PF 56706 a%% Eod for the production of at |east one final product by
partial oxidation and/or ammobxi dation of propylene Description 5 The
present invention relates to a process for preparing at |east one target
product P by partial oxidation and/or 1anmoxi dation of propylene, by a)

subj ecting prepurified propane, in a first reaction step in the presence of
and/ or  10/atihadforshel piedustion bf atdeast anafinapyasisigt byt pardel qxc:dgé!@n apdor
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het er ogeneously catal yzed dehydrogenation, honpgeneous oxydehydrogenatlon
and het erogeneously catal yzed oxydehydrogenation to obtain a gas m xture 1
conpri si n@edigRioMer ted propane and formed propylene, and 15 b) if
appropriate, renoving a portion or the entirety of the constituents other

t han ropane and propylene present in the entirety or in a portion of gas
m xt ur e 1Thepesseht iovereiod/relatesdnwgradeng fdripespatiog at keest avertprgehpiedict bt ai n a

as m xture e and, in at |east one
?urther 858%“3}18)@@%‘1%6‘8%8%%&5% g“g@gﬁ%d‘%z?’ re 1 or gas mxture 1' or a
m xt ure of forrred gas mxture 1' - and renmaining gas mxture 1, as a
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gas, recycli ndiegydrpg%&e(tlo&Qﬁglaqg@np%soo&yﬁghsﬁregﬁnap%%@cs efewogpeous

partial oxi datda@ilyzet @syuEhyefogphation t6 Bbiaires Gid m&tlﬁencbdnqoremgmmﬁvemedt
nonomer whi ch flnds use. as such or in the formof its alkyl esters, for
obt ai ni ng, f orP g rﬁquﬁ@?sg eu?@?ul as adhesi ves or that super absor b-
wat er 16cf ., for exarrpl e, WO 02/ 055469 and WD 03/078378). Quite generally,
the parti re
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propyl ene partial oxidation ucts
: comprising propane and propylene, and |n at least one further reaction step

20
c) subjecting gas mixture 1 or gas mixture 1’ or a mixture of formed gas mixture 1’
and remaining gas mixture 1, as a constituent of a gas mixture 2, to a
heterogeneously catalyzed gas phase partial oxidation and/or partial gas phase
ammoxidation of propylene present in gas mixture 1 and/or gas mixture 1’ fo
25 obtain a gas mixture 3 comprising at least one target product P,

d) removing target product from gas mixture 3 in at least one removal step and, of
the remaining residual gas, recycling at least propane into the first reaction step.

30  As a partial oxidation produet of propyl_ene; acrylic acid is a significant monomer which
finds use, as such or in the form of its alkyl esters, for obtaining, for example, polymers
useful as adhesives or that superabsorb water (cf., for example, WO 02/055469 and
WO 03/078378). Quite generally, the partial oxidation and/or ammoxidation products of
propylene are important intermediates for the preparation of polymers and the other

35 propylehe partial oxidation or ammoxidation products {e.g. acrolein, acrylonitrile,
propylene oxide).

The preparation of acrylic acid and other propylene partial oxidation producte by the |
. process described at the outset is known (cf., for example, DE-A 102 45 585 and



process dd¥chémeéd at the outset is known (cf., for exanple, DE-A 102 45 585
and PF 56706 2 DE-A 102 46 119). It is |likew se known fromthe

af orenenti oned docunents that the gas njxture 2 in such a process should
be substantially free of C4 hydrocarbo (¢G4 HC for short) (in this 5
docunent, lﬁ@A§Kf@&9ﬁ§ to all conpounds which are conposed of 4 carbon at ons
and hydrogen these |nclude n- but ane, i sobutane, trans-butene-2,
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necessar i 13PPF&Yale: &8 kt%i‘ta] r@pt [qange p r@?o%rmq’caf BHAES g:ﬁ” 4d¥e such
inert congdroparents, since they would otherw se accunul ate in an

unr est,lr,ji cted manner in the cycle nmethod. Wen the crude propane conpri ses,
in addition to C4 HC, 25 sinultaneously C2 HC as inpurities (which is

" general |y ft ihelaod@eyvn frwim the bovementOpetiGocwuente that €5 pedioadbygng aretilé case of
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normal |y be conbi'ne WI h"a rectificative rerenova
hydr ocar bdi9¥e gne 88#IPIoUs Scp:ee'aeatmnderafﬁehydg@%@rtsrie 98y dugrlofaRer stifeam in
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chem ¢ sjtion and jn terns of sstr amwhlch
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such inert constituents, since they would otherwise accumulate in an unrestricted :
manner in the cycle method. When the crude propane comprises, in addition to C; HC,
25  simultaneously C, HC as impurities (which is generaﬂy the case), at least one C, HC
outlet (especially in the case of ethane and ethyiene as C, HC impurities of crude
propane) would therefore normally be combined with a rectificative C, HC preremoval
of C, hydrocarbons present in crude propane, since the crude propane stream, in
comparison to all gas streams within the cycle system, both in terms of its chemical
30  composition and in terms of its volume, is a gas stream whieh is comparatively simple
and uncomplicated to handie.

Conversely, such a C, preremoval would be very substantially dispensed with if the
cycle to be passed through by propane in the relevant process were to have, by its
35 nature, an outlet for C; HC (such an outlet exists, by the nature of the process, prima
facie exclusively for the at least one target product P). This is not least because
' rectificative separations of mixtures comprising C, to C4 HC always have to be
“undertaken under elevated pressure. Otherwise, particularly low temperatures are



35 nature, PRS6&¥ | et for C2 HC (such an outlet exists, by the nature of the
process, prima facie exclusively for the at |east one target product P)
~This is not |east because rectificativg separations of mxtures conprising
C2 to C4 HC al ways have to be undertakeén under el evated pressure.
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exanpl e rrerfgﬁ fo {5 reasons of safe statics). 5 According to the invention,
it has nowbEEhStPHTd that, surprisingly, especially the C2 hydrocarbons
et hane &nd et hyl ene, as routi ne conpani ons of propane in crude propane,
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and/ or anmoxi ion of “propy or ~exanpl ,
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. preparing atd/of astic aadéhatar@dﬂCpudetuntheFfob’g obmettmraﬂnleoﬂceia:taomhalwﬁw or
anmoxi gat | Q&t&fﬂelﬂfc@:{m EM\GhiciP¥re rROreSimf tt-bﬂﬁ \AFzro%Bb'trth%ljl fd @rgpane, in a

first reaction step t he presence o excl us| ort of nol ecul ar
oxygen, t oPEeUsaEss se@mé"sﬁ@wmpag@ﬁmq ‘él’geﬁ PWFH@mO(};j?‘d%E seBisisnt enger
honbgeneous dehydr ogenati on, heterogeneously catal yzed dehydrogenati on,
honbgeneou 'dehydr ogenati on_and het erogeneously 25 catal yzed,
oxydahydr oRETRNGH 11 GCOTEARTs WULHe MHERYQIh& PO POVRGA IR RAsnea
propane angastanesdrget pRrYLereby patalxidatioappd/opammogidatienoiragylenspoyt i on or
t he enﬁ(%r ety of the constituents other than propane and propyl ene present
in the entirety or in a portion of gas m xture 1 30 therefrom and/or
conver t i nga} hesultjectmgtpeepuwifiat propdse tio adindt aactian gip inthet pregerte of @aodpr i si ng

propane and pr gaxleeRsioR BFmoleBuiat oly§8f tto AP RabUSHe WhyBiRASHARA e the
group comprising homogeneous dehydrogenation, heterogeneously catalyzed
dehydrogenation, homogeneous oxydehydrogenation and heterogeneously
25 catalyzed oxydehydrogenation to obtain a gas mixture 1 comprising unconverted
propane and formed propylene, and

b) if appropriate, removing a portion or the entirety of the constituents other than
propane and propylene present in the entirety or in a portion of gas mixture 1
30 therefrom and/or converting them to other compounds to obtain a gas mixture 1’
comprising propane and propylene, and, in at ieast one further reaction step

c) subjecting gas mixture 1 or gas mixture 1' or a mixture of formed gas mixture 1’
~and remaining gas mixture 1, as a constituent of a gas mixture 2, fo a
3B heterogeneously catalyzed gas phase partial oxidation and/or partial gas phase
ammoxidation of propylene present in gas mixture 1 and/or gas mixture 1’ to
obtain a gas mixture 3 comprising at least ons target product P,



Cc) subjectPhgeqMs m xture | or gas mxture 1' or a mxture of forned gas
m xture 1' and remaining gas mixture 1, as a constituent of a gas mxture
2, to a 35 heterogeneously catalyzed g as phase partial oxi datl on and/ or
partial gas phase anmmoxidation of propylene present in gas m xture 1-

and/ or gas, JITC;‘FeHF’,{o%ﬂJg tgrtg%%r%gh& ngn?‘ggsaﬁu%r’éts% Bt @agtoé@ryje@'opg stp LRASE one

target pro novi ng tar romgas'm xture 3
in at |east onteremsiniiy residpalmag, reoycling Iata!eaetrmbmﬁwgntpéb¢ ﬂl@tareagam stepcycl i ng
at | east propapgedt o the first reaction step,, wherein 5 the prepurified
propane is obtalned from crude propane which conprises >_90% by wei ght of
propane, < 99% by wei ght of propane and propylene, (frequently < 98% by

wei ght .5 or < $&%répurined 8fipan8is chtAR%E RYmWRldE broprie whidh Yomprise ght) 10 00
ppm by wei ght of C2 hydrocarbons and 7?7100 ppm by wei ght of C4

hydrocarbons, with the proviso that the crude propane is conducted |nto a
rectification ggomw wéigehefrmabpanehavi ng separ at i ng internals) and the

urified propanggh Q owsothat
F he cont eﬁt gf %?/S %%%KE%§igp%§s%§ prgpﬁ/lgr} g’aeof@ pr eggé[? b&%%'ﬁrﬁ)%/ wei ght in
the purified pr®fanky wsighbor <©6% bm‘aﬂgﬁb% ﬁﬁ%vw weighthf t he correspondi ng
contenfg in the ﬁ@@g@p VW”@”HY‘%E@WB%ﬁ C4 hydrocarbons based on

propane present |n e puri d propane is at nost 50% by
wei ght of the %QQWWWQ “chrﬁ4éWﬂquﬁ"bL°ﬁ§, crude: 20 propane. |n general,
t he crude propane in the process according to the invention wll corrpri se

?200 ppm by wei t of frequently > 300 we

many cases > W ‘6§P{5@ Eiﬁtcr € [jFoP sézpng@‘;\'g@ 'Bé)rﬁ Wﬂaﬁt‘@ﬂtco f'”nCZ HC
O;ten 25 >_600( g@pmabyhmmghépabétlrﬁanﬂdﬁmals)ranéi’l&@puirmmjlpy%p&ae@(tenﬂ:fve@ HC anCZ
if a riate t o

HC, gFr) £EOOO p%l?ﬁvﬁvﬁe %&BSJR n%"fty}%ég?fev's?tt%t C"%‘ge”éﬁ’ﬁaég}"ﬁ?%%g%{‘h&? ﬁ%ﬁe crude
propane i n t heopppess pEseoridi’ngy veighhie the perftadaropd® isayt lessihao @0 | se
>_1200 ppm by f > 1600
spm by ven ant o o e nretpafnd SR PR e bR it b ifer, )
wei ght of C2 H&s hwts@@rm@ %ﬁﬁ@nt%onﬁme@zem inve iy iR iroiharerified be used i n

accordance W t frobie isity Bitist 9% HRYvaig I @f BR cardSpshdyedAyentfi @Blcruder >_5000

ppm by propane.,

in general, the crude propane in the process according to the invention will comprise
2200 ppm by weight of C; HC, frequently =300 ppm by weight'of Cz HC, in many
cases =400 ppm by weight of C, HC, or =500 ppm by weight of C, HC, often
25 =600 ppm by weight of C; HC, or =700 ppm by weight of C, HC and, if appropriate,
| =800 ppm by weight of C; HC, or =800 ppm by weight of C; HC, or 21000 ppm by
we:ght of C, HC.

it will be appreciated that the crude propane in the process according to the invention

30  may also comprise 21200 ppm by weight of C, HC, or =1400 ppm by weight of C, HC,
or 21600 ppm by weight of C; HC, or 21800 ppm by weight of C, HC, or 22000 ppm
by weight of C; HC. Possible contents of C, HC in crude propane to be used in
accordance with the invention may also be =3000 ppm by weight, or =5000 ppm by
weight, or 27000 ppm by weight, or else =10 000 ppm by weight. By definition, the

35  content of C,; HC in crude propane fo be used in accordance with the invention is
necessarily below 10% by weight, frequently at values of <8% by weight, in many
cases af values of <7% by weight, or <6% by weight, or <5% by weight.



wei ght, orPBSBDE0 ppm by weight, or else >_10 000 ppm by wei ght. By
definition, the 35 content of C2 HC in crude propane to be.used in
accordance with the invention is necesgari |y bel ow-10% by wei ght,
frequently at val ues of <8% by weight, Tn many cases at values of < 7% by
wei ght, [ r at | east
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to the invention wll conprise ppm by wei ght of C4 HC, frequently

> 300 ppm BHante| ght of C4 HC, in many cases >_400 ppm by weight of C4 HC
or > 500 ppm by wei ght of C4 HC, often > 600 ppm by wei ght of C4 HC, or

> 700 ppm propriate, 20 ?8 m b |ght of
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It will betotgbpmenntadf ¢t pdeaénttlbmup:tw%/o}tw@we in the process according to
the i ntion my also conprise >_1200 ppm by wei ght of C4 HC, or > 1400
ppm by wei ght of C4 HC, 25 or > 1600 ppm by wei ght of C4 HC, or > 1800 ppm
by wei ght lofgegarabdhe @rudepmoepphlw phgcese agéardiog ttherityentios wilkiompsisat ent s of

4 HC
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It will be appreciated that the crude propane in the process according to the invention
may also comprise =1200 ppm by weight of C; HC, or =1400 ppm by weight of C, HC,
25  or =1600 ppm by weight of C4 HC, or 21800 ppm by weight of C, HC, or =2000 ppm
by weight of C, HC. |

Possible contents of 04 HC in crude propane to be used in accordance with the
invention rﬁay also be 23000 ppm by weight, or 25000 ppm by weight, or 27000 ppm

30 by weight, or else =10 000 ppm by weight. By definition, the content of C, HC in crude
propane to be used in accordance with the invention is necessarily below 10% by
weight, frequently at values of <8% by weight, in many cases at values of <7% by
weight, or <6% by weight, or <5% by weight.

35 Innumerous cases, at least 80% by weight, in many cases at least 90% by weight, or
at least 92% by weight, or at least 94% by weight, or at least 96% by weight, of the
content of C4 HC in the crude propane is accounted for by butane (n-butane and
isobutane). Of butéﬁe-pr‘esent in crude prbpane, generally =50% by weight, often



35 In nundtfob€70fases, at | east 80% by weight, in nany cases at |east 90% by
wei ght, .or at |east 92% by weight, or at |east 94% by weight, or at | east
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the process according to the invention is advantageously carried out in
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wei-ght and usual]ly not nore than 105% by wei ght), of the correspondi ng
Advantageously in accordance with the invention, the process according to the

invention is carried out in such a way that the content based on the propane present of

25  C4 hydrocarbons in % by weight in the purified propane is at most 40% by weight,
preferably at most 30% by weight, even better at most 20% by weight, more preferably
at most 10% by weight and most preferably at most 5% by weight or at most 1% by
weight, of the corresponding content in the crude propane. B

30  Moreover, the process according fo the invention is advantageously carried out in such
a way that the conient based on the propane present of C, hydrocarbons in % by
weight in the purified propane is not less than 85% by weight, preferably not less than

' 90%'by weight, more preferably not less than 95% by weight, even better not less than
100% by weight and most preferably more than 100% by weight (generally not more
35 than 110% by weight and usually not more than 105% by weight), of the corresponding
' content in the crude propane. In other words, very particular preference is given {o
carrying out the process according to the invention in such a way that the purified
propane comprises the C, hydrocarbons, based on the propane present therein, in



content i KWFt36F08rude propane. In other words, very particular preference is
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25 random packings). For convenience, this document therefore quite generally makes

reference to theoretical plates. In this context, theoretical plate is defined as being that
unit of space which brings about an enrichment or depletion in accordance with the
thermodynamic equilibrium.

30 Separating internals preferred in accordance with the inventidn are mass {ransfer trays.
Useful such mass transfer trays for the process according to the invention are sieve
trays (for example those having forced liquid flow and those without forced liquid flow
(for example all those described in DE-A 103 47 664)), and also, with particular
preference, vélve trays. In this document, valve trays shall be understood to mean

35 crossflow trays which have tray drillholes having limited-stroke plate, ballast or !ifting
valves (ﬂoatihg flapé) which adjust the size of the vapor passage orifice to the particular
column loading. The ascending gas stream is deflected, flows parallel to the tray into
the accumulated reflux liquid and forms a froth layer. Drainpipes equipped with weirs



preferencePFgaroe trays. In this docunent, valve trays shall be understood
to nean 35 crossflow trays which have tray drillholes having |imted-stroke
plate, ballast or lifting valves (floating flaps) which adjust the size of
t he vapor passage orifice to the partictilar colum |oading. The ascendi ng
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col um) 300fQﬁe®'gﬁcalDalateslvﬂll bé frem 1oibd®, for ex@nplevig. t op pressures may be > 7
bar, or > 9 bar, or A1l bar, or > 13 bar, or >_15 bar. However, the top
pressure will normally be at values of <25 bar, or 13 bar, or <21 bar.
Owing to the comparatively low number of plates required {(when the crude propane

comprises other C; HCs other than pfopane as constituents (e.g. propylene), there is
25  substantially no separation among the C; HC in the context of the inventive
prepurification; nor is such a separation required, since propylene is the desired
reactant in gas mixture 2; cyclopropane is normaily a constituent of crude propane in at
best negligible amounts),' the process according to the invention can be carried out '
without excessive construction complexity at top pressures (in the rectification column)
30 of =5 bar. In other words, inventive top pressures may be =7 bar, or =9 bar, or
=1 bar, or =13 bar, or =15 bar. However, the top pressure will normally be at values
of =25 bar, or <23 bar, or <21 bar.

Owing to the aforementioned preésure conditions, the temperature in the column

35 bottom in the process adcording to the invention is normally at values of <100°C.
Bottom temperatures favorable in accordance with the invention are from 40 to 90°C,
preferably from 50 to 90°C and more preferably from 60 to 80°C. Such comparatively
low bottom temperatures enable a comparatively smali extent of film formation and



On ng to tPEe5670% enenti oned pressure conditions, the tenperature in the
columm 35 bottomin the process according to the invention is normally at
val ues of < 100C. Bottomtenperatures $avorab| e in accordance with the
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i nventive ‘Eempéfaturﬁfofaqﬁ ‘dﬂi,bet@pdcal ly be from1 to 2.5, often from1.5 to
2.5 and frequently from1.5 to 2.0. 25 Particularly advantageously in
accordance with the invention, the formation of the reflux Lliquid will be
under t akenNiggNeEL ﬁﬂeatomyn@wr Basya VemtyhieT enaktesdhe lagabeandedsabde condensed

for this pishemsents eMietsuddoropsRows dkamble 190 dd)akc. | tB®eRligPUrdeti ed propane
required in the first step can be fed thereto directly, withdrawn in

gaseo formfromthe 30 rectification colum (gaseous top or side
wi t hdr awal Jhe ratio bhibe praces &gig obraun tqdio rddyeled avthetiopof, the kelusmudehgr opane

Wil be f eaqhé)d%tt B &»BSe_ propane fed into the rectification column will, in the inventive
prepurification, typically be from 1 to 2.5, often from 1.5 10 2.5 and frequently from 1.5
to 2.0.

25 , _
Particularly advantageously in accordance with the invention, the formation of the reflux
liquid will be undertaken in such a way that a portion of the gas phase fo be condensed
for this purpose remains in gaseous form, so that the prepurified propane required in
the first step can be fed thereto directly, withdrawn in gaseous form from the

30 rectification column (gaseous top or side withdraWal).

in the process according {o the invention, the crude propane will be fed into the
rectification column, appropriately in accordance with the inventioh, in all cases in such
a way that at least one theoretical plate is disposed above the feed point and at least

35 - one theoretical plate is disposed below the feed point. In general, the number of
theoretical plates above the feed point (Zo) should be greate'r than the number of
theoretical plaies below the feed point (Z,). '
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wool , ri githe rhwmoncork or Armaflex(r), for exanple. V\hen the separating
internals used in the rectification colum are structured packings 30
and/ or random packi ngs, they may consist, for exanple, of rings, spirals,
saddl es, FrefSEsncy is 9ivard® reanutagtiringthe sctifization (colym tatbgl usgd inaracEIANCT 0 p- Pak:

or braids witffth& PMESRN, Mbluding the preferred separating mass transfer trays, from
25 stainless steel. Appropriately, the rectification column may be externally thermalty
insulated with materials such as glass or mineral wool, rigid foam, cork or Armaflex®,
for example. '

When the separating internals used in the rectification column are structured packings
30 and/or random packings, they may consist, for example, of rings, spirals, saddles,
Raschig, Intas or Pall rings, barrel or Intalox saddles, Top-Pak or braids. Of course, all
of the possi'ble column internals mentioned in this document may also be present in
“mixed form in the rectification column. |

35  The pressure drop over the rectification column is normally at values of <1 bar.
" Appropriately in accordance with the invention, the crude propane is fed into the
- rectification column in such a way that the crude propane is present in liquid form at
least to an extent of 95% by weight, preferably to an extent of at least 97% by weight, '
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of the posBFBB&0& ol urm internals mentioned in this document may al so be
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25 DE-A 198 37 519, DE-A 198 37 517, WO 97/36849, EP-A 11 06 598, EP-A 274 681,
' EP-A 731 077, the German application DE-A 10 2005 008 885, the German application

DE-A 10 2005 009 891 and DE-A 10 2004 003 212.

In this document, oxydehydrogenation of propane refers to a dehydrogenation which is
30 forced by oxygen preseht and in which free hydrogen is neither formed as an
intermediate nor is detectabie. In contrast to the conventional dehydrogenation, which
proceeds endothérmicatly, the thermal character of the oxydehydrogenation is
exothermic. The oxydehydrogenation of propane may be carried out under the action of
elevated temperat[_jre, either under homogeneous (i.e. without the presence of a, for
35  example, solid catalyst; cf., for example, US 3,798,283} or heterogeneous catalysis (for
exampie over solid catalysts; cf., for example, DE-A 20 58 054 and DE-A 195 30 494),
Frequently, both reactions proceed in parallel. The same applies substantially to the
- conventional dehydrogenation, in which the dehydrogenation step is effected without



i ntermedi AeS®6 i s detectable. In.contrast to the conventi onal

dehydr ogenati on, which proceeds endot hermi cafly, the thermal character of
t he oxydehydrogenation is exothermc. Zhe oxydehydr ogenati on of propane
may be carried out under the action of “el evat ed tenperature, either under

hormgenemé? ibd p?rgcﬂﬁétﬁdﬁ%ﬁox%% &g%?%&%&% %F; Ahet 71 075 £330 Ryegabh. &

- cat al yst erogeneous catal ysis (for
exanpl e ovERerEIAs t'@%?%m?@’tbey pregiuct fqr@hedé}?éﬁr'ﬁlf@drog@ A“@OOW%BQS ®rife DE- A 195
| 30b4t94)t dé&@@ﬂmatdwder@aﬁdgehfmt w@§ewng@@aea¢t{¢npm@a1hé1@ém%aﬁﬁaio%@ﬁe applies
subst anti vention rogenation, in iC e

dehydr oge 8 #F‘@YB*SC’ ?%@E‘%‘ﬂf WH%W@%’ 56706 12 active participation
of oxyden (cf., for exanple, EP-A 731 077 and. WD 01/96270). In other
words, th g or [ ter as in

t he casqu‘ﬁ{’% ﬁgé Q%eaﬁru rggét 4t fgg?gm%]n edsgéggﬁg)g?ggﬁngg@ﬁ%gﬁe ‘gﬁal nol ecul ar
hydr ogen &naoungdf mbommreswunrsﬁaebnomnwstcenwem@dﬁm pxides piddrigon ®©Q,1COHI s
document . R dithbnhdRhG 8RbyBROOXIER: | clBh P fholdulaP B dditke | e

“total = anmount car ne 1s convert to oxi des of

car bon (CEUMTETized i) ﬂh"soﬁqcﬂﬁ}eéh‘?y thedet WI%PX'Q?WIWQS’H@E?" repeiveeact i ve

: act i onygof a{mbﬁgﬂérﬂhoﬁ@émaﬂ‘bcﬁr@es SBRIdaB6 1h thel diss ofl SiaMIEIMechdn bhet €rm
"partial oxidation" e addi ciﬁtonal reactla/azI 10 acti,on Ofrlaﬂmmm a

char act erlaZ@?O%l%‘?BElt?BfaP?'@ﬁ' oxidatioR @nd 2Eumessdalion Pracged ? BREIGN of the

ammlm a cmwbaaﬁpmg)mlahmal(chﬂmmmmm ammwr@tokﬂathm ammdad mrﬁoﬁdﬁt&{jn;ﬁll | el ,
over appl mann A-102 X1 1,0n 3 or
anmoxi dat i ﬁducﬁ(gg u @yéeﬁgf\%?%ﬁgﬁ %rﬁﬁérr iﬁ"s Jecum?eg % %%Y“sc E}!J"bdgurrent
are acr ol giropyleer glidecaracaatylonipiiepy| ene oxi de and acr yI on| tr| le. 15 As an
oxi dant;, gas mxture 2 conprises nol ecul ar oxygen which may be present in
gas mxture 2, for exanple, in pure formor in a mxture wth gases which
behave sUssameidaity gasimisiure ¢ cAMPrisesegaleaUieOyEen phichiredy be present in gas

oxi dat i on/pauR b dat e@‘m;ﬂé Qﬁ pﬁﬁéﬁ\‘ﬁﬁh 8rinmh mwmefm%rgagés @hich bef&wrguent Iy, the
reactants i noval and for

o aconn! o euBsBataI AN st Eid the el PNy I HaE (R REMREM. as

(e.g. N2, th2rm@airlCCRequeatiyitiad ahclandy incas lm‘):k‘tare 4, alsoesarpbensCl-heat (f or 5

exa acc r._ Ar etc.
T e QSR S daetrl S deapr R R R3S st HeRaf 1 o

OXI dat i on (efg. Nad102 £ ICihy bainmten mwhotarbonsy fis emamplerQa Qs (fo exhiapigar t i al

oxi dati on &Eoﬁfn%%'lﬁ‘ﬁ 19S4385104 R P ABh3 f‘ﬂr,ﬁjié anﬁ&_' A}etc. ).

All remarks in this document are applicable especially when the partial oxidation of the
. 25  propylene present in gas mixture 2 is the partial oxidation of propyiene to acrolein and
acrylic acid.

In this case, gas mixture 2 advantageously has the following contents:

30 : from 6 to 9% by volume of  propylene,
from 8 to 18% by volume of molecular oxygen,
from € to 35% by volume of "propane and
from 32 to 72% by volume of molecular nitrogen.

35  The molar ratio V; of propane present in gas mixture 2 fo propylene present in gas
mixture 2 is, favorably in accordance with the invention, from 1 to 4. The molar ratio V;
of molecular nitrogen present in gas mixture 2 to molecular oxygen present in gas
mixture 2 is, appropriately in accordance with the invention, from 2 to 6. The molar ratio -



In this caRepbfYMes mi xture 2 advantageously has the followi ng contents: 30
from6 to 9% by vol une of propylene, from8 to 18% by vol une of nol ecul ar
oxygen, from®6 to 35% by vol une of prqgane and from 32 to 72% by vol une of
nol ecul ar nitrogen. 35 The nolar ratio V1 of .propane present in gas m xture
2 to propy - wth
the i hvent | SR AT Byddh FRSm M MdhRage oo ol DIRRE e AR REREE
present :i rts@eaﬂyanme@ueéf ip acepraanescuitiathe oMpgtieon. progs dAtto 2t gas  ni xture 2 is,
appropriately in accordance with the invention, from2 to 6. The nol ar
‘ratio PF 56706 13 V3 of nol ecul ar OXé%en t\%rese-nt in gas mxture 2 to
propyl ene. piecdsantnomy thaldt izogpeply favoragle fay SW%S%PQ%VPW'WPE'W@HWW
t he i nventdapibusficrosn p‘to@ylérm iR i pértlatlcﬁucﬁh@@ahcﬂ@t/\émhﬁﬁﬂatldin wherger al |y
favorabl e for -t he g Fose O%E%ﬁventl 5 corrbgstl on of

%_’g gyem & fL#| I b
propyl ene AP ngasdy SheURRATBYVE, dgﬁ FRCNHR ACHREANEr opane
cont ent i nwitfehernventiore tite prepamsparterttiiveaymixture sl <Rfebevaltyng, om<a6or dance

Vol une, - or Sl R aRAe BRERAEEot o MRN8 Sk FoR VRS o

mxture 2 W\@!Hm@fvwamplew%utw%\mwefor exanpl e about 30% by vol une.
10 Wheqy an ammoni a content to be used if appropriate for nitrile generation
is disregarded (i.e. is al so not_taken into account |n t he reference
basis for q{\/ﬁgn abéﬂ'lf‘@é?ﬂ'%@%gerﬁﬁo beLafkl aPrraRriae feruitele eeneatiPait e for the

]E)r oc e§ st ac(qltfg?garagd tulce ithealsd ﬁgﬁat]gerﬂﬁtoaéc?ogmggw l‘eférél’mé&fas}&ffbﬁﬂheclonpr I 819 15
rom o] m : % vol une o ene, from
1510 400 BCTEAREYIP BT parsm PR shEARP fr B Bei s asSor Ml IRs e, 20
from 25 tan@%byare/@énﬂnaﬂlydmosmwmdgeaimpriseequentIy from40 to 60% .by vol une,
froml 4o 5%by volune in total of CO OGO and H20 and fromO to 5% by

vol ume of other constituents (e.g. H2) 25 Otherw se, the process according
to the invention may fsendderpédbyowiumere the Qi fferent basic variants

described in the priofoRklo (68 by WiRAE bt Cul akdiMe102 45 585). In ot her
from 15 to 40% by volume of propane, frequently from 25 to 35%

by volume,
20 - from 25 to 0% by volume of nitrogen, frequently from 40 to 60%
by volume,
 from 1 to 5% by volume in total of CO, CO, and H,0 and
from 0 to 5% by volume of other constituents (e.g. Hy).

25  Otherwise, the process according to the invention may be carried out like the different
| basic variants described in the prior art (cf. in particutar DE-A 102 45 585). In other

words, in the simplest variant, all reaction steps of the process according fo the
invention are carried out in a (single) reaction zone and over a catalyst charge
disposed therein, as described, for example, in EP-A 808 838, EP-A 529 853,

30 DE-A 198 35 248, DE-A 101 45 958 and DE-A 101 45 958, and also DE-A 102 45 585
and the literature cited in these documents, using the example of the preparation of

. acrolein and/or acryiic acid.

Useful active compositions to be used for the catalyst charge are preferably multimetal
35  oxides which comprise the following element combination in the stoichiometry |

MO1VbM1cM2d ’ (I)



wor ds, i nPF6786npl est variant, all reaction steps of the process according
to the invention are carried out in a (single) reaction zone and over a
catal yst charge disposed therein, g scribed, for exanple, in EP-A 608
838, EP-A 529 853, 30 DE-A 198 35 248 -A 101 45 958 and DE-A 101 45 958,
and al so afy 102 45 585 and the literature cited in these documents,
-using the exarrpl e of the preparation of acrolein and/or acrylic acid.
Useful active conpositions to be used for the catalyst charge are

pref er abl yy'mulid dRiclsp, 35 oxi des Whl ch conpri se the fol l ow ng el enent

conmbi nation in the st ol chi orretr%/ Vb, VoML Med PE_56706 14_ where ML =
Te and/ or NSb' aipast e 9fdha plepigaisdron Hie' BPeREMTR '?Q)Np't?ﬂe%r%db' €oifPri sing

No, Tasg W Ti ,MnAIGa Ze, RGY Co, Rh, Mi, PdG®t, (ke Bi,Re, S6pzn R, NAILI, IRdvig g, Ava, Bi,
Ce, Sn, Zn, Na, L|, K, My, Ag, Au and In, b=from0.01tol, c=from

>t o1, and  d= ainpénn >0t 0l 10 or consist of this elenment conmbination in
oxidic fobm Thes@0ate1then in particular nmultinmetal oxide active ‘
conposi ti ans n | .stoichionmetry Il 15 Mdi VbM ~M2dOn (11) where
the vari agl es%’é@%%hg@é&ﬁcﬂe definition detailed for the stoichionetry I and
n = a nutiter MM tRt4d deternined by the valency and frequency of the

el emegps in (I1) ot her 20 than oxygen. Pr eferabl y in accordance wth the
invention, ML = Ta, Wand/or Ti. Preferably, M2 = Nb. The
st o chorrePFP@“%@W“isc‘?'@ﬁ?“tb?qr@“ﬁﬂ'f?ﬁm%@6(@% from0.1 to 0.6. 25

Correspondingly, the preferred range for the stoichionetric coefficient ¢
ranges fr 0.01 to or f and favorable-val ues ford are
from 0. 01 ThEse g, theh Brrgickisr muyingial e 3HvE PHEPR TSR DS compos! 1 on
of the st etoidhicometyrly 11 preferably has the 30 crystal structure and surface
prope%l es disclosed in DE-A 102 45 585. The nul tinetal

MO1VbM CM don (”)

where the variables each have the definition detailed for the stoichiometry land n = a
number which is determined by the valency and frequency of the elements in (1) other
20  than oxygen.

Preferably in accordance with the invention, M' = Te and M2 = Nb, Ta, W and/or Ti.

Preferably, M* = Nb. The stoichometric coefficient b is advantageously from 0.1 to 0.8.

25  Correspondingly, the preferred range for the stoichiometric coefficient ¢ ranges from
0.01 to 1 or from 0.05 to 0.4, and favorable values for d are from 0.01 to 1 or from 0.1
to 0.6.

The multimetal oxide active composition of the stoichiometry Il preferably has the
30  crystal structure and surface properties disclosed in DE-A 102 45 585. The multimetal -
oxide active compositions described may be used for the one-zone configuration of the
process according o the invention {excluding the removal step} as such (i.e. in powder
form) or shaped to suitable geometries (cf., for example, the coated catalysts of
DE-A 100 51 419 and the geometric variants of DE-A 101 22 027). They are suitable in
35 particular for the preparation of acrolein and/or acrylic acid, and also for preparing
acryponitrile. The basis of this one-zone method is that the catalysts to be used are
capable of catalyzing all reaction steps of the process according to the invention.



oxi de act iRe56T08positi ons descri bed may be used for the one-zone
configuration of the process according to the invention (excluding the
removal step) as such (i.e. in powder td_orr’r) or shaped to suitable
geonetries (cf., for exanple, the coat 43 cat al ysts of DE-A 100 51 419 and

the geomety Q\s%s\é%{ aPRlife %e%rﬁh%ﬂ? th the ﬂg Chne }%ﬁ% datfe%cﬁl?ﬂldt @maﬁ% '2Hd

particul ar preparation acrol éin an racr ¢ acl and aI SO
for prepar&thﬂen%@l‘ﬁ)@@drﬁﬂrDXlﬁ@ed$hé’0ba@mX@129ﬂhn b‘veon\eer&lm@anﬁerﬁ@d is that the

catal ysts {RidMridSEcktAbshyde R 8c&fc &/l al yzing all reaction steps of the-
process according to the’invention. PF 56706 15 It is essential to the

invention that, in the one-zone nethod descri bed, ethane and ethylene are
partialdy e @l’lezﬁﬁe&ﬁﬁh@ﬂ JESEMBEd eHay @@ dafriddnfut eVl b fiRedBatagSEL Bl or m

I d d/
oscri bed HYBET bR iR it EhrasRinelia Riasaas sebesa opan pe o
fluidi zed foamminylse dbaoneants oftthie pgoheat Wi@)f’uhemeds agcqndmgasmeatmtmtptﬂ ans
can be rhBd EQSﬂQQ&pé@%tagn&I idr @?aﬁn@ &Q%e pre Sﬁbntéﬂgc n8888%n gecording -

totheln entron | I on npl e for the
preparat i cnneozonacmqthm: itde pppriopriathly cagied-ordinea hdbe W@ddleureaqt@' vﬁp@ﬁ@ptaim ely

carri eth oupbsdlard dhd d%ﬂ%@cétﬁ%ﬁ Rl'bd%lﬂrsﬁ lu& b3 ¥sHdudRd AR tRE Bataljar ged

with the catalyst. IS con uct ed around the catalyst
tubes as duReHEs 2 hpat C@F“erg@r‘i@@'l!/laysag magll. Altgpetivelna teemaniaje fgACiof may

t her mopl atfsd BaseY, ifMiich shsethbeatsBebchdrie Whiigdosedse atflacaeigehysit charge is
di sposed as.a flat .arr enent between cooling plates. 15 Viewed over the

reactor, tiRVPRLEIAIBHPELS: mi xture is conducted within the catal yst tubes
ei t her in cocurrent or in countercurrent to the salt bath. The salt bath.

| Esel [y ReLh gra 2 e REFALLEh ol IS CLINEALA LA ABLALNAS whbes.

be apprecia ! Cross
' O/er al |, taibesialicocyagm onﬁycq@@temrrrﬁnato th@éﬁﬁjéaﬁhn“@hq satbath gestdmeneedeamal yst

tubes, Wh' &Purk pafMRo Pe‘ﬂatak/@ 16 PR Wattt tes] i'E‘w?il%e%Bb'ﬂécﬁétE&'Ha@ﬂﬁs Fn%yt he
reaction gas mxture onﬁ%wﬁrﬂen vi ewed_over the reactor. Tube bundle

reactors s3iFe BHFEPHIFIPOp G&é%sé'?ﬂ‘é‘ffc%\‘%ﬁlhéh‘? 82l bath MRAYRIIPBR 2ar e di scl osed,

- for exanpheandeying New desumaans 5atEl§?stAuBémw7ﬁlcﬁ i€ BEndzctod rﬁ@@c@&af?mtorﬂhﬁ di fferggt

- possi hl.e co |t|o startin ction as m xture for e one-
Done. Vit i ctRgrewiaat by Be et ot e VOB St Mot er b T om

t he prior amtle reatied duitaldefordod pacesd ddrotdingtoghe cesstioraare aigciosEdyfot he

preparat i O&aglfgliﬁa%wfllé 800%%&3 Shéibeﬁ\ﬁe foﬁﬁ{otéfgm ﬂfo éd&e starting reaction gés

m xture typi y'varies WI owng Trangé (molar ratios): 30
propane: oxygen::H20: other constituents (in particular.inert diluent

gases) _  The different possible compositions of the starting reaction gas mixture for the one-
25  zone variant of the process according to the invention may be taken from the prior art
cited in connection with this procéss variant. For the preparation of acrylic acid, the
composition of the starting reaction gas mixture typically varies - within the following
range {molar ratios): | '

30 propane: oxygén::HZO: other constituents (in particular inert diluent gases) =
1: (0.1-10):(>0-50}).(>0-50).

The aforementioned ratio is preferably
-1: {0.5-5 ):(1-30):(1-30).
35 | | |
 The aforementioned ranges apply especialiy when the other constituents used are
predominantly molecular nitrogen. The reaction temperature is typically is from 250 to
550°C (the conditions for the ammoxidation are comparable, disregarding the fact that



1: (0. 1- 109F p&10660) : (>0-50). The aforenmentioned ratio is preferably 1:
(0.5-5):(1-30):(1-30). 35 The aforenenti oned ranges apply especially when
the other constituents used are predoql nantly nol ecul ar nitrogen. The
reaction tenperature is typically is fr 8m 250 to- 550C (the conditions for
t he amoxi QARa PF 56706 16

t he react |tg%tré%0ﬁ1bg%ﬁ1 cfg!B{nSnalglﬁ%ﬁ%@égérﬂggbﬂﬁcf it e}#@:ﬁe for exanple,
EP- A 529 8@%‘)’3\)5298536}1e one-zone variant of the process according to the

i nvention, the hourly space 5 velocity on the fixed catal yst bed charge

W th propane ma exanple, be from1Q to 500 | (STP)/I (fixed bed)-h. -
The hourl y'néib%@ge %@Teo\fﬂ”ﬂ?tng&t?%p%opﬁﬁ @Wgrqlréva*@tth%wvaa@%ﬁh&wy SPaC§ requent |y

i n-the 3 anggodity @mtAdkddaraldlyd0808d thérgd mthldﬁopan@ rﬁmﬁfbr(bﬁtamjslel, be from T(RIRgE-

from 500 t .STP/ h. .10 The nmul ti met active co 0|t|ons
Feoomendedgs  PHHTERLBGT. TRS PR gt VBBt BouEtr8SanBn SRR AR e
process adsdedugrgiytintishangefrenti00mo 1 080 f (STrﬁ il lmtreahwmatslas nﬂhaedatygedl vi ded,
for exanpl rials such as silicon dioxide, titanium di oxi de
al um num o@ngg’bb% fg@(;doonll gﬁf’@x‘? ‘de and ni obi um oxi de. 15 The dilution nass
ratio may be up to 9 (diluent):1 (active conposition). In other words,

possi bjee dTHéJr%Dan%% %xnﬁétab% &fn?posfts@ﬁs REBMASRded fdrdhd BESLEdnelmefoliniSy

conposi tion) an l.uent):1 (active conposition). The diluents can be
‘i ncor por at EFCHEESIH q’ﬁg”\?eé{ IE@GNFQ@%S?EC@QWQ tp dicopeention i ?éﬁ‘rmt dwtedwigh nat i on.

It will befirppaigeédtiatxahmte tdlioids!, ma&énaw@.szﬁldslsalcbﬁ diexRieOfitagiumcd@batiy st
systens for, the |nv§nt|ve one-zone %’i’ S 20 described, for exanple, by

JP- A 3- 170%4BMURRHAG. HEC%PLB’Eé’é'Qe&EES}O W§o¥i ¢ he invention is realized in

one reaction zone, one of the possible cases is that in which gas m xture
1 and S I i Y W th
e o TS, bt SR bea) o SLBLERERTAS Oh¥assy AR danse v |
nor e than pasaible dwenionass ragosj@rqurbé@mpleo@ (dinamnipll dactyy cEPPASIETE4AEE,3 EP- A

117146, EP-
731077, @%&@éﬁ%&e DE&S%%%g&%% d[ib&\‘té‘cgﬁ-@éﬁ%g?orm Qéefoi@i]agg:é7518 DE- A

19837520, @%Mﬂo&%‘i%?%ﬁ%obﬁ%fﬁ%%ﬂqun Boviles aPRraciRted teatitdaalsPon zone
nmeans pri ragskioie thhak offer lca@g/ist grseememtneqnv@me@oﬁé zbﬂi@metﬁo@p%s accordi ng

_t ot heZO' i enstc}lt?end %osr e?(grrnHeegy SH ng&iﬂﬁc 9V d tthg Brsoc\é’gs' acc:orc:a Ing %ethe
' invention is realized in one reaction zone, one of the possible cases is that in which gas

mixture 1 and gas mixture 1 are identical.

Preference is given in accordance with the invention to realizing the process according
25  to the invention in more than reaction zone, as described, for example, by

EP-A 938463, EP-A 117146, DE-A 3313573, GB-A 21 18939, US-A 3161670,

ile; 01/962?0, EP-A 731077, DE-A 19837520, DE-A 19837517, DE-A 19837519,

DE-A 19837518, DE-A 19837520, DE-A 10131297 and DE-A 10211275.

30  More than one reaction zone means primarily that at least one reaction step of the
process according to the invention is carried out under conditions which can be
selected at least partly independently of those of the at least one other reaction step
within the process according to the invention,. or, although only secondarily, that at
least partly ihdependent reaction conditions can be realized within one and the same

35 reaction step along the reaction path (the latter is the case, for example, when so-

~ called multizone methods {(with independently adjustable temperature zones) are
~ employed for one reaction step, as described, for example, by DE-A 19948241, DE-A
19927624, DE-A 19910508, DE-A 19910506 and DE-A 199482438). In other words,



sel ected afFB8#E partly i ndependently of those of the at |east one other
reaction step wthin the process according to the invention, or, although
only secondarily, that at | east partlyI i ndependent reaction conditi.ons can
be realized within one and the sanme 35 Yeacti on step along the reaction

path (the \M?e%ﬁ 1r<§be%£‘§c&ﬁ&ﬁ% dj Ak ISR EormitfARl f%Pexeﬁﬁ;!ﬂ!e% fadctib g one

met hods (w t depend ustable tenp erature zones) are enployed for

one reacti siﬁpssuté@u chige @e@éﬁ& b‘eldie fqaﬁxenaalﬁp@ differgnt prtajxshogudferent DE- A

19927624, ddegifst %ﬁ%@@&ﬁwat Pt 42348208 18n diebEOA tHOBBEdHE colif bRt Aghe WOI ds,
PF 56706 17 when t gfrigergr ocess accordin e invention conprises, for

exanpl e t WFSPQAEES Icajyatalysts %%ﬁt@y%é&‘ﬁ%ﬁ% Roth tpagien sty teelRtt e,

di fferent Mﬁjwthmaﬁldﬂxl tbihpeefires Qﬁ&raé Wregﬂmngeeptsqmﬂdrp@hdémly dfbaesecond
reaction SEHID%E % e ﬁ gglcedure t():ou o se a %ﬁe of identical
catal ysts At R%‘f ¢ RATFED ¥ PHETHR V%%ETRGS'WPQF%%Q P% g t 5 and

adj ust the reaction tenperatures for the two reaction steps independently

of one ?ﬁ%é“tgziasm gth Q@Kf]a%‘f‘agg%ttﬁb &ﬁlﬁz@eﬁ‘ﬁe&%d%%ﬂ‘{ ﬁdpr%ﬁ?‘efér{%%%ed on onhe

anot'her. ant age I zone that it in
principle: rmmeé§djuswmr&@émeaép@t@nrmﬁ@mms foriee reswirements b individgalt o t he

requl e NGScith 44 dritdl yhdkal accdincPRTd Meiabs of the process according

to the invention. This advantage is well known of the heterogeneously
catal yzed gas phase partial oxidation of propyl ene to acrylic acid with

nol ecul ar Ty g@rantafe i Wewkﬁ@medsthelhetwogdaeowe@étb@zea:@ﬁ@lia‘setpertian principle
in two ste s%uccE,-ssn/le a &9}4 the rear n_coordinate, of which the
first |ea O3 Ot BPBY'A"% MEEGHA 9885ein to acrylic acid. This

reaction sequence in a manner knomn per se opens up the pOSS|b|I|ty of 20
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propylene ese I On zones arrang

series, amraﬁstlera@@rgln@teoszf wiieh thedirst|igasts te @cnt@éelrmgedjtherﬁe@@%fr@ﬂ t he two
OX|dat|on &Q@gﬁtg@awmeaa@tlnlzed (this optimzation opportunity also
permts the partial "oxidation of the propylene to be stopped at acrolein
and the acrolein to be isolated). For instance, the preferred catal yst 25

for the fiTig r&&ildlﬁééq@@né’é)mea fRROKNeRE paﬁs@bem)udtae@egemlmwov based on
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st eps may 9plimizatiae oppertuity alsoeesaits tfednadml oxldafaons@frhtge prop@ane foove zone and

over a stopped at acrolein and the acrolein to be isolated). For instance, the preferred catalyst

25  for the first oxidation zone (propylene — acrolein) is generally based on multimetal
oxides comprising the element combination Mo-Bi-Fe, while the catalyst preferred for
the second oxidation zone (acrolein — acrylic acid) is normally based on multimetal
oxides comprising the element combination Mo-V (for example also those which have
been recommended in this document for the one-zone method). However, these two

30  reaction steps may in principle also be carried out in a single reaction zone and over a
single catalyst. o

Quite generally, the first reaction step in the process according to the invention will
appropriately be carried out in a Separate reaction zone.

35 g | |
in the case of an dxydehydrogenation of propane, this may be carried out in the gas
phase as a homogeneously and/or heterogeneously catalyzed oxydehydrogenation of
propane to propylene using molecular qugeh. The source of the molecular oxygen



singl e catPff $8106 Quite generally, the first reaction step in the process
according to the invention will appropriately be carried out in a separate
reaction zone. 35 In the case of an oxygdehydrogenation of propane, this may
be carried out in the gas phase as a honogeneously and/or heterogeneously
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to oxygen $2800¢5-i n t he starting mxture is preferably from 0.5 1 to 40:1,
in partg cul ar between 1:1 and 6:1, nore 20 preferably between 2:1 and 5: 1

The starti m xture. al so co rlsefuther preferably inert (in this
docunent , ﬂ%eﬁe?deb\'\ﬁdmgﬁﬁ? JOT§ r"%]eeﬁetl']%% L&/”?ﬁ’i’cfgrastf"B%g ’&3‘? ¥eé‘°tcﬁef}‘?ér ally to
mean t hoseemmmet atuﬁﬂérﬁuméntcuhbeaﬂumacemagtﬂe]d giad ab lrge hedt @¥mirt of @ Atiel OE st gp
to an exten ra an_ext.ent an
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car borpi LR BURA TN 418 Y SEANE i R0 083 Emorid fifihghy o 0car bons

(e.g. sec onent's present cru rop ane
propyl ene, pr@fte£abfy Iaﬁg dinithig Fjia@lifﬁ@ﬂt,r Ié@@@omtt(e@mr@ pg%fgaabb/dﬁ@pr&t%h@ste
generally to mean those constituents which are converted in the relevant reaction step
to an extent of less than & mol%, preferably to an extent of less than 3 mol% and more
preferably to an extent of less than 1 mol%; most preferably, they do not react at all),
25 constituents such as water, carbon dioxide, carbon monoxide, nitrogen, noble gases,
other hydrocarbons (e.g. secondary components present in the crude propane), and/or

propylene, etc., also including recycled (cycle gas) constituents.

When the propane dehydrogenation is configured as a heterogeneously catalyzed

30 oxydehydrogenation, this can in principle be carried out as described, for example, in
the documents US 4 788 371, CN-A 1073893, Catalysis Letters 23 (1994), 103-106, W.
Zhang, Gaodeng Xuexiac Huaxue Xuebao, 14 (1993) 566, Z. Huang, Shiyou Huagong,
21 (1992) 592, WO 97/36849, DE-A 197 53 817, US 3 862 256, US 3 887 631, DE-A
195 30 454, US 4 341 664, J. of Catalysis 167, 560-569 (1997}, J. of Catalysis 167,

35 550-559 (1 997 Topics in Catalysis 3 (1996) 265—275 US 5 086 032, Catalysis Letters -
10 (1991), 181-192, Ind. Eng. Chem. Res. 1996, 35, 14- 18 US 4 255 284, Applied
Catalysis A: General, 100 (1993), 111-130, J. of Catalysis 148, 56-67 {1294), V. Cortés
Corberan and S. Vic Bellon (Ed.), New Developments in Selective Oxidation i, 1994,



When t he pPlOpaHs dehydrogenation is configured as a heterogeneously

catal yzed 30 oxydehydrogenation, this can in principle be carried out as
descri bed, for exanple, in the docunents US 4 788 371, CN-A 1073893,
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25 advantageous. In other words, useful active compositions are in particular multimetal
‘oxide compositions of the general formula 111

M'.Mo1.sM%0, (11
30  where
M" = Co, Ni, Mg, Zn, Mn and/or Cu,
M2 =W, V, Te, Nb, P, Cr, Fe, Sb, Ce, Sn and/or La,
a=0515 '

3% b=0-05

- and



25 advant afeb6&16 | n ot her words, useful active conpositions are in
particular nmultinetal oxide conpositions of the general formula |1

MLaMbl _bM2bOx (111) 30 where ML = Co, |B|I l\/g,- Zn, Mh and/or Cu, M2=W V,
Te, Nb, P, Cr Fe, Sb, Ce, Sn and/or L& 0.5-1.5 35 b = 0-0.5 and PF
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rati o of p%%é%?é’ %W@&?“am? REORANEHS ?ﬁ%ct%eY%f @d"xéﬁﬁ@@}yét bf- g
sel ecti vi tiuttérﬁs bprop@dtaly ehirgeato tie tada@@ftmae@ahme resn;tcﬁrhas tesegBed,fom O. 5 1

to 40: 1, I’tIC 3 fer from
I n gener aleX EE%‘B%@%@%@W tE\(’}l ‘g)QJ?OaQI G NS ée'ﬁ%ﬁgﬁ%&@onver SI on
The pr opetheset dnqmmqmjd &he averagé mmdermeltlhmrcéftm mapmcaf@rsabkyxre:mrtheed out -

such & ?étt bed dig ﬁép%pér%é‘?ély frbx‘?a"tﬁ §§kﬁ%§£édoﬂﬁ§ e B B%S}S%Q{eeto%%{?%%mve‘j at |

hi gh se ec Y conversion o ane is
pr ef er abl yvarigs w*ié tfn%lwereﬂ p@n’@sm@ and seterivgly of nedatattst,andns adentageges!y r om 10
to 30 nol %, drahbb %051@99% kon, mtﬂh‘?tléu‘i?afrﬁﬂonpf QQ@BQ NP ¥RISHhIOD frofE2A S0 t he
proportion, (1:)f pro ane fed @ um of F a | resent in _the
prepurifi edTpP&sa é‘! fPrEpdrRe gisctive 83&‘? &N ”Ismgpi’ﬁ?Qfg‘relCQf‘léers'SHdThes converted
i n 25 si nghrepf@sis propylergabadiah is thleﬁer@rel reeierabiyt artdd dliten puddywenehat or mat i on
is fr Uy 50 HJ
elafively low conversions of propane are achieved at high selectivities for propylene.

The conversion of propane is more preferably in the range from 5 to 40 mol%,

frequently in the range from 10 to 30 mol%. In this connection, the term “propane

conversion”_means the proportion of propane fed (sum of propane which is present in

the prepurified propane and cycle gas recycled if appropriate, and is converted in

25 single pass). In general, the selectivity of the propylene formation is from 50 to

98 mol%, more preferably from 80 to 98 mol%, where the term “selectivity” refers to the

moles of propylene generated per-mole of reacted propane, expressed as a molar

percentage.

30 In general, the starting mixture used in the oxidative propane dehydrogenation
comprises from 5 to 95 mol% of propane (based on 100 mol% of starting mixture). In
addition to propane and oxygen, the starting mixture for the heterogeneously catalyzed
oxydehydrogenation may also comprise further, in particular inert, constituents such as
carbon dioxide, carbon monoxide, nitrogen, noble gases, other hydrocarbons, e.g.

35 secondary components present in the crude propane, and/or propylene. The
heterogeneous oxydehydrogenation may also be carried out in the presence of
diluents, for example steam.



98 nol % T 86i@6eferably from 80 to 98 nol % where the term "sel ectivity"”
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expressed as a nolar percentage. 30 Ig general, the starting m xture used
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carried &ﬁAaEOZ Thex é’FB Bedsl y catal yzed pr opane dehydrogenation with
substantial 10 exclusion of oxygen as described in DE-A 3313573, WO
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partial oxi AtTon ands or. ammoxidati on - zon al'so _,
principle of coal gasification with carbon formed. Also, steam may be used as a diluent
gas in the subsequent at least one partial oxidation and/or ammoxidation zone (also
25 referred to in this document for short as at least one partial zone). However, steam may
also be partially or completely removed from the dehydrogenation product mixture in a
simple manner (for exémple by condensing), which opens up the possibility of
increasing the proportion of the diluent gas N, in the further use of the modified 'product
-mixture obtained in this way in the at least one partial zone. Examples of further
30 suitable diluents for the heterogeneously catalyzed propane dehydrogenation include
CO, methane, ethane, CO,, nitrogen and noble gases such as He, Ne and Ar. All
diluents specified may be used either alone or in the form of a wide variety of mixtures,
|t is advantageous that the diluents specified are generally also suitable diluents in the
- at least one partial zone. Generally, as already stated, preference is given to diluents
35  which behave inertly in the particular reaction zone (i.e. which change chemically to an
extent of less than 5 mol%, preferably to an extent of less than 3 mol% and even better
to an extent of less than 1 mol%). In principle, useful catalysts for the heterogeneously
' catalyzed propane dehydrogenation are all dehydrogenation catalysts known from the
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and process variants are ose rior art
Descri pt i éeiatiasrto the dehydrogenation catalysts and also in relation to the appropriate use of

the prepurified propane.

25 ,
A comparatively comprehensive description of dehydrogena‘tiOn processes suitable
according to the invention is also contained in “Catalytica® Studies Division, Oxidative
Dehydrogenation and Alternative Dehydrogenation Processes”, Study Number 4192
OD, 1993, 430 Ferguson Drive, Mountain View, California, 94043-56272 U.S.A.

30

- Itis characteristic of the partial heterogeneously catalyzed dehydrogenation of propane
“that it proceeds endothermically. This means that the heat (energy) required for the
attainment of the necessary reaction temperature has to be supplied to the starting |
reaction gas mixture either beforehand and/or in the course of the heterogeneously
35 catalyzed dehydrogenation. ‘

Owing to the high reaction temperatures required, it is further typical, especially for
heterogeneously catalyzed dehydrogenations of propane, that small amounts of high-
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(propadiene), propyne and acetylene as by-products. -
it may therefore be appropriate in accordance with the invention to carry out the
propane dehydrogenation (e.g. with comparatively low propane conversion) {quasi-)

25  adiabatically. This means that the starting reaction gas mixture will generally initially be
heated o a temperature of from 500 to 700°C (or from 550 to 650°C) (for example by
direct firing of the wall surrounding it). Normally, a single adiabatic pass through a
catafyst_ bed will then be sufficient in order to achieve the desired conversion, and the
reaction gas mixture will cool by from about 30°C to 200°C (depending on conversion

30  and dilution). Presence of steam as a heat carrier is also noticeably ad\fantageous'from
the point of view of an adiabatic method. The lower reaction temperature allows longer
lifetimes of the catalyst bed used.

In principle, the heterogeneously catalyzed propane dehydrogenation with

35 comparatively low propane conversion, whether conducted adiabatically or
isothermally, can be carried out either in a fixed bed reactor or else in a moving bed or
fluidized bed reactor.' | '
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this case by a very inexpensive apparatus, preference is given t
catal yst geonetries which have a particularly |ow pressure drop: These are
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and the catal yst bed may be arranged in the annular gap. In the adiabatic
case, the netal shell would in turn be thermally insulated. Useful
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Wi th simple manner, for example by initially passing air (preferably) diluted with nitrogen
25  and/or steam in first regeneration stages over the catalyst bed at an entrance
temperature of from 300 to 600°C, frequently from 400 to 550°C. The catalyst hourly
space velocity of regeneration gas may be, for example, from 50 to 10 000 h™ and the
oxygen content of regeneration gas may be from 0.5 to 20% by volume. '

30 In subsequent further regeneration stages, the regenerating gas used under otherwise
identical regeneration conditions may be air. From an application point of view, it is
advantageous to flush the catalyst with inert gas (for example N;) before its
regeneration.

35 ltis generally advisable to subseqguently regenérate with pure molecular hydrogen or
with molecular hydrogen diluted with inert gas (preferably steam) (the hydrogen content
should be > 1% by volume) under otherwise identical conditions.
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react or. Tﬁﬂ@yﬁ@ﬁﬁﬂﬂ§é@1ﬁﬂﬁéf$ﬁﬁﬁ one catal yst bed catal yzing the
dehydrogenation in spatial succession. The catalyst bed nunber nmay be from
1 to 20, advantageously from2 to 8 r.else from3 to 6. The catal yst

beds are pPArOFAMIER siSralisaner soriel ardn SapelI A reRee e A m A
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type In
cat al pRgrande e s%?&f‘ treg 8%”&8&%38%0"31983 SP{@E oA thCQP%‘r'ﬁttD“ &85 1 the
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20 to arrange the annular gaps in segnments above one another and to conduct

the gas after passing radially through one segment into the next segnent
above it ofpmebrmiely.tthe reaction gas mixture will be subjected to intermediate heating in the .

tray reactor on its way from one catalyst bed to the next catalyst bed, for example by
25  passing it over heat exchanger ribs heated by hot gases or by passing it through pipes
heated by hot combustion gases.

When the fray reactor is otherwise operated adiabatically, it is sufficient for propane
_ conversions of < 30 mol%, especially when using the catalysts described in

30 DE-A 199 37 107, especially those of the exemplary embodiments, to conduct the
reaction gas mixiure into the dehydrogenation reactor preheated to a temperature of
from 450 to 550°C and to keep it within this temperature range inside the tray reactor.
This means that the entire propane dehydrogenation can thus be realized at very low
temperaturés, which is particularly advantageous for the lifetime of the fixed catalyst

35 beds betwéen two regenerations.

It is even more beneficial to carry out the catalytic dehydrogenation, i.e., for example,
the above-outlined intermediate heating, in a direct way (autothermal method). To this
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, US-A 5530 171, USA 5 527 979 and US-A 5 563 314;
for exanpl® 9eggesng 8%@Lﬁl%ﬁ'alb’e%’s??%f%%e@wﬁ’gﬁataéaw? RAfiGWaRY 909y eact or in
al t er nat i oetintestirwvdedegetadidrissi ng dehydrogenation catal ysts)). The heat
of reagction released thus allows 15 virtually isothermal operation of the
het er 6geneously catal yzed propane dehydrogenation in a quasi-autot her nmal
manner . Adnigheerskbrgeadeading dedewribedrebofe shoald reecartiedoutgasudhra tiaenerat al yst

bed is in i i I easi ng
or subst anyR AT eBREpaR AL ERHRTEM (e, So43 RIS LRt A prlE e "
lifetinmes andtprerstenecpatainest theied, is from 0.5 to 30% by volume. Useful oxygen sources
include both pure molecutar oxygen and oxygen diluted with inert gas, for example CO,
25 CO,, Ny or noble gases, but in particular also air. The resulting combustion gases

generally have an additional dilution effect and thus support heterogenebusly catalyzed
propane dehydrogenation. o

The isothermicity of the heterogeneously catalyzed propane dehydrdgenation can be
30 further improved by incorporating closed (for example tubular) internals which have

advantageously, but not necessarily, been evacuated before filling in the spaces

between the catalyst beds in the tray reactor. Such internals may also be placed in

each catalyst bed. These internals contain suitable solids or liquids which evaporate or

melt above a certain temperature, thus consuming heat, and, where the temperature
35 falls below this value, condense again and thus release heat.

One method of heating the starting reaction gas mixture for the heterogeneously
catalyzed propane dehydrogenation to the required reaction temperature involves
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over i o ol CET 2RO ERUERRE NI raBh: parti al Ty propyl ene are forned
by cat al yt+c dehijally ogigizitg tba molecular oxygen in the molecular hydrogen contained in
' the reaction gas in the reaction zone to give steam and
- withdrawing a product gas frbm the reaction zone which comprises molecular
hydrogen, steam, propylene and propane,
25 o o |
which comprises dividing the product gas removed from the reaction zone into two
portions of identical composition and recycling one of the two portions into the
dehydrogenation reaction zone as cycle gas and further using the other portion as gas
. mixture 1 in accordance with the invention.
30 _ B
[n principle, it is also possible in a tray reactor fo carry out a combination of
heterogeneously catalyzed oxidative and classical dehydrogenation. For example,
every second catalyst bed can be charged with an oxydehydro‘genaﬁon catalyst and
the other catalyst beds with a classical dehydrogenation catalyst. Between the beds,
35 oxygen is fed intermediately. The exothermic oxydéhydrogenation can then be utilized
alternatively for hydrogen combustion, in order to heat the reaction mixture. '

Following the documents EP-A 117 146, DE-A 33 13573 and US-A 3 161670, gas
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whi ch pr opairtare 1’ obtained may be identical to gas mixture 2, i.e. can be used directly as such

. to charge the heterogeneously catalyzed gas phase partial oxidation and/or
ammoxidation). As an alternative to the described sepérating step via absorption, a
pressure swing absorption or a pressure rectification are also useful. Although it is

25 always possible for a C; outlet to be associated with aforémeritioned separating steps,
the outlet can be kept substantially simpler owing to the inventive C, reactive outlet.

‘Useful absorbents for the absorptive removal described above are in principle any
absorbents which are capable of absorbing propane and propene. The absorbent is

30 preferably an organic solvent which is preferably hydrophobic and/or high-boiling.
Advantageously, this sclvent has a boiling point (at an atmospheric pressure of 1 atm)
of at least 120°C, preferably of at least 180°C, more preferably from 200 to 350°C, in
particular from 250 to 300°C, with greater preference from 260 to 290°C. Appropriéteiy,
the flashpoint (at an atmospheric pressure of 1 aim) is above 110°C. ln'general,

35 suitable absorbents include relatively nonpolar organic solvents, for example aliphatic
hydrocarbons, which preferably comprise no externally active polar groups, but also
aromatic hydrocarbons. In general, it is desirable that the absorbent has a very hlgh
boiling point and at the same time very high solubility for propane and propene.
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trade products include the products sold by Haltermann including Halpasals i, for
example Halpasol 250/340 i and Halpasol 250/275 i, and also printing ink distillates
sold as PKWF and Printosol. Preference is given to aromatic-free commercial products,
e.g. those of the PKWFaf type. Further suitable commercial products are n-paraffin

30  (C43-C47)'or Mihagol®5 from Erdél-Raffinerie-Emsland GmbH, LINPAR®14-17 from
CONDEA Augusta S.p.A. (ltaly) or SASOL ltaly S.p.A., normal paraffins (heavy) Cqs-
C,g from SLOVNAFT in Slovakia.

The contents (reported in area percent of gas chromatography analysis) in the
35  aforementioned products of linear hydrocarbons are typically:

fotal Cgto Cys: less than 1%; Cqy: 30 to 40%; 015 20 10 33%, Cqq: 1810 26%,; Cy7: up fo
18%; Cus: <2%.
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i's given tgﬂaphite biock absorbers, surface absorbers such as thick film and thin film absorbers,

and also plate scrubbers, cross-spray scrubbers and rotary scrubbers. It may also be

favorable to carry out the absorption in a bubble column with or without internals.
25 ' '
The propane and/or prope‘ne_can be removed from the absorbent by stripping, flash
evaporation {flashing) and/or distillation. | | '

The propane and propene are preferably removed from the absorbent by stripping

30 . and/or desorption. The desorption may be carried out in a customary manner by means
of a pressure and/or temperature change, preferably at a pressure of from 0.1 to
10 bar, in particular from 1 to 5 bar, mare preferably from 1 to 3 bar, and a temperature
of from 0 to 200°C, in particular from 20 to 100°C, more preferably from 30 to 70°C,
particularly preferably from 40 to 60°C. An example of a gas suitable for stripping is

35 | steam, although preference is given in particular to oxygen/nitrogen mixtures, for
example air. When air or oxygen/nitrogen mixtures in which the oxygen content is

" above 10% by volume are used, it may be advisable to add a gas which reduces the

expiosion range before or during the stripping process. A particularly suitable gas for
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25 dedicated apparatus.

~To promote the separating action, interna.ls increasing the quenching surface ai’ea may

be installed in the quench chamber, as are known to those skilled in the art from |

- rectifications, absorptions and desorptions.

30 '
Water is a preferred washing medium inasfar as it does not normally interfere in the
subsequent heterogeneously catalyzed gas phase partial oxidation and/or
ammoxidation. After the water has washed the absorbent out of the propane- and
propene-laden starting stream, the water/absorbent mixture can be fed to a phase

36 separation and the treated starting stream can be fed in favorable cases as a gas

' mixture 1' = gas mixture 2 to the heterogeneously catalyzed gas phase partial oxidation
and/or ammoxidation.
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According to the invention, the abovementioned molar ratios are adVantageously
- =210 10:1:0.5 to 20:0.5 {0 5:0.01 to 10:0 to 1.
25 '
According to the invention, it is also favorable when the abovementioned molar ratios
are . o |
= 310 6:1:1 to 10:1 to 3:0.1 to 2:0 to 0.5.

30  Favorable gas mixtures 2 in accordance with the invention are.those which comprise
from > 0 to 30% by volume, often from =0.5 to 25% by volume, in many cases from >1
to 20% by volume, frequently from =3 fo 15% by volume, appropriately from =5to
10% by volume, of steam, since such steam contents promote the C, o‘utlet- which
forms the basis of the invention. This is true in particular when the catalyst systems

35 recommended below are used for the heterogeneously catalyzed partial gas phase
oxidation and/or ammoxidation {especially in the case of a propylene partial oxidation
to ‘acrolein and/or acrylic acid).
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gas. Wen 10 the partial oxidation is the conversion of propylene to
propyl ene oxi de, the procedure may be,3 for exanple, as described in EP-A
372 972. Wen the partial oxidation is 3 partial anmoxi datlon to

acryl oni t rﬂtiéppema‘lyﬁl d&%ﬁ%gﬁ SuitH B ?igﬁemérﬁlﬁngd(%m (B?Lgslh%@ﬁm _A 2351151 In

t he case oxl Ion o 'ene to and/ or acrylic
acid, the Qﬁﬂ@fﬁ]x ﬁh%@feﬁmﬂﬂ%ﬂ@%{breﬁf%T@rébp@swftcﬁnféﬁﬂﬂ@ttqndﬁﬁl'e pseesst gas
mxture 1 @d&dfoqﬂg th' thé int/emt@nah moaQﬁép Brifted prégarm rebuirBfoPthetdi6cdsso, 1. €.
removal is Jg}Sa oneﬁpé{ H g gom another) wll be

i st ed, FEPTAERT VP TBUR FAeri ot TRb e UOLEeP QLRSS ot he

i nvent i%on 4deatdiigte th@inventiong nol ar ratios are fulfilled: 20 propane:
propene: N2:02: H2O. others = 0.5 t0.20: 1:0.1 to 40:0.1 to 10:0 to 20:0 to
1. ‘According to the invention, the abovenentioned nolar ratios are

advant ageols presert inventdn dis@refatestoanventmgeousberob@diments DO procebss 25

oy : . e _, > oned
ol o -t a0 2ol OTERLL AR i blch iy Sol T 3B BGI S er BRIMSIRRIS BP0 o
gas ni xt ur@dngst partly dfeppxramrie oyt an ketenheletds, & oalydo e estentwli 3% .Bnpri se

;rom 2162 t&lg?’%oo/arpé&té/@'or'ﬁ@ﬁ) fbffdtté'ﬂzé éttgrﬁhﬁléboﬁoi @as”-tﬁ]%t@ﬁ f¥aht ARt rddatigny cases

rom VO reqguen from Q

Lot onr i at &y A ket gaitly araiy e rRRISTof SBRTeBRE dre B sl et

cgnt ent s phemeieseoddneosly @aialméd g&shpﬂmsefpertiasoxidiauohwusar@fnntdmiatmgbz [ gnl

This is trye in tiC en the catal yst systens 35 recommende el ow
ok B LRy B R0

are used fBF M usly catalyzed partial gas phase oxidation
and/ or ammoxi dation (especially in the case of a propyl ene parti al

oxi dat{:on whan rl@%}&bg?lﬁe{&g%gn tatlaa % g?s ?ﬁéé@ %arP AT oRfRi46h %/?tEé:tﬂrﬂBj(iagtkdh in

conbi nati on wt EI’I nci
gener al | y)commiigesp eYsaiity Pfrf@éﬁtqncﬁhens@mrwawee@ queé: ead (‘éfcﬁnW"@Qn atefde of t he

process a&ﬁ.@étﬂ bMbe pReduified ProBBRE T phdburiié £HrobBge PEEBIN dfitdepesniBRe
required f e process accordlng to the invention is fed directly to the

first reacitioh step of the process 5 according to the invention. The
present invention also relates to advant ageous enbodi ments of the process

Socor 0 Al g BBl T B P B AREN, RS,
only to arb®xbgmeight, B@easlr75% by weight, or 100% by welght of the total requirement
of the process according to the invention for prepurified propane} into at least one
reaction step of the heterogeneocusly catalyzed gas phase partial oxidation and/or
ammoxidation is particularly beneficial, since it is automatically accompanied in
25  accordance with the invention by deburdening of the first reaction step of C; HC. It

generally also reduces any risk of explosion,

As already mentioned above, the heterbgeneously catalyzed gas phas_e‘ partial
oxidation of propylene to abryiic acid with molecular oxygen proceeds in principle in two

30 reaction steps successive along the reaction coordinate, of which the first leads to
acrolein and the second from acrotein to acrylic acid.

In a manner known per se, this reaction sequence opens up the possibility of
interrupting the process according to the invention at the stage of acrolein (the stage of

35  predominant acrolein formation) and undertaking the target product removal at this
stage, or of continuing the process according to the invention until predominant acrylic
acid formation and only then undertaking the tafget product removal.



10 only t PRaRSHEG ent of 25% fed to the starting reaction gas mxture for
the first reaction step and at |east partly (generally the remainder, if
appropriate the entirety) directly to hhe het er ogeneously catal yzed gas
phase partial oxidation and/or ammoxidation (for exanple to gas m xture

2). 15 Weﬂhéﬁﬁefﬁét%s@%a@r@%'té’ tfﬁeﬁh@érﬁﬁéﬁﬂ; &hﬂﬁeoo&ﬂ%% tQ%Fédoﬁhné?PE'a@!@ﬁé on
and/ or ammoxidati o iT%)rlses a plural |%¥qw®reacthn steps, there nmay be

a direct faecéﬁfo(rﬁ?t'oé‘ Bé)sr 8Ht36f5‘°‘dﬁ' t3georda thedpventen s ii_d propane)
?f gr epur :c rfrbmi;sm Wﬁﬁﬂégeeﬂi 8. irasd ?ﬁﬁattdﬂawﬁgds%mhgwln ﬁéﬂe?,sm \A&ﬁbh&erse(tﬁe
eeding o ed propa or, e 50/ or at

| east " soopB St s RRAE b B R Bl SRt BB RS B of 1 he
t ot al rﬁeqmmaermme t@ﬁpemmrgobtbesstaa(stmdimrgammopﬂiaéely opEmizedim ¢aoh of the
prepuri fi ag propanel ggéﬂréltatz&? ‘13Flaeseptr|ﬁ ibAn step of the

het.er ogeneously cata zed gas oxl dation and/or ammoxi dation
is particularly beneficial, si nce it is automatically acconpanied in 25

accordanceA;mthh %Héﬁnhlﬂﬁh%fﬁl bﬂ&e@%h@ﬁ%%ﬁﬁsﬁ t'ﬂg e‘lﬁmérﬁ@l\/fo' Fétsnra%catré on step of
C2 HC. It ener al al so reduces ¥r|s ' | osi on.

ment i oned IytSI"’n' alﬂ%trb%%améewﬁp *&W&W@@@S@&E%%@SBQP% f%ﬂthe oxi dat i on

;)f pr ggyl errmetalms afcthy ffitst oRigbtibridtbde @%mm![eﬁﬁ a@wyegre)rarph&@ecgdsme :Lb ari PC:NE! ehl n

WO reactlion,s S UC.C | ve e.r di na 0 I C

the first CAREHEN SEFRARS S FEatd SHtalel S Bt SR R e aci d.

I n a manneprefenaur ipgivers b, acchidanceaih tr@nnwﬂ;uefméheaﬁmmsd wpidetien plagsidility
Inter ré%qéel%g?%gge ?&Hg?ﬁ&;ﬁ%ﬁa{ digp aEPor’ielhﬁul'n FePBknBQ c@‘inpﬁé]lgg feage of

acrol ein (t om nan acrolern orrra undert aki ng
t he tar getelgyemtado arshvvEre %f@reunﬂnﬁowb@éltm@tal @md@@ﬁwvaﬁm@sﬂlﬁes Eﬂ@é’éss

accor digng drenddRevtich Salderritbalidow S ARBIBRTH aB6rthhce witihd ihv@hisd har and
only thenctgndertakl n 56706 en the

t he rget_ product renoval. PE 56 4 ,
process act®reft Wﬁtkﬂ%%fefi’eeqaﬁ?@‘etﬂ?i%ﬁ”ﬁ%t relgyant dythgubvanyor 8 %P%‘%BWF'}{SQM acrylic
aci d for mahamegd mdnnels advant ageous in accordance with the invention to
performthe process in tw stages, i.e. in two oxidation stages arranged
in series, in which case the fixed catalyst bed to be used and preferably
al so t he ofhusr theqmoasise fordefatbgaerenssly tatrlysed rantipl axidaion bEpopylabeipeerof t he

cat al ygi %ﬁ’? %&ﬁa@dé‘pﬁ @{%’Hp‘?& RlidizQPbidY Ztlad Be@j"’}t \ﬂh&ge &JPﬁysté £xkaation

stages in relation resent 1 nvention t| nmetal oxi des

whi ch corrpﬁqtlg%c@rﬁbosétlc@rréﬂﬁés’fwe nRétimeial exigp %ﬂf@pﬂsﬂ@rt e elamantyMeuFe aitie in
accor dancezWallsultifle kYA A b inedrtive oﬁ@-ﬂﬁ@é'p‘réo‘é% fcfr?.:rreﬂéf'lﬂg abigat al ysts
of the fi r(%ﬁd gl)go%%ltylhg gm?itlfaa %rcgp%g% %!‘ gsn tehe_f1>rstargac:tlon ste?gea}or the ll'?v%n’g\?ept%vl%l-e to a
7 stage preparation of acrylic acid.
25
- The realization of {he one-stage heterogeneously catalyzed partial oxidation of
propylene to acrolein and also acrylic acid if appropriate, or of the two-stage
heterogeneously catalyzed partial oxidation of propylene to‘acry!ic acid, with inventive
use of gas mixture 2 may be carried out speciﬁbally as described in the documents
30 EP-A 700 714 (first reaction stage; as described there, but also in corresponding
countercurrent mode of salt bath and starting reaction gas mixture over the tube bundie
reactor), EP-A 700 893 (second reaction stage; as described there, but also in
- corresponding countercurrent mode), WO 04/085369 (that document in particular is
regarded as an integral part of this document) (as a two-stage process), WO 04/85363,
35 DE-A10313 212 (first reaction stage), EP-A 1159248 (as a two-étage process),
 EP-A 11 '5_9 246 (second reaction stage), EP-A 11 59 247 (as a two-stage process),
DE-A 199 48 248 (as a two-stage process), DE-A 101 01 695 (one-stage or two stage),

WO 04/085368 (as a fwo-stage process), DE 10 2004 021 764 (two-stage),



‘certain exXted®708f catal yzi ng the second oxidation stage (acrolein -> .
acrylic acid), preference is given in accordance with the invention for
the second oxidation stage to catalyst % whose active conposition is at
| east one multinetal oxide conprising the elenents Mo and V. The

af or ement ivoearh/gBskbs @Fﬁéﬁba&?&h%@a@@twmﬂmé'(ééc%% r@é&ﬂor@&ﬂaﬁe | gt/e;'??z ﬁ

whi ch arevggscrig% Z% ow as favo cordance with

have the Ph ecPﬂ%iﬁaéH%Ftég?)hW%%@ﬁW 1 (WF@98ht to the invention
in a partiErA@9 06 3eymrkedomaroigrand Brus, 11t 08598, ocess for het erogeneously
catalyzed partial oxidation of propylene over 20 catalyst beds (for
exanpl e fluidized beds or fixed beds), whose catal ysts have, as an active
conposist i oTrh,is anplibe iparibniario b ivosdral exexipdes prosgtirsinese dbeunsdrésndiey Mo, Fe

and B, ﬁ«%’bérﬁ@é ?ut' Eﬁﬁ%h%as@%o@ﬂxgbﬂ%eﬁﬁt'vﬁﬁ tRé‘STfége%&trPaft ss_for

preparlngaro eln so acrylic Iate) or e first -
reacti on S{eljed regetiar@as rﬁvtrme Heed fﬁtarg@ctpﬂéb@ea(pmwem tcawryleira is|acid. 25

The real i zafih@dm(iod gamlmgasmggrdh@ttﬁé Qé}ﬁélﬁi%j%%b’an%ér%' ﬂﬁé%d@e@mé 8las

oxi dati on of ene_ to acrolein al so ac ch ropri ate,

or of the W‘@Pd‘gﬁ'e ‘ﬁ%@ﬂ@é@'ﬁ@@ﬁﬁw HW‘EE’d“?ié “8%7“&3‘?[ %‘%a

pr opyl 1gne th@ﬂmceitalysmedﬂ and\f(rjetdatanﬂld@tfj‘rtyl spec% Uélgcsq/forgcas flﬂ%d< taéggs'&%eggy#iz '
carril e (0] ClTIlC S SCr e LN _the ocunment

T oe Y, SRR srebiein ¥ BRI R AL Pl i SRR Wrind i e s i

count er curstagst amidtie*eosi seaintatyabdigemesoriary aig) feediog betwega shentiwotreagtioover t he
t ube bundl P- r ri bed
Lhore. bt BaeRc e (8dng & nerBi@nt dn eBG Bt AL 3 ef TSRS Chhat
docurrent |the pheat thal kngrmplgr rﬁl@@éﬂw&fu@é oxygenie agiokin [fhe coarae BRs Wwﬁémnt )

(as a 1t5\’\0'o$ir%9&08ﬁ@€e%%ﬁ&n st!é‘@e Q4 Ep3Ads to3Palif 1 J«Q&mé%xaﬂf%le!sfdf f§d reaction
stage), EP-A 11 59 24 as t wo- st age process) 59 246 (second

reaction qu&g@)antsgpﬁnﬂo_nL ‘59 247 (as a two-stage process), DE-A 199 48 248
(as a two-stage process), DE-A 101 01 695 (one-stage or two stage), WO -

56706 35 e OarLeREtAte S LERERRLY lleely S P et el SRk 28R
reaction $eagepscribp®ntanyi8E365 d(ae e dnowaty ihose skilbagiein thanDt. 04 @8536/2,
(two- SztoageﬁP—A%Gﬁogge@ﬁs g’r@??d:ePSt% r@&.a@&uﬁ% fe>- A 11 06 598. 5 This

applies in particular to all” working exanp present in these docunents.
They nmay be carried out as described in these docunents, but with the

di f f er encesdthigdts m@ratﬁé RArdcbOdahea gl H2 .g@e‘hneh Mrlﬂﬁ@paaﬁ@ﬂamidambﬁ sfdgest
reaction stage (RLORYLENBER 341U BE-A S0 2004 025 445 and DE-A 4 431 949,
This applies in particular to those of the general formula | in the two aforementioned
25 documents. Catalysts particularly advantageous in accordance with the invention for
the particular oxidation stage are disclosed by the documents DE-A 103 25 488,
DE-A 103 25 487, DE-A 103 53 954, DE-A 103 44 149, DE-A 103 51 269,

DE-A 103 50 812 and DE-A 103 50 822.

30 © For the inventive reaction stage of the heterogeneously catalyzed gas phase partial
oxidation of propylene to acrolein or acryiic acid of a mixture thereof, useful multimetal
- oxide compositions are, as already stated, in principle all multimetal oxide compositions
comprising Mo, Bi and Fe. '

35 These are in particular the multimetal oxide active compositions of the general formula
| of DE-A 199 55 176, the multimetal oxide active compositions of the general formula |
of DE-A 199 48 523, the multimetal oxide active compoéitions'of the general formulae 1,
Il and Il of DE-A 101 01 695, the multimetal oxide active compositions of the general



an inventi RE5§&H m xture 2. Regarding the remaining paraneters, the
procedure is as described in the working exanples of the docunents
mentioned (in particular regarding 10 the fixed catal yst beds and react ant
hourly space velocity on the fixed catdlyst beds). Wen the procedure in

the afor eTRRLLGORS: I/ HRBECKATDED48Tnt IR AL AEIABHSL Scborii@dEnEn

there is seco secon é %‘?p t wo reactl on
st ages, th@‘tf‘%éﬂn‘fﬁ@’ fP@“Lﬁ%bﬂltaé‘ﬁé%OT Edh19Hpd 66% ﬁ%fﬂ alsprifhapitimetal oxids rate is

adj usted t@ctlvbbsmﬁéémis dobaitied fmesPml &p 71at i o of nol ecul ar oxygen to
acrolein in the charge gas mxture 15 of the second reaction stage

corresponds to that in the working exanples of the docunents nentioned.
Mul ti med al Alsxisditabdafon thisteaciioar 4tég ateathb ynuitinmdtaldxidd catalydte coaptisioy Mar, Bi

ki1 ed i nohee ARER apdBERoaR e B MR DETETORRS o3t AR oo BN 1 2 1 0S¢
appr opr i at BEW53 386 SAO.SDE-Batasl G862, Eﬁ’%ﬂé@ﬁ%l%&%ﬁﬁ@i&%é%t&@ﬁ%@

! i dat il by DE-A 44
31557, DE A A S oo ah BRERE X oA 482 A AR B, Y

|
Tl ST OTRGY. BEAAST 46840 arbsanpiins qenoAHorriatn ok G1BBEMS oned 25

docuneqy s. El@ﬂ%W@idﬁarﬁﬁEPJAC}tdoaﬂMyTﬁ@é@ﬂﬁéﬁgﬁ%mchl@rﬂﬂﬁ@regéﬂﬁl%rw\ﬁth t he
invention fo t he patrtlgglar oxi dat i on stage are cl ose Zthe

document s ﬁf—_’g%@"TG@tsé’B hpg@ doCHIRETAS, RPPNIRVIAgy Pl are r%eér%ﬂ“’ ‘DA 103 44
149, - DE- A 4@3rdzhc26h tHEinferikion t5thosa af amms@ea,@:p AG78287, 30 For the

oxi dat| on BFoIoh 21895 BEA 19e PEbES AR EbBdsd; 4SS BAEREREST
usef ul nul 2 catetyal accoxdingetocuampisi td foms E&r/é 01@5%%@&1[&? is asatatyst ionberi nci pI e
al I mujd l’]ﬁe?&re&l’fﬁ Q%?ﬁé’ér@ﬂél?nb'n%?ﬁer GRTHIsE 1288y ymRisitRA fag%e 35 These are

in partl Cc oxl de active conpositions o t he general

formul a | crPqsition Mo dNisg n17aeBli Pressitnd P AR SiP2- ERIREsiE it a5 Ivempbdet | ons of

t he genter aéxdnﬂﬂérﬁé@nd thecsferIQE][uﬁnbe?ﬁ%& BR3 1¢ds85 thi}(dtcﬁl'@ﬁi@ﬂnewl de acit |6 \ég .
conposi ti ons ormul ae e
et ot Bl e Foa G £ ibrberted aoiB Rl ider Brtebet BB ooy i ac

I, 1l and % him &f3 rbie- me&rﬁd&lanetet heeight £ mtr@halldlmetée) anditalaceto the

conpo o] I I - 168 and
al gg t dl “Pﬁe?éfﬂﬁ%@.ﬁ%%' 8x|d% |ﬂve é%?aéécsﬁré Bns s"#é? °£§Ei"§1éﬁ-gi5§80 714. 5
Al so sui taMB_@thfncﬂhOtJIdl aisa keneie af ’@E@wl’@metatM&mﬂtalwﬁemusﬁﬁdéﬁié’éffaw%t S
Compri Si NQotdh is bpec?é"lgtrﬁé Wg&g‘iﬁb%r!%égh%&rﬂ%@hé\% éﬁ@oggé%ﬁ%f%rﬁ sinPE- A 100 46

957, DE-A 100 63 162, A 199 0275 EP-A 015 565, DE-C -
2 380.765, 3EmA38$)mnu@55mmXme><2mm or5mm *x 3 mmx2mm,or

8 mm x 3 mm x 3 mm, or 7 mm x 3 mm x 4 mm (each external diameter x height x
25 internal diameter). Further possible catalyst geometries in this context are extrudates

(for example iength 7.7 mm and diameter 7 mm; or length 6.4 mm and diameter

5.7 mm). '

A muliitude of the multimetal oxide active compositions suitable for the step from
30 propylene to acrolein and acrylic acid if appropriate can be encompassed by the -
' general formula IV
Mo sBisFesX X2X3X40, Y

35  in which the variables are each defined as foll_owsi

X'=  nickel and/or cobalt,
X? = thallium, an alkali metal and/or an alkaline earth me’tal,'



EP- A 279 FHS6T96- A 33 00 044, EP-A 575 897, US 4,438,217, DE-A 198 55 913,
WO 98/ 24746, DE-A 197 46 210 (those of the general formula I'I) JP-A

91/ 294239, 10 EP-A 293 224 and EP-A 799 714. This applies in particular to
the exenplary enbodinents in these doCunents, among which particul ar

prefer enceci=s giepnddpnoRRCakean il Lhuhbey, 'tlHV@é?FuhPrbatd%ﬁdVB?st@nq%fterEP'A 015
565, EP-A 575 897/, and DE- A d13." Particu enphasi s
is given i1 h|S§'C€'E)r?c“€5%‘f‘“Wot‘taa'“%?%ﬁ/?fszﬁm%@%@rd| ng to exanple 1c from EP-A
015 565 and also to a catalyst to be 15 prepared in a correspondi ng manner
but whose acti ition has the conposition

Mb12Ni 6.52”}12'Fe\2‘ @@%365}@.06& 10 Si 02. Enphasis is also given to the
exanpl & haviEng ftomre0.8éké a) praieneitdyfr@anrtom DE-A 198 55 913 (stoichiometry:

I\/blZCo?Fe%Bgo. f?llgg_l 6)@03&01?@ @g{ c?h%‘l! pported hol | ow cyl i nder catal yst of

geonetry er na |arret er x height x internal
~dianeter) crd &osp0 to2trieferatty e @glPdet2ed nul timetal oxide |1 catal yst

according d e exappbe & &gfe%1ﬁrc;r%tg@ 210. Mention should al so be nade of
the mul ti rretal oxi de catal yst's of US-A 4,438,217. The latter is especially

true when fthesd oAb (I 894 i nders have a georretry of 5,5 Mmx 3 nmx 3.5 mm

or 5 MM X r2 ="Maxn#nFBNwhidh i® dBT8MKindd BNthe valéRBy Pl fieq0Bhcy of tHRI¥Mant¥h or 7
mMmmx 3 mmx 4 o&gtr h external di aneter x height x 25 internal dianeter).

Furt her possi bl XY8¥bnetries in this context are extrudates (for
exanple length 7.7 rrmand di aneter 7 mm or length 6. 4 mm and di ameter 5.7

mm . A muldd %%ﬁng&Bmtaﬂﬁl en'erﬁ%r{(;n'%g@ﬁ offttp %esaeﬁgéé Yér eiQQC R R%z%‘ﬂsbzg!q& for

the step fro acr i f appropriate can
be encorrpaasgéustwatllbié amlérsubstﬁmermlgava aphmzmm&thm@mt@d fv) 35

in whigh ttﬁ@fdfﬁﬁrdf%@at@a c@fa@ys&aﬁg pﬁ@éﬂa’b@@ﬁéﬁ é‘u‘ébb@%dm%@oeﬁe@hﬁk%e &ﬂ%or
cobalt, X2 net al and/ an al kaline earth netal PF

X
56706 37 . OR@POSE‘P'Frdt n@#@é@@fﬁﬁﬁée‘j ﬁ‘@é@ﬁV@aytﬂﬁoo?ﬁ usgicd Srﬁﬁwysﬁlnrf’o"\tc@ﬁ um
I ead and/ gprri.ungst en, = silicon, alum num titaniumand/or zirconium a
= from0.5to0 5, 5b = fromO 01l to 5 preferably from2 to 4, ¢ =fromO0
to 10, preferably from3 to 10, d =fromO0 to 2, preferablyfr.om0.0Zto
2, Exampies of suitabie unsupported catalyst geometries inciude solid cylinders or hollow

20  cylinders having an external diameter and a length of from 2 to 10 mm. In the case of
the hollow cylinder, a wall thickness of from 1 to 3 mm is appropriate. It will be
appreciated that the unsupported catalyst' can also have spherical- geometry, in which
case the spherical diameter can be from 2 to 10 mm. |

25 A particularly favorable hollow cylinder geometry is 5 mm x 3 mm x 2 mm (external
diameter x length x internal diameter), especially in the case of unsupported catalysts.

- It will be appreciated that the pulverulent active composition or its pulverulent precursor

composition which is yet to be calcined and/or partially calcined may also be shaped by

30 applying to preshaped inert catalyst supports. The coating of the support bodies to
produce the coated catalysts is generally performed in a suitable rotatable vessel, as
disclosed, for example, by DE-A 29 09 671, EP-A 293 859 or EP-A 714 700. To coat
the support bodies, the powder composition to be applied is appropriately moistened
and dried again after application, for example by means of hot air. The coating

35. thickness of the powder composition applied to the support body is appropriately
selected within the range from 10 to 1000 um, preferably within the range from 30 to
500 um.and more preferably within the range from 150 to 250 pm.



e = from PReEWS preferably from0O to 5 f = fromO to 10 and 10 n = a
nunber which i's determined by the valency and frequency of the elenents in
| V ot her than oxygen. They are obtainakke in a manner known per se (see,
for exanple, DE-A 4 023 239) and are custonmarily shaped in substance to

gi ve sphen@ssul sttt mateﬁmlsla«ﬂéiemsiorﬁéryqio?&stb%%nb&ouéémmrﬁ @klﬂé@fsnifééﬁt ed
catal ysts, res ed inert sup t POdI es coate \{fi’ e active
conposi ti cﬁ‘PX'Cfec thgriem ‘%&%&F@@?'%@&P’qc{%?‘ ISP G 5 P! ?? HeSHUHEE&Y as catal ysts
i n powder még]femunfsﬁlm?ﬁté esaiohinsiti stuta}akee Theg gprmaﬁ;embrme alilysiantigpépmettiyi es

i nclude s d I|n er | LN AMy) nal di aneter
and a | ené'm1 rg&é’ ﬂﬂezt%fgoet e@%h%] onw ng{ gg %acc Fu nqgtoe%ﬁ%\%ﬁ%'%hnﬁ er, a

wal |t B ckmesd. 'Eh‘e suppont hodies Bam’mwoea qupianpr inzgelar shapsi Althdogh @mfeieocet ed
that the n whi ch
case the oRo S ie8YanFLfunkals Bt Byt hAUR SRR sifupetRRTiib ol 7 1)

f avor abl e €XxeMpRBRMErasddelieyeyfisgess. Pyitableriyppog hedies ape pahstantiedy nal

di amet er molnea,%@ Q&rﬂaeé-ﬁ;rugﬁbnéa %ﬁ@éi)supﬁé'&erﬁbéé bjsté&itd WRosa&8meler is
unsupport ed cattqeﬂésts that the pul verul ent active

e
- conposi ti JrPmy ”%PK/@r%mEhtPreﬁ?réB\Mgg’H?g éﬁ%#?‘?’%’ﬁr\ﬁﬂf 129le SYPRASt to be
cal ci nied adﬁﬂl@rar@arsbIcﬁlirid;érsﬁﬁihdﬁeﬂaﬁbtﬂmyfr@h $do he nehapeadvhoye 3kearpl ying to

haped I Th f. th di o
P oduge ¢ gt SRLY I s THRRTL B onR Sy O ulaR e SR RB b aBP e ot atabi e
vessel , agnveditigr ko sephorif mdiesy teplal, thisknddE-i9\algg ts@@:aﬂvftmeIPtoA 206 ABBglanr EP- A
714 700, 0 @%Bodné?% %Ws%%f\&;thgﬁ}gfe?eﬁw elif Gl vﬁfﬂW?ﬁfvfehtﬂﬂl Havelae appl i ed
g ene r ?

is appropri nol st rne aln afte I catlon, or exanple

by means d¢ngi69 fsom 2 trRen@oan Bﬁgrresdeme @é&@mﬁtw%@%@wmwa&mefegﬁm on

appl i e@ t offigh ’ﬁtbOPﬁ:H Si%ﬁ?»’rt b&diaP Bhidld idtzRbordas®l Wi 8d iehbbhatfehe range
from1l0 to r ef rablgwthlnthe rgﬁﬁllelfromSOto %g‘@mand nor e

pref er abl ququ%rﬁ@pﬁ 9% ShGRPPSIM T80 ™ SdNP5D (B AgRr T suppor t
materi al s 1atematd|emtmrynvmtbbeuppmmatmirthatrtbuenaiasmomum caxdigtieally sdtive con

such a5’ RGRTAe PN B edi R P g RSP EhE B Wbt have.
subst ant i alesiyed mtm{;yhlcmesh(Qfe@%MTt%TQﬂ%e target reaction on which the

proce according to the invention is 5 based. The support bodies can have

a regular or irregular shape, although preference is given to regularly
shaped suppdiimeigbenide aﬁaﬁloﬁ@mﬁlﬁ@nﬁw’f@t esigef derdhe siggritpaseropyigpe toe%éﬁ'ﬁlne
spheres OraRObkE e hEdRTapproprbied Btefalsd!BRApdsitRPEiIot hetfehefaiRpnart v al |y

[Y1a'Yzb'O,x‘]p[Ysc'Y4d'YSe'st'YTQ'Yzh‘Oy‘]q (V)
25
in which the variables are each defined as follows:

Y= only bismuth or bismuth and at least one of the elements tellurium, antlmony, tin
. and copper,
30 Y%= molybdenum or molybdenum and tungsten,
Y® = an alkali metal, thallium and/or samarium,
Y* = an alkaline earth metal, nickel, cobalt, copper, manganese, zing, tin, cadmium
and/or mercury, _ '
Y® = iron or iron and at least one of the elements chromium and cerium,
'35 Y®= phosphorus, arsenic, boron and/or antimony,
Y" = arare earth metal, titanium, zirconium, niobium, tantalum, rhenium, ruthenium,
rhodium, sitver, 'goid, aluminum, gallium, indium, silicon, germanium, lead,
thorium and/or uranium, '



nonpor ous, PE&BT@ce- r oughened spherical supports made of steatite whose
dianeter is from1l1l to 10 mmor to 8 nmm preferably from4 to 5 mm
However, suitable support 10 bodies ar %gf"" so cylinders whose length is from
2 to 10 mm and whose external dianmeter1s from4 to 10 nm In the case of
rings suitgahl eqdf papcgrgdance with the invention as support bodies, the
wal | thickness Is also typically from1l to 4 mm Annular support bodies to
be used wiRF pfF@T'@r%Wé’é),i n accordance with the invention have a |Iength of
from2 to & =mioramiext ernal dianmeter of from4 to 8 mmand a wall thickness
15 of from,1 tflo 20 Support bodies suitable in accordance with the
i nvention Gre FHD SE]IZPiCM ar also rings of geonetry 7 mmx 3 nmx 4 nmm
(extermal dimanedrer Xtd2ngth x internal dianeter). It will be appreciated
that the f]i, ne &ﬁo%et he catal ytically active oxide conpositions to be
applied to the surfacé of the support body is adapted to the desired
coati ng th@'cknes O(tef!S, EP- A 714 700). 20 Multinmetal oxide active.
conposi ti o|qrs=t?)0rp%tgqgg for the step from propylene to acrolein (and also
acrylic acid if appropriate) are also conpositions of the g%eneral formula V
| Y1a' Y2b' CKIYPF YREmers Whird apg tiotegmipse bipjheyvalency apd faquapsycdf tihe/engnisdBl es
are eaph defined ogfertttdl ®9gen ¥dd = only bismuth or bismuth and at | east one
of the elenents telluriu anti man ti.n,.and copper, 30 Y2 = nol ybdenum or
nol ybdenunﬁ”aﬁ'dmfr%ed@f”é‘ﬂ?gb@s"aho gﬁroériw RAI® Wetal, thallium and/or samarium
Y4 = an al kaline earth netal, nickel, cobalt, copper, nmanganese, zinc, tin,
cadm um a : r j o AR _Aat %, f~the. el nts
chr o um iR/ e dmeiohdl Bl oihe cHlcBioohEBSlial Yo o WRCRAETD ° 7
= a rare ed@limiteddion theirilecghenmionientceringig thair different cempesitiemiromiteeit um
rut hen1_51m lochlGirsHertt] AnERhosdhSimamtiibRbgy (i&%e'st SRt limdlbadBngSthidugAN.
germani um lead, thoriumand/or uranium PF 56706 39 a' = from0.01 to 8,
b' = from Ge£eDET sbihe regian ppGRpecEHNgiwo ppints Pp Hif iriage fipterface) of the

region) is from 1 nm to 100 pm, frequently from 10 nm to 500 nm or from 1 ym to 50 or

25 ym. '

20 Péﬁiculariy advantageous inventive muitimetal oxide compositions V are those in which
 Y'is only bismuth.

Among these, preference is given in turn to those of the general formula V1
25  [BiaZ’wOxly [Z%122°Z%sFeeZ’Z%4Z w0yl (v
in which the variablés are each defined as follows:

Z?= molybdenum or molybdenum and tungsten,
30 Z®= nickel and/or cobalt,
Z*= thallium, an alkali metal and/or an alkaline earth metal,
Z° = phosphorus, arsenic, boron, antimony, tin, cerium and/or lead,
Z® = silicon, aluminum, titanium and/or zirconium,
- Z'= copper, silver and/or gold,
35

a" = from0.1to 1,
b" = from0.2t0 2,
C!! :

from 3 to 10,



5 e = fromPEET®0, f' fromOto 6, g fromO to 15, h = from8 to 16,
X'",y" = nunbers which are determ ned by the valency and frequency of the
elenents in 10 V other than oxygen and .p,q = nunbers whose p/q ratio is

fromO0.1 to 10 conprising three-di nensf”loonal regi ons of the chem cal

. conpositio ﬁgz%zv\hl ch are delimted fromtheir |ocal environment
owng tot e| r erefnt conposition fromtheir 15 | ocal environnment, and
whose naxi&rumfmnaﬁé)ﬂétb 5(ﬂ3r@f&j§wfrdl‘nr%&:t0 Bi ne passing through the center of
the regiornp antygpBR§Et i Ng two points on the surface (interface) of the
“region) is froml nmto 100 pm frequently from10 nmto 500 nmor from1
pmto 50 o =Z®Mpmic 38 Particul arly advantageous inventive multinetal oxide
conposig i oirs =Vfrahfi 8 td hose i n which Y is onI y bi smut h. Anpbng t hese,

DS ey Bt o e ﬁ%fbsz%& BrgHa] Beatdiey sl freupieainisie
vari abl es are e\ﬂ@lthe{mﬁarrmdgels fol | ows: = ol ybdenum or nol ybdenum and

tungsten, mTae'?é \%Fﬁéen@n:g/rgﬁozlgﬁ%ﬂ{ @11 tgébprelge?gﬁl +r8m0-§&ofl kali metal

and/ or an al aI I'ne ear PGS SBF Seni ¢ oron, antinony,
tin, ceriumand/or lead, Z6 = silicon, aI um num titani um and/ or

zirco [ T4 1to 1, ‘b":
from 81(}21 tan%l G Eé’rﬂ@tﬁ%ppréfelré*% @gﬂé%@ lgg%éjcomgb%itg)nsvﬁr{\g]ﬁ]‘b@ 02 to 2 o

from 0. 01 %w%(tUV&S@Pé*§'M§1iT§ﬁPqueﬁW)@ f'=from0to5, g =from0 to
10, 5 h" fromO to 1, - -

It is also advantageous when at least 25 mol% (preferably at least 50 mol% and more
preferably at least 100 mol%) of the total proportion of [Y'2Y%Oxl, (IBiaZ”Ox]y) of the

15 muitimetal oxide compositions Y {multimetal oxide compositions VI} suitable in
accordance with the invention is present in the multimetal oxide compositions V
(multimetal oxide compositions VI) suitable in accordance with the invention in the form
of three-dimensional regions of the chemical composition Y',Y2,0, [_Bia»ZZb»Oxn] which
are deiimited from their local environment owing to their different chemical composition

20  from their local environment, and whose maximum diameter is in the range from 1 nm
to 100 pm.

With regard to the shaping, the statements made for the multimetal oxide composition
|V catalysts apply to multimetal oxide compbsition V catalysts.
25
“The preparation of multimetal oxide active compositions V is described, for example, in
EP-A 575897 and also in DE-A 198 55 913.

The inert suppdr’t materials recommended above are also useful, inter alia, as inert
30 materials for the dilution and/or delimitation of the appropriate fixed catalyst beds, or as
a preliminary bed which protects them and/or heats the gas mixture.

It should be mentioned at this point that all catalysts and multimetal oxide compositions
which have been recommended as suitable for the step from propylene to acrolein are
35 in principle also suitable for the partial ammoxidation of propylene 1o acryionitrile.

For the second step (the second reaction stage), the heterogeneously catalyzed gas '
phase partial oxidation of acrolein to-acrylic acid, useful active compositions are, as



X", y" = npres@ewhi ch are determ ned by the val ency and frequency of the
elenments in VI other than oxygen, p",q" = nunbers whose p"/qg" ratio. is
fromO0.1 to 5, preferably fromO0.5 to 2, 10 and very particul ar preference
is given to those conpositions VI in wAilch Z2b' = (tungsten)b' and Z212 =

(ol ybdenum 12 -1t is, al so _advant ageous when at | east 25 nol % ferably at
oast 50 gLt apB A RS St Eom et o e o e i 518 0 Y
propor t i orexamplethaseY@IDEIR] 100(46B028. Z2b" Ox' 1 p) of the 15 nultimetal oxide
conpositions 'V (nultinetal oxide conpositions VI) suitable in accordance

with the invention is present in the nmultinetal oxide conpositions V
(mul ti met & moktituie tbensph SirtekamplethgsesafiREBl @8I 19 28c oanibe ercampdssed by

inventizon 4 f t hr ee- di nensi onal regions of the chem cal
corrposiS?i 5#%@%@@%8@9151? ia Z2b'"' Ox'] which are delimted fromtheir |ocal

environment owing to their different chem cal conposition 20 fromtheir

| ocal environmggd,,v andeuligeecp mum di angpgr is in the range froml nm to
100 pm Wth re,garcfto fhe shap?ng, the statenents made for the nultinetal

oxi de conposition [V catalysts apply to nmultinetal oxide conposition V

cat al yst s.in ¥bichhiee parepRisadré eactofiefiMal taks f@llogls: oxi de active conpositions Vis
d.escri1 ed, for exanple, in EP-A 575 897 and also in DE-A 198 55 913. The
inert 'support materials recommended above are al so useful, inter alia, as
inert 30 ndt=erWallls, TapCriahe’odCEuti on and/ or delimtation of the appropriate

fixed cat alzyst el imnary bed which protects them and/ or
heat s the%k%as CnL1]?x @%%; @‘ﬁsﬂ%@ﬁ?&ﬁbe mentioned at this point that all

cat al yst s Xrrd Shand/erddial oxi de conpositions which have been recommended as

sui tabl e fyar- the & hipe E{kglri‘“mléfa%oy' ene to acrolein are 35 in principle also
suitable fqr the partia anmoxi dati on of propylene to acrylonitrile. For

t he sdond<st &peEr Aere akaite §a8ldT#8I8: st age), the heterogeneously catal yzed
gas - phasecpardii Al Tiapiddatiaon of acrolein to acrylic acid, useful active
conpositions are, as PF 56706 41 already stated, in principle all
mul ti metal oxide conmpositions conprising Mo and V, for ~exanple those of
DE- A 100 46=92&m Atod titude thereof, for exanple those of DE-A 198 15 281,
can be encoupgssed by, 5 the general formula VII M12V8X1bX2CX3dX4eX5f X6A
(M1) in I ch the“varl abl es are each defined as foll ows: '
20 c¢ = from0.5to 18,

d = from 01040,
e = from0Oto2,
f= fromQtod,

- g = from0o40and 7 .

25 'n = anumber which is determined by the valency and frequency of the elements
in VIl otherthan oxygen. '

Embodiments which are preferred in accordance with the invention among the active
multimetal oxides VII are those which are encompassed by the following definitions of
30 the variables of the general formula VI '

X'= W, Nb and/or Cr,
X?= Cu, Ni, Co and/or Fe,
X®= 8b, _

35 X*= Naand/orK,
X®= Ca, Srandfor Ba,
X® = Si, Al and/or Ti,



10 X1 = WPRBG70Ba, O and/or Ce, X2 = Cu, Ni, Co, Fe, M and/or Zn, X3
Bi, X4 = one or nore alkali netals, 15 X5 = one or nore al kali ne

Sh and/ or

earth netals, X6 = Si, A, Ti and/or ﬁé a=fromlto6, b=from0.2to
4

4, 20 c

= from0.5to 18, d = from?O

to 4, g =fromO 4Q and 25 n = a nunber which is determ ned by the
R ARds

val ency arfd - f
Enbodi mentts =wHicghO.arte 2pref erred in accordance with the invention anong the

active

of the elenents in VIl other than oxygen.

ti Wbsqéi&des VI| are those which are enconpassed by the

foll owing definitions of 30 the variables of the general formula VII:

W Nb and/drF dom &2, cu, N, Co and/or Fe,

X3 = Sh, 35 X4 = Na and/or

0O, e=fromOto 2, f =fromO

XI
K1

X5 = Cg, & =an@dootPer, X6 = Si, Al and/or Ti, PF 56706 42 a = from1.5 to

5, b =fram0.5 t =from0.5t0 3, dfromOto 2, 5efromOto

51t0 2
0.2, f = ffrf)mf@”igt‘iﬁéﬁé n = a nunber which is determ ned by the val ency
and frequeney shurhihe vlignedbRrmingd By thotdieicytamarirequygsiof the elements '

10

15

20

25

30

35

in VIl other than oxygen.

However, multimetal oxides VIi which are very particularly preferred in accordance with
the invention are those of the general formula VIl

MoV Yy Y2 Yo Y80 (Vi)
where

Y'= W and/or Nb,
Y?= Cu and/or Nj,
Y® = Ca and/or Sr,
Y8 = Siand/or Al

a = from2to4,

b= from 1to 1.5,

¢ = from1to3,

f= from0fc0.5

g'= from0to8and

n’= anumber which is determined by the valency and frequency of the elements
in VI other than oxygen. | '

The muitimetal oxide active compositions (Vil) which are suitable in accordance with
the invention are obtainabie in a manner known per se, for exampile disclosed in

DE-A 43 35 873 or in EP-A 714 700.

In principle, multimetal oxide active compositions suitable for the "acrolein — acrylic
ar_:id"'parti'al oxidation step, especially those of the general formula Vi, can be prepared

ina simple manner (like the multimetal oxide active compositions suitable for the first

partial oxidation step) by obtaining a very intimate, preferably finely divided dry mixture
having a composition corresponding‘to their stoichiometry from suitable sources of their



10 HoweverPF BBTQ8 netal oxides VII which are very particularly preferred in
accordance with the invention are those of the general fornula VIII

MD12Va' Y1b' Y2c¢' Y5f Y690n, (VIII) 15 wh e Y = Wand/or Nb, Y2 = Cu and/or
Ni, Y5 =Ca and/or Sr, 20 Y6 = Si and/or Al at fron2tod4, b =froml to

1.5 ¢ fél&%ﬂtaf&bn@htugﬁs and cEfcﬁ’mg% Qthﬁlpel%tuTeé BPFFBrQ 359t§6@@ fthe = @ number.

which is determned by the valency a frequency o he el ements in VIII
ot her t harC3iRajEen mag@ewn%wt,eﬁ@gwnd@mr@g QééﬂrVBd%&WaﬁiY%ﬁ%“WhP')e whi ch

Ere sui tab{’oBedem@Q@f(rﬂ&ﬂﬁ@oWnbh gaébﬁd bmmylam aceurelRt airgdilking i n a nanner
nown per I N

f 5973 714 700.
In princi p%@,osﬂt%ﬁrr? ?ﬁé{ag%m%? Fﬂ’éu%ge {P@p‘&?ﬁﬁBQ r??“c?ﬁ? *Shiad g{'ﬁrba% ig% Iﬁl’?
"acrol & n cof mathapk iand/dbaaoleti’ onthe teducing gaded mnttmwnhemsqimsl alfey t hose of

the gener aéal&r?%i'ngtl éan beSfrah %? WhARRES atﬁ%ﬁqﬁ& gﬁ({i}@/p@ ?écrééée@m he

mul ti met al € active conp 05| I ons sui artia
oxi dat i on tempplatiyg. ’d&ﬂfah atwr@Saﬁorvtbe glemenitargorstitysnés @'r’fmwltmaﬁﬁlwld@ vi ded dry

m xture h@éﬁ\/é‘%fﬁp@?ﬁﬁ@s\m1h9|Dd&9{ors@%Bﬁlﬂgnruﬁ& v@ﬁ?cl'f hel eﬂre%&;%ﬁﬁ'ésoé‘f?&lgry from

sui tabl e sources o ement constituents and cal cining
it at tenplEPsa ernerROUDHS Whigh casderconpeitrd tomrides by herting pbisastdy thse carri ed out

ei t her{gindstesdriterdr o@@enOr under an oxidative at nosphere,” for exanple air
(m xture of inert gas and oxygen), -and also under a reducing atnosphere
(for exanple mixtures of inert gas and reduci ng gases such as H2, NH3, 5
CO, met hanknesstdrtiog campolredsrioothe tpheparatthnadf nguligastelsoxdentangrosfiohsigireahves) .

The  cal cinati;anel ke Aad S, bl 930 Ak S Il 8% el if B T Re Bin
ypically ecreas errpera ar €. ef Ut “sources rthe erenent al
const i t uentasnsungs ererapipropriately usnd idéhe fomiof Enely divided powder and subjrdtedie t hose
compoufls hisedh; @e @’teﬁ"ﬂﬁﬁ@&n&’ﬁf é{ﬁ ;f’rl%‘é’é %mﬁg BRRE HORERGURL R WHeGE oRRR PE

converted to oxi heat | ng, east the 10 presence of o>?ygen.
to intimate mtxmg in wet form.

This is typically done by mixing the starting compounds with one another in the form of
an aqueous solution and/or suspension. Particularly intimate dry mixtures are obtained
20 In the‘mixing process described when the starting materials are exclusively sources of
. the elemental constituents in dissolved form. The solvent used is preferably water.
Subsequently, the aqueous composition obtained is dried, and the drying process is
preferably effected by spray-drying the aqueous mixture at exit temperatures of from
100 to 150°C, | '
25
The resulting multimetal'oxide compositions, especially those of the general formula
VIl, may be used for the acrolein oxidation either in powder form or shaped to certain
catalyst geometries, and the shaping may be effected before or after the final
calcination. For exampie, unsupported catalysts can be prepared from the powder form
30 of the active composition or its uncalcined precursor composition by compacting to the
desired catalyst geometry (for example by tableting or extruding), if appropriate with the
addition of assistants, for example graphite or stearic acid as lubricants and/or shaplng
ass:stants and relnforcmg agents such as microfibers of glass, asbestos, silicon
carbide or potassium titanate. Examples of suitable unsupported catalyst geometries
35  are solid cylinders or hollow cylinders having an external diameter and a length of from
' 2 to 10 mm. In the case of the hollow cylinders, a wall thickness of from 1to 3mmis
appropr:ate It will be appreciated that the unsupported catalyst may also have
spherlcal geometry, in which case the spherical diameter rnay be from 2 to 10 mm (e.g.



The st ar t ipFgs87@8pounds for the prepar at| on of multinmetal oxide conpositions
VII can be intimately mxed in dry or in wet form Wen they are mxed in
dry form the starting conpounds are ggpropriately used in the form of
finely divided powder and subjected 15%to calcining after m xing and, if
appropri ak% co tion. However, preference is given to intinmate m Xing
in wet form i r&/pi cally done by m xing the starting conpounds with
one another in the formof an aqueous sol ution and/or suspension.

Parti cul anwubatahaﬁuatéymaﬁhé UK/Eiicdh el git;o?re hé“pﬁi{?é?uféhf‘b GuigboCess

descri bed en the start ngq terials are ex u5|ve sour ces
el enent al cempesifienywhics ig et it Be eaigieed £ Also tﬁéhaiaﬁd/@h@pmﬁ@gﬁq @eﬁw@@ér abl y

vater. 5 S%%?ﬁéﬁi‘ﬁ%tlsﬁppér{%eTﬁélH% owra)éwpbmad@m@pﬂéssrétﬁeeéate@ and the
drying process is preferabl ected b t he a ueous m xture

ef
at " exit t@ﬁff?@fsé&'aﬂsgeraﬂv perianed fpa ﬁw’fam)ye’fatg@e)?ﬁ%%?( @§Lﬂ'§9‘%ﬁ l'tinetal

oxi de conMeR&inbieOBy DESS RE0R&E7H yER AOZS 869 drivy IFeaeral7obornula VII, may be
used for the acrolein oxidation either in powder form or. shaped to certain

catal yst geonetries, and the shaping may be effected before or after the
final caIT@iamatihersupE@'t bediestheepowdes epmpositoh odicadprdied iscaprdpeiapalyepared from

the pauder SOLTAODL o8 BGhHE: SYTBARILID AN HIRRI S hoed, Higeur Sor

conpositi o or exanpl e by
t abl eti ng coatlwthtc&masgjf tha povesp copppsitien anrtiad thide sageer b@iv laf assi stants,

for exanplg,ARaly @idtedShifih tHe r%ﬁé&'fr@rﬁ o481t bé@Pﬁﬁ pﬂé?&/aﬁlﬂz mﬁt'ﬂﬁﬂh@gange

assi stants and reinforcing agents such as mcrof|bers ass, asbestos,
silicon cdiPp %tooﬁiooﬁﬁf‘é@@mﬂﬁ? prafeARly avithindaapangs ferm 4o | Oaf*f)'ifctb'-”[]'nsupported
catal yst geonetries 35 are solid cylinders or hollow cylinders having an
external djapeter and a.length of from 2 to t he case of the
ol T onBey UL Gooch iaiaf Ak riieraby Potqus ar fofordlb At i pRdes st
Wil be apioxes tioadmtdiadtide, heoanﬂsmﬂmrﬁbesihmtcmlr&ﬁé onsijcatdssauchasge spheri cal
geonetry, mm (e. g.
D heron” MAbrESlLiaR o A ABRCSR e SIS nde R VIR Rckr b, U L e
active coipilarisbapo mlth@@meﬁﬁeensvbemlvm soeoslerly sitapedowippordhodiks baving yet
to be cal ¢idRg RGeS oﬁgPP%]SWQ%B¥SEH§Je¥'OPHO|W BIiRSHERRH o lapert catalyst
e coa

supports. The coatin e support

es to
catal ¥8ts SU§a*a@ﬁ@P%9r? bodirsy Iﬂ@w%whsﬁwa@wﬁ@rww a#rgacatmghﬂé@geﬁphea@al
di scl osedgy ;.%rts RAGTEH Steatify/ m%sé\d%w%@@r @%m BB Ror3S 8 i, PerdeBhh 714

700. T t bodi . t |1 ed
appr op(r)i g? M]OGS %%)Rr? rt.)the;r \(r)volrdesssmtable ﬁ:}%erlcal geonqgglse!s rr%a?ﬂwave d?ametgrps ed is

8. 2 mm or 5.1 mm. However, suitable support bodies also include cylinders whose
length is from 2 to 10 mm and whose external diameter is from 4 to 10 mm. In the case

25  of rings as support bodies, the wall thickness is also typically from 1 to 4 mm. Annular
support bodies fo be used with preference have a length of from 2 to 6 mm, an external
diameter of from 4 to 8 mm and a wall thickness of from 1 to 2 mm. Suitable support
bodies are also in particular rings of geometry 7 mm x 3 mm x 4 mm (external diameter
x ength x internal diameter). It will be appreciated that the fineness of the catalytically

30 active oxide compositions to be applied to the surface of the support body is adapted fo
the desired coating thickness (cf. EP-A 714 700).

- Favorable multimetal oxide active compositions to be used for the “acrolein — acrylic
acid" step are also compositions of the general formuia IX
35 - o

[DLtEy (IX)

in which the variables are each defined as follows:



10 noi st erki56706 i s dri ed again after application, for exanple by neans of
hot air. The coating thickness of the powder conposition applied to the
support body is appropriately selected within the range from 10 to 1000
pm preferably within the range from50 to 500 pm and nore preferably
within the range from 150 to 250 pm 15 Useful support materials are -
customary porous. or nonporous al um num oxi des, silicon dioxide, thorium
di oxi de, ~ ZPr cohi unVdiNxZHe& B Ei.Z3rf ¢@rbi de or ‘silicates such as magnesi um
silicate of alum ngrp@d’h‘,l 'i,_ga,ge. The support bodi es nay have a regul ar or
- irregular shape, althou reference is given to regul arly shaped support
“"bodi es hawv ng = di st¥: At Taurt ardorlefighness, for exanpl e spheres or hol | ow
cylinders xith:grityl gyeo, F@MSdhd/abke support bodies include substantially
nonpor ous, _ssur f ace-Eou:ngeﬁfnd, spheri.cal supports made of steatite, whose
di ameter i% from 159898 R or to 8 nm preferably from4 to 5 mm In
ot her wor dg', sui tabi, BasihRb, Cadngecietri es may have dianeters of 8.2 nmor
51 mm Ho%fgeve_[, syi t abl t bodi es also include cylinders whose
length is from2 tomglgah%%n%&%a()se external dianmeter is from4 to 10 mm
In the cas® 25 of Bi,AgFiasdisudport bodies, the wall thickness is also
typic y Jmom 1 t - dar I I 0 be used with
pr ef e?’edncei have a W’gh\é\{’nﬁ'{)\@%g&ﬁ{%' ?%POEQBI %g%@t\g? nal dianeter of from4
‘to 8 M and a wal | thickness of from1l to 2 mm Suitable support bodies
are also ig pattigrnan t6BngS of geometry 7 mmx 3 nmx 4 nm (external
di aneter X Iemngtg X internal dianeter). It wll be appreciated that the
fineness & tHe c f°<5”9{}it8§lﬂly 30 active oxide conpositions to be applied to -
the surface of=thdraswppees, body is adapted to the desired coating
t hi ck S é;,cf . EP-ﬁ_Aé 76§O %@0). Favorabl e multimetal oxide active
conpositionhs to be Use r the "acrolein -> acrylic acid" step are al so
conposi ti oafs of tHemeneRal fornula IX 35 [DIp[Elg (I X) in which the
vari abl es @are ._eacr}rd;i@git(glgd as follows: PF 56706 45 D = -
MD12VcZ1b™NZ2c™Z3d. Z4e 5rZ6gOx, E = Z' 12CuhH0y, Z' = W Nb, Ta, O and/or
Ce, 5 z2 =9'cu,=Ni ,framp0 10, "M and/or zn, Z3 = Sb and/or Bi, Za = Li, Na,
K, Rb, Cs wnd/r Hom4{%30M), Ca, Sr and/or Be,
20 T© = from 0 to 20 and
XY= numbers which are determined by the valency and frequency of the
elements in IX other than oxygen and

pg = nhumbers other than zero whose p/q ratio is from 160:1 to 1:1,
25 and which are obtainable by separately preforming a multimetal oxide composition E
ZTQCUh"Hi"OY' ) (E)

in finely divided form (startihg composition 1) and subsequently incorporating the

30  preformed solid starting composition 1 into an aqueous Solution, an agueous
suspension or into a finely divided dry mixture of sources of the elements Mo, V, 2", Z?,
Z% 7%, Z°, Z® which comprises the abovementioned elements in the stoichiometry D

MOV Z w220 2oy 24 2% 25 (D)
35 ' ' ) ‘
(starﬁng composition 2) in the desired p:q ratio, drying the aqueous mixture which may
result, and calcining the resulting dry precursor composition before or after drying at '
: témperatures of from 250 to 600°C fo give the desired catalyst geometry.



76 = Si, ApFs@roeand/or Zr, 10 Z = Mo, W V, Nbo and/or Ta, preferably M
and/or W a" :from1t08 b" = from0.2to 5, <¢" =from0 to 23, 15 d"

:fromOto 50, e" from0t02 f' fromOto 5 ¢g" =fromO to 50,
h" = from4 to 30, 20 i" = fromO0 to Z&Gand X", Y' = nunbers which are

determ ned b he .v er than
oxygen and eééncel ﬁg%ﬁ'ié’%\t%%!{l %ﬁvg’gg%g&%\/\%%%gmﬁk% |E§tﬂle2p Hégﬁqleqm: lto

1:1, 25 ans;bimlmetrﬂmmcrcennﬂsﬂanriabIr@ovtppraietp)aﬂ@areBguqnt@ﬁmmgﬁqmpwﬂom&ﬁitaal
oxi de Co”pt‘éﬁiffeké?&gl:of <Zrolé<;utae¢aue@aescﬁ on d)frﬂhé bu%%'abétngh\ﬁ{’ %ﬁ.n{e@mscﬁgt artI ng

conposition subsequent | ncor porating 30 eformed _solid
starting CWFTW% catalyﬁESds a@nfa@a@derse@mmu%ﬁp %ﬁﬁ%&%(ﬂ% s on or

into a4 inpEw fhvislest drsLANorgr@3ndTRIACES Wfeddhe el enents M, V, Z1, Z2,
Z3 Za Z5, Zswhich corrprl ses the abovenentioned elenents in the

stoi chionmetry D Mb12VaZlb"Z20, Z3d"Z4e" Z5r , Z69' (D) 35 (starting
corrpOSI ti OWitR redand td”@edaspm@dh@smtsfnaénteamadeycbrnlge rhvtincegalexide comglositien whi ch

o at tor dryeRgvaE ephibaifal SR rlkeBky REEEHER"! o G Ve 1 he desi 1o

.catal yst geonetry. PF 56706 46 Preference |s g| ven to the mJIti met al oxi de

conposyd i of |tdr?éta{| Bxu\ﬁ’@'cﬁﬂ% e\fsgewm&?;l%rJMamﬁﬁ’% %Pﬂ%“‘a‘%l%ﬂ? icl 1S

I ncor por ate I nto ous start I on a terrper ure of <
70C. A detagiq' é@%@@@ﬁ ﬁP%Ofd?E't%@sp i &@mmllwﬂﬂawngﬂﬂuhf@ﬁ%tﬁl A egrotive

conposi ti ogy osﬁ@h@bﬁ’ﬁb?ehéra?%@ibﬂ%ﬂthlsf@cuﬁéﬁ@' e, in EP-A 668 104, DE-A
197 36 105, DE- A 100 46 928, DE-A 197 40 493 and DE-A 195 28 646. Wth

regard to the shaping, the statenents nmade for the nultinmetal oxide
conposi t i ofdvavitdgecasdial unstsparieg|catalyat rivdd arerisad fnthelstep daposopylens 10X

cat al y% S C}glfaﬁja;ﬁtd cggéa%lqa?%ysg?ngsafto? h& sttgp ¥r\/8m a@rcﬁe:ﬁt géryﬁcaanc% ngly suitab l €

for the "ac

The process according to the invention, from propyiene to acrolein (and also acrylic
acid if appropriate), may be carried out with the catalysts described, for example, in a
one-zone mulitipie-cataiyst tube fixed bed reactor, as described by DE-A 4 431 957. In

20  this case, gas mixture.2 and heat carrier (heat exchange medium), viewed over the
reactor, may be conducted in cocurrent or in countercurrent. '

The reaction pressure is typically in the range from 1 to 3 bar and the total hourly space
velocity on the fixed catalyst bed with (starting) reaction gas mixture 2 is preferably

25  from 1500 to 4000 or 6000 | (STP/l*h or more. The propyiene ioading (the propylene
hourly space velocity on the fixed catalyst bed) is typically from 90 to 200 | (STP)/I*h or
to 300 | (STP)/I+h or more. Propylene loadings above 120, or 130, or 135 | (STP)/l;h or
=140 | (STP)/I*h, or =150 | (STP)/I*h, or =160 | (STP)/l«h are particularly preferred in
accordance with the invention, since high propylene hourly space velocities cause

30 increased hotspots and thus increased partial oxidation of the C, HC (all of the
aforementioned applies irrespectively of the specific selection of the fixed bed reactor).

" The fiow to the ons-zone multiple catalyst tube fixed bed reactor of the charge g'as
mixture is preferably from above. The heat exchange medium used is appropriately a
35 salt melt, preferably consisting of 60% by weight of potassium nitrate (KN03) and 40%
by weight of sodium nitrite (NaNO;)}, or of 53% by weight' of potassium nitrate (KNO3),
40% by weight of sodium nifrite (NaNOé) and 7% by weight of sodium nitrate (NaNO3).



aci d" steprpgros so those of DE-A 198 15 281, especially having nul tinetal
oxi de active . conpositions of the general fornula | of this docunent.
Advant ageously, unsupported catalyst rings are used for the step from
propyl ene to 15 acrolein and coated c4lal yst rings for the step from

acrolein tq acr acid, The pr CCOr nven from
propyl Iene \?8 ?g}ﬁ?é?%ré{a&f% £ "g% a ﬁiafqd?sglggeh ﬁ‘fj f%a&b%g?? Yﬁ'ﬂ%‘}re%ﬁy é%
carried ouiomdud:tladehimrarat:@dwnehsordesomritbredr;’rerﬁto’fh@xahrpble;tselfns arefenablyzone

t d by DE-A 4 431 957.
Irrﬁl Zl)plt ﬁl g&bgg%@& ﬁé‘%%ah@é?@g rp%% EB“checgar??l Qﬁﬁéisggt eichange medi unm) ,
viewed over the reactor, may be conducted.in cocurrent or in

count er Ur\NﬁQﬁ theﬁtb%/troqe&t:é@@sﬂnses%lgrﬂ%m t%pttUBbtﬁ‘ﬁ||Ms'af3prto|ﬂﬁat'e%ﬂﬁartgé%@ 1to.3
bar and the total hourl locity the fixed cat aly béed th
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6000 | ( STBp)the @hargBlsBquetite iPamYbeAsly F@eieay (the propyl ene hourly space
velocity on the fixed catalyst bed) is typically from90 to 200 | (STP)/I-h
or to 3001 (STP)/1-h or nore. Propyl ene |oadi ngs above 120, or 130, or 135
| (STP)/ 1h- or  first, 1c48 lehg{rSFMjolt #Q taoB0 orib@O0bs ¢ atalyst tabe engBOelthdrSHR) /1-h
are p i cul ar r t nce hlgh
propyﬁreoﬁle hour‘%é{a'gpac% rf‘/gﬁ’ééc?f?azéé%g ﬂam%w&renal ﬁl'% '%%888% ﬂzénd t hus

i ncreased par tingturexingising op agiropdnéorGdy welglitdflupd® 2B%d3y \&élghtdﬁecﬁloﬂcﬁm
applies irrespectively of the specific selecti on of the fixed bed reactor).
The flow to the one-zone nmultiple catal yst tube xed bed reactor of the

charge gas i %l@wiag ifys, g afiengih Piram shiape peto 4’9’(& Oﬁ@ﬁttOté%éh%@é hredi um used
i's appropriat eéimeaoﬁﬁ caftllylst 64 hixtire S eétarybyamﬁem fiiatdnl, Ohe BESP, lbﬁse\!@b@ ht of
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nitrite (NaNO2B);and 7% by wei ght of sodiumnitrate (NaNCB) PF 56706 47
Vi ewed over the reactor, as already stated, salt nelt and reaction gas

m xture 2 may be conducted either in cocurrent or in countercurrent. The
salt nelt 4t sefifallydogrlengh abirgm 16dma0%tadhd iotad tubedentshi abedelinet around t he |

catal yst t Ubesmaén%‘%@cﬂo'ﬂ@\ f\rbr@c‘,’H i (brér@l%b@%%@cYe?itsurcH it'c%ugésoﬂér?%n{a‘ﬂ

botto:a IS approprlatetocarget catal yst tubes wth catalyst from
bottord% o top RESTWEIEERRs (for the flowfrom bottomto top, the charge
sequence i s appropriately reversed) - first, to a length of from40 to 80

or to 60% f the cat engt h, ei t her only 10 catal yst or a
m xture of ‘?,CQP% §tpr%ﬂpégfyr‘r’é‘ﬁﬁei Gdterial, the latter, based on the mixture,

maki ng up a proportion by wei ght of up to 20% by wei ght (section C); -

ol 101Gy SerchSbrfloh e kP4 o sy Whoior b 958 4E cblbfeleoball tue

25  are those according to Exampie 1 of DE-A 100 46 957 or according to Example 3 of
DE-A 100 46 957 and the inert material used is steatite rings having the geometry
7 mm X 7 mm x 4 mm (external diameter x height x internal diameter). With regard to
the salt bath temperature, the statements of DE-A 4 431 957 apply.

30 However, the inventive partial oxidation, from propylene {o acroiein {and a.crylic acid if
appropriate) may also be carried out with the catalysts described, for example, in a
two-zone multiple catalyst tube fixed bed reactor, as described by DE-A 199 10 506 or
EP-A 11 06 598. In both of the above-described cases (and also quite generally in the
process according to the invention), the propene conversion achieved in single pass is

- 35 normally at values of > 90 mol%, or > 95 mol%, and the selecti\}ity of acrolein formation
at values of > 90 mol%. Advantageously in accordance with the invention, the inventive
- partial oxidation of propene to acrolein or acrylic acid or a mixture thereof is carried out
as described in EP-A 1159244 and most preferably as described in WO 04/085363 and



.either onl|BF 66108 yst or a m xture of catalyst and inert material, the
| atter, based on 15 the mxture, making up a proportion by weight of up to
40% by wei ght (section B); and - flnal4l to alength of from10 to 20% of
the total tube length, a bed of inert fat eri al (section A) which is

pr ef er abl Yin Wb%ﬁ#o%g3§%’%}cé{g@flth the S%Eegﬁ ?\ﬂa\f‘ﬁ{ey st %t'%ac%ﬁ EEmpding LQEQ |ps

Section Ci's prefera ted or emen e vari ant
especi al | yis apprveptiveagas mme 2hie negticdlaysalswerkieg exaep@rs@f ﬂl@cﬁg@' emedtericthg to
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and the inert material used is steatite rlng havi ng eometr
nm x 4 nm e 2e8Itheickarge aps Q‘"ﬁ@iegﬁﬁpeﬁ‘aﬂ)ﬁ FH@Q%YHPFM%? detwle% rta'éard to

the salg baddriepBepaticligly proRretiahanrBrixem ?farPE A 4 431 957 apply. 30
However, the inventive partial oxidation, from propylene to acrolein (and

acrylic acid if appropriate) may al so be carried out with the catal ysts
descri bed, Trfeocﬂooenmtﬂ ER-A 1153244 WS OZBIN@8 53688 tahe MeO 041085962 artewbesitiercedo bed

react or, 10 506 or EP-A 11 06 598. In both of the
%gﬁ?eg'égigrt?ﬁﬁ%d&s r e%t

above- descti quite generally in the process according
to the invention), the propene conversion achieved in.single pass is 35 '

normal{y ak Pve%&beoserﬁéo&rnaﬁt by &Ftnvg p%ﬁlarrei.?/(a AN gFJébg glt@ﬁéaore.& Yor Of

acrolein formation at val ues o vant I n accordance
with the iapdistacisior @ mixtuiiBeaier(ie a pasessaccedingde ﬁlzﬁfnmntlsﬂ dpwhiehgssacr ol ei n

or acryli cmafiire 264 c@umbﬁéwveréh%@@étalgﬁ HeRWHORE aetilfe coAspodRiBR id Madadtn EP- A
1159244 and m)Stlm@;giferabl as descri and, PF. 56706 48
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m xture used is an inventive gas nmixture 2. In particular, all working

i e e R S

m xture, espéeilally with the gas mxtures 2 detailed in this 5 docunent as

particular] yé:%i\}gh% ﬁlﬁg%%g.ge émste rﬁbn adtgg W&rﬁtu@oﬁeﬂ%é%&é VO

04/ 085363 an are n5| ere e an integral part of this
document . 10 Z8np P @rtempaiabsdimdstragge fem 299%%%@% partial oxidation of

propyl ene 1 o {RE fiddeddialyRbed: eeﬁéfétg er acik gkt tR6 saaﬂwéwcesm@ﬁmfcéteﬂyé bREOCess
according to the i %/\Aefgtlon in i s conducted over a

fixed <t al ys@”%’%&h %@ea?é’??'%a%f%bg’gi‘%%ﬁ f'?‘%d aﬁta'ly%fa%qd ZOPRECHE t i et al
oxi de conpri subgahfietly ebestentahdVicredsnq e pRipriateiyt shatdhg ipflowidiectionaif gdb - t he

fZIO>I’(lgg cat al ysntl xttej?edz P th%rtrra%gf’aglq fr'orrr]1 c;[n\mﬁxgg %tafa?yls{ Yod’ go%%efﬁtcsnla\ﬁ%ther = ature
: catalyst bed zone, |
- temperature zone A extends up to a conversion of propene of from 40 {o 80 mol%,
25 - the propene conversion in single pass of gas mixture 2 through the entire fixed
catalyst bed is =90 mol% and the selectivity of acrolein formation based on
converted propene is 290 mol%,
- the fime sequence in which gas mixture 2 flows through temperature zones A, B
corresponds to the alphabetic sequence of the temperature zones,
30 - the hourly space velocity on the fixed catalyst bed of propene present in starting
reaction gas mixture 2 is =90 | (STP) of propene/| of fixed catalyst bed » h, and
- the difference T™* - T™*€ formed from the highest temperature T™** that gas
mixture 2 has within temperature zone A and the highest temperature T™® that
. - gas mixture 2 has within temperature zone B is =0°C,
35 .
and wherein, preferably, in addition, the transition from temperature zone A into
‘temperature zone B in the fixed catalyst bed does not coincide with a transition from
one fixed catalyst bed zone into another fixed catalyst bed zone.



A, B, - bopk56Te6 tenperature of tenperature zone A and the tenperature of
tenperature zone B are a tenperature-in the range from290 to 380C, - the
fixed catal yst bed consists of at |east two spatially successive fixed
catal yst bed 20 zones, the vol une- spe(ﬁgfl c activity within one fixed

tal yst ' bst anti al |
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transiti orpa‘!'rm)‘rtmeldecdrhmﬂdam:taalaw inghe Bether omesé ntmtsadmument ihitheedescoptial yst
bed f
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m xture 2 through the entire fixed catalyst bed is > 90 nol % and the

sel ectiy/i tyndlocBhd SleBiftreQialB i 2Rut18R8E pala &@M%ﬁfﬂr@g%s@@abr@lm% mol %
- the ti e sequence I n whi ch gas m xture [ows th ntBer ature zones
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the hour | ydespas®], VtleRamble, P bmezdriexaditisiatoatanst tbedixed bod pReRe a@r esent in

starting reacti e is >90 | opene/ | xed

catal yor sisrorined BER AT i pldnea oniges, bR P RAGe PRSI Ehe hi ghest
t enper at urearilerecah’ betdaaducged;mmomtmuer& vigweaover theiraadienpregertenalethe pnedugt and t he
hi ghesf, te t. re zone B
s 2000 | SERTRBAIE & QTR i SoBh it BRSO

t enper at ur@lrmmfeebﬂcwnﬂuotedta@rspem &t awmommh@aﬂten!mietrn@dlatemdhr@a(tm ey beed does
not coi nci Wt f into '
anot her fl(gge galﬁ% cftcggﬁsé fBPéQa 63%2&3%% ur ﬁﬁd‘ﬁé tal &f?gf% this
procedur e wim?usée%dﬁra qomwr@@me@eztomﬁ efcqng! raﬁctmtséaﬁeale ifathe of this
docunent, aheenlpeftidl Bxibidwonf ur t her course of this docunent in the
description of the particularly preferred two-stage partial oxidation of
propylenhe to acrylic acid. 5 The second step in the case of a two-stage
parti al oXireatmblenulaf omerpyécﬁdred tay tiee sedoad Biep, theeacrdlbie paet=l babiaton, dedyi on of

acr ol i {9361 X e 8L fhoa TR £8RAEH Ot o WD HS 2R BUUSLR spdescr 1 bed.

for exanp a’"one reactor as
descri bed aarolSe- belowavemlt 849 alsprbet dtided rpeatytqrcﬁﬁ!ystragféf torteaprodoet ggas mi xt ur e

and heat ,ﬁ&mwmg%g &9@9&;&3@.3 .QPF@%B%%%% w@famf@@&nrdsg@tor

general , roduct i nventi | ene
parti &0 ox@lﬁémt HAY ﬁ@oé@ eled invég form ofpure exyges Bef @@ﬁ@fﬁé%@%ﬁ% @h (if
appr opr i at gygéh)elresp@VEREAINIRosRRtd, B EHdihS gaPMiRe of such a partial

oxidation of acrolein to acrylic acid advantageously has the following contents:

from 4.5 to 8% by volume of acrolein,

25 from 2.25 or 4.5 10 9% by volume of  molecular oxygen,
from 6 to 30% by volume of - propane, |
from 32 to 72% by volume of molecular nitrogen,'
from 5 o 15% by volume or up
to 30% by volume of steam.

30 | | '

The aforementioned charge gas mixture preferably has the foliowing contents:
from 5.5 1o 8% by volume of acrolein,
from 2.75 or 5.5 to 9% by volume of  molecular oxygen,
35 from 10 to 25% by volume of propane, |

from 40 to 70% by volume of molecular nitrogen,
from 5 to 15% by volume of steam,



ef f ect ed PRGBSt |y or directly by, for exarrpl e, secondary air addition)

thereof), i.e. wthout secondary conponent renoval, into the second -
reaction stage, i.e. into the acrolei % partial oxidation. 15 The nol ecul ar
oxygen required for the second step, t 8 acrolein partial oxidation, may

o eady berll SSar SR AL o Gl N AL NG BiARN S8RuR 121

oxi dati on C el n. ully
directly to the product gas mxture of the first reaction stage (this is

preferably effected inde g 89mB,AolrfesONAAr YakrAlin Fhrbserdl oMY @l BHbLPE
effected in the formof pure oxygen or of m xtures of inert gas or

oxygen). lrrespective of the procedure, the d’ﬁ&'f"{j‘éx gas m xture of such a
partials oxidation of fpf9bebtc 8% Bofatirhs ofCintbi@siarggaousl y has the

foll owi ng contents: from 4 E%éq) %%b vol.ume of acrol g%n gS f‘[ﬂ?@@‘fj or
4.5 to 9% by vol ume of9¥bi R #%p 5%9%‘5}?,01: f r GRYRENESPHEIIRHY D) o
propane, from32 to 72% by vol une of nol ecul &y wlumedgen, from5 to 15% by
vol une or up to 30% by vo ste 30 af or i oned charge gas
m xture preferably haﬁroﬁégﬁ?ﬁ%mﬁgggﬂoeﬁfent :Oqe? rl%rﬂ?tgfda%to 8% by vol une of
acrolein, from 2.75 orfro Bte 63B%ybylumsd ofne ofsigash.ecul ar oxygen, 35 from 10
to 25%4y vol ume of propane, from40 to 70% by vol unme of nol ecul ar

nitrogen, from5 to 15% by vol une of steam PF 56706 50 The -

af or ement i tba eEfeRed HaoeRarmying indepenrstent'y plegnsr ansther niad adrantagaousiv heing
contents: rehiRMshnbitin8dpdly vol ume of acrolein (preferably from6 to 7% by
volunme), 5 from3 or 6 to 9% by vol une of nol ecul ar oxygen, from 10 to 20%
"by volune of propane.(preferably from10 to 16% by volune), fromb50 to 65%-
by vol une |pk fomter adlaitagddus dgesforenfontdned dnardeashitixiobdwrerofhesheiamatid O

15V, of molecular oxygen present in the charge gas mixture to acrolein present in the
charge gas mixture is =0.5 and <2, advantageously =1 and <1.75, particularly
advantageously =1 and <1.5 and most advantageously =1 and <1.25.

it is further advantageous for aforementioned charge gas mixtures when the molar ratio

20 Vs of propane present in the charge gas mixture to acrolein therein is from 1 to 4, with
preference from 1.5 to 3.5, more preferably from 1.5 to 3 and most preferably from 1.5
or2to2.5,

As in the first reaction stage, the reaction pressure in the second reaction stage too is
25 typically in the range from 1 to 3 bar and the fotal hourly space velocity on the fixed
. catalyst bed with charge gas mixture is preferably from 1500 to 4000 or '
6000 | (STP)/i-h or more. The acrolein loading (the acrolein hourly space veiocity on
the fixed catalysf bed) is typically from 90 to 190 [ (STP)/I*h, or to 290 [ (STP)/I*h or
 more. Acrolein loadings above 110, or 120, or 130, or 135 | (STP)I+h, or
30 =1401(STP)i*h, or =150 | (STPYI+h, or =160 | (STP)/I*h are particularly preferred,
since increased hotspots cause an increased inventive C, HC outlet.

The acrolein conversion based on single pass of the charge gas mixture through the
fixed catalyst bed is appropriately normally 220 mol% and the accompanying
35 selectivity of acrylic acid formation =90 mol%. '

The flow o the one-zone multiple catalyst tube fixed bed reactor of the charge gas
. mixture is likewise preferably from above. The heat exchange medium used in the



t he preferpPedeT@ges appl yi ng i ndependently of one another, but

advant ageously being realized sinultaneously. It is further advantageous
for aforenentioned charge gas nixtureSéghen the nolar ratio 15 V4 of

- mol ecul ar oxygen present in the charge*gas m xture to acrolein present in

h h '
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acrolein ein’is er ence from1l nor e

pr ef er abl yby weiahtiof sogiymanitatg (NalOs) pV@M@F’aﬁB’P&thﬁﬁ 8RRt 85 abbpady $fa3e9. St As in
the first memahd elﬁlargé ggemp&uh\e A c&iauetreeeﬁhéﬁnlcecarmt §ﬁiﬁ%dntreﬁﬁfﬁﬂehpn
stagetoomﬁé i/{t)(f %%iﬁg the range from1l to 3 bar and%é t}al
hourl'y spatl® Al Bl isplids Pisfrrably pereductes i |a/aeandsdngmanne Py sca Wure is
pr ef er abl ytube®m 1500 to 4000 or 6000 | (STP)/lh or nore. The acrolein

| oading (the acrolein hourly space velocity on the fixed catalyst bed) is

typically from90 to 190 I (STP)/Ilh, or to 290 | (STP)/lh or = nore.
Acrol ei n | When thgsflaabiowbe tatlysidubd2ie froor top30 potbem 1iBE BppSPRaiElth change3dils > 140

| (STPI | Moy 3Oyt SR ol borTio1G0 b iSTE) /0 are particulary

preferred, nce 1 ncrease po S cauSé an I ncreased inventive C2 HC
outlet. The acrol ein conversion based on single pass of the charge gas

m xture througfyst, lﬂ?a lefngihe& fet 80 Y580 Bee 7S, %Hé%@ﬁag@fl%b&é?@fﬁ@thé’r 07115490 mol %
and the accorrpga%l ng 35 sel ecélwt% of acrylic aﬁ] mat ron > 90 nol %

The flow to thEPBNLY STBXIME Pf Gty &nd ineet ?T@Se' elateroRpefORdh®r of the
- charge gas i mixuire, makihd &pw;&eacpf@fweblbm cﬁfruprtbebwefwa bm (segtfonex¢change

medi u sed |n t he .PF.56706.5 at el sal t
mel t, eferab Wre@gﬁ% |t%?|7‘?ﬂ§ﬂ‘b%rf é’ﬁﬁ] P L@Pi%& [th )%/e ( KNOB)
and 40% by wei gaitlystfor sadixume of ctartalyet abﬂlarid(ﬁ@hateoal thfe 158800 !bma}sed\mnget of

pot assium ni trat umlﬂlrh\l%ﬁb% QW% tH%b%'r P'téﬁo%%%éhta”d 7%

by wei ght of so over the reactor al ready
stated, salt. 5(Sﬁ‘§fllct” Bhan¢har ge gas mxture may be conducted either in

cocurrent or Irha¢|9qataaéﬁg4ﬁ oBRbm 5t$b;eox§@ﬂthe PRAtubd @ﬁ%tﬁ b $eBbeheR 3Rt¥al
condué ed in a neand erligg’f manner he cat al tubes. VWhen the fl ow

to theftat al ystSeFiffes) WiCh ISaHeleEp vt%#%q D that 1f uaeeﬁawmpﬁeéswﬁarge
the 10 catal ygioptubes with catalyst frombottomto top as follows: -
first; to alength of from50 to 80 or to 70% of the catal yst tube | ength,
ei t her only

Section C is preferably undiluted. As is quite generally the case for the

heterogeneously catalyzed gas phase partial oxidation of acrolein to acryEic'acid
.25  (especially at high acrolein loadings on the fixed catalyst bed and high steam contents
of the charge ‘gas mixture), section B may also consist of two successive catalyst
dilutions (for the purpose of minimizing hotspot temperature and hotspot temperature
sensitivity). From bottom fo top, first with up to 20% by weight of inert material and
subsequently with from > 20% by weight to 50 or to 40% by weight of inert material.
30  Section C is then preferably undituted. '

For flow to the catalyst tubes from bottom to top, the catalyst tube charge is
appropriately reversed. '

35  The aforementioned charge variant is especxal!y appropriate when the catalysts used
are those accordlng to preparation example 5 of DE-A 100 46 928 or those according
“to DE-A 198 15 281 and the inert material used is steatite rings having the geometry
7 mm x 7' mm x4 mm or 7 mm x 7 mm x 3 mm (in each case external diameter x



~catal yst oPF&emdsxture of catalyst and inert material, the latter, based on
the mxture, making up a proportion by weight of up to 20% by wei ght.
(section C); 15 - thereafter, to a length of from20 to 40% of the total
tube length, either only catal yst or Zni xture of catal yst and inert

material, th Iatter bas t he ur tion by
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the case for the heterogeneously catalyzed gas phase partial oxidation of
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i nert materlal used Is steatite rings having the geanetry 4
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Phat CTTL sedtlel enmeliorgpuserebly SoBp b tog ot et ehplabrB RS e it "

nol % or >p@é muddAam pxygedQorrim it foln bbavmieure dfhmiqmra‘roxygermcmwd(ﬁn ihbe parti al
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catal ysts t'Wo- e ca ube
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conver si orbesten@eq 3PS 1 Sresam M fﬁe%@lnYétw% RPireirdtN8aGBR %’Ldg’é whi ch an

acrolein partial oxidation as described above is carried out as the second
stage%ﬂ‘ a two-stage propyl ene oxidation-10 to acrylic acid in a two-zone

mul tiple qata&hmsgtagwmhéuomdu@eﬂf ﬂr@@ﬁér@to aTcl‘Wc abiavg® st fufthet ueeoffiy t he
acrolein parh! @badkiddl dha¥is! i 8PBIRBYL: Fo%a%on?é’%ﬁérgg%edééc%%é eplf USiNg
' the partial oxidation, two one-zone multipie catalyst tube fixed bed reactors (at high
reactant hourly space velocity on the catalyst bed, as is qulte generally the case,
25 - preference is given to cocurrent mode between reaction gas and salt bath (heat c:arner)

viewed over the tube bundte reactor) or two two-zone mulliple catalyst tube fixed bed

reactors will generally be connected in series. A mixed series connection (one-

zoneftwo-zone or vice versa) is aiso possible.

30  Between the reactors may be disposed‘ an intermediate cooler which may if appropriate
comprise inert beds which can perform a filter function. The salt bath temperat-ure of
multiple catalyst tube reactors for the first step of the two-stage partial oxidation of
propylene to acrylic acid is generally from 300 to 400°C. The salt bath temperature of
multiplé catalyst tube reactors for the second step of the partial oxidation of propylene

35 to acryiic acid, the partial oxidation of acrolein to acrylic acid, is usually from 200 to

| 350°C. In addition, the heat exchange media (preferably salt melts) are normally
conducted through the relevant muttiple catalyst tube fixed bed reactors in such
amounts that the difference between their input and their output temperature is



t he produmeF gegem xture of the partial oxidation directed to the first step

(if appropriate after indirect or direct (for exanple by supplying

secondary air) internmediate cooling thereof) (as has already been

descri bed above). The oxygen required fB8r the acrolein 15 partial oxidation
is preferabl d or m, of a RL LAl Isomth form of

~pure ol eclil” é;a?l >§e}d gnﬁ%ppe#ytrﬂ%ntpgeﬁ]bgé sleRy gfth%)ag'ﬁ %PUP&P“’&X@&Sn and

an inert tgasyliaacd nfayralexesjpireementde th ahier reettoyoven onbehprgedascdesyabedr xture

of the fi rﬁpoEsAq&% ste two-stage partial oxidation (propylene -.
acrol ei n) , It may also, as already described, already be present

~in the gas mixture for the first reaction st age. 20 in a two-stage parti al
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product gas m xture of first step ariial oxidatign to charge

t he second RSeRbenss— Q%‘é‘e‘ﬁdrmiﬂe‘Pe BW%HQM Qﬂﬁ'e Qaﬁéreéﬁéa AR SNt eat al yst
tube fixedydpdlokigagdrors (at high reactant hourly space velocity on the
catal yst bed, as is quite generally the case, 25 preference is given to
cocurrent rmde bet ween reaction gas and salt bath (heat carrier) viewed
over the ttmeisbamdk@dyetme@ra)gasrwm'wommpnseemrea!enulariomy@mmcaieyminstaﬂme fixed

connect] ortt e profleF Rt 8y Pt S8y s teniel AL &k % e
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salt bath tenperature o e c yst eactors tor the first
step of t HEORXRNSstoRAGEIHR ane/ar a%ﬁ(i"%j%ﬁ'@ .on of propylene to acrylic acid is
generally from 300 to 400C. The salt bath tenperature of nultiple catalyst

tube reactors for the second ep of the parti al |dat|on of | ene 35
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i nput and ashbe prapytepatsoursaperature is PF 56706 53 generally < 5C. As
al ready nentioned, both steps of the partial oxidation of propyl ene to
acrylic acid may also be inmpl emented in one reactor over one charge, as

descridsed OYEﬁa'DE tbel bundpe rezgtor Withingwhishoiie catalst chasgprehanasa earmmaatehyai n

that a poré]d:r@theﬂncﬁ}\%d%étb%ﬁugeé Rth E@rﬁplfehdiﬁéf tﬁéﬂﬁt rdachsrPB¥b htwo-
acrol ein®) may be oxidation cycle gas (resid com ng fromthe

partial 0x3'28s PERYICAGPEtRlOXidgEOnRg Ipabgipdle fRRcE 3F%199g'a L W'iueéﬁme’@nBY i ses
ol ecul ar ERIEINDEEESE, IFPOARIONS 388 L BP-A 979 813, EP-A 990 636 and DE-A 28 30 765)

forms the simplest implementation form of the two oxidation stages for the two steps of
25 the partial oxidation from propylene to acrylic acid. If appropriate, the charge of the
catalyst tubes with catalyst is interrupted by an inert material bed.

However, preference is given to implem.enting the two oxidation stages in the form of
two tube bundle systems connected in series. These may be disposed in one reactor,

30 in which case the transition from one tube bundle to the other tube bundle is formed by
a bed of inert material which is not accommodated in the catalyst fube (and is
appropriately accessible on foot). While the catalyst tubes are generally flowed around
by a heat carrier, this does not reach an inert bed accommodated as described above.
Advantageously, the two cétaiyst tube bundles are therefore accommodated in spatially

35 separate reactors. In gene,fal,_an intermediate cooler is disposed between the two tube
bundle reactors in order to reduce any acrolein postconﬁbustion proceeding in the
product gas mixture'which leaves the first reaction stage. The reaction temperature in
the first reaction stage (propyiene — acrolein) is generally from 300 {o 450°C,



10 the tar@eésépdtoduct renoval (acrolein and/or acrylic acid renoval) from
the product gas mxture of the partial oxidation and may be recycled
partly as inert diluent gas into the arge for the first and/or if
appropriate second step of the partial “Oxidation of propylene to acrolein
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charge of the catalyst tubes with catalyst is interrupted by an inert
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is approprjately accessible on foo e the ¢ taI t ubes
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- is ge[lﬁe ally from200 to 370C Y%uent ¥ rom 2 The reaction
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space vel oabmgtlyodlomgmpyezmﬁen wegrdinate. Dfomlrﬁe,dt s@o28ibiedn o8& 6mandiment ef 1
(STP)/1h. an inventive two-stage partial oxidation of propylene to acrylic acid in the form of two

25  oxidation sfages connected in series to partly or fully remove carbon oxide and steam
which have formed as a by-product in the first oxidation stage and are present in the
product gas mixture leaving the first oxidation stage from said product gas mixture, if
reguired, before it is passed on into the second oxidation stage. According to the
invention, a procedure which does not provide for such a removal will preferably be

30 selected. |

Useful sources for an intermediate oxygen feed carried out between the two oxidation

stages are, as already stated, in addition to air (preferred), either pure molecular

oxygen or molecular oxygen diluted with inert gés such as CO,, CO, noble gases, N;
35 and/or saturated hydrocarbons. N

In the process according to the invention, metering of, for exampile, cQId air to product
gas mixture of the first reaction stage (propene — acrolein) can also bring about



" the el enme

In princi Beseigae two oxidation stages in the process according to the
invention may be 10 configured as described, for exanple, in DE-A 198 37
517, DE-A 199 10 506, DE-A 199 10 508 and DE-A 198 37 519. In both reaction
stages, an excess of nol ecul ar oxygen B8l ative to the anobunt required in
accordance with the reaction stoichiometry generally has an advant ageous
ef f ect on co9ing tharerf Ped dEectgpute Refofit i3 l&?ﬂ&&“"g‘f&élsﬁrfé@éﬂtg%l}’fﬂfa|c 8¥€dat i on.
I n princi pagmikiurd f@rﬂies‘géc@m;sféabﬂl@ dtegd.eal i ze the inventive het erogeneousl y
catal yzed gas phase partial oxidation of propylene to acrylic'acid in a
si ngl e one-zone tube bundle reactor as follows. Both reaction steps
proceed i rhdvastagaouwsht in .ncmrelamneonitmﬂhbch'lwehﬁorzﬁwa:ﬂrmﬁzgj@didmmmofmwolein toor e
catal ysts 0 [ conpri ses
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of , for exagwe.04s5d7ahafe fegarde0ad ah intégral parkdithie doturhlg, first reaction
stage (propene --* acrolein) can also bring about PF 56706 55 cooling
thereof by a direct route before it is used further as a constituent of a
charge gas othextvards, ﬂwerin\telmévespmﬁaidaxrdeﬁm ofoacrslitiade acridiy agidl ageously in
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preference,is gl ¥efpiav 1 @fsfy dance with the invention to using, as the
char ge gas Qture conprising acrolein, a charge gas mxture (this may in

particul ar be t he product gas m xture of an inventive
In other words, a particularly preferred embodiment of the inventive partiai oxidation of

acrolein to acrylic acid is a process according to the invention in which the charge gas

25 mixture comprising acrolein is conducted over a fixed catalyst bed whose active
composition is at least one multimetal oxide comprising the elements Mo and V, with
the proviso that

- the fixed catalyst bed is arranged in two spatially successive temperature zones
30 C, b,
- both the temperature of temperature zone C and the temperature of temperature
zone D are a femperature in the range from 230 to 320°C,
- the fixed catalyst bed consists of at least two spatially successive fixed catalyst bed
zones, the volume-specific activity within one fixed catalyst bed zone being
35 ' substanﬁally constant and increasing (appropriately sharply) in flow direction of
charge gas mixture comprising acrolein at the transition from one fixed catalyst bed
zone into another fixed catalyst bed zone, | _
- temperature zone C extends up to a conversion of'a'crol-éin of from 45 o 85 mol%,



first-stagerpgrdg al oxi dation of propylene to acrolein), which has if
appropriate .been 10 supplenented with sufficient secondary air that the
rati o of nol ecul ar oxygen to acrolein in the resulting charge gas m xture
is in each case from0.5to 1.5. In péﬁtlcul ar, all vvork| ng exarrpl es of
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Such a preferred two-stage partial oxidation of propylene to acrylic acid may
advantageously be carried out as described in EP-A 1159248 and in WO 04/085367,
but with the difference that the starting reaction gas mixture used for the first oxidation

25  stage (propylene to acrolein) is an inventive gas mixture 2 (in particular also in the
wbrking examples of EP-A 1159248 and of WO 04/085367; both documents form an
integral part of this document).

However, it will more preferably be carried out according to WO 04/085369 which is an

30 integral part of this document, but with the difference that the starting reaction gas-
mixture used for the first oxidation stage (propylene to acrolein) is an inventive gas
mixture 2 (in particular also in the working examples of WO 04/085369).

In other words, an inventive gas mixture 2 will first be conducted in a first reaction
35  stage over a fixed catalyst bed 1 whose active composition is at least one multimetal

ox_ide comprising the elements Mo, Fe and Bi, with the proviso that

- fixed catalyst bed 1 is arranged in two spatially successive temperature zones



- the hourPR58pfce velocity on fixed catalyst bed of acrolein present in
charge gas mxture is > 701 (STP) of acrolein/l of fixed catalyst bed h,
and - the difference Tmaxc - TmaxD forned fromthe hi ghest tenperature
TmaXC that charge 10 gas m xture conprising acrolein has within
tenperature 70 C and the highest tenperature TmaXD that charge gas -
m xture has wWithin tenperature zone D, is >0C and wherein, preferably, in
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reduced if appropriate by cooling and if appropriate. molecutar oxygen and/or inert gas,
preferably air if appropriate, will be added to the product gas mixture, and it will

25 subsequently be conducted, as a charge gas mixture which comprises acrolein,

molecular oxygen and at least one inert gas and comprises the molecular oxygen and
the acrolein in a molar 0,:C3H.0 ratio of =0.5, in a second reaction stage over a fixed
catalyst bed 2 whose active composition is at least one multimetal oxide comprising the
elements Mo and V, with the proviso that '

30
- fixed catalyst bed 2 is arranged in two spatially successive temperature zones
C, D, ' '
- both the temperature of temperature zone C and the temperature of temperature
zone D are a temperature in the range from 230 to 320°C,
35 - fixed catalyst bed 2 consists of at least two spatially successive fixed catalyst bed

zones, the volume-specific activity within one fixed catalyst bed zone being
substantially-constant and increasing (appropriately sharply) in flow direction of
charge gas mixture at the transition from one fixed catalyst bed zone into another



cat al yst DRitI56H6e, - tenperature zone A extends up to a conversion of
propene of from40 to 80 nol% 10 - the propene conversion in single pass
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singl eZOp a5 ﬁe Bfortlgn %% fgeg cata tuéeed é.?éoos‘é ﬁwreeter?wgerature zone when the
process according to the invention is being performed, but in the absence of a chemical
reaction. When this temperature is not constant within the t_emp'erature zone, the term
temperature of a temperature zone refers to the (numerical} mean of the temperature
of the fixed catalyst bed along the reaction zone. It is essential in this context that the
25 individual temperature zones are heated substantially independent of one another,

- Since both the heterogeneously catalyzed partial gas phase oxidation of propene to
acrolein and the heterogeneously catalyzed partial gas phase oxidation of acrolein to
acrylic acid is a markedly exothermic reaction, the temperature of the reaction gas

30  mixtures in reactive pass through fixed catalyst bed 1 and fixed catalyst bed 2
respectively are generally different from the temperature of a temperature zone. They
~are normally above the temperature of the temperature zone and generally pass
through a maximum (hotspot maximum) or decline starting from a maximum value
within a temperature zone. |
- 35
In general, the difference TmaA _ T §n the process according to the invention will not
be more than 80°C. According to the invention, T™* — T™® is preferably =3°C and
<70°C. With very particular preference, T"®* — T™2 in the process according to the
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- The propene hourly space velocity on fixed catalyst bed 1 in the process described
25  may therefore be, for example, =90 | (STP)/I*h and <300 | (STP)/I*h, or
21101 (STPYI*h and <280 | (STPY/I*h or =130 | '(STP)/I-h and =260 | (STP)/I*h, or
=150 | (STP)/I*h and <240 ] (STP)/I*h, or 2170 | (STP)/I*h and <220 (STP)/I*h, or
=190 | (STP)/I*h and =200 I(STP)/Ih.

30  According to the invention, temperature zone A preferably extends up to a propene
conversion of from 50 to 70 mol% or from 60 to 70 mol%.

In general, the difference T™ - TP in the process according to the invention will not
be more than 75°C. According to the invention, T™ — T™* is preferably >3°C and

35  <60°C. Most preferably, 7™ — T™C in the process according to the invention is
>5°C and <40°C.

When the process according o the invention is being performed in the case of .



When the pPlo&686 according to the invention is being performed in the case
of - relatively low (> 901 (STP)/Ih and 5160 | (STP)/1h) propene hourly
space velocities on 5 fixed catalyst 3‘3 the Tma' - TnmaxB differences
required according to the invention ar norrrally attai ned when, firstly,
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< 45C, or Z?: 10C and :_40C, or > 15C and :-30C or : _35C (e.g. 20C or
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exanple, > 90 | STF(?,EA and 300 /1 STP)Y/1h and 5280

TP
| (STP) /1 V&N ilfs P BYPRIFILLR G re@ %%‘%On(egﬁw "P?]‘e@Pef WR @G [¢4C8b) / | h
and 5240 |zc8TPyvelih theorange 13/ A30(ISBRDIC AndiTig- T55220°C aGSERDCor BE°C >_190 |

(STR) 4 ang, 5200 (ST} 30,460k 19 L-Ehg, Lagaatfon, temper ature

zone Apre nds” Up t0 a propene conVersr on "of from 50 to 70 nol %
or from60 to 70 nol % In general, the difference Tnmaxc - Tmaxo in the

process acgy QBd?/Q sieﬁer%@ g;éfamg'trﬁ’é‘r"“ b tr%r%era@?e Hﬁé%ngé@r’ég gy a %COV ding to
the invention, Tnaxc - re era
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and 540C. el 3obes @r@@mﬁ&ea@&@émrry@ré@rré@%ng@&ﬂbmot@ Jgetmg perforned in
t he ca%e of PF 56706 60 relatively low (>70°1 (STP)/1-h and <_150 |

(STP)/4*h) acrolein hourly space velocities on fixed catalyst bed 2, the :
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<300 | (STP)/I*h, or =110 1 (STP)ish and <280 | (STP)/l*h or =130 | (STP)/lh and
- <2601 (STP)/I*h, or =150 | (STP)I*h and <240 | (STP)/I*h, or >1 70 1 (STP)/i*h and
25 <2201 (STP)/I h, or >190 I (STP)/I*h and < _200 | (STP)/I+h.

According to the invention, temperature zone C preferably extends up to an acrolein
conversion of from 50 to 85 mol% or from 60 to 85 mo!%.

30 The working pressure in both reaction stages of the process according to the invention
may be either below standard pressure (e.g. down to 0.5 bar) or above standard |
pressure. Typically, the working pressure in both reaction stages of the process
according to the invention will be at values of from 1 to 5 bar, frequently from 1 {o 3 bar.

35 Nermatly, the reaction pressure wili not excess 100 bar in either of the two reaction
stages. |

L n general, the propene conversion of fixed catalyst bed 1 based on single pass in the



't enper at urRF 88706eacti on zone D are in the range from 230 to 320C and,
secondly, the 5 difference between the tenperature of reaction zone D (TD)
and the tenmperature of reaction zone %(Tc), i.e., TD - Tc, is <0C and
>-20C or >-10C or < 0C and >-5C, or f équently <0C and >_-3C. Wen the
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mol % or from60 to 85 nol % 30 The working pressure in both reaction stages
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i nventi on andlfiegbentteveal 2B8%molfs brrmmel to 5 bar, frequently from1l to 3 bar.
35 Normally, the reaction pressure will not excess 100 bar in either of the
two reaction stages. In general, the propene conversion of fixed catalyst.
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0,
ol % =88 mol%, often at =90 mol%, or =93 mol%.

It should also be mentioned that an inventive partial oxidation and/or ammoxidation
25 may be carried out in such a way that a reaction gas mixture which does not comprise
any oxygen is initially passed over the catalyst charge. In this case, the oxygen
required for the partial oxidation is provided in the form of latice oxygen. In a
subsequent regeneration step with a gas comprising oXygen (for example air, oxygen-
enriched air or oxygen-depleted air), the fixed Cétalyst bed is regenerated in order
30 subsequently in turn to be available for an oxygen-free reaction gas mixture, efc..

Quite generally, the catalyst beds are selected in the inventive partial oxidation and/for
ammoxidation in such a way (for example by dilution with inert material} that the
température difference between the hot spot maximum of the reaction gas mixiure in-
35 the individual reaction zones and the pafticular temperature of the reaction zone
~ -generally does not exceed 80°C. Usually,'this.temperature difference is <70°C,
| frequently from 20 to 70°C. Moreover, the catalyst beds are selected for safety reasons
in the manner known to those skilled in the art in such a way (for example by dilution
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ace velocit a catal yst bed
cat al y2| ngcoadera,saa@m and/gk agsormgioninte waéeé@f iMhagpoup §0|HHQI€’r%9c Db erivah t he

anount of gi@AGIHCe theyate hBNShRERbEphhEEDLS a particularly marked inventive C,
outlet. in the case of acrylic acid and/or acrolein as the target product, suitable
25  absorbents are, for example, water, agueous solutions of lower carboxylic acids, and
also hydrophobic organic solvents such as mixtures of diphenyl and diphenyl ether
(e.g. Diphyl®) or mixtures of Diphyl (from 75 to 99.9% by weight) and dimethyl
- phthalate (from 0.1 to 25% by weight). in the case of acrylic acid, the product gas
mixture comprising the target product P (gas mixture 3) will preferably be fractionally
30 condensed. For example, the basic removal (especially in fhe case of acrylic acid) can
be effected as described in the following documents (cf., for example, EP-A 13 88 533,
EP-A 13 88 532, DE-A 102 35 847, EP-A 792 867, WO 98/01415, EP-A 10 15 411, EP-
A 10 15 410, WO 99/50219, WO 00/53560, WO 02/09839, DE-A 102 35 847,
WO 03/041833, DE-A 102 23 058, DE-A 102 43 625, DE-A 103 36 386, EP-A 854 129,
35 US-A 4317 926, DE-A 198 37 520, DE-A 196 06 877, DE-A 190 50 1325,
DE-A 102 47 240, DE-A 197 40 253, EP-A 695 736, EP-A 982 287, EP-A 10 41 062,
EP-A 1171 46, DE-A 43 08 087, DE-A 43 35 172, DE-A 44 36 243, DE-A 199 24 532,
DE-A 103 32 758 and DE-A 199 24 533). An acrylic acid removal may also be



| (STP); tRESG®M&Ne in liters that the correspondi ng anount of reaction gas
woul d take up under standard conditions (0OC, 1 bar)) which is conducted

through one liter of - catal yst bed per t%our. The hourly space velocity may
correspondi ngly al so be based only on 0ne constituent the reaction gas. 10
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basic removal step, since they are general I'y acconpanied by a particularly

mar ked inventive C2 outlet. In the case of acrylic acid and/or acrolein as
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m xture conpri sing ure pre erably be.
fractional @@C@Bﬁﬁﬂ‘éﬁééhasq:or exanpl e, the basic renoval (especially in
t he case of acryl ic acid) can be effected as described in the foll ow ng
docunent s for exa EP-A 13 88 533, EP-A 13 88 532, DE-A 102 35
847, EP-A @éh%GVPrd?\/\B‘ea n?ﬂﬂ@i%’ucﬁlﬁnwvﬁbn fre brpgesspscoglinggio fiae lpyentiofids

99/ 50219, MRohPahi3EHH a2 M AR! HS8I% ke Aefdd. 35 847, WO 03/041833, DE-A 102
23 05 DE- A 102 43 625, DE-A 103 36 386, EP-A 854 129, 35 US-A 4 317 926,
DE-A I 37 520, DE-A 196 06 877, DE-A 190 50 1325, DE-A 102 47 240, DE-A
197 40 253ForERampi 8 is73ssibiEPeyAstap@ng 8/th aERr AitibQed n@6Rby tHERoteIf 71 46,
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63 . condensed phase comprising the at least one target product P. If approprlate
rectification may be effected subsequently in addition to this removal or exclusively.
25
A common feature of the above separating processes is that a residual gas stream
which comprises substantially those constituents of the product gas mixture (of gas
mixture 3) whose boiling point at standard pressure (1 bar) is <-30°C (i.e. the
constituents which are difficult to condense or else vOIatiie) normally remains, for
30 = example, at the top of the particular separating column, for example, which comprises
separating internals and in whose lower section the product gas mixture comprising the
at least one target product is fed, normaily after preceding direct and/or indirect cooling
thereof.

35 Inthe lower section of the separating column_,‘the iess volatile constituents of the
product gas mixture, including the particular at least one target product P and the
secondary components similarly volatile to the target product P, are normally obtained
in the condensed phase.



undert akenPB§68&scri bed in EP- A 982 287, EP-A 982 289, DE-A 103 36 386,
DE- A 101 15 277, DE-A 196 06 .877, DE-A 197 40 252, DE-A 196 27 847, EP-A
920 408, EP-A 10 68 174, EP-A 10 66 23%, EP-A 10 66 240, WD 00/53560, WO
00153561, DE-A 100 53 086 and EP-A 982 588 Preference is given to renoving
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phase. combined with the main residual gas to give an overall residual gas, into the propane
dehydrogenation and/or propane 'oxydehydrogenétion which serves as a propylene
source. However, it is also possible to separately utilize such further residual gases.
25 _
The preferably full recycling of the remaining overall residual gas thus allows
‘continuous conversion of propane to acrylic acid and/or acrolein or to the other target
products P in continuous operation. '

30 In this context, it is essential that the recycling described into the dehydrogenation
which serves as a propylene source makes it possible to achieve therein a conversion
of propane to propylene with virtually one hundred percent selectivity.

The advantageousness of such a procedure exists both at low (530 mol%} and at high
35 {230 mol%) dehydrogenation conversions (based on single pass of freshly prepuriﬁed
propane through the dehydrogenation). Generally, it is favorable in the case of such
recycling of oxidation cycle gas when the hydrogen content in the starting reaction gas
mixture is in an at least stoichiometric ratio (based on oxygen combustion to water) to



PF 56706 6RF 56786 r esi dual gas constituents are primarily propane, any .

.. propyl ene which has not been converted in the partial oxidation, nolecular

oxygen and ot her.inert diluent gases V\gsch are frequently also used in the
partial oxidation, for exanple nitrogen~-and carbon dioxi de. Depending on
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reaction mixture to the desired dehydrogenation temperature by partiél combustion of
the propane in the first reaction step. '
25
The aforementioned cyc[e gas method can be employed correspondingly when the
partial oxidation is a partial ammoxidation of propylene to acrylonitrile or a partial
oxidation of propylene to propylene axide. It can even be employed correspondingly
when propane is replaced by isobutane in the dehydrogenation and the resulting -
30 isobutene is partially oxidized in a corresponding manner in a partial oxidation to
methacrolein and/or methacrylic acid.

It should also be emphasized once again here that acrylic acid is basically removed
from a product gas mixture comprising acrylic acid as the target product and (gas
35 mixture 3) obtained in accordance with the invention preferably in such a way that the |
product gas mixture which has been cooled beforehand if appropriate by direct and/or
indirect cooling is fractionaily condensed, ascending (for example into it_self), ina
© column comprising se.p'arat‘i'ng internals with side draw removal of crude acrylic acid,
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Otherwise, the profile of requirements laid down in DE-A 102 45 585, and'in
DE-A 102 46 119 also applies to the process according to the invention.
25
- Examples

A) ‘Rectificative preremoval of crude propane

30 The rectification column has an internal diameter of 50 mm and coi‘n’prises 40
bubble-cap trays (with one bubble-cap each) arranged equidistantly. The
distance between two directly adjacent trays is 50 mm. The rectification column
including the bubble-cap trays is manufactured from stainless steel. Externally,
the rectification column is heat-insulated with a shell made of Armaflex®

35 thickness 25 mm. The column bottom is heated by means of a natural-circulation
evaporator (Robert evaporator) to which hot water of temperature 85°C is
supplied as the heat carrier. The crude propane is fed into the rectification
column at the seventesnth bubble—c_ap tray from the bottom.



indirect cBBOBPMP is fractionally condensed, ascending (for exanple into
itself), in a colum conprising separating internals with side draw
renoval of crude acrylic acid, PF 5670 6 and/or. absorbed by neans of
wat er and/ or aqueous sol ution, as . described by way of exanple in WO
2004/ 035514 an@hggﬁ@e%gﬁﬁégggsﬂﬁn%WQMHggoﬁgmglic acid withdrawn is
subsequent|ly preferably subjected to a suspension crystallization and the
acrylic acid suspension crystals which are forned are preferably renoved
fromremaining nother- 5 |iquor by nmeans of a wash col um. Advantageously,
the wash liquid used is the ”Eb%y%& aq&ylic afid crgstals whi ch have been
renoved beforehand in the wash”&8IYMF9 Eur t nét REPE™®t he wash col um is
preferably one having forced toda%omrweight t he ofpsepead, bed. It is nore

preferably a hydraulic (for ex ) NO wash: ol or a nmechanical .
wash colum. For specific det a?:agke?)ﬁg; escri %W%H of "WD 01/ 77056, WO 10

03/ 041832 and WO 03/ 041833 may3B8% ki weigkld. | of sohetenswor ds, preference is

~given to recycling nother |iqgg@pyy ghighemai Rgefahe the fractional .
condensation (cf. also EP-A 10 15 410). The secondary conponent outlet is

nornal Iy bel ow the side draw of® PR® RyMRIEt acoypthylegifddas a purge stream
15 Usitig only one crystallizat o®Bpsttaafsightt | of tiibusergossi bl e to obtain-
acrylic acid having a purity of > 99.8% by wei ght which is outstandingly
suitable for producing superabsorbents based on poly-Na acrylate. It
shoul d al so beBesmharspopdnd prabertnits CabCaohiegeisdl.640% by weaht.i veé procedure i s
in principle that, at all points in this docunent, including the working
exanples which foll ow, wherever catalyst charges diluted with 20 inert

mat eri al are débeniumber clitFavetioabpjaies ethove the feet peisiperifi Hiee owmbensit s can

al so bg used %@iét'ﬁ%té@ﬁel&@?hé%@@géﬁ@is'@”gth- Q herwi se, the profile of
own |

requirements laid n DE-A 102 45 585, and in DE-A 102 46 119 al so

applies to the 'pr'oc_ess according to the invention. 25 Exanples A)
Rectificative Phetelpvwdpaot isfdde tHy rep@ratictcdilan iregh binbaatidf 800 ®g/hupm has

an internal diameter of 5 and, ¢ ri ses 40 _.hupbl e-cap trays i th one
bubbl o cap each® APIUEE dGoRaRd: G atreo 15 S baRresrt s M eot Ly
adj acent t r aysrdastid@Ocoiomn Phenazes tf & itfrattle devicel Thenbotioncleugierejurelie 72Ubbl e- cap
trays 45 manuf t.al . . V. tification
col urméc?s heat glﬁn%tfog? é'ffgvg\;" r§ tg%adg srﬁ@ﬁIOﬂrpgequuﬁﬁ S%j;?d 1Jéj’x1(or ?érgﬁh% ﬁ)l%ckness 25
mm The col ummpiessireif i4s0hieait Bk top temaeratune issd 1igt Abave ibidast bubblegap

tray (viewed from below), a cooling coil is installed into the rectification column. -

Cooling water of temperature 20°C is fed to it. Via a chimney tray, 0.82 kg/h of

prepurified propane are conducted in liquid form out of the rectification column

25 with a temperature of 40°C at the top of the rectification column.

The prepurified propane has the following contents:

99.20% by weight of propane,
30 : 0.10% by weight of propene,
' 9 ppm by weight of n-butane,
600 ppm by weight  of iscbutane,
0.63% by weight " of ethane,
91 ppm by weight  of ethylene and
35 _ -1 ppm by weight of 1-butene.

Based on propane present, its C; HC content is 0.644% by weight. 0.53 kg/h of
the prepurified propane withdrawn in liquid form is recycled at a temperature of



evapor at orPE R8H& t . evaporator) to which hot water of tenperature 85C is
supplied as the heat carrier. The crude propane is fed into the
rectification columm at the seventeently bubble-cap tray fromthe bottom :
PF 56706 67 The crude propane has the Tollow ng contents: 95% by wei ght of

propane, 5 0. 2184 Welald LRr REYY] - but ene,
3. 28% by wei g_h%&g‘%yrseo u?ﬂ%}%fﬁth%u@@%;t%gﬁf{&g%/chﬁﬁsgﬂtg?%@éﬂppm by wei ght
of ethylene and- 10 96 ppm by wei ght of 1-butene. Based on propane present,
its C2 HC contprim the dBIUe4OB6thin, Wel Odh of BoormditRed arfwitHiesnetdrtialiomiat es
above the feed, poi ﬂ{ffjﬁ 10. Trge nunber- of 15 theoretical plates below the
feed point is $D25HE BIYYRI FPUPAFe is fed to the rectification colum in an
amount ®»f 300 kg/h. It has a pressure of 18 bar and a tenperature. of 16C.
It is deconpressed into the r +,qn col um . ns.of a throttle device.
The bottom tenperature is 72C ggaéé’%é’%%grﬁom yggggﬂaﬁe’(upper limt of the -
| i qui d phase) of 14.10 bar. Th#8.8b% bypwragidur e of fi-blthn@1l bar. The top
tenperature iis 41 C. Above the@,%g% wgéﬁ-ca& s g?{e(vi ewed from below), a
he' rectifi i°0R ¢

cooling coil is installed into the ‘icatio ol um. Cool i ng water of
tenperature 20C is fed to it. Z0%hpRMENiwaEYy t chpropen®antg/ h of prepurified

propanf are conducted in I'i qui @189 ) Weipnof t e 1ibeedief i cation col utm - 25
with a tenperature of 40C at the top of 'the rectification colum. The

prepurified propane has the followi ng contents: 99.20% by wei ght of
‘propane, 30 Oinld8doyid weiti§bitionfcopmapandesclbepm b-Aei ghisgffurtheébut ane, - 600

b i ght of i sobut 0..63% b ' t h by. wei ght of
rhyl one and  Seok B0 e et iaieted b he BhuGht R JP5 BRER gl 0™ 7
C2 HC content 0fghe attavehtionadicgimposiforb® alsgy dutstbndingdie spitabirias & cefdepiropane
withdrapn in | Lagd & Baditic hGGuekBtndt a tenperature of

B) Two-stage paftiai oxidation of propane to acrylic acid in the presence of C, HC

l. The charge gas mixture for the first fixed bed reactor had the following contents:

20 ,
% by vol.
nitrogen 46.69
oxygen 11.84
propane 32.53
25 propene 6.81
ethane 007
n-butane _ 0.08
isobutane 0.12
n-butene 0.05
30 isobutene 013
hydrogen 0.07
carbon dioxide 0.61
water o 1.00
7 ethylene 0.00
35 _ - carbon monoxide - 0.00-

This was used fo charge the first fixed bed reactor at 2128 | (STPYish and at an
~ inlet pressure of 2.1 bar. '



PF 56706 6BF 58006 as ref | ux liquid to the uppernost tray of t he

rectification colum. Fromthe columm bottom 15.9 g/h of bottons liquid
are wi thdrawn continuously. It has theegfol | owi ng contents:” 5 61. 00% by
wei-.ght of isobutane, 18.81 % by wei ght"“of n-butane 19.98% by wei ght of

propane, 269 ppm dpt wel Oy r%BctBF Bpﬁ{éestéﬁ‘gf gl oJci%oa/?lé}Vof‘Qﬁé gh%mé 1-but ene.

In a second rectification colum as described in DE-A further
prepurified propar{@rquﬁnﬁbtoraéﬁ%%@d fromthe bottons |i qU| d.  The bottons
liquid of the aforenentioned conmposition is also outstand| ngl y. suitable as

a cofeed in a 15 cracker f par ffinic hydr carb B) Two-stage partial
oxi dati on of pﬁSﬁ%ﬁ?'}peﬁ? chusg idin ﬁ%&"ﬂf@%ﬁ BI8F cz HC 1. The charge
gas mxdure for the first fixed bed reaci3% bhagightef pathéshwn nigrabgnt ents: 20

% by vol. nitrogen 46.69 oxygen 11.84 ‘?Ldf} %ﬁq‘%&hi%%fé%.%gng@g%ﬂge 6. 81

ethane 0.07 n-butane 0.08 isobutane O. Sobut ene 0. 13
hydrogen 0.07 carbon dioxide 0.61 wat ef%Dyoighéohgodiure ndrat® 35. car bon
nonoxi de 0.00 This was used to charge the first fixed bed reactor . at 2128 |

(STP)/1h and at_an inlet pressure of 2.1 bar
Dimension of the catalyst tube: total Iength 4200 mm,

10 ' internal diameter 26 mm,
' : external diameter 30 mm,
wall thickness 2 mm.

Reactor: Cdnsisted of a jacketed cylinder made of stainless steel (cylindrical
15 _ guide tube surrounded by a cylindrical outer vessel). The wall
thicknesses were universally from 2 to 5 mm.

The internal diameter of the outer cylinder was 168 mm. The internal
- diameter of the guide tube was approx. 60 mm.
20 '
At the top and bottom, the jacketed cylinder was concluded by a lid
and bottom respectively.

The catalyst tube was mourited in the cylindrical vessel and guided

25 o through the cylindrical guide to be such that it projected at the top and
bottom end thereof (with sealing) through the lid and bottom |
respectively in each case by 250 mm.

' The heat exchange medium was enclosed in the cylindrical vessel. In
30 order to ensure very uniform thermal boundary conditions at the outer
wall of the catalyst tube over the entire catalyst tube length within the
cylindrical'vessel (3700 mm), the heat exchange medium was
circulated by sparging of nitrogen in the cylindrical vessel.

35 By means of the ascending nitrogen, the heat exchange medium was
' conveyed from bottom to top in the cylindrical guide tube in order then

to flow back downward in the intermediate space between cylindrical
guide tube and bylindrical outer vessel (circulation of equal g_oodness :



PF 56706 6BF 58706 i rst fi xed bed reactor for the step of partial oxidation
of the propene (propylene) to acrolein Heat exchange nmedi um used: salt
nmelt consisting of 5 53% by wei ght. of tassiumnitrate, 40% by wei ght of
sodiumnitrite and 7% by wei ght of sodiumnitrate. D nension of the

catal yst tube: total &ﬁg%ﬁbgggﬂs\r@gb%rﬁg i@g@%ﬁgp@ﬁ&#@p%uiexternal

diameter 30 mm wal | ness et ed

cyl i nder made of st ai PYTBRS)-drlemdlicay B‘;’@tinﬁd?fi’té'ﬁﬁd Orlﬁ‘eglkﬁ%éaqkﬁb‘éo’g'@ti?%ﬁﬁded by
a cylindrical outer vesgRriturcldiehd\Bdadt exéiHinghRRRRES \@LIcdRéyRYSIRI |y from 2
to 5 mm The |nternal ﬂ}‘?rrete[3 of the ou er cylinder was 168 nm The
internal di aneter éw'éﬁtt gret"t’ﬁ?ea'(/\%%o'a%prox 60 mm 20 At the top and
bottom5 t he j acket ed cylinder was concluded by a lid and bottom -
respectively I t tube | i and
gui ded 25 thrgggﬁgﬁétr% %/I i ndri ca %VG%DS@F% rSQCtéﬂgﬂl?%ﬁg%% %r'8>{§§§ed at
the top -and bottom end thereof (mxtuﬂe waralcondpctachinmaghtetdueent. dhand bott om
respecti vely in each case by 250rég&|%ﬂ_§§s DEAre XN AEILAPHE eﬁcl osed
in the cylindrical vessel. In to ensure very .uniformt mal _
boundary conditions at the outer waggpPndusted ipio %?é’t“d?@‘%‘?”ﬁlthﬁeaf@/er the entire
catal ygs tube length within the thyddritdfd sradsouessel (3700 nmm), the heat :
exchange nedi um was circul ated by sparging of nitrogen in the cylindrical
vessel . 35 By neans of the ascending nitrogen, the heat exchange nedi um was
conveyed frombottomto top in thaeeyit medrentadd ’gmicgtmmiablegtjldembd@ttﬂehen to

f1 ow back downward in the inter 0{(1‘%%&%?%‘5'?%%%5‘%/\%%&%1 % ?t%e gui de
Cl

tube and cylindrical outer vesse ss”PF 56706
70 _ ¢ylindrical guide tube at a temperature T The

15 difference between T" and T° was about 2°C.
Taverage = (-I-in + T°“t)/2. ’

Catalyst tube charge: Section A: length 50 cm
(from top'to bottom) Preliminary bed of steatite rings (steatite C 220 from
20 : CeramTec) of geometry 7. mm x 7 mm x 4 mm
(external diameter x length x internal diameter).

Section B: length 100 cm
Catalyst tube charge with a homogeneous mixture of
25 30% by weight of steatite rings (steatite C 220 from
CeramTec) of geometry 5 mm x 3 mm x 2 mm
(external diameter x length x internal diameter) and
70% by weight of unsupported catalyst from
Section C. ' '
30 _
Section C: length 170 cm
Catalyst charge of annular (5 mm x 3 mm x 2 mm =
external diameter x length x internal diameter)
unsupported catalyst accotding to Example 1 of
3B | " DE-A.10046957.

Section D: length 50 cm
Downstream bed of steatite rings (steatite C 220 from



can al so bRF &6H€eved. by punped circul ation (for exanple propeller . punps)).
El ectrical heating nmounted on the outer jacket controlled the tenperature
of the heat exchange nediumto the desi.;,led level. Oherw se, there was air
- cooling. 5 Reactor charge: Viewed over ‘the reactor, salt nelt and reaction

gas m xture were conducted in"cglélrgn@fé‘d)lrof mawmn{@afqﬁ,inq&m m xture
' I't- d

entered the reactor at the top. was ~conduct Into each reaction tube
at a 10. tenperature of 250C. Théxine dmeteeniengiy” ineneldiameterlcal gui de.
tube at the bottomat a tenperature Tin = 320C and left the cylindrical

gui de tube at a't nPera ure T"' . Tcr,e 15 ,iIfer ence bhetween Tin and Tt was
about 2C. Taver aé@ ermedipte cpojing @ng iptenpgdigle QYoeN [Re9 ar ge:  Section A:

| ength %0 cm (fromtop to bottonm) Prelimnary bed of steatite rings
(steatite C 220 frgm 2 ramlec f .geonetry 7 .7 X 4

(external diamet erﬁxe Rrgg'éc?l%ain]')ﬁ?')eer[%%\f"g%ﬁjgﬁjﬁté?(?q ' ree@ﬁogw%:corluciﬂ%?% 100 -cm
Cat al yst tube charfgethaipuhpcselod miereredmis conling (indirastly b Bne@dswbgirMbiagoh of
steatite rings (st =W _ Loy AT f i i : 3 Mmmx 2
mm (external di an%?tsedrn%gt Irﬁeﬁé?ﬁgﬁaﬁqﬂt@nﬁ ’@?aérr}@tdéﬁ&gﬁd%ggg/o%%mi ght of
unsupported cat al yBickngssm e inerical = tainisse siegh which) exypied croraiinfomd al yst

char geqpf  annul ar 168yt BF 20BmfWas2nBfed witdreih8bed bAdtBARS sphdrefigt h X
i nternal dianeter unsegf;ﬁ)cg_grt'ed catal'yst acc of 35 DE-A

) ording.to Exanple 1 of
10046957, Sect i orfSIEAUIHAD o58m L) B HiRGFer b 6P BT Aa fradecidiizgly
(steatite C 220 framio te dafalidf tube of the first fixed bed reactor. _ '
The gas mixture entered the connecting tube at a temperaturelof more than
15 _ 310°C and left it at a temperature of about 140°C. Subsequently, 290 |
(STPYh of compressed air as an oxygen source were mixed with the gas

mixture.
The resulting charge gas mixture mixed on a static mixer was fed at a
- 20 _ temperature of 220°C to the fixed bed reactor for the step of partial

oxidation of acrolein to acrylic acid.

3, Second fixed bed reactor for the step of partial oxidation of acrolein to

acrylic acid
25 '
A fixed bed reactor was used which was of identical design fo that for the first
-step. Salt melt and reaction gas mixture were conducted in cocurrent viewed
over the reactor. The salt melt entered at the bottom, the reaction gés mixture
likewise. ' '
30
' The catalyst tube charge (from bottom to top) was:
Section A: length 20 cm ,
7 Prelimihary bed of steatite rings (steatite C 220 from CeramTec) of
35 geometry 7mmx 7 mm X 4 mm

(external diameter x length x internal diameter).

Section B: Iength 100 cm



71 CeraniTBEPO6HI6 geonetry 7 mmx 7 mmx 4 mm (external diameter x length x
internal dianmeter). 2. Internediate cooling and internedi ate oxygen
feeding 5 The product gas m xture |eavinag the first fixed bed reactor was
conducted for the purpose.of internmedi'ate cooling (indirectly by rreans of

air) through a ConneééﬂawgtéﬂélPr_?‘e6ﬂ£ﬁ&%89ene699ﬁ%re'd?%@%@wggﬁtrﬁt er =

mm wall thickness = erial = stain|less _steel nount ed
centrally for a 10 Ieﬁ@?meﬁﬁg%@@% C\%&8 Mormrg@m et Hfgﬁ?”?%rt bed of
steatite spheres (Steaimkamnorm@eﬁamTec) of diameter from5 to 6 mmand

flanged directly ont he cat al tuy t eflrs | bed ator
The gas mxture enter%ﬁe{rﬂﬁed@mﬁ% c’f keﬁatl% HEETT é?r?eéﬁ% g?ﬁ? byo\f’e' t han
15 310G and left it ad:oaectea’ralestdtam Bedifongbout 140C. Subsequently, 290 1
(STP)/ h.of conpressed air as an oxygen source were m xed with the gas

m xture. The resultlng charge gas mixture mxed on a static mxer was fed
at a 20 tenperature S¢clieadLlength AQO ¢xed bed reactor for the step of

partial oxidation ofcaeryei&amgéef%mélrl(ﬁmﬂ?k@m% §%999%x£érﬁaﬁqs£ﬁ&eﬂeactor,
for the step of partial oOxidation of acro einto crylic acid 25 A fixed

bed reactor was used WRNSH %iderBal dizyeeier) &&ﬁteéf@?%t? FHAg iq Bﬁepﬁf?é'of‘l r st

step. falt nelt and rerghples cg@ﬁ-mmow@sw@mlsqﬂﬂdums%d posebioreat vi ewed
over the reactor. the react,ion gas

Th
mxture. | kew se. 3o HRSERrs SRR Sihate PRPERCNRECOTIOED wa
Section A: length 20 manﬁhsrelbwtmhmeyacbadccmﬁposﬁeahase stoiclgeméy efat i t e C 220

from CeranflTec) of  35,,ge r 7r6r)<u7 ext.e | diameter x length x
‘internal dianeter). %&9?@&]13&%11 e?‘ngr'%%%‘/\éﬁ]étﬁf%gEMG 72

15 , ~ Section D: length 50 cm - _ ,
Downstream bed of steatite rings (steatite C 220 from CeramTec) of
geometry 7mmx7mmx4mm

_{external diameter x length x internal diameter).

20 The second reactor was charged with approx. 3850 g/h of charge gas mixture.
T8 ig ag defined for the first fixed bed reactor and was 274°C.

The propene conversion in the first reactor was 97.7 mol% and the acrolein
conversion in the second reactor was 99.4 mol%.

- The contents of the product gas mix{ure leaving the second fixed bed reactor at
a temperature of 283°C and a pressure of 1.8 bar were:



Cat al yst “cREs§eodf a ho'rmgeneous' m xture of 30% by wei ght of

steatite

-rings (steatite C 220 from Ceranlec) of geonetry 7nmmx3mmx4nmm (external

di ameter x length x internal
catal yst from Section C. Section C

di anet er)

| e

nd 70% by wei ght of
h 200 cm Cat al yst charge of

5 coated’

di aneter) coa
10046928 (at
catal ysts and

conposition h
MD12V3. 5. 3

annular (7 nmx 3 nmx 4 nm = external diameter x length x internal
ed—catatyst—accordrmng—to—Prep tion 10 Exanple 5 of DE-A
his_point, it is allso oo%élymoé [ 0 use anal ogouscoat ed
t hosgiRLepared in g corr ndi hg manner, but whose active
1S~ a bL[g)ibCﬁi onmetTy af IVUJ.Z% 2Cu2. 40x or
12 40RXYIER Sect on | entyP®h 50 cm Downstream bed of steatite

rings (steatif

e C%?(Q)

gheom Ceram'ﬂec) oj7 4geomnt ry 7mmx7nmmx4nm (exter nal

di aneter x le
wi t h appr ox.

3

gtn X T nternat (]Ia
850 §I9PEHE char ge

Tery: |
as m rp

2 second reactor was charged
Taverage is as defined for

the first fixe
first reactor
reactor was 9

a)

d bed gieaet or and v

/a.S 2751C. The

Was 97. 7 nol % and t

he acrorern

t he second fi
1.8 bar were:
27.48 propeng
n-butene 0

h 4 _msihaneos The content 0. the
ked badhutgactor at |a tenpggatur
PF bbggb 73~ Y% by Vol glﬁttroge

propene conversion in the
conversion in the second
product gas m xture | eaving
e of 283C and a pressure of

N 52. 87 oxygen 3.03 propane
n- but ane 0. 08 . i sobutane 0. 34

n-butene 0
isobutene 0
1,3-butadiene 0

" hydrogen 0.03
carbon monoxide 0.42
carbon dioxide 1.85

~water 7.92
acrolein 0.03
acrylic acid 5.3
acetic acid 0.18
formic acid .01
formaldehyde 0.17
benzaldehyde 0
maleic anhydride 0.04

0.02

10
I

ethane

Example | was repeated with the following differences:

The charge gas mixiure of the first reaction stage comprised only 44.6% by

volume of nitrogen but 2.1% by volume of ethane.

The product gas mixture leaving the second fixed bed reactor now comprises

0.29% by voiume of acetic acid.

Example | was repeated with the following differences:

The charge gas mixture of the first reaction stage comprised only 44.7% by



i sobut ene BF 5878fi but adi ene 0 hydr ogen 0.03 carbon nonoxide 0.42 carbon
dioxide 1.85 water 7.92 acrolein 0.03 acrylic acid 5.3 acetic acid 0.18
formc acid 0.01 fornal dehyde O. 17 b?hzal deh de 0 nualeic anhydride 0.04
ethane-0.02 11. Exanple | was repeate th the follow ng differences: 5
The charge gasvdiikk ¥ RitrBher B@ti@%ﬂiyﬁo%%b@%héﬁeage conprised only 44.6% by
vol ume of nitrogen but 2.1 % by volunme of ethane. The product gas m xture

| eavi ng the second fixed bed reactor now conprises.  0.29% by vol une of
acetic acid. 10hé bdodu&)gmphlgture b&asung ¢pesdoedd Vikddbddheattor hemcogpdsdsf er ences:
The charge gas ‘?0’%‘ %ﬂh Cef]| I reaction stage conprised only 44.7% by
PF 56706 74 4 % rii 8 "2.0% by vol une of ethane. The product
gas m X ure IeaV| ng t he second fixed bed reactor now corrpri ses 0.38% by
vol ume of ' 0 ifasNe- 60/ 679, 971,
filed on I\/ggﬁifg\ﬁs' gate%tHﬁPlﬁcrggErfﬁ gl'roa@é?élpgﬁﬁ% e prggZ%t application by

ref er ence. lnwmﬁraﬁ%ﬁlé’GOeth%@retS@“tm“éﬁWém{ﬁH%Wéd t eachi ngs, nunerous
alterations and deviations 10 fromthe present invention are possible. It.
rray'therefWﬁ be assu hat the invention, W|th| t he scoge of the _
appended - cV'dN fgereRgs (e &éPYW%@”B?ija&P@HFIW’W%Q‘@ allgRAONF BRA CRYIatRNSC r i bed

herei n10  from the present invention are possible. It may therefore be assumed that the
invention, within the scope of the appended claims, may be performed differently than
specifically described herein.



PF 56706 7BF 5¢WM¥ is clainmed is: 1. A process for preparing at |east one
target product P by partial oxidation and/or ammoxidation of propylene, by
5 a) subjecting prepurified propane, in.a first reaction step in the
presence of and/or wth exclusion of | ecul ar oxygen, to at |east one
dehydr ogeng# 508 qaih the group conprising honogeneous dehydrogenati on,

het er ogeneously catal yzed dehydrogenati on, honogeneous 10 :

oxydehydr ogenati on and het erogeneously catal yzed oxydehydrogenation to

obtain a gas nhptatess for pRPRThS ahBast iR Qe BddREtFPRNSarBabxidatiom® end/or

propyl ene, and b) if propriate, renoving a portion or the entirety of the
constituents ofH X'dT%PrF‘Pféﬁo ?%aﬂ% and propyl ene present in the entirety

or in & portion of gas mxture 1 therefrom and/of converting themto other
conpounds to optai iy 1, Xt ' .Sl : ; ene, ,
and, in at Ieag)t o%%bjg?t'ﬁgﬁj H%Br&lxr‘lg%@ﬁ%gp]&gtﬁrgg@5%6%&!?5 g%%ﬁ@%%%gaﬁgn%g%&n xture 1
or gas mixture 1' onrd/ar wittxexalusiasf offroslesidargaggemitx elieast bne gisblydrepetiationg gas
mxture 1, as a COpstithe&RunbnriSiRs hBlshEYE&usdeh AgLer ogeneously
catal yzed gas phase partlﬁal poxr@gtllﬁgn ang?or Uspgr%?gge gas phase
ammoxi dat i on of pr BPFIoGRECRHSBsEIRYISY dpiydiPERERI0B: NOMAFRIIEEES gas mi xture 1
to obtgjn a gas m &%Weﬁy&o@@fﬂ@ibh%hﬁ%e@?ode%@%sh@&ﬁaly:?&j baHeRdredsibeh P, d)
renovi ng target er (it' fromaﬂq.as m1xture,3 in_ at IIrte%\st one lﬁ@oval step
and, of the remain %@L 7S RTATXYER | CPRRTRING HECovelted,RoPBRGRNHOMIRE o 1 he
first reaction stepmpyeheraidn 30 the prepurified propane is obtained from
crude propane which conprises > 90% by wei ght of propane, 599% by wei ght
of propane and propylene, 35 A 00 ppm by weight of C2 hydrocarbons and
> 100 ppm by we) ghtf apprograteywrsymdsopsstiompr the ehirepr &g eonstituentstasherr ude
propangs i s conduct ednigdbesrd JraGbdyiRlArent fthe BRRACLNAS gidn drgds Pr opane
is renoved above thenfdge% poalrnnﬁ;rvé){th tﬂhrg n ! Wjor:_ pRiion %S. _
: mixture 1 therefrom andfor converting them to other compounds to obtain

a gas mixture 1’ comprising propane and propylene, and, in at least one

- further reaction step,

20 -c) subjecting gas mixture 1 or gas mixture 1’ or a mixture of formed gas
mixture 1" and remaining gas mixture 1, as a constituent of a gas mixture
2, to a heterogeneously catalyzed gas phase partial oxidation and/or
partial gas phase ammoxidation 6f propylene present in gas mixture 1
and/or gas mixture 1’ to cbtain a gés mixture 3 comprising at least one
25 target product P, .

d)  removing target product from gas mixture 3 in at least one removal step
and, of the remaining residual gas, recycling at least propane into the first
reaction step, wherein

30 S '
the prepurified propane is obtained from crude propane which comprises

=90% by weight of propane,
7 <99% by weight of propane and propylene,
35 : | =100 ppm by weight of C, hydrocarbons and
' =100 ppm by Weight of C4 hydrocarbons,

. with the proviso that the crude propane is conducted into a rectification
column and the purified propane is removed above the feed point with the



PF 56706 7BF 567Qf/i so that the content of C2 hydrocarbons based on propane
present in %by weight in the purifi ed propane is not |ess than 80% by

wei ght of the corresponding content. 6the crude propane, and the content
of C4 hydrocarbons based on propane present in %by weight in the purified

5 propane is at ”D?Fovégof?n&%hé!"@br%‘ﬁt e W@roﬁ%&ﬁ@@é’é’é@'dﬁ%r%&{e@pﬁséﬂ |r§ he

“crude propane. rocess according to claimi wherein the crude.
propane conprises /%byzweigab'ﬁrﬂwpvwregwrowe@ nehessthan B HLY "1?39@ offiife.
- process accordi ng térédpahong comaer it &Hneeprdpdaenirﬂna@eomemmn@es >_500

ppm by wei ght of Cﬁ-hd car on 4. The rocss cor.di.n tocIarml
wherein the crude Y‘Bﬁ‘é FBO%D LOProgan ab@f it qpurifiad

hydr oc& bons. 5. TpmppneMSncmtﬁo%cbyngelgm aﬂttm cr:nn:’e,spodrt&mgaconterhm theude
propane conprises rw%% Bm by wei ght of C2 hydrocarbons. 20 6. The
process accor di ng cI ains 1 to 5 wherein the C2 hydr ocar bons
present in the crude- propane consist to an extent of at | east 90% by wei ght

of ethaney andTﬁé Bbﬂc@éhe%ccordﬂ %o@élﬂoﬁ%e?é?ﬁﬂ‘[]ddr@&p paY cHipridedi M5 1 to 5,

wherein the CZ rocar bons resent In e crude propane consist to an
extent of at é@ PRV IO 4 e hwroc@'tbﬁaﬁe and ethyl ene. 8. The process

accordigng to any of claims 1, to 7, wherein the C2 hydrocarbons present in
t he cru.de ropa e consi st Eﬂo a{g? exte{;t of ah] ast 50% bg éﬁ%ht of 30

et hane. ‘The 6 ¢ BIOLESS aReoltRe WFaE hpegn eaﬁr ROPASLOMNEEE i n the C2 -
hydr ocar bons 566 epin byrwéibiet of Qydthgdpranpane consi st to an extent of at | east
70% by wei ght of ethane. 35 10. The process according to any of clains 1

to 7, wherein the C2 hydrocarbons present in the crude propane consist to
an extent #f afh¢ prsespasotdingsi dgim bwheegim theecruddroBeRTBCATPisES

15 =800 ppm by weight of C; hydrocarbons.

5. The process according to ¢laim 1, wherein the crude propane comprises
=1000 ppm by weight of Cg hydrocarbons.

20 6. The process according to any of claims 1 to 5, wherein the C; hydrocarbons
present in the crude propane consist to an extent of at least 90% by weight of
ethane and ethylene.

7.  The process according to any of claims 1 fo 5, wherein the C, hydrocarbons
25 present in the crude propane consist to an extent of at least 94% by weight of
' sthane and ethylene.

8. The process according to any of claims 1. to 7, wherein the C, hydrocarbons
' present in the crude propane consist to an extent of at least 50% by weight of
30 ethane.

9.  The process according to any of claims 1 to 7, wherein the C, hydrocarbons
| present in the crude propane consist to an extent of at least 70% by weight of
- ethane.
35 _
10. The process according o any of claims 1 to 7, wherein the Cz'hydrocarbons
present in the crude propane consist to an extent of at least 90% by weight of
‘ethane.



11. The prBE&§E0&ccording to any of claims 1 to 10, wherein the crude
propane conprises >_200 by weight of C4 hydrocarbons. 5 12. The process
according to any of claims 1 to 10, vvh _Fel n the crude propane conprises
>500 by wei ght of C4 hydrocarbons. he process according to any of
clains 1 to 10, wherein the crude propane conprises > 1000 by weight of C4
hydrocarbons. 10 14. The process according to any of clains 1 to 13,

wherei n t hél- MTWHWQ%%%H?'“%@@@@ caiing héo ¢0- U’ﬂ?@r?ﬁ'&?a?fﬁd%e'f?@ﬁ@? to an

extent of at | eafpris2%dno meiglit ST, hheoaadond5 15. The process according
to any of claims 1 to 13, wherein the C4 hydrocarbons present in the crude
propane consist to an extent of at |east 90% by wei ght of butane. 16. The
processs actar dirhgptogesd adaordiiy tovdmgred clainks 5094 ywheesig tiie ofidé hepane ane 20

present in the The process according to
claim 16, wher E%H%%&Wﬁé@ht O§§?%§'§%€%rbgjésne present in the crude

propane is isobutane.. 25 18. The process according to any of clains 1 to

17, Wre'mth%@g%s&a%mg?g o HIAERIRONT RASAAN ool BADEroBERS et [0 06

by weight in the prepurift ane 1s at nost rrespondi ng
content in thec%ff‘%@sp?wgrwwei@“ of ke jdreer88Naccor ding to any of clains 1
to 17, 1(y\,here| n the content of C4 .30 hydrocarbons based on propane present

in %bywe in the prepurified opange, i s at nos % of the

cor 1 espondl e DL ARkl S PEBENELS B Mofflt hedohllobBigi ng o
any of clainms dretentlivthewhefeepropritecareist ndn edter®4f ahigdst@oas bpwsightsied on
propane presenf . % by weight .in the prepurified 35 propane is at nost 1%
of the correspon ifig content in the crude propane. 21. The process

accor di ng to any of claims 1 to 20, wherein the content based on propane

presenjs O 184 T\g proe s%eard; t@aﬂ%{’gﬂ@lbﬂg Lomst %el%?ﬂm‘érd:f thdapapene i's PF

56706 78 ss than 85%: e correspondl ng content in the
~crude propane. Preggnt inrfhe %Q%@@@ar&w&rWgart@d%m@faﬂe@qstaﬂo byweighd®f, wher ei n
t he ‘content bagggh&dn propane present of C2 hydrocarbons in % by weight in
the prepurified propane is 5 not |ess than 90% by wei ght of the
correspondi ng content in the crude propane. 23. The process according to
any of claigrs Thé proZ6ss adverdmgiotdrmcian wbateib aseth mnweight of the butane

20 present in the crude propane is isobutane.

17.  The process according io claim 16, wherein =70% by weight of the butane
present in the crude propane is isobutane. ‘

25 18. The process according to any of claims 1 to 17, wherein the content of C,
hydrocarbons based on propane present in % by weight in the prepurified
propane is at most 30% of the corresponding content in the crude propane.

19, The process according to any of claims 1 fo 17, wherein the content of C,
30 o hydrocarbons based on propane present in % by weight in the prepurified
propane is at most 10% of the corresponding content in the crude propane.

20. The process according o any of claims 1 to 17, wherein the content of C,
hydrocarbons based on propane presentin % by weight in the prepurified
35 propane is at most 1% of the corresponding content in the crude propane.

21. The process according to any of claims 1 to 20, wherein the content based on
propane present of C, hydrocarbons in % by weight in the prepurified propane is



propane prBESATOI C2 hydrocarbons in % by weight in the prepurified
propane is not |ess than 95% by wei ght of the corresponding content in the
crude propane. 10 24. The process accqrsdi ng to any of clains 1 to 20,
wherein the content based on propane present of C2 hydrocarbons in % by

wei ght in the phepuihbh 85HyARANG df the %sb%%&@%&%ﬂ%@ud@ér@ﬁén@f the

correspondi ng content in theé crude propane. 5. The process according to
any of clainms 1 to 20, wherein the content based on propane present of C2

hydrocar bops i Thdphyeseadbtdingtotdmy aperprg i td 20 viicpsiane: dhteritdased ban 100%

by wei ght of the correspandi ontent | he cr.ude, propane. . 26. The

7 ocess accor dPRESTHPERGTGH Camuingarbons s ol st Bl Efiee Riomgpe

i sobut.ahe 20 not Itdscthpm 8pYirkyfweightmf tieasterespordirkDOMtgpim g onedeghopar®?Z. The
proocess according to any of clainms 1 to 25, wherein the content of

i sobutane in the prepurified propane is < 600 ppm by weight. 25 28. The
process acdbr dihegprosesmyccofding @i any of clein b [o dhevhergin theecanteit basedon

cobut . i . S C
pr ocese acoor ol R h P Rach € raliReaBnt y Bob R o e afba plandle
colutm  conpri §@g?33a¢§a%éﬁ%rbé[tw_ﬁ‘I%htiQﬁf@r%I%Poﬂ%quﬁ%m§”f Be YR RIOPAE-30. The
procesg) according to any of claims 1 to 29, wherein the rectification

I - [ ‘ ti [ I I t .31 .Th
ccording 45 ahy BOCRFSEIa B oy o Gk 1p R Fatt e e bhons B35
has from5 to RlopbhepresentadiC,; plyatoesrboBRin 7ty weight s thegremrified grdpanamy of

L ai 1 to 31 , . . & . .
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claims 1 to 32, wherein the bottomtenperature- in the rectification colum

IS < _100C. 25 34pe piield chc‘%ﬁatﬁ?]gz‘ﬁ%q{ycﬂf]@&irﬁé’j ?&ZO,QJhe?éiﬁ!trIESco]ntér@E%%d g\fger ein

the bottomtenperature rectification colum is from to 90C. 35.
The process acB@PaNh st F2ahdroraibras i %oy veighliethsineryided PIRRENBiopane
is fed into th@rém@himb%aﬁyim%mmfmdrmsgmgtcmynttiﬂnme drings prophed. of
theoretical plates 10 above the feed point is greater than the nunber of
t heoretical plates below the feed point. 36. The process according to any
of cl ai ms 28.t 0TBS proskss atcordifpetomryd ciaime tl tp2B pdmesin the content of isobutane

20 in the prepurified propane is <1000 ppm by weight.

27. The process accordihg {o any of claims 1 to 25, wherein the content of isobuiane '
~ in the prepurified propane is <600 ppm by weight.

25 28. The process according to any of claims 1 {o 25, wherein the content of isobutane
in the prepurified propane is <100 ppm by weight.

29. The process according to any of claims 1 to 28, wherein the rectification column
comprises, as separating internals, mass transfer trays.
30 ' ' _
30. The process according to any of claims 1 to 29, wherein the rectification column
comprises, as separating internals, valve trays.

31.  The process according to any of claims 1 to 30, wherein the rectification column
35 has from 5 1o 25 theoretical plates.

32. The process according to any of claims 1 to 31, wherein the top pressure in the
rectification column is =5 bar and <25 bar. '



i's wit hdr alVf 56708 he top of the rectification colum. 15 37. The process
according to any of clains 1 to 36, V\,herei n the prepurified propane 1is

~withdrawn in gaseous formfromthe rectjfication colum. 38. The process

according to any of clainms 1 to 37, wh ernthe rectification colum 20
‘has a water-cool ed top condenser. 39. The process according to claim 38,
wherein the water is fed to the top condenser wth a tenr'perature of > OC

and <_40C. 335 4be prasespresoeting Weryraiclaing btca%@r viterein fiekottpm ienggratyiger ei n

t he prepurifi eg taE eRANStiohToMhigrapmecn liquid formfromthe rectification
colum. 41. The process according to any of clains 1 to 40, wherein the

prepurified propane consists to an extent of at |east 99% by wei ght of
propanes psmpyrﬁ@p;oceédwmrdu@toam@ cﬁt:rayh@meo 3% vhefdiv thy iostesstedmeedtdieng to

any of clains 1 n al tipn.steps are carried out in one

reacti on zone thew:ipcaﬁﬁggp@wsrp fr8 ?dg:;téjgglrgposed therein. 35 43. The :

process according to any of clains 1 to 42, wherein the first reaction step
a hete ge YH G "

2 onaSL HEOCTAPSUe AL AEE iPUASNTL PAS R i i T RS R,

56706 80 a hetn&tf@éﬁ@ttﬂegmqﬂ qoltran pssieh asvaydhalghe atmear ofiBeorgtinal pletsses s

accordigg to Cb@é\fé‘tﬂéfeémﬁf @lidigleBr B%Qﬁé’ﬁ@rﬂ@@r‘iﬁ'th(ed?éﬂc@ MéRd below the :
dehydrogenatiop is carried out adiabatically. 46. The process accordi ng

‘to claim 44, APt he het er ogeneousl y cat al yzed dehydr ogenation is
carried out aut ot her mal ly. 47. The pr ocess according to claim44, wherein

t he hetero cat al d 10d ro n_i.s carrle natray

onctor | o TRES piostat &hffity 1ty T BEINS VT S tenR 1R eh G heftotdhs jas ™
m xture 2 corrprsrm&'rslravﬁrrmrthetdp ¢fcbh8(¥}zﬁ|ﬂu;ﬁtrmmb®lrrmnof steam 15 49. The process
accord?gg to any of claims 1 to 48, wherein prepurified propane is fed

‘directly into at |east one reaction step of the heterogeneously catal yzed
gas phase3bar fhaprasgssatcoshingiednyrof siains ato 3&vhshis dhaprapif@dtareranss

propyl ene. 50. 13Wﬁrdpévﬂﬁﬁ%;%sé§lfsofbﬁh RBmitAe CcAifiCALBA colfify ei n at | east 25% by
wei ght of the total 20 requirenent for prepurified propane is fed directly

to at | east one reaction step of
38. The process according o any of claims 1 fo 37, wherein the recfification column

20 - has a water-cooled top condenser.

- 39. The process according to claim 38, wherein the water is fed to the tbp condenser
with a temperature of =0°C and <40°C.

25. 40. The process according to any of claims 1 to 39, wherein the prepurified propane
is withdrawn in liquid form from the rectification column.

41.  The process according to any of claims 1 to 40, wherein the prepurified propane
consists fo an extent of at least 99% by weight of propane, propylene, ethane

30 and sethylene.

42,  The process according to any of claims 1 to 41, wherein all reaction steps are
carried out in one reaction zone and over a catalyst charge disposed therein.

35 43. The process according to any of claims 1 to 42, wherein the first reaction step is
a heterogeneously catalyzed oxydehydrogenation.

44. The process according to any of claims 1 to 42, wherein the first reaction step is



the het er oBEREOABI y cat al yzed gas phase partial oxidation and/or parti al
gas phase ammoxi dation of propylene. 51. The process according to claim
49, wherein at |east 50% by wei ght of the total 25 requirenent for
prepurified propane is fed directly to"at |east one reaction step of the

het er ogeneousl! y eal, %893@?%‘%@9‘9‘?@9%@9%“% dation and/or partial gas

phase anmmoxi dation of propyle process according to any of clains
1 to 51, whereinthe target product Pis 30 acrolein, acrylonitrile,

acrylic-acasl amﬁ%ﬂ/ﬁfocééé)ébéoﬁd?@ ISR 45 IheHiethRHREREGerRO08Y) dhiagzt® any of
clainms 1 to 52 ereln.%]as mxturg & és. ﬁyub] ected to a twd-stage =

het er ogeneous| §eygregapation isgrtriedioubadiabatios® of the propyl ene present
thereir6to acrylic acid. 35 54. The process according to claimb53, wherein
propyl ene js p Lal i_di. Lein,.i i ' oxi dati on
stage wt hhf'he?%‘% h%cé%s ?%g?dnﬁgﬁ% c%%"r“t%gmeﬁekﬂp%‘& |e%eﬁg$gsneg %I g%h)zgé\i/er

cat al yst's di spdsudirégenatioaisabiried dubdytotieonalyacti ve PF 56706 81 conposition
is at least one nultinmetal oxide of the general fornula (1V),

Mb12Bi aFebX cX2dX3)4fOn (I1V) 5 where X1 = nickel and/or cobalt, X2 =

thal lium 4h allR@Ppiocass agco  orclaim 4 narTairethedietaogrnesusly gatalyzed ne

phosphpy us, bOHSHdrGEnEABNY cafriel.ouE B d 489 rdaRfl and/or tungsten, 10 X4 =is
silicon, alumnum titaniumand/or zirconium a= from0O.5t05 b = from0.01
to 5 preferably from2 to 4, c¢ = fromO to 10, preferably from3 to 10,

? = from 048.0 Zhe p::oefaﬁ'atdoydirﬁgtmr_ar@.c@alatr@s 2o n%ﬁ mﬁihﬁemdUQ Bcommra@‘egr ablhy
romO to 5, = 0.1 n = a nunber ich is determ ne y the
val ency and frFéanl}gn(g??n%&é#)P‘é’oglg]%eériésnﬁa?'i n IV other than oxygen. 20 55. The
process according to claimb53 or 54, wherein acrolein is partially oxidized

to actyligo.ack(s bRokiCatBrANFoRH d it daks UncrbiaBRonlhifidl bidgahs RV SO
that the partial oxidation i's effected over catalysts disposed in a
cat al yst bed wipgsresity intaeat least one reaction step of the heterogeneously catalyzed gas -

phase partial oxidation and/or partial gas phase ammoxidation of propyiene.

50. The process according 1o claim 49, wherein at least 25% by weight of the total
20 requirement for prepurified propane is fed directly to at least one reaction step of
' the heterogeneously catalyzed gas phase partial oxidation and/or partial gas
phase ammoxidation of propylene.

51. The process according to claim 49, wherein at least 50% by weight of the total
25 requirement for prepuriﬁed propane is fed directly fo at least one reaction step of
the heterogeneously Catalyzed gas phase partial oxidation and/or partial gas
phase ammoxidation of propyiene. |

52. - The process according to any of claims 1 to 51, wherein the target product P is
30 acrolein, acrylonitrile, acrylic acid and/or propylene oxide.

53.  The process according to any of claims 1 to 52, wherein gas mixture 2 is
subjected to a two-stage heterogeneously catalyzed partial oxidation of the
propylene present therein to acrylic acid.

35 _ . _ _

54. The proceés according to claim 53, wherein propylene is partially oxidized to"
acrolein in the first partial oxidation stage with the proviso that the partial
oxidation is effected over catalysts disposed in.a catalyst bed, whose active -



corrp05| ti oRFi567@R | east one nultinetal oxide of the general formula (M)
25 MD12VaXf bX2CX3dX4eX5f X690n (VI1) where X1 =W Nb, Ta, C -and/or Ce, 30
X2 = Cu, Ni, Co, Fe, Mh and/or Zn, X3 gz Sb and/or Bi, X4 = one or nore

al kal i netals X5 = one or m)re'al kal'i 8e1arth netals, X6 = Si, A, Ti

and/ or Zr, : .5 to 18, d=
from C1040 PFe%meé%ﬁH? at @? rﬁoonqe%mtsﬁq%f’éﬂ?ﬁgg?iﬁt@ﬁqﬁsner‘é! orrhig f mO to 40 and
n = a nunber which is determ ned by the val ency and frequency of-the 5

el ements in VIl other than oxygensiFex Mexpxioess acgandi ng to any of
claims 53 to 55, wherein the propylene hourly " space velocity on the
catal yst bed of the first reaction stage is ?120 | (STP)/1h. - 10 57. The
processs accor divhgret 0 any of clains 53 to 56, wherein the second reacti on-
stage is charged with a gas m xture which conprises: from4.5 to 8% by

vol ume of acrol e| n, 15 from2.25 to 9% by vol unme of nol ecul ar oxygen, from
6 to 30% by voKuﬁen(wkeIp!rrdﬁarmebaltrom 32 to 72% by vol une of nol ecul ar ‘

nitrogen and EQ % The process
according to a§1( mgl%llfd?n 4 %@’ rP{&él;bmavtﬁer eln H%gg@jc?%ffaell n hourly space
vel ocity on thé Fi g %ﬁsahwﬁ bysen, stimeaY.Jibe 67T dead ansHorduRgEen. s 21101
(STP) Alg 59. TRe=pidaRDn, AGMHLM, ﬁiﬂarﬁ&n@ﬁwopilrdbhfurﬁm 53 to 58, wherein the

reaction a= from05t05
b= from0.01to 5, preferably from 2to 4,
c¢= from 0 to 10, preferably from 3 to 10,
d= from Qto 2, preferably from 0.02 to 2,
15 e= from 0 to 8, preferabiy from 0 to 5,

f=_ fromOto 10 and
n= anumber which is determined by the valency and frequency of the
- elements in IV other than oxygen.

20 55. The process according to claim 53 or 54, wherein acrolein is partially oxidized to '
acrylic acid in the second partial oxidation stage with the proviso that the partial
oxidation is effected over catalysts disposed in a catalyst bed whose active

. composition Is at least one multimetal oxide of the general formula (Vil)

25 Mo1aVaX 'pX2 X34 X300, (Vi)
where

X" = W, Nb, Ta, Cr and/or Ce,

30 - X2 = Cu, Ni, Co, Fe, Mn and/or Zn,

| - X3 = b and/or Bj,

' X* = one or more alkali metals,
X® = one or more alkali earth metals,
X8 = i, Al, Ti and/or Zr,

35 a= from1to6,
b= from0.21t0 4,
¢= from0.5f0 18,
d= from O to 40,



25 tenper aPbB€70%h the first reaction stage is from300 to 450C. 60. The
process according to any of clainms 53 to 59, wherein the reaction
tenperature in the second reaction staqﬁ%is from 200 to 370C. 30 61. The
process according to any of clainms 1 to'60, wherein the at |east one
renoval step g $6%,3 basic renoval step in which the at |east one
target product P fromgas.m xture 3 is converted to the liquid phase. 62.
The process actdr dioigOt@d4cl ai m 61, wherein the basic rempval step conprises
a 35 fractiongl= gensensap kad of gas mixture 3 and/or an absorption of the

target product P fromgas.nmxture 3 into water or into aqguequs sol ution.
63. “The pr ocest St BIBRAIS! E CaismBSd Bydes BRn R TRttt P i s
acrylicsaci d PF 56518HeBi8 in &hdtiehéhdvmasdygem.enoval step is carried out in a
col umm conprising separating internals with side draw renoval of crude

acrylic acid, and the crude acrylic acid is subjected to a suspension:
crystal | i z88.i oifthe praggss Fnergindivey dctimsibatp $o vdieneimiigspropyieneheurtyne

acrylic aci d Suspenaidily oh Y alidysJRHA kil chdensiiapagsi on

crystallization are re remai ni ng not he l'1'quor by neans. of a .
wash col um. 6%12¢heSHHb%ess according to claim64, wherein the wash col um .
is oneqgMth forced 10 transport of the crystal bed. 66. The process

accordi ng ‘claim65, wherein the h c i§g a.hydraulic wash col um.
250ar" Thebhr odBs Baidtn FURnd s bl Heges SaHboser e RN cEichsed | o
the nelt of aetagkisccracgest witlys yas mixtersovidch dehmiseband in the wash col um.
68. The process according to any of clainms 64 to 67, wherein the renoved

acrylic acid suspension crystals are nelted and at | east one free-radical
pol ymeri zation 20 process f ol fromst.5 in8%ithyotelums ofeacreleinyl i c acid crystals

are free-radically polyneri zeﬂoﬁqg&ﬂg yo%yp@uy,{ga(gfsm?@&iar%g&{ocess

according to any of clains 1 to 68, erein bottomns rquid Is wthdrawn
continuously fromthe rectificEPMEhocH b velH@erdt@ropaneof eed to a 25

cracker for paraffinic hydrocafb@re to72% deoliine &eFdleatre hitlogen kAd any of
dr.awn continuously fromthe

clains 1 to 68, wherein botto | i guid. ] th
rectification colum and furt H&Pmt%ﬁ%gﬁgﬁywuwggﬁﬁa%ti on.
20 58. The process according to any of claims 53 to 57, wherein the acrolein hourly
space velocity on the fixed catalyst bed of the second reaction stage is

>1101 (STP)I*h.

59. The process according fo any of claims 53 to 58, wherein the reaction
25 temperature in the first reaction stage is from 300 to 450°C.

60. The process according to any of claims 53 to 59, wherein the reaction
temperature in the second reaction stage is from 200 to 370°C.

30 61. - The process according to any of claims 1 to 60, wherein the at least one removal
step comprises a basic removal step in which the at least one target product P
from gas mixture 3 is converted to the liguid phase.

62. The process aécording to claim 61, wherein the basic removal step comprises a
35 fractional condensation of gas mixture 3 and/or an absorption of the target

product P from gas mixture 3 info water or into aqueous solution.

63. The process according to claim 62, wherein the target product P is acrylic acid
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64.

63.

66.

67.

68.

69.

70.

83
and the basic removal step is carried out in a column comprising separating

internals with side draw removal of crude acrylic acid, and the crude acrync acid
is subjected to a suspension crystailization.

The process aécording to claim 63, wherein the acrylic acid suépe_nsion crystals

obtained in the suspension crystallization are removed from remaining mother

liquor by means of a wash column. -

The process according to claim 64, wherein the wash column is one with forced

transport of the crystal bed.

The process according to claim 65, wherein the wash column is a hydraulic wash

~ column.

The process according to claim 66, wherein the wash liquid used is the melt of
acrylic acid crystals removed beforehand in the wash column.

The process according to any of claims 64 fo 67, wherein the removed acrylic
acid suspension crystais are melted and at ileast one free-radical polymérization
process follows, in which molten acrylic acid crystals are free-radically
polymerized to prepare polymers.

The process acco'rding to any of claims 1 to 88, wherein bottoms liquid is.
withdrawn continuously from the rectification column and fed as cofeed to a
cracker for paraffinic hydrocarbons.

The process according to any of claims 1 to 68, wherein bottoms liquid is
withdrawn continuously from the rectification column and further treated by
rectification. '



