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 Stx@% in the presence of
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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
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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 superabsorb-
wat er 16cf ., for exarrpl e, WO 02/ 055469 and WD 03/078378). Quite generally,
the parti re
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acryloni tril e heBfQRENBRE cONeMy 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 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



The preparkft $@&td6of acrylic acid and other propyl ene partial oxidation
products by the process described at the outset is known (cf., for

exanpl e, DE-A 102 45 585 and PF 56706 DE- A 102 46 119). It is |likew se
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such inert constituents, since they would otherwise accumulate in an unrestricted

I n

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 which 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



Conver sel yPF$8€®6 a C2 prerenoval woul d be very substantially dispensed with
if the cycle to be passed through by propane in the rel evant process were
~to have, by its 35 nature, an outlet fgr C2 HC (such an outlet exists, by
the nature of the process, prima facie exclusively for the at |east one
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invention, a process I|s preparin east one target product
P by parti Bﬂecéﬁp@éﬂﬁwa%@%mpaﬁ'ﬁﬁmﬁafg%HVQQPCUQBW?‘E!%@ SUBV'GHQU‘E‘E?GV

subj ecting prepurified propane, in a first reaction step in the presence of
and/or wth exclusion of nolecul ar oxy&g to at | east one dehé| rogenation
fromthe QFRIBNYHPACEIABNGS ‘W@b@ﬁé@@é‘ RRIPERFS A Pioyided FitRsrRRIBA& us| y

catal yzed ledsturdriagenptodost,P bppagansiaion sydenydmegientdr ofpragydene, by -
het er ogqeneously 25 catal yzed oxydehydrogenation to obtain a gas mxture 1

conprisi ng unconverted propane and forned propylene, and b) if
appropri at &), r eujecting prepoified propane tina figsiréaddioy step it e wesatdetailand/sr ot her

than with exclusion of molecular oxygen, to at least one dehydrogenation from 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,



propane aniF p60)8By| ene present in the entirety or in a portion of gas

m xture 1 30 therefrom and/or converting themto other conpounds to obtain
a gas mxture 1' conprising propane an&l propyl ene, and, in at |east one
further reaction step c) subjecting gas™m xture | or gas mxture 1' or a

m xture of ,for 1 r ' [ i S
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conprising at |east one target product P, PF 56706 4 d) renoving target
product fromgas mxture 3 in at |east one renoval step and, of the

remainisng resighedreglFed pRPYAE isdbtdhed RaSicriiOpapend Whieh thRpfiddsst reaction
step, wherein 5 the prepurified propane is obtalined fromcrude propane

whi ch conmprises >_90% by wei ght of propane, <_99% by wei ght of propane and
propyl ene, (freoenby weighO&%réyyanaei ght, or < _97% by wei ght, or < 96% by

wei ght, or <_95%.b ' , 10 00 \ [ I bons and
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poi nt- wth the proViso _ ntent of hydr ocar bons based on
propane present=10A PESRY Weipbtef Gahyemsakenssf i ed propane is not |ess than 80%
by wei ght of the corresponding content in the crude propane, and the

content of 4 rocar.bops, hased, on propane present in % by weight in the
purified pr.op‘gﬁig}eéjra‘f'sch@?f R@G%‘q)eypr\ﬂg?@eﬁ'? CBF&M%;'E‘E?@ %B%?%Pﬂﬁo Bit ent in
the crude 20 pfgeparady hda\nngeépfarlraing ihfeenay) wad ty ppriied pirdbahb%hwmtﬁ@f s
accordj,ng to the inveption. wll .conpris 2200 i ght C2 HC,
froquelit Ty’ S oot B Bt 4 BBV sk ot e Corp B oB 6 sk s 08 e o
of C2 HC, or X&0proppne byesariigltt byiveigdt iHGhe obtifeed @epancdboippen tnB8lght of
C2 HC, or >700 : i - i ) L at m by
wei ght of C2 H@mg@zﬁgﬁ%gﬁeﬁm&ﬁ%@@ﬁg? -*@Cﬁ@?b%?"f@%oﬁgﬁ tB%%g’ﬁgn%i ght
of C2 HC. |t wi4 hydsecarbpisdiasad €b rreranettiesadt inde byrvighién the nuRBedr ocess
according to thephfyBr ¥t 50% by weight of the corresponding content in the crude

20 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
weight 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.



30 nay al sBF&66ME i se >_1200 ppm by wei ght of C2 HC, or >1400 ppm by wei ght
of C2 HC, or. >_1600 ppm by weight of C2 HC, or >_1800 ppm by wei ght. of C2
HC, or >2000 ppm by weight of C2 HC. Ppssible contents of C2 HC in crude
propane to be used in accordance with the invention may al so be > 3000 ppm
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i s account®B@f®r by ethane. However, the et hyl ene content of ‘the crude
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to 50% by we crude p ane in the process ,according
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or >_5p§) ppm by wei ght of C4 HC, often >_600 ppm by wei ght of C4 HC, or

> 700 ppm by weight of C4 HC and, if appropriate, 20 ?800 ppm by wei ght of
C4 HC, or h3Boembriddyrude prmangin iBa prgessaccordiog o fhermtgptionwdligtampsiseC4 HC.

It wll be i By rdlngto
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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



i nventi on Re§6&l6so be >_3000 ppm by wei ght, or >_5000 ppm by wei ght, or
> 7000 ppm 30 by weight, or else > 10 000 ppm by wei ght. By definition,
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crude 5 propane, is frequently at values of <1 % by weight, in many cases

at val ues B3 \ ' 0. at .yal - . wei ght, .or
50, 1 % by eyl kY R rorfil ARel LB, Ghigf B 1T Do by
wei ght of butenes. 10 Wen the crude propane al so conprises hydrocarbons

havi ngiof | \ghamthe®iide GRITRAB alsdt AprisEIRYaraERboIRREE hASREMeSre Wakddnt he CA
hydrocarbons in the inventive rectificative grepur,l fication. In general,
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wei ght ,  orgenefhiip YoR¥sptRbBbly. aly ths &)-He Stky). wei ght. 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 hydroiar, st boltetnof @i BBtandmméthangput flse thepmopiadiadis cahtefdSin 40% by

ve! Shizo DrELEL B koS AN ML ST PllBlhy SR,
- 5% by wei gigigldr at nost 1 % by weight, of the corresponding content in the
crude propane. ' :
Advantageously in accordance with the ihvention, the process according fo 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



30 Moreov®F 5678@ process according to the invention is advantageously
carried out in such a way that the content based on the propane present of
C2 hydrocarbons in %by weight in theﬁpurified propane .is not |ess than
85% by wei ght, preferably not |ess tha 90% by wei ght, nore preferably not
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However, the content of isobutane in the propane prepurified in accordance

with the invention will in many cases be > 100 ppm by weight. Wthin the
rectifi caWithin thelrectificateneiunseth Heousedier ﬂhm‘vranehﬁveeprpreemcmarbvdabqende@cendi ng 15
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transfer pafRsn @ﬁ@&?ean%’“h@@t é—‘rﬁHﬁQ&* t?é]%fé}'%&ers%cesﬂﬁéﬁ %éuéé@ thé Beﬁ@&er al, the
mass transfer surface i s |increased I%)ﬂaratl ng internals in
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separating ernals urtabl e Tor ntercurrent rec 1At ons (for
‘exanpl e srefa@edjtoeaﬁ thewrkiica) slatasd Thi terancamalpabkichplisr. to BB otheo RerATR#NTe, -t hi s
docurment  Rehak QLRI dr So@RBRILALNYeBRHEESons (for example structured packings and
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



reference PPp56h@Oretical plates. In this context, theoretical plate is
defined as being that wunit of space which brings about an enrichnent or
depletion in accordance with the ther ngdynam"c equi librium 30 Separating
internals preferred in accordance with the invention are mass transfer

trays. Usef ul f o] to the
i nventi on cécf,ngug %éefF?%@ %‘r%r %&X ngggnt&h{?segﬂ%\égﬁﬁ&? @?@%ﬁ%ﬂq’r&%& fl ow and
t hose wit hUQWe\faur’fbeﬂmaN@iﬂOdTaVE@Wle (6w ane xautiiflow ( mrlexmobefourefw| bed in DE-A
103 47 664&%1‘19%%@' so, with particular preference, valve trays. In this

docunent e trays shall be understood to nmean 35 crossflow trays which
have tray drillholes having limted-stroke plate, ballast or lifting
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i nvent i on. “§#&%Aeat carriers used may, for exanple, be steam which is
normal |y obt al ned by the nature of the heat renoval in the gas phase
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will b re ired eoreti cal ﬁ?ates w il be

from 1 S bmoB e Tepeton Riger w"f%reasﬁi)i#%mwcwso STHRRE of
plates r eqcbﬂth@cﬂetﬁddhplatdshrﬁll bé frde 15 to[Zanfor eg@npici1ges other C3 HCs other than
propane as constituents (e.qg. propylene) there is
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 acﬁcording 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



25 subst arkl 86708 no separation anong the C3 HC in the context of the
i nventive prepurification; nor is such a separation required, since:
propylene is the desired reactant in 9gs m xture 2; cycl opropane is
normal Iy a constituent of crude propane®in at best negligi ble anounts),
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top condenser) are >0C and <_40C. In other words, typical cooling water 15
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pr oparfe, for exarrple N2, CO2 etc., to be discharged. 20 The ratio of the
amount ( kgrHe) rabid ofteélamuht Grafnd of mﬂyzli@ﬂd edcytlbe at the top of the colahunio the t he

amount of g1 4d ;PLAREPRHEERY ddh th FediifiSitioh SR SR RuMeE- T the

i nventive
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,). '



prepurifi ®kt$IA6 typically be from1 to 2.5, often from1.5 to 2.5 and
frequently from1.5 to 2.0. 25 Particul arly advantageously in accordance
with the invention, the formation of t reflux liquid will be undertaken
in such a way that a portion of the gas phase to be condensed for this
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treatnment of the bottonms liquid in a second rectification colum, as

descri bed, for exanple, in
: Preference is glven to manufacturing the rectification column to be used in accordance

with the invention, including 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, '



20 DE-A 24PH36Z@B. This affords further prepurified propane useable in
accordance with .the invention. Preference is given to manufacturing the
rectification colum to be used in accofydance w th the invention,

i ncl ud| ng the preferred separating mass transfer trays, from 25 stainless
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HC content wi |l be <_5% by weight, frequently <_3% by wei ght, in many 15

?ﬁgﬁ;v%Or—Z(yTlQ¥ &Y%?J'uﬂhéd pr%Féﬁ%mét%t@eBée b tgahﬁse ?cfbrfrgfe é}r:gﬁtsﬁn% g’%% We' ght
wei ght, of foeaxampgeoss cﬂﬁﬁcmbcﬁblnttﬁe foaimanty Dﬁ-Aﬂ 45 B§5.RE-GHI02 461 T 19_90% by
- wei ght, orwz §H¥Pa, We-Ahl161%70, DE-A 33 13 873, WO 01/96271, WO 03/011804,
WO 03/076370, DE-A 103 16 039, DE-A 10 2004 032 129, EP-A 117 146,
WO 04/031106, DE-A 103 16 039, DE-A 195 08 558, DE-A 198 37 520,
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



> 98% by VitF 8806 or ?99% by wei ght .thereof is accounted for by ethane. 20
This prepurified propane may subsequently be used appropriately. This may
be done, for exanple, as described in,ihe docunents DE-A 102 45 585, DE-A
102 -46 119, = WD 01/96270, US-A 3,161, 6? , DE-A 33 13 873, WO 01/96271, WO

03/ 011804, .+ ; VA 5  EilE- -A 117
146, WO 04%%%%{’,'8%@@%%{@%%5 gj@-iEAig’l%Fgﬁo@% 5%%@%%%5%&29) 0, 25
DE- A 198 FIhFrerdpihepringydy-maedquct ([angd heesiadydiopenand npiovaiggas miba 274
681,  EP-Aaédbf ﬁ@hky@éi@d@@'éﬁ@ﬁbr@ﬁpé b6cndary rBkctitn 1 e 20815c Mithy8gent he Ger man
applicati Qn - A 1‘8 2005 009 89% nd, DE- I10 2004 003 212. In this
docunent , Br{ﬁﬁ@di) s R rPabuSe Lo s to a dehydrogenation which
is 305forced by oxygen present and in which free hydrogen is neither
fornmed as o ' - | ( r {

convent i oﬁ-ﬁ&’%gﬁéﬁ%ﬁg@n [[?’6@,8{'%%0%86%%@%éjgge%{r%gggﬂé}e%ﬁiré%ttiﬂqy? ‘Bf%%e t her mal
char act er asfiounhef eaherepreden dethet fropylérs is erntertedrio oxidghel axiareliré@gnat i on
of propan i ki i ture,

B e e e S ] S g e e I AN
sol i d cat upearized in thisocemenppwthels s prdin! ogdstiosr . Theradddigepleeadiveat al ysi s
- (for sexanptien evAhmeAlkl Hakrtcdlz¥S hiimdxidatiod. O tHRXREB o8 skilkb-leto® 8f g4 and
DE- A 195 30 494%. Fr egue,nhl@}(d bot h react |_é)n,s procegd in Ipﬁr allel. The sane
appl i es sRTGHeCAMEN! PatiakRXI0atGR FBH EIERAIIAYeR PERGEE HE? PRI n which the
d]?hydr Ogemb;iﬂﬁpilfﬁj RRnhe (erlt,flm-tAemMSt m.tTiﬁﬁﬁﬁéi @:ﬁidéﬁ&?n aﬁ/&r;fa&nmaxiﬂéttdﬁpat ion
of oxygen (cf . r example, EP-A 731 077.and. WD 01/ 96270 I of her

wor ds. “t ne et ap iR e o rlnl DT ¥R e R s fackt s 1

t he case mopyidre axided@idyahrygsittée.i on. In a secondary reaction, the nolecul ar
hydroggn formed may of course be conbusted partly or fully. 5 In this
docunent, a full oxidation of propylene is understood to nmean that the
total  anthfmn SfidatrIRsMIgIUES & FPMPRSEBCIGFYRYPREEN WRICHANRNRE BESEY b gR%es of
carbon ( CQhix{dPe? -foPbkanshié fig bartfofrg € inl PRMBRE WHhQRYESRARICHRARSVE he reacti ve

Tbartial GRBGETRIR S LR GridP PPEEL ORI SMEIIOB( Ch AR
char act er itae soranoTai }.@@éc}@ntiy,gm tdaaetah&giﬁ gab nﬂ;!stiéid 1, wiscsfet eatoryofdieat he el
anmonig caont ent,, tl 0X| I on_.an X|_aat proce 1.0 rallel,
ovor | 20pi g adalach HrepBtorth Al 80 BN SoRIB 2k LBy i RSP e ek oS or
ammoxi dat (6. NprtQueCs Gs¥, palompenairedrrednsafos epamplerG:eds (for exhmgledocunent
are acr ol &liyrdRiy'thDEARS' A 431 and EP-A 293 224), He and/or Ar 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 -



p\r opyl ene RIXB6Z06and acryl oni trile. 15 As an oxi dant, gas mxture 2

conpri ses nol ecul ar oxygen which may be present in gas mxture 2, for
exanple, in pure formor in a mxture wi,th gases which behave

substantially inertly with regard to tﬁ'é partial oxidation/ammoxi dation

(for exa i tS . m xture.
2, "al 20 1 of Ol b sl il gacRRER') rorhlafte chAEh PRl e TS T
control , aseactyantagewswn@@ccpréame \wﬂetheﬂrewnt@aéron( &3do 2d2, H20, CO, C,

sat ur at ed hydr ocar bons,  for exarrpl e C1-C5 (for exarrpl e accordl ng to DE-A
"19 24 431 and EP-A 293 224) nd/ Ar etc K t hi '
docunent aag aéﬁt?dﬂ%&ﬁh%t g Q@E‘i’réﬂbf f;?"?\ﬂ%r@‘ﬁ fE’WgepE’é!FRQSEIOf B%%ggfgﬂggﬁ‘ldgﬁ"?ci@” 25

pr. Oplyl ene %nﬁﬁ.%ﬁdﬁn bfrprg@ﬁerm it Qarﬁatlcﬁudah@n Rad/bi &hmexiddadn \gnerofhepr opy: enﬁ to
acrolein and -ac ci i S case ure 2 advantageously has
he T ol Lo IR £ Sasspiiefe o Ser b Sous oy 2B D TP e T om & 1 o
18% by vol mmtretheﬁnuentlcm: tiheaproparyneomnientim gas Bixtioe 25%0<tH0% by votemef orps8ane and
L:gg‘aﬁg |tor ég ol rP%( nF"a‘?béUE?ty‘?%vofFQélgBtHg%e Bbﬁt[eﬂt%‘?ﬁa?%@}% z”é)rle"i‘rron{ ﬁé 040"!/1 °f
favorably meCélUCQ)rf@Ta@t@é‘INﬁ abpuﬁﬁ@%utrw\@mrn@n from1l to 4. The rml ar ratl 0 V12
of molggul ar nitrogen present in gas mxture 2 to nol ecular oxygen present
in gas mxture 2 is, appropriately in accordance with the invention, from
2 to 6. Th\gh%pa,aWQIq)cqmerquggug%d if gRPrePrigts fdrileroesRRien i$resent in gas

mxture 2 digreparapy kiene |£Dél§§ﬁ6tttakéh iBRSadEoXMtUR thelrefdrénceasherITba@aous| y in
accordance with th

ent.i on i s also.kno thatitis
Goner al |y NECRHaRR BT mibEes Seiiaeds B e moesmelrpaimeng e
conmbust i oringdntipn apy/gemeeallyrhddeevipelr tormprisexi dati on and/ or amoxi datl on when
t he pfpane content in gas mxture 2 is conparatively limted. Preferably
in accordance wth the invention, the propane content in gas mxture 2 is
< _60% by vol une, or <T@GO%todH%nl vakeme Parti c@.arly favorabl e propane

contents in gas mixt Uf&in 3 t8189% 5,0B1%Re b 40%, Dyiepal une, for exanpl e about
30% by volume. 10 Wien an _ammonia content to be used if EI’ODI’I ate for

nitrile generation isffomilgted@tdydofumeaos it |p§o%n§0fregﬂen§t:é ®R 25iP 35%c count
in the reference basis for the 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 par{icuiar 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)



per cent ag®¥ 97060l une), gas mxtures 2 suitable for the process according
to the invention are generally those which conprise: 15 from7 to 15% by
vol une of 02, from5 to 10% by vol une ?‘{) propyl ene, from 15 to 40% by

vol ume of propane, frequently from 25 35% by volunme, 20 from25 to 60%
by vol urre“%re{ﬂtrogen, frequently from40 to 60% by volume, from1l to 5%
by volume Tn total of CO CO2 and H20 and fromO to 5% by vol une of ot her
constituents (e.g. H2) 25 Ot herw se, the process according to the invention
my be camli-edeQiHfa/drigee the different basic variants described in the
prior art (cf. in parti.cular DE-A 102 45 585). In other words,_in the

si mpl est Vari &hteaspne ofdag elegients: e thergrew cPRsRgNackd M Hg™ 6" e .

i nventgon ar e MyIGd, #d, RULCo,RIA Ni,Pd)$it8)a, BE &Y, SaNza @IENANd, lovey, Ay, ¢at al yst
charge disposed, therein, as described, for exanple, in EP-A 608 838, EP-A
529 853, 30 DEMAM98 35 248, DE-A 101 45 958 and DE-A 101 45 958, and al so
DE- A 102 45 58am @fdtahe literature cited in these docunents, using the
exanpl e ofc=theFr ge%qtér?dﬁ of acrolein and/or acrylic acid. Useful active
conpositions to be uSed tor the catalyst charge are preferably nultinetal
35 oxi des dvhi dientofieilse the fol | owi ng el ement conbination in the

stoi chponetry I M, VoML M2d (1) PF 56706 14 where ML = Te and/or Sb, M2 =

at least one of the elements fromthe group conprising No, Ta, W Ti, A,
Zr, Cr, §&f fAnsistar thiseslemgnt qombingdion g oxiggforp:  La, Bi, Ce, Sn, Zn, Si, Na,
Li, K My, Ag, Au and In, b= from0.0ltol, c=from>Qol and d= from
>Qtol 10 %egeo eralrseI tﬁén ﬁfpatrtpcgu?ar%u?t?n?&gl c?x? e écr’gi% Icgr%p(lasﬂtié)n)él odrlt['(l:e 56%9%
stoichiometry Il ' -
15
| MoVM M0, (n

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 0.6.

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.



These are RF&670G6n particul ar nultimetal oxide active conpositions of ‘the
general- stoichionmetry Il 15 Mi VoM ~M2dOn (11) where the variabl es each
have the definition detailed for the stglchi onetry I and n = a nunber

whi ch is determ ned by t he val ency and 'frequency of the elenents in (II),

ot her 20§ s SHEPE o FRERRIARLY ol E0EARRGR A ddbchie, LuRaLhaN, ML = Te

and M ometric
coeffici emthﬂen%aramaarﬂlag@dugu ﬁnﬁ/pbwmmoxldnzz@dm the ingmiticy Meesgdadi ngly, the

preferred é‘@&gﬁn]fe050ét£|§e|—%glagmdplggétrclé:md.‘.oeffI cient ¢ ranges from0.01 to 1
or fromO0.05 to 0.4, and favorable values ford are fromO0.01 to 1 or from

0.1 to 0.6. The rrultlrretal oxi de active conposition of the stoichionetry

|1 prefer atHeyorkasonkehfetBOd 6836Fbad rr@yrb@cdamesﬁ AR ditisatnih adiRePApELHeriSorgh scl osed
in DE-A 1024 active conmpositi.ons degcrl bed may

be used 1ot RES e She s Eoeet BAEr R o SRALES AR HEES o e
i nventi on foextinuthé docuntents efitb akiosdre Y hersths pedtegs aecording pothddmvenfion i) or

h d i | . .cat.al. f
oA 100 S PIE4 &5 SFREFbEL fBclen, ror xRl Peieddt iy G B BbR W BES 0
sui tabl e icme~zmegmth®d;dlIaﬁpmr@pﬂath% cprrisgavaini awbefundie seadter vehnseeatadst yl i ¢
aci d, gnd tﬁbé@ar@%aﬁeﬁgﬁi‘h'tﬁgca@%ﬂ/ RERh&R h‘ﬁqu;&rrsecct?ﬂ%bt%?%frodnla'tﬁe e&%ryépne

method is that the cat sts to be used are capab catal yzi ng "al

reaction stHepsa%d h??ﬁé"*ﬁi“éc@é’@%&@oﬁaﬂl“ﬁﬁjt Merﬁﬂﬁavq'wéﬁernaﬂpiat@ﬁe@@m@ay15 | t

i's essentiddo b@uéé@:ﬁ irl NERM &gy tht Ratalyst thdrf@isaierosed as afabgearttRewnt bed,
et hane anc{?ﬁ; | ene a[?g% partially oxidized and/or anmoxidized in the

i nventive 903"’98 Sonitrile, acetal dehyde and/or acetic acid. 5 The
one-zone method described may be carried out either in a fixed catal yst bed

or in A Ewgél 6&% etﬁé‘#e%'c%?‘tthg?%?%n Scgul hw’l&frg‘?éj?orfﬁm{eﬁ%ﬁﬁﬂwdfhg%a{%\)&?%%ﬁ

descrlptlons ‘
" process ac@@sainrf@cwiertt@ein gousiereuwrent to thpsalt batlﬁE-(ﬂh%.Salhbath %eelf thayi pederot i on,

for exanpleyi@ipatdle! RICRA:iBE ‘t&fﬁeQﬂ‘ata%Ea"t}ﬂﬂe% BGAIh dpprdifate @R BRDRANEL hod, it |
IS appropri ately carried out in a_t | e reactor whose catal yst 10

t ubes are %%P@é%ﬁmm%wt%é@&?vﬂ?w %rﬁlblth‘?/sa“abqth MAYPE@M 8nduct ed ar ound
the catal yrﬁéandeﬂb@ﬁo@%r@nh&i@é caakyEl tebes, gﬁhimngbbmﬁ@te@ah cot®tdnt or in

' ?Iat Slr L \é‘?e?léf Eécqrr?n qﬁg ! Sgsc %?)éqre avﬁhieé}sofgﬂye over‘the rea\'\{%r Clhu case the
- bundle reactors suitable for the process according to the invention are disciosed, for '
example, by the documents EP-A 700 714 and EP-A 700 893.

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



bet ween cdeF bAEI ates. 15 Viewed over the reactor, the reaction gas

m xture is conducted within the catal yst tubes either in cocurrent or in
countercurrent to the salt bath. The sa}I t bath itself may perform a pure
parallel flowrelative to the catalyst Bubes. It will be appreci ated t hat

thi s Y ibagdien SUORHTROBAANN 0o ahIBHa BYatRblamddie salt bath my

performa nean Ow aroun i's conducted-in
cocurrent 5‘?!“15?92@3dbuntercurrent to the reaction gas mxture only when
vi ewed over the reactor. Tube bundle reactors swtabl e for the process
according to the inventjon are disclosed, for exa b the docunent s

EP- A 700 71ANaRRe-ERNeNargnt gdhe PraresTRqcrEtinghio the bwe Dé‘ Y SPBYR of the
startirg r@ﬁtﬂﬁty@n tigasxatl ostalyst bb@ehirge with op%ﬁemwfor@xampte bé frbhe1m1roocess

di cen i1
connect | oo TP U UREH bElal e PRk Sr3Re VoY Wi Baio rBicion Se RO aci o
t he conpadsiregoetigfin tHeeasgairomi§oie 4c 0DO h(SFaY/I4m Ktroargy dagps aathbyanw I es

within th nolar ratios): 30 propane: oxygen::H20: other '
const i tueﬁf{gangpﬁwpg%q Iéufgﬁl r|(nert di | uent gases) 1: :

(0.1-10): (>0-50): (>0-50). The aforementioned ratio is preferably 1: (0.5-5
) (1-30: (ﬁhé’ﬁ%mme%'?olﬂs Bl iSRS FbchARESRIed R tle BSR8E Ak oWheay the

ot her constituents used -are predom nantly nolecular nitrogen. The reaction
“t enper at ur® PYSEFRORA ¥§pdia “Teri'(’)’ﬁ?%@c%'dm%@e( inyRtien H?jﬁtf‘?rmiuf%jrw‘im

anmmoxi dat lfﬁmmﬁd@@ ﬂ@raé@hwlp% cdllb@eemmamadheasfsa@bn divaidePltabiafOfiodife, t he

reaction gas_m xt urc(ee addi t Ly Eoml ses ,ammonia (cf., for exanple,
EP- A 529 g5%jum g Ef’lé"%%urﬂi?ﬁl SRRP NERUNPXiRe pr ocess according to the

i nvention, the hourly space 5 veIOC|ty on the fixed catal yst bed charge

W th PrOPafg, fRYon féss ?%i%'méfl%e 9§ A fd?h&rﬁ’%‘i ﬁct@@%ohg&&ﬁ’rb’ In o@ﬁéﬁ&ﬁﬂd?ed) .

The hourly space ve ure reéquently
in the ramsbiaﬁﬂugomw refioDaE, fOFGSHTPPbeI @.(dlIuﬂntarﬁrﬁgctwa%@ppﬁt@rﬁeamdeawge

from 500 t |Iu':@'@)01 ﬁcﬁ\@_@erﬁé&moﬁp TH@%[!U%H& bﬁb@ﬁnc@ﬁdo@ﬁe@@&é&&nﬁwpos' tions

recormended %at course al so in the
G

~ process acQ%T“dicHgZ% 82% pgfqr%%qiﬁqrgpp e K %@%Qfeﬁﬂeﬁ thﬁt 'td%ﬁ&$odl vi ded,
for exanplmseidld BivdalothaiebRlysbd\wtshicbr &% ifVdntioobnelizond aethddl &eini um di oxi de,

20  described, for example, by JP-A 3-170445, When the process according to the
' 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,



al um num oRir 88706zi r coni um oxi 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 ble diluent nmass ratios are, for _(eaﬁanpl e, 6 (diluent):1 (active
conposition) and 3 (diluent):1 (active'conposition). The diluents can be

I ncor por at G, ARG F@e@gaéﬁgﬁﬁ?@ﬂmg%\%%g%%%@éﬁf%% {§£aurﬁ’;§i&%%Fé%\%ti al ¢i nati on.

It will be appreciated the al's _ se ot her catal yst _
systens fofteRhé Waslrehi Peasiimie ueeh ior gE@MBIe, a diffent deiglypi ediffgrent exanpl e, by
JP- A 3- 17044 3yst WhgGe kb ral fh G35 SeRRE PEHiBY sle. DR 8he brd¥BdRirk @Buli Be! Mahé zed i n
one reaction zone, one of the §055| bl e %%ses i.s that inp which (?as m xture
1 and gas SASRIAHEE Qf idgndicRlraRlytaPr 9@?'&?1 grgee fPrdolfi (ReRtiosige & BglRtle wi t h
- the in\fe'ntérmre@q@t tt%a{ehﬁidmgemgéranfr@%ﬁﬁa%mméf dd:trmglstég:& bih'dleptehderixtlg\écﬂggbon in
nore than reacti zone, as descri be or exanpl e EP- A 463, EP-A
117146, DEERORSEorA ool oo gl SRS AT oS4 0 88358 Ep. A
731077, DE-A 19837520, DE-A 19837517, DE-A 19837519, DE-A 19837518, DE-A

19637520, i kISR A HARMIA el ABer ARCRIEEERR! | O Zone

means primaril at” a St” one reaction s ‘ rocess according
to the i nviewrowsd adpistreentioétheggectigncrendigentictthe reguiBments dafegedividedlect ed at

| east PR tlycfiRdeRANSIEN b cels 48R thiifuatidneast one other reaction step

within the process according to the nvention, or, although only
secondarily, that at |east partly independent reaction conditions can be
real i zed wWHidatvadRieasdell REOWRBES Pefcp@itneois!p baRlyBéDHas priteepadRd i on path
(the latter 4?3 thF ca@e [or rglxa%%{)e. ann %o- call'ed multi zone nethods
(with indé BRET ORGP I L G U PO RSP Nar e - enpl oyed for one
reaction step, as described, for exanple, by DE-A 19948241, DE-A 19927624,
DE- A 1 - - A . : F 56706
17 whth tha sranayedadion et A inhaRR i el e A el B o le two
reaction loeiefraction coasdinatebel Wask thel fissttieadsde acralain andinsl secord temf er ent |
catal yst ofcr@eflith hEffhhciacat al yst charge to that for the second reaction

step. O, the procedure could be, in the case of use of identical
catal ysts or catal yst charges for both reaction steps, to select 5 and

adj ust t heTHigagkliMsdoRBpes Mtaihasndrikhoivh @et ¥®op@ERAlD 108 peésisiityiondependent | y
i R i T
_princi pl e iegabhedurel hiprtew edidatiprusdres riranfed ineseriesdt wbitheaselittel axidict o t he
requi r ement g, 0f 1§ Be LA ottt tnetfo LSRRI PR 48R n8loplifeRTAReSS according
optirmization opportunity also permits the partial oxidation of the propylene to be
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.

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



Thi s advarRfaf@/d6s wel | known of the heterogeneously catal yzed gas phase
partial oxidation of propylene to acrylic acid with nolecul ar oxygen. 15
It proceeds along the reaction coordingge in principle in two steps
successive along their reaction coord| nate, of which the first leads to
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ol ecuig;tr oxygen The source of the nol ecul ar oxygen PF 56706 18 used may
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i's 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,



10 advant afe66&6y sel ected within the range from 300 to 700C, preferably
within the range from400 to 600C, nore preferably within the range from
400 to 500C. The working pressure may ge fromO0.5 to 100 bar, in
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sourc
the catalysts of DE-A 19838312, and the multimetal oxide compositions or catalysts A

in the former document mentioned as being preferable are very particularly
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



5 consi st sPF 68tfifent | y of at | east 90 nol % of nol ecul ar oxygen, and in many
cases at |east 95 nol % of oxygen. The catal ysts suitable for the

het er ogeneously catal yzed oxydehydrogengti on are not subject to any
particular restrictions. Suitable cat alr}@sts are any oxydehydrogenation 10

catal ysts K0QUlir bRRAS altbhifds bpuid VRl HBUEH.A1S SaRABLALAL iPhIT 21 ng

propane to arti on cat al

speci fi ed Qfaelttﬁén @Iﬁ@@ﬁemeé’ Ca@lheéﬂe%éd@nﬁﬁ‘}en%’ Q%@C”@@dﬁpl es of suitable
cat al ysts mpue| usesoxadehydr ogenation catal ysts which conprise the MoVNb
oxi des or vanadyl pyrophosphate, if appropriate wth pronoter. An exanple
of such an advantageous oxydehydrogenation catalyst is a 15 catal yst as
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the cat al y&ayzsd ppdetyelgmeaaion ofprepansds plitatedrarese Bef GalalyshiRs i eons or
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rticularly 25 ad f.ul ' iti
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as descri hgehd r%n@@frﬁm@@ 14§ 45a5m p'%rﬂ:&ﬂiartfﬂ%% PeteBagRRROPRFtaRFRhYZE

oxydehydr ogenati on of the reactio
y y g ? in general, theP pro ylene select[\nty falls wsth rising propane conversion. The

propane to propylene reaction is therefore preferabiy carried out in such a way that

20  relatively low conversions of propaneg are achieved at high selectivities for propylene.
The conversion of propane is more preferarbly 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 prepurifiéd 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 propané, 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.



t enper at urRF $&706referably in the range from 200 to 600C, in particular in
the range from 250 to 500C, nore preferably in the range from 350 to 440C.
The working pressure is preferably in ﬁhe range from0.5 to 10 bar, in
particular from1l to 10 bar, nore pref@ ably from1 to 5 bar. Wrking
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may be useuingiple 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 héterogeneously 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



carryi ng ®t5&7RE honogeneous oxydehydrogenati on or the heterogeneously
catal yzed oxydehydrogenation of propane. For exanple, the
oxydehydrogenati on may be carried out zﬁn a single reactor or in a battery
of two or nore reactors, between which™~oxygen is 5 optionally introduced.
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better to an extent of less than 1 nol% . In principle, useful catalysts
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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 dehydrogénation. ‘

Owing to the high reaction temperatures required, it is further typical, especially for
heterogeneously catalyzed dehydrogenations of propane, that small amounts of high-



cat al yzed PF6p#EIe dehydrogenation are all dehydrogenati on catal ysts known
fromthe PF 56706 22 prior art. They can be roughly divided into two
groups, i.e. into those which are of agﬂ oxidic nature (for exanple
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430 Fer gus@y;iyd é/pﬁ)r@d)@b‘@f]’%‘t the\ARWbilifPdIsS Qflﬂb%f a@dtRg Smam/ghdnSe@ua30 It is
characteristjc of artial heteroggeneo ydﬁ%] cat aaﬁéﬁ%ﬁder‘ dr ogenati on of

propane tiH&¥Yogen 'E)Pd‘&'é‘gﬁ%toéh%iBE%éP?ﬁ%%?ﬁ agaipd P9t HE YR eat

(energy) rmam@d\cfdﬁbntdﬂmo@maahm@én Rfthé hetehepesadly catamedd on tenperature
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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 steamn 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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After a prolonged operating time, the aforementioned catalysts can be regenerated in a

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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nner, for ex le by initially gassi ng

can be regenerated in a _sinple
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30 In subsequent further regeneration stages, the regenerating gas used

under otherw se identical regeneration conditions may be air. From an
appl i cat i ofppepriatelnithe reagiion 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 thaf 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 regeneraﬁons.

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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especi al | yifatihess besvad febenaralicisyst s described in 30 DE-A 199 37 107,
especizg)lly t hose of the exenplary enbodinents, to conduct the reaction gas

m xtu I nto the dehydrogenati on reactor preheated to a tenperature of
from 450 tlo gsb0al, argendeddiepas tesuribbd abdve Shoukeiperatied eutrimsgs a mander t he

tray reactpliie oxygen content of the reaction gas mixture, based on the amount of propane
~ and propylene contained therein, is from 0.5 to 30% by volume. Useful oxygen sources
include both pure molecular oxygen and oxygen difuted 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 heterogeneously catalyzed
propane dehydrogenation.

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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of reaction released thus allows 15 virtually isothermal operation of the
het er ogeneously catal yzed propane dehydrogenation in a quasi-aut ot her nmal
nmanner. As-t hecosbhersydeedisg desandion gae comhpiidieg thegwoganerogas i n the catal yst

bed i 'sﬂj ncr eas ydr%ﬁgﬁé’cgﬁtdjgpé/a%&g?&?et,' on is thus possible at decreasing
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cl T st adh R R -

resul tThg conb W%ve an additional dilution effect
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the reaction gas in the reac’uon zone to give steam and
- withdrawing a product gas from 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 _ -
[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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~advant ageously constitute Inert | uent gases. 10 The abovenenti oned _
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partially oxidizing | ecul ar oxygen 1 n the nolecular hydro
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mixture 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 eforemehtioned 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. Approprieteiy,
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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m xture 2, 1.e. can be use I rect as s
at the same time does not have too hlgh a molecular weight. Advantageously, the
molecular weight of the absorbent is < 300 g/mol. The paraffin cils having from 8 to
25 6 carbon atoms described in DE-A 33 13 573 are likewise suitable. Examples of useful
trade praducts include the products sold by Haltermann including Halpasols i, for
éxample 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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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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cocurr ent appara’lus with water. In this case, the absorbent is washed out of this laden starting

stream with water and the starting stream is at the same time laden with water. This

washing or the'quenchin_g can be effected, for example, at the top of a desorption

column by means of a liquid collecting tray by counterspraying of water, orin a

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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to re r 03bar, and a tenperature (in the 10
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used to chaPgdothe & td a6t torl®:(lard0itio Zone, a gas mi xture 1' obtai ned by

stripping fromthe absorbent may be fed to a further process st age, in

or der for
According to the invention, the abovementloned molar ratios are advantageously

- =210 10:1:0.5 to 20:0.5 to 5:0.01 to 10:0 to 1.
25 |
According to the invention, it is also favorable when the abovementioned molar ratios
are : o |
=30 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).



exanpl e, tBF b6tlfce the | osses of conconmitantly stripped absorbent (for
exanpl e 15 separation in dem sters and/or depth filters) and thus at the
same tinme to protect the at |east one gartial zone from absorbent, or in
order to further inprove the separati n& .action between the C3 hydrocarbons

and the ot nst.i - S SN - : ; be
effected b%%ﬁ%%?] dt"h'éb%'gr&é@gq@? %8@ kn\cf)l\?\’b\erﬁjacﬁ:tggtéﬁ?aﬁﬁplg% ft.%m%/he art. An
exanpl e ofJaigraith i present sivesiirhrelptesior/presemiceRligusatipngt &e racess t he

p{ oces s-'f Z%c%tsﬁqﬁgiltom@e inQertldf ih Wﬁ%ﬂtﬂhé)ﬁrep&ﬂﬁé@ﬁ%r@p@'@@l q?iﬁacpfbr ihtéﬁpréc%e%%t ing
streamfromthe stripping. apparatus w , er,. case, e

absor bent ?C&OM%@&“%E‘%’G%P%‘%@ cﬁ@&@htpstﬁ%ﬁtﬂs? ctiqn &839& %etpﬁo%ﬁer' and the
startirig sdoceming e tld inbéstiomane tine | aden with water. -This washing or the
guenchi ng can be effected, for exanple, at the top of a desorption colum

by neans of a liquid collecting tray by counterspraying of water, or in a
25 dedi cat B prppent investionTaspraiates © adventegpausagimbedimetisefithe proeassal s
increasin ; i r; - j ed, 4 ach
chanber | cacear B e L AR BrgBRie obdi Bl bl UBIFoCERE
absor pt'i or’ neafd paidly depexasnrie oBlY tyan extentoly 33 & eplyde angxtenhef 2388 Um i nasf ar

as it gpesodhplo 4HOSIBH |0Y2$%? R kR dtBriih PeachitP §8SIHBALreNSBE AR RARUSH Y
OXIl an

cat al yzed gas phase part tion /[or “ammxi dation. After the water
has s hed eh e hagseE Zatty Jaenase e THrIsstel Sarae aP daHarsuely i g
stream t haewateesfonbsushbeathlypackgas shasapahial Hedation amdfphasenckidasiepdioat i on and
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required, the oxidant added to gas mixture 1 and/or gas nmixture 1' nay be
o B} S8 B D BRI S DB e
propyl ene 313 py opightros ablepste’ 5% he weight eddPe% by weight 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.
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25% by vol ung, rom > to 20% by vol une, ﬁgjntlyfrom

S
>3 to 15%W%IY&HE33/%WQ9BFC{E‘QP%W"Tmeo'm@‘t'@”taé acﬁ‘(@/&%?/p%éﬂoﬂ T8 " st eam

si nce mctbasélm@bmatfmbmdatrms@ my@xeoutabmleuwhréialsofdapaﬁett@a basi s of

t he i nvention. Thlrg t | ml %)art cul r when (Iélhelcatal slt S c;tems 35

" ecompnde o S Fb Saieke bk s Srefonaiat B IS el 1 al gas
phase oxipteferameandien insancordadad witin theasypsntivafdryhe sedond ogigtioro$tage pr opyl ene

parti al Xda%ﬁ?%o ?&ﬁlé%hﬁ#)ﬁ&ﬁﬂ‘g{s ie"glg{%e' rﬁulﬂfﬁgf% oxﬂgc?ﬁéﬁéni pri nci pl e

Especial ly 1h’ co renenti one
quite gerriempnty Mo angkV p'F[’@s@’ﬁltemerW@mﬁd @Hltlﬁ@@@é@e eetive gampsitions and Bur at i on

of the sgr Qﬁ@l@ossr? VAEPEEI Gt dififow asv%%:;aﬁre ih c¥bH SRt With ﬂ%%ﬁhém tﬁiﬁi\/ep: opftﬂe
require r € process o the .inven i 'S ctly to the
(st T eadh Brege G g nebl D o QUL TE EgRT D B aTHEn MY BREEUAD The

present i niembdomnakso rel ates to advant ageous enbodi nents of the process
according to the invention in which the prepurified propane required for

the process is at nost partly (for exanple only to an extent of 75% or
only to anltest tetpradfess @nhetarodéheonsly ceialyaed partielaxidsttior B9fropwedns overhe

startizg r&pgidi8aa9as: Matt fuidi2la bk dr'iked bEGACHAGR catalysts have, as an
activé composition, at least one multimetal oxide comprising the elements Mo, Fe and
Bi, are suitable in particular as an inventive one-stage process for preparing acrolein
(and also acrylic acid if appropriate)} or as the first reaction stage for the inventive two-
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),



'step and dtF P&t partly (generally the remminder, if appropriate the
entirety) directly to the heterogeneously catal yzed gas. phase parti al

oxi dation and/ or ammoxidation (for ex le to gas mixture 2). 15 When the
het er ogeneously catal yzed gas phase parti al oxidati on and/ or anmoxi dati on

COMpr | S \gOIIalsh? Y roEQRAISKAR) SERH0REITD fsdERifa P&c)ﬁor‘ij%tragg)t, feed (of a
e ropane). O prepuritie

portion or, of t entirety of t repurifie

propane i rW% %é@r%sé? (Stel‘f@‘%‘éyqa@ﬁ?ﬁ ?tﬁﬂg)} &%BQZOSW%“?’ se@9fkedi ng of

prepurifi eEP-progmEees, EPea 16)Xarui7earatER-aasit 0682598, by wei ght, or at |east. 50%
by wei ght, or at |east 75% by weight, or 100% by wei ght of the total

requi rement of the process according to the invention for prepurified
propané) iThisoapmies Fastrtiaar to pkwotkinesmesairesérd imbees dogaments I Thegat al yzed

gas_phase iy 14 el baal BRGNS RineSTERIHARL! 60 i REEFLRHLS e

beneficial, "since It Is automatica acconpahi e ce .
i nvent i on Sirticeipgeimngasgnisiure Heed for e firsldetstion stagsdPispylepe kcacrplein)dfener al | y
al so reduGRSn@Mivé P§é<m%ur§>9‘?\?@§br@ﬂwg the réthAifRE parlidtbaNed Rbdare khe -
het er ogenepusly ca al\éze_d %as has? artial ~oxi datlgn, of propylene to
acrylic adegeiiecnn s weking XB&@E@H’ SRasEdeNsNBioRe? P @aftiqulaleoagtng

react i10n shefgedstta s dete aad magtdnhRouyapiabeNelocit o thatiged cdtalvdt disj.he fir st
| eads to q@ é)lﬁﬁn and t he secf(é))nd‘fr.om crg(liei n.to acr;sfl ic.acid..ln a nmanner

known per ‘285" PRIROGEHE TN dOhiaAtien s ERE MG AP Fod S Pid &t o fve:
i nt errupt istapetdrel therede secandenyraliygen (sectrvary avdacdionbeliveeh éhestvageadion

| i ' : LA : _ ¢ aki
fhe tar get BEsaaroin e TPodAAT) BARbaRbr o Bihnif HERk R e e

accor di ng teeeffert thagthenmplgnralintof maojacelss pryaemtio gefolain i the eharge spaatixiEie and
only tzen gapdesdeakd RGiclifiesthas 86 redHoREdi & theBR YR vorkiRg exarfs3s theen the

process accordi ntg to the invention is -carried out up to predom nant acrylic
aci d f or megPCYReENEMetioned ant ageous in accordance with the invention to
performthe process in tw stages, i.e. in two oxidation stages arranged

a'so the. J0HEroRLENT B YGR BerlchklY sBI eE bl P dSactRR B De R o e
catal yst Ibeen deseivapprasyrtinesedng arp welfikpedn intheae Bilted in e art.vior examalei on
st agesg N greh3lsh g t-Setdtsh Qéﬁffgeédﬁ?‘é?@té ng)a%rﬁé?ough the nmultinmetal oxides

whi ch conprise the elenents and are particularly suitable in
accordance wth the invention as active conpositions for the 10 catalysts

of the fi rcstalgats bl HiRISdEREOMIt BidGnventias Fblivd partians Hdc@osarakl e to a
" are also disclosed by DE-A 44 31 957, DE-A 10 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

accordance with the -



certai n exPBR67@F catal yzi ng the second oxidation stage (acrolein ->
acrylic acid), preference is given in accordance with the invention for
t he second oxidation stage to catal ystsﬁ whose active conposition is at
| east one nultinetal oxide conprising the elenents Mo and V. The

f [ I i '
aror emrent | @Hﬁ&’laé“l’ lgértégf[?&v D?-S(A ?g% %?2%?’ gn;&g{mﬁmmgwax.ae%ﬁlé %011%3& ftiohfiose

whi ch are describe ccor nventi on
have the $dae apeereifatmularl landpll of Phed 130 301 e and abammuitiefal @xidavent i on

in a partigstivachinposidrisepebmenpreP-Ame, 71uhe process for heterogeneously
catal yzed partial oxidation of propylene over 20 catalyst beds (for

exanple fluidized beds or fixed beds), whose catal ysts have, as an -active
conposig i oAtsoamtdbeasam thi e antidr stem bl themﬁ&n@alrm«dma’ngystheombwﬂgwb Bb, Fe

d Bi, I f
prepari ng- a5t of PR e RO BRI TS Bro BRary Pl Y S &) BB RIER Ra 1 e
reaction sDEgﬁeSﬁ@B SBQdDE-ﬁw‘E&SJtOZ\/@& wh-A §1 2965 P2 aso ooo, cEP-Ac&OYI%é acid. 25
The real i ZE@'AP@?G%T - R@@D‘étoﬁﬂeEP‘?ﬁF ﬁ@@@”%&hﬂa ?@ff %E’A%B%rﬂ

oxi dati on of % ene acrolein and al'so dcrylic acidif El‘opl‘l

or of the Y\«Sb9 Dﬁe‘bé%déﬂéwgp% efdhapgnesal feawlaéw S5 §ARPHASDHI

propyl fme EP—A@@QW?ZM@?E@-A ot 4l W@@bbh’e% m%ﬁﬁlcglfarﬁﬁtﬁefékéﬁﬂglbﬂz 2 may be
cifi Ca s des%rl bed thhﬁeeﬁj unmenis. 30 EP-A 700 714

d t
O st ontrbBiien o tnode SelRehar o FSeIeFPIE81% BLER i ng
cognt gr cglraacmtdamndentbfthaa{/éntlbaﬁdﬂtmed oS ERFA 0@565@&% AGIT5@a%, m xture ovgr dt he
t ube un ti Il pe
t here, butﬁgléﬁﬁagﬁc%?ﬁgé&g%ggg %ﬁfagﬁ(gju ikpa %dse@E/g'gV\% "Bg/%g%g@ (t hat
docunent i acgtalysi angbuiing to examgker ddtbra&Pah Oﬂﬁnﬁé@aadi ajsarte achtalyst © kbcunent)
(25 2 150. 589201 2588 8montin: M ABO0R v BRc BN dipclficRlAs(fd 1ot T oacti on

st age), 11.59. st age_process EP-A 11 59 246 (second
reaction s@%@éqsﬁioerbﬁ%zwzagcez&wca@K@pe@wé)O&%eg Mphgeisds3iso given 10 theg 48 248

g 370355 \gg Staagfe ﬁé\m@ﬁ@)senmbb% i BB 6@5155 of ags;%gm:om@y st age), P\é\D
as a rocess Sta
06706 35 Ver6arhegags oty ierut s AL BRI st Paebieb FoBtN

reaction sfage),3 mns EMrﬁ)&ﬁ@eﬁBal(osantdx heigot x mnersaletgaj\ete\i)@lﬁ@i%:’.ﬁé

(t wo- SﬁoagegnsuEE C;‘%%UIQ%EB%@PFE&“%E?B%/S?ZCC%QJIP@R)C’ Pﬁljrjof B% E?g?’ 458@8' S

applies in pa I nthesSe anment s.
They may Menfmﬁmg@ amqbeamadegthhemdtlmﬁtat mcaialwﬁ@ﬁu&ﬂx bS8 17 hThene

differ encela&mé ebiRsially true when these hollow cylinders have a geometry of 5.5 mm x
3 mm x 3.5 mm, or5mm_><2mm><2mm or 5 mm x 3 mm x 2 mm, 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 follows:

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



starting rRFa8§i0dn gas mi xture used for the first reaction stage (propyl ene
to acrolein) is an inventive gas nmixture 2. Regarding the renaining
paraneters, the procedure is as described in the working exanples of the
docunents nmentioned (in particular regarding 10 the fixed catal yst beds and

reactant heuwl yigp pﬁsﬂu‘%%r&:é{rg@%&{% ﬁhtimsﬁy,qiﬁ}@ér@, IR0y (e, he

procedure i,n the aforenmentione g exanples of the prior art Is two-
st age and *f Her Sicen GbEBRERY leBkaK/FFIEdNEAry air) feedi ng between the two
reaction stages, the feeding is undertaken in an appropriate manner, but
its rate‘is_adjfustgqoi ttg the effect that the nolar ratio of nolecular
oxygen to Ger ol r]io he charge gas m xture 15 of the.second reaction
st age &or reesporicen 0.601tdat preferabhefromr2dodg exanpl es of the docunents
ment i oned.. Ml tj j articularly suitable for the

c = tf}oﬂ?é?d1@§égﬁg®§}@%ﬁ(§tt§ a@ y

particul ar- reaction std een dé'scribed many tines and are well

- known to tthEse Tkt P ted areferay forn 0.G2dp Zexanpl e, 20 EP- A 253 409 refers on

page 5 to ARPr Rk B8 YreRpiitem oGatsal ysts favorabl e .in accordance with
the invention for thel(garti cul ar oxidatjon stage are also disclosed by

DE- A 44 31 357 opED 0 1939904 025 445 and DE-A 4 431 949. This applies in

particugl am &0 tdstodriwnidhas aeranhinkd botieNAercyiandiilzquéne dtiey aemehisaned 25
docunents. Cat q}l/y@t sgf)arti cul arly advant ageous in accordance with the

i nvention for 't e8P I oxidati on stage are disclosed by the
docunents DE-A 103 25 488, DE-A 103 25 487, DE-A 103 53 954, DE-A 103 44

149, DE-A = A - 2 F -
i nventive ﬁ%ﬁ@?%%%gg‘tag‘g@g” Sﬁﬁeepg%%%%%%é%sf?{%%g?‘g%% gdrgdsésp%;gggagarti al
oxi dat i on a5¢ Cpstopariysbapes acHbstanes lorgivecsnykres, dagsorewindeans Rt else userkbineof

usef ul1smulthé A coMet @8taRRMPPSI fre@Ded iRt RPpéit bEREY csdiad /h thdadivknci pl e
all multinetal oxide conpositions 35 These are

( conprising Mo, Bi and Fe. .
i n parti clACHPOBNEN hliDSeaPRIeARleRabibEY MY RIS YIAATCARIYSIH B RRVAEY al
formula Ifo@h. DE-A 199 55 176, the nultinmetal oxide active conpositions of
the general fornmula | of DE-A 199 48 523, the nultinetal oxide active
conpositions of the general formulae I, Il and Il of DE-A 101 01 695, the
mul ti nmet alBxexiptes dctitatde cosyppsited oaislysifgaoretipsriaciade RdS§HaRr36r hdllowmul ae

I, 11 and 4} - i |4, Q% '
corrpos’@tn [ oéxgﬁdeg% h%ﬁﬁ?}i%&? a Ilééﬁem?e{?%gﬁ Ig,qer?qﬂl] gﬁ\{g&f%tog?l"%@l %\_Ct%ég%esdwa and
al so the ribe holmt eling aavall duiekness ebirpodite Bon® & perrppiiaier It wille- A 700 714. 5
Al'so suit %bb@ecﬁe%fd {rt e PRGHIPRITREBNSAES 5186 hEW éﬂﬁéﬁ&algeeme@}?, iRy St s

conpri si ng . , , _
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.



and Fe whiffh5&f06 di scl osed in the docunents DE-A 100 46 957, DE-A 100 63
162, DE-C 3 338 380, DE-A 199 02 562, EP-A 015 565, DE-C 2 380 765, EP- A
807 465, EP- A 279 374 DE- A 33 00 044,,EP-A 575 897, US 4,438,217, DE-A
198 55 913, WD 98/24746, DE-A 197 46 2'1;8 (those of t he general for mul a 1),

JP- A 91/ 294239 supgdt FBBrehald Be 8@540@@[‘9’ derouy &%nﬁ%us hsnap Bkies dhiidon

partlcular to, t nents,.in these n anong whi ch

exe enbo ts
parti cul ariBHs QT%IH%drTS)gg%IZU‘@Q{WIWH di OF‘B%F%“@YW? i P'ﬁn‘@ $¥HtE%n to t hose
of EP-A 0Jzﬁaﬁﬁﬁ;unﬂﬂlo‘étéaﬁal&ﬂ?mn%oétel%eﬁ@erﬁr@ltpﬂi&lﬁaﬁs%s’ta‘&laﬁﬁlr@ﬂi&

e S TRAARS eta et Bhelith bRIBISR A B¥bedac B RS uBRRITE 19 10

cor r espondiasgd.enersppdt bodibe s have & ego@mmposiegulansieps, allt’@ugb pngiersnte on

xanpl o hay e i 1e8defP SidtaibHor Bpdieo Ry ARRAT Sutbeoady B iy 0, |08
Mb12Co7Fe3BRBIPEIEPNEES; of heliowy ceindars. SHisaRmeurped Hegies@ie eytstandiely cat al yst of

geonet ry Slonﬂbﬁ@ua?» sm%ae ?oﬁﬁblﬁéa(e Rkl s@b@é@rﬁédéoﬁﬂéﬂﬁé whodddigmBer | is
di anet er) and also to unsugﬁorte tcn})l rrleta oxide Il catalyst

~accor di ng T &P mn Tr foS 'BE‘J Rreferpblydrom THEVERAIIRPIS PLRPBe made of
t he muiot i redils pxb”e cglatdeksy\sh&eqéngtﬁméfr&n 423819117m ahbevhokatktemal s especial ly

or 2 e GBS AFPINE0 KRR S S5O @bl 3,0 T

mm x 3 nminveptiomes eerderiescdéEsntie whlldhiekmassys hled Gipically fras 1 totdemmalAndilamet er ) .

Furth ! jofhd ' t t f
urtner p%%g?ﬁlt §o@é§ o %ez%segﬁrg{ﬁ‘ﬁ%r@eﬁ%deqn 5&5&? Rfﬁ?ﬁ thé‘fn‘%eﬁdagrn es (for

exanpl e | en aneter 5.7
m) . A nullenataabfren 2iaé mm en peetal dﬁméer@éfrpm @&Tﬁﬁﬁb@ﬁq ONER ﬁwktneeﬁ e for

the stgp fdredm ‘3&: Pﬁ@@)éu%ﬁ@rtb@du%é@’ta%ldﬁn%@orﬁﬁ:ﬁd@ With delishenfiompirigpri ate can
be enconpassed by the gfnera forrm alvVv N%)J.ZBI aFebX| ¢cX2dX3eX4f ghﬁ(lv) 35

in which tF}?é“%ﬂrla!a?Blr@QS QR G AEdNRS ¢ BIM e fiameferx ign /-or
cobal t, X2nterrahaiahietsr). Itawill BE lepbrieciatddethatethe fingneas oaitHeadatatgicalyr adtiveet al , PR

5328653’5/ S el EnoR G ARy E"a‘ﬁge‘"‘ghﬁ?ﬁ AhE SRR a6 oni um o

= from 0. Bleswedcoating thickness (cf. EP-A 714 700).

20 ‘
Muttimetal oxide active compositions to be used for the step from propylene to acrolein
{and also acrylic acid if appropriate) are alsc compositions of the general formula V
[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, '



5b =fronPB56106 0 5, preferably from2 to 4, ¢ =fromO to 10, preferably
from3 to 10, d =fromO to 2, preferably from0.02 to 2, e =fromO to
8, preferably fromO to 5, f = from0 tg 10 and 10 n = a nunber which is
determ ned by the val ency and frequency of the elenents in 1V other than
oxygen. Thg;L & oYabrabl e in a manner known per se (see, for exanple,
DE-A 4 023 239) and are customarily shaped i-n substance to give spheres,
rings or c?l‘ln QUP@ se used in 15 the formof coated catalysts, i.e.
preshaped ¢rerfofioppart bodies coated with the active conposition. It will
be appreci ated th@tt Eﬁey may al so be used as catalysts in powder - form
Exanpl es of “su ?’B 8 nsupported catal yst geonetries include solid

cyl i ndes s @r= hiobrhevd o2, cyli nders havi ng an external diameter and a | éngth
of from?2 $Q 10, Ao 6N the case of the hollow cylinder, a wall thickness
of froml to 3 mmisS appropriate. It will be appreciated that the
unsupport eg Tafrein@de 16an al so have spherical geonetry, in which case the
spherical gi angiiRis 1538, be from 2 to 10 nm 25 A particularly favorable

hol | ow cylinder geonetry is mm ( ext er nal d| aneter x length
x i nternal Xdi an&tﬂraws v&caeasﬁare eyminﬁdtbméh%%@wfaneﬁwasw% TEPRPSE. It

wi || bey appr eci atoffkr et oxygen gmﬂ verul ent active conposition or its
pul verul ent Rr ecur sor s yet to be cal cined and/or

partial |y CHITHHRRYE hoﬁ?g% rﬁhp §ﬁ%ﬂ5rémﬂ 139 1?0 appl yi ng to preshaped inert

cat a: yst supports. The coating of the support bodies to produce the coated
i sl baca, STy BlgelaREhl BT R § (LA doBhALAR, ¥ B i 0 1o
coat ‘the @ﬂm@ﬂtfmbbtﬂﬁééocat ervingomest OVwO@riﬂ)t@ﬁtf differard compagifen Eemitieir

approp{s at gk éﬁ‘?ir&ﬁrﬁélﬁdanoﬂmoéérm%ﬁméﬂﬁdlé}n@@ ﬁén%@%xké‘cﬁﬁh&ﬁassﬁr@rthﬁﬁ&aﬁm e by

means of hot alr. The coating 35 thickness o 0slition
appl i ed tof PW@”?&BB@Ptre%%9n EO'HL?}SP%WOaQ%'F?O“é@ %ﬁaé?l (ifierfRre) Ahee r ange

from 10 t oreyRPQisram pmef &r ol ym irdduintit fem remgetd 500mmor from 1500 tpBDand nor e
preferably Exffmthl n the range from 150 to 250 pm PF 56706 38 Useful support
material s % BMeust onmary porous or nonporous alunm num oxides, silicon

di oxi de, thorium dioxide, zirconium di oxi de, silicon carbi de or silicates

such asy 8@5@%@3%'@%@5@3 f?l(/etﬁlvlé B AR LGBt npoihs YERE HHdYn RARRV e

substanti al
Y IS only blsmuth

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

0]
It

"= from0.1t0 1,
from0.2t0 2,
¢ = from 3 to 10,

U'_‘
1l

i



W th regarRF 667(6he target reaction on which the process according to the
invention is 5 based. The support bodies can have a regular or irregular
shape, al though preference is given tog regularly shaped support bodies
havi ng di stinct surface roughness, for 40exarrpl e spheres or holl ow
. cylinders. d,Sulf;O%pb%ﬁngort bodi es are substantially nonporous,

sur f ace-roughened sphefi cal supports made of steatite whose dianeter is
from 1 to &0=rfranop.0fdo §, preferiefremabl Yo 8rom 4 to 5 mm However, suitable
support 10~ Rodi#spas g al so cylinders whose length is from2 to 10 nm and
~ whose external —dianeter is from4 to 10 nm In the case of rings suitable
i n accor dahce fiam A te A i nvention as support bodies, the wall thickness is
al so typi ol I=rdiomd 1, to 4 nm  Annul ar  support bodies to be used with

preference ,in_acc rdance with the ipventiop have of fro 2 to 6
i - exUEhANTDERAPEE Bre deamned Y Benalatt oo RemiceR PLiRe M ER £ om
1to 2 mm Suppdrothdrdietireskygent abl e in accordance with the |nvent| on are in

particul ar EJ[ s—%f W%sieg;??ﬁ tﬁ&'lsﬁom)f tg’SHEPe?%ra I"ﬁbt ha% di aneter X

| ength x er na appr eci AL e fineness of
t he cat al yt| cally acti ve oxi de conpositions to be applied to the surface

of the upmxﬁenfv ghﬁcurér ch@ Vel B thEES LERgbHRAL VIth Wit kness (cf . EP- A

714 700 |neta |ve conmpositions to be used for the step
from propy¥ @n‘e(“ﬂrtQS%'QboP@% 12'\‘&%6‘%4’%”39)@ ylic acid if appropriate) are al so
conpositions of the gener al formula V

| Yla' Y2b' Y3c! Y4 'Y5e' Y6TYY i c e vari abI es
are each 'Isla{ln%’ NagPPRRhengt aasi%p %ﬁ’s{%ﬁaéy %E@‘%%m&%aﬁ M%&%st one
of the el epmierabtyeuieamnommm%o ofmayotatpmporﬂmﬁofo[mpr@goxlgqayzzbaom) gfitblenum or

| yb 3 =
Va Lol ol Tuaiteld 095t Ebmopstibrs M inGieta o EbmplehBrb WBAEEH SJTRC T
cadm um aangpmanaewiiihe, inwti'pndmpr@sentmbtheanldtnaetall @9@@ C@n@osﬁfontsﬁé el ement s

chrom um %!tﬁ%’th[%de GPnpRTioRY OPROAEYIS in é’éc%?dl\'nﬁe \Aﬂﬁ”ﬂ%’ln@éﬁfoﬁﬁn EH'étfbeﬁmy, y7

= arare earth metal, titanium Zirconium ni tantal ug _rheniu
r ut heni um©! REEHRRSI YA (Rgions ghthg chemical ﬁﬂ‘i‘i‘Poﬁ%ﬂq Y@Pﬁ C?Xh[@ial;m Sllwh‘%n
ger mani um ark €afinited feH iiivkin iadl ledtiraHhedHt bMingRE tHr’@Berent 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



39 a' = fpes@s01 to 8, b' = fromO0.1to 30, c' =fromOto 4, d =fromO
to 20, 5 e =from>x020, f' fromOto 6, g fromO to 15 h' =from8 to
16, x',y" = nunbers which are determ ned by the val ency and frequency of
the elements in 10 V other than oxygefifland p, g = nunbers whose p/q ratio

is fromO0.1 to 10, conprisjng three-di nensional regions of the em cal
commol {1 aesneEs B RkPE AL O P SompoiArerer P BB IS S s Bhant

owi ng t o tdxempledthbdecsfadE-AckOp®sdas. on fromtheir 15 |ocal environnment, and
whose nmaxi mum di aneter (longest direct |ine passing through the center of
the region and connecting two points on the surface (interface) of the

regi on) i A mutiitnde theneo® far@3amme thoseqpfd-Ay! 9Bridrn2 8o cambe en&dipassedby f rom 1
pmto 30 Yhe g Bmala Particul arly advantageous inventive nultimetal oxide

conposi tions are those in which Y is only bisnuth. Anbng these,
preference is given in turn to those of the general formula VI 25

[ Bl a" Z2b" Ox' | p'md £232335¢ A4 dhe Z5f , 269’ gﬂh oy*lg' (V1) in which the
vari abl es are each defined as follows: Z2 = nol ybdenum or nol ybdenum and
tungsten, 30 Z3 = nickel and/or cobalt, Z4 = thallium an alkali netal

and/ or an iahkghithevaribldd SMekath defined aBliGRPROr us, ‘arseni c, boron, antinony,

tin, (:1%ri um and/or lead, Z6 = silicon, alum num titani um and/or

zirconirum Z7 = copper, silver and/or gold, 35 a" =from0.1to 1, b" =
fromo0.2 62w, N8 Ta, forami/8r Ce, 10, PF 56706 -
| X2= Cu, Ni, Co, Fe, Mn and/or Zn,
X*= Sb and/or Bi,
X*= one or more alkali metals,
15 X®= one or more alkaline earth metals,

X% = i, Al, Ti and/or Zr,

= from 11086,
= from 0.210 4,
= from 0.5 o 18,
from 0 to 40,
from O to 2,
. from O {o 4,
from O to 40 and 7 .
a number which is determined by the valency and frequency of the elements

20

1

o B o T T S o T« S o S o)
i

,25. _

1

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,



40 d" = fROBEMWE02 to 2, e" fromO0.01 to 5, preferably fromO0.1 to 3, f =
fromO to 5 ¢g" =fromOto 10, 5 h" =fromO to 1, x",y" = nunbers-which
are determ ned by the valency and freq Sncy of the elenents in VI other
‘than oxygen, p",q" = nunbers whose p"/a ratiois from0.1 to 5, preferably
fromO.5 to=2_,f0 1ﬂ5ﬁg very particular preference is given to those

conposi ti Ghs VA “whitch  Z2b' = (tungsten)b' and Z212 = (nol ybdenum 12 It
i s al so advantimgedddorhen at | east 25 nol % (preferably at | east 50 nol % and
nor e pref&erzathl g_tsrté?ast 100 nmol% of the total proportion of

[Yla' Y2b' X]p ([ Bra' z2b"Ox']1p) of the 15 nultinetal oxide conpositions V
(nul ti met & =oxic#e0&»apositions VI) suitable in accordance with the
inventison d & pfASER oon the multinetal oxide conpositions V (nultinetal

oxi de conpositions Vl) suitable in accordance with the invention in the
form of thred® Fnd@BRal regions of the chemical conposition YlaY2b' Ox'
[Bi a Z2b' 'fO¢' ]a mithisdt whidheis determiinke by fitiovaléttgiandliegabn@ofitioasreahtsow ng t o
their different ngrb&m &ﬁl cor‘rgosi tion 20 fromtheir local environment, and
whose maxi mum'di LMIE he range from1 nm to 100 pm Wth regard to
the shaping, the statenents made for the nultinetal oxide conposition 1V

t al ts t ] i i i , \
catal 4= ARt 6 ORAGL DI ST SAEOR RR A gy
exanpl e, ithe inepnionsrs tgse dhine ganseal fempl WI1198 55 913. The inert support

mat eri al s recomended above are al so useful, inter alia, as inert 30

materials for the dilution and/gr .delimtation of the appropriate fixed
catal yst beds, or as a preIM%@%énybgﬁyhﬁ?mh pﬂ%%%cts t hem and/ or heats
the gas mixture. It should be nentioned at this point that all catalysts
and nqlti tal oxide conpositions which have been recommended as suitable
for thg st r?rompropylene to acrolein are 35 in principle also suitable
- for the partial amoxidation of propylene to acrylonitrile. For the second
step (the\sgpqqgnaﬁfg%ion stage), the heterogeneously catal yzed gas phase
partial oxidation o atrolein to acrylic acid, useful active conpositions
are, as PP 567deand/or Ni, .

Y® = Ca and/or Sr,
20 Y%= Siand/or Al

a = from2to4,
b= from 1to 1.5,
¢ = from1to3,
25 f= from0fo0.5
g'= from0to8and
n’= anumber which is determined by the valency and frequency of the elements
in VI other than oxygen. | '

30 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 35873 orin EP-A 714 700. |

In principle, multimetal oxide active compositions suitable for the "acrolein — acrylic
35 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 obfaining a very intimate, preferably finely divided dry mixture
having a composition corresponding‘to their stoichiometry from suitable sources of their



41 alreadyF §6&ed, in principle all multimetal oxide conpositions
conprising Mo and 'V, for exanple those of DE-A 100 46 928. A nultitude

t hereof, for exanple those of DE-A 198 éS 281, can be enconpassed by 5 the
general fornula VI I\/012V8X1bXZCX3dX4e)€ fX6A (VI1) in which the variabl es

are each d@érh@ﬁtgl &ﬁmﬁtﬂbﬁt@%d cal%ﬁ’nr?]ﬂtatt%pbh’turgé‘ofﬂm apdiosore, TR = Qu, Ni,.

Co, Fe, M and/ , , = one or nore al kal i rretals
15 X5 = on@'watﬁﬂﬂ@yatr%‘%ﬁri'%o%ﬁ‘tbﬁr Wrelep inert gag@r undgr angxidayiye gipspheiss g =
fromf 1to f@r exémﬁfe ETr‘(JlmeJr@ of me#,gaséﬁd @xy‘gefnl) emdQisy dried § redlicingf rom On;[)O 40,
e romo nunber.

ohich Te ctgetbeie fongraat Turdesy hed ek alt i o RRE s e 1 TN

ot her thanCOxwyethane Enb’odamreteirsorvme cdduging gases men’eﬂadnhansmv@a.n'ﬂ'e with the

enconpasseaytioh BelE skl Hihites 4 fiPugls RS Golcafp foctbagsd e
gener al f oempeeatvel Uselul souxtes Kby thedlegrent constitueniuef the rnutbmeiaid:»(@ile Fe, X3 =

5270254;(4 Fti08 cARPGor ViIPRcITdEhosStomBal s \ﬁﬁ%h ar>é6alrea§ﬁr oxifds angbor Ti, PF
those compounds which can be converted to oxides by heatlng, at least in the

10  presence of oxygen.

The starting compounds for the preparation of multimetal oxide Comp_ositions VIl can
be intimately mixed in dry or in wet form. When they are mixed in dry form, the starting
compounds are appropriately used in the form of finely divided powder and subjected

15 to calcining after mixing and, if appropriate, compaction. However, preference is given
to intimate mixing 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.



= from PFs87065, b = from0.5to 2, ¢ =from0.5t0 3, dfromOto 2, 5
e from0O to 0.2, f =fromOto 1l and n = a nunber which is determ ned by
t he val ency and frequency of the el emen%s in Vil other than oxygen. 10
However, multimetal oxides VII which af very particularly preferred in

accor danc Lt h ﬁ@e l.nvention are those of the general fornmula VIII
MD12Va' Y1B™S N7 n, (VI1l) 15 where Y = Wand/or Nb, Y2 = Cu and/or -
Ni, Y5 =Ca and/or Sr, 20 Y6 = Si and/or A, at fronkto4, =fromlto

1.5 ¢ firgibd 5 hﬂﬁgﬁte%ﬁﬂgt tﬁe}sﬁﬂgﬂugn‘?g tg'e T OE&!QHPPIt%BU‘@?I’é@H’[ ﬁ‘recms@r nurrber

which is determ e valenc ements in VI
ot her t hagoRpgten WBigh Friet iube p@i@ﬂaqi C@xala@ba@haw RoPRRIENG fagriEsitaper)  whi ch

are suita (o0 9@}&0% tdpend Ft'b@& g h@tﬁ@ebﬁ dn a manner
known ger brksegt é%?&exgnﬁ)} ‘lwg%&gge %I néw)%E Ie p@? E P-A 714 700.

In princi cRialysia iF OPRYE p%iarwsdaz:% ﬁw@b&%%w?.\%ﬁe' ﬁ.ﬂﬂ%ﬂﬂsgf 8F the

"acr ol ei N exampRChY DECA 3908674, ERA 293085000 LY EP-AIT19tA0, especi al |y those of
the general fornmula Vi1, can be prepared in a sinple manner (like the

mul tinmetal oxide active conpositions suitable for the first partial

oxi dat i on Tetama) theysupbdrabodies) tiee pewder icompositien topgyeedpaliad Isyapipropeieiehdi vi ded dry
-m xtur. v | | t from

Sui tagﬁe '@gou$t§g%&%rf&g%9 gagbéﬂggg %Oepjga%ﬁe%l é&gng%%’m{)lg%g ?Sér{%uogﬂ?sﬂgrf caI ci ning
it at temgseatinaihiskness of fenp@BEr comBOB®N appied to the support body is

appropriately selected within the range from 10 to 1000 urm, preferably within the range
from 50 to 500 pm and more preferably within the range from 150 to 250 pm.

15 Useful support materials are customary porous or nonporous-aluminum oxides, silicon
dioxide, thorium dioxide, zirconium dioxide, silicon carbide or silicates such as
magnesium silicate or aluminum silicate. The support bodies may have a regular or
irregular shape, although preference is given fo regularly shaped support bodies having
distinct surface roughness, for exampie spheres or hoiiow cylinders with grit iayer.

20  Suitable support bodies include substantially nonporous, surface-roughened, spherical
supports made of steatiie, whose diameter is from 1 to 10 mm or to 8 mm, preferably
from 4 to 5 mm. In other words, suitable spherical geometries may have diameters of
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:



cal ci nat i ofF 68F06be carried out either under inert gas or under an oxidative
at nosphere, for exanple air (m xture of inert gas and oxygen), and al so
under a reducing atnosphere (for exanple m xtures of inert gas and

reduci ng gases such as H2, NH3, 5 CO 8t hane and/ or acrolein or the
reduci ng gases nentioned thenselves). The calcination time. can be froma
few mnutes to a few hours and typically decreases with tenperature.
Usef ul souPces® f or Mohw.&leiiefitdl-23ais®it uents of the multimetal oxide

active conposidi ongé&dh‘ﬂgi,@q! ude those conpounds which are already oxides

- and/or thgse conpounds which can be converted to oxi des by heating, at
least in the 1 présdPedact HYFre: The starting conpounds for the
prepar & i orf of= nul ki &b, P as@BPRSsi tions VI can be intimately m xed
in dry or is;n wet fg m V\hgn they are mxed in dry form the starting
conpounds %re appr 'EPPQ”P& Y used in the formof finely divided powder and
subj ected 2'5 to calicNaj HoR&fCeandfonding and, if appropriate, conpaction.
However , eferencg is_giv to intimate mxing in wet form This is

typi callyp%one"‘by &gxﬁﬁgé'i%'{e}il%rté;arti ng conpounds with one another in the.
formof ~aff acueouSi,#blTuendnr dnd/ or suspension. Particularly intimte dry -

m xt ur aye abt ai Nﬂ%fjw;gpr\librbntdﬂﬁﬂ Iielf%gtgg emant/%hewcri bed when the starting

mat erial s are exclusively sources of t constituents in

-di ssolved form The solvent used is preferably water. Subsequently, the
aqueous cogrposd ti grpht@pned is dried, and the drying process is
preferably ,effected bg sgr ay-drying the agqueous m xture at exit
.tenperatur%s Gt M V€08 % 0 150C. 25 The resul ti ng rmultimetal oxide
conposi ti atis, =espdmimabhy28hose of the general fornmula WVII, nay be used for
t he ac1:50I eln oxi dach;ngﬁ isélher in powder formor shaped to certain catalyst
geonetries, and the é‘fg. 'g may be effected before or after the final

cal ci nati oaf. Por dreamplie?, unsupported catal ysts can be prepared fromthe
powder forgm 30 of Flegagki ve conposition or its uncal cined precursor
conposi tion by conpacti ng' to the desired catalyst geonetry (for exanple by
tabl eti ng ®r extrfAMEIO>Pf appropriate with the addition of assistants,
for exanplw graphifdn ato spearic acid as lubri canfts and/ or shapi ng _
assi stagnts, and reinforci agents such as mcrofibers of glass, asbestos,
sili cd cdrbi de orfr%bi%ggaﬁgti tanate. Exanples of suitable unsupported

cat al ys]t .gégma:t ri emmdb%s ?hiehﬁﬁé U@te?yihémﬂﬁfr& \mﬁenhsbbhOWequet]ric@dﬁtr& h?vi qu an
ext er na i aneter an | engt rom 2 to 10 mm In the case of the

hol | ow cyl i nders, eie%r%§ ) Iﬁﬁg%taﬂgbgn 8¥ygiepc?r[?1dl to 3 mMmis appropriate. It
will be appgect at euintbeas othhethan gampendsed/q edtialiy Fom@): latosiot,have

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.



spherical Pe66EI&Y, in which case the spherical diameter may be from2 to
10 mm (e.g. PF 56706 44 8.2 mmor 5.1 nm. It wll be appreciated that the
pul verul ent active conposition or its p%| verul ent precursor conposition
which is yet to be calcined can al so bé shaped by applying to preshaped 5

oot ed- et e R EA o haTORRL(AT St ebBoRRRK In PREH 87 peraPhERal e 1 Ne
di scl osed, sdiidrstaréngenphresitiop TDENSoPOGHEd BT an ERIERUESErBEDCHINPASHioRR # &7 14
700. To C%fnyfe&%@b@peﬂobo.bfg%ﬁgeq gé‘%rri%rthpgﬁféﬁ@%ﬁbh%f‘mhﬁirrré@a_l%RHle' ed is

appropriate 10 noi stened and | ?al_n after aggl Ication, for
exanpl e bycareRassionfV! kaielyaisrs camained.dat R It kRed 868 04.RE-Ad\ade36 105,

conposig i opeaPpha £51929 DR 19WRIPYIR PRdYE-As195as4Epri atel y sel ected 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 napthiredsd & becHspiodgEnY sfatenterts tiada derpios oldtingdtairoxiveraompoditisn

oo S R T RO P SR 21 oo, St g o

‘bodi es may have a regular or irregular shape, although preference is given

t ve a r rregular shape,  preference is o
exampl & apiaiRE B8 RRGSL Fch &3 Rt g b Dol B eBER 0 Dot

ayer.
bodi es i ncitidsteuperaanthase of Mo @tolis28ls aﬁw%yﬁ{wév@a@ﬁ&aﬁe@m@q adive

supports ”&ﬁﬁp&ftioﬁ&Qﬁﬂwag%ner\éh%ﬁuiﬁil@msedioduﬁnefnf.om 1 to 10 nmor to 8 nm |
preferably from4 to 5 mm In other words, suitable spherical geonetries

may have dianeters of 8.2 mmor 5.1 nmm However, suitable support bodies
al so i ncl udgvamydgendsty, uinshgseted|catgyishrings éreaded fdrahd Seprifoanstopyiesetcext er nal

el |1 1 ckgrneRed oot fg? BF %, fon e AR PRI Dror 1 "hoai es 10

be used with preference have a length of from2 to 6 nm an external

di anet er : . I i ' f t Sui t abl e
cupport o BRERt Ao MeinfeiBh, rbMeFARRTS 1§ aoldlah(dcradle St A
(ext ernal ¥WiGiapeiorriste), Siythe sariiest @yt vath the aafatysts)deseribag for examalgpirei at ed

that the fimeagpesn@iipibRatefat Abkiké@by reRortld WBci¥d 9, DRPHIB| bgpgnt 0 be
applied to,the surface

Conti D ¢ eSS aR 2 AN DRELABIET (PR PRClmT e MAT e Viateg e e et | ve
conposi t i omacton nvey hiseshdhicted theoclaentodren bourteraariynti ¢ aci d" step are al so
conpositions of the general formula I X 35 :
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).



[D p[El g (Fp%e7den: Whi ch the variables are each defined as follows: PF 56706
45 D = MD12VcZlb"NZ2c"Z3d. Z4eZ5r Z6gOx, E = Z' 12CuhHOy, Z' = W Nb, Ta, Cr
and/or Ce, 5 722 = Cu, Ni, Co, Fe, M and/or Zn, Z3 = Sb and/or Bi Za =
Li, Na, K, Rb Cs and/or H, Z5 = My, 65, Sr and/ or Be_, 26 =Si, A, Ti
and/ or Zr

from1l to \§ew go“erftﬁleﬁat\éYoé 45 alqgagy é{a BW]%B%E'? S & Coy B“‘X “feﬁ%Bet o 50,

e" = fromdntioctdd eitier irrcdauomenDortio cSuntergUrrentf Tioarsdlt melt B€Elf is preferablyom 4 to

30, 20 " {dﬂ&%%é%e@?d%ﬁ% r?l(;l?nerarounﬂlﬁqg) l&%’\ﬁb% are determ ned by the

val ency an(? requency enents in er than oxygen and p,q =
nunbers other than zero whose p/q ratio'is from160:1 to 1:1, 25 and which

are obtai “@Héﬁtﬂ@'ﬂoﬁ@t}%@ﬁ%&&hb{/sﬂb@é&é%Hﬁtoﬁ nsry&tidnmaf.@Iapae@pﬁaecf@@p@@etm@n E
Z' 12Cuh™H , py, I VI orm st art Nposi an

1
subsequentqa}a’Yﬁi&’dﬁeﬁdY'@tqa#é)?ﬁtﬁéwﬂﬁﬁbtpd?%ﬁ C%'B‘{V?éfoé rﬂPY"rfEP“&gl ) <%lon I

into an aqyeaHs ch@glisk@isncalis asptesitiely Séil@pRE®i on or into a finely divi ded'
dry mixture of sources of the elenents M, V, Z1, Z2, Z3 Za Z5, Zswhich

conprises the abovenentioned el ements in the stoichionetry D
Mb12VazZ1b"-Z20, #8344 &ngbr of 2@ 44 f2) 80 &30 E8tasftthe gatalysitase tength, 2jtherrontyhe

desireg p: a rallQs s Mkt Sr AMPR Wha ek Mol g atlBYoased on the

mixture, making up a proportion by weight of up to 20% by weight (section C};

. following this, to a length of from 20 to 50 or to 40% of the tota! tube length,
either only catalyst or a mixture of catalyst and inert material, the latter, based on
15 the mixture, making up a propor’uon by weight of up to 40% by weight (section
B); and

- finally, to a length of from 10 to 20% of the total tube length, a bed of inert
material (section A) which is preferably selected such that it causes a very small
20 pressure drop. '

Section C is preferably undiluted.

The aforementioned charge variant is especially appropriate when the cétalysts used
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



.result, areF 86108 ning the resulting dry precursor conposition before or
after drying at tenperatures of from 250 to 600C to give the desired

catal yst geonetry. PF 56706 46 Preferer&ce is given to the nultinetal oxide
conpositions I X in which the preformed™solid starting conposition 1 is
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catal ysg s. dobdmht 44 pati@liafppreRredlzatvslcxempizpf) are outstandingly suitable
for the "acrolein -.acrylic acid" step are also those of DE-A 198 15 281,

especi al ly having rrul timetal oxide active conpositions of the general
formul a | Tre dduumeticERRRNT 159204, 2N OetRES6S and WeD PPOCEREL sat@hyidereditogs are

used for t&e rfﬁgegqr:gl(r?%ﬂ}ozihﬁ&%mentto 15 acrol ein and coated catal yst rings
r acrolei

for the step o0 actylic acid. The process according to the
i nvention, from propylene to acrolein (and also acrylic acid |f
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1 to 3 bar®%nAUiimad gYide cABArSHY Liflements Y408 yst  bed
with (startlng) reaction gas mxture 2 is preferably 25 from 1500 to 4000

pace Vel cei 19 Bt Ben HigriopRn §fseah| Jfecta® BrPRA-88%a%500 1

(STP)/1-h or At 3001 (STP)/I1-h or nore. Propyl ene Ioadl ngs above 120, or

130, or "135 'bo(iﬁﬁg)tér?ﬁper% ure Bf—tjeffg)eilatlgr%Tfo)r\élAhan e?é'nﬁ;?erhtuﬁesgﬁyng)gvat% >_160 1

(STP)/1-h are particu rre acco ance wt nventi on,
si nce hi gh prZ8p§Peaie EHBmPPSPt@ﬁab@e\ié‘FQﬂ:ﬁr@m8@0(@%@%@030 i ncreased hot spot s
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af orenenti oned applie rrespectiyvel ic selection of the
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cxehange Mol LASEd s BRBEAR A S Beal L e T B R
nitrite (NaN@jalysbbedrorE3% by wei ght of potassi um ni trat e (KNCB)
- 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.



40% by weipRfs6T06 sodiumnitrite (NaNOQ2) and 7% by wei ght of sodiumnitrate
(NaN®B). PF 56706 47 Viewed over the reactor, as already stated, salt nelt
and reaction gas mxture 2 nay be conducted either in cocurrent or in
countercurrent. The salt nelt itself |49 preferably conducted in a
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20% by welght (section ©); | ow n his, to a len from?20 to 50
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steatite rings having t tern di ameter x
hei ght x |wﬂp&ha?coaﬁawpmneW@rﬁov%gaiodh@éecqrﬁ*éee%on l%éwsé Qture, the
st at ement sa@bleafiictofiddticd>7 apply. 30 However, the inventive partial

oxi datj.on, from propylene to acrolein (and acryl ic acid if appropriate)
may al be carried out with the catalysts described, for exanple, in a

t wo- zone nTﬂet mpleeulanacbwbymecpmbefcfrltb(eesledmed stegattietdcrolais paetfat oxibaibnbynalpE- A 199
10 506 or I t and al so
quite genera F’g\b%rjﬁ’r%%”?%%asc”g’é" Peaég@g&h uh9erﬁnj98}6ﬁoeo?/feﬁ§ nﬂl on)??&ftﬁetgpr opene
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t her eof i soxggé \/\6' ﬁﬁésgyétwewwé S¢ddard thelcHargd\gdsl MBAE cRBSEHBBArAr eferably as

-descrlbed in 04/ 085363 an
oxidation of acrolem to acrylic acid advantageously has the followmg 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,



PF 56706 4% 56706\WD 04/ 085362, except with the difference that the starting
reaction gas mxture used is an inventive gas mxture 2. In particular,

al I worki ng exanples of the aforenenti %ﬁed docunents may be carried out as
described in these docunents, but with*lse of a gas mxture 2 as the

charge gas. ni. . ' ' ] Al i.n.this 5
docunent Zlehrgp%%'iéh%@ f"g'?%&% ?iéf %ars\r’\dgh&é% Hﬁ) §gs’§§< e rr%}g ggﬁ'%ﬁ’ e%ﬂ'%'gdc E&ﬁg%'?tg " EP-A
1159244, WO 04/085363 and WD 04/ 085362 are considered to be an integral

part of this docunent qolgf, poef aldifsk 6MDOdi IR prbfRPadiiERTE theropayt i al
oxi dation of propylene to acroléin, or acrylic acid, or a mxture thereof

is a process according to the invention in V\/rYPE'ﬁ"e@»as mxture 2 is
conductsed over a fiXxedroptal 53 oRas) WSS oRC mdIScfIaROgdrd, i on is at | east

one nul timetal oxide conprj si he elenments Mo, Fe and Bi, w t

provi so that 15 - the%ﬂ@e@?"cg&/a@é’f’luﬂﬁg’%i s ﬂ?%&Zafe?%a&MO%ﬁ]ﬁOaﬁ%
successive tenperature zones A, B, - both thgvormerature of tenperature
zone A and the:tenperatur f deenperat ur z B.ar enperature in the
range from 290 .to 380%,0rlrl ggﬁoesélgggao@a}%acﬁystQ@ragﬁcué%@{o&eb, of at |east two
spatially successive ffioxedtxad%lbysoluvedof 20 steees, the vol une-specific
activify within one fixed catalyst bed zone bei ng substantially constant
and increasing (appropriately sharply) in flow direction of gas mxture 2
at the trath%ioqu%rﬁeqp rraaa%ﬁeolymg(meee’aén%@f onEcRNobRE. Piiedvaiieaateslyiieing
catal yst begdizargnuitank8idher at ure zone A extends up to a conversion of
propene of from40 to 80 nol% 25 - the propene conversion in single pass
“of gas mxture 2 through the entire fixed catalyst bed is > 90 nol % and

t he sel ectit mifinhepfadaaritadeiu fbrafortricdtiomRise@raygasonititesd wherpthepasiar fgio>_90

‘mol % -t ti sequence in I C s mxture 2 flows through. tenperature
Tones 7 B ATl S ERET Pripar o dyfivirle 10k Aeb P Lr e
zones, 30 chatdeegdsouixiuye spad.é andl €2 iadyardageduslyf =k end cdt 7, psaiticledy of pr opene
present i j L, [ j L Sa i (STRy of propene/l of
fixed cat a"e@éﬁfa%é@%iyhr?%ﬁ Q{?S?ﬁ%nﬁsﬁc’é{a@% Sb%" ann'?rr%xg%f ormed fromthe
hi ghest tenperature Tna '' that gas m xture 2 has within tenperature zone A

and the hiigRegkndr @aPEtaG4HLS idrEBrichAdnedttardd gdsuhRiuted\@ReMbethdar ratio
terrperatur\e zone Bis >0C,. 3 . ) L ,
20 5 Of propane presernit in the charge gas mixture to acrolein therein is from 1 {o 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



and wherei PF 5p7@d erably, in addition, the transition fromtenperature zone
Ainto tenperature zone B in the fixed catal yst bed does not coincide with
a transition from one fixed catal yst d zone into another fixed catalyst
. bed zone. PF 56706 49 Further detail s“0f this procedure can be found in WO

04/ 085362 whi ch i hi
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n is reaction sta reac xture eat carri can

conduct ed 17 S0P T s PEIRAD Y GaRdacHD P ReIderng arer aPund e Fdfict 10
gas m xturg@bed. the precedi ng i nventive propylene partial oxidation to
acrolein may in principle be conducted as such (if appropriate -after

internmediate cooling (this may be effected indirectly or directly by, for
exanpl e, s‘é/hemﬂwﬂpvaiorthadaﬁalyis’dupes isdroaoiop,to bodom, ihistappraprisiedo stiangg the

conpongit 5 éﬁubes attgﬂ toh?t%%bggfcﬁlbﬁfge i.e. into the acrolein
1 c

parti al OXI |on oxygen required for the second step,
the acrol ein partlal OX|dat|on may already be present in gas mxture 2

for the inventjxe s @H?ﬁétr%fﬁfrdﬁ%é kA0 @%tbq?@% Qﬂhé %ataﬁw%f l@b@ﬂéﬁgtH"@Wﬁfﬁl it may
al so be added rtly or mxture of t he

a
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 (secondary) 20maitiire, Bekingay addrsgortish 8 fveighest uprtot2b% byowegnf (settiod ©xygen or
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ni trogen, f r ofpestia )1596 by vol ume or up to 30% by vol unme of steam 30 The
af or ement i onedsigdnf 9@ 18/Rsth BF HéHRoR0e] 8T tAS ttaiase Rgihf 2OV iREr GRSt S:

20 (section A) which is preferably selected such that it causes a minimum pressure
drop. |

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



~from5.5 tPF88F08/ vol une of acrolein, from2.75 or 5.5 to 9% by vol une of
nol ecul ar oxygen, 35 from 10 to 25% by vol une of propane, from40 ta 70%
by vol une of nol ecular nitrogen, from 5 to 15% by vol une of steam PF
56706 50 The af orenmentioned charge ga§ mxture m)st preferably has the

follow ng ¢ tent 8%b from6
to 7% by \)?)ET t%”?l fhlaﬁ]%}%r.g?rﬂ%regg %%%/n% %Ee?%? %%e@?ﬁ %t%h?% f from .
10 to 20% Diy- A/M&J‘rﬁa4@épndydpiargener}aﬂsemiecabtﬂy1a‘qumvm/ihettm@%rCHiyn vol urre) from
50 to 65% 7 t DYy L ,Of
cteam 10 TheiRIAEEN R S, Bost roRAA = R o TRy ST bu
advant ageousl y being realized S|nultaneously I t |s further advant ageous.

for af oy engEléRRaHs %Bﬁér&%nﬁé‘%f mb&ﬁraeexnaét@a Jf BerolEh & adrifclRid riqéy ‘dl%oOf _
nmol ecul ar ox%a%en present in gas m xture to acr oluei ent in

the char EeqiTP%tt‘W‘ethWatﬁ'y@tSSjeéﬁ@Peéjz for SR afSOOraPns M %Ca‘@ S5,

part | cul artupe fii?éh/@é& REEeH S Mesbnbe@mCDEleQSOmd Farshe achoRit ageesidry tie 1 and
:51.25. it is ftlrt er

tl t
ahen_the ISP TG SGETENGE TN e At BCAT S el e EH AR GEUBAE® m xt ur o
acrol ei n tdescebed asoveriooariied outds the sbcondretdger af mdwofstage dropyleme Sxidationor e '
f I As ‘
ﬂ]g ]?,r@g t ytPeaEW: %Cé 15 gt\ﬁo Q?rqe mﬁlglepéa‘?giﬁt?@gs’ﬂx%& ?a4 }e%torofhe?ché%eggaagt i on in
stage too msdureBvrttWa@alelrypartnaimeamhg@ arppmwatetydaeeptsame@dtﬂeqtiudaytttsml
hourly spagg pY@dLBP%és\’m&ﬂJré B?thfe'déﬁ%l oﬁéét@nm;ec@@% WM fstiel ﬁea g ASpriftecture is

preferably from1l nor e. olein
| oadi ng (t@f&ermrepfecffﬁfrﬁetdfqryxerﬁae@v\ﬁepe'&ﬁnafeewdaﬂh@r)fmtﬁeae%te&pwg bed) is
tA ypi fal Iy tﬁét@s@ﬁf )98s hs iPfadl be&T Biédribed @bmt ﬂ'@o)d éﬂé%)mrbﬂf@rthe a@r‘bfan

crol e i ngs oV r

U STRE o SR BB Bremph e im wéTed ot %Itﬂfﬁ)opr%“ét%ea%% e ity
preferr ed pure inrdesulam oxgseset i ttesSpot sf € mid@rear raExuEa Seghdn e mertCZ HC
outlet.

>_140

gas) and, for example, added directly to the product gas mixture of the first step of the
two-stage partial oxidation (propylene — acfolein). However, it may also, as already
described, aireedy be present in the gas mix{ure for the first reaction stage. ‘

20 _ |
In a two-stage partial oxidation of propylene to acrylic acid with direct further use of the
product gas mixture of the first step of the partial oxidation to charge the second step of
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
multiple 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



The acrol epmserpever si on based on si ngl e pass of the charge gas mxture
through the fixed catalyst bed is appropriately normally >_90 mol % and t he
acconpanyi ng 35 selectivity of acrylic acid formation > 90 mol % The flow
to the one-zone multiple catalyst t ube 9Bi xed bed reactor of the char ge gas

mxture is_|ikew pref f,rom ve. The heat. exchange . nedi ym used in
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from50 to 80 or to 70% of the catal yst tube |ength, elther only catal yst
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m xt ur u FORS h f 9 ection
o TRE ot RN Bty Ao B by 9ol s ot il 538

| engt h ei mirkre ofthg padiat atigationendanai bet wecgcled pardly ab jrert dilnentigasrintorte er i al |

.thelatter %5@ i ght of up

to 50 or ucpl)—'at P'ED%Wrét\%@P.éﬂ]f’ébFFo@gaﬂlé?%b@%é{ %gfﬂ-% fi nzﬁq Fﬂ&at@? dgel engt h- of

from5 to PZQI%[@TGtPr?érQ'%ﬂé'ﬂd/tODB@yl'ce%@@- , a bed of inert material 20

(section A) which is pref erably sel ected such that it causes a nninum

ressuye rop. Sectio, referably, undiluted., As is quite ner al |
Phe” ol ioviie SUre pEratRs sRuTas oabipd deprade. HRsCEaLaRER TG dat Lon of

?_CW'dei n t@pﬁﬁriﬁtadﬂnﬁf?vdrt@%p(ﬁwmensaédmnagemg@hregwl@d exdiudiehdinftgieon t he
. t 1 1 t ,
et on s HelbaPEdu8) ey Bheale RRIRLS w8k whiZh, £ BB AR AR A HE S f ne

pur pose ofasithaiprpylieng shotcepot t enper at ure and hot spot tenperature
sensitivity). Frombottomto top, first with up to 20% by wei ght of inert
materi al and subsequently with from> 20% by weight to 50 or to 40% by

wei ght20f Qyrsal atebebyngle reagtpr within iHchOhesatdish charas ehangey apReipriatedd.

along the individual catalyst tubes with completion of the first reaction step {(such two-
- stage propylene partial oxidations in a single reactor are taught, for example, by
"EP-A 11 06 598, EP-A 911 313, EP-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 pfopylene_ 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,



For flow tPFBBAE0&at al yst tubes frombottomto top, the catal yst tube charge
is appropriately reversed. 35 The aforenentioned charge variant is
especially appropriate when the catal ysts used are those according to
preparation exanple 5 of DE-A 100 46 9 or those according to DE-A 198 15
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For the acirahdiDn t€0yer X0mand hitve | (8bPMen.st at ements apply. Also in the case
in which an acrolein partial oxidation as described above is carried out

as the second stage of a two-stage propyl ene oxidation 10 to acrylic acid

in a two- ziormeinpiglet thel teo exidatigrsstagesio the reodetreatoonding torthe irtveniichamge bgas

XU T OkorhffreBok AeelbeBale Lalm 8] H3E R oMi 4 19PBEORRIGY Skpe De. oDt al ned

di rect é I nqg % arti oxI dati on
di rect ed t BEtAEOF 10 898 QfﬂfeBE(Aﬂg %Bﬁb?)rl ate after |nd| rect or direct (for

exanpl e by suppl yi ng secondary air) internmediate cooling thereof) (as has

al ready bege escr above). The ox ired fo he acrolein 15
o il ol el Hir e PR BESP oA BAEEH B R BRB RAre b BMEVaLTSRURT at e
also in thm a‘ccasmfamfe witiuthe readtien stoihicmatgegererallymat e dioamtagéoud offext o e of

nol equﬁar @5*91%?05?@%?3?@@5%}%5?9 %g%gg'@ {»ﬁéat%fs?mpl e, added directly to the

pr oduc m Xt o no- st age partial oxidation
(propylene -. acrolein). However, it may also, as already described,

al ready bey, rﬁﬁg[ét ithidla é@ﬁo&ﬁﬁ f@?é%ﬁgeechémveﬁh% I‘\ce!tt]%rﬁéeam B/'Q%ﬁﬁ%a%%s 20 in a

t wo- stage parti| ek s Propy ene to acr
further uskhase perial opdalional PERyIene k@ aswlicotcid e $'P9'§t0”§tzéﬁe dtbecyndigar t i al

oxi dation ﬂe@c@haé aﬁow%cﬁe%ﬁoﬁeps Qifoceédﬂfh d?\%rdydlo%ltlom‘ééi@érlvﬂfbh jswo one-zone
- multip ‘er c%‘ sp%is tube fixed ai)gs ﬁ é g ~rea ctgnt hourly space

vel oci 4y oA FRY Wikl A8 LiMPEFalasts W ?ﬁﬁ’i‘ce“’ EXBPAFIIN IBrRaMUL@Etal 9¥d8; of er ence
i's gi ve;I tWwhiclo compegts tlﬁ@dl@rrimtsvmerFer aarcBi |Q&Sp&l§feﬂoﬁ@télyi§@g frme(rbscaion
carrier one mul

catal yet t B Rt TR e SR e G e BRI PV ser Tes. A
m xed ser i &@guptyraied ﬁhemea(cmnecoordmate Of course, it is possibie in one embodiment of '

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 ges such as CO,, CO, noble gases, N;
35 and/or saturated hydrocarbons. N

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



zone/ t wo- Z&Eg7Q Vi ce versa) is also possible. 30 Between the reactors may
be di sposed an internedi ate cooler which may if appropriate conprise-inert
beds which can performa filter function. The salt bath tenperature of

mul tiple catal yst tube reactors for th83first step of the two-stage parti al

oxi dation of propylene to acrylic acid is l(]:Jenerall from 300 to 400C. The
sal t bathQOQFH%‘P@EGGF@YSfj're??ﬁ?'ftﬁﬁle@r%ﬁfsaq‘%?gtf e @s BEREEHeNt0hR PRWCsecond

step of t hgspakiufeaior thel @dabndreasfiorpstagy| ene 35 to acrylic acid, the partial
oxi dation of acrolein to acrylic acid, is usually from200 to "350C. In

addi tion, the heat exchange nedia (preferably salt nelts) are normal ly
conduct ed Advaotageousheinraetadamte with the riventart, deysartialuhiafiorxeftadosieinteact or s in

such no t. [ 4 out put
erper & s s s bt BER6G R PRe do e ahdRidy AREratFRS (L0
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592. 5 It shouf?l ment i oned once a % t

a ortion of gas m xt ure
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state lse cu ar, o safter 10 t he
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product gmrolmﬂheeasmﬁhr@@amrgasahlxm dat each mdfnmyo Iseonfscyrcl ed partly as
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advant ageous y rec exclusive etero eneous é cat al yzed

propar d@?ﬁ@#@ﬁéﬁaﬁfﬁﬁgWﬂ%ﬁwexqmpl%mpw@pﬂﬂqc&ﬂ‘@"tsﬁﬁr& 158446, 3¥01 18538 py | ene

source. 2Gn@e0A4/085870 HREreharAH @s bAFRESEI Mdrt Hithis\Wabehedthe catal yst charge
changes appropriately along the individual catalyst tubes with conpl etion

of the first reaction step (such two- stage propylene partial oxidations in
a singl e reatheoworisethedugintive partialexiatibreof dryoleibfe Acd/llc 86d 6&8, EP- A 911 313,

ol ement SEVANTSREPOP SR vt il rovdl Rk oBMBEEE of 25 the
parti &0 oXixed tatalyst resihwipeiopsd atrieadt bvatenmperatureciodes, |ds deppribmol foat e, t he

char ge of e&%ﬁ’uplecl%t@-)&sﬁ dgops wWith catalyst is interrupted by an inert
mat eri al N | :

In other words, a particularly preferred embodiment of the inventive partial 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%,



However , pps;et;gnﬂ\ce is given to inplenenting the two oxidation stages in
the formof . two tube bundl e systens connected in series. These may be -
di sposed in one reactor, 30 in which case the transition from one tube
bundl e to the other tube bundle is for®8d by a bed of inert material which

is not accommpdated. in the catal yst tub g%gnd S pr OEI‘I atelé essi bl e
on foot). WhitP@2¢RIEMCANPFN 1P 5 g 9%9?%/"‘!‘ mRF0A g oge);na heat
~carrier, thishaoglstheantireBed tﬁtalysltleedi |st@D A6 rmo that b atisitydefscrylibedidabove.

Advant ageOUS|f§'2§ba;'P§tb(% é@%‘% ﬁg?%%%h[b%@déceaoﬁ/re t her ef ore accommodat ed in-

spatially 35 erar 'nternedi ate cooler is.
di sposed bet vkbehmebeqwamanmbbmhbba@e@asmmum@mmlsmmolelo coedrising any

acr ol eig POSLEAIINTbLOhAGERBEALOchbEC, BBHElo RSt it ch | caves

the first reac eaction tenperature in the rst reaction
st age (propylsefeence %&%ﬂempﬁyatwe zgeeral |y from 300 to 450C, PF 56706 54

pref erabl y. f neahdal §p9c§9Q€c;t T&ﬁ:ﬂee%iauﬁﬂbé@&p&rraém (Eﬁ*eée'ht h%afg*eréés reaction
stage (acroiein acr rom 200 to, 370C requently

[
from220 to JBpereis %@ Iy §55’@ P%@F"?JF"@@@W’&QW Cy@t%ﬁtﬁebxhd%q on stages is
ﬁppr Iopr i atel yhé lﬁﬁme!b\c@ TOBC ST, formrrdvieoni ﬁ@&@gﬁéd sytefrrrﬁegatﬁret'f@“la’g tilmrch?@@e |
ourly, space vel acji t e ,0X i.on t sts,of reaction
Gas i Mot b AT b *ag%g*g. Argdh RSP PFRE1Ba0Ts ERBME hREsH) | hh-or
to 4000 |- ( ST&npédaiurd RE*Hthat thyargp gee midlirediat within fpmpprateaeonaP, se  from 100
to 200 or 300> nore 1 (STP)/1h. In principle, the two oxidation stages

in the process aécordlng to the invention nay be 10 configured as
described, for exanple, in DE-A 198 37 517, DE-A 199 10 506, DE-A 199 10

508 and DEgfy vll%?eﬁ%r@?e?abty in Badifior, ?@&ﬁér%uo%ﬁ%ﬂ?%m;j%’?at@?&%% @fnt@' ecul ar

oxygen rel ative to the antunt required ‘In accordance with the reaction
st oi chi®meemperdnezans { ipe fﬁﬁdﬁ%)fﬁ Beddogs @ﬁﬁ@@ﬁ'déﬁv'thﬁtrﬁﬁﬂ'oﬁlfml cs of

the parti csHedfixef@staplaossd gaictini@l anoticd akdddatalyst HerizBeepl e, it is also
possible to realize the inventive heterogeneously catalyzed gas phase

partial oxidation of propylene to acrylic acid in a single one-zone tube
bundl e r acther deisild ofl thiewsoceBotehcandaectb uimahinsdvy &34 /GB53C 8 edhidhris andntegriablat | on

react or i ‘ . ' r | _ - o
corrp05| ti naquf ttis %Q?Kﬁp&t% %}%& @etﬂg\%r@eb EBere Sﬁ%% E g?r@enﬁggckéﬁorke and

Bi and?l s @apmparticudrycrietereditwerstage naewicomatlono:rf pmieneé@ecrwhma@d eps. This
cat al yst "charge can of course change continuously or abruptly along the

reaction coordinate. O course, i s possible in one enbodi nent of an
i nventive $4@- %@ré@éfeﬁéW91SEﬁgecB@ﬁ€féP¥*6?P%‘fOf[ﬂ%mﬂ”éﬁ@aF’U"‘ééQ'?mad acid in the

form of tvivantageously 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
werking 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



25 oxi dat i BR567%es connected in series to partly or fully renove carbon
oxi de and steam which have formed as a by-product in the first oxidation
stage and are present in the product m xture | eaving the first

oxi dation stage from said product gas xture, if required, before it is
passed on intA)E;he second oxi dation stage. According to the invention, a.
procedure whi ch 'does not ‘provide for such a renoval will preferably be 30
sel-ect ed. Usdfalll thedampargtyre of @mnefﬂtwr@apét@doﬂa%%ﬂpqréw elempemtyat

bet ween the tz&ia\e@are%ttbm@era‘i@ra%ﬁmeaé@geﬁ@n@bocﬁagw@ ated, in addition to
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exanpl e, cold uct as _m.xt he first. reactian stage
(oropene -~ Brnlisti oS tanddiemisd sB bt e Rl A i eor by
a direct routmlxtmé @raéthiettransitios &dmf anetfixed catlyat kbarhsarietinteranotfer xachar ge  gas
m xture for t action stage. Advantageously in accordance with
the invention &%[i&%&q?'ﬁegl oxi dation of acrolein to 5 acrylic acid is
effected as. d@@@ewabéa Zpie BRxRnds updo agenvespian AbRPENEPIETFAIbIY 180 mpscri bed

i n VO i/ 085365 paidnk BoMRrA44 R%‘i?g?@ ééow%\ée rmuxtQFeei ﬁfr&ﬂ_:ffﬁhé Snle\iREd | N

accordance with the invention L as the ch gas m xture

conpri si ng aciEtRed 1ds &9 °9€ﬁ§’ tﬁ? ﬁ?lﬁiﬁé"t(Pﬁ?@oﬁﬁyfofrﬂatl?&rw&?ﬁwh%e t he
product gas raczdwsro@ﬁctaﬂrmawﬁwéueweogéthérﬁndsiagg@oméﬁveaﬂedmpréatelu@n of
propyl ene to ag(ﬁ] fgl n), which has if appropriate been 10 supplenented with

sufficient setT )9 air that the ratio of nolecular oxygen to acrolein in
t he resul t4 nghe limegeqoasenn whicheyais snikinreea ibws tisaughrtompBrabure aotieHA, B n

part o ar. - Ao NEIng XARLRR, Olq e, 8 BRRIRAL/LONGH: dogurent s may  be

carrie escCri ese ocufen oyi ng a charge gas
m xt ur e accortbe hguiospeke yelodibcemred, caé@xﬁébetén [of pmp@he prﬁ,senharswhr@as

m xtures |istggetioh gtae'n%xﬂ%:y rgeﬂéo f\f;%bgéﬁé}i &‘rﬂkafd eé@fygmeﬂom ARG RS
exenpl ary. The docunents QA/085370 are
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regarded as dfe ﬂWPE%"PﬁIT partT % f?ﬁ?%d @@B@%Wgheqtﬁem@q{gﬁur%r dsthat gas
inventive parrixiire thé&ﬁthmﬁer@ber%ﬁfr@lz@hémta@d@ﬁ?é bigh&st asrhperaiife T2 V/@AL ageousl y

. be cartjed out w.t rea acr oI n hou ce velocity over a 20
fi xed Tat al ysqasﬁré‘ﬁt”\';ﬁw?g’ﬂs Wﬁ@né mP%@ %@%@fgt ure zones, as descri bed,
for exanple, in EP-A 11 59 246. In ot her words, a particul arI y preferred
embodi mantthgﬁ tﬁqumipgya‘?&teio\{%epﬁgédlc?lgag ?%"f[)gl?rtel Ié)é.{/i_rPJ the first reaction stage will be
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



acrolein tRFaGf0f ic acid is a process according to the invention in which
the charge gas - 25 m xture .conprising acrolein is conducted over a fixed
catal yst bed whose active conposition i5§ at least one nultinetal oxide
conprising the elements Mo and V, with>the proviso that - the fixed

catal yst bed LERBAGH Jpet WO spatially successive tenperature zones 30
C D - bothﬂ%(%Ci E,BL'"'tl;t'E‘ eratéurﬂe of terrperature zone C and the tenperature of
t enper at ur-e torsprraiuraizensaCesiands ap ie @ chnvarsien phagjeleinra frometh IodBPeh. - the

fixed catal ysge Qﬁ‘gieﬁ%wéﬁsﬁm% sfgle @@@fef ENE @gaé h'@!tur)é tﬁn‘éﬁ@t‘?fﬁ%‘ Sftird | xed
catal yst bed _ zones, | une- S@ECI i c acti H’c‘gf hi n_ane flxed %ft al yst

bed zone bei rﬁ'ée%ﬁatéllh’ﬁtstie&r& ‘ISaEFQQImE‘ hEPGHIe seiRptyi @35’“%60'@5?{5}36'8!% ar
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acrol ein of fG @wetespondSorie dfph&tetbGéfberind of ihe temparatareeonecGiiver si on | n
71 xed oat ol yte ORhBa88 bl e RIS bPaZ Rr b yrob S 0™ '
f or mati on basetuenis cofddBT Bilotaarokisil @fflmdwfmﬁlbWZ g3 h@dtl me sequence in
whi ch gharge tt%é;ﬁ@?e%&é’ﬁ'@a"mﬁ@‘f"p SbfedfréA él’ié {ﬁgﬁéﬁ*@llﬁ’é ;ﬁé ﬁt@ e Pr&CHg éﬁéﬂ%é | ows,

t hrough tenperature zones C, D ‘correspon E etlc ce of
the tenper at §88 MBHENas-Wiieleferatyresioaed ool Beinighes tempﬁéaiur@éli a’[ y83t ped of

acrol ein pre%aaﬁgec?'ssm%g@h@aﬁntmm@ﬁﬁw@tu@zm@1s &8%€) of acrolein/t of
fi xed catal yst be , and - the difference Tmaxc - TnaxD fornmed fromthe

hi ghest tenperature TmaXC that charge 10 gas mi xture conprising acrolein
has wi t hi nwithethp erefemsprooise tiatandhd brecbssy heittier tHectngrasitioh diroen Bmepstattileat

h ] wh
or of or goryone i e GeBgrtinbidoR BITRR Pt FrdRat R b el Bl o 6 15
‘tenper at urtem@emrazom Chetoftévperatiie abysd libﬁwdﬂﬂaiys’imd Eaioinsidgs wiihtah a

transiti Orirefnrsf?ﬁ?ér @ec%rfe' ff%gog%‘h% Y&d bR ?o%tﬂe'?tnge@?%{ gﬁrbeﬁ'z’éﬁg cat al yst

bed zone. Furt thi s proce ure can i'n WO 041085370
which is an.integral part of this docunent, and also in the further course

of this dag®abcdmieriBe daeﬁ;séramé S te&(be@étuﬁd’t%n@@éfbt&@'ﬂ@é {eynpersthey gred
two- st %ge t g I[:')torl‘tlgl!'l o? %ﬁe%xed ggtaﬁ/st Ig)erdo 5) ¥plaoesgg in ’%ea% era%ure zorQe 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



Such a pr 58708 t wo- st age 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 th the starting reaction gas mxture
used for the first oxidation 25 stage ? ropyl ene to acrolein) is an

i nventive; t rticular also in the working exanples of
EP- A 1159é g%ﬂdéo%%%@glv%@ 67; both docunments forman integral part of

t his .docunent). However, it will nore preferably be carried out according

to WO 04/ GPR36Re %&Qs béc@(ﬁln ﬁpthbm\%%a% .snﬁzmg SirfckibS irfe¥aBabs but with
the difference that th m xture used for the first
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parti cual arixad satalyst Be}aﬁ w tmm wtﬁaﬁrrmﬁ@@n@és 1o Q&ﬁ%ﬁj to th8 irvehedn wor ds,
an i nventive gas m con uct ctl on 35
st age Overar%ngrn;gélaa 3‘?3 Yaen tfgﬁf’yi 95?15’%% CHRETIES %r‘fﬁ%@i"ﬂzﬁiﬂe ﬁ@ng feast one

mul t i met atiemparatiee obrepcticel 2oge ttharedh theaahge bm 206 taBd0™® andysktoridhe ther ovi so

tenper at or Oy e RS E g L deh OB Habb Ao T A $heSABSRIY B er ot ur e
zone A andeadiienzenpAr(@iure, Of - Teripei0a€ and 2-207eoB=dlECar t<8lipandt25e¢Ci n t he

range 1f0ror3r%%§uérﬁ| ?@(f‘)gand fi-xgd catalyst bed 1 consists of at |east two
spatially success i xed catal yst bed 5 zones, the vol unme-specific

activity within one fixed catal yst bed zone being substantially constant

and incr ea@hérgth(ewe@%b@r@ahyt&dﬁ@nrﬁx}emlomrw‘eh SHonPel uRBerQhcredsed M xture 2
at the transition from one f{hﬁggi catal yst bed zone into @)ﬁther fixed

catal yst BEGEIHIN acoqrdanse NYBRRPTA PESPERR OULHSRATE X EOSIGR  si on of
propene of(=fBOMIAP )b BA IO H(STRPIh, drfmoprl(@‘ém)ﬂ Jooimeds o™ singl e pass

?Legi‘zﬁ;“ctafﬁc’ef?nces%@iir%%ﬁgﬁﬁwﬁm overiRn gt B ARG b FeRontR
formation theateesrpemigr@tdieeacannl zbes Adndtheemperato @regpadioe zpse B &9@imibb% - t he
time Sequ%ﬁg}s r&n‘é@g?&gﬁ egiet IBU-V €, 14 @"é‘rma‘ QS@”&%r t%“@%haté!ﬂs@czﬁngs A B

15 corresponds to the a c sequence of nBer ature zones A B, - the
hour |y spal@eCwef ce4, Qi'naﬁ “eetndc syt <P e fQoP Bt 8p&nE)present in

starting reaction gas mxture 2 is > 90 | (STP) of propene/l of fixed

f,,a;ﬁ'e@t o cbarsatihs g bty PR oA S5TEs, LEgm the
applses when the temperature of reaction zone A is within the preferred range of from
305 to 365°C or within the particularly preferred range of from 310 to 340°C.

- 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 .



m xture 2 PRS6TAG hin tenperature zone A and the highest tenperature Tnaxe
that 20 gas mxture 2 has within tenperature zone B, is > 0C, then the

tenperature of the product gas m'xturesloeaw ng the first reaction stage
will be reduced if appropriate by cooling and if appropriate nol ecul ar
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eaction gnég over fixed
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corrplr i g ngdlgérgnceatbaweerﬁ ﬁ'relc\jfbr_n@&d\tdt‘e oWeIa_btlt.’lorhﬁariérE@WD?) and it tedPeratlireXsrd
cat al yst be is ar e n two. s a yccess te at ure.zones
S DS papreRt B et doot T Enpo it B 3hGe il A A e G e of
t enper at ur@ fregoeetlyD<@Card te3fgerature in the range from 230 to 320C, 35 -
fixed catalyst bed 2 consists of at |least two spatially successive fixed

catal yst bed zones, the volune-specific activity within one fixed catal yst.
bed zone b\é/hﬁgthesmbeeserﬁcpaﬁlrw te thesineantion iedbeing periggineg updppnogesed el y

shar pl 49 'ﬂo@ rﬁé’\‘ééﬂrlg%gééé)%léﬁltles‘%?ﬂrtﬂ?sh&ﬁﬁltéﬂé&hglg%c@éaée?eacl;cﬂéiﬂ’hb&r‘l;?n from

one fixed ca zone i nt i xed catal’yst bed

zone, - te‘rP@é?é(?fGPIBe%%b’Sod (EXPHandi 5308 | TC0MPersFBOP bISTELH Bl 81 of from

45 to 85 Pt T=OtdiFRrSde8 IrédUred QRYSH B Q@tﬂeﬂnﬁédﬁgh@r@ﬁﬁrﬁmaﬂff aﬁéraé@e gas
mxturethroug i xed ata

e et Tt DR At bl e S pah e of R IaT o 810 [P JRRRS R oL Aoy er
bot h reacticoe Ba@dr$hd mng8Gomidhto 320‘rteamd Tﬁg—s'edmeﬂtfe ahd <WiBPCHorchsiye gas

m xt ur g fI géuco%ggoicf%pg,]@télraﬁd Zé%eé or cglrregqrtonds to the al phabetic

sequence o tenper atur & zones 0url’y space vel ocity on fixed
catal yst bed 2 of acrolein present in charge gas mxture is >70 | (STP) of

acrol ei n/ 'TI*Baf ?ﬂdvé%fiah&ﬁ%&' %%é d#ﬂ?‘i’hezTD ny C?émprérgturea re%% 9!&?19 algexC -
Tmax, for rom t enper at tre Tmaxc § gas mxture
has wi t hi naﬁpé?ﬁ)‘é’h%ﬂ U}eéeﬁléﬁ@t@e%ffa@w FingHe srwithihibherraefared 1TangRe feat

charge gaspsu pst300€ Bagitih thy rﬁhrﬁ&ﬂm@rﬁi‘éﬂéfréd 7R dPfrohrs2600e. 28wk h the
preferred proviso that, in the process., neither the transition from

t errperzét)t ure
- The acrolein hourly space velocity on fixed catalyst bed 2 in the process according to -

the invention may therefore be, for example, =70 | (STPYI+h or =90 | (STP)/I*h and

<300 I (STP)/I=h, or =110 [ (STP)/i*h and <280 | {STP)/I*h or =130 | (STP}I*h and
. =260 (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 | (STP)/Ith and < _200 | (STPY/Ish.

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



15 zone ARMS&0Benperature zone B in fixed catalyst bed 1 nor the
transition from tenperature zone Cinto tenperature zone Din fixed
catal yst bed 2 coincides with a transi il on fromone fixed catal yst bed
zone into another fixed catal yst bed 28 In this docunent, the

t enper at ur A ot &h 0 the
portion Ofp'??c%fdufe tgéaﬁw ;%; gﬁ%?éé]??lrf? t%ﬂé Q%TB&[@B{[% euczto&ne when t he
process ao@bxedpmgattpo (sure of welﬁtm foﬁnat@ntﬁedragmheaﬁldrhm:ttodtmtuformﬁt@rﬁen Hissence
of a chemiga} of §lﬁ@5fe's‘élbctlmfs@etcatéﬁ/st&%e&h%%@d ln%h@%o%@ﬁs 8ftixe@i thin the

tenperature zone, the term tenperature of tenperature zone refers to the
(nuner i caloptahehhedl i ﬁ@“%n@ﬁ'blé'i‘oéﬁr\ﬁ% se il Eetﬁlélaflb’?éd?%t“@f/gﬁﬂ Fédnalfong the

reacti-gn Zepgentht >05nRBE 238 mbiy, bbS7 eeiMeext that the 25 individual
tenperature zones are heat ed substant i ally i ndependent of one anot her.

Since both the heterogeneously catal yzed partial gas phase oxidation of

pr pgene t an gaﬁeral Ftehmdlntmeri%e;bare(x@mmpus Fiyed edtaly st2ed aaarthé abovgas phase
oxi dati on acrol el r eaction,
The. t empor e B gy outte ek g Shg TR R el 08 Ay Throuon
fixed cat d5i4ETBgeh, bebmathe iprepne dioatly spadees|cRity memsmmatatgett)bedﬂeTgener ally
di {1 ernt Lh @ diuibs BRATaAl 6 hetaoftnbGIERRE AR BnafliEn ofliBKendti hOT Ml |y

above the te era ure o tenperature zone an ener y pass through a
maxi mum ( etespdly aagiolaimijorsetiereasnenalysean 104ge. f%@dqdemmmrtrmuuam gen within
a tenper atég,g@f,gmcc,@@aryexwesrugby the difference Tmaxt' - Tnmaxe in the
process according to the invention will not be nore than 80C. According to
the invention, TmaxA - Tnaxs is preferably > 3C and 90C. Wth very

parti cul arp géﬁér@t ﬂt’eC&,rolé'lﬁﬁ:bﬁwers@ﬁ@Xﬁxédlbatélﬁst BEO CEEScABA @fn@ieﬂ@sb(m tHée PF

56706 59 invention is >20C 5 oces r di

ventBon SVERrEBRLProseRTILR ShAmoRESioTod Tl e v AP of £ BNSESTR) /1 b
and 5160 lang$ERpédtly)even agiEnaolioar ingrespace vel ocities on 5 fixed cat al yst
bed 1, the Tma' - TnaxB di fferences required according to the invention are
normally attained when, firstly, both the tenperature of reaction zone A .
and the tlethsesase of suitsbler sieativb of fixsdlecamlyat efin 1 ©RE 2rimagearmed irgopero 380C

- and, secondl¥se tGystdbEdch mlohep%ﬁth thedaoe?aeﬁg athet;eeeﬁwtg%as&rxwa&@ne B

(TB) and the t enperature o reacti on zone 0oC
and > 2oc§0rma’ﬂou e6%esspd oveyboithipastigcstagagyindhe P?@’&c@%'ﬂ%ﬁd PrOes AR bgseql;c

Wien the pheeRsstacsopsid) il Ahaiier\er Hg3amolys frequélﬁlyraebfaernﬁ@% gnder

i ncreased =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 Cétatyst 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
temperature difference between the hot spot maximum of the reaction gas mixiure in-
35 the individual reaction zones and the patticular 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



(preferredpf ggasgcor dance with the invention) propene hourly space
velocities (>.1601 (STP)/lh and :300 | (STP)/Ih, or : 6001 (STP)/Ih),
the TmaxA _ TmaxB 15 di fferences required according to the invention are
normal |y attained when, firstly, both 62he terrperature of reaction zone A
and the tenperature of reaction zone B are in the ran %e from 290 to, 380C
and TB - T &orexgrplenipert mgjeriallihating pealfip-salljgmpegurg ens'ti"ﬁtaaﬁ’&f'“ed4oc or
>_15C and in EBOL10106:598% < ®Cyor 20€, @r <2BC) or 28°CThe above st at ement :
regarding the TB - TA tenperature differences regularly also applies when
the tenperature of reaction zone Ais within the preferred range of from
305 to 365Ctis desunhem, thbeowdys snacevelotiy @r 2 Catelyetbecesai@yaifg & remciiGl stepo 340C.
The prgpe i ess
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propene Qﬁﬂy/@{ﬁne)ébr@f|tubhﬂﬁb5&dt|gn§@3 mol % or from60 to 70 mol % I n
general the difference Tnmaxc - Tmaxo in the process according to the
inventi%n will not be more than 75C. -Accor di ng to the invention, Tmaxc -
Tmaxo i s . prreftargabprypduciFoocamisk redioved GOM thipsidupt gdsemixhiry (gaEmaixioire 3)Tmaxo i n
t he proces ? process
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condensation and/or absorption into water or into aqueous sclutions as a basic removal

" step, since they are generally accompanied by 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



when, firsPFp678bth the tenperature of reaction zone C and the tenperature
of reaction zone D are in the range from 230 to 320C and TD - Tc is > 0C
and 540C, or >5C 15 and <_35C, or 30C, r]t,g,.r >_10C and 525C, or <_20C, or

< 15C. The above statenent regarding t TD - Tc tenperature differences

regularly gl ﬂak@rPQé& ]p}%‘cﬂﬁ %ﬂgg éa‘%”%gogb‘ﬁ( §8?§§1€5 %?é{;\ 103 3608, C 1S within

the preferred ran
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i nvention el t her ard press ry or .

above st an@@rﬂ’wle meaisseited I desuments We %??@559“19 @g/%i%ﬁ n both reaction

st ages1®df WeLoROOSRBSWARESBY S adon /b Mmeent i on will be at values of from
1 to 5 bar, frequentiy from1 to 3 bar. 35 Normally, the reaction pressure

wi |l not excess 100 bar in either of the two reaction stages. In general,

t he propenehepametsrsi e aifledst xad tapgétarydict badolhd)@@ﬁ@nm phasgltieerpass in t he
PF 56706 61b$ Ifydure descri
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% T
el ect i vi ¢ §oBTE AR P E M RENE veale, RoTRY PO KaPHPBSIBFEH AR on and
acryl i c acprddidgts,Formakacin tfietangst irgaction,of theeC. d8geesEht ssis¢@inkerysehgetnenis (see
I
manner kol o rehd e A TpLBRHARE bdetfckd KERaicERI iboraflichiiB By

> 95 nol % intert SCQWWB@/@6$SG>97 nmol % 1 n general, the acrolein hourly space
vel ocity on fixed catalyst bed 2 in the above- descrl bed process wil |
additional ]y be ab ut 10 | ;STP /[1h, frequently about 20 or | (STP)/ Ph,
bel ow t he BropE (‘fPEf \pragh 2eed breggqvta NP PPREF ACTPHIRESP. ﬂ[‘)%kﬁ“’ﬁ”t'oﬁHFs 10
can be attaacbutpedlegngymg dutlet orh hige ém@ methatl. nei t her the conversi on of
prope nor the selectivity of acrolein formation generally reach 100% An
additi‘onal contribution can arise from secondary oxygen supply.

For example, it is possible by stripping with air or nitrogen and/or by the route of

desorption to remove the C, components in a comparatively simple manner from the
condensed phase comprising the at least one target product P. If appropriate,
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.



I n gener al PFB8A&%crol ei n conversion of fixed catalyst bed 2 based on single
pass in the 15 above-described process will be > 92 nol% or > 94 nol % or
> 96 nol% or > 98 nol % and frequentl)ﬁeven > 99 mol % or nore. In the case
of suitable selection of fixed catal yst beds | and 2 in a nmanner known per
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t he i ndi vi gasd] Hovwe=vet,iportiane né esatudl ddsempyriiso balracycteeipiercae wr étobothhe

eaction 2005.s SYLEANLIMARS, BOKOPKEREH-AOG pHBHAL osd Hicholgmer at ur e

di fferenc requent rom over catal yst
beds are sggnsgatiod. for safety reasons in the manner known to those skilled
in theqgart in such a way (for exanple by dilution PF 56706 62 with, for
exanple, inert material) that the peak-to-salt tenperature sensitivity as
defined il tEpWArkYp chEresppdprsed. P"'@EG (g the purpese g removig thg target predugty” ¢ 1 s
docunent, fuktRerTesitilial gaBEEMay Bb 0bidined0Binde EaliPhotalalpBe aﬂ@hpﬂeﬂda Retydler eact i on
step S w of reaction gas

h t d 1 ' th ! nt
in standar Fq:tgeqcrgc')l.fo?egé%%onvq g&éﬁﬂﬁaqiﬁpﬁﬁ%pﬁeﬁﬁ'ﬁq@ﬁ@ Pé%?thégﬁ%nd. ng
amount. of maact irmthgasstweadtitn tstdpeandip recuder ttmhandla& thrged pdicuiconesna@lC, 1

bar)) %“ C/K'ItHo%gfrOCI L%ESI%II% Qtr | é@rgbr%ggxr%a\tn% nc aéﬁrbgrhé@g rB@q?r%elihé]your The

hour |y space v corr ased on’one
const i t uenfrequestly ealonpercagtise BOy Todeau@r géygq@r brmml@allypth@mrao@cycéed)ved from

the producty gaged Wit theendid AssidllaX54¢ & gie 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



dbt ai ned iPF 66&0fet er ogeneous cat al yzed gas phase partial oxidation and/ or

.. partial amoxidation in at |east one renoval step in the nmanner known per

se. The procedure is normally to conv t the at |east one target product P
in a basic renoval step fromthe 15 ga phase into the liquid phase (gas

mxture 3 l‘ha ’a”*OUPS‘PfWX?&%% .%tcf(g%cg e ﬁ’% é??rft Jj?é%ﬂég L gas b hilnste VAV thDxfiGhG T or

exanpl e, Part ropriate, ractronal ,
condensatltéﬁe(ﬁast he target product P (for exanple acrol ei n and/ or acryl ic
acid) and/or by absorption of the at |east one target product P from gas

m xture 3 | n ueous. or .organi ¢ sol vent .e. . ctional co nsati on
and/ or absggiﬁ‘ir%f'h bﬁf‘o?qa]r%clwgtoépxn ?‘W@WS%P&W@WE@%%WOB@ ﬁr | oyed .
supﬁri h@os:@dcm NS :ta@@bmmé to pﬂlﬁﬁﬁlﬁ)@mtmlﬁ/ rgmneeé abhgfi@ntesthénthagcor dance
with the invention,to condensation_a or. ahso i i,nto water
or It o aitEEae €51 vBpURES e, ¢ fRATEAE Hin S BaBk b8 eneR PRy o
~generally mbdmgqamsl Iedrebyldah;m@slalbaﬂeaalrbpxyfmdceﬁ malegranhydrid®®, outlet. In the
f d bl e 25

e o 2obaflhieffl! ROISRE AEURLES ool dAABLiaRAFN o, Slldal) ©

absor bents ar utrons fver car boxylic
aci ds, andHowgves, the appiisaten ef the juanivesvrieamvs| %ndﬁeébe@pmw%mcﬁ di phenyl

and d|menéfhp%ygﬁa/orgrﬁanbm}gwphyl (r)) or mxtures of Diphyl (from75 to
99. 9% by weight) and dinethyl phthalate (from0.1 to 25% by weight). In

the case of acrylic acid, the product gas mixture conprising the target
product P E@@am'p}@; glich ébsw'd lerrover as abéadyb%stmﬁdt 'rr@p@bleﬁea@dcbqndensed For

Crrubn o SRR SRR RbrIRE ahclbstREne 135 Blo Siipba et 27 03
zig ?23 1Bﬁgmbmmn@aycﬁamomrgamez?lséntaaﬂrihememaramfsmsans M@a@SbI(Dméﬂ,SDE_Ei- {foz
35 8471451 eggf CS@%%%Q%A‘%DT% %% ag'g?aﬁlﬁé%"%gééﬁ% g%é/?%gé%}%%%% 386,
EP- A 854 1gigen tozzerfgsnmg&umsrem@onm@ws_%%urmprBmategerelsswa 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 11 71 46, DE-A 43 08 087, DE-A 43 35 172, DE-A 44 36
243, DE- A Wogn sghysegenafipn gatalysts g5e ysag whigh pie. sengdve E’X"af)%g)‘ygeﬂr?racr ylic

acid r enDV@ﬂmmw‘Id§thrﬁprmﬂnd:‘EX)@§ﬁQﬁesﬁﬁoxyg@dﬁé& aKlEsE Bmcdes abimtthd ciycle gRs A 982
287, gf—A 289, DE-A 105} 36 % A,101 15 277, "DE-A 196 06 877, DE-A
197 4aF®5P ‘ESE%E%‘SWQ& sd R REE5Y r9ﬁ‘5’§° BSPA 10 68 174, EP-A 10 66 239,

EP-A 10 66, 240, WO 00/53560, WO 00153561, DE-A 100 53 086 and EP-A 982
§§8as P&g}; 3;@@ ) &c&%}&&&%@ﬁ%@}% fgs&ag n@%ﬁtt%& \RRL a5 h Oroef tPf2iedGhQ196271
reaction mixture to the desired dehydrogenation temperature by partlal 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,



equi val entPFpft’®6t s. Favorabl e nodes of renpval are al so the processes
described in the docunents WO 2004/ 063138, WO 2004/ 035514, DE-A 102 43 625
and DE-A 102 35 847. Crude acrylic aciggobtained in this way can be further
processed, for exanple, as described in the docunents WO 01/ 77056, WO

03/ 041832,andRr WRRNBEPEPAHEANs Y S3F PSS uaB0s YR, 84 4833ibed Be walyansf er of
subst ant | apgori dRsopnuRRB e brd Tirsdied Jhe eGP rod WB R o s
ng:gg gﬁ SSfbwwdu%t ;srefefrmugmquéaﬂecu ttsrea Bmp@ec gesion enetdlliaatiorodnd the aCa/litiEcipr Sig tn_t .

N | . |
aci d, acetslg%{%egﬁ%e&zs%ggﬁcgcag? E)Oﬁﬁep%I?%%rle?%}ﬁ@g%rﬁ?é\%d%@%ﬁ%@%ﬁ'gﬁg{;@?&l n ot her
wor ds, 5t héqtlt_arrtg'efneqmoﬂ@om'aahembxnm. Advantagequste teswastdisuigi urgdithetreelt eivent i on
s accompanhedaBnui@uhith hhe baMdMiel teldte Bkt the PR IuRXaMPI e, 1T s
possi bl e by 'strippi'ng wth air or nitrogen and/ or by the route of
desorpti Oﬁyuﬁbermm\;ge tiaeh eoluBGrip BrRerEBlY ione Aaviparired rarapprisl st @ysiainner
CopropraCECTUBIIS POSRRNRAEy M Bl d MOBn eSO T !
this remVyaEchgricaWashsolmny, For saeci ' nﬁeé%fs’ﬁﬁ‘ igBPfW%OHBB%,Q\ééar ating
pL ocegges (3041832 ard }Y\ESEBW&{I s:émamagsbé QﬂlﬁWthhQifha??mﬁdisi, paderetbsisaanabl y
t hose constituents, of .the product. gas mxture (of gas .m xture se
boi 1+ ng. parsHe Bl id G W BT i o g 44 Bnd YonBBRanh 1o AT Lon
~ whi ch ar e 18i410). Jinetsetaondzon demsencoi oelied & navinatly belpw tioe sieié braw efitae neydef or 30

exanpl e, e ‘ ticular separating columm, for exanple, which
conpri ses%kgﬁelgg?lg%?nag&{r% g’[{%'s and in whose | ower section the product gas

m xture conprising the at |east one target product is fed, normally after

precedisng bidgesily emdéstalipationetdges A 1108 pobdiE @PbbtaRachic b HaRra secti on

of the separati.ng colum, the |less volatjle constituent’s of the product
gas m xt urpé“,"tyiOrﬁ(ﬁ%?cﬁ%gyt‘“ﬁég%mqhd%P%?taé‘g'“gbféé’itagﬁéortpé?%ngproduct P and the
seconld?r y scpérabgtgbérﬂs siaiﬁ'd &t b%ayml aédrjd!?]te. k ehdihé alsalbg%tmmfa@ﬁu@tha?og@r Ie : :
normal |y qht ai.ne Ln.the.condensed. phase.. PE 56706 64. The residu gas -
Const | t e AP ERE g bV RORSTEERIES R TS ms Tt ALY Hags HarDeEn
conver t ed inaudingethp avarkieg examples bich foltsve etieeaveDeatglgst chiadyes tdilgted iwitbr t
di | uenh 9FReSmUH&I bre described andior required, the corresponding catalysts can also be

used undiluted for the same bed length.

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.



are frequePEPG7 so used in the partial oxidation, for exanple nitrogen and
carbon dioxide. Depending on the separation process enployed, steam may be
present in the 5 residual gas only in tgrAaces or in amounts of up to 20% by
volume or nore. According to the invention, at |east a portion (preferably
the entire anoyp oralbrddane ABRHRAGIIR @8hténial T, or two thirds, or three
quarters, of this entire anmount) (preferably having residual gas
conposition) conprising propane, nol ecul ar oxygen and any 10 unconverted
propyl ene, of this nmain gas residue is recycled as a feed stream
conprising propane into the fi reaction ste t he dehydr ogenati on)
(oxidation cycle gas). Fbmeveéékﬁgﬁv$gﬂs of F@B&@ﬁa% gas nay al so be
recycl €t into one or into both0.16¥%ageseight t he opardpead, oxi dati on and/ or be

incinerated for the purpose of r gener at i qr In the workup of the
condensed phase (for the pur poé’gag"f&%{%%'gﬁtpng Eo'ﬁg%yge:ngét ~product), further

resi dual gases may be obt ai ned3.28Wnyeweightni | | ohisphiieng, be attenpted to

‘recycle the total amount of upgenvRsednPr oPgnetand Propyl ene present in
the product gas mxture into the first reaction step and to recover them

in the target product renoval .3@PPRRYVRIGH t héyellkeraPly still conprise
propangy and, if appropriate, po®pyheiieveigtitey of neutsietly no | onger conprise
any nol ecul ar oxygen. Typically, they are recycled, conbined with the nain
residual gas to give an overall residual gas, into the propane ‘
dehydr ogenat i oBassttdropropappmesmxydiehpdroogeEnaisi O8d0Mb bg vekdit.ves as a

propyl ene. source. However, it is also possible to separately utilize such
further residual gases. 25 The preferably full recycling of the renaining
overal | resi dudhe gasbetnidhedrétivabplaies ebovrithedeebpoinlisilOnTlof npmogranie t o

acryligacid aﬂ%%icé\%égéfbé!oﬁﬁhé RehBieidher target products P in

conti nuous operation. nthis context, It is essential that the
recycling described into the dehydrogenati on which serves as a propyl ene

sour cle nmekes Lvh@@mab:plk@ah@ i@ﬁhﬁ%lﬁ% reBiETcation @o]@rﬁﬁ‘iﬁﬁ_ﬁﬁbmﬂuntﬁf] 3p0Rpane to
propyl ene with virtual. undr ed percent LcLivity. The .
advant ageous neE§$ %Pre§’ﬁ‘(f'>lé @qg%fz%‘ij?ge'ﬁ&?"é%e-ﬁ‘iféngah '3 %#@Qi%eﬂmt%heand at
hi gh 35 (>_30remotiéd caahy dy aganabf athrotitn verise ofte {dimse@nperaiineds 821ass of
freshly, prepurifi . i rally, it is
favor a%q eint {feé §%gogp é%@gﬁl}gﬁﬁﬁﬂ;egg%}lo}f nnge igﬁwo@{aggf %@% re‘ﬁg‘:‘(‘a Pahen t he
hydr ogen cont epressuretifiie. & art Theylopdamperaturg st 1°6i Abovesthp dast hubtrie-gap | east
st oi chi onet ri cygatiduddifsi JeBl), QYR EAMBHRLAIRA 18 tifeRlincation E5LAR7 06

: 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



65 the anBiAB7@F oxygen récycled into this starting reaction gas mxture
via the oxidation cycle gas. O course, before recycling of oxidation

cycle gas or other residual gases into the first 5 reaction step, it is :
possible to partly or substantially renove constituents other than propane

and propyl.ene H(*)“@%jrregm ﬁﬁ%h?&éﬁg@%@@%h@reéﬁ&ﬁ%ﬂé mrC2, H20, N2,

nobl e gases, |ower al dehy , a C -aci el ¢ anhydri de,
benzal dehyde, etc.). Such a renoval may equally be associated with a C2
outlet. Howevefom theeofiPR b&fink OB Dd/hidhBottdvE Uiy BrePlitideamy edntieabudly.sel T be
configured in ﬁl 1@131 @g&{‘.er aqd/ or smaller way. For exanple, such a C3 HC
removal , as al F888e/BIMDHENEHTY be effected by absorption.with |
subsequent desorption and/or stripping (and al so absorbent reuse) in a

hi gh- boi | i ng hydr ophobi ¢ or gan; l.vent... .Furt her rati on neans are
adsorption, 15 rectification, h@ggg’abﬁ’ewégrgcesSggogﬁgﬁgarti al condensati on.
Preference woul d be given to p&Bf%rbyviwgjgiduch ofeqbatanei on processes under

el evated pressure. Wien dehydr eggpati,Apeigat 2l ¥rhopahg used which are
sensitive toward oxygen or .conpoun co%pri Si nB gxyg'en, t hese oxygenates
will be renmpved fromthe cycl e2efBrmby sighir e oEpPEPENgasdi s recycled into
the fifet reaction step. HowevgrgyssieReight OXy@en-pugspeval can al so be
omtted deliberately in order to rai'se the reaction mxture to the desired
dehydrogenation tenperature by partial conbustion of the propane in the
first reacti oninsd sgrondseclificathaofmenias osedbey ol BE-gas nettmdurtran be enpl oyed

correspondi ngly _when the artial oxidation i aptial-a xi datjon of

o opy! ene. t o al POl Bl pparan s eR Hbiiing Bofer [ B TR LR

propyl ene oxi defthe efaremerticprd semengitiayisdlioorutdsnpdngly agitaple shanofeedrane i s
replacggd by i saggigéqqﬁ ﬂdf'afhﬁ‘é h?%XQFngE”a“ on and the resulting 30 isobutene
is partirally oxidized 1n a corresponding manner in a partial oxidation to
met hacrol ein and/or nethacrylic acid. It should al so be enphasi zed once
agai n her egf hatw@sfayk iparief bidatonRABidpahb Yo A&RVASY infthe BradeRéOSUS HOAS

m xture conprising acrylic acid as the target product and (gas-35 m xture
3). obtained in accordance with the invention preferably in such a way that
the product g7ise dharhebes wiKiale fbathe hiest fixapisdd@dabef haetheridiowingepiefsi at e by
direct @nd/ or indirect cooling is fractionally condensed, ascending (for
exarrpl?e into itself), in a colum conprising separating internals with

'side draw renoval of crude acrylic acid, "~ % 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 587Rff or absorbed by neans of water and/or aqueous sol ution, as
descri bed by way of exanple in WO 2004/035514 and DE- A 10243625. ‘The crude
acrylic acid withdrawn is subsequentlygoreferabl y subjected to a

suspensi on crystallization and the acryq ic acid suspension crystals which
are formed areqpr efias plybddraBMEriof [rRiESBRLNiAS,ARIGES: e bidiuRe Dy means
of a wash colum. Advantageously, the wash l1quid used is the nelt of .
acrylic acid cryst@®Yghet asiRi@inbeen renpved bef orehand in’ the wash
colum. Furthernore, the wash colum is preferably one having forced

transport of the crystal bed. It is nore preferably a hydraulic- (for
exanpl e a TNO _%@W%@?WeﬁFméﬁeﬂechani??glma;% S 8%%% For specific
detail s the description of WO 01/ 77056, 53/b§ Oveitht 6Ai@8SiLan ditiaf2, 03/ 041833
~may be followed. In other words, prefer emgbg%@;{?g%&?ﬁ Eﬁrgt?é%lnling not her

l'i quor which remains into the fractional conde so EP-A 10 15
410). The secondary conponent outlet is fobyatdightiobbediummérade.de draw of the
crude acrylic acid as a purge stream 15 Using only one crystallization
stage, it is thus possible to obtain acrylic acid having a purity of

> 99. 8% by wei @inengiercef the catatysttaheri ngl yiokal lengih €200dpmMpr oduci ng

super afypor bent s based on pol y- Na  acryl atigterddi detiérbeahs0 be enphasi zed
that one advantage of the inventive procedure.is | rinciple that, at all

e.isin
points in this docunent,  including the ‘?r!??'rfﬂarﬂﬁﬁﬁﬁ'ﬁggn’v\hi ch follow,
wher ever catal yst charges diluted w th 28all thekhesset @ri.al are descri bed
and/ or required, the corresponding catalysts can also be wused undiluted
for the sane bed length. O herwise, the profile of requirements laid down
in DE-A 102 45Rs88or: agdngisied bEa jackeiz2d gginteomabs of sipplase steeb(aylirgirisalbcess

accordifg to the inve%éégp#b.e?sﬁrrﬁaﬁm acﬁhdr‘?&%b&?@@ﬁegﬁrﬁ\ﬁélﬁmva' of

crude propane 30 The Te ication col'um has an intern aneter of 50 mm
and conprises 40 bubbickDessss tvess Sniyeuselly T5R8 28a8818- cap each) arranged
equidi stantly. The distance between two directly adjacent trays is 50 nm
The rectification colyum. , includi the bubble-cap trays is_pmanufactured
[om stal nl ces steo Bt dgnae: il BUEr pipde wss B i, The Mol
heat -i nsul-ated w th adiaimetdr ofrtheeyuirfe tAbeabk epprok. 8bmithi ckness 25 mm  The
col um1%d)ottom is heated by means of a natural-circulation evaporator
(RoberT” evaporator) to which hot water of tenperature 85Cis

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 :



suppl i ed aBF bfiddtheat carrier. The crude propane is fed into the
rectification colum at the seventeenth bubble-cap tray fromthe bottom
PF 56706 67 The crude propane has. the 0oI | owi ng contents: 95% by wei ght of
propane, 5 0.10% by wei ght of propene, = 1.00% by wei ght of n-butene,

3.28% by weight of is | i ,a%%,m y wei ght
of ethylene and 10 Q%QE%]%@EB aﬁs%@@uﬁoﬁ%ﬁ&@oggge. orﬁ%?%ﬂ% present,
its C2°HC content is B‘J%E@%%@Ptm geating rruNRiheethestuigrirebertRliepigt es
above the feed point fjegnpbPaturEns tidnde exeiangd Mddnen tethecRkiréd BUgS ‘bel ow the
feed point is 8. The &ude.-grg ane is fed to the rectification colum in an
amount of 300 kg/h. |PNeY§SH gfreé%%ﬁﬁ'%c "g-8 par and a tenmperature. of 16C.
It is deconpressed into the reaction colum by nmeans of a throttle device.

lauid phase) BEaar 4886, “The VayedshabbaTRye 3t Beglh ey '
tenperature is 41 C. Above the | asttuleuidyk eondysted inappulierawvedt. Them bel ow), a

cooling coil is installed into t . i L l¢ t er. of
tenperature 20C is fed toit. Wi g&g@ﬁ?%@%&%ﬂ;%@ﬁ% w}ﬁéztﬁo%fthélgwgguri fied

propane are conducted in |iquid Mgp§PRdictastintoRachdeagtionddhs ¥ colum 25
with ajg enperature of 40C at thedfmerard dresbestification col um. The
prepurified propane has the followi ng contents: 99.20% by wei ght of
propane, 30 0.10% by wei ght of propene, 9 ppm by wei ght of n-butane, 600"
ppm by wei ght of isobutane, 0. 63%e byt weitghtered thetdyimiicaOduigepiubbyat tei ght  of

ethylene and 35 1 ppm by wei ght _of 1- ne. Based Q esent, its
C2 HC content is 0.644% by wei ghPS’tt‘%S%@gg&%/‘%e%?"efhﬁ%?%ﬁﬁﬁ%ﬁéﬁépr opane
withdrawn in liquid formis recycylindrical gaidedupreata enwecdture 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 tbp'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 accOrding to Example 1 of
3B | " DE-A10046957.

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



PF 56706 6BF 58T as reflux liquid to the uppernost tray of the

rectification colum. Fromthe colum bottom 15.9 g/h of bottons |liquid
are wi thdrawn continuously. It has the{',lfol | 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 by weight of p RN % by Welg) 1- but ene.
I'n a second rectification col unnb%s des rgﬁ%%(gn%wl% ZﬁﬁTS %g@ﬁ further
prepurified propane can be renovéXigrrgfiameenbiangis intejoldianreterlbot t ons
liquid of the aforenentioned conposition is also outstandingly suitable as
a cofeed in a _15 cracker, for paraffinic hydrocarbons. B) Two-stage parti al
oxi dati on of p?'opalﬂé"{“é&a@rﬁ?ﬂ”}&)g %‘EJ'H{EFWEQ'H W@E%%@B'”@f Cz HC 1. The charge

gas mxure for the first fixed bed reactor had the foll ow ng contents: 20

% by vol. nitrog 46, [0)¢ n 11, 84 r.opape, 32 [ ne.6, 81
ethane 0 07 n- bt et o8 LBfledkatty 18 PR, B rdef b BEliiRine 0. 1
hydrogen 0. 07 carfbotediumdsdef hitdhediae evolihg (i0diratihpy ere=nd c0&ir3brazghbon

oo e 0 00 M WitetiiRftubE (BRGHh Sudd i IntthalldiflePeds hiRGlAN 2t 2126 |
' o thickness = 2 mm, material = stainless steel) which, mounted centralty for a

10 length of 200 mm, was charged with an inert bed of steatite spheres
(Steatite from CeramTec) of diameter from 5 to 6 mm and flanged directly
onto the catalyst tube of the first fixed bed reactor. '

The gas mixture entered the connecting tube at a temperature of 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



inlet presBuB87@F 2.1 bar. PF 56706 69 1. First fixed bed reactor for the
step of partial oxidation of the propene (propylene) to acrolein Heat .
exchange medi um used: salt nelt consi st7| ng of 5 53% by wei ght of potassium
nitrate, 40% by weight of sodiumnitri te and 7% by wei ght of sodium

nitrate. D nension of Cg@gsp@}{%gga ﬁ&ﬁgger{eggghh%g-yflgoag@% t kO i nternal

dianeter 26 mm external dianeter t.hi ckness mn Reactor:
Consi sted of a jacket %Tlafé?I”F%@Ite%ﬁ‘d@ 26P frgfrhpﬁqaggsecgpf&qon(e(tm indrical 15
gui de tube surrounded7 mm a 3oy ndmireal outer vessel). The wall thi cknesses

wer e universallyfro 2to .mm. The inter di anet eout

cylinder was 168 mn ?lﬁ’"@?&?“‘ %Pgtr'?e)i 'QP r'@ﬁ' dlfaﬂrénq 'ﬁﬁagfws r‘?tacgprox

60 nm 20 At the top araﬂed)cﬂtalpsnfrmhéeg:tm@t ed cyli nder was concl uded by a
lid and bottomrespectively. The catal yst tube was nounted in the
cylindrical vessel and guided 25 through the cylindrical guide to be such
that it projected at Bediondp length 2bemom end t hereof (with sealing) through
the |id and bottom resagetindha/of dhrfisly mesbﬁm%@mmem%na%@m&éﬁhange

medi um was encl osed in the cylindrical vesse I'n order to ensure very
uni form t her mal bound%i8PSHuh e TBHaraeter) W@a@GtC@FE"yS\RﬁP‘FO@f‘Qlt%%re@éfaé'PS)st t ube

over t{e entire catal Eﬁém;ﬁl@BQzﬂmgth%QZ&l(Bt mtsqo01my|t Isrbﬂtfd sakibkepagk (3700

nm, the heat exchange di um wa of nitrogen in the
ol ndrcal vessel St ARt colahat e g ARG e
exchange medi um was menrveylami wmsmabmetmmnusltmomasra SﬂthehiOIYIEimdﬁ’l cal guide

tube in order then back termedi at e space between
‘cylindrical guide tu@|012 %vagy@?ﬁ(%‘r oalf%/\g ! 4s§£ (circul ation of equal
goodness _

15 , ~ Section D: length 50 cm -

Downstream bed of steatite rings (steatite C 220 from CeramTec) of
geometry 7 mm x 7 mm x 4 mm
_{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:



PF 56706 7BF 56306 al so be achi eved by punped circulation (for exanple
-propel l er punps)). Electrical heating nounted on the outer |acket
controlled the tenperature of the heat _exchange mediumto the desired
|l evel . Otherwise, there was air cooli rﬁ 5 Reactor charge: Viewed over the
reactor, salt nmelt and reaction gas m xture were conducted in
count er curr ent—The—reactionmgag nxture—entered the reactor at the top.

It was condu¢ted into each reactlion t%twvet. a 10. tenperature of 250C. The
salt nelt entered | i ndricali gui be at the bottomat a '
tenperature TH%’%E%M teft—the %;é}unun cal guide tube at a
tenperature T[' . TREYIER difference bet%@ﬁnim and Tt was about 2C
Taverage = (Tin + p4Hpht2, Catal yst tupgeggharge: Section A: length 50 cm
(fromtop to pottony Prefimnary jbed of steat|te rings (steatite C 220 from
20 Ceranfec) of ge®RAENS 7 mm x 7 mm x0-44mm (external diameter x length x
i nt ernal di.am=ter)met|$§\(ét| on B: llengthy 100 cnf Catal yst tube charge with a
honbgeneous Xture of ~ 25 30% by Wei ght_of~Sleatite rings (steatite C 220
from CeranTe¢)of €@8Retry 5 nmlx 3 9% 2 (external dianeter x |ength
X internal dianet EIh)bLm 70% by |wei ght.g@f unsupported catal yst from

Section C. 30 Sectl En C. Tength|I7/0 cm Catal'yst charge of annular (5 nmm x
3mMmmx 2 mm = ter x.lei 3‘5 x—nternal dianmeter) unsupported
cat al yst acco d| ng ntkutdneanpl e 1 of 35 (DE A 10046957.

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 0.1
formaidehyde o047
benzaldehyde 0
maleic anhydride 0.04

gthane , 0.02
IL. Example | was repeated with the following differences:

5 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. '
10 _
I,  Example | was repeated with the following differences:

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



Secti on D:PF&Af%h 50 cm Downstream bed of steatite rings (steatite C 220
fromPF 56706 71 Ceramflec) of geonetry 7 mmx 7 mmx 4 mm (external

di aneter x length x internal dianeter).;, 2. Internediate cooling and

i nt ernedi ate oxygen feeding 5 The product gas m xture leaving the first
fixed bed reac{gnmuasngegehpitedossiQivoluree sbiRase of internmediate cooling -
(indirectly by nmeans of air) through a connecting tube (length = 400 nm
internal diameter = 26 nm wall thickness = 2 mm nmaterial = stainless
steel ) which, Woaptoadctamistmiaiure/ichang thelébdoat @xdu indd 12@0ormow sarspddear ged with
an inert bed o b i S Steatite from Ceranifec) of dianeter from
5to 6 mm and ?1@#3@%1\’031?"‘)%@?%?%088@0 the catal yst tube of the first fixed
bed redttor. The gas mixture entered the connecting tube at a tenperature
of nmore th : y! t IR f 140C.
Subsequent ?gpré\gﬂéﬁﬁa Eéfﬂgﬁ’ ﬁlﬁctgyb'igrarp?%gz%gﬁgifr asr’e“aﬂ%y g%%@% % ource were

m xed wi t hingeieokpias infei tRe prasentrnplicalion yiragraedr ge gas m xture mxed on a
static mxer was fed at a 20 tenperature of 220C to the fixed bed reactor.
for the st\ﬁp of partial %xi dati.on gf ag_rol ein to acryljc acid. 3. Second.
fixed bed YEAEEBENFR O TRADSYHPEYIONEAACRINIBIURA P EHAlFatiors 8NdifRvIabP Sacr y1 i ¢
?ci.d ﬁﬁo fA_ from ek h@demtaﬁllléhﬂdin iu@q)dsgieté. Wi ghthwaforebe isdeurhéd thiat thesi gn todt hat
or the first . stepn. Salt nelt, and reactiaon _gas m xture r.e conducted in
cocurrent Urevisl TBye el ohisBoroiRe udhe Ry B batie Rt e BRY HEh fom

t he react i speciasilymestibesi hdréikewi se. 30 The catal yst tube charge (from
bottomto top) was: Section A length 20 cmPrelimnary bed of steatite
rings (steatite C 220 from Ceranifec) of 35 geonetry 7mmx7mx4nmm



(external dianmeter x length x internal dianeter). Section B: length 100 cm
PF 56706 72 Catal yst charge of a honbgeneous m xture of 30% by wei ght of
steatite rings (steatite C 220 from Ceranifec) of geonetry 7nmx3nmmx4mm
(external dianeter x length x internal dianeter) and 70% by weight of 5
coated catalyst from Section C. Section C |length 200 cm Catal yst charge of
annular (7 mmx 3 mmx 4 mm = external>dianeter x length x internal

di aneter) coated catal yst according to Preparation 10 Exanple 5 of DE-A

10046928 t this ppint, it is also possible to use anal ogouscoat ed
catal ysts S epared in a corresponding manner, but whose active
conposition has a stoichionetry of M12V2. 8W. 2Cu2. 40x or

MD12V3. 5WL. 3Cu2. 40x) 15 Section D length 50 cm Downstream bed of steatite
rings (stkbkatit&pocessdor propargras A one target genduetth By martiad vaxidatiomardéort er nal

di anet er X o Nt | diameter). 20 The second reactor was charged
W th appr%Iﬁll.ngggégmg(ﬁﬁr%g’ie@%’acrog{é’%gﬁg m xture. Taverage is as defined for the

first fixed beg siigadingprepue fie@progantCin alfist REQIRARR PG terssede dfand/oe fir st
reactor was, 97.7 nol % and the acrolein conversion in the second reactor was
99. 4 nol Withexclysionefmelpgudar orygaRetost kastone delydrpaenation framiher@ioume second

0 e ofpe o ISR o At B R ol 1T
0.14 homogeneous oxydehydrogenation and heterogeneously catalyzed oxydehydrogenation
to obtain a gas mixture 1 comprising unconverted propane and formed propylene, and

b) optionally, 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 therefrom
and/or converting them to other compounds to obtain a gas mixture 1' comprising
propane and propylene, and, in at least 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, 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' to 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 the propane into the first reaction step,
wherein

the prepurified propane is obtained from crude propane which comprises

> 90% by weight of propane,

<99% by weight of propane and propylene,

> 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 proviso that the
content of C; hydrocarbons based on propane present in % by weight in the purified
propane is not less than 80% by weight of the corresponding content in the crude propane,

and the content of C4 hydrocarbons based on propane present in % by weight in the



met hane 0 ethane 0.07 n-butane 0.08 isobutane 0.34 n-butene O isobutene
0 1,3-butadiene 0 hydrogen 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 formal dehyde 0.17 benzal deh de O nuleic anhydride 0.04 ethane 0.02
11. Exanple | was repeated with the follow ng differences: 5 The charge gas
m xture of the first reaction stage cdfprised only 44.6% by vol ume of
nitrogen but 2.1 % by volune of ethane The product gas m xture | eaving the
second fixe&_aed react or %&ﬁ 0. 29% by vol une of acetic acid. 10
111, ExanitEief pippang @ﬁéatoétoﬁ by elght 9tshg %RMeﬁbonél‘\‘ng@F@HE'@éhe FHEE char ge gas
m xture O&Dbﬁﬁ_flrst reaction stage conprised only 44. 7% by PF 56706 74

vol une of nitrogen but 2.0% by vol une of ethane. The product gas m xture

| eavi ng the second fixed bed reactor now conprises 0.38% by vol une of

acetic aci.d' SThe process according to claim 1, wherein the crude propane comprises > 200

ppm by weight of C, hydrocarbons.

3. The process according to claim 1, wherein the crude propane comprises > 500

ppm by weight of C, hydrocarbons.

4. The process according to claim 1, wherein the crude propane comprises > 800

ppm by weight of C; hydrocarbons.

5. The process according to claim 1, wherein the crude propane comprises > 1000

ppm by weight of C, hydrocarbons.

6. The process according to claim 1, wherein the C, hydrocarbons present in the

crude propane comprise at least 90% by weight of ethane and ethylene.

7. The process according to claim 1, wherein the C; hydrocarbons present in the

crude propane comprise at least 94% by weight of ethane and ethylene.

8. The process according to claim 1, wherein the C; hydrocarbons present in the

crude propane comprise at least 50% by weight of ethane.

9. The process according to claim 1, wherein the C; hydrocarbons present in the

crude propane comprise at least 70% by weight of ethane.

10.  The process according to claim 1, wherein the C; hydrocarbons present in the

crude propane comprise at least 90% by weight of ethane.

11.  The process according to claim 1, wherein the crude propane comprises > 200 by



US Provi sional Patent Application No. 60/679,971, filed on May 12, 2005, is
i ncorporated into the present application by reference. Wth reference to

t he abovenenti oned teachi ngs, nunerous alterations and deviations 10 from
the present invention are possible. It may therefore be assuned that the
invention, within the scope of the apEended clainms, may be perforned
differently than specifically descriBéd herein. 75 What is claimed is: 1.
A process for preparing at | east one target product P by partial oxidation
and/ or  anmoxi ion of propylene, conprising a) subjecting prepurified
propane, YH8 ‘giiQFmpéﬂh BSon step in the presence of and/or with exclusion
of nol ecul ar oxygen, to at | east one dehydrogenation fromthe group

conpri sing honogeneous dehydrogenation, heterogeneously catalyzed

dehydr ogelat i drhe prengabagseondmgdo claind dhyhierein ¢lreatridanprapanelvemprisssen®digl y

cat al yze%gx%q)?%yglrgl%g%gérilson to obtain a gas m xture | conprising
unconvertedgpropéné an or med propyl ene, and b) optionally, renoving a
portion or the entirety of the constituents other than propane and
propyleneﬁgresent inthe entirety or in a portion of gas mi xture | therefrom
and/ or cohver tThegpreqeesaceerdingria elai dpwheieia thercrudn prppang cgmpripasxy 1008 by

conpri si Nge; R PRaR dRBdpeioPyl ene, and, in at |least one further reaction
step, ¢) sugjectlng gas mxture | or gas mixture For a nmixture of fornmed gas
m xture 1' and remaining gas mxture 1, as a constituent of a gas m xture
2, to a hgterqgeneousl atal yzed.g hase partial oxidation and/or
partial gas phHger Fﬂéfqg&ﬂ céfm 6’(%&82@ Cohydesatbonspigset e ure 1 and/ or
gas m Xt Wrfdelpropdde @Bmplisk 4 16380% K WeRhBofRMRAE! Sing at | east one target
product P, d) renoving target product fromgas mxture 3 in at |east one
removal step and, of the remaining residual gas, recycling at |east the
propane iyt o the first reaction ste . wherein, th repurif.ied prppane is
obt ai ned Trom thP&"ecef)sraocﬁ%rﬁglgvﬁ(ﬁql%ﬁ’E@WHVYB%?‘ h&“@fﬁ%‘ﬁ? p\%‘??’&ﬂ? ﬁB’f opane, <_
99% by weirgne @bmprisa iasttd, by @pighesfbutane. 100 ppm by wei ght of C2

hydr ocarbons and > 100 ppm by wei ght of C4 hydrocarbons, with the proviso
that the crude propane is conducted into a rectification colum and the

puri i ed Ry OP3fR kel ATRAhgAH AMfin 1 SRR >ROOABy Whih dr1fe Bl SO that the

present in the crude propane is isobutane.

17.  The process according to claim 16, wherein > 70% by weight of the butane

present in the crude propane is isobutane.

18.  The process according to claim 1, 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 claim 1, wherein the content of C,4 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 to claim 1, wherein the content of C4 hydrocarbons based
on propane present in % by weight in the prepurified propane is at most 1% of the

corresponding content in the crude propane.



content of C2 hydrocarbons based on propane present in % by weight in the
purified propane is not |ess than 80% by wei ght of the correspondi ng
content in the crude propane, and the content of C4 hydrocarbons based on
propane present in %by weight in the 76 purified propane is at nost 50% by
wei ght of the corresponding content in the crude propane. 2. The process
according to claim1, wherein the crud® propane conprises > 200 ppm by

wei ght of C2 hydrocarbons. 3. The process according to claiml, wherein the
crude propane conprises > 500 ppm by weight of C2 hydrocarbons. 4. The
process according to claim1, wherein the crude propane conprises > 800 ppm
by wei ghtzpf %emfwe@mcmmg to%lau;mewﬁéremﬁéc&%%éye&anlpﬁb Ghdpridieht Wherein
the crude propane conprises ? 1000 ppm wei ght of C2'h drocar bons. 6. The
process a rldfdrixgaltbontlln%m}:velgmgrtbcnrep 1ed2prppgecie oot besmthap 86%et i n t he
crude pro ea t of ethane and ethylene. 7. The
process a‘?gigﬁtcf {Orl%grf ndmgfoﬁt\% ﬁe%?(ngor@nﬁydrocar bons present in the
crude propane corrprl se at | east 94% by wei ght of ethane and ethylene. 8. The
process according to claim11, wherein the C2 hydrocarbons present in the
crude proffane H‘tﬁr?ﬁ?‘ie%a“'&?rdﬂtgégtc‘a%% whergipithmeongmt based aw propanerpresedt ocess

accordin } crude
propane g%f{n%r}ﬁg@cggbg’ sel\g*s‘f'bgwgglgﬁlmtgga{ﬁ‘ 1?&’3; ﬁ&% Sorﬁg?e%%ghg%’gb?ss accordi ng
t o cl ai mvg¢ighttvditles corfebpndihglgntentda theamsdegpremaat in the crude propane

conprise at |east 90% by wei ght of ethane. 11. The process according to
claim1, wherein the crude propane conprises > 200 by 77 weight of C4

hydrocar bpns. T prddiss RcO@fRS0 3RfA" HyvAdeihSldhtent Baseé!"@ﬁ’ Eﬁipﬁné Pesent ude
pr opane conpri ses > 500 by “weight of C4 hydrocar bons. process

accor di ngefie hydescanbens W‘?/elbbémlghhm the prgpurpiieshrappane it lese dan QG%d)Yoy wei ght

of C4hydr0 r r.0ces ccordi to claiml, wherein the C4
hydr ocar bongﬁpolr?gﬂs]een Spongn cgntentd §1efictglf)e‘fr‘Peé)lS(g%rn)r| se at | east 80% by wei ght

of butane. 15. The process according claim1l, wherein the C4 hydrocarbons
present in the crude . ) )

24.  The process according to claim 1, wherein the content based on propane present

of C; hydrocarbons in % by weight in the prepurified propane is not less than 100% by

weight of the corresponding content in the crude propane.
25.  The process according to claim 1, wherein the content based on propane present
of C, hydrocarbons in % by weight in the prepurified propane is more than 100% by

weight of the corresponding content in the crude propane.

26.  The process according to claim 1, wherein the content of isobutane in the

prepurified propane is < 1000 ppm by weight.

27.  The process according to claim 1, wherein the content of isobutane in the

prepurified propane is < 600 ppm by weight.

28.  The process according to claim 1, wherein the content of isobutane in the

prepurified propane is < 100 ppm by weight.

29.  The process according to claim 1, wherein the rectification column comprises, as



propane conprise at |east 90% by wei ght of butane. 16. The process according
to claim15, wherein > 50% by wei ght of the butane present in the crude
propane is isobutane. 17. The process according to claim 16, wherein > 70%
by wei ght of the butane present in the crude propane is isobutane. 18. The
process according to claim1l1, wherein the content of C4 hydrocarbons based
on propane present in %by weight in ffhe prepurified propane is at nmobst 30%
of the corresponding content in the crude propane. 19. The process
according to claiml1, wherein_.the content of C4 hydrocarbons based on
propane piBEaHRE infFragls, massirgsferitayt he prepurified propane is at nost 10% of
the corresponding content in the crude propane. 20. The process according
to claim1, wherein the content of C4 hydrocarbons based on propane present
in % by w&.-ghtTherprodess gacerding tbickimgr wheria thesregtification cdlUmofcompeses, as
correspongi .content in the crude propane. 78 21. The process according to
claim1l, %ﬁ%ggﬁgm%%%ﬂ%gﬁVéﬁry%ased on propane present of C2 hydrocarbons in
% by weight in the prepurified propane is not |ess than 85% by wei ght of

t he corresponding content jin the crude propane. 22. The process according to
claim 1, Hher el Rregssteancoing thslaim lowhereighseciifiatien colugn hep frapdy@car bons i n
% by meigﬂgﬂ&ﬂﬁﬁgﬁ pigpurified propane is not less than 90% by weight of

t he correspondi ng gontént in the crude propane. 23. The process according to
claim1l1, wherein the content based on propane present of C2 hydrocarbons in
% by wei g in.the prepurified propane is not |ess than 95%by. weight of
the corre ongr}ﬁ’gor ‘g’ﬁ? %ﬁf’rdi"}g Pgeim Ly yRerging %WB.prefﬂ?re?h@eﬁ?"&'g‘&é?naccordi ng to
claiml, weheis® $bs eQRIBMYarbased on propane present of C2 hydrocarbons in
% by weight in the prepurified propane is not |ess than 100% by wei ght of
the correspondi ng content in the crude propane. 25. The process according to

claim1l, erepn the ¢ t o] [ resent  of. hydr ocar bons in
% by wei ght iﬁh{éi?erocﬁfc’se%g%ﬁﬁgetg%%?rg6aﬂggffsﬂg%$°et% frh%ﬁlp 73685 Bly € wei ght of the

cor r espong@ttificatiomtlin iis< 1O@Ccr ude propane. 26. The process according to
claim1l1, wherein the content of isobutane in the prepurified propane is <
1000 ppm by weight. 27. The process according to claim1, wherein the

content 0fy i SORU ARG bcbidfhg BLRRHT! Vh&FinRE ORI lefpsrafQ iR by vei ght.

rectification column is from 40 to 90°C.
35.  The process according to claim 1, wherein the crude propane is fed into the
rectification column in such a way that the number of theoretical plates above the feed

point is greater than the number of theoretical plates below the feed point.

36.  The process according to claim 1, wherein the prepurified propane is withdrawn

at the top of the rectification column.

37.  The process according to claim 1, wherein the prepurified propane is withdrawn

in gaseous form from the rectification column.

38.  The process according to claim 1, wherein the rectification column has a water-

cooled top condenser.

39.  The process according to claim 38, wherein the water is fed to the top condenser



28. The process according to claim1l, wherein the content of isobutane in
the prepurified propane is < 100 ppm by wei ght. 29. The process accordi ng
to claim1, wherein the rectification colum conprises, as 79 separating
internals, mass transfer trays. 30. The process according to claim1,
wherein the rectification colum conprises, as separating internals, valve
trays. 31. The process according to cl8im 1, wherein the rectification
colum has from5 to 25 theoretical plates. 32. The process according to
claim1, wherein the t ressure in the rectification colum is > 5 bar
and < 25 B4 ?t%‘@erafﬂréoggéggs%“da%%%di ng to claim1, wherein the bottom
tenperature in the rectification colum is < 100C. 34. The process
according to claim1l, wherein the bottomtenperature in the rectification
col um i s44.r ondlECproessgancorddes toThemy whersin the preputiifingl fropapk & witlidrawsiner ei n t he
crude pro A8 1 i he .rectification colum in such a way that the
nunber of Hlﬂﬁ@(‘)dr% |?%Imtg1%gft‘cé§&g5)3vc IUt“H]e feed point is greater than the
nunber of theoretical plates below the feed point. 36. The process according

to claiml, wherein the prepurified propane is withdrawn at the top of the
rectificafl-on EifiRIAcess acpordingeto slaimds whereindheipispurifiedqirapase comprises € n' t he

prepurifi gd 6O ! ¥ pTef o] i romthe rectification
col um. 3%. ?Ee gr o%g@sowgc{bgr d%bé)y'ltege’ci ai ?nylid ét%@reféi n the rectification
colum has a water- cool ed top condenser. 39. The process according to claim

38, wherein t water is fed to the t condenser 80 wth a tenperature of>
0C. and <49C.  Pre¢ess WB@é%gsw&}?é'BﬁdWﬁ%eP&TlJF%ﬁnﬁ? $tepsi#e carisd CHEM 9P puri f i ed

propane i gaMiohHh&iMY oviePa batBlysi@hge H]sBés@H‘tHeFEf}‘n.r ectification colum. 41. The
process according to claim1l, wherein the prepurified propane conprises at

| east 99% by wei ght of propane, propyl ene, ethane and ethylene. 42. The

process aggording . to claim1 erein,all reaction.steps are carried out in
one reacﬁ:'ondyb 2% %jacg\(}réirln%{o\(lzcvg"gl y‘évperSWe{t;egﬁrshfeggb(’é‘@ge%t'ﬁ8rei n. 43. The
process ak&e@bgindouslyocatdlfdeokydempdiogernatibhe first reaction step is a

44.  The process according to claim 1, wherein the first reaction step is a

heterogeneously catalyzed dehydrogenation.

45.  The process according to claim 44, wherein the heterogeneously catalyzed

dehydrogenation is carried out adiabatically.

46.  The process according to claim 44, wherein the heterogeneously catalyzed

dehydrogenation is carried out autothermally.

47.  The process according to claim 44, wherein the heterogeneously catalyzed

dehydrogenation is carried out in a tray reactor.

48.  The process according to claim 1, wherein gas mixture 2 comprises from > 0 to

30% by volume of steam.

49.  The process according to claim 1, wherein prepurified propane is fed directly into

at least one reaction step of the heterogeneously catalyzed gas phase partial oxidation



het er ogeneously catal yzed oxydehydrogenati on. 44. The process according to
claim1, wherein the first reaction step is a heterogeneously catalyzed
dehydr ogenation. 45. The process according to claim44, wherein the

het er ogeneously catal yzed dehydrogenation is carried out adiabatically. 46.
The process according to claim44, wherein the heterogeneously catalyzed
dehydrogenation is carried out autoth&mally. 47. The process according to
clai m44, wherein the heterogeneously catalyzed dehydrogenation is carried

out in atr reactor. 48. The process according to claim1, wherein gas
m xture za@%p{tlgggasfqhaﬁa;n@mpgﬁlog /&W%B‘?-urre of steam 49. The process

according to claiml1l, wherein prepurified propane is fed directly into at
| east one reaction step of the heterogeneously catalyzed gas phase partial
oxi dat i on5®81 Hrediroeespaacoiding tgataip Hsehaeinokicas 25 Yrbyoveightofyhetotal 50. The

Feaut r omotorarers e st PREL Prapatn b direPlbetol Ranors s AEAEE e cact i on
step of tﬁ&ero%@%&is%g@ifﬁ%bﬁgﬁg pladsaFMﬁ@ld)xgﬁﬁo@hﬁﬂ@ fagtidl igad paxé dat i on and/ or
partial gas phase ammoxidation of propylene. 51. The process according to

cl ai m 49, anmexidationgf prepydanes09s by wei ght of the total requirement for
prepurified propane is fed directly to at | east one reaction step of the
het er ogeneously catal yzed gas phase partial oxidation and/or partial gas
phase anfibxi dBte process aqeoniing terinim 39, whdreinat leae S8%cnycweightryd thetotall ai m 1,
wherein the target product P is acrolgin acrylonitrile, acrylic acid

and/ or pr&BYf th%(ipéeé’.u“gg‘.i PEPRENCSP 8’(5@2@"%)6‘@@ Eﬁaﬁgj’n{aéeaﬁﬁ‘% ?PFEL‘,’%/t\L/UFuerei n gas
m xture Zhdiogdih Sfb1l R d%at Yhise BARMNS 'ilﬁa?@ﬁ@&%leﬁﬁﬁil sﬁ%a@é yzed parti al

oxi dati on of Oéﬁe l%ﬂ?%pyl %ne%gr%%e%? therxei nl to acryli )gaaci d. 54. The process
accor di ngamwoxidatiom &Propyeseei n propyl ene is partially oxidized to acrolein
inthe first partial oxidation stage with the proviso that the parti al
oxidation is effected over catal ysts disposed in a catal yst bed, whose

active cosnOsi TheQirodeSs &lcotdSib cling 1, WhtrkinTeé Algeo¥iodect® is bbrolegigner al fornmul a

(1'V), M12Bi aFehX cX2dX3eX4f On (| wher e
acrylonitrile, acrylic acid and/or propylene oxide.

53.  The process according to claim 1, wherein gas mixture 2 is subjected to a two-
stage heterogeneously catalyzed partial oxidation of the propylene present therein to

acrylic acid.

54.  The process 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 composition is at least one
multimetal oxide of the general formula (IV),
Mo2BiFepX' X2 X3.X*0n (IV)

where

X!'= " nickel and/or cobalt,

X?=  thallium, an alkali metal and/or an alkaline earth metal,

X3=  zinc, phosphorus, boron, antimony, tin, cerium, lead and/or tungsten,

X*= s silicon, aluminum, titanium and/or zirconium,

a = from0.5to05,

b = from 0.01 to 5, preferably from 2 to 4,



X1= nickel and/or cobalt, X2= thallium an alkali netal and/or an al kaline
earth netal, X3 = zinc, phosphorus, boron, antinony, tin, cerium |ead
and/or tungsten, X4 =is silicon, alum num titaniumand/or zirconium a =
fromO0.5to 5 b =from0.01 to 5, preferably from2 to 4, 82 ¢ =fromO to
10, preferably from3 to 10, d =fromO to 2, preferably from0.02 to 2, e
= fromO to 8, preferably fromO to 58f = fromOto 10 and n = a nunber
which is determ ned by the valency and frequency of the elenments in IV

ot her than oxygen. 55. The process according to claim53, wherein acrolein
is partially okidi Z&umPdo 1&prefesablyframy3 it l¢:he second partial oxidation stage

Wi th the provigot rf?&mb*?@%ﬁﬁﬁfef&%lyfr&ﬁb%%?” is effected over catal ysts

di sposed in a catalyst be ose "active conposition is at |east one

mul ti met al oxide= offrdanh 6 tg8perefatabiyofiromi0ao 61 1) Mdo12VaX1lbXZcX3dX4eX5f X6gOn
(M) where = V%/ NB, T&‘Eﬂ? and/or Ce, XZ = Cu, N, Co, Fe, M and/or
Zn, X3 = Sb andTor™8 V%!%axhe or nore alkali netals, X5 = one or nore

al kal i earth netal s numifer whith-is fdtermihedyhOValéicy aRd Frefidpby dffh@ 6. b = from
0.2to4, c =from0.5t0 18, d =fromOto 48, e =fromOto 2, f = from

0 to 4, gelementypin Iy etheralaneerygen.= a nunber which is determined by the val ency
and frequency of the elenents in VIl other than oxygen.

55.  The process according to claim 53, 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 (VII)
Mo VX' X2 X3 X X550, (VID)

where

X' = W, Nb, Ta, Crand/or Ce,

X2 = Cu, Nj, Co, Fe, Mn and/or Zn,

X® = Sband/or Bi,

X* = one or more alkali metals,

X° = one or more alkali earth metals,

X® = Si, Al, Ti and/or Zr,
= from 1 to 6,
from 0.2 to 4,
= from 0.5to 18,
from 0 to 40,

o ®
il

o o
1l

= fromO0to 2,
= from 0 to 4,
from 0 to 40 and

S5 g ~h O
l

a number which is determined by the valency and frequency of the

elements in VII other than oxygen.

56.  The process according to claim 53, wherein the propylene hourly space velocity

on the catalyst bed of the first reaction stage is



56. The process according to claimb53, wherein the propylene hourly space
velocity on the catalyst bed of the first reaction stage is 83 > 120 |
(STP)/1h. 57. The process according to claim53, wherein the second reaction
stage is charged wth a gas m xture which conprises: from4.5 to 8% by
volume of acrolein, from2.25 to 9% by vol une of nol ecul ar oxygen, from®6
to 30% by vol unme of propane, from 32 83 72% by vol une of nol ecul ar nitrogen
and from5 to 30% by volunme of steam 58. The process according to claim
53, wherein the ?aqgl;‘%ﬁl hourly space velocity on the fixed catal yst bed of
the second reaet %(B’B- is 110 | (STP)/1h. 59. The process according to
claim53, wherein the reaction tenperature in the first reaction stage is
from 300 to 450C. 60. The process according to claimb53, wherein the

reacti on Y&nperhetproesss accotdngstecluird 53y wherein the Staglaeactioh stage R@Batged 370C. 61.
The pr ocegs, accor ditng o,claiml, wherein the at |east one renoval step
conpr i ses" 3 GAEMEtYE P?&\fé'i‘ COOPLSES n which the at |east one target product P
fromgas mxture 3 frdin 452089 byeebléfe biRrdibidui d phase. 62. The process
according to claim 61, wherein the basic renoval step conprises a
fractional condensdtdma.28fto §udyrokine of olegdgroxygan, absor ption of the target
product P from ga ] i i nto aqueous solution. 63. The
process accordi ng ?5%?3#%@6%%@%%&%?{%@% arget product P is acrylic acid
and the basi c renoadm 32 &p72% bg aslumedf aslecular Ritro@érlidid conpri si ng separati ng
internals with si S_e draw ro?rmva of crude acrylic acid, and the crude
acrylic acid is subfeR?&y39°3 by valumefsisalsi on crystal i zation. 64. The
process according to claim®63, wherein the acrylic acid suspension crystals
obtained in the suspension crystallization are renoved from renai ni ng not her
| i quor by38.nealts précess avasidingab gham 585~vheféie tiprasodeis haudypspdcagelodtyadnai m 64,

aher el 0 e 8RSk UIRf fe SPLNiG4GRT L ransport of the crystal bed

> 1101 (STP)/I+h.

59.  The process according to claim 53, wherein the reaction temperature in the first

reaction stage is from 300 to 450°C.

60.  The process according to claim 53, wherein the reaction temperature in the second

reaction stage is from 200 to 370°C.

61.  The process according to claim 1, 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 liquid phase.

62.  The process according to claim 61, wherein the basic removal step comprises a
fractional condensation of gas mixture 3 and/or an absorption of the target product P from

gas mixture 3 into water or into aqueous solution.

63.  The process according to claim 62, wherein the target product P is acrylic acid
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 acrylic acid is subjected to a



66. The process according to claim®65, wherein the wash colum is a
hydraul ic wash colum. 67. The process according to claim®66, wherein the
wash liquid used is the nelt of acrylic acid crystals renoved beforehand in
t he wash colum. 68. The process according to claim®64, wherein the renoved
acrylic acid suspension crystals are nelted and at | east one free-radical
pol yneri zati on process follows, in wh8¢h nolten acrylic acid crystals are
free-radically polynerized to prepare polyners. 69. The process according to
claim1l, wherein botEons liquid is withdrawn continuously fromthe

rectifi calSRAIsSOBLRNIEA - ed as cofeed to a cracker for paraffinic

hydr ocarbons. 70. The process according to claim1, wherein bottons |iquid
is withdrawmn continuously fromthe rectification colum and further treated
by recti fédkat iThe.process according to claim 63, wherein the acrylic acid suspension crystals

obtained in the suspension crystallization are removed from remaining mother liquor by

means of a wash column.

65.  The process according to claim 64, wherein the wash column is one with forced

transport of the crystal bed.

66.  The process according to claim 65, wherein the wash column is a hydraulic wash

column.

67.  The process according to claim 66, wherein the wash liquid used is the melt of

acrylic acid crystals removed beforehand in the wash column.

68.  The process according to claim 64, wherein the removed acrylic acid suspension
crystals are melted and at least one free-radical polymerization process follows, in which

molten acrylic acid crystals are free-radically polymerized to prepare polymers.

69.  The process according to claim 1, wherein bottoms liquid is withdrawn
continuously from the rectification column and fed as cofeed to a cracker for paraffinic

hydrocarbons.

70.  The process according to claim 1, wherein bottoms liquid is withdrawn

continuously from the rectification column and further treated by rectification.





