;e3eP\.<6TP4 PVD Supported M xed Metal Oxide Catal yst The present invention
reI ates to an inproved catal yst for the oxidation of al kane ture
of al kanes and al kenes, to their correspondi ng unsaturat eﬁ“\@w@%@ M aci ds
by vapor phase cat al yti c partial oxidation; to a nethod o
supporting the catalyst; and to a process for the vapor phase* @4l ytic
partial oxidation of al kanes, or a m xture of al kanes and al kenes, to their
correspondi ng unsat urated _car boxyl i c_acids. The resent i nvention al so
relates to a method of prodhaupgorted MixedVietal O alyph, subj ecti ng
al kanes, or a m xture of al kanes and al kenes) to vapor phase catalytic
partial oxi datl ﬁgmm
acrylonitrile P chrhggvreg 1(21?]1:3{5 ?elgltgan ve Bgaetﬁiylgtn%tsh? ?)f“g llj&)rbfq érllﬁ:seo as
i nport ant mixtuze n@dkmtzewdfabkcnthe) qd)::leperramr@lmgofnszftmbmdxprbsyyﬂcmmds by VESI NS,
synthetic n e I for |ng such
nitrites I;ghlﬂ%) %[a?}blcg Qla Q)?d%tlo toamcgh.'cgggif pz{,l)(g g‘qugs%prp %qhetcatae)pg
catal ytic p*re@sstﬁoorhe\»mpdn paaseradabytiapartiodoxiganon of dlkemeg roe s eficterealf akkamtaadi yst in
a gaseous phase a_hi t.enper at ur talysts for conducting this
reaction i elnﬁfdéoatile'ﬂ/ﬁmﬁigp%’d@gc%‘ts%ﬂ”ﬁ‘:?ﬁfarg ‘é@c%s ‘catal yst, an Sb-U-V-Ni -0
catal yst, a Sb- ﬁm@r@aﬁtah»)eatnon 8 s0/reBltes\¥ E’n@tr@atoabmaﬁmaglﬁhsammddawﬁas bebt ai ned

by nechani cal | y m xi ng - SbWP oxi de and a BI -Ce- Mb- WO oxi de, However,
in view ofS“PJﬁ‘emﬁraiké%esd?fﬁ BixEHE &f gingeand %#%B%\F%V‘ﬁ’ﬁﬂpfﬁﬁs%ﬁaéﬂ@‘cd?a%t ween

i sobut ane @ngiibSRRRE BERncdta@Md) has been drawn to the devel opnent of a
met hod for producing acrylonitrile or nmethacrylonitrile by an ammoxi dation

reacti on wher ePiriies| seleps asryenisile andapetbacryleribh davr bacs dysteply) prpdiceded as a
starting ngi r@hvm@%dﬁftes‘fért@l@hﬁgyﬁf GR fibekse gﬁtfﬁgc‘{@s ,s?mFmb@%@ oxygen
in a gaseous phase in the presehce of a catal In particular, U'S.
Pat ent No.anéthegike. Tha Buodi papulys gsthad rﬁmﬂn@@cmersuqbrmmwnh@ sabjectras lefinated

nitrite c [ i state to
Cat al yt 1 o oRohgle e Rk b st R BR, A S ANR NS ek Beh BEORRERLSGEL

condi t i onsatalfyd)in agaemsmdsermnaighownpheammt Bhorart catzﬂystsfmr e@elluctmg thiy t he
enpirical _fornmu e~ele t ected
From o Groul ndudR ORI Sl BN S BB RRR PSRRI SR

al um num Ozaamtyxn|aurercWHP9®1cmnhystrmdgamel<3yet,obtanm byrrmﬁchmmammmmmpal\»t-$b-r hodi um

ni ckel I ad| plati num ti, bi smut h, on a ceri,um and, when
n o P67 Gdege § e MB s A lE Hows e iidy o 0F BRoGiteRilepbfiedn®y hber
suc h t hat pidpenetantl glopwitd @eywesh isobstaneringlisoblitenes Bitéhtios hastide Hiad;to &iad
I~~|~AV\+~8 ZEé thectfall_ga/ has X—ra diffr tlon €1ks at the

fol | owi ng %Yﬁkﬂp (0(533‘3"" rofucingacsylQnigi c'ci"i’rf"f‘f‘r‘ Y 8‘H“E“a X8 n: 22.1, 28.2,

36. 2, 45. 2mmaﬂ:d5nﬂm(}eac8bxﬁmhaﬁinyaJo&arnakhase,uuaasqx@maoPabmaneA@pkddmaral on
Publ i cati on No. 6-228073, discl oses a od of nitrite preparation
conpri si n@‘a‘i“é&&aieﬁg‘ 3l infsieaRbyticy]! yafeb%Fsd aRmeRp ?"Yrgeléﬁ‘tfi 5 PRSanmONi a
in the prgsgngeseabe & aBa@dr. metal oxide catal yst of the formula WavbTe~XXO~
wherein X represents one or nore el enents selected fromniobium tantal um
titani um al unhPafeulas Ko Ragn NesStidadispiasrg aresleod for pirduging Heni um
cobal t, @‘Q%‘E@d ik ShpriRiil LAk aPhiRbe T ARhl TR %Qéoﬁmtst@ to | Ndi um and
cerium an 0.01 to 1.0
and n is @éﬁtllélcmxn’@dorbyl tbmremmef afcetﬂmswhmheatleflesrtbm@dlt@ns Patent No.
6, 043,185 al s |
acrylonitril eqo)(rj[ helr )ﬁg{g’?‘i{/ o%@%%%}zgt &'r%? {%:Héméﬁ'téhg% %S@g%g@%ﬁa in the vapor
phase of a paraffin selected fromMob’p’ﬁﬁKx@nd i sobutane with nol ecul ar
oxygen and by. cat t qf t e ction zone
with a Ca\%'hqr““?(“wa l€ rsé?ne f;?fhe Cae[]%{"l?e@sf? nF_lthe g{%g consnsﬂm% P%Pfugln%n{a?\ﬂn

tungsten, titanium, aluminum, zirconium, chromium, manganese, iron, ruthenium, cobalt,

rhodium, nickel, palladium, platinum, antimony, bismuth, boron and cerium and, when a= 1,
b=0.011t01.0,c=0.01to 1.0, x = 0.01 to 1.0 and n is a number such that the total valency of

the metal elements is satisfied; and

AR A
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M~VbSb~GadXeOx where X is one or nore of As, Te, Se, No, Ta, W Ti, Zr,
Cr, M, Fe, Ru, Co, Rh, N, Pd, Pt, B, In, Ce, Re, Ir, CGe, 5n, Bi, Y, Pr,
an alkali netal and an alkaline earth netal; and when a =1, b = 0.0 to
0.99, c = 0.01to 0.9, d =0.0l to 0.5, a=0.0to 1.0 and x is determ ned
by the oxidation state of the cations present. Unsaturated carboxylic acids
such as acrylic acid and nethacrylic &cid are industrially inportant as
starting materials for varigus synthetic resins, coating materials and

pl asticizers. ¢3htherdriastihgy Xeppdighiactionpegss adbs éollpmngaveggf (40-33 IR0 in its
manuf act ure_.i.ny: =5t epeGatf At j£50XI bon reaction starting with
a propene ?ézgge.{lﬂl[a\r@?%gm#e}q?s“f'ls'?g'gzg’,ﬁp‘r b%%zne%lhgatgdnverted to acrolein over a
nmodi fi ed bi snutSimitoly bganese daidaDpestPatehnAppeas@ckublicgioadd,. 6228@3alistigseoduct
fromthe fj r st qu(t)fargte.lé S, caorq}/erted L:9 acrt}/nl iac aﬁ%%i d'nuaSianghz% cgr}tal %/es,tt.corrposed
of mainl'y hOFYBUEAUN PGPV AMAGCIRTERE tre<"8%R *Male Meufd 8 F RE EATAr Yt

f ormul at i omish &fioik Opthe @teddnge bba inhed eatabyide caupplof e, fotidla t he t echnol ogy
is well established. Moreover, therg,'ggrggd’jncenti ve to develop a single
step process to prepare the unsaturdrée “acid fromits correspondi ng al kene.

Ther ef or e, wHeléin Hirkgtesedfstond 85 Mmbiek@inenBSeRNBHM ETh Q¥XnilRhalitafXnde
catalysts are utilized for the preparation of unsaturated acid froma

cor r espondiHYNYPIEIENIF - shremitg) ageasse. EOR-opeaHUPUIIPRS HBRM R itkel.

Appl i cat i g RRum $if 3B {irkonY, 8liAeh 098 mAnR %8S 8nd, WhePh AUE EMH 138 1.0,
unsat urat éd al dehyde and a carboxylic acid which conprises subjecting 3
propene, icsobdit ©nlel. gr= 0.8} t4 kP gndyuisglaisrmined adie prigs oreafaoalereensski dat i on

wi t h nol ecul ar { f. (I Y CORAsSL oxi de
repr esent ed bylﬁfg gtrlﬁrﬁ'léé& 12%?%§g§§8%8&Q?t@&lﬁ%grnet;ﬁ%mA reg’?rets)gnts Ni
and/ or Co aciBlongplees ertimcaionitskdly thneutadytemeatios al tbe vaur phaserpvhpardfin Ca, My,
Sn and Pb, C.r esents at, | east_o el enent. . sel ected fromP As, Te, W
S and o HFBITBERat R, BRtbe S0F BIETRNbvi SELFRVEER il R, "o
and Tl ; ancwhebkihareavtaen ida rhddjdd<obd @jtDacidlQst, whéselid the catalyst has the

10, 05e510, OSf521(r)fandQS952, andxhasaval ue dependent on the oxidation state of
t he ot her *BPEFEAPLY™4nd (ii) a nol ybdenum oxide which in itself is
substantially inert to said gas phagéSbalaXyd c oxidation to provide the

correspondin nsat ur at ed .al dehyde _a aturat arpboxyl.j,c i See
o Ror SRR BBt LR SAselit Sholf Haat o At BelS Bebh At N Rece

Lai d]: QpenBPa, FBIR@?\D‘PGEM !ng,%thﬂiaﬂdliinﬁﬁmrll hled arDzﬁszFBé_ﬁr& ﬂbt_sakcsl b.lmiﬁﬁerie?ﬂ

manuf acture of acr I C acCl as- as cat a yt| ¢ oxidation o propene
T Ehe. pr bdeneQ ool 4. dn D23 A8 2 Aad e Mis SRS ERAD hhor o 1
X is at | gasiioRRedf tNQatidds pr¥dentli , A, Zr, C) M, Fe, Ru, Co, Rh, N, Pd)
Pt, Sb, Bi, B, In, Li, Na, Ig Rb, Cs and Ce. Published |International

Appl i cat i on NoJnspiraye] Gopanlicicidsisaehess agrybiaeeis yad mptacrylig aid 3 dgsirialie i on of
propene t o, achitlak &aﬁ&?%ﬁ&ﬁl.@}&r Mrﬁhﬁgﬁﬁﬁli@}e@hggoﬁh@%ﬁérﬁ% an@ YIRS Ldrt.ON
conprising the el enents Mo, V, La, Pd, No and X inthe follow ng ratio:
MoaVbLa~Pdemmerkiaflythe petant Xofess (g apiylicacidmapufpgtiviedn wlen e hweerfiep gatplytiq

bi s0.01 t L Cl - 1 : i is O0Oto
0.2; and %a?lgfiﬁéa?ﬁ@%%{rﬁ ?’égﬁp‘g’g?’%gfg&gk“ %?ﬂg?%g‘?gg?ogg&gﬁgmﬁ@gee%? esent the
rel ati ve gpralemavommedifigbbighuth holybdermearnlystMy, thasecprd stad, ackieinpebdist

respectivgl in the catal yst. and,the. el r i3, conbi nati on
W th oxygfz?{xt ﬂrsmfesraefé COPV%%%H i\}g)éhcaa?’éiglsglg?s%é]fyg{&Efpgg%gdl}knjmg%r ylic acid
usi ng a |rvigbdenomtangdr apdiven dxéded. Inhinat @sey; the chthlystformoulatiomt ad esaprictaestocases

wherein a, m xed netal oxide catalyst i t.o, conver rropane t.o acrylic
acid in &H%C%‘ﬁé% 'supp%cr, 8ut tge technoﬁ)g¥ 18 wel?es‘tja%ﬁgledgl\/lorcover, tthex% isan mcenEwe to
develop a single step process to prepare the unsaturated acid from its corresponding alkene.
Therefore, the prior art describes cases where complex metal oxide catalysts are utilized for
the preparation of unsaturated acid from a corresponding alkene in a single step.

European Published Patent Application No. 0 630 879 B1 discloses a process for

producing an unsaturated aldehyde and a carboxylic acid which comprises subjecting



4 U S. Patent No. 5,380,933 discloses a nethod for producing an unsaturated
‘carboxylic acid conprising subjecting an al kane to a vapor phase catalytic
oxidation reaction in the presence of a catalyst containing a m xed netal
.oxi de conprising, as essential conponents, M) V, Te, O and X, wherein Xis
at | east one el enent selected fromthe group consisting of niobium

tantal um tungsten, titanium alum nBn zirconium chrom um mnanganese,
iron, ruthenium cobalt, rhodium nickel) palladium platinum antinony,

bi smuth, LRseRARe. isohsteneroniseiaeputens] taged Pse cathlyti pedgiospyimt melpelasoxy gra
respectl % of the essenti al
conponent gnﬁﬁg%g?évoﬁg OX%E&mp?gi&sg?&%é{ggp%?%gmeng re‘{1 ationships: 0.25
< r(M) < 0.98, 0.003 < r(V) < 0MnBRFaBaBLDPLOre) < 0.5 and 0. 003 < r(X) <
0.5, wher r o] .V,
Te and X, %lr'%sr%é?:{o ")eP/rc cg‘wl%laasneg? a?gc rf{%%s lgaﬁ%ét}\%t W‘#e% ef(laecgegédén ;Iédé]r ﬁn
conmponent Cag Mg, asnamepmfc mp;egmm at Rl dns kchehtieertad frioon® B, AppTd, ¥atdbaandNo. WO

00/ 29106 dj.scl,oses a cat I St r sel ct| e at ane to

oy comar odima B Bl Beattpe bt e elleh Hond 0 AR B BARRRRR stRg 2 o o
catal yst syssfem Eam@)&“)@b RQ 03] e@t<A] Y Bic LOMPON £ gmarﬁm@gksz B MeaVhGaie,
PddNbeXf wherein X is at |east one el enent selected from La, Te, Ge, Zn,

Si, In andemgndantios the oxidation aterab Gregpthes elssienistin (iikn inelybdepowopdte whiclin,  a
Is >0 to 2%;21{ 1sasﬁgstzfnu'al§y mg ttPs %t | ﬁ&g cm EbLakde tggmﬁd G co\ﬁ@%ﬂ’éﬁ&m?f a) b,

c) d, a a repr esent t e re atomrati the el'enen
V, Ga, Pdunsdturaid alghyde spunsatedtad carhmxyllmeacabtsabybo M@mmBU@iSM@tare

present Q‘r?%ﬁgmog% %89&?"&53 gxygen. Japanese Lai d- Open Pat ent Application
0 .

Publicati o i scl oses a nethod for produci ng an unsat urat ed
carboxylic aci tapansspLaigiOgendatenespplivgiarPublikaios NooO&05BE8displhasenecat al yti c

dat h : tal yst ' th iri f | a
R B GFRRST FaPh e Pl e B8 B b P26,
consi st nguﬁfd m&ajaileSbontaining M, , Era,sm AR welkeRIEX lis aeéaetcdmcberopm tvhe gr oup
consi st n , ) ,
Ag, Zn, ¥VrG§r %Pé“’(@n%hlﬂﬂmﬁ* Pigeb, ng rlélﬂ%nfﬁ{b Eg % and 5

al kal i ne earthpﬁin@mrm@maaorﬂal Applcabiod N, WO 0109260 Bisdlodes @.caldlytlfod ¢ <_ 1.0,
0 <d< 1.0 and n is determ ned by the OX|dat|on states of the ot her

el Srent o STRSiNF PECRIGE Of BEPENS BRI IUL AR KTHGN GoRinte UFAW Y FEMPRBHBN e d

cat al yst scéprisifpanoxislats 8, of Lalpgansand R inteabnywheiear boxyl i c acids and
for the anmoxidation of al kanes to unsaturated nitriles, one i npedi nent to

the provision of a comrercially WadbkaBddbeXts for such catal ytic

oxi dations is {h&eih&eRicufdreabl Phithredndrdral yst providing adequate
conversion and suitabi e selectivity, thereby providing sufficient %yield

of the unsat ur@abdd product. Another limtation to the prior art is |ack of
provi ding a coygyfigbloy viable, nultidinmensional structure onto which one

may support the cata ysf or into which one may fornul ate the catal yst.
cis>0t00.2

d is 0.0000001 to0 0.2,

eis0to 0.2, and

fis 0to 0.2; and
wherein the numerical values of a, b, c, d, e and f represent the relative gram-atom
ratios of the elements Mo, V, La, Pd, Nb and X, respectively, in the catalyst and the elements
are present in combination with oxygen.

Commercial incentives also exist for producing acrylic acid using a lower cost
propane feed. Therefore, the prior art describes cases wherein a mixed metal oxide catalyst is

used to convert propane to acrylic acid in one step.



By the present invention, there are provided catal ysts wherein the
performance is enhanced by supporting the catal yst in accordance with the
principles herein. In particular, the catalyst is supported by a

sel f-supporting multidi mensional support structure that is preforned (e.qg.,
a foam nonolith, fabric, or otherwi se) or a support (self-supporting or
not) conpri sing Nb205) cordierite pa4tia||y stabilized zirconia (e.qg.
stabilized with MO ram c fi e. g, oxides) such as bl ends of

A1203, Si02, and Sb%‘“r‘?‘é)No 6138%93& (trrfésset rrer:@arl o POdURBSE 2B MR RERECA PR ic
precursor Sac‘?cf cdnfiBishBlsbi¥&ing AAKURED ahﬁh@r‘ Iﬂlase ‘@Rl icDHRRGET delQion ifhkhe

context of a support structure neans that the support structure will

support i tRresner ofdicgityssermidiningmmixedsertalipaide somptisiem as essentigbeampone s,
carrying aygayaty ¢f anfey, whﬁ_réfﬁfﬂ'rg Ge a3 orle e ntiRl { ‘Pe!étegff otnhﬁteg h%&:?sﬁstm of
Accordingly,’ preferably the cata ysts enploye I'n tn invenition are
support ed rbyblcmntaat@hdmgaqgstemmtm abfminire, mavmuyxsthrwnturn mapgaeteoimed and
sel f - suppo i t r ecursors
o the. car aisBfi ekl IhGBOE, RERY, AURRGH: Rk BT, AR S n bl T

st abi | i zechndicerbommi aaj uchereamhe pfdpbxeuorss ofahe respectiveassdnhielrc@afponehiy, i based bn ahef i 1 St

aspect, the resent nvent i rovi des ess for. eparation of a
Subport ed ‘eal s of hespr Sl Rsin sruRlF e S st PUSREED) y o
support; @ahu@ﬁmpentlally depositing on said support a catalyst conposition
conprisin i n random My, at | east one

, |
ooy s omiaat hor< UBs DL & B T Aot b 5 RO 0 £ U 3 e

| ayer COMNIS) RY)MTHRRL 8XN ark thSmalhr frR@Dhs SN e&erréearrtmeé 1i0&ly fua08m t he
group cons{sﬂﬁg)o éal,g 'ﬁflj]a t m) ) er CrO Nh, Fe, RJE&:CIZO 7 a) Ni, Pd,

Pt, Sb, o8tm toratzﬂmtlwtaﬁ@eeeenttabccrrmqwasPtﬁé@e\a S QpyEsAt, sai d sequenti al
vapor deposi ti Pﬁ‘blgﬁéﬁjf{xf@nﬁﬂrgﬁ:ﬁ|A§J311ééﬁoﬁmuw<§0@§9ﬁ)@' fiscﬁ,t@srteeata fysBpieh that,

after a calcinatton of sal support he rel ative angunts of the
el ement s seledtive pxidatéoneofprepant oroxNeravsT erodeictonshuding aarylib acid, asredein and e t he

Fespect | varg PR dysEbystefe AR  flaife fERARick gl 70 g g
0.0l to 1.0; ’(c) cal ci ni ng sai d IoaUﬁdVSprhNbbﬁln a second aspect t he
present | nvent |00 ROl 1R% Bae SLALYLALPHNAT] BY AN RIORERTYET  the f1 st

aspect of the présent i nventi on. aspe e present i nvention
provi des a catabwtlc process conprlslng (a) provi ding a catal yst support;

(b) sequential] r(ﬁﬁp s%}lng on said support a catal yst conposition
conpri si ng, i n° th rder, as essential elenments, at |east one |ayer

conprising M,cat-0lteat one [ayer conprising V, at |east one |ayer

conprising Te, t one | ayer conprising X, wherein X is at |east
one el enent sé?ggﬂ%@BQL Zhe group consisting of Nb, Ta, W Ti, A, Zr,

Cr) M, Fe, RuisSo)o 0, mMI Pd, Pt, Sh, Bi, B, In and Ce, to fornta | oaded
support, said se uenti al A vapor deposltlon providing rel ative anounts of
said el enents pﬁh?ﬁ after a calcination of said | oaded support) the

relative amountgergh ehRnRheNRRuLS ¥al b5l ¥, d 18 reeRésemShRIative gram-atom
ratios of the elements Mo, V, Ga, Pd, Nb and X, respectively, in the catalyst and the elements
are present in combination with oxygen.

Japanese Laid-Open Patent Application Publication No. 2000-037623 discloses a
method for producing an unsaturated carboxylic acid comprising subjecting an alkane to a
vapor phase catalytic oxidation in the presence of a catalyst having the empirical formula
MoV, NbpX:Z40,

wherein X is at least one element selected from the group consisting of Te and Sb, Z is at
least one element selected from the group consisting of W, Cr, Ta, Ti, Zr, Hf, Mn, Re, Fe, Ru,
Co, Rh, Ni, Pd, Pt, Ag, Zn, B, Al, Ga, In, Ge, Sn, Pb, P, Bi, Y, rare earth elements and



Mbo~VbTe~Xd wherein a, b, ¢ and d are the relative atomc anmobunts of the
essential elenents My, V, Te and X, respectively, and, when a = 1, b = 0.01
to 1.0, ¢ = 0.01to 1.0 and d= 0.01 to 1.0; (c) calcining said | oaded
support; (d) subjecting a feed including an al kane) or a m xture of an

al kane and an al kene) to a vapor phase catalytic partial oxidation reaction
in the presence of said cal cined | oadéd support. Mre specifically, the

nmet al components of the presently contenpl ated catal yst may be supported on
one or nor elksline caph elemghtsi O HE ek ®,dHAl < BErlus Ol 65 < 4Qd0 pdet b9 al iyisa cer ani ¢
support str t f Lal such as alumna, silica,
silica-al u%&%}éMEgd bye[hgomdétpﬁtsglﬁg?lh%rm%ﬁgﬁfﬂlgﬁi%. 7 As di scussed herein,
the step of depDsipite dre absveanahpiciplsad pluyidempivaydengroedd atatiepdsi the on

t ech l,ect j cal .d [ .Qr.. ph |
depos! t1 onTRUR o PSR PR SPREVHEGERang FH HDbr oS PR P
mat eri al s amsamaznaj nieflest mdlh@e&uﬁﬂﬂbﬁheﬂyoﬂy& of a &vibonertiall g aiable paessufoder

reduced pressure, e. s th referably | ess than 1 nbar.
Possi bl e PVIS}S‘H%‘E"’HBBQ"‘Q?%)“\?% ’da‘é‘&féi‘?‘]?r}b BP StRBYIPHg “Q?fﬂ‘aﬁr‘f%ﬁc&s‘%‘} and
catholic a&ﬁtaEl@@élhdiQn]y_ﬁﬁér@tb)bﬁr@\x@%@sﬁﬂcﬁﬁﬂ% AL off RRMuMBdtaraRl pRIda& B BHHRPOr t ed
gasphase deposition | asma- supported nethods, such as%}?utterl ng or arc
coating arbmpptiondp thepriosytyistlagkiof grayeding gammereigllwyiahlep puitisimensionph ar ¢ _
coating, AN OGnIRORE () sdpbo: SRR SDY: i iciPdnedayBbRAE tear C. whi ch
| eads to a high degree of 1onization of the coating mat In the process
gas at nosptwalgst. The support to be coated can be provi ded vmth a bias

vol t age, which gaLIV. i nmbar dment
dur i ng. cont i ng. 2 O BRS L b DRI 4R B AR e B o R T
solid for mnasncadbﬁrsgmormng thdneatdasttlimdeoxdﬁndervethphagmmuﬂysshemm Bypatttcetaed under
reduced prgssyre fromb5 x 1 [ ocess
Gas ot mooperin S P ERTIR RS <ol S Mrd i i sty oy SRGike |y Boks

conpri ses farmdakg., gdsam, S)htﬁlbhﬁhsfaaﬂ@@lﬂoth‘dﬂmsd)ljﬁa Mp6it Qe -s0ppdringy o)t er| ng

net hod, such as utterjng,.DC or RF sputterin S terin
N ¥ A A P e I M S e R A R F e e o A

product i oreeRinié fBerP(eas BRidky schnt 8rRRESIred,d A8, SandIbridRgNRIxIGEs hekdbt er i ng,
the target to be puttered is present in an extgrnal magnetic field which

concent r at3@¢ ‘*teHéOIHFCé%drfﬁ"‘i‘ H“"f‘r{é"‘f' e ALY St ABUEA AEEL: aH-SHRAEEE 1R Fases t he

sputt eri ngohkif alspgdfe sictife ngdaH$ thet the Suppbh Strscalt el buppoR i@ SWR vdeiighG!XCl ted
in a conventional nmanner by DC or RF generators. In bias sputtering

general ly SH@@?N]Y/@) ‘l??‘e?é‘dU’GF%lei@é“\%ﬁf%‘WaFé‘éaéC?‘élyﬁtﬁ’t‘%yn%q a‘)’éldﬁ‘é‘m‘ﬁﬁ? ﬂﬁ’féﬁ‘?t‘)fof t he
suppor t V\ntlt,gbﬂegﬁ&_ during coating is applied to the support to be coated. In
reactive sputtering, reactive gases, such as hydrogen, hydrocarbons, oxygen
or nitrogen ar&ceardiaglyi preferablyibe Fatdlistaerppiayedin the pressnigpymEe arg supnerted

U tabl e bl RBnuadifle fre:Ebiklor kNSt L AUADEre TR X bdlesupibihf de.  carbi de,

car bi de ox e nitri or car e oxide nitride
| ayers camubédiniensosiat sgpeli $temnllrg/omn@gutgtm¢qumgrsaafmcatalysf with eseppotte, in the

B esenoe Qe DR AERON S RANIBI AR A LEOREN e ke PEARRRTe 02 | The

desired | ayer OSI POR and M Crostruct ur e may be
obt ai ned, tleseoflescr i bed bel ow, by way of controlling the deposition

ot ter ing powd?t® IR ERRes) e T Oty R v RE PSS b ot on
time. 8supported catalyst, the process comprising:
(a) providing a catalyst support;
(b) sequentially depositing on said support a catalyst composition comprising,
in random order, at least one layer comprising Mo, at least one layer
comprising V, at least one layer comprising Te, and at least one layer

comprising X, wherein X is at least one element selected from the group

consisting of Nb, Ta, W, Ti, Al, Zr, Cr, Mn, Fe, Ru, Co, Rh, Ni, Pd, Pt, Sb,



PVD/ CVD net hods al l ow the | ayer thickness to be changed in a manner which
is very reproduci ble and, as a result of the deposition paraneters (e.g.,
deposition rate, deposition tine), sinple. The | ayer thickness can be
readily chosen froma few atom c |ayers to about 100 ngt. For supported
catal ysts, catalyst layer thicknesses are preferably fromS nmto 50 nyt,
in particular from10 nmto 20 nu) veby particularly from10 nmto 10 np.,
and nost particularly from10 nmto 100 nm PVD/ CVD technol ogies, in
particul ar sputtering BédhAbrwhye toforem l9aded sunpagi duksapreatislvaziom wi t h
regard to the cheni cal gooRPBS bidvRihQEialiREaRGRASI (& cfftfeftls ¥idh A SRME §OT

| ayers. The spectrum of |ayers whi ch can be produced ranges fromtwo- or
three- to nulti conponegalcingitoarof adié loafed suppabtporkeiive srequatsi diths elareenissual | y
prepared by introducing,.. i arget into the coating unit and by
subsequent |y sputterin%ﬁgﬁéH%gag%goén a nobl e gas plasma, preferably argon.
Sui tabl e targets are honbgeneous netal tavigdtk¥e.Xa honogeneous all oy
targets, which are prepared in a_known nmanner Jreltin ocesses or by
powder netal | urgy nethg %?m3rafﬁw ﬁﬁgaﬁ%gﬂgwﬁﬁgéP%aT%?ﬁ%Wﬂﬁeﬁﬁ?@ﬁ are
prepared by joining togeahties MeonH| TeindX aegscthaly, ngl, dinéd £eanb =Olend cal
conpositions or by placjng Qr stjcki |1, disk-like material pieces on
honbgeneous targets. Afbé?ﬁ pﬂVbL§amﬂgF§Rﬁﬂ81QFons can be prepared by

si mul t aneously sput {@rdafgnih¥eni®loadddsBppors get s of different conpositions.
The supports to be coated are arranged _so that they are exposed in an
advant ageous ndaRASFCond agpses Hie Greset IHERlan RipVigesSRaRbE! BPdeqse by Bgt t eri ng of
the vari oygodedd 8hSfirs! HpBh R FRAAGRMRGH, F @angenent , the supports to be
coated are passed periodically through the sinultaneously burning
sputtering pl adiashirdaspes)dhe ppwseinvaHpdsiovidgha Faalpeq progkse edmprisipgdul at ed

t hrough the | ayer dept 1 i t he supports. The nodul ati on )
period nmay be adjusﬁgdpaﬁgkggcaﬁggsﬁﬁﬁ%?s by the sputtering power of the
i ndi vidual targets @hdeqentifily depesitéhgai shidesupart ociadystrocmeprsition gémprieng,
supports. In particul g i.n [ I | ation [.LO it is
al so possible to achig@§m§&3§§§}fﬁgﬁgﬂéﬁeﬁggﬁgﬁkggagﬁ%ﬂ§ﬁaP5¥gﬂg qTI%’yers
and hence deposition af leastiboerixgareopssiag Moyt leabhenepayep asraprising Tf and ated
oxide, nitride or carbide s¥stens can %? ggrni d oyt eith?r by Eggttering
of correspondi ng oxi de"* I PFECTPPrELBLT ' etA §éi%, 8t sy T8 ¥ ive
sputtering of metal tdrogeths gidupcotsistiaponb, My, WedetAlyEr, FasMplFRRsR®BCo, By

appropriately control ling.the react.i as_flow during the reactive

bt taring. Tt o ar sl phSE Biotin SoECha frin e 1afba strvgt S ¢ 1 1 de

formati on or carbi de k&ueRtid Oapor BegobiGionbtoddidg¥Riive Irdur@Xa il €lemiemtsal | oys

of nobl e and non-nobl e nELaIs sel ectjve ox%ﬂgtion of the ngn-nobl e qetal
W,

conponent can be achi SYEINHAERR FHFRTHORG! SUE HREfTd WPPYh e R PR ARSI o\,

9 Anot her commonly useag JRvRniRLigd iHeexpRSigequent i al PVD deposition of
different netals, such as Te, Nb, V, My, etc. in vacuum conditions (base
pressure < 1 x 10'6 Torr). The netabk%%ﬂkéﬁs are made by nelting individual
metal powders into di {hekfN bCd sIdHEthe rditf/eRMMis YRbEMS bthe Y¥RiM@] |y

equi pped with nultiple pockets that house nultiple crucibles containing
different netals. Dur¢lagemydlo, ¥nTe ard i rdengrtivebt and. dap ée I 8 =Hlited by

el ectron beam and th?OQﬁQ@?ﬁR$?BaB@H§Ob§uSY@iCa"y nonitored using a
quartz crystal balance that is [ocated near the substrate. Wth the stated
deposi ti on nmet hods,(c) taléigingbad lqadekiuppa@t;t o produce thin gradient |ayers
whose conposition i £l ' . defi I [ ' | ayer
dopth. he vari ati o) SRl b BB SR ATARES o Bibid) P ERBIIAL AV
manner by the corr espakeieng adepagihtieantafyaic parihkbexddatioo reactkarip ke, praspudet er i ng
power, in the case of sinultan Zu putt ring, reactive gas flow, etc.).

Mor eover, non-peri odi & P8\f8 "?5 %@%iﬁpgﬁg., | ayer systens conprising

di fferent netaltbiegpalificys, ¢ me@n@dgiohentd 6HtRE Sresen$ cofiemgaed cai@ydiayc and
oxi de layers, are also possible. The mcrostructure (e.g., phase .

di st ri but PEoWPPRTe) P ARE Pt MO HERD IRy ] imensiqnal SRugiures Ana PR Terakly # SFFAREG on) and
the por osyypyorPfimichife, bay e nfhdfoPemeeidl s KAIMMihDslicstRalalumidas by the

choi ce of suitable deposptlon paraneters. For exanple, DC nagnetron

sput t er i ridrecopiaditpraa.@F thedikear get at a pressure of from4 x 10'3 to 8 x 10'3
nbar | eads to very dense and hence pore-free |layers, whereas a colum-Iike
nor phol ogy with increasing porosity is observed at a sputtering pressure
above 1 x 10'z nbar. In addition to the sputtering pressure, the substrate
tenperature and any applied bias voltage have a consi derable effect on the
m crostructure. Exanpl es of suitable supports are nol dings of glass, quartz
gl ass, ceramc, titanium dioxide) zirconium dioxide, alum na,

o, o o, .. . N I T



10 In one particularly preferred aspect of the present invention, the
ceram c support structure is an open or closed cell ceram c foam or
nonolith. More preferably, the ceramc is nade froma material selected
fromthe group consisting of cordierite, alumna, zirconia, partially
stabilized zirconia (PSZ), niobium and m xtures thereof. O course, other
like materials nay al so be enpl oyed. The foam structure preferably has 30
to 150 pores per inch. The nonoliths may have 200 to 800 cells per inch.
These forns forAsdiscusggperein, fhesivptof epdsitipas eccomplishied peemplpymery of @l at i vel y
m ni mal pr : j e L R IRF=Y AP uch
confi gur at ?%%é{lgnn%Elﬁﬁ%leEggﬁgd:fr!())‘#-‘%ﬁr%ﬁdrl]lg\a? ﬂe&%g#é‘},?’q?w%@v%%&t‘?g% i ngs such
as " St r uctdapedti@atPMDB)sinotlzn dvoRsatht daysrs oAcat@yfipreskisoamatedals &e apfiek it the

(Eds.), Marcel r wx 1998, p. 599-615 (Ch.. 21). nd J. A
Wbt 1. PR PO EBlor GYin s after 3eed et 1 B s D BB i al st -
St ruct ur esprefaciblydessghan If mbaroRissible Fabmiethodtipp otgor deposigibs apxeriegphdyed. For

i nstance, ceranic oxjde fabric, catal sypports, fibrouys ceram c conposite
catal yst s, SGHICAT CRFIHE POHME RoGUF BE It REMON 1 RETT Yo"l BRG AL el £t ur es.
whi ch ar e mag deposiinTBdsiaacuppbled @atbdsy sieaab sbitbdng drtar CQRATIRY 4k plefdrRACT OF S.
These types of structures, which may or may not be self supporting,

pr ef er abl PRi§ring Peige gartieWadypieleskéek under the reaction conditions of
interest and wp hrc%zﬂﬁxrg?t'hl:Yo@iﬁ?hﬁte?i@iiﬁ&ﬁ’éveﬂ'ﬂ?%@ﬁ dFiah C14BBE ARCRAIchSUCh as a
mel t down. These structures nmay be fornmed into any of a variety of

t hr ee- di neensls émahigle dear¢eirienizasinn of tiadoatiag meatgsiabip temproenss gasraemerphérer st

fiber dia - olg 1 X r en

br ai ded or R pe by Eheatal B By MINRKSTD @ ofodf Shith JeRERAPheralile 8" oh or
ot her wi se.leads toaniehsipeionppmbailmtwduasg ta@tinfle support structures di scl osed
herein that plural |ayens . | ov.ed .t h. each. |l ayer having the sane
or different str Sl%%teunrné,’ {hgén%%ls‘lgﬁ P gér?"agér{% aé%?pﬁlfgw,sgg? fo(l)-lfn Hef t% %rt%l%’fe eristic
rel ative tathadegufehd pasmal sgytemn, spinered mslearedecedprasatralpraferablydramay xdofital n a
'stack or I(a#)ﬁ{nﬂa csf. fabric disks fhor rreg from%cgerﬂrn'c oxi.de fabric supported,
catal ysts* SO B PERGESS 8% AMOPIETABE SPROS bR G SRR TGP G2 | ayers may
or may nousflys&hpsdppasctie pg, sichaf agabl y, however, the conbinati on enbodi ed

in the overall _structure i ener al | el f- supporting. \Wen | oyed
herein, cerani Xarb%sdérspf‘f)%f‘ggwe%‘ég %ﬁﬁﬁé’isg‘gbﬁﬂagﬁ?tm%iSﬁ‘ét,te”élﬁ & Rbori a,
cordi eri t gputleBEy) Bk Sputiéhi €Ot futivObpule 6RIRIdNBIbMALIGHs tRdddorafe suhesefdxiedes. |t
will be apprecjated that the supports of the present invention, though

di scussedPRYBONh e REsEBItEREMBraGIRYCET IbBAgCBEh U atiErEFdo Ry be

sel ect ed huRdAE Yre®nt fh MEXRSEa] Hagthiik iR Ida0kicBIn8ErtleS thePkEMads theMediliput
limtati an) a ceramc selected fromthe Lgrou consisting of cordierite,

al umi na, 94 heBrgeaandhienes igpiegses thaispytiesiag o9 1t Bfi 4 REPSxfering BHFRIYFTg | i ca,
boria, MegRgsi Rexditeh AN @orﬁ@ﬂio’ﬁ‘gl&ﬁﬂn&sbflﬂ?@ro?ﬁi:-geﬂg?ﬁoxg.r RS sPukeiHgSed herein
are thus hot Intended as [imti _ng. 1 I'n another enbodinment, nufti-layer
st ruct ur egengedlly inpgativeleianvaltage khish leadplolntanyi Yepogiapserenbeihesipprratés (e. g. ,
thin, cir - r - j rably joined together by a

t her mal | yﬁg%)g&&lu"gt%?%g]gg%ﬁ%ggﬁogh? %ﬁ?%ﬁ %el?creogecegfay be coated with an oxidation
barrier, to tHerebyvespnyaingsreadior gades, shdcds hydwget, apdrocabasysysgupports for
acti ve Cafal VSl dTALEE 1 AhS ey WAN 0Ll hAIShEAL LA o LAGBANIG! A9 1AGE LN

t eachi ngs ‘ar app’lnl cabl '€° £86t AEr At eri systens or configurations, the
cat al yst the egdavast maa okale, itride, agipds tarbide buidescafbaderdicigte, axgleanitsitiack of t hi n,

circul ar r.f orat ed al disks,and j.aini t hem t oget her. by a thermally
Conduct | VBB TEHE rfs chrs fopgnich P By PERraB S e foreathole i,

t enper at unhepleSdncs bif Hyd ficambns, bXfreh andiérairaden ah the précebager . The nufti -1 ayer
structure is inpregnated with the active catal yst precursor terial, dried
and cal ci ned tidededred bye ickpess CHETRIGR COMPEHEN 3Pgmicioftrigiite BRY R e, t he
muf ti - | ay@gaifddr siclebti®ed Belsw alyathy Qlcomfdin SRt Bhosib¥n PAAhEEE shéh Rl I Or oxygen
at 900 Cto 1200 C, for a perloal of time ranging fromabout 10 - 100 hours,
t o form aredsbsgas preghird. progefians PRINAIRIER SPUlAriAE OV ely enuttofi &oRodsy Hibsigate t he
under | yi r . L1 further oxidation during high tenperature
use. Thqund ‘?{i}@% aﬁ%gédroglgfég%g?r eferably functions as a diffusion barrier to
t he supported nmetal catalyst, thus preventing alloying of the catalyst

nmetal with the alloy of the catal yst support. For exanple, the protective
surface | ayer may be conposed predom nantly of al pha-alum na) but also
contain a small anount of yttriumoxide. After pretreatnent, the
mufti -l ayer support structure is coated with a catalyst metal, or catalyst
precursor material. The supported catal ysts as descri bed herein nay be
further performance tuned as desired, and may be varied in their stacking,

. T ) - e e



12 Generally, the netal conpounds contain elenments My, V, Te and X, as
previ ously defined. Once obtained, the catal yst precursor may be cal cined
into its desired supported formor into another suitable form The

cal cination nmay be conducted in an oxygen-containing atnosphere or in the
substanti al absence of oxygen, e.g., in an inert atnosphere or in vacuo.
The inert atnosphere may be any mater8al which is substantially inert,

i.e., does not react or interact with, the catal yst precursor. Sui t abl e
exanpl es i ncl uddVD/& IR asthors #omathe daer thickpesyrbe caprisA In 4 BAwT WihehiivMsyr

m xtures HQ?%@QBMeBE@E@%%QhMof%@%qkﬂﬁ%kpﬁ%ﬁ@& RIer edbﬁxﬁ%ﬁ%ﬂeQ&pﬁhREOQEH
The inert atnosphere may fl ow over the surface o# t he catal yst™ precursor or
may not f|t@wek fiepkowbe lager thicknepccan bgirrad iyrelinsyn frowarfew poniglayers & shespher e
does fl ow t f.d r can
vary over H)Y)%u %?s%éo!‘t@&gatﬁysts Qﬁal?&tlaigg chi Vcéc %g%;’hresgr%fe{ébﬁ}?fr(grh rr%@oi%h .
The cal ci nammrpamulusﬂaxhlm nﬁﬁﬂbmrmfpede@tpamchaﬁpe:ro&t 10 @f 10 mpandaAst t o 850C,
preferably fron14OOC to 7OOC nore preferably from500C to 640C. The
caIC|natldﬁnﬁ§‘6@rFﬁ?H%Hmﬁ%ﬂ(%Hnannunt of tine suitable to formthe

af orenent i oned m/@mechnwd@ie@ ah lp¥richikespaRdrizNathh e gy, %ffewefrpémqie;aere from
0.5 to 30 hours, preferably from1l to Zg hours, noré preferably for from1l
to 15 hourfiedem vithtragard toribe ehesticabgomposision 1wbthgldepositebeatalyst areewrewéweeﬁ mode
of oper at iR ol i RlelSbniB &6t 3RSaubet Gk BRfAvNof ReShaRRS: 1N the
first stage, e catalyst precurs r I's ca C|ne in an oxi |Z|ng envi r onment
(e.g. ai r)coampomnt sperlat Moki-@mpbnonme5ds te uso&l@ prepaedderyabtrgdutingm 275C to
325C for nut hours.

the second S A ) L FEebE P it Ry HylBhe MeWuh it R f 34

non- oxi di pilasglaenvﬁembryrmgmn Seitaple, tagpts |artelfotnogérrmapmeuaemrgats oahdsmnmeatsur e of

fron1500C o 700C, Eferab for from550C to For %tes to 8
hour s, o BEels ?VBF PF%‘H?% dgn 3 kpQyR gannshpy gig 1“|8>Pr°°§“FSe%‘ c%R‘Pé’ §as, such

as, for emmlluegy radtHamR| alamorﬂmgém@gemosmwglae abidpdreqii¢ganed byh&inmgcond st age
aIC|nat|on In a particylarly preferred node of operation, the catalyst
precur sor t‘?&"’l‘hf"h%mflfgf E‘Fceélt]!‘ Y88 pg&ﬁﬂ"&@@ﬂ“‘iaﬁc‘iwsﬁ’éﬁ TRy RIS FiSHEKIR8 nospher e
at room t gRBeradkUiR rdstidl PREesloRineRdgdRodshrghis I SlterSitAeN, BathiGic AASYsAn be
t enperature and held there for the desired first stage cal cination tine.
The at npsprerEd Py SITHUANGOEHY SRUEETING 1P 9 eorel ksgeterf dSric PaPitingsatitospher e
for the sgapBfs &lRABaEARAGIaNGJARY HalBey emeeﬁs@wrneanl Rvirigeed hanth@ whesi red
second stage cal cination tenperature and d there for the desired second
stage cal 8pwaf moterial preducad by HGGRUtEADE pLhe verfous saigsthdn predyarpgaelse. g., a
furnace, Ry, -BRetl ik 'sz@qngiwser&gatweegaésga paldaRany throdgh tnrs%nune@hsw conduct
t he cal ci nat i"on under flow of the desighated gaseous 13 environnent.
Ther ef or ebumingisputiediva ptasgao adyeowkesn derepositive itpdriodisally wadylgedithsaghwld h
conti nuou t f al yst
precursorlsd %&% hﬁ%é%q@yﬂﬁﬁggﬁ ?§iﬂwr§&§g@§ %Q%xﬂﬁgu% n@ﬁkthﬁﬁg t he
for mul a Myidebifigts)oyTae muewmgrpol\mr o@hmﬂyhhhe}mamets\and by vespetdwithe peripdic
telluriu Xis a reviqu efi 0 |s 00X d are as
or evi oust oA BT SRR R M MRS ot e e B e s p gl fafidt esent
i n the capabipktto actieves vdapadegi mxmn gidfehamdldaimnldmyeei aldehende debﬁs:tﬂiﬁt&'ra
el enents The oxi de ﬁbtalned by the above-nentioned net hod may be used as a
final catPAWREFICH}AIN: may further be subjected to heat treatment usually
at a tenperat ure padpafatiomoP@ket exlaé)(mnﬂ@br d‘afme Hstbmb Qanlf: dagisdsout difier pr esent
invention also provides, inits thIHg a catg tic process for
subj ect i Y RUFLEE o FRTGEPHIP A1 RIFHE OF 637 Ble et ce by e el ecspiEona an
al kene, tdr RetMaRBELs m@?xes;faaalﬁg YdabtveRas plagthasORl d rb@&témcmenmgeﬁeence of the
cal ci ned | oaded support, 'i.e. the soforned ca In a first enbodi nent,
thi s aspeeactiye gasHiow Wé’rﬂtth%fﬁa%wﬁrpﬁ’qt‘%%g a“ﬁ)fﬂé‘?cé%sél cdp agitiogaItiay o dation,
unsat ur at t(iildg QAN br%a ae%nﬁ(\zﬁi'oﬁm &19%’6 12§er. ﬁd#éhﬁﬁﬁlle N8a s%k EHIEan Pl 2
m xture o an al kane an al kene vapor ase cata yt|c oxl dati on
react i on rion-nohle npmaésecﬂcewofoxeiaempﬁ@hetr@d rmateahgzdtcomnmeat eanrbg aclevedibove mi xed
met al oxi rod an uns fed carboxylic acid. In the production
of such éﬁﬁhﬁ§§¥hra g E%?@@xy nggbld it is preferred to enploy a
starting material gas that contains steam In such a case, as a starting
material gas to be supplied to the reaction system a gas mxture
conprising a steamcontaining al kane, or a steamcontaining m xture of
al kane and al kene, and an oxygen-contai ning gas, is usually used. However,
t he steam containing al kane, or the steamcontaining m xture of al kane and
al kene, and the oxygen-containing gas nmay be alternately supplied to the
reactlon systen1 The stean1to be enployed may be present |n the form of

oy . e Y T - L,



Further) as a diluting gas, an inert gas such as nitrogen, argon or helium
may be supplied. The nolar ratio (al kane or m xture of al kane and al kene)
(oxygen) : (diluting gas) (H20) in the starting material gas is preferably
(1) : (0.1to10): (0Oto 20) : (0.2 to 70), nmore preferably (1) : (1 to
5.0) : (0O to 10) : (5 to 40). Wen steamis supplied together with the

al kane, or the nmixture of al kane and %l kene, as starting material gas, the
selectivity for an unsaturated carboxylic acid is distinctly inproved, and
t he unsat ur at edM\eQifasexymiosly aseP ¥ia mayewddpthaisermantial BYD: deposilideenid ffasentm xt ur e
of al kane [ ' ' : k N Qy¥er .
However , tﬁggmﬂ%gﬁggﬁ%gﬂ??g%gk&?ghgﬁﬁgﬁﬁkﬁ?P¥$§g§%§&§%ngﬂEb gaéﬁéﬁg% as

ni trogen, maetgsouwes drekiaderby oelting endovidyd swtadpovederuiniondjfferam coitcari¢si e

materi al . such di.Luting. .to adjust th ace velpcit t he oxygen
parti al prﬁ%ﬁ?‘sge”é%dy qlﬁ‘rgfy s%qglgﬁ?%;‘glfé Pgﬁ‘pi ﬁrpé’gléeﬁsr @,atsrg’ﬁsﬁ 'H%l(r?lf’ Bﬁgls?},b Uch as

ni trogen, cngingdiffrent memlsa)urbg RVERn tothat i mevil sdurdehie h&tteleon eledgoh he

starting terial alkane it is preferred to enploy a C3 | kane, .

o 11 cur ar o boR o e B I stk it 5 ePORBBG BibiSane or

| sobut ane;lodWsitne i tBd Qibslpdty., propane. According to the present invention,
O s i o A g e SN sl b e e

a, ~i -unsat ur at ' .

exanpl e, WiRRe BIMRAIHSN & vakie® il @fifed hanReWitAnctdASing 1361 depth. TR edriafibn @l kane,
acrylic acid or nmethacrylic acid will be obtained) respectively, in good

yi el d. | nof Hie compasitian qanbefentiphied isa simplegrannerbyghtearsspoadingidepagtionof al kane
and al ken ’arahltete:rss(f "2 GhIe EDul:FinETHBLY irfthP bt UF §rmiditafedud pﬁ!té&gmgereﬁaﬂueq 8
aIEePe, p ;éhcubzibghfnﬁgamg agﬁﬁﬁhppene, I'SO F}aqiwag ;;omiagge ord

n- but ane @adflew it e YereoAsr, nhep rct lnyrg systcnes; &£.gl, laye Bs ofmptiskigne an

al kene, pr,apan . propene. or_|. yutane..and i-sobut e re.mre_ preferred.
Vst o ef SR rARSiRABREAToRpol IR ARG of RARNERE RIE MIB By
present i pesiti¢.on, from such a m xture of an al kane and an al kene, an

unsat urated carpoxyli cid such as. an ~i unsat ur,at ed carboxylic acid can
be_obtai ned | n Bostrruteted PR Pl un el P R SRR DGR opane or

i sobut anecandilogaphid @eatasive) and eck ppsosithef tt &iykisran bac@riondd withih wide of al kane

and al kene, .acrylic acid or thacrylic acid will he t ai ned, :

s pect | vy By Hesfe of witel Binsr BpY Brrgmalily e R ra TREOR AR eHAg

al kene, t bea alklsBR@arg& aph PREIte dNTroand ATOVRS 8 ©fl0Anbhilasds tdvaYubnse wed ght , nore
preferablx at | east 1.0% by meigrt to 95@6Ey meiqht; most preferably) 3% by
wei ght t oPYESPy-HiRGilyNEs: WaTeas iUl W meranolagy Witk MISERSIN&RRIRSINES | sobut anol |
whi ch wi | bpdgly af Adp@rraHiieireskite ab&At AP RO tal @0Sn f0thé PubterideSpressure,
correspondi ng al kene, i.e. isobutene, may al so be used as a feed to the

present pH§SBRsEats temperayrg janthany BRISH Ris toHasaEs # orsidprabisrfiieidhe eed
streans. Fheodbtey Of the starting material al kane is not particularly
limted, and an al kane contai ning a | ower al kane such as nethane or ethane,
air or car bon ENagplegey suigblespruort piegnoldingyofiglasy SEartaglpss oigramfpyHitEa i cul ar
probl em Jﬁumg% ol dRk et d1GinT B Gindlilikds APa 8B Y e Afte, ndfhds ik Gilildee var i ous
al kanes. Sim arf , the purity of the starting material m xture of al kane
and al kenslidgassihetespmetal, carbeir (eyg..|graphite)dor mprthres thérgefutee whpert wanke perdusal kene

i ni | | ; | h
cont ai ni ng, n%n-rp‘S%%E. ﬁxzﬁﬁ?ﬁa}gf&é‘@! ugczua%t Q?Qﬁtmpz% ,st?ér’érﬁé;pe%ﬂ:&?\ozﬁrgﬁ%?ﬂ%ﬁs{a?g;ya”e or

et hane, air ‘or carbon ' Ihpuriti € used w

parti cul amoydiiohlspieresFehigshengs or bengihas.tSpheresypeléns ald shends wreepaaticubdrlyane and

al kene ngﬁ Pe f.nixture of various al kanes and al kenes. 15 There is no
linitati oi°6H°the source of the alkene. It may be purchased, per se, or in

adm xture wi t fin anfelokanieveuniionh codting lof ihepuppotts,@sis adVdneyperalk to/ledey thd t can be

obt ai ned as a hyproduct of alkape oxidation. Sipilarly, there is no

' tat | OHPRSST R Engo s b R earamico oY (heise O bR ablp Hipaei s9@rrets, or i n
adm xt ur QmWn]% Ro&NfL kRBnRAt BfertdsNitabRIMEchini @F appiRihRQi@ides te, al kane,
regardl ess of source, and the al kene, regardl ess of source, may be bl ended

as desi r uriodipadlydqeavafl Faags SR shediyeoshapprl ibyiighticsHpRoga e arseg o PR present
I nvent i onaj R Bbvements. The mechanical apparatus must, of course, have suitable openings to

permit the passage of the deposition material or access by any plasma required.



clearly understood, but the oxidation reaction is carried out by oxygen
atons present in the above m xed netal oxide or by nol ecul ar oxygen present
in the feed gas. To incorporate nol ecul ar oxygen into the feed gas) such
.ol ecul ar oxygen nmay be pure oxygen gas. However, it is usually nore
econom cal to use an oxygen-contai ning gas such as air) since purity is not
particularly required. It is also pot@ible to use only an al kane, or a

m xture of al kane and al kene, substantially in the absence of nol ecul ar
oxygen for the apoPapeAaly RIGiCHPY SPect PEHEPTERNt ITYEN4Qre HeLe@adesuppert| s
preferred &QcRHAORLN Bpdtir RRA IRRIEIahi@oRANdr nnofifAe MisE EJeYe?&bl},%h@oQPc{nQPrié ately
w t hdrawn fromthe reaction zone fromtine to tinme, then sent to an

oxi dat i on Mg amaeriak seipsisd fipnmelde giodp eonsittingpl{gondierite alurhiaarzitgenip.on zone
for reuse. pfiful Rl S4PARLALIPOZITERAN, Bld G, e8I o BuRELRARRY, Tor

artral
exarrpl e, B)e nent1 one npri1 ses cont act 1 ng an oxi ative gas such as

oxygen, aimatenalfningy agebe eroployxdddEheponh stragureprefergbly han3d tod 5P pgemn perandr.
usually a rat ure~of. f 0_600C. A process for producing an
unsat ur at ;T&%%oﬁgg%ﬁ}ag hg\(,:el %Oor%é)?g%?eglgp relmgnr'rpl oyed where propane is used as

t he starting mthedeifatmsafokthasuppartgheamit high spise delastidsheitioxyeteinelg adniigel | n such

o oot G oS AT L TRY B B SR B s RS A T

the sel ecmakidgthd Qimel heviéve sEehdhitgs 3Eohyak I'StraGired Calgsts bnd Bedd®idilal y at nost
25 noles, preferably fromO0.2 to 18 noles per nole of propane, whereby high
Sel ecti vi (GYPFBH 8 yhiMonip iEdsarMpielSpkrinbie: 1955, & P81 BarXpRe

conduct ed ays Hal INolifd et raat BRI bE £ SPERSEU Cakicbitto SRukEs eanduiet ed under a
slightly el evated pressure or_slightly reduced pressure. Wth respect to

ot her al kanes Stdiurgsincligingdiheous oF fabeic DPPTI MY alip balcpalowed. e instdeenes such
as propang.aie HiRReN cotdiit s?hB}o%'cé?Ilmch%m}Sﬁ cHAR st Bor a'%%m%ﬁ!aﬁ&’i,ed I n
accordance with the conditi on or propane. Typical reaction conditions for
t he oxi dapicyidepthep pirpetivg sbpparisd biectmes, wbich@redapity faonet! and arebdibyrsghled aci d
may be uti]j in. I ] t] rocess nay.
be practi %:oe%(zc?)g"ﬁfpcsl%lggicggr%ggieg%g% #gﬁ?gﬁfgﬁcdﬁyﬁ i%&hé)ég?%]fghe reactor)
or in a reappottegnweiierapht will ré¢dstiteassl shogkomiderche shctidneondbatsef irgfredtaedt i s
returned Lo the N5aGkehb: SFREIEh SARAEENS,h AL o ENRBNOGRSS Rl Lle present
i nvention é%% gt 61 7'owg SPOhE Y Ea EY T OR errp%rature can vary Frofm2docC to
1000C, buinay de frsmad inyo any dffaevarietn g€thede-dimemiciaDéontiguidhais, andonay gntpddyer abl y
250C to 750C, nost,. @r ef ﬁgabl.%%SOOCt 7OOC;n t he gas space vel oi;i tg SV, in
the vapor OFHILRT SHieranh ogr SIAmelEy | X 9 ol PR OGF MRRSRIMEEEE 6 *F 000, 000
hL ~, pr etﬁ@m@.@byotﬁé)@is‘eag@@@mﬁoﬁthohrmm SL{mbIe cEﬁtEﬁu@d’ti@?JMesﬁ%oﬁ@nﬁﬁw,OOO hi é;
the average contact tinme. wth the catal yst can. he from 0,00l tqQ 10 seconds
of ot o bt 1 b EbednAE e PEAGROB R B500s PR b e

pr ef er abl yaf pOEMPoREl, Wih Bachas@ BSiind the sdMessiff@ent Rirbdigre ) @apbki@bn,zone

usual ly ranges fromO to 75 psig, but is preferahly no nore than 50 psig.
In a si ngdrENEHeR oFgHer Hiamekssistic rFtta“Y"s‘Oﬁr%?‘é?Llsé@’ef-lfé’f insiacen g GjRlSt8d suppl i ed
froman oxyO&RARRL@LNG 1D BA5T FHehliRS fdinkd OB cEhiiloRideasFic TRFRridh 0Cess may
al so be practiced with oxygen addition. In the practice of the recycle node
process, @xsesrresiitiigusi qeealie canapositrecatyl ystse frdénddusd layers mey oagay gotheseld- t he
build up i i i 2 die l oxi dati on
reaction sgppd[xﬂrgitgggggﬁ? }?drglv\?g%ﬂhgﬁ%wﬁl%s I mg‘retgjé“nf’g?ﬁez?* ?‘h@‘%ﬁr ocar bon and
oxygen cqeoenlly sdf-swpsorting.teenfeswdoygd bersinbecramic ok ale fiders maytbh somppsedpf | at e

| evel s tao,m.nim or. avok.d. L& . ; i | tehi eaction
zone or eaéup%el@%"a lﬁ% %)tr 1oy ?%’3‘5‘%&? 'Ir}é gn%%}zgtzﬁ%(jnlrl ;ggg? géﬁgéﬁgn%weéﬂb¥§?Qﬁf Sr'i )
preferred that Ittwid beappretiated shgethe bugpettsofiibe prosent invéyoioh, thoughriiessed

after-burni ng and articul ar in.the recycle e, pf operatio to

i 1 26 PR B AR orksfgEH et R DR RS b sREL P BRERTE Mdestn 1
addi ti on,of aFRFait harriek, dubkad @adbitdimittion) d einiie fetal fiunethegedupw 4500) i s
extrenely attractive hecause after-burning becopes | ess_of a probl.em which
enabl es ©€RBSIHNgG 8f Frrdigtiteptlumingrrdicoria) Raptally stehilized 4iicanigdRi ) ctioWHBdtiit’s. The
catal yst pgfia ienBNi£88Mla dnﬂYtﬁ%fe@%e%@r’@a_@??ouﬁpﬂﬁcﬁgefd' Hele@irk Yot he | ower
tenperature range set forth above, significantly reducing the formation of
acetic aditendgdds b@mitisen oxi des, and increasing selectivity to acrylic acid.
As a diluting gas to adjust the space velocity and the oxygen parti al
pressure, an inert gas such as nitrogen, argon or helium may be enpl oyed.
When t he oxidation reaction of propane, and especially the oxidation
reaction of propane and propene, is conducted by the nethod of the present

i nvention, carbon nonoxi de, carbon dioxide, acetic acid, etc. nmay be
produced as by-products, in addition to acrylic acid. Further, in the
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In the production of such an unsaturated nitrile, as the starting materi al
al kane) it is preferred to enploy a C3_8al kane such as propane, butane,

i sobut ane, pentane) hexane and heptane. However, in view of the industrial
application of nitriles to be produced, it is preferred to enploy a | ower

al kane having 3 or 4 carbon atonms, particularly propane and i sobutane.
Simlarly, as the starting material nmMkture of al kane and al kene, it is
preferred to enploy a m xture of C3_8al kane and C3_8al kene such as propane
and propene, buhd@netherrantedineans mylddiyat eivetussdnayseidearieack gemplammditiaefd

pent ene, h - , I Lew of
Phe. i ndustfo BT e et o mor A Pr Bt B A g e D o M B e r e
to enpl oy @emiatly gpedugfiveaconnsetipn.al ik piateshenyi begodedwitlf ag axidaenduwivs tand a

| ower al ke i n,. at i - ) andxpropene
or 1 Sobut g Rnir T fater S BPSaialiBe RBRO Y Al (AL MANR IR AR,

al kene, t heayabdfiiBmeraiion, prcegrening that tha teantoogst ar@fipphit atie@sthed nabdribysywemght , nor e

preferably at. |east 1.0%.by weight £0.95% by.weight, .nost pref bly 3% by
et oht 1 o <5 bauS s di et Gty By Hp A e lord R » SRELTER & ot
par ti cul ardip¢ulat prfoesled med] disksahl difing heinabgutig b a k@il yadokamgiveuch as

nmet hane or ethane, _air or, carbon dioxide) as inmpurities, gay be used

wi t hout arfPRRSEHPR-ibe ISk SEPRMIE S SCHET al a4 high @P&Ffﬁiuff‘g’%ﬁﬁ’cf YT Rane may
be a m Xt Wrewah aNafindbger A Heamah-1ayelt Shlcaid ¥.imbREndddd Wity thehedvaRadllydr t i ng
material mxture of alkane and alkene is not particularly limted, and a
m xture ofPregurap@atgHd. dniqdaand celowedioihhigsdt Ingnaonglith exglygudnongsxenplene, a

| ower al k iC L zal: LOXI 0

mpar i (1 o AR @S RARa0 EpRARice 8y hraha AL RLIRR IR S
starting naf@YG,4or apexiod pltimé ranking fomeabdutal el haery, thdorm mihie, tighslyof vari ous
al kanes a ) Fe 1S L jtati f al kene. It
may Do purapa s s surAE et Snif plodle il ARRARRe lBoR e ol rdief e

i mpur i ti esxidalioregurangihighl tymparatogrusd eTiebiudkseddyea sisa plxfgratdy Guttial agh kane

oxidation.,.Simlarl here is,no Jlimtation_on the [ of t,he al kane.
ey Dadiflsoiret to b SlsBohs Aftal A1 8GRy IS BANE SEnLacki DF A
i mpuri ti esvithvbe dlye the cathBst suppat. Kidm exam@gandpresstivefsusaurigyer mante t he

al kene, regardl ess ,of. sour may be bl ended as desired. The detailed
rechan smEOTPYRGDRANBERIL, fatptR et A ERe O SR e S B

i nvent i on Afgr petreatmed) thy muhtiRlystsapshrt dHawReeE codiddewitixa ctadlydmetaaet i on i s
conducted by the oxygen atonms present in the above m xed netal oxide or by
t he nnlecﬁWéﬁ“d%?ﬂ@H‘Pﬁe?ﬂe feed gas. WWen nol ecul ar oxygen is incorporated
in the feed gaghe fupforRUYE@IYsERY dhCrifdMeretXYGERe BiRtGer JoBRNAEe tuftduse hi gh
purity is not required, it .is usually econom cal to use an oxygencontai ni ng
gas such desirgsland may P Katfeddy ”ﬁé@,‘“’i“ﬂg’i layerpg-r Biher ingpegpdian &h"’é%ﬂrﬁi“}@t’{hr e

conpr i si Nehedbhcdr KARE indciRa MaXidd ECinGhodReatikApRJIAAE ANFS K @hfle, iRBRONI @ and
an oxygen-cont ai ni ng gas, However, a gas mxture conprising an al kane or a
mi xture ofSPEF MRy AebeisEcialioanikeherrayide andatiye dehiydroganabiry aive 6¥elastni ng gas
nmay be suggﬁamféaai SRENRE BbYin INBNLPHDEdY BPsREAILHE R RloY bysfent RABEI ON i S
conducted using an al kane, or a m xture of an al kane and an al kene, and
ammoni a seAryeraion ofhn slkgne sealkylong (¢l GEQPARG OPXORydanc) iagha ¢aeesfobgdregabpdit s
advi sabl e r.ed i iodically
W € hdr awn iy B e el B B ed P B o B PRE 57, e

r egener at stectwt @igasipn cgalyss owaedd acod prhductiemct i on zone. As a net hod for
regenerating the catal y.st t hod b nt.ion r.ei n.oxidi zi ng
gas such as ox ﬁeoﬁfsergir%x%drm%ﬁ@é%ecﬁm%%%&?0 ?P%“’%@?%‘%’Y?ﬁ&ﬁ‘? ‘g{lp??n Wt hr ough

t he cat al yesgrepatedtiha stiedyeneimeosuchi suhbt ifusadated in e foating disanbsién. APurdHPC t o

600C. A process nm so he | oyed ere propane .is used as the starting
a6 i al HEBY S e o (B AL s e KuareE AeRiep RebPiton of

air to bes §Iﬂé?§ljeJiB ink@Budid}en meRCdddn sdries bNPetalsamb awhialyst @eaet adndixiuhe
selectivity tfor the resulting acrylonitrile, Nanely, high selectivity for
acryl oni tSUFh & Bysdeponitiann & ditsassed hereinsthe s P§ ddOMHIHS ACRMPLHKA P¥f at nost 25
nol es, paiidiGeRt ba depbridimredmt Esel%dﬂ?@h@hé?ﬁicatm@pd?rd@;lﬁﬁn%n of MysREOPOr ti on
of ammonia’td be supprled for the reaction is preferably wthin a range of
from 0. 2 deposgiamp| es, particularly from0.5 to 3 noles, per nole of propane.
This reaction may usually be conducted under atnospheric pressure, but may
be conducted under a slightly increased pressure or a slightly reduced
pressure. Wth respect to other al kanes such as isobutane, or to m xtures
of al kanes and al kenes such as propane and propene, the conposition of the
feed gas may be selected in accordance with the conditions for propane. The
process of the third aspect of the present invention nmay be conducted at a

e o o o AN~ 1 NN N n o Y T T



19 range of from 100 to 1,000,000 hr ~, preferably from 300 to 600, 000
hr~~, nore preferably from 300 to 200,000 hr ~. As a diluent gas, for

adj usting the space velocity and the oxygen partial pressure, an inert gas
such as nitrogen, argon or heliumcan be enpl oyed. Wien amoxi dati on of
propane is conducted by the nmethod of the present invention, in addition to
acrylonitrile, carbon nonoxide, carbd?@ di oxide, acetonitrile, hydrocyanic
acid and acrolein may form as by-products. The exanples set forth bel ow are
for illustrati VeEsipdaenedhrememadsiontaeelepenthMocy¥nks H¥reds BEVioUMYt i ng t he
scope of th@nkdvention. For purposes of this application, "% conversion" is
equal to (noles of consuned al kane (or al kane/ al kene)/ nol es of ;;iprpl i ed

al kane (or al k&St abRinge)the setalpyy pregpfgormay kel cgicined indg ifafesired guppped f9fmf or med
desi red urb%%turaa&gg sﬁﬁ:{@@?&%! Pre]cihafbn ALABEYARLIE] % By RBhlafith A1 kane
(or al kane/ al kene X (carbon nunpber o or e desweg u% aturate

car boxyl i atmespdiersror &l e byhdntid abssoee ofnbesn, ©F., inhre isarpgmiosmhersl it émeacpor

al kane/ al , I taly Rl r d as

Fol Tows. . TS sk fnbiRer AR Sal 2L SALEIAby R, il L BOR RRREREGS
Mb on a hdmesacowioh, shebsital wt prevvarsorp@uifable reanples iaclPUD wapstrdimitatiom nitrdpase
pressure of SxI O~ Torr. The netal rce re e by nelting individual
et ol pondee 1P ATy B Erost e roniy” B BB Lrewvas Sl tped wi i h

f our poc kexﬁt&)ghhalglehmts‘&' mbﬁpllgreﬂﬁdmm a?r gﬁl’shﬁhda;olﬁg]ef@t,alﬁbpreddrmdr My noth
respectiv .. (The uni que advant age, o avin our netal sources t he
et o ol ihaover Bt e DL SO e AT ar s BPhate e Heite

openi ng t BetnéaaidRl HYuERM thO16N AGeanREPves D Wideaange, OB hNGpaRPRIciy 8p an

i ndividual netal source was heated by el ectron beam and the deposition
rate (typf©gt! P RO0ew nanoneters per ninute) was nonitored using a quartz
crystal bal anc : . ”l?l}%lpﬁ b+ Al @noAWo PVD
sanpl es were sza%%l?ﬁamg %@%@’g&{@ﬁdfitﬁgﬂ e %{%I% o&ﬁlt]%%t(\g\% %gq%_’ences:

Sanpl e 1 prefdyftig fron)400¢C L7007/ ik picPeratsty froe( BO°G ) 64880 Pl e clcinatief 36

nm /i Vb(10 /Y19 nmy/ Mo(.72 n he two PVD sanpl es, were ch cal cined in
N s e e rin ATaROO s Sl bR Ao SR AP e

t errpe[] at Uﬁz&cinﬁﬁdnhs perfddfhe € €driiom 6.5 B0Hous, pretdaatdu bmtihe 25 tbers, rhdérehf Iu a naﬁ e
was then heat rom apbi ent tenperature to 275C at 10C/ mn an e t here
for one hB% ffra%’ﬁi%g’ﬁ?mﬂ‘sr%gwg’ofés@m@g’f%‘? %CPF%W({RIX%IB%NOLX ough the tube, the
oven was heat ef f grefeed biodé 6f PRRAFoM theXalalshpedsdied chidilrif tf®stagednhour s.
20 The cal cined PVD sanpl es were each evaluated in a fixed bed reactor at a

cont act t thedIrgptage) the 9231 sk BISRECTdherIadHn an pEdidingrenyiropmenp§£main 3204 st eam

and the bélﬂ%@ﬁﬁxr@jﬁ frdth thJ@lﬁl#b@)Q?, g-}e\@l?ﬁblif ﬁo;ﬁ@k? lo 392886@ W RHnYVES Rinutes to

consistently reproduced with nmass bal ances within -102% Table 1

Cat al yst Sheprempeefertelypor ool @33 Gowrs.. In dhesaconid slage, gheaBeateryil dtogh tha figit stage 560 26

19 4 Sarrpils%al%'n § 91 asr?onzc;]xi(ﬁziﬁg @?@g}rorﬂrrepgm?p% §§%ﬁg§é@hhgé6gt%f[e%ran}{e oire and Ti

on a honeyconb support s p&r in“a m wi t ase pressure of
5x 10-i Tiem.500ktoMe0uT, peefenable Sordroen SHIE th§SATE] for 1§ mimdesvd @ahrsyret al

povser | Ak AEIERY, GG Bl YR R A SRS, oo

respect i vglhydroker,initg bd @& durig tHeRecohB eiayd chitahatigrt al source is heated by
el ectron beam_ and the depgsition rate (typically a few rragjo ters per
mnute) is nmodledreiqulady ptgfesredimade of eaf{rénoaﬁhwt%{ﬁ%@rcha?ﬂp o JFattags hear

the honeynal isHeatdidl exidiZny AYRpREERI RomSenpahantdnd et rHERAS Heatsusi ng the
follow ngstaségg:glgiggt?dn temperature and held there for the desired first stage calcination time. The
atmosphere is then replaced with the desired non-oxidizing atmosphere for the second stage
calcination, the temperature is raised to the desired second stage calcination temperature and
held there for the desired second stage calcination time,
Although any type of heating mechanism, e.g., a furnace, may be utilized during the

calcination, it is preferred to conduct the calcination under a flow of the designated gaseous



Mo(72nm) / V(1 9nm) / Te(36 nm)/ Ti (1 Onn) The PVD sanple is calcined in a quartz
tube. The quartz tube is placed in an oven, at anbient tenperature, with a
100 cc/mn flow of air through the tube, the furnace is heated from anbi ent
tenmperature to 27SC at 10C/mn and is held there for one hour; using a 100
cc/mn flow of argon through the tube, the oven is heated from 275C to 600C
at 2C/mn and is held there for two h1)3.|rs The cal cined PVD sanple is
evaluated in a fixed bed reactor at a contact tine of 50 mlliseconds and
with a fee@Myfonmesy Shespiarte it ipadypaiageqns rr@ndusbthp stlainaiondn g bedcyifBi st ent

resul ts ar gofigRbQH & 8e Wdsirba g@&:%) M?Ju@ﬁ‘ﬁu%sbcé{"bﬁ JE‘hH c9§1yst Eﬂx&%rsc{? ﬁﬂ@cl@sr e
essentially equivalent to those of Exanple Sanmpl e

sequential PVD Wfithyalcingtionfa C&tﬁUSl‘FafmeéhW@rrﬂety@&mubd\é@:%fecx&,oep‘él?qf@rlMm in a
PVD syste S e T . L akb. . ane made
by ol 1 g nelr e ? EEaRERCTEls Ml X i Rire JNG, AR FRUGHER B
systemis equd qbp@dts wemuﬂmdcfxrpdca(@tess thh a¢latineageni empurgofi ok tgew presamninathei ng
M, V, Te al y&%n%ﬁ%ﬁf%ﬁ{;ﬁtoﬁl% ox'%%&ﬂ'hoﬁ‘%mte o?E‘h %‘FA%P& hb@@ the individual metal
source is hea ron beam e osition rate (typically a few
nanonet ers per ’hhm@)obtzsnedmynmwbede msnmedimﬂmdhmy(beyasﬁdads alfiaklaraadyst,hat i s

| ocat ed near .t he S rate. The PVD sanple is seque | 1y
deposi ted B¥iltgaY ﬂ&%%ﬂ%%@fﬁijp @&ﬁﬂéﬁ&@mw#@m%m@ﬁwﬁﬁe@%hﬂw Ta( | Onm)
The PVD safjloe thSrdabGiihe6ndids. @ quartz tube. The quartz tube is placed in

an oven, at ambient tenperature, with a 100 cc/mn flow of air through the
t ube, the furnade n@erttem\teedorfzrlmrawﬂq:semtltsnbmm@panuaeatalmuQﬁ'@@saforlOC/ mn and

is held th f f t h the
tube. 1 he Syetiis RSRIRMRE HOLO% s WG Tl o W an 3R L PUREC T,
two hours. phﬁknecacaaytmlpaecu Wﬁht@amptm presereaaf lhat:ddmémloaddcﬁsxppbrﬂaed theesmet or at a

o the budEndleatyl g R ARGl ettt o Sk e B RR  R ke B a) caces

W thin 98 prodidthg%manshnaned esbelit aéxh,wmqmonqireatsubﬁctiﬂgoﬁallaﬁe oxampkiarel/ S
W on a honeyconb

anple 1. . Exa | e The sequential, PVD

Sbpor 1 TG ARGrs o Ak e gi: Lyper B Avaf gdabion e M el Ton.
The metal sappyreesatalys coRERidgthe®ole Rgxedmekitalofida) to FRIdate MOMERISel Nt O
different crucibles. The PVD systemis equi pped wth four pockets that

house f ourcBOE¥i%AKs cont ai ni ng Mo, V, Te and W respectively. During

deposi tion the i fidip¥dddetdn JTBH anSASHGErell SarbOAtiB eillYit RIpGEFQANo b@?my aand the
deposition rate (typl cally a few nanoneters per mnute) is nonitored using

a quartz GHjleanateal GRcBatcRBRing seapdaserh 4ress aiﬁ&tarﬁlaa@mﬁbg%&b%q rate. The

PVD sanpl e8 Iine Rab@dr & s BPP atn%sé PSdJRGribAE alsRhMANh G HEAUS
Mo(72nm) N‘(%I%F?m)félq'e ggté”?]dnsyﬂ g §s m dﬂq)s“alﬂgaé is cal glllned |ﬁqgaquartz

tube. The Stferarqoztatrmfemixsurw ]éft!?ela’f*ﬁ @lher@v%ﬂql ANHKYEEHFOB@BININLESMH s tuale, with a
100 cc/m ndd p{wwgveé%é stgztﬁé:?&ggmtng kwgr r ik O be Msmgmguﬁlxta?@&ﬁ%t\wm anbi ent

tenperature to 275 mn a ere or one hour; using a 100
cc/ mn fl alkeod, aed @enxygwnmgthmmgas mbrebe almnammsupipbedw@ahfemamoomszemc to 600C

cval uat ed Tag Al R0 Bl B pletfhetPE ooty P R PR 6 ana
wi th a feend e nmanfé of tojpanédyctid@ kot pmm@znd lirmieedbal ance air. Consi stent
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)
: (H20) 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) : (O to 10) : (5 to 40).
When steam is supplied 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

alkane and alkene, in good yield simply by contacting in one stage. However, the



22 results are reproducible with mass bal ances within 98 - 102 % and are
essentially equivalent to those of Exanple |/ Sanple 1. Exanple 5 The
sequential PVD of Mo, V, Te and Mh on a honeyconb support is perforned in a
PVD systemwith a base pressure of Sx 10~ Torr. The netal sources are nade
by nelting individual nmetal powders into different crucibles. The PVD
systemis equi pped with four pockets that house four crucibles containing
Mo, V, Te and My, respectivel 'éi,ll:#rin deposition the ingi.\/id al. et al
source is RANERPnalcdiae uifiesa ding s SHE TapBErt RN PREUUM DRPEAl 1y a few
nanomet er sppbsef AltiEg thEstaing tafegidl. S kG iR &, RYERhe Yatangaithat i s

| ocated near the honeyconb substrate. The PVD sanple is sequentially

deposi t ed i!agiOﬁggeeerérthPrchr@dé@q%féﬁu@m%(ewm@mc%ﬁs yuch &y HBOSHY AI8AR | Onm)

The PVD sagpleBunSn&eilsBe@ gdiRerdvititfé tigarh ube. The quartz tube is placed in
an oven, at aTnbient tenperature, with a 100 cc/mn flow of air through the

tube, the furnatelhpstanaamenierial gingribis erefertedipenpleyp &34 grararrigulayy/ mn and
L thﬁ%gaﬁepirso&l%e%PH!bmaHé'n'ilQe eile‘?&%)(l)%grdgtaﬁk érli%WuQBe;gﬁclggﬂﬁfgr%%gh the

tube, the oven iIs heatedfrom275 to 6 2C/ mn an there for
t wo hour s. prdpanechéidiegitoPvEpresenpineerition v siehed alkanea af inserdticcartwagtior at a
contact tine,of, 50 ml,liseconds and,wth a fe .0f,.7 % pr. e, 22% st eam
oot the butth fon 3Pad 8 B SRERRA R BRI L oy b G Bl f QS TORS e fROR S| 20T
wi t hi n 98 whehQRopdnantdisebueane ssead hathk yraeigy imasdriandlkdne, dchgsacidfor eaiaplyéic

| / Sampl e 1., le 6 The sequential PVD of Md) V, Te and Ru on a honeyconb
support isacﬁslg%?gff”]eﬁ’ &S € é”t%‘?ﬂd\)&i‘e?‘li] a base pressure of Sx 10-i Ton.
The netal sour q@shePr@eftarhRntidn, ABILE isiaginlg Hektdt a0 il tu B RE AkaROME 8lkend, i
different crucibles. The PVD systemis n%ggl pped with four pockets that

a &b

house f ourPT&Fiied BIcEWIYATEIYE AT M kagg ey PaitigdlpRy Piopaeynd pur i ng

deposi ti onghge liQBLMhAMA isdBRleRl 0SRUNGER And nDRAIRIA DY e SRk MRReRERAMwANd the
deposition rate (typically a few nanoneters per mnute) I's nonitored using

a quartz ©f gkaed andalkene erepang andpropsoe peidoveaae apdisothiirieyecondre prtietadat e, The

PVD sanpl g4 at | ' | : | :

vo( 72nm 1 S{TSREFAEE ARl PERDRk e HpUR, ARG LM BRAAERMERE, rom 1.
t ube. The soehar nixtirabfar dkqrkeacdeh alker@nanoveaijiragtl canrbxdictacidepgessah i@, wth a
O Cot ™ Bah BBl DR B b B PRl SRR O
usi ng a 1@tbpend onispbutadwanf isehugma atehiselighthd himtihgiimeteriblneixaveor dlilanbeat ed from

275C to 600C at 2C/rnin and is. held there for two hours. The. calcined PVD
ampl o < v g B Ou e e et DR CBaY. Rl ertef S0
m | i secompetFerablg, inithemik nfr€6fthligdne &ndalpéne P8 lkerdh PreSdne aanaiftbubhie abrRhance .
o oSSR R AL ERY RO L 2, Y TSSE, Ralances wing,08 - 102
3% by weight to 90% by weight.
As an alternative, an alkanol, such as isobutanol, which will dehydrate under the
reaction conditions to form its corresponding alkene, i.e. isobutene, may also be used as a
feed to the present process or in conjunction with the previously mentioned feed streams.
The purity of the starting material alkane is not particularly limited, and an alkane
containing a lower alkane such as methane or ethane, air or carbon dioxide, as impurities,
may be used without any particular problem. Further, the starting material alkane may be a
mixture of various alkanes. Similarly, the purity of the starting material mixture of alkane and
alkene is not particularly limited, and a mixture of alkane and alkene containing a lower
alkene such as ethene, a lower alkane such as methane or ethane, air or carbon dioxide, as
impurities, may be used without any particular problem. Further, the starting material mixture

of alkane and alkene may be a mixture of various alkanes and alkenes.



The sequential PVD of My, V, Te and Co on a honeyconb support is perforned
in a PVD systemwith a base pressure of 5x 10-i Torr. The netal sources are
made by mnelting individual nmetal powders into different crucibles. The PVD
systemis equi pped with four pockets that house four crucibles containing
Mo, V, Te and Co, respectively. During deposition the individual netal
source is heated by el ectron beam antbthe deposition rate (typically a few

manonet ers per nute) I s nonitored usin uartz crystl balance that is
| ocated near th eﬁ%ﬁ@%‘%“%‘h%”s@?é?hgce Gfﬁ'ge %e'?gl?ﬁ)/ geg Clg“éecfEB‘FftsFaqu”g/
deposi t ed wshiR@ird Weh hohlkamal aﬁ@os@cqueﬂ@a-nudvbmwﬁmvély( It 841 9elobeyirz@ anEdbY-Co( | Onm

The PVD sanpl.e i alciped in, a quartz tube. quartz tube is placed in
an oven, aPrOQ‘r‘Péiogﬂgﬂ“teé’ﬁﬂéP%ﬁ Sfr@larw thereds ficobmtse«fmw thg %WCE‘)PP & Alkpde Gugh t he
tube, the fody B@gﬁcnagemﬁatse%rf}ﬁ iR Rk at ARARMAY/F &hdrOmBurhfes allokB¥drM N and
is held there for one hour; usi ng a l00 cc/mn flow of argon t hrough t he
tube, the &¢elkanes ragamiessio opice 2pg eherabkegpaesasdless of sAureamay bablprded 2t her e f or
two hours. gcl3& cal ci ned PVD sanple is evaluated in a fixed bed reactor at a
contact tine of 50 mlliseconds and with a feed of 7 ~l o propane) 22% st eam
and t he bal ancél"ha.dptaxlqggrngqhgmermofthgsamdpgoraqe@ctqoepf@gmqsmt@vmtnqm ifra®s bal ances
wi thin 98 t }
| / Sanpl e 1C164é§,%nc{r%§d %@hggﬁigg}n 4&%@%%%@%& 09%%43% sgée gIaLoneyconb
isl_ﬁppor'; :sabpw mmedmd:tal nxndcﬁ’t\@rsyllsc:@mmgdn paesbrasetlprfmlsgas &ooflcdﬁpqraﬂ_t?-~ Ton.

e neta Ges are. in ers into
i ftorent Treoa s B U Bl el B boed mih Bee PSR o ¢ hat
house fourHewdet, ixliessualpninaierscopmiital todise b ofypdnRdntaingpacic @l yr, sidg i ng
deposition the indivi d§61| netal source is heated by electron beam and the
deposi t i orPUFRt I8 "PYRARICHEFY WL\ manomet ers per minute) is nonitored using
a quartz cryst ais bisd parcidlelibate dndy an dkank OsratrRid uReTallafeaktiomeyeonb substrate.
The PVD sar‘rtt))l e is sequentially deposited using the foll owi ng sequence:
Mb( 72nm) / VEOSHAY Y mébes@smpﬁ@e ePUlEh iy SePHar BYMARCA RPTSE C?télyﬁ%ﬂeé?t}?éd[“t n a
quartz tulgeh J68e, U pleFertel l@@adogt PheGe8 white AN fAMRIheRhtaBRbE 8fProfrRMPEr at ur e,
nh a 100 cc/mn flow of air rough the tube, the furnace 1's heated from
anbi ent t éihdranfren the reapten zane i@@ytwwoamr then et ¢ aaRidtipp FeEEIfEPFo U -
using a 1@Q eﬁ&/atmi Qn(f thEWeRlmd G B rEﬁExQN%}letf&%eﬁ&bﬂg thElﬂ&cﬁEfﬂfbn'rﬁetmﬁianed from
275C to 60 Cmn and 1s held there for two hours. The cal ci ned PVD
sanmple is tlwatalwt @dnathpdanay; fos gxavestic, rbea@mb@neétwk@phcc@mpaéqs cpRtpgtingfan 50

mlliseco nce air.
Consi ot ene alibabblch afolBEF B o el ARANG TS LRGN R MRRAI05 o
and are essaﬂwlaadtlempaqunrweﬂfmnmwoﬁ to HASE. of Exarrpl e |/Sanple 1. Exanple 9 ,
The sequential ,PVD o nd I n a haneyconb, s or erfornmed
T a VD syst eMRiReR ' Badifina By ds el g0 AR MR IR RRPlar S S oo e
nmade by npldphings uftdlavnduazlrtnrgaﬁa&nmm snd it i® udildfa‘sﬁfeej’xlyganrmmlchlISSuchThe PVD
systemis equi F%ec;‘ with four pocéij thsl gougga%our cryci bl es, ta| n| ng
Mo, V, Te?R the L6 PHETYIDRFATHE 2B B0 & SYEHE- i ampaﬁlée

sour ce i sidmaupslicYo Bk egtli@syoeam lmaﬁﬂf@r e pasdivitpfor Btresuftingpt sat | y a few
nanoneters per mnute) is nonitored using uartz crystl balance that is

| ocat ed nddf: PAE iHal cfeir%%é%@tﬂﬁ&tpéefﬂfmfrp & ipnid) ot Fsspeéélj’LFe?ftW%an?

deposi tede&bE‘)ghlklli‘?elefcﬁWt)OWr RS ySEAUERH De oMAnEE MY ¥lictioR BN hel@hdktdam) / I n( |
Onm) The PVD sanple is calcined in a quartz tube. The quartz tube is placed
in an ovewsuaby ungdehitensphedppisssate. P may; bergordurtsd uader gisheiftlysigvaed aressuhr ough
the tube, IBJ\?R@J& 3 fe§sup§@¢’1ﬁfjre£ Rl %m@} zﬁ]@&ne& ?JEH% ﬁgwtﬁlet&tgﬁ)gut%’é 10C m n
and is he? or one hour; uUsing a cc/mn flow of argon through

t he tube, oitarhlemm/@d alksndvesattos Homne awa@meoe,emrmosm)i af the foad ghssminebed t here
for two hgur IC|n PVD valuated in a fixed bed reactor
at a cont agetcr%film & Or% ﬁ‘qu\? %Oé‘ggﬁgg}o(? Eﬁ)vmth a feed of 7 % propane, 22%
steam and t he ’lt;@icanee:nan kondGbms fattiendxidagisn bf gropane or epiwahgco bdrgliomcidormass
E)a(.;ﬁrglcgsl%\ﬂg gga%ld-@]é’gq%ﬂ.] Cg algeeprgcstl%g g [Ihg lprlegen?q]%rﬁ%lnepﬁe I)trgcegshrggyebeOf

practiced in a single pass mode (only fresh feed is fed to the reactor) or in a recycle mode (at



25 The sequential PVD of Mp, V, Te and Sb on a honeyconb support is
performed in a PVD systemwi th a base pressure of 5x 10-' Torr. The netal
sources are nade by nelting individual nmetal powders into different

.cruci bles. The PVD systemis equipped with four pockets that house four
cruci bl es containing Mo, V, Te and Sb, respectively. During deposition the
i ndi vidual nmetal source is heated by1él ectron beam and the deposition rate
(typicall y a few nanoneters per mnute) is nonitored using a quartz crystl

bal ance t hi§EStAPOTHORQf Hig rFASHY e{fhlémnbf?éyef'&rfa the prctqrh Cenerphron e stantiee i s

sequent i al Mcegggptﬁé bﬁgenlt'ﬁv@ﬁl()tnkh?e AsFbh QW ﬂﬂré&%gb’rﬁg %eraM%c?a%Wg))/ m 200°C
| 9nm) / Te(36 nm /S Onm PVD sanpl e is calcl In a quartz tube. The

quartz tube 108036l aatedusuallyam tbe/emge ait frem B Atto 8 80f0e matapreferabiyt2302C ©00 cc/ m n
flow of aiy_throu furnacelshatedfro anbi ent

t enper atur"«rasog e;"t"ebiby(ﬁ%:ﬁogﬁ%lcl Heigat PATE XY ot VIR ECBRE PRSI ng a 100

cc/mn f|%ﬁc@1’5n@dﬁ@ﬂ Ji\hﬁlﬂﬂgfﬂaﬁgggﬂr&hqwt&ﬁowm hr'S, prsredabid 300 @BCdMLeEG o 600C
at 2Cmnand is t here two hours. The cal cined PVD sanpie is

eval uat ed ' OB HfFff’é‘B‘Yb@éi tp dABYWrhrattheavemge sentaqt time With thocailyst F@réaeofﬁm and
with a f e%mftoio%daﬁ@mm%re %%%S%E&ﬂm@mg réngeobﬁérﬁ@%s% [0 seCQNRI st ent

results are reproducible wth mass balances wthin 98 - [02 % and are
essent i al Ipyefergbiyveanefo] (b sdsords; bf PERwINDINhelEBdiop Lenclusu@ilapgges firmOto The

sequent | alysEV. ot ercpn T ABH i Dbl DONGYAOBRS ABDBIkesk 3 RBIIIET [ 0 2

PVD system ressure 'sources are made
by nelti nghatmhomyghreﬂe snppla:ld fmm/\dmwgemd:ammmg gxsenth osraucTid siggle fdse midd®
systemis ui pped . wi.t cketst e four c Clb| S _cont ai ni ng
voy v Te PERARRS skt B Eietn tetBlonm O B ok e ST HE I R mP et o
source |5phea.tsedx)tgyn gds&j;'txfselmlsbﬁa;ﬁfbfeﬁﬁﬁisddﬁ& sdap asdvbidabe blﬁ[d&lp(dfymlsésy a few
nanonmeters per m.nute) is nonitored using a quartz crystl balance that is

| ocat ed né&h etrT'Fét”HbZrPé‘?conb substrate. The PVD sanple is sequentially

deposi ted usi n@fthfsd ol thevkingioneEHdBnESs m&/ﬁ.@?eanmé\d(doﬂrhmﬂg&%t a) hé (1 Onm
The PVD satr:réprle is calcined in a quartz tu The quartz tube is placed in

an oven.  HYOrASPRYANdOSHESECRDIrRRRIRS t%hafqeéeaseavwwnffwmab@eammlarr%ugh t he

t ube, thelefvarsrﬂ@ﬁaemm&ef&ea&&@ieﬁrém@ﬂmﬁrﬁme xtee,mammm@ réRiigl 2medt 10C/ nmin and
is held there for one hour; using a |00 26 cc/min flow of argon through

the t ube, cyPeialy aihe autlsbefitherepstenrone Sene gl 00K PEsfe g that e QHHC OXYEREI d t her e

for two houeg beT&@to%hpﬂnﬂﬁﬂnz?\ﬁ%r%ﬂﬁh&eaddsp@rM&Jlé}%I ﬁldthé ch?clé ms@dofoed react or
at a contact tinme of m | 1iseconds and of ° 7 % propane) 22%

st eam andom@nqyauoaweémaqt ihe amenRy o8 p¥ygen we@archcl@# @SP%IC&M@E syeemyint h mass
bal ances X\ﬁc{lthénr:' oggatxon]oq)%e%%z?cﬂgn araqowgﬁérﬁ&tritaxjel(yelc?\g HBG"@) ?srgxtremely attractive

because after-burning becomes less of a problem, which enables the attainment of higher
selectivity to the desired products. The catalyst of the present invention operates more
efficiently at the lower temperature range set forth above, significantly reducing the
formation of acetic acid and carbon oxides, and increasing selectivity to acrylic acid. As a
diluting gas to adjust the space velocity and the oxygen partial pressure, an inert gas such as
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
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



to those of Exanple 1/ Sanple 1. V~'hile the invention has been described in
conjunction with the specific enbodi nents set forth above, it is evident
that many alternatives, nodifications and variations will be apparent to
those skilled in the art in light of the foregoing description.

Accordingly, it is intended to enbrace all such alterations, nodifications
and variations as fall within the spi17it and broad scope of the appended

cl ai ns. 27 What |Is Claimed Is: 1. A process for the preparation of a
support ed ddehytysan betchavesied ceds destmpriseiunaged qaedox plicoaci dibyngybEcidngtibagagt to
support; ( 0t i.al it I yox: sition
compri 51 ngh /B SFEE LRl te CRRARh B BoiBlc Rk iR B kile SPIRET
conpr i si ngofivhe pratent ipasttiooneby supgctinginprd wipngphise @italyteasidabmereh@ipewith a
conprising, Te, and at, lL.east one_ |ayer conprisin wherein X is at |east
one el enorio s BB e pp TR ol e RSP T W AL o
Cr, M, Fe, Ru,In@e¢coRiembbdimbBitof Be,thifshaspdit of e invanttondthéSarocdsocdmprizea | oaded
support, sajd sequential vapor deposjtion proyiding relative anpunts of

sal el emeHpEe B, or AP{Igpre ol AR AISRIEAT G SL5pes 1 4VAPSLRIEE SHBBGT (| ¢ he
relative asxpdntibs reabtidnhaiedRfBni & Béplesdhye bhisupydicasahyi Mavmbaneabowber ei n
a, b, c and d are the relative atomc anounts of the essential elenents M,

V, Te and ™xed B&j3bexids, & Brodughd@n upiabyiated sitris. h = 0.01 to 1.0, ¢ = 0.01 to

1.0 and d = 0. Q@ HeQrokubrion(dhunGinMiGted #lidie! RagledaBHPROEL Al afkand RiEs Pr OCESS
according to claiml1l, wherein said catal yst support 1S a self-supporting

mul ti di merPs¢fered o smplyra Cistlkeesyeleas moparh duppe dwdytaas dektaicnbexer: @idai m 2,
mher ein S ajofto3eHon P rvﬁaw&tnyinmmap@cgwof%ﬂnage&besﬁrsa{fesaemsComor' ses a
foam a nonolith, a tabric or mxture ereof. 4. The process according to
claim 2, \whedereddrio smpldyaddwersikapohavingp ond cartehinatomssi, partitulsyppopane sid uct ur e
conpri ses isaobﬁ%eam c material selected fromthe group consisting of
cordierite, aruni na, zirconia, partially stabilized zircoma (PSZ), niobium
oxi de, sili ca, Shaitarlg, asegnasn@materiblanix wracfchlininx bnd Beene hiers@odfferred.to The

process according fo claim?2 ei.n said self-supporting, nultidi nensional
suppor t SFF‘BL‘}Y&FQ'X&“B?&{(?‘S“E%ME *\\ﬁg?é'ha”fe&ﬁ F‘i‘cg'.as BrOPHfE ”Blpb%pég‘g bBtfmecz}“gi m 2,
wher ei N Sdu@ns edobutanymdridobl@ne)pbrithrdi ae PeitetahexaIArHe x&le| AhdthepteneCdPr | Ses
plurality hggtex!eal\!{g&/gv rc}}] I?/1%9\/ 09'¥heain5u2terfavggp]i%gtx%cril%?%grrilés to be produced, it is more

preferred to employ a mixture of a lower alkane having 3 or 4 carbon atoms and a lower

alkene having 3 or 4 carbon atoms, particularly propane and propene or isobutane and

isobutene. Preferably, in the mixture of alkane and alkene, the alkene is present in an amount

of at least 0.5% by weight, more preferably at least 1.0% by weight to 95% by weight, most

preferably 3% by weight to 90% by weight.

The purity of the starting material alkane is not particularly limited, and an alkane

containing a lower alkane such as methane or ethane, air or carbon dioxide, as impurities,

may be used without any particular problem. Further, the starting material alkane may be a

mixture of various alkanes. Similarly, the purity of the starting material mixture of alkane and

alkene is not particularly limited, and a mixture of alkane and alkene containing a lower

alkene such as ethene, a lower alkane such as methane or ethane, air or carbon dioxide, as

impurities, may be used without any particular problem. Further, the starting material mixture

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. Moreover,



28 7. A catal yst produced according to the process of claiml. 8 A

catal ytic process conprising: (a) providing a catalyst support; (b)
sequential |y depositing on said support a catalyst conposition conprising,
in random order, as essential elenents, at |east one |layer conprising |~lo)
at | east one Iayer conprising V, at Ieast one layer conprising Te, and at

| east one | ayer corrpri i ng X, V\/neri n )d& s at Ieast one eI enent selected from
t he group conS|st| ng Nb , Ru, Co, Rh, N,
Pd, Pt) Sbt eelkdneareaaﬁﬂ%af @@reet@dftbfr%eém rﬁ&?d%lassgvu@%ﬁ ma%é?éleg‘éﬁﬁ‘&éntl al
vapor depogdsfik®n providing relative ampunts of said el ements such that,
after a calcination of said | oaded support, the relative anmounts of the

el ements sati sf?hetd@@axle&w@wgismfmﬁwm%ommnmfams pspeqt of Hig peeseitte t he

| at I
Ir‘gsgei:;/?Vg g%ﬁtl%ngg%vﬁfgﬁrl)puncfe%ﬂ)ogsﬁgwgé\)sﬁ theec!x ?r‘i ﬁaa%g lbcongﬁct@d‘% ey d =

0.0l to 1.®xygémtomaprsisent ngthsabqﬂ/elrromﬁedetshmpbm by (hd)mddedojae ok ygay irathé &eed
i ncl udi ng r a
phase. cat 5 LERRBIRL AL e Bondd U HE ERANBLLERT oS ABOBE! e
| oaded supperowder, ‘ﬂmee mrgbpexsts 1ot orqdireny) itiousthy moBomWaﬂeo esgansaiyderf-eed
further i nCcI %Jdnes anmo

AL A A& RIVARITARES ALY Aﬂ”}&: A As. A A AN. As. As. A& A. A& A(. A& A A A(.A9R). Al . A

f * BO As the feed gas, it is possible to use a gas mixture comprlsmg an alkane, or a mixture
dt 0@Bad!" #$,(‘$ $$&zupkf a\ V%ca] ca] ca],ca] ca] ca%)ca }i £ ;ca] cal ca]calca
] ca] ca] ca]¥4 65?%%"]@&‘]1@ éf’é‘oﬁ]%Pé&Pé@FEé AT £y 3 BIHOORED 112234

7777899<. 26:phibn EMM%%P@I%&%@@A;@%%ﬁ&ﬁ@lﬁ%&ﬁd&@hﬁ&m@a gdcajcajc
a] ca] ca] ca] ca] caJ ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cald VbXZZ"Ea
deeql oppv i9uteimnggamayahidiPkEd dVa4aY-ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ¢

aJ ca] ca] ca] ca] Wﬂe‘?ﬂ%{&ak%?ls@%hﬁ@]@?Ja&?c]n%l&ﬂh& SR LAl 4N B3 2 mhi%ture of an

\ _n} xsnhc] Xmhc] ca] c*a) cal ca] ca] ca] ca] ca cal] ca] c*a] ca] cal] ca] ca] ca
] cal] ca] calkeag & ancalfcoe,] aod prajos wp esdntiall x Bigectiom rodpealan oxygen, as the feed
kf [V
CL‘;?Ca] E:a ng}%% f@s],{%Pigg %éf%@‘%ﬂ%@ﬁ?k@% &teﬁ}s‘fﬁd Rab&cal,cal cal ca] cal
, Of QW#CMump@“[nWmﬁ@qu}ma] @fa?qa@iail cathaadcial cgdreation) «mé}l@ﬁa}mk@w}ce@]ma] ca] ¢

R e L e
a] ca] ca] ca]wa@md]vda}mimwncmk gas] smal} esxyg4re al’rppﬂtrfhw{g&r(o)udb i peimb0G&'t¢ ) - 4
flow through the catalyst in the regenerator usually at a temperature of from 300°C to 600°C.
A process may also be employed where propane is used as the starting material
alkane, and air is used as the oxygen source. The proportion of air to be supplied for the
reaction is important with respect to the selectivity for the resulting acrylonitrile. Namely,
high selectivity for acrylonitrile is obtained when air is supplied within a range of at most 25
moles, particularly 1 to 15 moles, per mole of the propane. The proportion of ammonia to be
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
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 850°C. More preferably, the temperature is from

300°C to 800°C. The gas space velocity, SV, in the gas phase reaction is usually within the
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partial pressure, an tnert gas such as nitrogen, argon or helium can be employed. When
ammoxidation of propane is conducted by the method of the present invention, in addition to
acrylonitrile, carbon monoxide, carbon dioxide, acetonitrile, hydrocyanic acid and acrolein
may form as by-products.

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/alkene)) X 100; and “%yield” is equal to (moles of formed desired
unsaturated carboxylic acid or aldehyde/moles of supplied alkane (or alkane/alkene))} X

(carbon number of formed desired unsaturated carboxylic acid or aldehyde/ carbon number of

the supplied alkane (or alkane/alkene)) X 100.

Example 1
The catalyst samples were prepared as follows. The sequential physical vapor

deposition (PVD) of Te, Nb, V, and Mo on a honeycomb substrate was performed in a PVD
system with a base pressure of 5x107 Torr. The metal sources were made by melting
individual metal powders into different crucibles. The PVD system was equipped with four
pockets that house four crucibles containing Te, Nb, V and Mo, respectively. (The unique
advantage of having four metal sources at the same time is that the sequential deposition can
be performed without opening the vacuum system to change metal sources.) During
deposition an individual metal source was heated by electron beam, and the deposition rate
(typically a few nanometers per minute) was monitored using a quartz crystal balance that
was located near the honeycomb substrate. Two PVD samples were sequentially deposited
using the following two sequences:

Sample 1 - Mo(72 nm)/V(19 nm)/Nb(10 nm)/Te(36 nm)

Sample 2 - Te(36 nm)/Nb(10 nm)/V(19 nm)/Mo(72 nm)

The two PVD samples were each calcined in a quartz tube. Each quartz tube was

placed in an oven, at ambient temperature, with a 100 cc/min flow of air through the tube, the
furnace was then heated from ambient temperature to 275°C at 10°C/min and held there for

one hour; then, using a 100 cc/min flow of argon through the tube, the oven was heated from

275°C to 600°C at 2°C/min and held there for two hours.
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evaluated in a fixed bed reactor at a contact
time of 50 milliseconds and with a feed of 7 % propane, 22% steam and the balance air with

results given in Table 1. Results were consistently reproduced with mass balances within 98

- 102 %.

Table 1
Catalyst Sequence Temp, °C % C3 Conv. % AAYield % C3= Yield
Sample 1 560 26 19 4
Sample 2 480 32 21 3
Example 2

The sequential PVD of Mo, V, Te and Ti on a honeycomb support is performed in a
PVD system with a base pressure of 5x107 Torr. The metal sources are made by melting
individual metal powders into different crucibles. The PVD system is equipped with four
pockets that house four crucibles containing Mo, V, Te and Ti, respectively. During
deposition the individual metal source is heated by electron beam, and the deposition rate
(typically a few nanometers per minute) is monitored using a quartz crystal balance that is
located near the honeycomb substrate. The PVD sample is sequentially deposited using the
following sequence:

Mo(72nm)/V{19nm)/Te(36 nm)/Ti(10nm)

The PVD sample is calcined in a quartz tube. The quartz tube is placed in an oven, at
ambient temperature, with a 100 cc/min flow of air through the tube, the furnace is heated
from ambient temperature to 275°C at 10°C/min and is held there for one hour; using a 100
cc/min flow of argon through the tube, the oven is heated from 275°C to 600°C at 2°C/min
and is held there for two hours.

The calcined PVD sample is evaluated in a fixed bed reactor at a contact time of 50
milliseconds and with a feed of 7 % propane, 22% steam and the balance air. Consistent

results are reproducible with mass balances within 98 — 102 % and are essentially equivalent

to those of Example 1/Sample 1.

Example 3
The sequential PVD of Mo, V, Te and Ta on a honeycomb support is performed in a

PVD system with a base pressure of 5x107 Torr. The metal sources are made by melting
individual metal powders into different crucibles. The PVD system is equipped with four

pockets that house four crucibles containing Mo, V, Te and Ta, respectively. During
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deposition the individual metal source is heated by electron beam, and the deposition rate

(typically a few nanometers per minute) is monitored using a quartz crystal balance that is
located near the honeycomb substrate. The PVD sample is sequentially deposited using the
following sequence:

Mo(72nm)/V(19nm)/Te(36 nm)/Ta(10nm)

The PVD sample is calcined in a quartz tube. The quartz tube is placed in an oven, at
ambient temperature, with a 100 cc/min flow of air through the tube, the furnace is heated
from ambient temperature to 275°C at 10°C/min and is held there for one hour; using a 100
cc/min flow of argon through the tube, the oven is heated from 275°C to 600°C at 2°C/min
and is held there for two hours.

The calcined PVD sample is evaluated in a fixed bed reactor at a contact time of 50
milliseconds and with a feed of 7 % propane, 22% stcam and the balance air. Consistent
results are reproducible with mass balances within 98 — 102 % and are essentially equivalent

to those of Example 1/Sample 1.
Example 4

The sequential PVD of Mo, V, Te and W on a honeycomb support is performed in a
PVD system with a base pressure of 5x107 Torr. The metal sources are made by melting
individual metal powders into different crucibles. The PVD system is equipped with four
pockets that house four crucibles containing Mo, V, Te and W, respectively. During
deposition the individual metal source is heated by electron beam, and the deposition rate
(typically a few nanometers per minute) 1s monitored using a quartz crystal balance that is
located near the honeycomb substrate. The PVD sample is sequentially deposited using the
following sequence:

Mo(72nm)/V(19nm)/Te(36 nm)/W(10nm)

The PVD sample is calcined in a quartz tube. The quartz tube is placed in an oven, at
ambient temperature, with a 100 cc/min flow of air through the tube, the furnace is heated
from ambient temperature to 275°C at 10°C/min and is held there for one hour; using a 100
cc/min flow of argon through the tube, the oven is heated from 275°C to 600°C at 2°C/min
and is held there for two hours.

The calcined PVD sample is evaluated in a fixed bed reactor at a contact time of 50

milliseconds and with a feed of 7 % propane, 22% steam and the balance air. Consistent
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to those of Example 1/Sample 1.

Example 5
The sequential PVD of Mo, V, Te and Mn on a honeycomb support is performed in a

PVD system with a base pressure of 5x107 Torr. The metal sources are made by melting
individual metal powders into different crucibles. The PVD system is equipped with four
pockets that house four crucibles containing Mo, V, Te and Mn, respectively. During
deposition the individual metal source is heated by electron beam, and the deposition rate
(typically a few nanometers per minute) is monitored using a quartz crystal balance that is

located near the honeycomb substrate. The PVD sample is sequentially deposited using the

following sequence:

Mo(72nm)/V(19nm)/Te(36 nm)/Mn(10nm)

The PVD sample is calcined in a quartz tube. The quartz tube is placed in an oven, at
ambient temperature, with a 100 cc/min flow of air through the tube, the furnace is heated
from ambient temperature to 275°C at 10°C/min and is held there for one hour; using a 100
cc/min flow of argon through the tube, the oven is heated from 275°C to 600°C at 2°C/min
and is held there for two hours.

The calcined PVD sample is evaluated in a fixed bed reactor at a contact time of 50
milliseconds and with a feed of 7 % propane, 22% steam and tbe balance air. Consistent

results are reproducible with mass balances within 98 — 102 % and are essentially equivalent

to those of Example 1/Sample 1.

Example 6
The sequential PVD of Mo, V, Te and Ru on a honeycomb support is performed in a

PVD system with a base pressure of 5x107 Torr. The metal sources are made by melting
individual metal powders into different crucibles. The PVD system is equipped with four
pockets that house four crucibles containing Mo, V, Te and Ru, respectively. During
deposition the individual metal source is heated by electron beam, and the deposition rate
(typically a few nanometers per minute) is monitored using a quartz crystal balance that is
located near the honeycomb substrate. The PVD sample is sequentially deposited using the
following sequence:
Mo(72nm)/V(19nm)/Te(36 nm)/Ru(10nm)
The PVD sample is calcined in a quartz tube. The quartz tube is placed in an oven, at

ambient temperature, with a 100 cc/min flow of air through the tube, the furnace is heated
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cc/min flow of argon through the tube, the oven is heated from 275°C to 600°C at 2°C/min
and is held there for two hours.

The calcined PVD sample is evaluated in a fixed bed reactor at a contact time of 50
milliseconds and with a feed of 7 % propane, 22% steam and the balance air. Consistent

results are reproducible with mass balances within 98 — 102 % and are essentially equivalent

to those of Example 1/Sample 1.

Example 7
The sequential PVD of Mo, V, Te and Co on a honeycomb support is performed in a

PVD system with a base pressure of 5x107 Torr. The metal sources are made by melting
individual metal powders into different crucibles. The PVD system is equipped with four
pockets that house four crucibles containing Mo, V, Te and Co, respectively. During
deposition the individual metal source 1s heated by electron beam, and the deposition rate
(typically a few nanometers per minute) is monitored using a quartz crystl balance that is
located near the honeycomb substrate. The PVD sample is sequentially deposited using the
following sequence:

Mo(72nm)/V(19nm)/Te(36 nm)/Co(10nm)

The PVD sample is calcined in a quartz tube. The quartz tube is placed in an oven, at
ambient temperature, with a 100 cc/min flow of air through the tube, the furnace is heated
from ambient temperature to 275°C at 10°C/min and 1s held there for one hour; using a 100
cc/min flow of argon through the tube, the oven is heated from 275°C to 600°C at 2°C/min
and is held there for two hours.

The calcined PVD sample is evaluated in a fixed bed reactor at a contact time of 50
milliseconds and with a feed of 7 % propane, 22% steam and the balance air. Consistent

results are reproducible with mass balances within 98 — 102 % and are essentially equivalent

to those of Example 1/Sample 1.

Example 8
The sequential PVD of Mo, V, Te and Pd on a honeycomb support is performed in a

PVD system with a base pressure of 5x107 Torr. The metal sources are made by melting
individual metal powders into different crucibles. The PVD system is equipped with four
pockets that house four crucibles containing Mo, V, Te and Pd, respectively. During

deposition the individual metal source is heated by electron beam, and the deposition rate

(typically a few nanometers per minute) is monitored using a quartz crystal balance that is
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following sequence:

Mo(72nm)/V(19nm)/Te(36 nm)/Pd(10nm)

The PVD sample is calcined tn a quartz tube. The quartz tube is placed in an oven, at
ambient temperature, with a 100 cc/min flow of air through the tube, the furnace is heated
from ambient temperature to 275°C at 10°C/min and is held there for one hour; using a 100
cc/min flow of argon through the tube, the oven is heated from 275°C to 600°C at 2°C/min
and is held there for two hours.

The calcined PVD sample is evaluated in a fixed bed reactor at a contact time of 50
milliseconds and with a feed of 7 % propane, 22% steam and the balance air. Consistent

results are reproducible with mass balances within 98 — 102 % and are essentially equivalent

to those of Example 1/Sample 1.

Example 9
The sequential PVD of Mo, V, Te and In on a honeycomb support is performed in a

PVD system with a base pressure of 5x107 Torr. The metal sources are made by melting
individual metal powders into different crucibles. The PVD system is equipped with four
pockets that house four crucibles containing Mo, V, Te and In, respectively. During
deposition the individual metal source is heated by electron beam, and the deposition rate
(typically a few nanometers per minute) is monitored using a quartz crystl balance that is
located near the honeycomb substrate. The PVD sample is sequentially deposited using the
following sequence:

Mo(72nm)/V{19nm)/Te(36 nm)/In(10nm)

The PVD sample is calcined in a quartz tube. The quartz tube is placed in an oven, at
ambient temperature, with a 100 cc/min flow of air through the tube, the furnace is heated
from ambient temperature to 275°C at 10°C/min and is held there for one hour; using a 100
cc/min flow of argon through the tube, the oven is heated from 275°C to 600°C at 2°C/min
and is held there for two hours.

The calcined PVD sample is evaluated in a fixed bed reactor at a contact time of 50
milliseconds and with a feed of 7 % propane, 22% steam and the balance air. Consistent

results are reproducible with mass balances within 98 ~ 102 % and are essentially equivalent

to those of Example 1/Sample 1.

Example 10
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PVD system with a base pressure of 5x107 Torr. The metal sources are made by melting
individual metal powders into different crucibles. The PVD system is equipped with four
pockets that house four crucibles containing Mo, V, Te and Sb, respectively. During

deposition the individual metal source is heated by electron beam, and the deposition rate
(typically a few nanometers per minute) is monitored using a quartz cryst! balance that is

located near the honeycomb substrate. The PVD sample is sequentially deposited using the

following sequence:

Mo(72nm)/V(19nm)/Te(36 nm)/Sb(10nm)

The PVD sample is calcined in a quartz tube. The quartz tube is placed in an oven, at
ambient temperature, with a 100 cc/min flow of air through the tube, the furnace is heated
from ambient temperature to 275°C at 10°C/min and is held there for one hour; using a 100
cc/min flow of argon through the tube, the oven is heated from 275°C to 600°C at 2°C/min
and is held there for two hours.

The calcined PVD sample is evaluated in a fixed bed reactor at a contact time of 50
milliseconds and with a feed of 7 % propane, 22% steam and the balance air. Consistent

results are reproducible with mass balances within 98 — 102 % and are essentially equivalent

to those of Example 1/Sample 1.

Example 11 .

The sequential PVD of Mo, V, Te and Al on a honeycomb support is performed in a
PVD system with a base pressure of 5x107 Torr. The metal sources are made by melting
individual metal powders into different crucibles. The PVD system is equipped with four
pockets that house four crucibles containing Mo, V, Te and Al, respectively. During
deposition the individual metal source is heated by electron beam, and the deposition rate
(typically a few nanometers per minute) is monitored using a quartz crystl balance that is
located near the honeycomb substrate. The PVD sample is sequentially deposited using the

following sequence:

Mo(72nm)/V(19nm)/Te(36 nm)/Al(10nm)
The PVD sample is calcined in a quartz tube. The quartz tube is placed in an oven, at
ambient temperature, with a 100 cc/min flow of air through the tube, the furnace is heated

from ambient temperature to 275°C at 10°C/min and is held there for one hour; using a 100
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cc/min flow of argon through the tube, the oven is heated from 275°C to 600°C at 2°C/min

and is held there for two hours.

The calcined PVD sample is evaluated in a fixed bed reactor at a contact time of 50
milliseconds and with a feed of 7 % propane, 22% steam and the balance air. Consistent
results are reproducible with mass balances within 98 — 102 % and are essentially equivalent
to those of Example 1/Sample 1.

While the invention has been described in conjunction with the specific embodiments
set forth above, it is evident that many alternatives, modifications and variations will be
apparent to those skilled in the art in light of the foregoing description. Accordingly, it is
intended to embrace all such alterations, modifications and variations as fall within the spirit

and broad scope of the appended claims.
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1. A process for the preparation of a supported catalyst, the process comprising:

(a) providing a catalyst support;

(b) sequentially depositing on said support a catalyst composition comprising, in
random order, as essential elements, at least one layer comprising Mo, at least
one layer comprising V, at least one layer comprising Te, and at least one
layer comprising X, wherein X is at least one element selected from the group
consisting of Nb, Ta, W, Ti, Al, Zr, Cr, Mn, Fe, Ru, Co, Rh, Ni, Pd, Pt, Sb, Bi,
B, In and Ce, to form a loaded support, said sequential vapor deposition
providing relative amounts of said elements such that, after a calcination of
said loaded support, the relative amounts of the elements satisfy the expression

Mo,V Te Xy
wherein a, b, ¢ and d are the relative atomic amounts of the essential
elements Mo, V, Te and X, respectively, and, whena=1,b=0.01 to 1.0,
¢=0.01to 1.0 andd = 0.01 to 1.0;

(c) calcining said loaded support.

2. The process according to claim 1, wherein said catalyst support is a self-supporting

multidimensional support structure.

3. The process according to claim 2, wherein said sélf-supporting multidimensional

support structure comprises a foam, a monolith, a fabric or mixture thereof.

4. The process according to claim 2, wherein said self-supporting multidimensional
support structure comprises a ceramic material selected from the group consisting of

cordierite, alumina, zirconia, partially stabilized zirconia (PSZ), niobium oxide, silica,

boria, magnesia, titania and mixtures thereof.

5. The process according to clatm 2, wherein said self-supporting multidimensional

support structure comprises a woven fabric.

6. The process of claim 2, wherein said self-supporting multidimensional support

structure comprises plurality of layers joined by a thermal conductor.
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one layer comprising V, at least one layer comprising Te, and at least one
layer compriing X, wherin X is at least one element selected from the group
consisting of Nb, Ta, W, Ti, Al, Zr, Cr, Mn, Fe, Ru, Co, Rh, Ni, Pd, Pt, Sb, Bi,
B, In and Ce, to form a loaded support, said sequential vapor deposition
providing relative amounts of said elements such that, after a calcination of
said loaded support, the relative amounts of the elements satisfy the expression
Mo, VpTecXq

wherein a, b, ¢ and d are the relative atomic amounts of the essential
elements Mo, V, Te and X, respectively, and, whena=1,b=0.01to 1.0,
c=0.01to1.0andd=0.0lto 1.0;

(c) calcining said loaded support;

(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

calcined loaded support.

9. The process according to claim 8, wherein said feed further includes ammonia.



