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25 Where

x! = Vv, Nb, Ta, Cr, W, Ga, Ce and/or La, '
X2 = Li, Na, K, Rb, Cs, Cu, Ag, Au, Pd and/or Pt,
30 X3 = Sn, Pb, Sb, Bi, Te, Fe, Co and/or Ni,
X4 = si, aAl, Ti and/or Zr,
a = 0-2, with the proviso that the sum of
d=0-2,}aanddlsat1east020
35 b =0 - 1.5,} with the proviso that- the .sum of
c = 0 - 10, b and ¢ is at least 0.1;
e = 0-0.5 -
£ = 0 - 0.5,
2609 ° 0 - 20 and
h = a number different from zero which :Ls determined. by the

- valence and frequency of the elements ‘different from oxygen
in I.

.45 Owing to the fact that propane reacts ni_;_:';e_:}__s;fluggishly than does
propylene, the heterogeneously catalyzed: gaS}phase oxidation of
propane to acrolein is carried out at a comparatively high tem-
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70 (1991), pp. 175-87; Kim Y.C et al.3 Chemistry Letters, 4 (1989) pp.
531- 34; JP- ApdrSaais, t}?Kt&ﬂW atCErah.350 to 6500QQ0581A6D khe gas-phase par-
2+ Chem st r¥_1kftc§ﬁ'}%’t1$9 éé—%l%) %aﬂg %}o%@edg'éﬂot}(egmlgil% 1t‘]1$ Chem

Soc., Chem
Sci ence and %8%%?%3%“5 g/%)l&orf g kln{]'f“d' 1;]1]&9’&’)“ for, &% ﬁﬁo ﬁ"a’kl ta
Y. et al., CaFgfcata YéBa’?zed f?a(zfgéé)mbp}n mu@s”“"?‘%i’e?él’“’rg‘tmﬂ FEBREOT SRy .
~Surf. Sci. Scahith 7heat]tom)siny medigmAerp: saf: /ba¢h269 Botal @BltB40891 and
US- A 3 293 298jsed hrought thie/ Spactosimeramedniothd [ubepur Tios sroxkéng xpmkas—
conposi ti oNns sur@r AHYIULE P f&smbl)dlﬁtah@ ihlesedial nétsﬁédéhe%ﬁbnyeca@a-de

com  posith Qe&adsscgﬂseé 239kl ns’p:?o&llooe ﬂg{k’neolaéﬂ B Beabliel dih

el enent or ne ot

tions). Cata tf‘caa"f aEP?\’/eé émgg S0Fd %1rf§°5'a tﬁ"%wﬁz but can
frequent | %4 §°c‘?ﬁm’rﬂ n{P® rﬂﬁ“b Thant¥raethEeartion OcehEmtduning thresicy| ar
transiti on ndeate timesefnthe nsactine midtdeecdnpohs catalysomhazge thrmidhy
not 'sinpl e phhsckalt disxpasssd.of oxi des of the 15 el enmental constituents,

but het erogeneous ni xtures of conpl ex pol yconpounds of these el enents.
Cat al ysts which have been found to be particularly suitable for t he
gas- phase §F5I the c‘“&??ﬂﬁﬁ%ﬁ‘%@rﬁﬂﬁb%ﬁ”rbﬂtl’oc%?%\fzéﬁ%9&?@‘2@%@%’?‘1‘@% al

oxi de conpdspPridatiaf ofhpropans aithonredgculpr oxygen there is particular

-MJ err] B| [ er ihBeeest, Xoar theaarer hXhdy r (e hiph)] sxuade-t(dnk yielb ofhehe

Xerr] =V, Ubsz.ﬂ'é’d t@rge¥V cédapound aefléIHuLaowm HEhhe Fadd th¥e, pFopdile Cs,

),

Cu, AQ,_AU_ dﬂiep%lué éﬂi%rihan &3& nedl 1tTﬁhs[%ﬁﬁ¥ d/or Ni ,
?L:{r]{ he > ﬁi xeﬁommezided in tté\%(?rd'ofsaﬁ eﬁhgksfh e grow so_

1.5, [err] vvnlﬁ’ﬁl? r&arﬁrlé&le’équ"(épnt A€ BxARage. uniike-the i@S‘PhaSS gatAT is at
| east 0. 1; lybic pam3iaQ. 6xidation of propylene, be carried out using a re-

action gas starting mixture containing an excess of propane over
the other reactant, the molecular oxygen. On the other hand, this
partial oxidation of propane has a pronounced exothermic char-
acter because of which it is recommended in-the prior art, in
respect of the industrial gas-phase catalytic oxidative reaction
of propane to give acrolein, that either an upper limit be placed
on the proportion by wvolume of propane in the reaction gas start-
ing mixture or the reactants be diluted with a gas which is es-
sentially inert under the conditions of the gas-phase catalytic
partial oxidation of propane. A diluent gas which is essentially
inert under the conditions of the heterogeneously catalyzed gas-
phase partial oxidation is normally considered to be a diluent
gas whose constituents remain unaltered, taking each constituent
individually, to the extent of at least 97 mol% under the condi-
tions of the heterogeneously catalyzed gas-phase partial oxida-~
tion. Examples of such inert diluent gases recommended in the
prior art for the industrial gas-phase catalytic partial oxida-
tion of propane are N;, CO,, CO, noble gasegﬂand water vapor. A
particularly important advantageous effect_éf the concomitant use
of an inert diluent gas is seen in the priqﬁ3art as being that,
at a prescribed oxygen to propane ratio, tﬁé;addition of an inert
diluent gas reduces the explosive tendencyfdf the gas mixture,
ie. the addition of an inert diluent gas increases the energy
input required for a self-propagating combustion reaction in the
gas mixture, which is extremely important fér the safety of an
industrial procedure. In addition, the prior art attributes an
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f ': 0 0.5, 0050646936 20 and h = a nunber different fromzero which

I's determined by the val ence and frequency of the elenents
different from oxygen in . 45 Owing to-the fact that propane
reacts nore sluggishly than does prodyl ene, the heterogeneously

catal yzed gasdphnsagemusdeffect din respeciparfe the seledtawntySoﬁqmddadtout at 'a

conpar ati vel ¥okh8Hidi£Po the iner?0a91469 Gases.
3 perature, typically at from350 to 650[ err] C.:Si nce the gas- phase par-

tial oxidation of the propane proceeds exotherm cally, it is
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in this industri ete ogeneously cat a- gas- phase parti al
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general |y fr ahelabove? stamemént adzo dfphiex) He partizul@ratto EEa 6a8Q0F12,

!
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the fact tzaPopredaite the Léberarurer énsCeRFicEAPY witdh theesabrlytyiicegas-it has
t herefore pfhhae noxietat ivecofmmmpadei wi thenoletolanrdxygeat to heivgaacpbbsin

cata- 20 |ytiogipapyimln. OSbH&EaMaOEnarmoanih ks Arle@ngms P RY2968] 2-
lytic partialo0Xje aﬁé on6ql 398 QY L gRCe &’fwﬁ ﬁQSé)iEn B%&ggnélr cunen@Ct i ON

e I R o0 e LR ool

react ant,
oxi dat i on gf ISFBBAr 1fAs in W"Eﬁ@&n?éﬁ"%tfl‘?ér RFEPRHNL a25°%1‘?9f’ér bb‘éca’a%e of

which it i's westrmbetribdo habdratpriyorxpeximents for cgsddngotatalysitsdudnri al
gas- phase cattheytostert ddt bich rshadil-stale expepingmtss; thegguestaionobeéi the t hat
ei ther an uppebibsivd tHR@dBheF Uk theORedMEidd ARREAION Y h¥REVEE, Off Bﬁ@pane

in the react'%dgaé% ty Brt%%jé nqh%xwragms;y bR AERE 3Nk fe gflﬁ&ussgl

a gas which is_es gF rt(g the ¢ ons e gas pase
catal ytic 25 Sﬁ'P?f%Yurc?xP a P16 A diluent gas which is

essentially - inert under the condltlons of the heterogeneously catalyzed
gas- . However, a disadvantage of this teaching of the prior art is that
for a prescribed catalyst and reaction temperature neither the
selectivity of the acrolein formation, nor: the conversion of pro-
30 Pane achieved in a single pass through the ‘reactor, nor the ex-
plosive tendency of the reaction gas startlng mixture are fully
satisfactory.

It is an object of the present invention_t@fprovide an improved
35 industrial process for the heterogeneous1y:éatalyzed gas-phase
oxidation of propane to acroleln in an ox1datlon reactor which is

lar oxygen as oxidant, at most one dlluent as which is essen-
tially inert under the conditions of the heterogeneously cata-
40 lyzed gas-phase oxidation.

We have found that this object is achleved by a process for the
industrial heterogeneously catalyzed gas-pffse oxidation of pro-
pane to acrolein in an oxidation reactor whlch is fed with a gas
mixture comprising, apart from propane and:molecular oxygen as
oxidant, at most one diluent gas which 1s' fsent1ally inert under
the conditions of the heterogeneously catalyzed gas-phase oxida-
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phase partia‘PoﬁQ{ﬁﬁ??ﬁn I's normally considered to be a dil uent gas whose
constituents remain unaltered, taking each constituent 35 individually, to
t He extent of at |east 97 nol % under the condi - ~tions of the

het er ogeneousl y catal yzed gas-phase par i al oxi da-- * tion. Exanpl es of
such inert dtioentwhjaheprocsssniandestingutished £ajom- mheaiﬁdxisﬂrlhmeprmdust rial

gas- phase cataisydd ©fPehti ghidXad®- in trtdtoehefsmjzﬁ ey oF EadWli®G’ bropadleer 1],
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effect of the concom 'S seen In, t

brior art asShErnid migeare wiich Jo A2 fcnhe oridfFtipd Feactorfamprises
addi-ti on off BAre 70 §i by el upgsof élﬁ?@é§et StpiLeasy e tebieFeluns ofhe
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energy 45 i npiktuRgforethé afeart3ohfafy apegaheny didukbust jades @aationed n the
gas mxture, ;W& by Sa§Xbf EImp1L PR L 2R, , f 66, ! B8, SAbBleY gBEedNsuch as He

I ndustri al pgg&%prw%te V&g&l tion, the prior art attrl but'es an

0050/ 46976o 4. radvant ageous effect in
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Cco I‘Iseseretgc’;ll%JB%S?}q % %lP ?a%qe

al gg appl i L g%/ 3ld”§’ Wé%’& la:alg Asgog é(ﬁimats%f &
CN-A 1 105 332astar?c9 :P9A %/133 veaumaLes, BrGDanc. vas%Qret)%Wgw by HPH&Re (e
use of a propabecwiant esyged isvdn 8DYocasesy akoleass: iSr%t hy valamei end geen
starting n xestend e ause19é whibhedorresgRndsi ¥é UI(H GOBY avdlivi@ MRAes than 70%
by vol une of ,prOPANGH By! fs1ue BEr L8RS dridpkhe. | i it dheedp aaeaneeﬁé QfpeM th
the catal ¥tig; Jtre fedpﬁgs%%ggttf& Yook ORA0S éﬁ@ 13! 5 Eéé{&?” to

gi ve acrolgin z
(1968), N&asgs: phf— § 8- BRFEPtt RECRARA \}él GH" SPak "6’r‘t |1ﬁéP Elocurrent

176878 (published in 1966) however, these publications do not 20 relate to
?nblndgstrw ahc@é ?Eei&éﬁb%rbag é%&fﬂ;ﬁbnml£%ﬁre%r?ﬁlchréﬁéi%?Q%?Ehé‘Dh
aboratory e e context of suc

ABE %%o Q{A% ts'eﬂg fﬁx}%@ﬁh cotpkis

smal | -scal e experi question xpel osive tendency of the
reaction msxture i s, however, of sur - bordi nate inportance; this is also
evi denced by t hefhdngh>r e’m:ttjooas% bye vpaumé us £ pajop&féf err] C enpl oyed).

However, a di sadygrf a0g, Qf, U o' BFOUAthehe RELRRIAL Bkfods 7!

from 0 to 25 % by volume of inert dlluent gases.

30 T
Preference is given to reaction gas starting,mixtures comprising

from 75 to 90 % by volume of propane,

from 10 to 25 % by volume of molecuia xygen and

35 from O to 15 % by volume of inert diluent gases.

Particular preference is given to reactio
comprising

40

s starting mixtures

from 80 (preferably > 83.4) to 90 3 b -volume of propane,

from 10 to 20 % by volume of molecula

from 0 to 10 % by volume of inert diluent gases.
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for a prescrPB88/88P2Fyst and reaction tenperature neither the
selectivity of the acrolein formation, nor the conversion of pro- 30 pane

achieved in a single pass through the reactor, nor.the ex- pl osi ve
tendency of the reaction gas starting néxture are fully satlsfactory

It is an obj eré péogdﬂlaheaerﬂnelrﬂveﬂma& lg8s85 OMd GR-eBrabTyY QRd 8Ran 5

| ndustri al PpECeSHuOr 1688 {feE09oHr WluheCat Aok tnifsr volmﬁélx%at' on
of - propane tQ_ac

of propane 1 8p@eLielyl b A0 kel a0V SRCalodllGNel? che FEAILD G Has
oxi dant, at ﬁsglftmveneﬁmttcga@nﬁnqu dngxtciluent; pases. IRethis et ot he
condi ti ons SoRnt hedurdrdadgpremassl forathe hegerggentaysdypbatalypeddgasephase
W have foundxidiatidohiof pbpmaie te give awedlbynavivtomeieciir idk¥gen in an
i ndustri al hskﬁawf&ﬁ%a&vofatea@f;eéo gAnPRaseotadHabhi GRic dheOamoud@g to

g e e
one di | uent §§§ r’(fir?rfi e@b 19 |"hertc‘iﬁ1’d:e¥‘%gefﬁeatc&n8f'f‘|% zgfc{‘ne
het er ogend@udpygeraraly Ehe pho 5 BEOwghRKE- is at lepsyo/4@ostgndard m3/h and
5 tion, whifteapermdasseti te@histllrﬁggl ehdd 00Postatdardiadsh « iZalthpeeghputcegses
of the prior1a0}000 dthatiatdan3yhugyi s Hormaedetndlg bel eReeeded,i isel ypicaised

as addi tionalihgdhdiienfi §8So9shgutat alderrdanqb), QGO% 60,8087 dd dMiaFaxhde Whi ch
is fed to the oxidation reactor conprises nor e than 70 % by vol unme of

pr opane aﬂg at least 5 % by vol unme of nol ecul ar oxygen. Possible further
const it uert’s Suitallee cagalysiks tonbget used fior the pmagessonf afhe tpresentrin-
di | uent gasesefieddn Opadticabovy hjlenaysioly ekenzbee eact Nprergals, s€REeind ,
CO, nobl e gam@gterid) aieHehe 1G4 RE L YR 4ABGFposkd ions HOMRMRY gehBBLT
proportion ig, d&?laf &eds055e 'Hé%tc‘ﬂﬁeasuprt%f e&é‘@&ﬁ(ents ]c? '{b ovie" 9

In ose in |ch t he

variants acc resen L nhvention I n-

feed gas F‘é“%%‘rﬁ?r Pgeg QPPHEsPTY5 % by vol ume, at |east 80 % by

vol une, at Ieast 85 % by volune or at 15 | east 90 -:95 % by vol une of
propane. The xRl QPDY irie?B1bYx ¥ EFRPOSitiodBkBCHE adfsé@‘ﬁﬁ@@rdlﬁid Rodthe Cases at
| east 5 % by ¥8£?§§9 ﬂ%:ﬁ%‘n r%%gg@ﬂ'cé% mg!@l;h' IMnERe COE T 8@ ér{xP 100 %

by vol ume m ropor y volu e propane atter
case, the ga ure fed to the oxidation reactor cont ai ns no inert
di | uent 2@sggases, ie. the reactant propane is diluted only with itself.

Moa, Bip, X3, X8a, X7e, O, (11),
where
39 X5 = vV, Nb, Ce, Ta, Fe, Ga and/or P, preﬁaﬁably Vv, Nb and/or Ce,
particularly preferably V and/or Nb, -
X6 = Ag, Li, Na, K, Rb, Cs, T1, Pd, Pt, Au,; Cu, Pb and/or Te,
preferably Ag, Li and/or Na, . partlcularly preferably Ag,
35 X = si, Al, Ti and/or zr,
a’' = 0.2 -2,
b’ = 0.3 - 1.5,
¢’ = 0 - 2, preferably 0.2 - 1,
g0 d* = 0 - 0.5, preferably 0.001 - 0.1,
e’ = 0 - 20 and
fr = a number different from zero which is determined by the va-

lence and frequency of the elements dlfferent from oxygen

in I,
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Accordi ngly, qqgﬁﬁﬁﬁ§qsgas starting m xtures which are suitable accordi ng
to the present invention conprise 25 from> 70 to 95 % by vol une
of* propane, from 5 to <30 % by vol unme of nol ecul ar oxygen and
from 0 to 25 %by volunme of inert dil ent gases. 30 Preference is

gi ven to rea@ndothgss off ahti genenall doeRuTOMIT Si Ng . from75 to 90 %
by- vol une of propane, from1l0 to 25 % by vol une of nol ecul ar oxygen
and from O to 15 % by, volume of inert diluent gases.

Particul ar preferenc& 1Ba"ginv&n crar eacti b ¥as starting nixtures

conprising 40 from80 (preferably > 83.4) to 90 % by vol une of

pr opane, 5 wher%ronllo to 20- % by vol une of nol ecul'ar oxygen and _
from O to 10 % by volunme of inert diluent gases. 45 © 0050/ 46976

6 The proportion of inert diluent gases is preferably less than 5 %

by volume, | &8s=t ham 8botn, Cul,uMe ard/ozsy, tpweferabdpyvyaltuaedyer Ta,
spectively. I LS rticularly _adyantagequs for .the reactjon_ga

starting nl txtare t(%%éo%}?éi%’n%)fei' ﬁﬁe(?‘t c%g’l ﬁéhtéu a& sf?n?lflmf hi% Pgﬁferagyan

i ndustri al %r ocess SPor SPhdhépd/efethrousl y catal yzed gas- phase oxi dat i on
of propane tXlgiverdgrRhLin) Wbt Bndpde@sl,ar oxygen in an ~oxidation
reactor refers to ﬁuch g process in which the anount of feed gas m xture
passed throudh the oXi 4%t i on reactor is at |east ‘500 standard nferr]/h
(standard. nf @&} =ocdbocsreters at 1 atmand 25[err]C). 10 In general, the
above thrqgnguL ié at Iias%_YOO standard nferr]/h and frequently at
least 1,000 & 5,000 s ahd% merr]/h. A throughput of 100, 000 st andard
mMerr]/h wlld"ner mal hymbext di¢f fexepedixbm zerotwipichalis deteriiskedi by the va-

throughputs are fraend€, & freqhOndP bSitasdalshdHter 8} fferentl 2réui é:3Rjeh

catal ysts to be usgg fpr the process of the present in- venti on,
particularly when using the above reaction gas starting
20

The preparation of these multimetal oxide compositions I to III
is known to those skilled in the art and described in the prior
art. Typically, suitable sources of the elémental constituents of
the multimetal oxide composition are used to produce an intimate
dry mixture which is generally calcined at:from 450 to 650°C for
some hours. The calcination is most simply carried out in air.
Subsequently, the active composition resulting from the calcina-
tion is either used as such or is shaped to the desired catalyst
geometry in a manner known per se. Naturally, the shaping can
also be carried out before calcination. Shaping to the desired
catalyst geometry can be achieved, for example, by application to
preformed inert catalyst supports where, as already mentioned,
the application can be carried out before gﬁ after the final cal-
cination. Use can be made here of the customary support materials
such as porous or nonporous aluminum oxideéjﬂsilicon dioxide,
thorium dioxide, zirconium dioxide,.silicoﬁ?carbide or silicates
such as magnesium or aluminum silicate. Théﬂsupport bodies can
have regular or irregular shapes, with regﬁ”érly shaped support
bodies having a distinct surface roughness;?ég. spheres or hollow
cylinders, being preferred. Suitable suppoits are essentially
nonporous, rough, spherical supports comprising steatite and hav-
ing a diameter of from 1 to 6 mm, preferably from 4 to 5 mm. The
thickness of the layer of active compositidh.is advantageously
selected in the range from 50 to 500 pm, pf?ferably in the range
from 150 to 250 um. At this point, it may bé?remarked that in the
production of such coated catalysts the powder composition with
which the support bodies are to be coated i$ggenerally moistened
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niktures ar QOBRL46AT6I netal oxi de conposi tions of the general formul a |

as are descrlbed I n the docunents cited above in the di scussion of the
prior art. 20 As mul tinetal oxide conpositions to be used according to
t he present invention, preference is8given to t hose of the gener al
formula Il Before appllcatldﬁiaﬂﬁrhfték[appihcaﬂiﬁﬂrﬂs dxhedrdgaiX,eeq] by
gerr], tmbhds of hotWhere ~ 30 X err] =V, Nb, Ce, Ta, Fe, Ga and/or P,
preferably V, Nb and/or Ce, part|cularly preferably V and/ or Nb,
X[err] = Ag, Li, Na, K, Rb, Cs, Tl, Pd, Pt, Au, Cu, Pb and/or Te,

preferably Agormrmlog ﬁhe qmrtledcqamllxstpr,etbe amag,tlAg oB3hg eppport S,
A, Ti andPobodies is @ensraliy caried out im aOsilitableSrotatable=coftaindr
prefer abl y Oag 1s la143a9 kmowr, €08 &x @era&hmﬁlz@% 090671 or £omr O -20
and -H“f@%ersfs RES er‘lztle éﬂg‘ dEﬁp%s“i’@?S? i$ g%?:%?&ﬂﬁ%%l&nwebnva'

| ence and fr , 45
0050/ 46976 dre being appfleé £0 the support. and t hose of the general

fomwaIH MHHPMH]MHHXMH]QHH (e,
wher e et sdirrse/ +hE, miBk irighalMox ARl BmpYE 1 PI G habbyalhg MB arél or Ta,
Xerr] = . S §Qn B.I.nveI@ 1’1:90 nCleﬁ| be %’edl-gs%‘#\ﬁ{ e péaeéa%@%y I;Itﬁf
Sn, Sb, Bi afflor-Te o Ker rarots

is purpose, e 1 timate dry M1xture is pre er ly compacted
directly to give the desired catalyst geomqtry (eg. by tabletting
or extrusion) and calcined. For this shaping step it is possible
to add, if desired, auxiliaries customary per se, eg. graphite or
stearic acid as lubricant and/or shaplng ald“and reinforcers such
as microfibers of glass, asbestos, srl;co_“ arblde or potassium
titanate. Here too, calcination can generally also be carried out
prior to shaping. One suitable unsupported“catalyst geometry is a
hollow cylinder having an external dlameter ‘and length of from 2
to 10 mm and a wall thickness of from 1 to- 3 mm. As regards the
sources of the elemental constituents of the multimetal oxide
compositions I to III, it is only 1mportant that, as is generally
known, they are either oxides or else compounds which can be con-
verted into oxides by heating, at least in the presence of oxy-
gen. Apart from the oxides, other suitable’ startlng compounds are
therefore, in particular, halides, nltrates, formates, oxalates,
acetates, carbonates or hydroxides. Other sultable starting com-
pounds of Mo, V, W and Nb are their oxo_compounds (molybdates,
vanadates, tungstates and niobates) or the écids derived from
these. Co
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The intimate mixing of the starting compounds for produ01ng

35 Multimetal oxide compositions to be used accordlng to the present
invention can be carried out dry or wet. Ilet is carried out
dry, the starting compounds are advantageou ly used as fine powd—
ers and after mixing and, if desired, compa tion are subjected to
calcination. However, the intimate mixing .preferably carried

40 out wet. Here, the starting compounds are usually mixed with one
another in the form of an aqueous solution:and/or suspension. For
example, the drying process can directly fo Iow the preparation
of the aqueous mixture and be carried out b "pray drying (the
outlet temperatures are advantageously from:100 to 150°C), which

45 gives a particularly intimate dry mixture.’ B




a"= 1 . 100050/46916

0.5, 15 c¢"= 0 - 0.5 and d"= a nunber
di fferent fromzero which is deternined by the va-. | ence and
frequency of the elenents different from oxygen - inll. 20 The
preparation of these nultinetal oxide c@hp05|t|ons 0 to L1 is known to

those skill edti ast impartananfoxdser poeposes tdfetpelpnresentan-tl\reﬂ’l;ammahhy

sui t abl e sourmesppbeddie ofl eneNirisen@NEhvéntitnS cah alsd be sutfid®bak oxide
;ggg?;: f;ogaﬁ’%?ﬁgzﬁﬁéﬁc%e%gd%@% E&éf@i&szi , 8y éﬂc%&” ?IWiq%‘: ltﬁenat on
'S st i piSreEe i, g%, Shofe imtiNeat ofiae coliptELTibNsan U aé%ng St on
resulting f d’ﬁH‘ﬁB %£YC|1H§1mateth G xing fehydrogerating oFdfeH sUd SRaPRIr to

the desired @@sinpstzinc,gednpinym,i ghiombime coppevn PRiiassaumNendfoxl Lyont he
shapi ng can 3xideswitle amapxidikt ditsmbehonel yralatenabithn orShaphout taddtibion

desired cyrahyshaDEQIRLAY 6RWerjchheyqds hesiteamEer &yl ication
to prefor fﬁ%‘}d %r & e wae ELétLW.fl%et( ﬁb&}ﬁ %%%chm”t I oned, the

applicatiaq ~out ef 0 e or | nal ci nation.
Use can be de here of the customary support materjals such as porous
or nonpor ous Talisnneams whiateshe Prdcess af oshied present hiovientidi cwdrd@lso be

zi rconi um di @uceessfillyearefédidif Abify | modliastal Stide 6mPEHEHISDNENT Pr
al um num si | i;qakg /Jpe:ﬁuu@eﬁttmexeép%h of Qﬂsse rr@tﬂﬂ:llﬂ\@agi aﬂégubﬁr

shapes, W|th re sti.nct surface

F oughness,y 2%&%? Coiigind f %53 FOSRRA PR TR SPAPE, ST 28, PRdD o
supports are”€§§-éﬁt|%ﬁ‘}"y WBHBB‘P'OG °‘Fb‘ﬁ§rh °°§Bﬁ€r|%as§&ﬁlﬂd¥td§°60|‘rﬁ?‘i‘m ng
steatite andd¥ide as wexg #sefabetthe DRb} ieahipnSobE, AN . Scbabataya stated4 to
5 mm The dshipekoessrmf the | ayer of active corrp05|t|on i s advant ageously
sel ected in the range from50 to 500 [err]m preferably in the range
from150 to 250 [err]m At this point, it may be remarked that in the

product i onp@fEPELERACTLAT FERRPER YRS SPRLCYRRAGS: TR st ALWPEIress QA ch
the support Bd¢ present tigveatiomtisd advapesggomsily Feemt3Sf9eto 650°C. 0D/ 46976
8 bef ore apploceasi ah thedpaésent dmyention emsugsedr a (ehraganharyg high  nmeans
of hot air. safek@rstdmulital Bg téperatheds Als3Ys! preifheabDAld 8goW. Shiace

support 5 e§a ér&ee%r al hdo%ahédzécla (Hitsah{?aﬁ‘ta?déot\@%?fé@é %tna*eh@ con-

cont ai ner S o] e g from
EP-A 293 820 vefﬁ% PEI% a¥[\°sg %rg%%ﬁ %I on%%'? erealt(}:lrr SI fan%ealagf’§5 - o Phe
present invention is thus from 4 to 550 C, preferably from 400
' to 500°C and particularly preferably from 425 to 475°C.

These statements apply particularly when mﬁ;timetal oxide com-
30 positions of the general formulae I, II and/or III are employed
as catalysts.

Of course, the reaction gas starting mixt@re_to be used according
to the present invention can be preheated“before being fed to the

35 catalyst charge. It is here not dlsadvantageous if the reaction
gas starting mixture is preheated to the de51red reaction tem-
perature before being fed to the catalyst harge. For this pur-
pose, a heating apparatus can be prov1ded upstream of the actual
oxidation reactor.

40

If multitube fixed-bed reactors as are descrlbed, for example, in
the documents DE-A 28 30 765, DE-A 22 01 528 or US-A 3 147 084
are employed, such an upstream heating appa;atus can comprise, as
a particularly simple example, a tube sectien which contains no
catalyst and is heated to the reaction temﬁé;ature. This section
can, however, also contain no tubes and.caﬁﬁﬁhus correspond to an
(individual) tube having a cross section ﬁg;to that of the reac-

45



fore being a88F9é85?35t he support. 10 O course, the multinetal oxide
conposi tions according to the present invention can al so be used as
unsupported catalysts. For - . this purpose, the intimate dry mxture is
preferably conpacted di rectly to givel@he desired catal yst geonetry (eg.
by tabl ettingot5 Ay @artisl dhermal sad/(imeaidivive kiebydhagenetiohepf ithe s
possi bl e ‘peopslit tdf gilesi pitthylenui hdsidiateq Uit BiughPPEelidat i0g. dgsaphi t e

or steari Soé‘%&’vél%e'l bgEgaal tﬁ@déﬁéceﬁ},a%nghé‘ -oeRds 8 HHY peEserstiCh

as mcrofi ber, S 1.6oNn b S

titanate. Her?ai ? lc‘ll%a%eonggg%f véi(rzaal % +°r%eb oRSL?? d(? cgnf’o%tlp?rnl or
to shaping. 5 efuil ’E‘é‘olaéeu?%*i?ﬁ’d'&rsflﬁﬁ ‘E%Ft’é’lgy# ng a hol | ow

cyl i nder having an external di ameter and Iength of ‘from 2 to 10 nm and a

wal | thi Ckneﬁﬁl@itvjﬂé) 'f‘lgziﬁg%gd 'Fe‘acéﬁré %ﬁ&‘iﬁé& heor th§03fl&@§tﬂ 1t Bfocess

el enent al con uent s I net al. oxi rtl1ons .l to 111, it
Is only i rrpo %‘ t%retsenasnlngen é‘ner%?'flgflfg R \l/%ast[ gg%gr neJ'lvtlﬁ1 5‘OX| des or
el se conp n&g Ghi I GERSFRLcdMey compiiss Pk BOTSKtHas By %t‘f‘ﬂ@"l‘aiall east
in the prglsbemébeef Myppmber gt Agast F,090 Pheab dianss, 10i 0% individnal
starting conmpobesisisartypical herthef anmber rofpaubes vdargmmodhtedsin rther a¢as,
formates, oxaiadhesessel asefPdRfentiyl bARRNISS 000 Y Hog00eSsudy RN tstabeabl e
starting Comfl?szQ?éH“i%a@fcoé@’co\éreWa@M t9hé E&'%Hel‘iXQn&OEHHéuﬂgé

]S rglmyb dates, exchaggea}:dﬁ?'t 2, tﬁlengs gmgfesat p{ahg S!)sttgﬁitl%n com%%%gg | yed

e LNt e
produci ng %ggﬁ{}?’fﬂgéf Wlbﬁﬁi’a’é’%l’fﬁﬁ?}l’dhé’hﬂ-shb% RIMEALIEE R Fﬁ’ﬁ’eﬁo(i‘ he

present i fubatbwriledncorrespandidgote they coplimg tubes of iz shgdirandout
dry, the st althbaghezﬁmaxuhdnga‘ €sa deaotmyiyesd| ynwsmts&sm&rm pestical ers
and after m ¥irpgngeétbnt.l FALEAdRDre; ONPRE dx@Ranse n%dﬂaeﬁié%atsﬁsed through

(Izlgr g' nﬂlleozg)t t'ﬁ'g @tfe shgfo{ém%ﬁttgentﬁ@ :thoP&&? Q{loa I1¥s§§’£€é Q:‘ilxe Pr&é’ésé’ve

t he
form of ar aBEebuo o/ IPrD Ao ArE Rl L) %%SPEn efieLc UEeet S VRicHII 1O
process can &P?’Ec?l"iﬁlflol‘#‘b?\}“ﬁﬁ? ﬁlfeﬁﬁ?%.tll &R 3 mm¢ Wérahﬁ\é%‘ﬂ?lrridkf‘ﬂ? %nd
be carried ods byneqaldy SrghmP tehdl mmoRhectube frndshypernakly extends
advant ageouslty &roew hidders (& Cuder ].é‘x)gtlv\kumlthdSrag;tgeeframparto Aumaisy

intimate drytifpxéalf. The tubdAHedf8ffally homogeneously distributed within 9
It is inp@s gt folcddie purposes of the present invention that t he

process of the present invention can also be carri ed out using mul tinmet al
oxi de conpositions |, Il and/or Il with the exception of those
mul ti metal oxXitdés oeﬁqm&ilalom thiei presemt dmvention that, as described in

Catalysis Today, 13 (1992), p. 676, the catalyst surface destroys
free radicals, whlch is why the explosive tendency {keyword:
free-radical chain reactlon) in the process: of the present inven-
tion is most pronounced in the front end of" the catalyst charged.
In this respect, it is of particular 1mportance that the use ac-
cording to the present invention of the. re.*tant propane as di-
luent surprlslngly reduces the explosive tendency of the reaction
starting mixture more than does the use of ne of the inert di-
luent gases known per se, viz. Np, CO, COZ: noble gas and/or H30.
Also surprising 1s the increased select1v1ty of acrolein forma-
tion obtained accordlng to the present 1nventlon.
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As already ment:.oned in the introduction, e working pressure in
the process of the present invention may extend over a wide range
(typically from 0.5 atm to 10 atm). The worklng pressure is ad-
vantageously from 1 to 3 atm, preferably frcm 1 to 2 atm. When
45 multitube flxed—bed reactors are used, the total space velocity




5 ?t ai nabl e bqurﬂ/i%-’tg y m xi ng dehydrogenating oxi des such as nag-

nesi um zinc, alum num chromum copper, potassium and/or iron oxi de
wi'th an oxidic bismuth nolybdate (with or without addition of a small
amount of water) and, (if desired afterl¥rying) har deni ng at el evat ed

. tenperature (imgthelmrdced80pertieCpresbnt ifvientieanss tdeaerahky preaceosvat t he
¢ present i nvenesnof afroal 20000 35D0Ccsesndard M/earli ed out using nultimetal
oxi de conpositions I, Il and/or 111 with the exception of those
‘mul timetal oxide com = positions conprising a dehydrogenating netal oxide
such as mag- The Aexseladn fppged ganykenseRardredninm RE@HSEr kKnegynt $&i & and/ or
I ron oxid€ran ke punotadti gas e xpubé i clsttdimabl byadedddifghead alrewpreserited
~cas prior art.invedfidhe un@agttéd propRAs dnd ng Bl FikneN thhfled RANSbei Pd-
process of = .itRE1 &SRR thOVGHidatohSs eﬁ%@ﬂ@%ﬁl&é %%88%@\?&% aﬁ Qnd/?r

650[err] C. The - rqcess.or .t he present ent1 on .ens S_a Lcul arl
ooone ) Sar aiipeg SRARE B Seutintts 16, clombdbidtn $4 é?’eﬁ“s?e?%i%isﬁ?ns Y
500[ er r] C. . Sitfc Broduge: @pergy uraditdesis 1907 O peehiRres 8ESablv heotRse
effect on Yhefcoacirculaionore thee ombdetion stabee inamsedaluent gasge such
according toasheo,, qu,eHed} dtavefibrmed ias buprédduntsdif tie WxAhatid stage
2;;{ er a]b|Cy fr@ Qﬁ’eral]lyoaéoﬂéfﬁ'tf b@r@ﬂﬂll&arﬂe&n@%afdf thaef Qﬁélt&d(np%%l&?g to
err] C .at.e u n i de
com 30 posi t‘ﬁfoE%Qg'fsé\atc?ftﬁﬁ1 ﬂggla a?;&r%élrgg{%dﬁl F&gn%lﬁ%wr&%l F%}Ffeﬁ:%':%g‘g—d

e gener ,
as catal ysfs.t9 to e 53%?8? THENE]8t i on gas starting mixture to be used
accordi ng to the present invention can be preheated before being fed to

the 35 catal yslotabBarEssibliel Buf@icd B8k & S PRLASO YRS hikberd @a8L1OMg
before bei ng 2ok F%;%%%%?“?f‘??%%s&%ﬁt Hivenfioh B hdNehEilyeic BEELIC
appar at us carP B&€p? a,d:éﬁnggg%’f’éé)rﬁrqut‘% t'g’fz,‘et ﬁgrolg”bﬂrﬁﬁ?%)nt%eé"géf’o%’ 40
T mul titufp FivReBCHEHLY 85a8 orEOT $hAFePHERASS hERS BRRUCEAARF duiXtyre OBhe
docunent s DE-taid8d38cckBSlinPEtd the @resaBt ginviggtios caqy mosH simplive benfedyed,
" such an upst razagubRainttg adpappEdiptd atendowngiivean, gas-phase paidatcidnastyge.
sinple exanpl®, i3 h&bhtRebhsNaddtiraingOté aines pResdit Gafvehy $én AHhtl ehbeat ed
to the react "&E}ﬁESE%?r eg,%ﬁe delés%n%e%' e cFro_ﬁ Bt ﬁ@%‘%&%ﬁr@!ﬁ%@&eéa' n no

t ubes and can us (?]{ on té)o P ver VI uJa_l‘I’ d&ibe having a, cross
section upeg FTHiaf® o+ UFE §3R-tO 1ower, BLvs Y
: subsequent gas-phase oxidation stage and increases the process

safety in this region too. The simplest apparatus for carrying
out this second oxidation stage is formed by an extension of the
catalyst bed of the first oxidation stage. Another simple appar-
atus for carrying out the two oxidation stages is formed by a
tube bundle reactor within which the catalyst charge changes ap-
propriately along the individual tubes after the end of the first
reaction step. However, the two oxidation stages can also be car-
ried out in two oxidation reactors connected in series (for the
acrylic acid stage, appropriate tube bundle reactors can be used,
as described for the acrolein stage; they are known in the prior
art; cf., for example, DE-A 4 431 949 and literature cited there-
in;). In this case, the other reaction conditions, eg. the reac-
tion temperature, can also be optimally matched in a simple
manner. Advantageously, the molecular oxygen required in this
case for the second oxidation stage is fed only to the second ox-
idation reactor. The amount of oxygen additionally fed in is pre-
ferably selected such that the feed gas mixture for the acrylic
acid stage comprises an amount of 0y which is from at least stoi-
chiometric to about three times stoichiometric. The safety of the
second oxidation stage (acrylic acid stage) can be additionally
increased by removing water vapor and CO,; formed as by-products in
the first oxidation stage from the product gas mixture leaving
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10 tor. Any °€é’ Ggl t hermal and/or oxidative dehydrogenati on of the
propane to give propylene associated with such preheating does not
adversely affect the success of the process of the" present i nventi on.
This al so applies when the correspondi nd2 deconposition 5 equilibria are
establ i shed dhei Ajrstucxidethomtstage beforndlitti uabierainsfeatrbédta ddet acsylic
suitabl e for acha stagst DfaboRrss,eS% is Oilsrdﬂ@oaéeswtm &MQQttéHpe@Qn’ﬂél se at

i least 1,000 ig I r h Q.
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tie. their simavesits mmlpobltmmtarluten:ednas:@msuredsb;\a ektegnakbraddition of
‘cylindrical \g%%aehslébmyanahtg @glr ahtey wipdrybssfde subHbeutid! @ke for

corr espondi nggalig, GRalyhag ge%zfspgaPéném%Jd'/oéngcmlea]gbstgffﬁ% gshgnger s

accommodat vert rraggeman urt eat

~ exchange d.té‘eaP’é“S%%%@&stﬂ fr?ﬂe %%ﬁ YR Ag r¥ taﬁﬁgssp?]ge
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ferritic stednddad asmildgl hgid stegecandiet |paskedkresnagtheér orsel efleeghere
Their internglegdi esmtwtion is (fermadl pywdr ataZlohns : &Dpﬂ‘ﬁﬂua'éleeﬂdtlgg | engt h

nor nal | y ext ?ﬂ@?aratidh ¥ff BYh RIS ghd drRRGIGRY, idtd.he range from2 to 4
mis cal The tubes are normally hormgeneousl y distributed within

25 the reactor It is essential to the present invention that, as
descri bed i n The caaction SeMperaturedip1oodt) a dowaFereathaceul i yastids stégee
destroys 30 fiseadvanitamonslwhixdm i200why 3302CexmterRiradl i efictan @B 0( ke y3s0°d:
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IS mDSt prongipg 'Ehé G f&?ﬂ&aﬁ%ﬁ’; g C%‘hﬁ' Méitﬁl&r Qegxme a@a& ét?sf
respect, iggis 8 %?\r U 8 ;%I_yéance akae, us 1 g he
present invertFof Jt”hé FBRR r5 AR a% 8 tltl?em’ EHP‘T)"?‘? of'§e
reduces the SPPPEIFIRS MondBAcY 2% mepe ?‘é‘éﬁ?ﬂ‘%‘ﬁms 9 he pARleyed t}lnearmr e
than does themamserckinaimepef she Susdr suiitable mmbmetpls@slﬂqmmstsearen zZ.
Nerr], CO G@dsetibed Fohrceganphydiar ustery [7@5 474 ABe-ASOr 954 539 US-A e

i ncreased selggt byita&mpfusasr 9! £3d) 3581 MBhe mulltifBtODIGikBIcaRsYHidst &¢ t he
present | ey Qn,,; 8@3&3 ﬁ'i%@y %“tbé’r@‘% h?li&?s' ELRAYCEI OBe 7t Dy

3

\émcmkljggrgrngz%%r&ép? 2a| ?}E%ﬁﬁ Ospgfﬁﬁ‘-bf sen ventl on nay extend over

€ working pressure is
ad- vant ageously from1l to 3 atm preferably froml to 2 atm Wen 45

nul titube fiyeadybed fiRAGiOESnet£]l bxede ¢dealyakal sSPaA e/ ebOCERY acrylic

30 acid stage can be described by the general formula IV

MO12Va™ Wy Cuc™ Nig X1lenX12gm X130 X1y X150 Open (IV),

35 where the variables have the following meahihgs:
X1l is one or more alkali metals, L

X12 is one or more -alkaline earth metals, g

X13 is chromium, manganese, cerium and/or nloblum,
X4 is antimony and/or bismuth,

40 Cl5 is silicon, aluminum, titanium and/or 21rcon1um,
is from 1 to 6,

is from 0.2 to 4,

is from 0.5 to 6,

45 is from 0.2 to 6,

© 0 aq g n

is from 0 to 2,



0050/ 46976 0050/46976 11  in the process of the
present invention‘is generally set to va- | ues of from 200 to 3500
st'andard | /1/h. The acrolein formed can be separated in a manner known
per se 5from the product gas mi xture bbtainabl e according to the present
invention. Ugreagkegdrih qpaesand any propylene formed can be re-

citcul ated to the oxidation stage (continuous procedure) and/or used
further el sefher &S(Egem bHSusSrion in thermal power stations to produce
ener gy, synthesi $sg8poRro aeclhylene, etc.). In the case 10 of recircul ation
to the oxidation stag inert diluent gases such as CJerr], CO
Herr]o, et®i'forfed o G, FoprfBdaRd s in the oxidation stage are generally
at | east partd-al lig aenmnedt shithais deReeRIRAS byl @Re valdhckhend e@@iguefcgas

~starting m xtureg:eppd @&%n{:gq&lif@e(%acg{&n oxy ]sbﬂg to the present

invention. 15 Anot her possible further use of the product gas m xture
resul ti ng fromthe prqocess of the present invention is the catalytic
gas- J'anbC FheyYi R i Bk ABREe pidt as@aB’Fe’f HEOHE BSRiSP (PESentoR KEABPILL 0 20
gi ve acrylTtc DEcAd¢ ¥ 99Ri) sapdirgrss customanilydused gins unsuppektash form gha-ned

accor di ng t o piedeipte sphereny eningsn ocacy oslersi opl ¢ldee afedused an shehfomt 0
an appropri ator desbsd 'RaaNGass pPhirse pPEsKidd P Ane-8 G upport! bod fesAdbabédgeous
according tojhe iné’sé%!%tlvlené!&{iﬁdél'hbﬁatof Q:%ué'sF ueﬂaﬁ%taﬁda%(?ow p;}@;@&t in

t he product X acts as uent” gas to
~expl osi ve #ingeﬁgkai%ﬁssuéﬁ %ow‘:fe uﬁggéwent gas- phase oxi dation stage and

i ncreases e process safety in this region too. The sinplest apparatus
for carryi ng The 8&hrddlicE $REOMSLevu1dat bOyyei #8Quited AsMBHid¥NAInEXhENSI ON
of the tﬁ%&égst@ﬁt@ﬁe %P@séd{ LA 8 BL 2%For ARARHEL, il Ro@bpar -
30 atus for ALy D \lljvhwa g % K atlgcn st a asg/oc ube
bundl e reactor Wt R AT 1R zi‘tygﬁ s? cur{gré d’&é’ éﬁ 6‘?55?11ate| y
along the 4 dil\ﬂ‘d'&‘é? ‘t’l?Eé’fsga?t”é?r aPﬂel NP &Fi"?ﬂ'éa%‘?’“?t accoyqifig tentR
However, t he prgsenki Hmengiaont v eprkanitihen: thecpresencer pfdingnt |gnseaom
oxi dati on r eatieorsacuiureghednixtgey,i ebe (dxygenhee@iixmy Yorctiae iptoseagenf
appropriate tﬂheep_beéuﬂte ihQast Do i&ARobRalBEdaken %nd%sﬁﬁt@%kyfg@h t he

acrolein sta%%u tgey are known :in the prior art; cf., for exanple, DE-A
4 431 949 and literature cited there- in;). In this case t he ot her
reaction cphditions, eg. the reac- tion tenperature, can also be

opti mal | y nmatimhétlei presesitnbeunéhtyapnpyversidvnaandgemlesitiivitheamem aoless
oxygen requi Ittherwiddiihdicac8s8e deFinkBeas erindwexi dation stage is fed only

to the second ox- idation reactor. The anount of oxygen additionally fed
inis pre- ferably selected such that the feed gas m xture for the
acrylic acid stage conprises an anount ofgueberrdswkdiclesis from at | east
stoi - 45 G opdivereiba @befitprohree tines st gropanseidddtedlhe safety of the
pane on a single (mol-%) = x 100;
pass Number of mol of

propane used

Number of mol of

35
propane reacted to
Selectivity S of form acrolein
acrolein formation (mol-%) = x 100;
on a single pass Total number of mol
' of propane reacted
40 '
Examples

A) Preparation of multimetal oxide compositions MI to MIII to be

45 used as catalysts according to the present invention



second oxXi dapoéﬁlﬁsgaé (acrylic acid stage) can be additionally

I ncreased by renoving water vapor and CJerr] formed as by- products in

thHe first oxidation stage fromthe product gas mixture |eaving

0050/ 46976 14 12 = the first oxidation
stage before it MI:tran3Beldredft bishetnaritirace pemmgidsaege(m@hogwttse it
i s al so possible in thsg,sesent Mbfck, DIgRStAAE WPl lAvRaPIRSATY mQ' t her

conpletely or at |east kr aktoof, t3h e
CJerr], H20, Nerr]) gff g%?r |a% 25°¢ ié‘tdgicg%%? r%g@éﬁﬁeﬂgqp E cf‘éf%ggl atter
is fed to the second oxi@ss nltﬁlSna%’t fARE e
product ga ni xt ure. cafolutiphletpt Sl‘&)rﬂéb§ﬂtl?6‘ffﬁ aﬂ%léitéﬁna& desired by
external addition of . gaseous conponents (eg. vvater vapor) before such

further use for — prepariag acky! Eerae i ofr 9aay: Bqéf‘“ H Bkl fodddd |

t-in 10 th d t =
E'[ :;gn -I (r:]an Ilkgvmp;g gc% %g‘?ﬂrmt)éd?éf én?yr‘éﬁ‘-?%l%tﬂ )oaf‘ﬁe %‘Fol ein

and/ or acr 4 ic aci d st 89e2 /¥ apERREH MetaKeradane (48-2 s duhwedght qfeg.

conbust i o n thernmal FoREr Wsrettﬂmapltvedpxmoﬂﬁﬂenénefgfya,ter apr epfr.athen of
synt hesi s gas or acet ylreﬁelt:ﬁigcs):oluﬁﬁon wa‘EheoémtﬂoOBobera)ﬂ avuke dfM asuch a
downstream acrylic aci dssiaélfren thsb Qusdus N9 AR LA wald &hkhC,
preferably from 230 to é 39k qgg]gmg g 0951 1%nhﬁa{1a@i<n gng_ﬁrof Si0.
advant ageously install

nul ti net al,oxi de cat al ggfgh%mé"ﬁ‘pl |°ff §ﬁgﬁe’érfu§’6 ?l‘ﬁgrffcld&s§P§§’édd1ne
the nultinetal oxides > ™ d?ﬁ:)r‘“laé:ieﬁg RPIFER 9N ARIYAROUS é@h‘éﬂqm@ht s to be
enpl oyed in a- manner known per se. Such SUI table-pul ti netal oxide

catal ysts are descr d,, WAL) 4, 855,
USSA 3 893 951 and ng %Ie%%‘ gEgmﬁ%n g AC%" Z tﬂg mL§°é“§ ‘?gﬁ‘s of
25 EP-A 427 508, DE-A lefiroder 1‘ 63““@?&“2“%2‘3‘%21‘?"‘8%6““%5 A
4 302 991 gye al so par F‘Fc@l‘l)“&r)l $15Q) Eheh agueous SCN‘&’rW—"Bth#e &00F tvhie®al  oxi de
catal ysts suitabl e for sthering yligor@@shci dhet nepulddmgheqeesy ishegehyidmhe
gener al for rrul alvVv was stiifed £bY[ ErtiduY’ Wheld Imaintaining the tempera-
Cuferr]"' Nid"' X[err] X entd"aeX|s@pt] and Mudkbluentiyebivhpofited sib¥ly on a

where the variables hay téPeth% EQ‘%&% % é”&ﬁr ring %Lea(t{nlq ?ﬁef?{'@)g%f fore
alkali metals, X[err qﬁi ﬂD 3ﬁ]e con51 etc was reached. éi
chroni um zgmnganese, Fﬁn‘f’h / 8r SOl s ney a

resultlng mass was then dried for 16 hours at 120°C and
1 atm and finally broken up 1nto_cata1yst pecursor par-
ticles having a number average makimum diameter of
5 mm. The latter were finally calcined for 6 hours at
520°C in air and milled to give{éctive'composition par-

30 T
ticles having a number average diameter of 150 pm.
The stoichiometry .of the activeﬂépmposition particles
was: N
35
Big,s5V0,54M00, 45890, 010%-
MII: 181.9 g of vanadium pentoxide (TJ > 99 % by weight
from Merck, Darmstadt) were introduced while stirring
40 into a mixture of 850 ml of water and 230.5 g of 85 %
strength by weight aqueous phos hq;ic acid (H3PO4). The
resulting aqueous suspension was .refluxed for 5 hours
at 100°C at atmospheric pressure:while stirring and
"~ subsequently evaporated at atmospheric pressure on a
45 i

water bath at 80°C until a slurfi%like consistency was
reached. The resulting mass was dried at 120°C at at-
mospheric pressure for 16 hoursiépd finally broken up




X14 [ s ant| no‘tﬂﬁoa(natﬁgo-'r bi smut h, Cerr] is silicon, alumnum titanium

and/ or zirconi um a"' |s frontl to 6, b"' is fromO0.2 to 4, c"
issfromO0.5 to 6, d" is frmno 2 to 6, e is fromO to 2,

0050/ 46976 15 13 f'" is fromO to 3,

g"" is fromO to 5  inkd’ cataslyﬁsltoprécdn:so&Oparﬁml hiagiiig GNndmber 40reard
n"' is a nunber whichage Mgkl agemderd sa&u@n%eaﬂatééﬁ%%wmany of

the elements different Jram ﬁg n3 TQ%Y ag el tQéP%QLFcEH

known per se (see, for exa gga | used

in unsupported form shdV %’é’d’eﬁ ﬁ?ﬂp%%té't"é‘spaﬁ XYY rfo &
are used iPthe form 298f MBIy diapetesof frem hitesRaMed i nert support
bodi es ‘coat ed with the active conposition. O course they can al so be

enpl oyed as catal ysgs &&mﬁ%etp%raf Y actif1e OAULCE. Al BheLIBIGEY o

oxygen required as oxi rocess o sen |on can
be, for. exanple, air. si nce nol ecul ar oxygen occurs in air
only in asspciation unth the |nert gas N2 and it is advant ageous
accordi ng ﬁ@

_ the MITIPr 890N§ & \ERBILLD,§-hydake W §010Ubyt bslgx{te%%nﬁs Of rdmner t
gases In the reaCt'ﬁQrSfa‘S ﬂHﬁts%aF tvbbf‘reoéxggaweedl%r 2600 M1 LRCWRLACGSS

2 TﬂetﬁreeE?ELe'n?VS%‘%u 1275 B 7 g geoun g podpbtbn ged ¥

ot herwi se indicated, d&¥i Hedghis ofoPLoyRcidified to pH = with HNO3) were
Nunber of y@l of 30 Comddedidrpp@ise pver a period of 15 pioptewm whédetstir-
~pane on a single (aihg%o the first solution. The resul¥idd)Gqueoudasiss-
Nunmber of ol of pension was evaporated at atmospherREOPASEEu#e€En B85
Nunmber of ol of water bath at 70°C while stirring until a slurry-like
consistency was reached. The mass thus obtained was
then dried for 16 hours at 120°C and atmospheric pres-
sure and'finally broken up into catalyst precursor par-
ticles having a number average maximum diameter of from
5 to 6 mm. These were calcined in air, first for

4.5 hours at 460°C and then for 2 hours at 520°C, and
crushed to give active composition particles having a
number average diameter of from 1 to 2 mm.

20

25

The stoichiometry of the active composition particles
was: BigPMo1204.
30

B) Catalytic gas-phase oxidation of propane using the multimetal
oxide compositions MI to MIII as catalysts

El: In a V2A steel reaction tube having an internal diam-
eter of 17 mm (wall thickness: 2 mm), a length of 25 cm
and fitted with a thermocouple sheath having an exter-
nal diameter of 3 mm running centrally along the entire
tube, an active composition charge comprising 2 g of
the active composition particles MI and 10 g of stea-
tite spheres (2 mm diameter, for diluting the active
composition) was placed on a fine support mesh of V2a
steel which closed off the reaction tube. The reaction
tube itself was surrounded along its entire length by a
salt bath at 450°C. 6 standard 1/h of reaction gas
starting mixture at 25°C was fed into the reaction tube
from the opposite end to the support mesh. The product

35

40

45



propane r eact0OFY/§6976se| ect i vi ty S of | formacrolein

acrolein formation (nmol -%9 = x 100; on a
si'ngl e pass Total nunber of nol =~ -
of propane reacted 40 Exanpl es P Preparation of nultinmetal oxide

conpositions M to M| basanbture leaviixpdhastalbé a&agsShﬁaaﬁféﬂ dnRgihe Byhe
present invention 45 gas chif¥iRRodBE5Ky .

14 M : 413.3 g of bismuth nitrate pentahydrate(Bl(NCIerr])[err]
[err] SHerr]Q from Merck, Darnstadt) were dissolved in 400
m of waPeperdibopr the czmwoac.tmril?e@fvw:hh Yiaadionf gamncen-
trated nitrdc acid (65 stastimngiiktlye Weil@hEoBUMKRINES rebults were obt&iddd:i on)
to give an aqueous solution A In addition, first 79.31 g
of ammoni um-hept anpl ybdat e _ tetrahydrate (81.7 % by wei ght of
Mod err]) and then 6% 29 g of ammontun} netavanadlate (75.2 %
by wei ght of 1S r—wen m of water
at 95[err]C. The N2 Vﬂ' p““heu tIQd ol utlg (ﬁb Sd 1o 80[err]C

and 47 a _ véiuiz) @'ab%_sa(e,é tx,éﬁ gt agueQts NH err]

sol ution were then volumej to gijve an eousS Sol fiti on B havi ng
a pH of 10. - Hurt Bernof e, 61. 7 g of =silver netrat¢ were

di ssolved in 15 ~ Tlljsoui' Vet e, o gT Ve an UGS olution C
The aqueous sol uti pas—A-and C lere hed ) nf doduced . t he
speci fied qrder (while-mairtai Ahng | he Aenpdratore:: 8 at
80[err] O I'nto the aqueous sol gol on| B atp sOjjerrL.C whple 9

stirring vigorouslys e—gSt o potegus—uspenston was
stirred for 1 hourJMnﬁb |ntg$ 1ﬁ§ tefperda- - 8 ture at
80[err] C and subsefuently evapé)-‘ﬁate sl4dw y jon 8O - - 8 wat er bath
at 80[err]C while stirring at atnospheric pres- 25" sure until a
slurry-1li consi stenc vvas reached. The resul ti ng mass was
then dried for 16 hour $tats 1525[9@1?}%9&'&}?’: the sele"tl"lt! ok rﬁcéﬁgeﬁ‘nal |y

broken up into catal ystfop'e%tnf%rln9§¢ases with an increppingpueperhigon funber
average maxi num di anet eropdne in the feed gas mﬁxtﬁlﬁ'ee latter were finally
calcined for 6 hours at

25 E2: As El, but the active compositiop charge comprised a
mixture of 4 g of the active composition particles MII
and 20 g of the steatite spheres. In addition, the feed
rate of the propane/0; reaction. gas starting mixture
was 20 standard 1/h and the salt,bath temperature was

(o]
30 4800°C.
The results obtained are:
Z
35 '
Propane (% 07 S (acro-
by volume) (% by vol- | lein, mol%)
ume )
67 33
0 .
40 8 20

E3: As El1, but the active éompositibn charge consisted ex-
clusively of 4 g of the active comp051tlon particles
III.

45 The results achieved are:



30 ' oogf({[';esrgr-l]sc in air and mlled to give active conposition par-

ticles having a nunber average dianeter of 150 [err]m The
st’oi chionetry of the active conposition particles - - was: 35
Bi[err]V[err]M[err]Ag[err]Jerr]. 1 ~M1: 181.9 g of vanadi um

5;_ pentoxide (V[err]5ferr], > 9926 Dby wel ght from Mer ck,
Darnst adt) were infrog ne\_" 40 (acTon, into a mxture of
850 m of water anfl 23 %a of ga 31_ 1e m’ mof%)rf'ngth by wei ght

aqueous phosphori c| ad &Y F![’é'rr

~ Tihe resul ting

aqueous suspensi on|was Y89 | uxel for hours : at 100[err]C at
~at nospheri C pressufe whiehze stlrrlng3and 5 " |subsequent |y
evapor at ed at atﬁD>phcr% prespure oI 3 wat er bat h at
80[err]Cuntil a shury=like clnsis S. reached. The
resul ting mass was dri ed at 120[err]C at at- nospheric
Egessure for ch6 muﬁ§n§‘@ﬂ>r{ 'o@z{:ﬁé/ é%i’;ﬂ%%@vé‘ptg[ndelncy Qf)w:&@aZGr%%ctlon gas

recursor particles having a nunber aveér-
age maxi rrulnq di amasttgr Qu?&léﬁx){:ﬁ ?%e latter were finally
calcined for 3 hours at 500[err]Cin air and crushed to gi ve

active conpodihel exp@ainentsesets\datgiadnowdben avelesed; spherical 5 agRigh-
PﬁX|”U?‘dla”%kﬁésﬁfefﬁéygei h&ﬁézdﬁnstalnless steel. ThéT sshﬂiéﬂFéDWﬁErﬁé&g

e active c [
MI1: 500 g %E i érg!rli z;ate o g§8¥“€)§%e ﬂ;%fm%%& ?f
Mer ck, Darm;t §t Pahktat §§8 oo%g"iﬁ 10 min
25[err] C. 32M§agsgohia mgaaﬁe%ﬁ-lmrenq W rJHEEPE | VaH |n@sipoh°(119plfe0/othe
by wei ght of dBs, maxtuie i(dd eaclplease0at aiptessENCEerf |2 aver endSn initial
added dr opwi :empéeatwrepan)i by mdankd offi AUH B Itdinl Rifd iHeated to melting. rinNg
to the first solution. The resulting agqueous sus- pensi on was
evapor at edpgat at nospheric pressure on a wat er bath at '
70[ err] C whi 1P@Yseet¥TRIPPIFREENG l%eIaGFWBIf‘T@t (explosion) triggpyies dncyhifms
reached. The wayswas Hetesttedi bediegas 26 the rise over Hdmedof ethd dmtégnhbur s
at 120[ er r] Cpaedsatrenixphtei cegdels(measured using a Spilezoaldctiidlgresbasken up
into catal ystse%@ﬁrra&m bgdieans of the incredseClifiSthd\tehPefatWDen 8HEN age
maxi mum di arrq,teggeg from

The following results were obtained
(+: explosion; -: no explosion)

30 Composition of _Qas mixture Initial tempera- Explosion?
ture T
a) 59 % by volume of propane = 20°C -
41 % by volume of O, '
b) 59 % by volume of propane > 20°C _ +
35 41 % by volume of O;
c) 61.5 % by volume of propane s 120°C _ -
38.5 % by volume of 0
d) 61.5 % by volume of propane > 120°C +
38.5 % by volume of 0;
40 [e) 59.0 % by volume of propane s 41°C -
38.5 % by volume of O3 '
2.5 % by volume of N;
f) 59.0 % by volume of propane > 41°C +
38.5 % by volume of O
45 2.5 % by volume of N;
g) 59.0 % by volume of propane < 500°C -
38.5 % by volume of O,
2.5 % by volume of CO,
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byvsrbtuﬁiﬁe) ofvohune) v

o

(% by 2600€% by
pl une)  vol une)

(% by
nmol %9

%

65.5
32.5
2.0
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p) 65.5
32.5

by volume
by volume

of propane
of 0y

> 220°C

P oP o0 ] o o oBf of df ] of o®

2.0 by volume of N>

The results demonstrate that, starting from a particular gas mix-
ture consisting of only molecular oxygen and propane (having a
proportion of propane of at least about 60 % by volume), addition
of propane has a significantly greater effect in reducing the ex-
plosive tendency of the gas mixture than does an addition of an

inert diluent gas.

In summary, the above examples thus demonstrate without doubt
that for the industrial heterogeneously catalyzed gas-phase ox-
idation of propane w1th molecular oxygen, the reactant propane is
surprisingly by far ‘the most favorable diluent gas.



- 67

10 a5 9959748878 - 8 45 45

8 20 S surprising that the selectivity of

10 [t i
acrol ein ”ull “[l “ l mnln increases with an increasing proportion of
propane in theli M 25 19g>: As El, but the active

d a

conposition charge conprise m xture of 4 g of the active
canposi tion %I’Ei?j_nﬂs M : and 20 g of the steatite spheres.
In addition, the feed rate of the propane/ 02 reaction gas
starting m xture was 20 standard 1/h and the salt bath
tenperature Was 30process for th8({rgusif€ial heterogeneouslylhetalysadd gas-
obt ai ned are: Base oxidation &¥ QrdPEné%o acro@behrlin an oxidatidmeeac-

237’ vol une) gOBA) YrV@hich i Bed VW a gas mjgté:ure comprisiﬁla, apart!Fbm

E3: As El, but Pfﬁ%“é%tﬁ‘\?emf?iﬁ%‘b’;ﬁrt CERITN H% EXEERRT 5 Ak "Rt one imert
clusively of 4 gddftuehle %cri vRexHphdbet fepd (@St miKkkydre comprises more| thanyg
The re5U|tfb achi @0el by arolume of MPPehac®dRb at least 5 % by volume of mol-

17 ecBLapaoxygen. gerr] S (acro- (% by
vol - (% by vol- lein, nol% une) une)
8

33 5 . ) ) 80 ) 20 ]
C) Examinatidn of PRRC¥S&HIESsFLRIT&hdnEy2 TR YrafPBEein ddet £8Rd 3ps Mixture
~starting mixture§omprises at least 75 % by volume of propane.
15
3. A process as claimed in claim 1, wherein the feed gas mixture
comprises at least 80 % by volume of propane.

4. A process as claimed in claim 1, wherein the feed gas mixture
20 comprises at least 85 % by volume of propane.

5. A process as claimed in claim 1, wherein the feed gas mixture
comprises at least 90 % by volume of propane.

25
6. A process as claimed in claim 1, wherein the feed gas mixture

comprises 95 % by volume of propane.

7. A process as claimed in any of claims 1 to 5, wherein the
30 feed gas mixture comprises at least 10 % by volume of molecu-
lar oxygen.

8. A process as claimed in any of claims 1 to 4, wherein the
: feed gas mixture comprises at least 15 % by volume of molecu-
35 lar oxygen.
9. A process as claimed in any of claims 1 to 3, wherein the

feed gas mixture comprises at least 20 % by volume of molecu-

40 lar oxygen.

10. A process as claimed in claim 1 or 2, wherein the feed gas
mixture comprises at least 25 % by volume of molecular oxy-

gen.
45



The experi meRPSO(AF@78arried out in a cl osed,
pressure vessel made of stainless steel. The Q&HSFSH&EﬁrW" E up in
the initially evacuated high-pressure vessel py .rTEiREQLkﬁEDlS t part i al

pressure nethod. After a mxing tinme of2Q0 m ==——==ffeans of a magnetic
stirrer, an aiteAppro@sssragdeciDinegnihecidin 1, ﬂﬁéréﬂ.rxttMéeféédl faaC higasee at

- apressure of 2 ééﬂi)ﬁ%sa'k:!d“'%l b?' volurﬁéara%efnéié&ﬁa-[—) oRygeeans of a platinum
- wre heated to nelting. 20 Any self-propagating: reactlonfront

| " (explosion) triggered in this' . way was detected by means of the rise over
time of the |1r'zlt-eAnaroceSSpaeseLamammhenxvesfse[laé.mealsmoedouswhayean the
pi ezoel ect 8 ¢ pr ¢fetE &lilueRENGaN whiet Ry HRARGnOémitnt1IRCLSSG s N, ] heo,

tenperature in thg,, a %epat!gag gnd/orT‘j;@:é‘rok,gg&ng results were obtained
(+: explosion; -: no expl osion rrp03|t|on of gas m xture

Initial terrpera- Expl osi on?
ture T = a) 139 2 pyocesisupe olaijmedpaneany of claims. 1 HoedR] POfmim] Che -
41 % by vol une otathryst usedbis %0 nffl e ymeed 1 i idé @csmywmlon of the gen->

20[err]C 10 eral fobmdla T 41 % by vol une of - O[err] c) 61.5 % by
vol une of propane - - [err] 120[err]C 38.5 % by
vol unme of O[err] d) 61.5 % by vol une of propane - > 120[err] C
+ 38.5 % by vﬂmeeKldﬁféﬁsE}“gﬂ)Q e)I)59. 0 % by vol unme of propane
[err] 41[err]C . 38.5 %by volume of  O[err] 2.5 % by
voI une ofgg[err] f) 59 0 % by vol une of propane > 41ferr]C
%Hpﬁlume of . O[err] 2.5 % by volune of Nerr] 45
g) 59.0 % by vol une of propahe [err] 50[err]C - _
38.5 % by vol umexof=0[¢{dp, Ta, Cri-w, %abycao&m.r.otapo[err] -
0050/ 46976 _ Conposi tion of
gas m xture Initial tenpera- Expl 03|on’? e
ture T Jp 59. 829% byLiolNaveKef Rbr dpran€u, Ag, Au, Pd and(yjrePt]C +
X3 = Sn, Pb, Sb, Bi, Te, Fe, Co and/o; Ni,
X4 = si, al, Ti and/or zr,
a = 0 - 2,-__' } .with the proviso that:-_the sum of
d = 0~ 2, a and d is at least 0:20;
25 b = 0 - 1. 5.,.} with the proviso that the sum of
c = 0 - 10,-’ b and ¢ is at least 0.1;
30 £f = 0 - 0.'.'.5,
g = 0 - 20 and
h = a number different from zefo which is determined by the
valence and frequency of the elements different from
: oxygen in I.
35

14. A process as claimed in any of claims "l to 12, wherein the
catalyst used is a multimetal oxide comp051t10n of the gen-
eral formula IT

40

MOa, Bip, X5, Xbg, X’e, Of, (1I)
where
45 X5

Vv, Nb, Ce,'Ta, Fe, Ga and/or P,

Ag, Ll, Na, K, Rb, Cs, T1, P4, Pt, Au, Cu, Pb and/or
Te, T T e e e —
: This Sheet Has Been Rep
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38.5 % by volOfARP/AEMErr] 5 2.5 % by volume of COferr] i) 59.0 %

by vol une of propane [err] 10[err]C 38.5 % by
vaol unme of Oferr] 2.5 % by vol ume of e tUEEY9 vol une of
. propane > 10C + 21 ﬂyg vy %ﬁ?g%gﬁf of O[err] 10
1 2.5 %by volume of7 He si, k1155r:5a‘}fdbyrvz&,urre of or-':- . [err]
- 220[err]C -, % % by vol ume of O[err] 1) 65.5 % by vol une
.. of propane a = 220f'err]C + s 34.5 % by vol unme of
- . 0[err] m 67. 53'%=by0ueluma sf propane “[err] 260[err]C
- 32.5 %bcy vol LéITE Qf O[err] n) 67.5 %by vol une of propane
> 260[err] @ 32.5 % by vol ume of - O[err] 0) 65.5 % by
vol une of propandé’ = 0 - 0 .’gerr] 220[err] C : - 20 32.5 % by
- volunme of Oferr] ., _ %%’py vol ume of N2 p) 65.5 % by vol ume of
propane > QZO[err .32.5 % by vol une of
O[err] 2. &'Y%=Dby avolhuber ofififpeent ﬂ@m zeﬂ'dneﬂlneshub.ssdmeaabp heat ,

starting L{ om a partictaden@esand Xrequeddy @CENG|silameatsl dDMarei®! eeath ar
oxygen an ropane (hay,txgge@ in gir.oportion of propane of at |east about 60
% by volune), addition of propane has a significantly greater effect in
reduci ng the ex- 30 plosive tendency of the gas m xture than does an
addition of &¥%. A jpmeressiidsuedpiged.in claimnléumwiergin tive=alipviib endiptes

t hus denonstrat e cgi.t hout doubt that for the industrial heterogeneously
catal yzed fas- phase ox- i dation of propane with nol ecul ar oxygen, the

react ant propane IS surpri si nglg by far the nost: favorabl e diluent gas.
40 45 ls. 2 P50rasd) AS claimed in claJ.m 14, whereJ.n X5 =V, Nb or a

mixture thereof.

17. A process as claimed in any of claims:i4 to 16, wherein X6
Ag, Li and/or Na.

18. A process as claimed in any of claims_i4 to 17, wherein c’ =
0.2 - 1.

25 '
19. A process as claimed in any of claims 14 to 18, wherein d’ =

0.001 - 0.1.

20. A process as claimed in any of clalms i'to 12, wherein the
30 catalyst used is a multimetal oxide compos1t10n of the gen-
eral formula III
X81PasX%%X10500gn (III),

35
where

X8 = V, Nb, Ta, Cr, Mo and/or W,

40

(W "“ﬁﬁ‘iiﬂ‘fi‘iilﬂiﬂ“ i

45



19 Ve cl aPRBO/46976, process for the industrg &ﬂ%@gﬁry

tat al yzed gas- phase oxidation of propan EA n
oxi dati on reac- tor which is fed with a as.mBEP Dcomn lsi ng,
apart from propane and nol ecul ar2dxygen as oxi dant, at nost one
i-nert di |l uend gsh, swemei nréherd,eed, Os, Mwit Uk Carkd{3 cegs nore than
10 70 % by vol délme of propane and%ﬂa/t Ieast 5 % by. vol ume of nol -
. - ecul ar oxygen. Abbt s & aBP AM/EdCPn claim 1, wherein the feed gas
. m xture campsi ses-ato,l east 75 % by vol ume of propane. 15 3. A
process as clainmpg in ¢lai '\fl wherein the feed gas mxture
.conprises & leaSt B0 /o'E);}{n dl une of propane. 4. A process as clained
in claiml, wherern=the -f-em.cs gaa m xture 20 corrpri ses at Ieast 85 % by

vol une of propang, _ ess .as._cl ai med 0. wher

feed gas m xture8 - @ nu gégge]feqt 35 "ot~ 9% B, hsrrerao ttgg

6. A process as cl ai nﬁﬂl‘? ecla&Flnf’ieq‘Wf?&WePﬂ Y%%@@ﬁnb%\sdlrﬁ QFEP fr°m
conpri ses 95 % by vol ugkyggn gnopdhe. 7. A process as clained in any of
clains 1 %@ 5, wherein the 30 feed gas m xture conprises at Ieast 10 %
by vol une of | ec oxygen rocegs n any
of clains 1 qu ﬁ gxfl%creel natsthalmedyg' %l%il ;fg nVQ?’E grrp?‘?s? ?%ast 15
% by vol une of r’rEFecu- | ar oxygen. 9. A process as cI ainmed in
any of clains 1 to 3, wherein the feed gas m xture conprises at

| east 20 #ngZVOhUHFo&IsmEeEPam@ in_cl@im @Y82N21, whelBin’xPOGHSSsHS
clainmed in“cl ai }gd;d w?ereln the feed gas m xture conprises at
l'east 25 % by v une of nolécul ar oxy- gen. 45

20 REPLACENMENT SHEET

: 23. A process as claimed in any of claims 1 to 22, wherein the

working pressure is from 0.5 to 10 atm.
20

24, A process as claimed in claim 23, wherein the working pres-
sure is from 1 to 3 atm.

25. A process as claimed in claim 23, wherein the working pres-
sure is from 1 to 2 atm.

25

26. A process as claimed in any of claims 1 to 25 carried out in
- a fluidized catalyst bed.

30

27. A process as claimed in any of claims 1 to 25 carried out in
a multitube fixed-bed reactor.

28. A process as claimed in any of claims 1 to 27 carried out at

35 from 350 to 6500C.

29. A process as claimed in claim 28 carried out at from 400 to
550°C.

40 :
30. A process as claimed in claim 28 carried out at from 425 to
475°C, '

31. A process as claimed in any of claims 1 to 30, wherein the
45 reaction gas mixture is preheated to the reaction temperature
before being fed to the catalyst charge.

Sheet Has BeenReplaced
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;i. A%pr'bces'g'o'ﬁg/ﬁﬁa'l'ﬁed in claim1l1, wherein the feed gas mi xture

conprises <30 % by vol une of nol ecul ar oxygen. - 12. A process as
claimed in any of clains 1 to 10, wherein the _ i nert diluent gas
whi ch may be conconitantly used is Ne3, CO CJerr], a nobel

| ~gas and/ or WB2eravapaess as claimed. i pryefsslaims|laitoedl i whizhy ief cat-ai ns 1
~to 12, wherein thged th contﬁﬁio%'s)l?f, wE@fl unfedctd (priephae £1d/R PESPEHY L1 ON

of the gen- ég:i;

. Mo[err]Bi[err] P[%eﬁ; %%r r%v- rr gggr%jzﬁérx}: ek?ér g Ffparated fgf andwhere
Xerr] = V, No : n. 20 X[ err] Li, Na, K,
Rb, Cs, Cu5 Ag, Au, Pd and/or Pt, X[err] = Sn, Pb Sb, Bi, Te,

Fe, Co and/ 083N an industrial faaéks—for5§nepé&1nanad¥@dﬁeraé3d, whereln an @ =

0 -2, [err] r
and d is at Ieas? %&% - 8¥h I{lb‘%tdgi-g&%u@a :.E e S f ?ﬁ ptgdu erzccl)v]‘"?yso '
that the sum of a process ag cLaifpe 16 any qg

le{n)presept-thq;elg 55 subsequently urtheg ngg}zgﬁdln a

e = .5,
h = a ngﬂber dsédande pxifabinn stegehte give deryehm meddby t he
val ence and frequency of ‘the elenents different from

oxygen in I, nd S lied unsup rted,cat aI shovm ng t he
geonetry of ho%l%’@?c%%ﬁl ﬁﬁe‘?lsar‘fﬂ\?l n ‘f& g?h Yhe eln the a%ﬁ oh%afis

| ength of fr om 2taHINY RRPAYRE FaRaPL Xt PFeduced by a proggss laérrFla’t’l‘Fds mm
14. A proggss asimlaiyred thaiws lotocBhiims fedt as 1suchuhdeei witheut prior

catal yst USed i sremowsdl bffesubstmnicds, conmi® secondfoxidatgen-stage for pre-er al

formula I @arlngacryllcaudNQerr] Bi[err], Xerr], Xerr], Xerr],
O, (rry, o

35. A process as claimed in claim 34 which is carried out con-
20 tinuously, with unreacted propane and/or propene present in
the acrylic acid-containing product gas mixture being separ-
ated off and returned to the gas-phase oxidation and/or
passed to another use elsewhere.

25
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wﬁere | 48050/4§f3Fr] = V, No, Ce, Ta, Fe, Ga and/or P,
Xerr]= Ag, Li, Na, K Rb, Cs, T1, Pd, Pt, Au, Cu, Pb and/or Te,

21 Xerr] = Si, A, Ti and/or Zr, ca = 0.2 -2, b' =
0.3 - 1.5, 5 c' =0- 2, d =0- 0.5 e = 0 - 20 and
. f = a nunber different fromzero which is determ ned by the 10
- valence and fr enc f the elenents different from . . oxygen
TR o ShaRt BerareReBlERY ortalughictes-Fhtse eridation: Rt Wibont 1y
. of a hol | ow B¢ ieRe2cKAEHY an ext er nal di aneter and length of from
2.to 10 nmand a wal | thickness - of fromltoo3 mm =~ 15 A
process as5chgé£g§%g n claim14, wherein Xerr] =V, Nb and/or Ce. 15
16. A process as clainmed in.claim14, wherein Xerr] =V, Nb or a
m-xture thereof. | 17. ‘A process as clainmed in any of clainms 14 to 16,

wherein X erch an Ahdustrigl pgdocess/ Hor Nhe heterddbnebuplycemtalyzed| gasved in
any of clai Mphdde tdkilﬁtiwed;@i opan& with mollgc-:@:!.ar' _l)xyg&'i’ to gi%e AcROCESS
as cl ai ”Egg' RedRY 't%fe %'egbﬁié“sl i&Q}xﬂ-gihm%rgehﬂ Qx];?t:ia\bgundil\&e}%o;nolap'_l'

2.0' A pro S%a@fo Cofa Itrlrlg ré:aét%%s%r&':ﬂe%}o%%: is gil?tl.ercli thgh the reac-

tant propane an'c_l:} 1f desired, inert gasés J.n such a way that the
feed gas mixture .comprises more than 70 % by volume of propane
and at least 5 % by volume of 0.

15
20
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30 - cat aI yst used is a miltinetal o%Pde conposi tion oﬁ MCEMENT SHEET
“gral fornul 41| P Process as claingdrim plaim] X efheFRier Hheyf@ed] gas mixtupy,

: 35 wher e comprises <XBér% |by=volume of Vjolkbnldwn, oxggenVb and/ or W
45 22 _ X[ err] = Sn, Sb, Bi, Te,
Z? :CO N 19“ A proBess_ asg?:labm%d in aLny o%--clal?tlrr@ é go an(tf wh%gg.{u?&hces_ a
cnunber  di 1 er entifEFSnbkent HRE Whichd @egr he rrenaeyiitpetly used is N2, $Q)ence
nd frequency ofCO:heaeiahedngss daid/mrematér crapor. . : oxygen in |11,
nd i s appli ed as a unsupported cat al yst show ng the geonetry of a
| | ow cyl i haV|n an ex net er, and enth of from2 to
/18 mm and a gﬁ%sass SH afnryofﬁfl Ym0 15 E Pottss as
cl-ai med i {p Cl a| rﬁ%lyﬁhe?%qch IR[ ér?“}lnn\?taﬂdb°é¥ﬁﬁ (?r°mP°51t1°"|'é°f thesgern>- A

.pr.ocess as cl ai mxeli formadanI20 or 21, wherein X/ err] = Sn, Sb, Bi

~and/ or Te. 23. A process as claimed in any of claims 1 to 22, wherein
‘the - wor ki ng N { % 10 atm 20 24. A process as
cI a| med in claim 23FMr \Rgé&;‘i ’?ﬁ;e( %]P é&gfes- .
= i5 where
X! = v, §b, Ta, Cr, W, Ga, Ce and/or La,
20 X2 = Li, Na, X, Rb, Cs, Cu, Ag, Au, Pd and/or Pt,
X3 = Ssn, Pb, Sb, Bi, Te, Fe, Co and/or Ni,
X4 = 8i, al, Ti and/or 2r,
a,= 0-2, } with the proviso that the sum of
- d = 0 - 2, a and d is at least 0.20;
25 b = 0 - 1,5,} with the proviso that the sum of
c = 0 - 10, b and ¢ is at least 0.1;
e = 0 - 0-5'
30 £ = 0-0.5,
g = 0 - 20 and
h = a number different from zero which is determined by the
valence and frequency of the.elements different from
oxygen in I, and is applied as a unsupported catalyst
35

showing the geometry of a hollow cylinder having an external

diameter and length of from 2 to 10 mm}and a _wall thickness
of from 1 to 3 mm.

14. A process as claimed in any of claims 1 to 12, wherein the

catalyst used is a multimetal oxide composition of the gen-~
eral formula II

© ~ [REPLACEMENT SHEET]

Moa, Bip, X3¢, Xb4q, X7, O, (II),

-~ 23FEB 1999

where

45 X5

V, Nb, Ce, Ta, Fe, Ga and/or P,
X6 = Ag, Li, Na, K, Rb, Cs, Tl, Pd, Pt, BAu, Cu, Pb and/or
...... : Te'

e L NS Tx




e IR 5775 b

claimed in any 6f €latnms® 1 €£0+25 carried out catal yst
bed. 30 27. A process as clained in &hy of claims 1 to 25 carried out in
a nultitube fixed‘bed séacAlr Ti and/&B.zrA process as clainmed in any of
claims 1 to 27 cgrriedjoyt : from 350 to- 650[err]C 29. A

‘process as clainmed in clai ™78 carried out-at from 400 to
-550[err]C 40 530= AlpBoeelss.,as clainmed in claim28 carried out at from
425 to As[errhCo 2, 31. A process as clained in any of clains 1

to: 30, wher®ein the 45 reaction gas mixture is preheated to the reaction
t'enperature ! "beﬂoreo«b?el ng fed to the catal yst charge.

0050/ 46976 23 32. A process as clai rred
in:any of cl ai ns 1 fo 31 V\%‘II cah IS car- ried out continuously, with

unreact ed propané ‘afid/ 8r npregreddfferent fnomseero iwhiiche iprdenaimigas by xther e
bei ng sep?f{ ted of f andalence amdefneqlmhdyodfhehgaﬂﬂahase @xf fxten@Nfro
us

33. An industrial procesggéRrimepalinadigcs é;ifeda%' WRELEA LY catalvse
acrol ei n-cont ai nigg product S5 T X ULE [ H‘ts_?‘%%?i'
process as cl ai . gf Jlaving an pxpernal
present therein il azmgpeE qcht I spatdy Pﬁefr@klajltzoeéol mmaarl@) a waldegbmadkness
oxi dation stage taf grea actyl3 emaci d. 34. A process as clarnmed In

ai m 33, wherein the acroleln-con- tai ning product gas m xture
oduced by a process as clainmed - in any of clains 1 to 31 is fed as

such, ie. W tlsQuia PEb&éss as claimed in claim 14, wherein X5 = V, Nb and/or
’ Ce.

15

16. A process as claimed in claim 14, wherein X5 = V, Nb or a
mixture thereof.

17. A process as claimed in any of claims 14 to 16, wherein X6 =

20 Ag, Li and/or Na.

18. A process as claimed in any of claims 14 to 17, wherein c’ =
0.2 - 1. ) |

25

19. A process as claimed in any of claims 14 to 18, wherein d’ =
0.001 - 0.1.

20. A process as claimed in any of claims 1 to 12, wherein the

30 catalyst used is a multimetal oxide composxtlon of the gen-
eral formula III
xeIPa"xgb"xmc"od" (I11),
35 '
where
X8 = VvV, Nb, Ta, Cr, Mo and/or-W,ifREPLA
40 1

23FEB 1999
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4
. r

removal e sécond oxi dation stage f TSHERT
yacrylic am'H“H IH Iw"",”m cess as clained in claim ’BE\m cclEM%g\érl ed
.~.aut con- tinuously, with unreact%d propane and/or propene present in
“ithe acryl | c aci 82 cont Shnisky Bredirt FgasCai x¥ir Exhelaga d

~off and returned:d @ the q@as rhags @;g,@@t 1:9” and/or  IREPLACEMENT SKEETD ot her

use el sewhere. 25 45
ar = I - 10’ o 2 FEB
5 b* = 0 - 0.5, . | _ 3 w99
c” = 0 - 0.5 and

d” = a number dlfferent £rom zero whlch 15 determined by Tthe

valence and frequency of the elements different from

oxygen in III, and is applied as a unsupported catalyst
showing the geometry of a hollow_cylinder having an external
diameter and length of from 2 to 10 mm and a wall thickness
of from 1 to 3 mm. -

10

21. A process as claimed in claim 20, wherein X8 = V, Nb and/or
Ta.

15 22. A process as claimed in claim 20 or 21, wherein X% = Sn, Sb,
Bi and/or Te.

23. A process as claimed in any of claims 1 to 22, wherein the

working pressure is from 0.5 to 10 atm.
20

24. A process as claimed in claim 23, wherein the working pres-
sure is from 1 to 3 atm.

25 25. A process as claimed in claim 23, wherein the working pres-
sure is from 1 to 2 atm.

26. A process as claimed in any of claims 1 to 25 carried out in
a fluidized catalyst bed.

30

27. A process as claimed in any of claims 1 to 25 carried out in
a multitube fixed-bed reactor.

28. A process as claimed in any of claims 1l to 27 carried out at

35 from 350 to 650¢°C.

29. A process as claimed in claim 28 carried out at from 400 to
5500cC. '
40

30. A process as claimed in claim 28 carried out at from 425 to
4759C,

3l. A process as claimed in any of claims 1 to 30, wherein the

reaction gas mixture is preheated to the reaction temperature
before being fed to the catalyst charge.

s

45




