic oxidation
wi th nol ecul ar oxygen in the presence of (i) a catal yst conposite oxide

represent?Qggms&g%ﬁﬁg&ﬂﬂlﬁepg%ﬁnhgﬁ&ﬁﬁﬁﬁkg&g§&%ﬁWﬂﬁfﬁ%%ﬂ@ﬁ?@%ﬁ%%&?@%}Nga1

and/ or Co represents at st one enent selecte
Mj) Sn andinglestef. represents at | east one el enment selected fromP, B, As,

Te 500 Bl B GRS B PRI SRR o7 K

<_ 10, O $rdalusing A0unsQugated aldehy@DandQ carbogylic RidanitlciKcdmmgises stdjetgngdependent on
the oxidation state of the other eIenen;s;(ard.lS.gl%% @]nnkybdenun1oxide
whi ch Pn iPFPERS SPRUERRAREHIHIY BP0l P EIHPRAY calic gRE iHbYE RateE i qryeen

oxi dati on it Mepre@dticégr t he corresponding unsaturated al dehyde and unsaturat ed
carboxylic acid. See also, European Published Patent Application No. 0 962
253 A2. Japanefbk Lat tiaperompasknoxigpispiceeataddy tiuformelat i on No. 07- 053448

di scl oses the 20 manufacture of gemiyflr® 8% 6 By the gas-phase catalytic

oxi dation of propene in the presence of m xed nmetal oxides containing M,

V, Te, O and XwhethiarderepregertsNaandfas&ot B sensesets RpcasTeane ejgmepit selgged fRm)  Cr,  Mh,

Fe, RL]'O Co) Rth'.\-kl)l, dDddMé,Dgn arﬁpr, I@mpx@sen!srlt lekrgt ’ony@lem&t sgf@ctcrpﬁorﬂ@&oﬁs,
Te, W, Sb and Si, and D represents at least one element selected from K, Rb, Cs and
Tl, and wherein, whena=12,0<b<10,0<c 10,1 <d< 10,
0<e<10,0<£f<20,0<g<?2and x has a value dependent on the oxidation state of
the other elements; and
15 (ii) a molybdenum oxide which in itself is substantially inert to said gas phase
catalytic oxidation to provide the corresponding unsaturated aldehyde and unsaturated
carboxylic acid.
See also, European Published Patent Application No. 0 962 253 A2,
Japanese Laid-Open Patent Application Publication No. 07-053448 discloses the
20  manufacture of acrylic acid by the gas-phase catalytic oxidation of propene in the presence of
mixed metal oxides containing Mo, V, Te, O and X, wherein X is at least one of Nb, Ta, W,
Ti, Al, Zr, Cr, Mn, Fe, Ru, Co, Rh, Ni, Pd, Pt, Sb, In, B, In, Li, Na, K, Rb, Cs and Ce.
Published International Application No. WO 00/09260 discloses a catalyst for
sclective oxidation of propene to acrylic acid and acrolein containing catalyst composition

25  comprising the elements Mo, V, La, Pd, Nb and X in the following ratio:

Mo, VpLa PdyNb.X¢
wherein X is Cu or Cr or a mixture thereof,
ais 1,
bis 0.0l to 0.9,
30 cis>01t00.2,

d is 0.0000001 to 0.2,
eis 0t0 0.2, and

f1s0t0 0.2; and



Publ i shed I nternational Application No. WO 00/09260 di scl oses a catal yst
for selective oxidation of propene to acrylic acid and acrol ein containing
catal yst conposition 25 conprising the elenments My, V, La, Pd, Nb and X in
the follow ng ratio: Nb~VbL~de~Nb,;X£ wherein X is Cu or C or a mxture
thereof, ais |, bis0.01 to0.9, 30 cTs >0to 0.2, dis 0.0000001 to 0.2, a
is 0to 0.2 and f is 0to 0.2; arid 4 wherein the nunerical values of a,

b, ¢, d, a and f represent the relatlve gran}aton1rat|os of the el enents
Mb, V, La, P&PeRE Granmericbebeec! vt §,¢ A HEPERPAIN SR Ra%) enent s are

present in cemfek bRtk eRmehd MRXY U8MPd, NBIREKC fedpectiMIL Ik iNdQataBlkSMdARNd St for
produci ng acréllc acid using a | ower cost 5 propane feed. Therefore, the

prior art de$ERIcHSgresser! ipRAPRINAIR WHKGYS%et al oxi de catalyst is used to
convert pr Op%ﬁlrﬁ&m?%&hﬁ&s "E’rﬁb gxxkﬁopﬁﬁdtﬁqﬁp&rﬁc §61dP§1tn§ 'atloxm cost» 380, 933

di scl oses a net hod produci ng an sat urat’ed carboxylic acid conprising
subj éct ipmepaanfead kdwesfare the prigsert dpsrsibes @easathgtairca axkabmelohoxideanatalyshisi n t he

presenc SQIM%Ogﬁﬁtf%?$i%3%b%k@?9$é§w jxed metal oxide conprising, as

essenti a one nd X, wherein Xis at | east one

el ement sel eﬁ&d’nfenom.tSk%O@r_’@dpclomairmﬂlhqalgoqhoamcmgj anmnsatamtealcmmpxwinngst en,
titaniu al um.nu V4 con| ron r ut en| um

Cobart - A E gl Bt s Fh Pl BasERE AR S aasied i & B b on

i ndi um @mlex&erolfumtalgndommrr@annm(aemptrabmdetdocfrqslsmg ztshesemﬂpempdme&massent| al

co ne et nmount of th ssent i al onent s,
oxclsi VES.OF 6x§§8‘ﬁ§ whIP lstahga%tam HEPRY SqlgcteEir %&P.t%ﬂvpp nsigingesie ¢ (Vo) <

0.98, 0./ tidiMhimStulgsten, Bk, Slufrﬁlm ziredhitn, @RbruROBargahds®)iron, 0. 5,
wherein and r are the molar fractjaons of M, V) Te

V), r(Te)
and X, r"@gﬁ@'&‘ﬁ Wgﬁliﬁ‘ll%@d“%‘ﬁl PH dt%‘t RlAtigpm ANimopy-tin sl borm, Wivgbponent s,
excl usi ygg Qénu%m@whe@mhe %Bganmt&rtmupea% eQRRd] €8hp&RntNOHasdR QR4 29106

di scl oses a catal sel ective oxidation of propane to oxygenated
pr oduct gotplrpenagds %hwsqmtmlccompmentmxf@lswewf andeacetsiy thedpldowisai d cat al yst
SYSH%”‘QQW&ﬂkﬂFQQ a catal yst conposition conprising MaVeGa~; PdaNbeXr

rein is at | east one elenent selected fromlLa) Te, Ge, Zn, Si, In and
W a is 025 26Mp) k9.98, 0202 o1() ¢,0.T 09802 < Ocb dns! VAFCOOEDE OtSowber@in a i s >0

to 0.2, r@\;f(%, 1(V), r(Te) and r(X) are the molar fractions of Mo, V, Te and X, respectively, based
on the total amount of the essential components, exclusive of oxygen.
Published International Application No. WO 00/29106 discloses a catalyst for
20  selective oxidation of propane to oxygenated products including acrylic acid, acrolein and
acetic acid, said catalyst system containing a catalyst composition comprising
Mo, V,Ga PdyNb.X;
wherein X is at least one element selected from La, Te, Ge, Zn, Si, In and W,
ais 1,
25 bis 0.01to 0.9,
cis >01t00.2,
d is 0.0000001 to 0.2,
eis>01t00.2, and
fis 0to 0.5; and
30 wherein the numerical values of a, b, ¢, d, e and f represent the relative gram-atom
ratios of the elements Mo, V, Ga, Pd, Nb and X, respectively, in the catalyst and the

clements are present in combination with oxygen.



f is 0Oto 0.5 and 30 wherein the nunerical values of a, b, ¢, d, a and f
represent the relative gramatomratios of the elenents My, V, Ga) Pd, Nb
and X, respectively, in the catalyst and the elenents are present in

conmbi nati on with oxygen. 5 Japanese5Lai d- Open Patent Application

Publ i cati on No. 2000-037623 di scl oses“a nethod for producing an unsaturated
carboxylic acid conprising subj ecting an al kane to vapor phase catalytic
oxidation in res l.ys formul a
Vovanbb-z-0r BRer T g PR TRt bR A RS PRL b e gr oup
consi sti mgthoﬁ foT@rcamdmﬁbn uxZ.amsatmcql eaglic @itcconlpeivinsulsadiag e dikiimeam t he gr oup
consi sti n Pt
Ag, Zn, Yo Kf“se @%H‘%OX’%&O“ sh‘%eé'ﬁb"“?ﬁ‘l’\@‘ca‘r‘?y“ ErVéﬂf-'?ﬁr F‘Hp‘é‘F%JRR%h‘t‘%“ and

al kaline earth el enents, 0.1 S aMpVINGX 8,01 Sb S 1.0, 001 5¢5 1.0, O
< ds<_ 1.0 and n is determ ned b¥ t he oxidation state of the other 10

el emehts. DesHharen s ablpt suefdtaadt splciigim the sprgvraestingwf dnand $hroved

m xed netal qghdeds@at@éraﬁénssér&tedtr% %Ioetﬁlblcerwmgetha@sf:t @i, RSt ur at ed
carboxylic acids and f he ammoxi dation of al kanes to unsat uraf ed

nitrites) and\’I\Wrﬁq ’éetlﬁe Cé?d@brtNlo?Fl &t A2, Lddp okl Caedin pe. 8N, R Py hes e i ve

catal yst can I, es, of tal yst, such as crush
15 strength aér‘i‘l ﬁ%gttégﬁprﬁg%%u%@hd@%g&g Pelc“tzs |1r9t pﬁe%}eacpor one

i npedi nent td)mhecsrloouosg ®A 1 0fand n GOdBEIERMricd by Yhevixadakien preoess olel’ such

catal ytic oxinegeatr ons is the identification of a catalyst providing adequate
convetsi on arftPRE: abl e sel ectivity, thereby providing sufficient % yield
of the unsat up@peshnphesldGloted Biteht8 158 S8 hew RVERIp:ARd nliXRIBei@r € provi ded
catal ysts wherern the performance is 20 enhanced bé(h&gpportr ng the catal yst
i n accor eradfcetahrstsior He opidpting qf |alkangsde Bpsqturgtet carbogy sappordt al yst is
SUPPOT t Sty fixiaflich s hrctiRRPbshhecd Hikitds Ui AL aaf 4RO Ly S@t)rt%t Bp that is
prefornmed (e.g., a foam a nonolith) a fabric, or otherw

cont act i@ th ackive pasalpsical yaprovedhaspilysicalppyrsrtics n@thc Fuiblybidsus nsv:roﬂnl S uppor t
Strugd ur&tehgt‘ﬂtnnd ?edf.r?erdg}?gs&rg dthp eft?étg {ngpeact(oﬁ%he 08 eﬁ%&% tﬁéa mt/lsl%mofsl

conposi tion-conprising said ; or a su e porting or not)
25 conpri mmgelplraérc wtpblteavtce:dssafmd srmalceuaryed oalldutmnna tthldaﬂB‘;can@mf agpiatys|
partially stabhilized zjr i (

al um na/%f’?‘?@g afl‘::qélgtrc.%%\f&gsqﬁls%d[ ua%te qcfetcﬁng *Fe%%%\gl"% 'lr\%%fﬁcrlcnt%o%eﬁnt ext of
a suppord)ftBetmn,scmxmt&elpmams t hat the support structure will support its own
wei ght sufficfent t ad|t|onaI re for carr in acatalyst
maybe avor ddt O PR iERi Be PR eR Y o S BRI Tr of o 2ol y
t he 2t adnpraitcad eyrpdzpwadzgnmb ctatneysprneeaﬂaamcowehuhmmarpes SEpPOFbeastinge,a

t h t f t t tact|
cat oty st BRFASE T EPOTRU. AP G O PRG SHUMEPOH HEREDA  BEF uct ur .

(ii) forfsine @. gCQrfB:QﬁlzIméﬂthQEmz[‘drﬁl d?g)tﬂch\els@alﬁtahbéﬁtwm&téd anmbfcatsuaportl ng,
rrultrdrrrensronal stru (ri1) adm xi

éjhe catalyst with a
suppor t w55l e UPRYiRG SR pfe&r%?n@htueao Hencwas @Pwésorar Fﬁ%teFX“NBéZ/jOSaSt Wordierite,
parti al | ¢h&tvdl) frbmtoRipb&QRH GonrisMb WaTBAElyst 6k SubRET (selFBdffporting ofindt) I St
aspect, the present invention provides a catalyst conprising a mxed netal
oxi d& haqmmﬁtna@r?ér%tﬂrerieactCttermhan%a\{m&a_axmowltwerléthhst@ t‘@d&tlcql‘é’ast one
el ement égs%tagﬁxtzgdjwfth MQG Bec415) Q¥ RluGMbRITch fbGr. PAs Js%d ﬁ&ng‘QeH)& 1tﬂ~%\ 'l east
one el enent selected fromthe 'group consisting of Nb) T

Cr, M, iBdghe @otexCyfa $9ppad strupture 1Bgans fat the sumttsg@ctuu\gvrll@g)pogmts op_vp |\|a K
Rb) G, \ ) Er,

Vb and Lu&ghtggfﬁcmtl%g@thaﬁ{d’dlt@ﬂal qul%lile or CPQ'B nga cEtma/stﬁrl'ay b%dd’voggdat e o 01 tO
1. 0 and @tios oflépepdetot.) on t he OXI dation state of the other elenents.

Pr e}c\@: ably, Vémpord%%l%,%? era@pﬁte ntenﬁ%y%@éﬁﬁtférgseﬁ[ ﬁoﬁt%ﬁ Arg:rﬁ%golte ns' st II zg

and Ce. tFyrzes‘uepcabhyrechmm saleetedfrobr arle@st bné of @) doptacting tBe ﬂﬁaly@w&hapwd d =
0.01 to preferably,. when a =1, b = 0.15 to 0.05 to
0. 45 andofds HlogrRy e MEdEYEtyr R, @ HRBEATOTRET the oxygen
present ,cotmrdagerwtewtyqontdzhermrptatitg;)muatcmtaatsm‘nutshectatehar(uelaemgs in the
catal yst. However, a is typically in the range of from3 to 4.7. 15 The
catal yst conposition, before, during or after calcination (e.g., as

di scussed herei nafter) is combined with a support material. In one
preferred aspect, the conbination may be obtai ned by physically m xing
(e.g., grinding with a nortar and pestle)) inpregnating or otherw se
wetting, precipitating, co-precipitating) chem cally depositing, vapor
depositing, or the like) the mxed nmetal oxide material (or its precursors)
for supportr ng cont act vvrth the 20 desr red support mat er| al . Pref erred

. - .,



In another preferred aspect, the catalyst is forned into nulti-dinensional
form(e.g., a tw- or three-dinensional form, with or wthout the
above-descri bed preferred supports, or is placed (e.g., coated or
deposited) onto a mnulti-dinmensional fonqrm preferably for affording 30

i nproved thermal stability, thermal imtegration and nmass transfer al ong

W th pressure drop. The m xed netal oxide thus obt ai ned may be used by
itself as a solid catal in ti.di mens orm

formed | eGSR SuPpY Sl bt iR S red Fih S PO sier . 7
Mor e spegdrfidipakdbylized girdBRtad)r ak@iReNEAtimenf the pr esently cont enpl at ed

catal yst may be supported on one or nore swtabl e nul ti-djnensional
structures, aﬂd‘*'df‘éfftértaﬂ?eﬁt e PESEITIRY eBYRTRBP Y @tarﬁj@tydr%’mfe‘sg‘ga‘?‘h%ft made of
a mat er Nake,sHGh: mn@hmmmmdrma M§'V|bEc§<%Oa|\dh€?eﬂﬁE iZdt [@@nd eleldeh@ni ¢, or
the |Iike. One technique useful for placing the cat al yst conponents onto 5
t he supptsiactedtijoriethageoup sensirging obFoyiddibhg ladtslepb@retelertmwtqrreé fepmiithehen
contactI \g\%%sﬁ@ﬁ%ﬁééﬁﬁ T WhTl Re AUPPREL Fétﬁd‘%w{ ‘N bryt B, %E,'%?%‘, .

i nci pien t ness chii ques. "For exanple,” I n oné pi cal " méthod, sol utions
cont ai ni fg Iohbi, Met Kl Bb, aiseFchntMgt@zdSwBtath e, Phr%BMEnMrD)hHIo EBtructure
(e.q. ti sh, ¢o i Q thervmse

wet €1 o) T5uR o FREE R BT EPE D LR e sty Rl SRR P Pl Vet e

mat er i aI dapsnctztm @tthe boidatenanypd (ﬁ theadtha elle@qehenhefcaﬁ)wr & 1§ pomast owmidreamper at ur e

to 2 caIcrna h al ns are
cont cte P\X}“‘g\lﬁ% tgé’(tg‘ﬁ)r“ BEORHS g%lh'gr agjtjl&tj@tlufek &g‘bﬂ N9 PTL\%'I grre ratios
of | gr eat &g, SHBM, &i ﬂnd(ﬂ’f&?Pﬁtlfetﬁb)l/ wttlheﬁm._. I,Ibr-e@1 eb EnRst @0Rto G ﬁxucd ng))l 1o andht he
solution is itated such that t |on are ion-exchanged onto the
three d.%ﬁewgrféafer qru%tqaraerltneo toaq %oh HQ“?h‘Péé—o‘?%‘Hgt brias

struct ur elihesoftehgd tt@rdrrﬂﬂmad'fdh&&(ly?éd"}ﬁgseﬂts 1sctebardl:ﬁd>narht0c%@dmé5 stfd PBR

parti cul arIy preferred aspect o resent invention, the ceram c support
st ruct ur @hgre tawnagéﬁwcsﬂtatyrw@&e@ér q lsaérfeer heEERP! IRaIe ¢4, Mor e
pref g3 abl . U oGl aiTofiuifiR derold, QM libAalcfliSE (SF, & @ulpg droup
consisting of cordi'erite, alumna, zirconia, partially stabilized zirconia
(PSZ), niesyp dm)aﬁdolmlm%w@satmpemmwd Incengrpseferred aspasbithd qokbinpgiper i al s may
al 50 be ephoYRHncd AR ShAHEYUES o RIS haSundQeli), 10PreRRiGE PO
inch. 20 %e %(rtgnrcl) syﬁay yflial\)/‘ecg | O%Jv Hﬁg pedrn ?)ﬁ%h) Tﬁlegefﬁ_l?grrrs for
t he supp@rqthqn‘eﬁwtlmg%e%rpa’@eg \ﬁetmﬂﬁlflﬂ@@g mqnhciélympwt!ngevgpommﬁmg pressure
drop. Th I i san Wil | . anf.i s and the
manner | of epien ¥ Rk BAR oo R BFis bRk Yol oA AR LR S Y

Cat aI(yst @samuRecacm@ueeal Yﬂrefe@ycbmhrsalolts mnhide] px;émpivmd andreaicbdd a&lmuwar cl Dekker,
Inc., 1 a nsformati on
of a St ?ﬁgod‘r&dd ‘éfa‘\?rpa;‘”"”gqlb%%?duzc‘ Cﬁ?‘é %a‘cttgq%zeg\m%%%& 3 slfta conponents,
wi th or aumheuilicacaenarniber. mhpptqrpbrrd:smbreswtthm canbpgt xalasme@mztt@tufl cated into

possi bt & ttheL i i FhEE: FHI DT RED T L Pt ke HaBe il B T o

f 7owabl ems:tea»teﬂelwyf@dsmna B1 3 eciotgoePdadie nwgftaesaml;sabtmeutppdsﬁ mays path, such
as a one , her suyitabl e 30 struc ernatr ely, the
ot oY ot ORGHBO AR EThay® B B RS o TR LA (F-BateBR wonol | th
strirct uhg rblttggtdin ME TOERMRY ST EidRe Wik BMSHANAH psdiiept ures or monoliths
whi ch are generally sel f-supporting.. 8 Structures i ncluding a fibrous or

fabric supporl® 2piyerarederraserseseplt 1.‘/5Ft§rf°‘i'ﬂ"?§t"ahdté”1“tf’e‘t“§ﬁtoéddSZ‘r“d@8‘ abric

cat al yst, SHPBPhES. dikkRERUBERY, AthGr %H&Q%ﬁés@o@@&é&&’b%ﬁSpref&FedasuﬁRﬁ‘tQ'd?at I on,
provi de other attractive supported stntctures, wh are easily fornmed and
are r eadis placercglgegoated ¢1f depesdiateaned amultiedipensienal Pases efeyabbysfopdflosdingict ur es,
whi ¢ S [ st ther mal
Shoctd urier Vet WPt ABhARR Rk imcRHRBPITS Bl AT Mstont 9T v
hot - SpOtThenUhmcdadtetai omdar@naotuesqd sache lasd belttetiown solem&éysstnramulurf es ntay be

formed ipto a ariety.of thre i, on , ratiens, and may
enpl oy dpgm%?mﬁhg’m L¥P@V§h¥bFﬁﬁeFd81 hﬁ& V“‘“?gml“ m%%EHnmﬁhmoven or a
m Xt ur e diferg@dl coriereven brai ded or ot herw se aggregated into a suitable
configuration, nmesh or otherwise. 10 It will be appreciated as to the
support sttl.tctures disclosed herein that plural layer's nay be enpl oyed,
wi th each | ayer having the sanme or different structure, comnposition,
orientation, or other characteristic relative to a previous |ayer. For

i nstance, a catalyst bed nmay contain a stack of |ayers of fabric discs
formed fromceram c oxide fabric supported catalysts or the fibrous ceramc
conposite catalysts. Individual |ayers tray or may not be self 15
supporting. Preferably, homever the conblnatlon enbodled |n the overal

1 r . o . o



I n anot her aspect, nultt-layer stn.tctures may include a stack of a
plurality of perforated plates (e.g., thin, circular perforated netal

di scs), preferably joined together by a thermally conductive connection.
The plates may be coated with an oxidation burner, to 9 thcrby serve as a
t hermal shock resistant catal yst support for actwe catal yst materials. By
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without Iimtation, distilled water and de-ionized water. The anmount of
wat er present is preferably an anmount sufficient to keep the el enents
substantially in solution |long enough to avoid or mnimze conpositional
and/ or phase segregation during the preparation steps. Accordingly, the
anount of water will vary according t& the amounts and sol ubilities of the
20 materials conbi ned. However, as stated above, the anmount of water is
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25 It will be appreciated that the supports of the present invention, though discussed
above in the context of preferred groups of materials may be selected from any of a number
of materials, such as (without limitation) a ceramic selected {rom the group consisting of
cordierite, alumina, zirconia, partially stabilized zirconia (PSZ), niobium, silica, boria,
magnesia, titania and mixtures thereof. The groups discussed herein are thus not intended as
30  limiting.
In another aspect, multi-layer structures may include a stack of a plurality of
perforated plates (e.g., thin, circular perforated metal discs), prcferably joined together by a

thermally conductive connection. The plates may be coated with an oxidation barrier, to



preferably from400C to 700C, nore preferably from500C to 640C. The
calcination is perfornmed for an anount of tine suitable to formthe

af orenenti oned catal yst. Typically, the 30 calcination is performed for
froth 0.5 to 30 hours, preferably fro§1l to 25 hours, nore preferably for
from1l to 15 hours, to obtain the desired m xed netal oxide. In a preferred
node of operation, the catalyst precursor is calcined in two stages. In the

f first st t he ata st precursor is cal |ne n oxi di zin
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pr evj:ou fin tartin Ls .f A 1 xed nmetal oxide
are 1r?ot CPEYtﬁ‘l(gg é‘é %le ogeetglzo(.r) C‘Rc‘]ml 8 ef %%ga %\E}Iza] @“"8‘2"%‘3 bc ko] IeVCdtbe‘/rl al s

i ncl udi gy of mmxexgavfph@bodeknmm thn irr, atdsas ph&hwﬂea)oodemxmbxalchdesa]

R e e T

nol ybdenthervige.t he cat al yst. However, corrpounds such as MO~, MbO~, MO S,

D O TREE T, BB o B0 i BISPBRIEL Y, 21 o and

heptzanoldghiftal eid nSiyBelvaried/in (RIIMDkLig) IRdrgadadind ¢nté@mldaehub¢tkmszledxnf or the
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acet yl agejcen atrgryBRbeAd el b@mlﬂall% F%@Qle Iaﬁeklaad«eqfehﬁ%@ﬂmwmaer@\teac\aanadat e. The
telluriumsource may include telluric acid, TeC, Te( OC~HS) s
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nmore conventional niobi um oxal ate met al oxi de, thus obt ai ned,
ex| @i t endiruistycdmitregrs.alihgse ferracmigh tﬂﬁiﬂeée Mﬂows%@l Suppe#ssesy ensuppdidni xed net al
oxi de m rte J yst having higher activities by
gri ndi nng&a@ Eﬂa@&r%g{e%@gslt% St QCI@PX%Q&C?]SOMdem red supported form There is
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met hods c%a]naymgo dl%gnp(; ﬂg?ﬂenfbsn c%scqrbgd 9%%1ﬂ%kﬁgxtmgdﬁ%ml?ge 299 of using a
gas stream nder \ incoarse particles
are per Iﬂlfﬁhcﬂd)ntp@al@(hl Lpedmc\&if'ﬁhct@h&n@l‘iﬂtﬂﬁmﬁhd X-ray diffpletisppedrmodsheshixeam f or
grinding. The grinding may be conducted not only mechanically but also by
usi R§ aMpBH OB fridngeaged esieg Cy-fe meipeon a5 thareutle of a small -scale
operation. As a wet grinding nethod wherein grinding is conducted in a wet
state by addi ng



10 water or an organic solvent to the above m xed netal oxide, a

conventional nmethod of using a rotary cylinder-type nediummll or a
mediumstin~ing type mll, may be nmentioned. The rotary cylinder-type
mediummll is a wet mll of the type 8herein a container for the object to
be ground is rotated, and it |ncludes for exanple) a ball mll and a rod

mll. The mediuntstirring type mll is a wet mll of the type wherein the
object to be ground, contained in a 15 container is stirred by a stin-ing
apparatus, and it includes, for exanple, a rotary screwtype mll and a
rotary disc type mll. The coni-fiayeascd@inegri nding may suitably be set to
neet the nature of the abovenentloned pronoted m xed netal oxide, the

vi scosi ty, Riffecimglst2®ati on, etc.St8f "¢ he sol vent useBetVe he case of wet
grinding, or theg, tlnun1cond|t|ons‘g) the grinding appagiat us. 20 However
it is preferre t t grinding is conducted until the average particle size
of the ground c2a.& yst precursor woudd usually be at nas¢ 20 pin, nore
preferably at npst S~tm Inprovement in the catalytic performance may occur
due to such grlﬁﬁrng Further, in sbHt cases, it is pog PBle to further
inprove the catgiydic act|V|t|es by, fgir t her addlng a sglggent to the ground
catal yst precursor to forma solution or sluri-y, follomed 25 by drying
again. There is4ngf particular restri.@iion as to the coagentration of the
solution or slur and it is usual to adjust the solutign or slurry so
that the total %%%unt of the startlhﬁznaterlal conpounaﬁ'for t he ground
catal yst—precursor s fromi 0 to 60 w9 Them, thrs sofuttom or—sturi~y is
dried by a method such as spray drying, freeze drying, evaporation to
dryness or véblﬂﬁﬂdhybh@¢aneﬂéﬁabkypbwsnhevswnayndnwmngnhemﬁawh Furt her,

simlar dr ] be co so in the wher. rinding is
conduct eély¥"’i“%g° ‘lerdng}/edﬁtfa%ﬁ'tﬁ (ﬁHl v ioﬁge %%Bﬁe%%f‘ﬁc% &e%tlﬁ%g )be used as
a fimal watialhgabdveliriges tGamBMIIT, uné Rak iféhsRidbhtest-Lmh tcomheshe tureelastnﬂa usual l'y
at a tenperatureof from 200C to 700C for fromO0.1 to 10 hour. The
present‘%ﬁVéﬁklon al so provides a process for producing an unsaturated
carboxylic athFre‘é\éh't Al RIRRAI R RE c§t'é#9kt€{8$doﬂgmﬁﬂoﬁbff<él st Hd & ;58 Htane of an
al kane and an al kene, to a vapor phase catal ytic oxidation reactlon in the
pr esenceedr epaleéwlpp)@jmaé@ reanel spel asabaitibishptad int the fodlowing digenssipnnBhusl inoxi de, to
produce a4 unsat UiAY B FRINNN belrSmRRE bl adRixidk hil8 BRAFUEET RfeQb,SHCh an
unsaturgteg lE@rboxy%ﬂcqoacrg%%b&belsnpre grrglﬂao enpl gyta §ta?&PKg mat eri al
gas IOhatleasooneaf mbichitcentmins bryssacihdat lsas ene wiveat istappropmge pmownts alforgas t o be
suppl i eqy r i t I sin o
g anét é?urlr & soﬁjl?\éﬁ ﬂé‘reéx)éfsy E%lut%#ggioﬁltﬂg&t%?sngg{(%b%édggysgﬁle% tion,
al kene, Ca:ndl a&n thgthqnmmvadsmon@qumnentssl\ms‘aai KyandSaas pideimese defitele

st eam cont ai Ri.N ane and 10
al kene, and E e OXC%%ﬂgég% aﬂﬁﬁﬁg&aﬁﬁk1&5&%@?%F§gﬂ%§w9{% @ﬁ%%%hed to the
react i ortimysit pmrpanﬂihané tiesnet.0 adeclbapitiay pdlansyvebe kpoes énthe am Cﬁdneraﬂy;r m of

AR L e W N e R
ni t r ogervithatganit@iondbtiligdwaky afBdesSiopiatd ®tter. TRE am®bmAbL! Waki lﬁes(eaﬂ ikane or

'ho. ot afiTHgUNaR SFPA: LS Lo eed BF BEmge syosaniilogh Sofgpribye shopef o 20)
6@ 2t ? av&H or mi’d’xﬁuz{érc%];r@?ﬁ@ér%é;]ﬁndlor)p{l%sc%iglégaluéa Qring the }?ﬁﬁz@atﬂo(ﬂ%:tcps ( 5f | OI ifo)
and al keeore s TRTIoHY AU PHl Ve SCCoreS SaheER T RORP RIS r at od
CarQgXYHg%n%ﬁhgnF§mQ'§%¢aﬁfEYMhQPEH%%Qh%ﬁﬂgnﬁG?w&@ﬁ@%Hﬁﬁ&ﬁ?mﬁﬁ&Qﬁ%&"C aci d
can be obtaine romthe al kane, or m xture of ane and kene, in
good vyi @hwr%iirmﬂuymwow@m wdoineyg, ind neheslsiragethe Howef arixing.he convent i onal

o oseor SR, bl L0 ARRISHED e RELOOSER RIRR AL Uy [or e
adj ust thewespacel ev:mldohﬂ glgment BXeis d‘»bygambqo}acmarai arpacgsgturﬁeluanmoftmeblsmeam

ORI L SR U O
preferred to enploy a C3_g al kane, partlcularly pr opane, i sobutane or

n- but ane; nore preferably, propane or isobutane; nost preferably, propane.
According to the present invention, fromsuch an al kane, an unsat urat ed

carboxylic acid such as an a, ~i -unsaturated carboxylic acid can be obtai ned
in good yield. For exanple, when propane or isobutane is used as the
starting material alkane, acrylic acid or methacryl is 30 acid will be

obt ai ned, respectively, in good yield. In the present invention, as the
startlng naterlal nlxture of aIkane and aIkene |t is preferred to enploy a

Y P~ .



of al kane and al kene, propane and propene or isobutane and isobutene are
nore preferred. Most preferred is a m xture of propane and propene.
According o the present invention, fromsuch a m xture of an al kane and an
al kene. An unsaturated carboxylic acig such as an oc, (3unsat ur at ed
carboxylic acid can be obtained in go d yi el d. For exanpl e, when propane
and propene or isobutane and isobutene are used as the starting nateri al

m xture ofméikARRARhddk KENRIuACLIN, 'sGth%Pt'hEl a@rmmhbeprhxlresge(ﬁ% ettt I 1 be

obt ai ned, respectively, in good vyi eld. Preferably, in the mxture of al kane
and al keq]m“enﬁﬁhéo%qlk@ﬂethpﬁlegﬂé@éntoppwoah amount of at |east 0.5% by weight,
nore prefera % t preferably,
3% by wei ght la[nge b%ltaglh%g%{%%{;gtgowl(g%ggﬁby tsz)rﬁlr%??l\?\gghgﬁ tg gg%%s such as
i sobut aneinpvadtiiyghy wiitablededtyatl hievunderart heforeacuthlyst mcmohOt iSoels to formits
Corr%Sp fgfl&g 11%'1 cf%n\gllhout anat%%b%c%uﬁ’d ”?yfrcezsé dr ‘r? ?1%9 lc];tgr d to the

pr esént process or ACLT O r Fev TNty bned f eed

st r eans.evdjreatjpurand ylr dfyu’@e’aaiuar dinyhng 1srmamllabexairhamet prSssm@t rapging o ar |y

limted, and. an kan ai kane su t hane .or et hane,
i or - CEPDBHEd S BB e e Aring pBien ey e B DU g Bar 1 cul ar
probl emfoﬁﬂﬁtﬁﬁl@l’laquﬁd"ﬂn Sheal iddrtgylﬂ'?‘t}ﬁrﬂo@én ahkpassoniyn Beded vidusinusera@f vari ous
al kanes. Simlarly, the purit the darling material m xture of al kane

and al ké’ﬁ)@nw&%mmlbvaﬁeeﬁoemdatmdgl 31 iRt &HEROSRISEF %P%ait“l&hoéefb‘?l ABJRaMEN &hd al kene

cont gy ni;pgy t@mb&%{:e @kg@ﬁoaq@@o@é RbRENR an%uhave&ﬁp@!um% R siet hane or
et hane, air or carbon dioxide, as inpurities, may be used w thout any

parti cultarlSQj’CoBbtam chpmtlthmns géreallg penfornied anmbagh lealperniuce of o2 Q54T toal kane and

al kene nmay_be, a mxture vario anes and. a ene There is

i ot B 6t frdresutt ot Fom D imtE it et reBUI F BNALEETpYE ey or i n
adm xt urga et BP0+ kans aaﬂ?gys@ﬂé oPEBR1 oI FRHE kd Bﬁﬁmmﬁgt RbRaiv@by.ati t can be
obtai ned as a by product of alkane oxidation. Simlarly, there'is no

| i mitatiboth tgmpetltrtercsxmnoceﬂﬁc 10 A’ Cadrkd ahe pressuredyfrore | pumdtzasdd mpdg. se, or in
adm ture an al kene and/or other inpurities,. er, 25 the al kane)
Fegual iR Bt RRRe A nPlp e EnekEg it picC o PSR vabighEE Bl ended
as desi rogdir- d}l’ﬁﬁgﬂ@tmrlﬂd mechani sm of the oxidation reaction of the present
invention is _not clea Qé erstood bu f] %( datl n reaction_is carried
out by oxygefPs% Bl?‘r%‘“?)‘l; éﬁi“ YSHPIEFHESOL BB B¢ Fi'QBEF Wi 15y E&ﬁidcf@pl&?l”cg{f’r%l ecul ar

oxygen Rk efi€Motlhen siif8lefre@sl maﬁalcﬂi@udnnﬁgrmoammaqn Bpbogeh-asniAxiwgen into the
feed gas, such nol ecul ar Oxﬂﬁqé be pure oxygen gas. However, it is
g 4

usual | y He9SENEE BhHCsbstpR): LYNFEP-Scforif ARHE GHEOSNER OB VAR i nce

puridoy ithe Rkt MA6Ih&Y IndlyIb¥ afmf%ief-x@ﬂvhjch A 8uistantifliyahs® 1 RO98d:sHoLreh@ oSe only
an al kane, or a m xture of kane and al kene, substantially in the absence

of nol edRIEEE WHY dErrarbst prpRIseapon b p sse e iaglyde Withes dnTiighon, pFogtieh a case,
it is prﬁ{ﬁr{e%qntrﬁ dﬁquhﬁux‘éﬂh@f%gfw&%l? tRe PRf hersphdi@isGRloloyst i's

appropria ely wthdrawn fromthe reaction zone fromtine to time, then sent
to an oxitdwen diveiegenspmphor & fRegersehaseidaca 9fithelseial ysiareaureron roay i

reacti 0’?10%%&5\% (z{ s‘?ﬂﬁ%nv%nggﬁt ‘?\@gﬁgﬁ V\% :ﬁﬂo%ﬁ&%ggcsff%w SJ%?th%%ﬁl&éSt a

met hod ma ne rises contacting an
oxi @at i \oétrga:stamscmemsoo,xbcgﬂaw fatacan vary avet & wgbnarrggn@g.i de spidehyelohigy efat al yst
in the rf%%ep%rﬁ)toqlrr.l.usual ly at a tenperature of from 300C to 6CQ0C.
The calcination is usually performed at a temperature of from 350°C to 850°C,
preferably from 400°C to 700°C, more preferably from 500°C to 640°C. The calcination is
performed for an amount of time suitable to form the aforementioned catalyst. Typically, the
30  calcination is performed for from 0.5 to 30 hours, preferably from | to 25 hours, more
preferably for from 1 to 15 hours, to obtain the desired mixed metal oxide.
In a preferred mode of operation, the catalyst precursor is calcined in two stages. In

the first stage, the catalyst precursor is calcined in an oxidizing environment (c.g., air) at a



A process for producing an unsaturated carboxylic acid may al so be enpl oyed
where 10 propane is used as the starting material al kane, and air is used
as the oxygen source. In such an instance, the reaction system may be
preferably a fixed bed system The proportion of air to be supplied to the
reaction systemis inportant for the %gr ectivity for the resulting acrylic
acid, and it is usually at nost 25 noles, preferably from0.2 to 18 nol es
per mol e bt Q. id cap, be

DT o B LR MSLSPIPL I RELRE b0 a8 L 163 R0

pr essur e§ hdaug, predgratiie froonidioGt edrsulndle seaosd dtapaf dhy nﬁteemtaﬁt@d thprfestiStage ior
slrghtlygéﬁedgced res ure. Wth reépect to oth F‘ al kanes such @s i sobut ane,
or to m AU BROUPRAKES SHNEP HIREK S 28 (EH “d8OW Fhaté ‘YRR BPEpE ™t he
conposi ts0enC &f 7d0R€, fre@fhb ni850°080 8SU°EC IR trohil AGHAlH RE Kould, bR by

condi tions for propane. Typical reaction conditions for the oxi datr on of
propahe OF frPediasdnarst @plianaly. ia¢eduging 2oy Seh arefoneidmpld, @mEend@ %y be utilized
in the i fi .t i | ,process nmay be practiced in a
single gi?%%g'ﬁ@’ e@(bgnalla&dﬁugégnieesg%\ﬁrﬁg&gée)gﬂctlgmt%he reactor) or in a recycle
nmode (at | eade agagponltilpprefsfred hode ebepeotionfthd eagalyst pecprerun Hedirstotagh e
reactor) ) h t t | £ tion are
e e S S T T D e
usual l'y smgetchiemnmgempéramreomdIt@lﬂ(ﬂndrotdﬁ&(&(desimdrfestpr‘gé erlabhtion26CThe 25 480C,

rmst ref era 0C t a e. vel oci S t he vapor

ohask’r BeBRY S TaLraleg Yt e Aot RGBRGR nerRphie £ troretty Yaet o

pr ef er alda)ein3Q6n, ttl& t@m@&@tuh&hs Taiscd 0 fhe QERiee kaddhy stagalcnadof) ehparatdre al'ﬁche

average c act the catal yst can be from to 10 seconds or
?éh hth a be f 0. Ol 0 d

more, buteq erﬁs‘ﬂahffg/“}‘ ieﬁ‘é‘"’r%é“ﬁ‘l‘m?%ﬁ?‘b 1 to 10 seconds, preferably

fromO0.2 to Qg8ea S iy hBtRS ThHcRanlidh, ehe alfe@add, ﬂﬂy%@ﬁ@hiéald@thrhg’thé anges

fromO to 75 pig, buf is 30 preferably no nore t han” 50 ? In a single

pass nodalcHigerdiss pieferied theeutagt thsratciition hedepx flgu e gis dsup GdgEisFMOM an

OXygpy1- C&Uﬁ@drﬁ@n‘f‘@"hg@%réqplg aé’\ﬁm@lhéousqu@onghd?meecap,ﬁfﬁﬁomqeoegr\@ﬁes5 may al so be

practiced with oxygen addition. In the practice of the recycle node

process COD&WEWOW Pthgdlesitsyg gpa(ese Kfrogad thnkedmi a9l qatadlyss prgeweoryartiglest o avoi d

the build- Up\’@th J::chlrl Joga'f&%aﬂls'?tstf&%erd%%%t{gQ{é f&l?lﬂﬁ"d Mgvb%ok' @%}he}e ﬁb@

oxi dation reaction o resent invent it 1sinp rtant t

hydr ocarabrr, amddoxgcg}emreomuelerdthmdr on in the feed gases be mai nt a| ned at the

appropri ate 5 levels to mnimze or avoid entering a flammabl e regine

within the r ?'%S r L diVed@hehiiRULd &3t 1106l REmb&act or zone.

Generally, .fﬁ’?éﬂag?‘é err gﬁftoﬁ %%vgl%uttdla’e%l ox;l/geln evle lts? et low to both

m ni2f zedesdribed amyenh mgdeanoge thalrittfirr,dlﬂl@mq@ﬂg,rf@f %h@plﬁm@rsen%oﬁeh@fdeoper ati on,

to mni a fifl ueng . stream

B e S e R

ext r emelexampler aumhoniem hoptbmelyrbdae mhy be uthzedfaigherovwmeEmblybdenom ia ther obl em

whi ch ena e attai nment e I % ired products.

The cat aﬁd s’t&gﬁowel\‘lel Br &sen S%“%/%Wl ot oO%Zfr EI] lkrr/l:())pe(‘Il Q?@F ?‘Ty at the

| oner t eﬁfpigllic&hmttace‘tﬂﬂgﬁor&&t pltcmpltdmoa)khdmcusangrstlrrcomalrybdhy acié dugialsg bt he

for ion.of acetjc acid, and car and.i ncreasi sel ctrvrty to
acr?slt ¢ Wilipgl ingigad ¢ O%dm“ti’t”i‘%’b ‘g“é%“‘?obdé‘&] %&t‘ﬂﬁ%@%‘g‘é‘g“%f%&t“p% fhe oxygen
partial pilie&Sdr Bie saitcd RVahadQ@s iSte BatdlgstIBowever, @gRPounds gah aOV,0gM,0m Ny be
enpl oyed. Wien the oxidation reacti ?n of g)ro ang&y and especially the

oxi dat i o+ ba¥EioROICablshyapdiumereiyfaspanue aqdsvag; &Iﬁ‘t?tye‘éfeE’SV“F H@yﬁﬁf’ hod of
the pr eSb%rtt]rrtéa\rﬁrttddqrtam%rtmmet@maz&e Th@@énbﬁmndbt% figy ildrat tefudei d, etc.
may be produced as by-products) in addition to acrylic acid. Further in

t he net hed: 5¢Ch H@(%ﬁ:tﬂ:ﬁ st QKR oh andhe@mEhg WP%.‘P%I’O&’IC@@HWRS Way soneti nes
be 2{) T qf rrrmﬂﬁ%rartwaawembtofNr)eﬂcraroaeaegrsrdhtrmmsﬁgrveﬁxm%m when
propane 1s present in the starting material mxture, acrolein may be

f or med; camenvibigshnioboibuexahec.i s present in the starting material mxture,
met hacr ol ei n may be formed. In such a case, such an unsaturated al dehyde
can be converted to the desired unsaturated carboxylic acid by subjecting
it again to the vapor phase catalytic oxidation wth the m xed netal

oxi de-contai ning catal yst of the 25 present invention or by subjecting it
to a vapor phase catalytic oxidation reaction with a conventional oxidation
reaction catalyst for an unsaturated al dehyde. In yet another aspect) the
nmet hod of the present invention conprises subjecting an al kane, or a

m xture of an al kane and an al kene, to a vapor phase catal ytic oxidation
reaction with ammonia in the presence of a supported catal yst containing
the above mxed rretal 30 oxi de, to produce an unsaturated nrtrrle In the
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hept ene. However, in view of the industrial application of nitriles to be
produced, it is nore preferred to enploy a m xture of a | ower al kane havi ng
3 or 4 carbon atonms and a | ower al kene having 3 or 4 carbon atomns)

particul arly propane and propene or isobutane and isobutene. Preferably, in
the mxture of al kane and al kene, the'dil kene is present in an anount 10 of
at |least 0.5% by weight, nore preferably at least 1.0% by weight to 95% by
wei ght, nost r % y of the
starti ng mat eﬁ?ﬁlg{e% %EA]%X%th&?S beelgergtexh ?c‘il?r}{ }ﬁﬁfvgpgcnvd!@by ekéme

cont ai ni Hgwevel, mlveam\adl kﬁﬂéoﬂdﬁ:ﬂmgaSalStelbd‘r&naermd ted haarigst having bighgrarcthanesdi oxi de,
as inpurltleg X sed. \MthL d n% arttcy probl em Further, the
startlng3H3P Preap gFRﬁHQCWH§’%8° 1% dg3iSep SPRPOEF &PIous al kanes. Sinilarly,
the purity ofTlehes 66 pmtmmng régRictioh as toh& gritfdén gathetBdds amecaanéehtiahMemnghdds not
particularly limted, and a m xture of al kane and al kene containing a | ower
al ke ‘Béﬁhgea nplp¥rdrds 2 dry ssipding giekhof et WEiBAC ?a%L‘SWt“rﬂé*ﬁé“%‘F“ #ieBaY. &t or
carbon dix@MbRebe BéntHoARIN hdrdif SoarfEphrtREes WEEEr el &M ol RRYYiRPE el féthéin R OBl em
Further, the starting material mxture of al kane and al kene may be a

mi xt ur e WEh-Rsed sRSUEIR i @snding Theleandige map by peindacted ntenly mecharicdl on t he
sour ce O LRELAENFmobidr HBYeRE oDtk HRATALe cREbE #&halllcalebpBdfibxt UTe Wi Lh an
al kane aﬁﬁ}or gtﬁ&$ Pﬁpdfi ¥e ° térnatﬁ%c$ é %aﬁakepobtéfned as a

bypr oduct of Aslkegigriogingseihod WhSiem grivding is @(hléld@ed 5 aget Slaigibyadilion on t he
sour £ O\L %1}19 aﬁ%ﬁqﬁg sol%nt 98’0@%9&%&% OXECEI: aFﬁweﬁ[onhﬂn& cgﬁ 3%tugxrng Wi th an
al kene andl'or "ot Her inmpurities. Moreover) the alkan regardl ess f source,
and the xalakqeqémdfrregwrdttms mofl osouediem-simyngigpdrhdh dey bagietondésiheed. The
recent PRCERETas 1 msh SRR “G BRI Bt ab P SR aBien "
reactionomsgﬁmnmueb@ddhmdﬁhedm&ygeﬂmahmnsabMEQEhmmunoﬁhmJammm&dnmxed net al

oxi de or_ t he |.ecul ar .oxygen in the en nol ecyl ar oxygen is
cor por Ut Wit TS F St o Het BRYEEAI e BE S JOAT0" bas

Howepser,coﬁtanﬁelshn@éuWstirungh@pa@tusrmuun@ddeslfor banipdlakdyryeeenayiecal to use
an oxygencont ai ni ng_gas such as air. As the feed gas, it Is possible to use

a gas nﬂ?@bwgaéﬁﬁﬁﬁw§ﬁH§T&H al kane, or a nixture of an al kane and an

al kene, ~anmmonixa caMEkicAe f&@/ﬁ@mF SRR katB! 3“’* s@68 - mdPiR Vi Rtire A tiABovE-xt Ure 19
conprising an al kane and an alkene and ammoni a, and an oxygen- contai ni ng
gas may 'BentigpsshIrpReted mixedrate oy iderte Miseas Y Gaescopprsati g £s] SftthesoleRCt i on i s
conduct adedHi (ROcRE oAt 3RRdin ror%erup&wr@co%ma& SlikeRmdaRdp ?’fﬂat@! kene, and
ammoni a substantially free from nol ecul ar oxygen, as the eed 5 gas, it is
advi ¥abl Boweayer it ppfearedrtuhgindivieds eondugied it tisfavelage puticls §ig ofithe per i odi cal | y
W t hdr a i r and t he
Fegencr A aSaRR et APy BHUIR O e LRGN0 B ok e e . o o
regenerdhmngemhmxn&mathMppaﬂmamh@dnnaycmamﬁmnmwbgadmmgereln an oxi di zi ng
gas such as alr or ni erm,tted.t fIOM/through

t he catalyst?%ﬁg? @ mecﬁﬁ?éfépmggﬂ Hm dny%tﬁ%?g¥tFém8w9? 8h1300C to
600C. 1CGudhgprddiesssiiesnt &l tﬁ@gxb&ncétﬂﬂdlpsypdcwmrte fcpnnpmhmn sr slsey (@ viche

star 'nqa terial kane and air is used é égf ource. The

pr opi?I i f’géﬁ‘?“ GeT5ds EQUPAISULA TgsGictpn a5 tod C‘Eonff)‘:ﬁ“ra C#d FOLRERGE th respect

to the s@lrBchidit is¥st@ko ddp@t (HeSblutibm@ sRETyyso@Rut tiel tb[@L almﬁeémhe fNirghe
selectivity, for acrglonltrlle i s obtained mg i EF d wmthin a
range ofMYErigy6PPRRALISF He rymd cpalyptargaprspr is frofms I Qé"‘ % % of propane.
The prop@futib@dr mnﬂmﬂ@d ay i Qlehh@d k&hsy @;&hy 8irlgfredzBar y'irﬁga@idg@ﬂublﬁtopr ef erably
within a range of TromO nol es, artlcularI% romO0.5 to 3 nol es,

per nol eryfesppropeen dwmgsprp@a@ﬂx rthersaydymemyetns. BeHeustsh daasr

at ”%pht?ﬁ%ﬁoe%ﬁ ey soltne TR AR EAMANGLSGURdEr @ slightly increased
pressure y reéuced pressur Wth respect to other al kanes such
as i sobut ane Thopxxﬂoobmml:djbse@c@bova’rrk@mescdamih@ rlmn&u%scdjm fa] prtdpane and

propene,, the ¢ ) y. be_sel ccordance
N Rt neebBRu T rRELt s s shAg: REe Sl SEnt Rt Fa RS R ot he
present JopMeryrin@m 0B ehgeenducted at a tenperature of, for exanple, from
250C to 480C. More preferably, the tenperature is from 300C to 400C. The
gas space velocity, SV, in the gas phase reaction is usually within the
range of from 100 to 10,000 ht' ~, preferably from300 to G 000 ht' ~, nore
preferably from 30U 25 to 2,000 hr 1. As a diluent gas, for adjusting the
space velocity and the oxygen partial pressure, an inert gas such as
nitrogen) argon or heliumcan be enpl oyed. Wien ammoxi dati on of propane is
conducted by the nmethod of the present invention, maddition to
acrylonitrile carbon nDnOX|de carbon di oxi de, acetonltrlle hydr ocyani c

o o . ~NN =l .



and "%yield" is equal to (noles of fornmed desired unsaturated carboxylic
acid or al dehyde/ noles of supplied al kane (or al kane/ al kene)) X (carbon
nunber of forned desired unsaturated carboxylic acid or al dehyde/ carbon
nunber of the supplied al kane (or 5 atgane/alkene)) X 100. EXAMPLES Exanpl e
1 10 An Mo/ V/ Te/ Nb m xed netal oxide S prepared in accordance with the
techni ques described in the present specification and used as the active

cat al yst |ng I i b al um num

sul fate (Al ~( gggﬁ%§ﬁ§%¢ﬂhﬁﬁs teraég gﬁpfgﬁﬁgfﬁﬁﬁbﬁ Qghﬁxﬁhgggus oxi de by
addi ti orpadfoxalap;@m,lwlmlhkﬂ:ompu%heulsmtmgl amalgarfe bitaanetijre mh&mzékhnwanmdlwat er,
_Sl_ﬁga;f‘bﬁ]%%nga%%h}%r pg se c?[ﬁé/ it 0 Hﬂxon 1?(1c[1 gﬁhgg)re}e%gpgefraas%ﬁéoer%g(:ataB/s 1gxi932C) )
cat al ystcoamhntmt elsbvk qunlrmqaamaxdaxuodmduomn »Etsntummdmarblosxdrc Julk poses,

zircania and . titania supports ver e par ed .anal,.ogous t he. al um na
bovd (ot art et B Rl e S Bl B AR S s s g iy

sul f at e staktifE04utit SAd2hhins Bicn@dinwhéia ¢3e 1ﬂhXﬁdmlgﬁlﬁzﬁérla®ghd6 beat al yst and
tested for ro ane oxi dation. 20 All cat alﬁ1ts were tested under conditions

of 1 nol‘¥PBRY %‘Cﬁ‘i’&%’dmi“na&i‘*‘rm%ﬂ’d@%@lé BTGP A HK&CoPT 2 0 give a

wat er CQ'ﬂ-;féﬁﬂédn@alimﬁ)@mmctme%f i aloeR 2@ AIGEnel AdTInWRS gRPRIn B %z@'i)( ugiafigconds.
React i on te)rﬁ)eratures were from 350 - 380C wit the resu havi ng t he

hi ghest et ylowe velcihg sppmicaniipingridiane.of Hisrstepir@niaimeemipéira §f plksmped.
Prodigct s, MeE %n@ﬂﬁ'&kgg&k &%ta%né[ r?naﬁ%erah@rﬁat&ry%[ﬂ&ﬁlfe&m thBdaidRedsiehRT R)

sanplin Final cat e) surface areas and propane oxidation
data ar gﬂ@éteamdp bhemnlombhéy be plmm ig thie fopm af speam gas in the reaction system,

Conposi tj, ?gﬁ?gﬁﬁ% (Iﬁpq%ﬁg&? @?m@%% k}lﬁ I CI nati onAr eaTenp. Conver si onA

ci dTenp. | )---5.135035.720.6

Further, as a diluting gas, an inert gas such as nitrogen, argon or helium may be
supplied. The molar ratio (alkane or mixture of alkane and alkene) : (oxygen) : (diluting gas)

15 :(H;0) in the starting material gas is preferably (1) : (0.1 to 10) : (0 to 20) : (0.2 to 70), more
preferably (1) : (1t0 5.0) : (0to 10) : (5 10 40).

When steam is supplicd together with the alkane, or the mixture of alkane and alkene,
as starting material gas, the selectivity for an unsaturated carboxylic acid is distinctly
improved, and the unsaturated carboxylic acid can be obtained from the alkane, or mixture of

20  alkane and alkene, in good yield simply by contacting in one stage. However, the
conventional technique utilizes a diluting gas such as nitrogen, argon or helium for the
purpose of diluting the starting material. As such a diluting gas. to adjust the space velocity,
the oxygen partial pressure and the steam partial pressure, an inert gas such as nitrogen, argon
or helium may be used together with steam.

25 As the starting material alkane it is preferred to employ a Cs.g alkane, particularly
propane, isobutane or n-butane; imore preferably, propane or isobutane; most preferably,
propane. According to the present invention, from such an alkane, an unsaturated carboxylic
acid such as an o,B-unsaturated carboxylic acid can be obtained in good yield. For example,
when propane or isobutane is used as the starting material alkane, acrylic acid or methacrylic

30  acid will be obtained, respectively, in good yield.

In the present invention, as the staiting material mixture of alkane and alkene, it is
preferred to employ a mixture of Cs.g alkane and Cs.3 alkene, particularly propane and

propene, isobutane and isobutene or n-butane and n-butene. As the starting material mixture
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zi r coni ?caoﬁﬂﬁlcéddﬁtaﬂls o foff e batrd3porciaigaliieat d.c. Fuanglemay dlso b dskdsda cont ai ni ng
215 g o a three-conponent m xture of .25 68 ni um
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Conpany) were d| ssol ved, heatin g to 70C. After cooling to 40C, 2.84 g of
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this, yst “precursor sold were calcined in quartz tube heated
to 2750 ﬂékenm@hms alnee, a\lmweh a%sallmelmﬂwmmr@ o dance fir gf ¢albq1|1rﬁbwg¢p Bhe tube,
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600C at € an our e ‘cat al yst
20  of alkane and alkene may be a mixture of various alkanes and alkenes.

There is no limitation on the source of the alkene. It may be purchased, per se, or in
admixture with an alkane and/or other impurities. Alternatively, it can be obtained as a by-
product of alkane oxidation. Similarly, there is no limitation on the source of the alkane, It
may be purchased, per se, or in admixture with an alkene and/or other impurities. Morcover,

25  the alkane, regardless of source, and the alkene, regardless of source, may be blended as
desired.

The detailed mechanism of the oxidation reaction of the present invention is not
clearly understood, but the oxidation reaction is carried out by oxygen atoms present in the
above mixed metal oxide or by molecular oxygen present in the feed gas. To incorporate

30 molecular oxygen into the feed gas, such molecular oxygen may be pure oxygen gas.
However, it is usually more economical to use an oxygen-containing gas such as air, since

purity is not particularly required.



obt ained was pressed in a nold and then broken and sieved to 10 - 20 nesh
granul es. Ten 20 grans of the granules were packed into a 1.1 cminside
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or slightly reduced pressure. With respect to other alkanes such as isobutane, or to mixtures
of alkanes and alkenes such as propane and propene, the composition of the feed gas may be
selected in accordance with the conditions for propane.
Typical reaction conditions for the oxidation of propane or isobutane to acrylic acid or
20 methacrylic acid may be utilized in the practice of the present invention. The process may be
practiced in a single pass mode (only fresh feed is fed to the reactor) or in a recycle mode (at
least a portion of the reactor effluent is returned to the reactor). General conditions for the
process of the present invention are as follows: the reaction temperature can vary from 200°C
to 700°C, but is usually in the range of from 200°C to 550°C, more preferably 250°C to
25  480°C, most preferably 300°C to 430°C; the gas space velocity, SV, in the vapor phase
reaction is usually within a range of from 100 to 10,000 hr', preferably 300 to 6,000 hr'!,
more preferably 300 to 3,000 hr'l; the average contact time with the catalyst can be from 0.01
to 10 seconds or more, but is usually in the range of from 0.1 to 10 seconds, preferably from
0.2 to 6 seconds; the pressure in the reaction zone usually ranges from 0 to 75 pig, but is
30 preferably no more than 50 psig. In a single pass mode process, it is preferred that the oxygen
be supplied from an oxygen-containing gas such as air. The single pass mode process may

also be practiced with oxygen addition. In the practice of the recycle mode process, oxygen



20 oxi dation was conducted with a reactor bath (nolten salt) tnperature of
380C, a 3 second residence tine, a feed rati o of propane/air/steamof I!
15/ 14, and a space velocity of 1,200 ha t. The effluent fromthe reactor
was condensed to separate the liquid ase (the condensable material) and
t he gas phase. The gas phase was anal yzed by gas chromat ography ("GC') to
determ ne the propane conversion. The quui d phase was al so anal yzed by GC

for the c acid. The res shown Tabl e 2. Exanpl e
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conduct edfifinty ardiedayerdrmposunierenee o¢t farthibole.eignifimalyyieduning the xt ure thus
obt ai nedWRsioRHERSEH adill afd ERDSH BEGdds N increasing selectivity to acrylic acid. As a

diluting gas to adjust the space velocity and the oxygen partial pressure, an inert gas such as
15 nitrogen, argon or helium may be employed.

When the oxidation reaction of propane, and especially the oxidation reaction of
propane and propene, is conducted by the method of the present invention, carbon monoxide,
carbon dioxide, acetic acid, etc. may be produced as by-products, in addition to acrylic acid.
Further, in the method of the present invention, an unsaturated aldehyde may sometimes be

20  formed depending upon the reaction conditions. For example, when propane is present in the
starting material mixture, acrolein may be formed; and when isobutane is present in the
starting material mixture, methacrolein may be formed. In such a case, such an unsaturated
aldehyde can be converted to the desired unsaturated carboxylic acid by subjecting it again to
the vapor phase catalytic oxidation with the mixed metal oxide-containing catalyst of the

25  present invention or by subjecting it to a vapor phase catalytic oxidation reaction with a
conventional oxidation reaction catalyst for an unsaturated aldehyde.

In yet another aspect, the method of the present invention comprises subjecting an
alkane, or a mixture of an alkane and an alkene, to a vapor phase catalytic oxidation reaction
with ammonia in the presence of a supported catalyst containing the above mixed metal

30  oxide, to produce an unsaturated nitrile.

In the production of such an unsaturated nitrile, as the starting material alkane, itis

preferred to employ a Cs.4 alkane such as propane, butane, isobutane, pentane, hexane or

heptane. However, in view of the industrial application of nitriles to be produced, it is
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m xed metal oxide of 30, 29, 26) 27 and 28. An uncoated 25 control foam was
al so pr db¢ alkene, regardless of source, and the alkene, regardless of source, may be blended as
25  desired.
The detailed mechanism of the ammoxidation reaction of this aspect of the present
invention is not clearly understood. However, the oxidation reaction is conducted by the
oxygen atoms present in the above mixed metal oxide or by the molecular oxygen in the feed
gas. When molecular oxygen is incorporated in the feed gas, the oxygen may be pure oxygen
30  gas. However, since high purity is not required, it is usually economical to use an oxygen-
containing gas such as air.

As the feed gas, it is possible to use a gas mixture comprising an alkane, or a mixture

of an alkane and an alkene, ammonia and an oxygen-containing gas. However, a gas mixture
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15 supplied for the reaction is preferably within a range of from 0.2 to 5 moles, particularly from
0.5 to 3 moles, per mole of propane. This reaction may usually be conducted under
atmospheric pressure, but may be conducted under a slightly increased pressure or a slightly
reduced pressure. With respect to other alkanes such as isobutane, or to mixtures of alkanes
and alkenes such as propane and propene, the composition of the feed gas may be selected in
20  accordance with the conditions for propane.
The process of the third aspect of the present invention may be conducted at a
temperature of, for example, from 250°C to 480°C. More preferably, the temperature is from
300°C to 400°C. The gas space velocity, SV, in the gas phase reaction is usually within the
range of from 100 to 10,000 he!, preferably from 300 to 6,000 hr!, more preferably from 300
25 102,000 hrl. As a diluent gas, for adjusting the space velocity and the oxygen partial
pressure, an inert gas such as nitrogen, argon or helium can be employed. When
ammoxidation of propane is conducted by the method of the present invention, n addition to
acrylonitrile, carbon monoxide, carbon dioxide, acetonitrile, hydrocyanic acid and acrolein
may form as by-products.
30 The examples set forth below are for illustrative purposes only and should not be
considered as limiting the scope of the invention. For purposes of this application, “%

conversion” is equal to (moles of consumed alkane (or alkane/alkene)/moles of supplied

alkane (or alkane/alene)) X 100; “% selectivity” is equal to (moles of formed desired



on the oxidation state of the other elenents; b) calcining an adm xture of
said precursors to formsaid m xed netal oxide catalyst; 15 and c) form ng
said m xed nmetal oxide catalyst into a catalyst structure by at |east one
techni que selected fromthe group co? isting of ( I ) contacting said
catalyst with a pre-forned and self pporting, multidinensional stntcture,
(2) formng a conposition conprising said catalyst into a self- supporting,
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0.005 to 0.5 = 0.01 to 0.5. 30 4. The process of claiml, mhereln
sa|d5prékPGFﬁ§H®éﬁdO§elf supporting, nultidinensional structure conprises a
ceramic foam a ceramc nonolith or a ceramc fabric. 28 5. The process

according to claiml, wherein said e-formed and sel f-supporting,

mul ti di mensi onal structure conprﬁ?@gWBLESack of a plurality of layers
joined together by a thermally conductive connection. 5 6. The process
according to claim1l, wherein said technique of ( 1 ) contacting said
catalysExmwwhla pre-formed and sel f supporting, mul ti di mensi onal structure

comyy Ises an %/\p/'T e/&tb r\x%v?%@ FRe &)\elg h\';']!xs pared in accordance with the techniques

described in the present specification and used as the active catalyst ingredient. Alumina was
formed by dissolving hydrous aluminum sulfate (Al2(SO4)3#18H>0) in water and
precipitating the hydrous oxide by addition of aqueous NH4OH. The solid was filtered,
washed with water, separated and calcined in air under a range of temperatures (600 -

15 900°C). The alumina support was then physically mixed with the mixed metal oxide catalyst
and tested for propane oxidation. For comparison purposes, zirconia and titania supports were
prepared analogously to the alumina above (starting materials were zircony! chloride
(ZrOCl,) and titanyl sulfate (TiOSO49xH,S50,40xH,0)), mixed with the mixed metal oxide
catalyst and tested for propane oxidation.

20 All catalysts were tested under conditions of 1 mole % propane mixed in air and
passed through a saturator to give a water concentration of ~3 %. Residence time was
approximately 3 seconds. Reaction temperatures were from 350 - 380°C with the result
having the highest acrylic acid yield in that temperature range being reported. Products were
analyzed by on-line Fourier Transform Infra-Red (FTIR) sampling. Final catalyst (mixture)

25  surface areas and propane oxidation data are set forth in Table 1.

Table 1
Catalyst Composition Support Surface | Reaction C3Hs Acrylic
Calcination Area Temp. | Conversion Acid
Temp. (°C) | (m*g) (°C) (mole %) | Yield

{mole %)

MMO (1) --- 5.1 350 35.7 20.6




7. The process according to claim1l1, wherein said technique of (2) formng
a conposition 10 conprising said catal yst

mul ti di

cat al yst

mensi onal

into a ceramic foam a cera
The process according to claim1, wh

into a self-supporting,

structure conprises form ng a conposition corrprr sing said
c nonolith or a ceramc fabric.
ein said technique of (3) adm xing

8.

said catal yst 15 vmth a support sel ect ed fromthe group consi sting of

al um HQW‘ i etz AtaTang
al um na/ ijwg%?‘l%d ri sg(zdp Si caﬁ) m Xi'ng,] wettlng, preci in tating,
CO- preci pisa + mg;vt%he{p3cal | yeoleposi t isrgy) vapmo deposi4ti ng or18a9 onbi nati on
t her eof—20-9-—A cat-alytic—process—sal-d-process-conpri-st rovi di ng
precur or@%fsg‘vﬁ%féﬁmt al %%%i de c&tal yst Vi ng tq:?ej em i rl 4:1 ormul a
Mo~ VbE~rx~1\@v1(ym§r5@rqg AEZO; at hepst [ong el ependzpseliectzdy Trom [dxe group
consi stling_of _Te and. 25 X is at least! aone el nt_selected friomthe
group ¢omdMéx+ h@w@% Aﬂlﬁ)w Ta, V9O Ti, A153 Zr | &0 vy, F¥2Ru] CPIRN, N, Pt,
Bi, B, W y S | r<u350L,b Fr :)Be |v‘gz3 &‘d, Sr, Ba,
H Ag| PBIE > Fn‘qr%ﬁoédL oy %o, JEr ¢ 3“rm Yo,  Lui ard;  whén &= 1, b = 0.01
to 1.0, MMM+ 0.3wt% ALG), |(d —8@) 0l toé]& 0 pnoB?@ i g deﬂ}ﬁ)e(hdent o2 t hie
oxi dat iter—state—eofthe—other ergrts—30-hb)—calei-ni Ne;an adrv‘j‘ft' re of said
precur<or1\§MtOo T8rvrﬁos”éa% ni xeédqmt 4l 84 de a% QI ygt; 161) form Hgg said m xed
met al oXiNgRICAE alwB Aot 0 a gaf al Yst1saruct i3ge by ataf@asy oo techni que
selected framthe group gonsisting of ( 1) contagting said catalyst with a
pr e- f orf mdM&NHO.Swt JAélﬁ;porti AP mil t i nehsiDfal |strifcdure, (24 flornming a
29 cony Uﬂlﬁd)ﬂlbm%’%lﬁ Mg Sapgh cayar g T Nt 03R Sai f-3Uppo ti
mul ti dilménsi onal st n~eturle and (3) adm xi hg said |catal yst h_a jsupport
sel ecte dMM@mﬁbwt‘@mﬂp consbh@ i ng of0.2l um .380: , |NbzB ¢ rdl@h tle,
parti alHy—stabt+tHzetd—zr+econta—andratumraf-stHcaf+ber—amd—d)—stibj ecti ng a
feed ||ch| udi ng an al kane jor a m xtjure of @an al kane and an)al kene to a vapor
phase c¢at@vid +©.9a%tTiel oxi daog on [react i oh i13v0t he prxsence ofe.Baiid catal yst
stilicture_ :

MMO + 1.0wt% TiO3 600 6.0 350 42.0 16.8

MMO + 5.0wt% TiO; 600 9.2 370 47.2 6.6

MMO + 0.5wt% TiO, 700 7.0 370 46.5 17.3

MMO + 1.0wt% TiO; 700 6.7 370 49.6 17.6

MMO + 5.0wt% TiO, 700 8.0 370 43.7 7.7

MMO + 0.5wt% TiO; 800 5.6 370 52.5 17.8

MMO + 1.0wt% TiO; 800 6.2 370 494 16.6

MMO + 5.0wt% TiO, 800 7.1 370 459 7.2

MMO + 0.5wt% TiO; 900 5.2 380 48.5 18.1

MMO + 1.0wt% TiO, 900 6.3 370 46.6 16.8

MMO + 5.0wt% TiO, 900 6.5 380 48.0 13.7

MMO + 0.5wt% ZrO; 600 59 370 31.5 14.3

MMO + 1.0wt% ZrO» 600 6.0 370 37.5 20.0

MMO + 5.0wt% ZrO, 600 8.9 350 26.7 3.0

MMO + 0.5wt% ZrO; 700 6.3 370 33.6 19.2

MMO + 1.0wt% ZrO, 700 6.5 370 57.2 19.1

MMO + 5.0wt% ZrO; 700 6.8 350 29.6 7.4




10. The process according to claim9, wherein said feed further conprises
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a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca& | >$10%@& () -~ $! D$10%&' () " $! DGP10%&!
()-"$! mlotngjn(a)ﬂasggw-ng%S £ 9bWgggr, pyhree-component mixture of 25.68 g
;g%%}%&&?(ﬁmwa gow%&té‘{’e(@y&at 6'@%@%6&\?(1‘%%} c%nﬁ,lagﬁ%@g@g %f@ar?m%%ﬂf/&' ()-
109¢R, ()mtalz@#sﬂ@@/@@%lga 6}=Sﬂ41ﬁnd\7eﬁ§~g Q@t@z’m%l&((\)dn@@%@w& @om@nyowge ()- @

10% & ( %@M&i?}(éﬁﬁhé ?o 7% °C. After cooling to 40°C, 2.84 g of oxalic acid (Aldrich Chemical

Company) were dissolved in 122.94 g of an aqueous solution of niobium oxalate (H.C.
Starck), containing 1.25% Nb. This was then added to the three-component mixture to obtain
a solution. The water of this solution was removed via a rotary evaporator with a warm water

15  bath at 50°C and 28 mmHg to obtain 46 g of precursor solid. Of this, 23 g of catalyst
precursor solid were calcined in a quartz tube heated to 275°C at 10°C/minute, with a
100cc/minute flow of air through the tube, and held for one hour; then, using a 100cc/minute
flow of argon, ramped to 600°C at 2°C/minute and held for 2 hours. The catalyst thus
obtained was pressed in a mold and then broken and sieved to 10 — 20 mesh granules. Ten

20  grams of the granules were packed into a 1.1 cm inside diameter stainless steel U-tube reactor
for gas phase propane oxidation. The oxidation was conducted with a reactor bath (molten
salt) temperature of 380°C, a 3 second residence time, a feed ratio of propane/air/steam of
1/15/14, and a space velocity of 1,200 hr'. The effluent from the reactor was condensed to
separate the liquid phase (the condensable material) and the gas phase. The gas phase was

25  analyzed by gas chromatography (“GC”) to determine the propane conversion. The liquid

phase was also analyzed by GC for the yield of acrylic acid. The results are shown in Table 2.
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g %egge time, a feed ratio of propane/air/steam of 1/15/14, and a space velocity of 1,200 hr’
!. The effluent from the reactor was condensed to separate the liquid phase (the condensable
10 material) and the gas phase. The gas phase was analyzed by gas chromatography (“GC”) to
determine the propane conversion. The liquid phase was also analyzed by GC for the yield of

acrylic acid. The results are shown in Table 2.

Example 4

15 The calcined mixed metal oxide of Example 1 was combined with cordierite to give a
mixture of 95% mixed metal oxide and 5% cordierite. Mixing was conducted in a mortar and
pestle for 5 minutes. The ground mixture thus obtained was pressed in a mold and then
broken and sieved to 10 - 20 mesh granules. Ten grams of the granules were packed into a 1.1
cm inside diameter stainless steel U-tube reactor for gas phase propane oxidation. The

20  oxidation was conducted with a reactor bath (molten salt) tmperature of 380°C, a 3 second
residence time, a feed ratio of propane/air/steam of 1/15/14, and a space velocity of 1,200 ht’
! The effluent from the reactor was condensed to separate the liquid phase (the condensable
material) and the gas phase. The gas phase was analyzed by gas chromatography (“GC”) to
determine the propane conversion. The liquid phase was also analyzed by GC for the yield of

25  acrylic acid. The results are shown in Table 2.

Example 5
The calcined mixed metal oxide of Example | was combined with partially stabilized
zirconia to give a mixture of 95% mixed metal oxide and 5% partially stabilized zirconia.
30 Mixing was conducted in a mortar and pestle for 5 minutes. The ground mixture thus
obtained was pressed in a mold and then broken and sieved to 10 — 20 mesh granules. Ten
grams of the granules were packed wto a 1.1 cm inside diameter stainless steel U-tube reactor

for gas phase propane oxidation. The oxidation was conducted with a reactor bath (molten
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5  phase was also analyzed by for the yield of acrylic acid. The tesults are shown in Table 2.

Example 6
The calcined mixed metal oxide of Example 1 was combined with Nextel 610 (a
ceramic fiber of 95% Al,O3 and 5 % SiO,, from 3M Company, Minneapolis, Minn.) to give a
10 mixture of 95% mixed metal oxide and 5% Nextel 610. Mixing was conducted in a mortar
and pestle for S minutes. The ground mixture thus obtained was pressed in a mold and then
broken and sieved to 10 — 20 mesh granules. Ten grams of the granules were packed into a
1.1 cm inside diameter stainless steel U-tube reactor for gas phase propane oxidation. The
oxidation was conducted with a reactor bath (molten salt) temperature of 380°C, a 3 second
15 residence time, a feed ratio of propane/air/steam of 1/15/14, and a space velocity of 1,200 hr’
! The effluent from the reactor was condensed to separate the liquid phase (the condensable
material) and the gas phase. The gas phase was analyzed by gas chromatography (*GC”) to
determine the propane conversion. The liquid phase was also analyzed by GC for the yield of

acrylic acid. The results are shown in Table 2.

20
Table 2
Example % Propane Conversion % Acrylic Acid Yield
2 17 12
3 33 21
4 27 19
5 34 21
6 35 22

Compared to the mixed oxide alone, the data in Table 2 indicate an increase in
propane conversion and acrylic acid yield for mixtures of the mixed metal oxide with Nb,Os,
25  cordierite, partially stabilized zirconia and Al,03/SiO; ceramic fiber (Nextel 610). All of the
supports alone (Nb2Os, cordierite, partially stabilized zirconia and AlO3/Si0; ceramic fiber

(Nextel 610)) were inaclive in propane conversion.
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controllers and meters regulated the gas flow rate. The oxidation was conducted using a feed

gas stream of 7% propane, 14% oxygen, 27% stcam and 52% nitrogen. The reactor effluent

was analyzed by a gas chromatograph (“GC”). The results obtained at 410°C, with a
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technique selected from the group consisting of (1) contacting said catalyst with a

pre-formed and self-supporting, multidimensional structure, (2) forming a

composition comprising said catalyst into a self-supporting, multidimensional
20 structure and (3) admixing said catalyst with a support selected from the group

consisting of alumina, Nb,Os, cordierite, partially stabilized zirconia and

alumina/silica fiber.

2. The process of claim 1, wherein X is at least one element selected from the group

25  cousisting of Nb, Ta, W, Ti, Al, Zr, Cr, Mn, Fe, Ru, Co, Rh, Ni, Pt, Ag, Bi, B, In and Ce.

3. The process of claim 2, wherein, whena =1, b =0.110 0.5, ¢ = 0.005 to 0.5 and
d=0.01t00.5.

30 4. The process of claim 1, wherein said pre-formed and self-supporting, multidimensional

structure comprises a ceramic foam, a ceramic monolith or a ceramic fabric.
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on the oxidation state of the other elements;
30 b) calcining an admixture of said precursors to form said mixed metal oxide catalyst;
c) forming said mixed metal oxide catalyst into a catalyst structure by at least one
technique selected from the group consisting of (1) contacting said catalyst with a

pre-formed and self-supporting, multidimensional structure, (2) forming a
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composition comprising said catalyst into a self-supporting, multidimensional
structure and (3) admixing said catalyst with a support selected from the group
consisting of alumi...:, Nb,Os, cordierite, partially stabilized zirconia and
alumina/silica fiber; and

5 d) subjecting a feed including an alkane or a mixture of an alkane and an alkene to a
vapor phase catalytic partial oxidation reaction in the presence of said catalyst

structure.

10. The process according to claim 9, wherein said feed further comprises ammonia.



