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In addition to molecular oxygen and the reactants, the starting reaction gas mixture
comprises inert gas in order to keep the reaction gas outside the explosion limit, among
other reasons.

30 One objective of such a heterogeneously catalyzed partial gas phase oxidation of pro-
pene to acrolein is to achieve a very high yield Y*© of acrolein (main product) (this is
the number of moles of propene converted to acrolein, based on the number of moles
of propene used) on single pass of the reaction gas mixture through the reaction stage
under otherwise predefined boundary conditions.

35
A further object of such a heterogeneously catalyzed partial gas phase oxidation of
propene to acrolein is to achieve a very high space-time yield (STY*®) of acrolein (in a
continuous procedure, this is the total amount of acrolein obtained per hour and unit of
volume of the fixed catalyst bed used in liters).

40
At a constant given yield Y*¢, the greater the hourly space velocity of propene on the
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EP-A 1106598 also leaves completely open the definition of the temperature of a reac-

tion or reaction zone.

In contrast, the remaining documents of the cited prior art define the temperature of a

30 reaction zone as the temperature in the fixed catalyst bed disposed in the reaction
zone when performing the process in the absence of a chemical reaction. When this
temperature is not constant within the reaction zone, the term temperature of a reaction
zone then refers to the (numerical) mean of the temperature of the fixed catalyst bed
along the reaction zone. It is essential that the individual reaction zones are heated

35 substantially independently, so that a reaction zone always corresponds to a reaction
zone. The aforementioned definition of the temperature of a reaction zone also applies
in this document.

Since the heterogeneously catalyzed partial gas phase oxidation of propene to acrolein
40 is a markedly exothermic reaction, the temperature of the reaction gas mixture on reac-



zone. The aforenentioned definition of the tenperature of a reaction zone
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25  and comprising the molecular oxygen and the propene in a molar O,:C;H; ratio of > 1,
in one reaction stage over a fixed catalyst bed which is arranged in two spatially suc-
cessive reaction zones A, B, the temperature of reaction zone A being a temperature in
the range from 290 to 380°C and the temperature of reaction zone B likewise being a
temperature in the range from 290 to 380°C, and whose active composition is at least
30  one multimetal oxide comprising the elements Mo, Fe and Bi, in such a way that reac-
tion zone A extends up to a conversicn of propene of from 40 to 80 mol% and, on sin-
gle pass of the starting reaction gas mixture through the entire fixed catalyst bed, the
propene conversion is > 90 mol% and the selectivity of acrolein formation, based ¢n
converted propene, is > 90 mol%, the chronological sequence in which the starting
35 reaction gas mixture flows through the reaction zones corresponding to the alphabetic
sequence of the reaction zones, wherein

a) the hourly space velocity of the propene comprised in the starting reaction gas
mixture on the fixed catalyst bed is < 160 | (STP) of propene/l of fixed catalyst
40 bed-h and > 90 | (STP) of propene/! of fixed catalyst bed-h,



converted propene, is > 90 nol % the chronol ogi cal sequence in which the
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gas mxture on the fixed catalyst bed is < 160 | (STP) of propenell of
fixed catalyst 40 bedh and > 90 1 (STP) of propenell of fixed catalyst
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25 It will be appreciated that the process according to the invention can also be applied
when the hourly space velocity of the acrolein comprised in the reaction gas mixture on
the fixed catalyst bed is < 90 | (STP) of acrolein/I'h. However, the operation of a mul-
tizone arrangement at such iow reactant loadings would hardly be economic.

30  When performing the process according to the invention, the differences T™4 — T™8
required according to the invention are normally attained when, on the one hand, both
the temperature of reaction zone A and the temperature of reaction zone B are in the
range from 290 to 380°C and, on the other hand, the difference between the tempera-
ture of reaction zone B (Tg) and the temperature of reaction zone A (Ta), i.e. Tg-Ty, is

35 <0°Cand>-20°C, or>-10°C, or < 0°C and > -5°C, or frequently < 0°C and > -3°C.

In other words, in contrast to the teaching of the prior art for high loadings, the tem-
perature of the subsequent zone in the process according to the invention will normally
be lower than the temperature of the preceding reaction zone.
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Useful catalysts for the fixed catalyst bed of the process according to the invention
include all of those catalysts whose active composition is at least one multimetal oxide

comprising Mo, Bi and Fe.

30 These are in particular the multimetal oxide active compositions of the general formula
| of DE-A 19955176, the multimetal oxide active compositions of the general formula |
of DE-A 19948523, the multimetal oxide active compositions of the general formulae |,
il and Il of DE-A 10101685, the multimeta! oxide active compositions of the general
formulae |, Il and Il of DE-A 19948248 and the multimetal oxide active compositions of

35 the general formulae |, |l and Il of DE-A 19955168 and also the multimetal oxide
active compositions specified in EP-A 700714,

Also suitable for the fixed catalyst bed are the multimetal oxide catalysts comprising
Mo, Bi and Fe which are disclosed in the documents DE-A 10046957,
40 DE-A 10063162, DE-C 3338380, DE-A 19902562, EP-A 15565, DE-C 2380765,
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cat al yst sl ar}%@ﬂqmbwaﬁ%g@gtégganm A19d- 1B anipp w@e&)amm%xm%ql é&@g stSui tabl e
are exanpl e

[l\/blZCogp 6Fea£°§ﬁj§191°§§%‘pl?8€%‘1§ égbﬁ{gzﬁﬁ‘%ﬂ %‘lﬂf‘t SSU'H&@ X% %'9 ﬁgﬂe‘? (ring)
cat al yst of mylimet pydgcaﬁaiyﬁtssanﬁM',éS&&ﬂToﬂ‘ hg lattgr is tRienfnprrtizulaiwvienthigse

ex: elr naltudl1 anERees hoflowlcgmiien g éoméﬁrﬁbﬂﬁb diheERINeB)5 mand 3 & I Himne @t ed

catal ysts 0

l\/blZB?/l DFeS%EQ% F%R%(?B‘])Rﬁ‘ exce ﬁ%g%gﬁﬁ%ﬁ dcro%}b%(rfr?cmf( SI'T B

appropri ate %6‘&1Kﬁg‘“mm‘c'ﬁ'ﬁb@%ﬁ&eﬁﬁbﬂ'ﬁwtﬁﬂd fsqqmdrlﬂtemahg@werbééﬁmaey 5 mm
X 3 mmx 1. SitaBkecie themulimataltxide ¢atalysiandagbmexiceraf DE-Ailan®tsds ok | engt h x
i nt er nal | ?%TG}OArmltlpllmty of the nmultinetal oxide active
conposi tions sul %e for the catalysts of the fixed catalyst bed can be

enconpas&ed by the general formula | M12Bi aFebXlcX2dX3ex4fOn (1) 35 where
t he vari abl eslsas@itathef areestamplel DO DG 1004695 N(stdieHioraately: OBi, Webak PWOKR s =

thallium an[NﬂJI,gifﬁJls,LFé{g}S%!sgl%%&% a&8n %hgt?dpioﬂsd ﬁﬁﬁc}\.ﬂpcgfﬁﬁ&@rl (ring} catalyst of
geometry 5 mm x 3 mm x 2 mm or 5 mm x 2 mm x 2 mm (each external diameter x
length x internal diameter), and also the coated catalysts 1, 2 and 3 of DE-A 10063162
25  (stoichiometry: Mo2Bi; oFes;C0;Sii 6Koge), €xcept as annular coated catalysts of
appropriate coating thickness and applied to support rings of geometry 5§ mm x 3 mm x
1.5 mmor 7 mm x 3 mm x 1.5 mm (each external diameter x length x internal
diameter).

30 A multiplicity of the multimetal oxide active compositions suitable for the catalysts of the
fixed catalyst bed can be encompassed by the general formula |

M0128iaFebx1cX2dX3eX4fon (l)
35 where the variables are defined as follows:

X' = nickel and/or cobalt,

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

X% = zinc, phosphorus, arsenic, boron, antimony, tin, cerium, lead and/or tungsten,
40 X*= silicon, aluminum, titanium and/or zirconium,



X3 = zinc, phosphorus, arsenic, boron, antinony, tin, cerium |ead and/or

t ungst en, 4|9 %(? = Si I icon, alum num titanium and/or zirconium PF 54308 7
from0.5 to 5F :f%mo 0l to 5, preferably from2 to 4, fromO to 10,
preferably from3 to 10, fromO to 2, preferably from0.02 to 2, fromO to
8, preferably fromO to 5, fromO to 10 and a nunber which is determ ned by
the val ency and frequency of the elenents in | other than oxygen. 10 They
are obtainable in a manner known per se (see, for exanple, DE-A 4023239) and
are customaralzy fedmaPeédondi | uted to give spheres, rings or cylinders or else
used in the bf-OrfFBnQb qugtsegre@@g@yy@mtdz;e preshaped inert support bodies

coat ed vmththe e o3l [t Wi |l be appreciated that they may
al so be used® as Q\{ é?sprf’ J)(/\iﬁ%rp 3950 6rm In principle, active

conposi t ionsd of ftdmog@ﬁemraferabiyﬁgﬂn@ 02tah be prepared in a sinple manner by

obtaining a yer yfrdnﬁ\bltérgt,gefe(pgm%,a,m%gl nely divided dry m xture
correspondl to thﬁ ﬂﬁ ol chi onmetry from suitabl e sources of their

el enental 20 conécfr? dnd cal ci ni ng it at tenperatures of from350 to
650C. The cal ¢i ranirobemtych issletdmeeddy tee vailencyatdeireduaaey ofghe elementederd an
oxygen at nospher@perftfin 6x%aenl € air (m xture of inert gas and oxygen) and
al so und a reducing atnosphere (for exanple mxture of inert gas, NH3, CO

and/or HZ2). The calcination time can be froma few mnutes to a few hours
and typi cal | Yhayeate ehiginablg it i@ manmes kaewn per 98s@eel foserannis DA 433PA%) and

el enent al coaetutidmariy sthpédendidtdd tgival spaiederirfstdr\eglinfRridesdidd @ ih tHy e

those | ComPos: whlel Abesal feat gl dpanandlar ihse fampauds i ch can

be converted 0 OXl Fesence o en. In
addi tion to ¢IepasHticaes wildigcapriecated that teyinry @M@umas eatalyets in FPP ticul ar
hal i des, 15 30formt rates, formates, oxal ates, citrates, acetates, carbonates,
anm ne corrpl exes, ammni um salts and/or hydroxi des (corrpounds such as NH4OH,
(NH4) 2C03, NHANGS, CH3COOH, NHACH3CO2 and/ or anmoni um oxal at e,

whi ch decorrp'6§i§'"C'Bﬁd??ﬂ"eé’&ﬁ‘pB%'t'@e%?fﬁﬁ%S@EFré'rfo'I”&i'%fC%?%P"ﬁpﬁ@dé@ asHePle at est
to rel ease cmaprm:rbgisabtamlnggasrequstuﬁ@tenpremnaﬂoefrae:l;ddi.wdedaihi yixtureor porated into

e Tt} At Seitofaftd fodheir SRty Aoh] AkaBRIANRIS Ry RGREI N0 L he
mul ti nmet al OXI e active conpos]tion
20 constituents and calcmlng it at temperatures of from 350 to 650°C. The calcination may

be effected either under inert gas or under an oxygen atmosphere, for example air
(mixture of inert gas and oxygen) and also under a reducing atmosphere (for example
mixture of inert gas, NH,;, CO and/or H,). The calcination time can be from a few
minutes to a few hours and typically decreases with temperature. Useful sources for

25 the elemental constituents of the multimetal oxide active compositions | are those
compounds which are already oxides and/or those compounds which can be converted
to oxides by heating, at least in the presence of oxygen.

In addition to the oxides, such useful starting compounds include in particular halides,

30 nitrates, formates, oxalates, citrates, acetates, carbonates, amine complexes,
ammonium salts and/or hydroxides {compounds such as NH,OH, (NH4),CO3, NH4NQO;,
NH,CHO,, CH,COOH, NH,CH1CO, andfor ammonium oxalate, which decompose
and/or can be decomposed on later calcining at the latest to release compounds in
gaseous form can be additionally incorporated into the intimate dry mixture).

35
The starting compounds for preparing the multimetal oxide active compositions | can
be intimately mixed in dry or in wet form. When they are mixed in dry form, the starting
compounds are advantageously used as finely divided powders and subjected to
calcination after mixing and optional compacting. However, preference is given to

40 intimate mixing in wet form. Customarily, the starting compounds are mixed with each



be intimately mxed in dry or in wet form Wen they are mxed in dry form
the starti nd:}/ ounds are advant ageously used as finely divided powlers
and subjected to calcination after m xing and optional conpacting. However,
preference is given to 40 intimate mxingin wet form Customarily, the
starting conpounds are m xed with each PF 54308 8 other in the formof an
aqueous sol wthesin Bedror okarspepous Aolutinl andien BsP§nSien: iFraticelady jrtimatk ik es are
obt ai ned i n rhik@res ark PGtaMERICE S5 BlBGT proesswaetritiddavisinahé stagtingarh aterialk arar e
excl usi vel y dg%BMEi%&? sgﬂrcégﬁf ﬁk%ﬁ&%rﬁ% c%ﬂ@tﬁﬁér&%’Fﬁrﬁisc‘so't\}%d%l%?eﬂh\é%glvteﬂ{ (Beq the
IS prererably water. Su y,. .th t

sol vent use bsequen _.the aqueous_conmposition
obt ai ned i s RIFFEERRY WHET HESEAUENYY. {BF BRURONE SOMEOR Y %?ta@reg# Isfrede i thsy

spr ay- dr i ngiryihg pegasis prefiesablyreffeateddoyi dpray-anyipgriiog ageusimiktuomat’ed@ t o 150C.
Typical ly, t ' i i ve conpositions of the general fornula I
are used intgﬁﬁgﬂéﬂrgﬁﬁa&wgpggﬁﬁg not in powder form but rather shaped
into certain catalyst 10 geonetries, and the shaping may be effected either
bef ore or afTypicatihehd mokimeta logida activencomesiticex ahihkeeenaras ioppolatlede ostdahy st s

ool e et SR Sk BTSRRI L5
the dos1Daq CEamayS: ot Bratre fay kelingied St SEPE T AIeLMedbet RPN, |
appropri at e kurekample, atklipported cHftalgsts ican e psspafent fram dnppavdgr i efdher stearic

acid as 15 |4uvd CanbesittRUr A5 uBRBABhED aAS! SarfdllyTafied Hea 86 CoRPodtsMby Such
as mcrofibers of . lgﬁesd as?esga?s silicon carbi ?Ie Oé [)?t aSSI)Hm t afnate.
Exanpl es of %HE?BEJE?H" t3ted raysh sty G SXaRIAIRIRY ©BIsine 8T PHdReY Tor

hol | ow cyl i rabprapriatewittytharadditive ohagsistahitafer exampieigmphignot $tearfc foicbas 2 to 10
mm :jn t1{59 Q@lé‘ri%aﬁﬂl‘statnlaﬁ:lrPﬁ%ﬁiﬁ&aﬁéthrﬁlﬁ?hg r?rp\fé@dirﬁ aéézﬂit§&fliﬁ5a% rﬁﬂ‘c;d‘ﬂb@r@o{f ltO ? mm
i s advant agegus. . appreci a : e unsuppor catal yst can
al so have sphert 8%98%%0_%?;&9 H%OE %%S%sb%ﬂa@gj‘é.Efg%@ggPﬁgwp%ggecflrOm 2 to
10 nm A paraatalyst geepetags siusgeolid civdeswr bpllowmadindgisdmeingyani extesnaim x 3 mm x
2 mm (ext erdighetdt ameh @ingth 6fERBH D tx10 Aingrn e elisaMEtRY Nollowityldder iLwhigr in the
s Ot | s upRRId:2 by 8 LALALNFESavddadid s PRIARPLSRLANEE bRe e
pul verul ent "‘acti Vé ‘composition Or 11S pulverulent 'precursor —conposition

whi ch i 20y etunserprstedaagalyré gamalap Have aphearigali geoastiyi srstthe grhericakdiameter sgn
appl yi ng to gyfeshapedoinfiart catal yst supports. The coating of the support
bodi es to 30 produce the coated catalysts is generally perforned in a
suitable rotatable vessel, as disclosed, for exangl e, by DE-A 2909671, EP-A
203859 or EP parfiguiatoadveptagsays beflow HRRRE I9ECHEHY s Mg SpdMicked MEbnposi t i on
to be appl i qextemandiamatargaontth ¥ inteinaf diamdteriaitbaticutal imfai dasalof efsupported
appli catj'son,caft,?qrstgxarrpl e by neans of hot air. The coating thickness of the
powder conposi 1N applied to the support body is advantageously

It will be appreciated that the pulverulent active composition or its pulverulent precursor
composition which is yet to be calcined and/or partially calcined can be shaped by
applying to preshaped inert catalyst supports. The coating of the support bodies to

30 produce the coated catalysts is generally performed in a suitable rotatable vessel, as
disclosed, for example, by DE-A 2909671, EP-A 293859 or EP-A 714700. To coat the
suppoert bodies, the powder compaosition to be applied is advantageously moistened
and dried again after application, for example by means of hot air. The coating
thickness of the powder composition applied to the support body is advantageously

35 selected within the range from 10 to 1 000 um, preferably within the range from 50 to
500 pm and more preferably within the range from 150 to 250 um.

Useful support materials are the customary porous or nonporous aluminum oxides,
silicon dioxide, thorium dioxide:, zirconium dioxide, silicon carbide or silicates such as
40 magnesium silicate or aluminum silicate. They generally behave inertly with regard to



35 selected wthin the range from10 to 1 000 pm preferably wthin the
range from qg:},&o 500 pm and nore preferably within the range from 150 to
250 pm Usef'ul “Support materials are the customary porous or nonporous

al um num oxi des, silicon dioxide, thorium dioxide, zirconium dioxide,
silicon carbide or silicates such as 40 n@mgnesium silicate or alum num

ili T L1y b ' | i th d PF. 54308.,9 th
Chrger 1 eactiGRER Toattel OR R St bk Sirest atieung P RE SR ATF Bt Feackih £ ¢ st
reaction stsiags ik bageis dbe sTprorshasies Maybaveed regaer vaveegslar stepeaeltiogudhr r equl ar
f] 2\6/1:0(; :I g ihcw_g%retn@é &f ?o@ﬂ@eegaamj zr%ﬂ)eti @uE@@vtb@ﬂéfthﬂwgo@gisﬁm?laoﬁécebodi es

962 Thlidifless 1h! B6fhoid SHANACS IR ey FHARPLS: SORRICS (6 Bkl

cyl i nders. use substa ous, )

sur f ace- BoudWERLQUS pvERFE ERUShaRRsbSRNSTiRRl dPRPtSSTade Pt Eetie (.o taalite (28220

Lgom Cer anT &ym GBeHET ot Wﬁﬁeediiain&tér:isomﬂ_ﬂ; 1tto 88nmpreferabliefrobl 4/td 5 mm.4 LO' 5 ][rm
wever, sui . : - [ - is from

2 to 10" mm B ShR bRt G 30 hRBLL Ul IR e R R P2 e o

rings suit abiCemmandwhnssextaned]idagnaiecds famdta 1 PRk In eadee shrinasralitakie|

t hi ckness i sasadupport ppdieabtaordingto the ilv@ntien, 4herwall thickaesh iB@isbaypibelyifiovent | on,

annul ar SuppQLt,..Lhogdj - ] : : o6

T an i or B ™ AuSPahd e #RRAIG, ShELEl dbrgR KRaiel b Bt B biThaC P O,

2 nm  Sui t alft l€ngth A fipPor o B 88 exteeA diampte Pt iee ¢ /B R 8Rd amell | n

parti cul ar rthiogresefof Gemntetord/mih. Sitabl8 assuppott odigscadcerdirg todheimeetiornyaré engt h

x internal di,anetef %riqos' cE?f gi\%rlnlatrP? AR £k qunrtrl'léheﬁ{%f%%}n't%gé?@qénd?ﬁ xt he

catal ytical I acﬁl_ve g COfT|pO_SI tdnt ns t? be ap ,tEe surface of
t he support '%tSEﬂf' fipmetash ftyy E?éapte&atq ga B%i'?%f&i?séc?giher@tﬁ'ﬁicé ndwe(cf. EP-A
714 700)15 Suixicetdoepuositibnsristzd applied & thetsuvfacecofitpe suppaoisodyovill bdedaraeditoyst s of

the first regehbaRa a5 thitkBesy @pgpogrpepgimbpns of the general fornmula Il 20
[ Yea' Y2b' Ox1r [ Y3c' Y4dY6e), 6rY/7/g' Y2h' Oy']a (I1) where the variables are

defined as follows: 25 Y = only bisnuth or bisnuth and at | east one of the
el enent s, t eéfditableunyltiaatal exodsy activercomensitionspipethe caalystsol thé fesh teaction stage

nol ybdenum apd alsdR@fip8Sitions st the génedbidaimuigmt al , thal lium and/or samarium YQ
= an al kz%l ine earth nmetal, nickel, cobalt, copper, manganese, zinc, tin,

cadm um“-30 and/ or mercur Y3 = i?ron or iron and at |east one of the
el enent's chroni UMXADddY WY « ¥o¥ o¥Ad3phor U8, arsenic, boron and/ or
antinony, Y7 = arare earth netal, titanium zirconium niobium tantalum

rhenium r Utvmwee% H‘Pé' variables are defined as follows:

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

a' = from0.01t08, -
b* = from 0.1 to 30,
¢' = fromOto 4,

40 d' = from0to 20,



rhodi um sil rfe; 0%ol d, alum num gal lium indium silicon, germanium | ead,
35 thorium dr %} uranium a' = from0.01 to 8 b =from0.1to 30, c¢' =
fromO to 4, 40 d =fromO to 20, PF 54308 10 ¢' = from> Oto 20, f' =
fromO to 6, ¢ fromOto 15, h' =frqg8 to 15, 5 x',y' = nunbers which
are determ ned b the val ency and frequency of the elenents in Il other

t han oxygen & fAd %’”?f tR¢fber s whose p/q ratiois from0.1 to 10, conprising
t hr ee- di nendi endionr @dp 6ns of the chem cal conposition Y a,Y2b OX, which are
10 delim ted,fs q,rgnq B 5] ocal environment as a consequence of their

di fferent cﬂ}9 % ggn‘g@m tion fromtheir |ocal environnment, and whose

maxi mum di arfet er" line through the center of the region and
connecti rhig txw' rrmmtt&ss which laee detefrzived by theaafence pndfrequdrey oéthicorigmests imlbm 1
nmto 100 pm frecuiaRdd dxgeRBhd0 nmto 500 nmor from1l pmto 50 or 25 pm
15 20 Particul arly advantageous xi de conpositions Il according
to the inverﬁ‘ﬂﬁm%gisés‘fvﬁﬁieg lﬂﬁat{mférﬁﬁﬁ?%@nl y bisnuth. Anpng these,
preference is given in turn to those of the general formula Il [Bla.zZ2b"O

)P [Z212Z3C"M}|Eﬁ91%3§ﬁ}%érhbtéﬂa|l Fbglcfnlslo‘f)hé/\f}%ﬁﬁ’cati B@mtﬁ@édu&bﬂ(‘eﬁ'%@ Swhieh bred as

foll 5 K d/
ISRt <A T R R e St A
phosphor us, cmpesitien figavtbair logakenviseymenti and weeseumaximdimodiameted (longest fine

silicon, gl Ltmdmgmthet¢etr@é1ldﬂmeareg/oaranalcbﬁﬁwmmwésoﬁt% on th@BO®sce (FitdrfRe) and/ or
gold, a ftFnQ reg(?on]) éﬁ"or% " nrr;)to 10 pl%n?requen{l)pfrom 10 nm To gé(.?nm ortfrgml‘Ppm to

50 or 25 pm.
15
Particularly advantageous multimetal oxide compositions |l according to the invention
are those in which Y’ is only bismuth.
Among these, preference is given in turn to those of the generat formula Il
20

[BixZ%yOxly [2212Z°cZ ¢ FeeZ’eZ%Z Oyl ()
where the variables are defined as follows:

25 7%= molybdenum or molybdenum and tungsten,
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,
30 Z'= copper, silver and/or gold,

a" = from(0.1t01,
b" = from 0.2 to 2,
¢" = from 3 to 10,
35 d" = from 0.02to 2,
e" = from 0.01 to 5, preferably from 0.1 to 3,
P = from0tob,
g" = from 0to 10,
h® =from0Oto 1,

40 X", y"=numbers which are determined by the valency and frequency of the elements in



35 d" =from0.02 to 2, e" = from0O. 01 to 5, preferably from0.1to 3, f' =
from0t05 —fromOto 10, h" =fromO to 1, 40 x",y"=numbers which
are determ rregsﬁpat he vaI ency and frequency of the el ements in PF 54308 11
1l other than oxygen, p",q"=nunbers whose p"Iq" ratiois from0.1 to 5,
preferably from0.5 to 2, and particul ar qgreference is given to those
conpositions |11l ich Z2 b- = (tungsten)b- 5 and Z212 = (nol ybdenum 12.
It is also advarﬂﬁ HERht | east 25 nol % (preferably at |east 50 nol %
and nore pr;:éfqé*ramt;erawhb@g’ch"m@ gdion 0.dfto bheretevatady frpmdpdita 2.on of

[ YlaY2bOx] p ([Bi'.Z2bOX*] p*) of the nultinetal oxide conpositions II

(mul timetal OX|decrrp |t ons | ui tabl e accor 2 ntion
i the mul t iR GRT B TE Shep BieYee TSR B ta GRNGe 2 oo lihe 1)
sui t abl e Sac WE ng Wllwnuw%entl on are in the formof three-dinensi onal
regions of the chenical conposition Yla, Y2bO, ; [Biaz2b. Ox- ] whi ch are

dellmtedfr e nvi r C 1;,e|r different
chem cal cong'35| %éﬁa?@g%lﬁ% T ?tqgar%?%eno\% r@n&?&ﬁ?ﬁgg%s%&mg’ ?’rﬁnd AV
di ameter is Araferably atderss 109 Mpl%) eithe éotalguopamiond (Wt O dgdPieZt--0heofdhapi ng,
the stat enenhgitifmeeokios copodiidrisiINBimimedl e coniarltivhs 81) sapdbiyy atsdrdihg

ggH)'ogﬂﬁ' %'trﬁ’eeugl/ént%ﬁﬁr‘? %&tml&?oﬂ{i%&%ﬁ&éu% %ﬁnﬂ!ﬁk@%ﬁ?&ﬁ&an a;ﬂa moh% a‘[’)tE'_VG

19855913. Td"mLétaaheeaCFWe'rputse@w '6&%’3!037@(6 ihethe faim ¢fdhrgewireersienat RIS PIt o t he
i nvention, ithe bsemupalsm’cdoenub@mé 0p[Bi.-Zhe.appichpre aélenithidmediteatieday st

bodi es_havi ng,, E{;‘r’n%éﬁ@ta?' c% ' engng‘ ms,rawgaérﬂe PJonﬁJo\%ﬁoﬁ‘dBﬁ%tﬁQuf 'lo%lai Yo

honogeneous m xtures o ies
active corrpoe,ﬂ"trPr(‘fHe'&nEP%WBi?f@d“%m“Eb ipRRiEhisd" dig @eHe froﬁ’ohﬂ@é? 19%\W’hg no
mul timet® oxide active conposition and behaving substantially inertly with

regard to thﬁltﬁ%g%w&qnsiiﬁ.a{g G & %t@ﬁ%&é?&rtﬂ@ﬁumﬁﬁ?ﬁ Rabcﬂegﬁ s Usef ul

materials for [t g odies are In principle of t se whi ch
are suitabl PR rﬂFpB‘H imeiCXiar ) caldysiioat ed catal ysts suitable according to
the invention. Exanples of 30 such materials include porous or nonporous

al umi num Ox'ﬂf‘es reSArhliGiP6F rﬂui%b@?oxu&é‘ﬂ%’cﬁ\f@ IS tBRs isZddsEAs B S Qbrein,
sili con b’#ggg% éjécaégré @E 8 gg% SI umsilicate or aluminumsilicate
or the at Pa4ald aendt BRed '8 (e.g. Steatite C-220 from
Cer amTec)
To prepare the fixed catalyst bed in the process according to the invention, it is
possible to use only the appropriate shaped catalyst bodies having multimetal oxide
active composition or else substantially homogeneous mixtures of shaped catalyst
25 bodies having multimetal oxide active composition and shaped bodies (shaped diluent
bodies) having no multimetal oxide active composition and behaving substantially
inertly with regard to the heterogeneously catalyzed partial gas phase oxidation. Useful
materials for such inert shaped bodies are in principle all of those which are suitable as
support material for coated catalysts suitable according tc the invention. Examples of
30 such materials include porous or nonporous aluminum oxides, silicon dioxide, thorium
dioxide, zirconium dioxide, silicon carbide, silicates such as magnesium silicate or
aluminum silicate or the steatite already mentioned above (e.g. Steatite C-220 from
CeramTec).

35 The gecmetry of such inert shaped diluent bodies may in principle be as desired. In
other words, they may, for example, be spheres, polygons, solid cylinders or else rings.
According to the invention, the inert diluent bodies selected will preferably be those
whose geometry corresponds to that of the shaped catalyst bodies to be diluted by
them. ‘

40



35 The geonetry of such inert shaped diluent bodies may in principle be as
desired. In PPF@%& words, they may, for exanple, be spheres, polygons, solid
1308

cylinders or''e ings. According to the invention, the inert diluent

bodi es selected will preferably be those whose geonetry corresponds to that
of the shaped catal yst bodies to be dilu4ed by them 40 PF 54308 12
According to the i nveFt lon, it _is advantageous when the chem cal conposition

1t . :
of the actiVEEHHHINE YR HRAENRIEOEhARRNEFEPMIGRECIMRRIIVAT NS st bed.
I n ot her woratsiye carhpéwiticoghuset etoas holvehacgerpesithe bredusaalystduedain dtmatiwadrdsal

shaped cat al Mﬁbu%@% 458 &inositiintisHb SorQdn iFdifibiesISRbpdB 4t DR Ry PrdydfRsSa

conprising the e ts My, Fe and Bi, the. sane m xtyre_then_has to be
et for I IMEhEnEHTReEEl PUHMEERIPBLST FoTRENY BE S RT o: FBagd B 1% FILS case,
t he vol urbe- gpixtiiré then(hasdo beosedhfor 2 dhapedidatalystbodies of/ibkedived catelysMiedy can be
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proportions by weight of active composition, increasing the proportion of shaped
catalyst bodies having higher active composition content. Alternatively, the active
compositions themselves can be diluted in the course of the active composition
preparation by, for example, incorporating inert, diluting materials such as hard-fired
30 silica into the dry mixture of starting compounds to be calcined. Different amounts of

diluting material added automatically lead to different activities. The more diluting

material is added, the lower the resulting activity will be. A similar effect can also be

achieved, for example, by varying the mixing ratio in mixtures of unsupported catalysts

and of coated catalysts (having identical active composition) in an appropriate manner.
35 It will be appreciated that the variants described can also be used in combination.

It is of course also possibie to use mixtures of catalysts having chemically different

active compositions and, as a consequence of these different compositions, different

activities for the fixed catalyst bed. These mixtures may in turn oe diluted with inert
40  diluent bodies.
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geonetryqdhaving the dianmeter d = 4-5 nm 20 According to the invention,

preference i iven to d cat st bed, i n the proces acco dlng to
the inventi o'?feg‘é‘?'ﬁ'é’ Ltg?lsh ‘?fllécﬂje Bﬁ? otHShinert bedshhayg, rgwfqrgﬁorgp ¥ he
reacti on gas? mnxx@mem x@ mgt (exwmaidlamfgel‘rx lehgthxantetdr@l tiometsy) ophespherlskaly fr om

10 to 50% r@g&q@@q{aern@bhyd%ﬁ@mr%& 429m#0 40% and nost preferably from25 to
35% (i.e., for exanple, to a length of fromO0.70 to 1.50 m preferably from

0.90 to 1.20 m, each of the total length of the fixed bed catalyst bed 1,
a honogefeouscasrdinditoghe inventigre areferents/Stoivepdo e fined cataysébed in the procepwdi es

(both pref efé’d@bbﬂ|rf@191(\bltﬁ@|n$§rhﬁin3d&ﬁgaét}%tdr§@a§ﬁjITB\NQﬁOtﬁBEfIbM)dlretﬁanWIth‘@ the
ggazirﬁf t he shaped diluent bodies (the densities of shaped

proportion b
catal yst 30 %8@%@ 6? ‘'shaped dil uent bodies generally differ only
slightly) is normally from5 to

First, to a length of from 10 to 60%, preferably from 10 to 50%, more preferably from 20

25  to 40% and most preferably from 25 to 35% (i.e., for example, to a length of from 0.70
to 1.50 m, preferably from 0.90 to 1.20 m), each of the total length of the fixed bed
catalyst bed 1, a homogeneous mixture of shaped catalyst bodies and shaped diluent
bodies (both preferably having substantially the same geometry), in which the
proportion by weight of the shaped diluent bodies (the densities of shaped catalyst

30 bodies and of shaped diluent bodies generally differ only slightly) is normally from 5 to
40% by weight, or from 10 to 40% by weight, or from 20 to 40% by weight, or from 25
to 35% by weight. According to the invention, this first zone of the fixed catalyst bed is
advantageously foliowed up to the end of the length of the fixed catalyst bed (i.e., for
example, to a length of from 2.00 to 3.00 m, preferably from 2.50 to 3.00 m) either by a

35 bed of shaped catalyst bodies diluted only to a slighter extent (than in the first zone),
or, most preferably, an unaccompanied (undiluted) bed of the same shaped cataiyst
bedies which have also been used in the first zone. The aforesaid applies in particular
when the shaped catalyst bodies used in the fixed catalyst bed are unsupported
catalyst rings or coated catalyst rings (in particular those which are specified as

40 preferred in this document). For the purposes of the abovementioned structuring, both
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conversion value | Yo | } .salt
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It is advantWgebatse napiaingd 3fpplividunl tespreiiuras)of view if the first reaction
stage of the

It is advantageous from an application point of view if the first reaction stage of the

process according to the invention comprises no further reaction zones. In other words,
30 the salt bath B advantageously flows around the section of the tubes in which propene

is subsequently oxidatively converted (on single pass) up to a conversion value of

= 90 mol%, or = 92 mol%, or = 94 mol% or more.

Typically, the beginning of the reaction zone B lies beyond the heating point maximum
35 of reaction zone A.

According to the invention, both sait baths A, B can be conducted in cocurrent or in
countercurrent through the space surrounding the reaction tubes relative to the flow
direction of the reaction gas mixture flowing through the reaction tubes. It will be

40 appreciated that, in accordance with the invention, cocurrent flow may be applied in
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per 25 cat al3psyve #iHe9 are usHally exeardiengtn(ithipihe gesgrab&m%@&iéwsgé? ected in
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catalyst tube pitch) is from 35 to 45 mm (cf., for example, EP-B 468290).

Useful heat exchange media for the two-zone method are also in particular fluid

30 heating media. It is particularly advantageous to use melts of salts such as potassium
nitrate, potassium nitrite, sodium nitrite and/or sodium nitrate, or of low-melting metals
such as sodium, mercury and also alloys of different metals.

In general, in all of the aforementioned flow arrangements in the two-zone tube bundle
35 reactors, the flow rate within the two heat exchange medium circuits required is
selected in such a way that the temperature of the heat exchange medium rises from
the entrance into the reaction zone to the exit from the reaction zone (as a result of the
exothermicity of the reaction) by from 0 to 15°C. In other words, the aforementioned AT
may be from 1 to 10°C, or from 2 to 8°C, or from 3 to 6°C, in accordance with the
40  invention.
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To this end, an aftercooler is customarily inserted between the two reaction stages. In

the simplest case, this may be an indirect tube bundle heat exchanger. Subsequently,

oxygen is supplemented in the form of air, in order to provide a superstoichiometric
30 oxygen content advantageous for such an acrolein oxidation.

The propene content in the starting reaction gas mixture in the process according to

the invention can, for example, be at vaiues of frem 4 to 15% by volume, frequently at

from 5 to 12% by volume, or from 5 to 8% by volume (based in each case on the total
35  volume).

Frequently, the process according to the invention will be carried out as a

propene.oxygen:inert gases (including steam) volume ratio in the starting reaction gas

mixture 1 of 1:(1.0 to 3.0):(5 to 25), preferably 1:(1.7 to 2.3):(10 to 15). In general, at
40 least 20% of the volume of the inert gas will consist of molecular nitrogen. However,
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process according to the invention can consist of propane. Cycle gas, as
remains after the renoval of the acrolein and/or acrylic acid (for exanple
in the case LtF YRMGIRAMLD PRUMEESMAICHA S AL YBYAIROHG SFCH BT e DYpltRt gas
m xture, canaral eoekmnale, thoseswhithiard canfipadei vént gas. The starting reaction
gas m xt44 es which are advantageous according to the invention are, for
exanpl e, those [ are c 0S 20 25 30fro 6 to 15 (preferably
from7 to 11 O'UA\QH?qgé?rﬁf?éa@WBV‘?dQn@);JV/SPHS‘?W'Eeto 20°(BPEF&t-ably from6 to
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sufficient nolecular oxygen that the nolar ratio of cul ar ox\}/ resent
to propene present is from1.5to 2.5 (preferably PF%’?P?‘%a?boég%” nd t he
remai nde20 up to 100% by volume of the total anmount ndfogewl ecul ar ni trogen,

sufficient molecular oxygen that the molar ratio of molecular oxygen present to propene
present is from 1.5 to 2.5 (preferably from 1.6 to 2.2), and the remainder up to 100% by
volume of the total amount of molecular nitrogen,

25
as recommended by DE-A 10302715.
It is emphasized here that the multimetal oxide compositions of DE-A 10261186 are
also advantageous as active compositions for the fixed catalyst bed.

30

Generally, the volume-specific activity between two fixed catalyst bed zones can be
differentiated experimentally in a simple manner by passing the same reaction gas
mixture comprising propene, under identical boundary conditions (preferably the
conditions of the contemplated process), over fixed catalyst beds of the same length,

35 butin each case each according to the composition of the particular fixed catalyst bed
zone. The higher amount of propene converted indicates the higher volume-specific
activity.

Designs of a two-zone tube bundle reactor for the first reaction stage which are
40 advantageous in accordance with the invention can have the following construction (the
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PCT/ EPO2/ 141 or PCT/ EPO2/ 1418 tal yst _tubes: n%erial of the
catal yst'® ubes: ferritic steel: di mEKEl '38}9‘{ hior e8P st0 MiThes: | engt h,
for exanple, 3 500 mm external di amltcknessrfoesamuie,2 @86 nm wal |

t hi ckness, for example, 2 mm nunber of catalyst tubes in the tube bundl e:
for exanple, 30

00 or 28 000, or,32 000,, or 34 000; in . tio to 10
her mal | T ubduibee ohtatsiiers n e Syadieer Stars 0%, 92900 R Bhch are
charged i n tdid4dideineaditian uphe 10 sheanpblubesiesglestribesl is FP-AB73 T8BABY 1ot ati ng
and a1 i e eT §00%) At BAargBl e san iy e Battl ot Wes A S
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tubes): cylidHird 6altere8 Hsmo@bll bné:@smal disth 8RB er exX@nd) 8- mmGrR0kINAckedss
react or hood§ | at Wl1th stainless steel of the type 1.4541; plating
oftgwg pte, T mn,

t hi ckness: a
20

reactor (same material as the catalyst tubes):
cylindrical vessel of internal diameter 6 000 — 8 000 mm;

25 reactor hoods plated with stainless steel of the type 1.4541; plating thickness: a few
mm;

annularly arranged tube bundle, for example with free central space:

30 diameter of the free central space: for example, 1 000 - 2 500 mm (for example
1200 mm, or 1 400 mm, or 1 600 mm, or 1 800 mm, or 2 000 mm, or 2 200 mm, or
2 400 mmy;

normally homogeneous catalyst tube distribution in the tube bundle (6 equidistant

35 adjacent tubes per catalyst tube), arrangement in an equilateral triangle, catalyst tube
pitch (separation of the central internal axes of immediately adjacent catalyst tubes):
35 - 45 mm, for example 36 mm, cr 38 mm, or 40 mm, or 42 mm, or 44 mm;

the catalyst tubes are secured and sealed by their ends in catalyst tube plates (upper
40 plate and lower plate each having a thickness, for exampte, of 100 - 200 mm) and open
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200 M or 2 400 mm); nornally honbgeneggs catal yst tube distribution in
t-he tube bundl e (6 equidistant 35 adjacent tubes per catal yst tube),

arr angement 3tiheinurRRenENds BioR heed igikgrdo tr@a‘feéﬁ?éﬁh"?ﬂfb@ arplﬂkﬁf?f@@eeﬁarﬁ'agi on of
t he central reattengss neixiese; af separatidg atate yf thidkeesa B0 -cli0ahmsdisgosbdpr 35 - 45

mm for exa’@afné;d%?gwﬁ% c%%i ub%fle#&h,midé%fthé?eiqﬂ&rs%cé‘ AetricBf iRat al yst

tubes are secu seal e Iy therr ds In cata%fé tu ecgl ?tes (upper

40 pl ate andWPSRRGIOPIZaPeS LeBRERINE AYNSS) AHMBRGIF08S) 35HB ERWRARE. §8CA 00 - 200
mm) and dpenmeB&iddD08 iddivided intd 2 iequidispet lamgidigdinaitsectwnk dydh dedlentsd tlatet he
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separating plate_of thickness 20 - 100 mm di sposed, r xanpl e, at hal f
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deflectl{wc? pl ate; the de ing plate preferably has annul ar geonetry; the
u

flect,
cat al yst 't ub¥¥ A& 1S ngﬂ?garétousl y secured and seal ed at the separating
plate; they are not secured and sealed at the deflecting plates, so that
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substreagis, for exanple, renmoved fromboth salt nelt circuits and cool ed,

for exanple,_in one.cqummon or twy separate. indirect heat exchangers (steam
gener ati on) ;a F%bsttr%g%flg,ﬁgliex%gwso s r?nhqg\%cdg%f _h??aslaﬁ{ rﬂéf‘f”%’ﬁ? 3%‘%? e%ig i ded,
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j acket ; 2he Tpigualisireamandgasayrized intp e rernter bydhe patticelar pymp Heo thebe bundl e;
in each zoneapgriieriathiinuidchafhhe) Whichrddidss thB@alt afelovat thethesmiserdtedf #leed by
t he deflecti\gggselpl ate, for exanple in the sequence 30 - fromthe outside

inmard, - fromthe inside outward;

the salt melt reaches the tube bundle through the window disposed in the reactor
25  jacket; the flow is, for example, in a radial direction to the tube bundle;

in each zone, the salt melt flows around the catalyst tubes as dictated by the deflection
plate, for example in the sequence

30 - from the outside inward,
- from the inside outward;

the salt melt flows through a window mounted around the circumference of the vessel
and collects at the end of each zone in an annular channel disposed around the reactor
35 jacket, in order to be pumped in a circuit including substream cooling;

the salt melt is conducted from bottom to top through each reaction zone.

The reaction gas mixture leaves the reactor of the reaction stage according to the
40 invention at a temperature a few degrees higher than the salt bath entrance
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conposi ti on;Salhmednount of salt punped by circulation in the reaction zones
may be approx. 10 000
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1: length 50_gm st eat|
U E

nsTep Rl s BBER fobek A Aot JObPAEBER, , o

| ength 140 cm catal yst charge of a honbgeneous m xture of 30% by wei ght of
steatite ringswebnggonetry 5 mmx 3 nmx 2 nmm (external dianmeter x length x
di aneter) and 70% by wei ght of unsupported catalyst from section

i nt er nal
3.

20

25

30

35

40

The starting reaction gas mixture advantageously flows from top to bottom through the
first stage reactor, while the salt melts having different temperatures of the individual
zones are advantageously conveyed from bottom to top;

Catalyst tube and thermal tube charge (from top to bottom), for example:

Section 1;

Section 2:

Section 3;

jength 50 cm
steatite rings of geometry 7 mm x 7 mm x 4 mm {(external diameter x
length x internal diameter) as a preliminary bed.

length 140 cm

catalyst charge of a homogeneous mixture of 30% by weight of
steatite rings 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 3.

length 160 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 DE-A 10046957 (stoichiometry: [Bi;W,04 x 2 WOs]os
[M012C0s sFe; 948 56K 080x]1).



35 Section 3: &lath 160 cm catal yst charge of annular (5 Mmx 3 nmx 2 nm =
ext ernal di a?r% 8908 | ength x internal dianeter) unsupported catal yst
according to exanple 1 of DE-A 10046957 (stoichionmetry: [Bi2W®™ x 2

W3] 0.5 40 [ Mp12Co5. 5Fe2. 94Si 1. 59K0050J1)pq PF 54308 21 Alternatively, the
catal yst tube and thermal tube charge (fromtop to botton) can al so have
the foll owi ng appearance: 5 Section 1. length 50 cmsteatite rings of
geonetry 7 nAitenativety thedcahatyst extieemmalatherdizh mbeetharge (fremgbp tocbotttingroaalalso

di amet er) ashéfavegﬁglfd”g@vm@r% Qg,gmcél.o Section 2: length 300 cm catal yst charge
of annular (5 mm Xx 5 = external dianmeter x length x internal

di anet er) unsupported cat al yst according to exanple 1 of DE-A 10046957
(st oi chi dwet BgctiohBi 2W2Odengt2BORM0. 5 ° [ Mb12Co5. 6Fe2. 94Si 1. 59K0. 080X] 1) 15 In
al | of the charges ”E”t'ﬁé‘éiﬁe rlﬁé}:eo!‘%é 7tRe ﬁﬁhﬁﬁ!%tmﬁf(@meﬁ%@%h%tér xOf
DE- A 10046957 can al so a_ cat ording to exanple 1
c of EP-A 15565 or a cat ﬁl x"t"l@ %F@%}@aat’ Sa@

exanpl e, except having the active conposition 20

Mb12Ni 6. 5Zn2&eAi3h bPo. 0068KHH BBKm 10 S| Q2; b) exanple No 3 of DE-A 19855913

as an ungupported hol | ow I|n er c stsof orretr % rm] mr%
X2mm x2 25 ¢) unsuppo fer ?5" %")5 G E‘;S’{al W e i mfa
exanple 1 of DE-A 1974@2@®gthd) intﬂteai@iannet@r)@oatmrteépatawgt%ccprd"?g t@nd 3 of
DE- A 10063162, except am;dah%qafggm1m5p8g@,.bmgmtet}yckness to support
rings of geometry 5 nm X According to
the invention, the fi xe§86@P§&%§ﬂﬁ |[@°883’é?r%gn§53309306fmw se sel ected
in such a way (for exanple by dilution with, for exanple, inert nmaterial)

t hat the1st empairdithe chatlydsi mestivped pé ‘ﬂﬁﬁ]’ppbhéd bgtatysfgord ekavhplgaxefrum of t he

reaction gas reacti on zones and the particul ar
t enperat ure %E]F%(%%H@ggif%rgﬁfsggﬁégageééneraI | y does not exceed 80C. This

tenperature difference is usually s 70C, frequently from20 to 70C, and
t hi s t enper aaur ea dathfystr &eoriingtomxafmpteaty of ERWAIISS56F0r a catalyst to be prepared in
accordance with this example, except having the active composition

20 Mo12Nig sZn,F e Bi1Pg oossKo 060x * 10 SiOy;

nce with this

b) example No. 3 of DE-A 19855913 as an unsupported hollow cylinder catalyst of
geometry Smmx 3 mmx2mmor 5mm x 2 mm x 2 mm;

25 c¢) unsupported multimetal oxide Il catalyst according to example 1 of
DE-A 19746210;

d) one of the coated catalysts 1, 2 and 3 of DE-A 10063162, except applied in the
same coating thickness to support rings of geometry S mm x 3 mm x 1.5 mm or
30 7mmx3mmx1.5mm.

According fo the invention, the fixed catalyst bed is advantageously ctherwise selected
in such a way (for example by dilution with, for example, inert material) that the
temperature difference between the heating point maximum of the reaction gas mixture
35 inthe individual reaction zones and the particular temperature of the reaction zone
generally does not exceed 80°C. This temperature difference is usually = 70°C,
frequently from 20 to 70°C, and this temperature difference is preferably small. For
safety reasons, the fixed catalyst bed is also selected in a manner known per se to
those skilled in the art (for example by dilution with, for example, inert material) in such
40 a way that the peak-to-salt-temperature sensitivity as defined in EP-A 1106598 is



safety reasons, the fixed catalyst bed is also selected in a manner known
per se to t%gémoaxilled inthe art (for exanple by dilution with, for
exanple, inert material) in such 40 a way that the peak-to-salt-tenperature
sensitivity as defined in EP-A 1106598 i $oPF 54308 22 s 9C, ors 7C, or <_
SC, ors 3C. The reactor arrangenent described including its charges with
fixed bed cat RIS =dah: o1 8¢ Be<cperated at hi gh propene | oadings, as
described in the documents 5 WD 01136364, DE-A 19927624, DE- A 19948248, DE-A
19948523, DErys A384R4A dnaonidt oo 040 7300u G inbABATHH 180 BB ANA00P90,

Pref erence i ven to the reaction zgne and. hayi ng t he eratures
r econmended ;#%%pgera@&mgwp,prw PP @S idﬁs‘ﬁ@egﬂrhtg'ﬁ@gcwm ™St he teaching
of the 10 abONEIEBEICSNBE-A 0881RVEEE SDEAEORIBED dDE-6a OO Y ODteA 18048, case

has a hi gherpeleganabes! se-ah@od e did sb-A faBEb®N zone in each case. The
heating point tenperature in the second reaction zone is preferably always

below that of the first reaction zone in each case. 15 However, the propene
| oadi ngs acchettirenpetio givae t¢ theaaadtion zanehAtand Boayingdbe éeraparatudisng to the

i nvention regdbhmieRdédinithis [1BasRENS B Bt hit, iy alordmce With ind RaBBAG Bftheel ati ve
to the ﬁ/oc dure recog%ended for hi gc%doro ene | oadi ngs. anpl.es and

conpar at l've é(ﬁ%'featéo ROPOE; tgﬁsg ’F@%J&"&%SN’? S @R AP i er 30 mm
wal |t hi cknetegpgratyre thamn e fizgt reagtiangens inZachegse. dhgtheatigppointitemap@tiue o a
ther mal t ubethe @¥ésHdBhctibinadht & préfei@Bly alans Belod that df e fisddb&tiodfzohben
reaction tubeeacg%aggcel ve a thermal elenment which can be wused to determ ne
the tenperature Th the reaction tube over its entire length) is charged 25
fromtop to bottomas follows: 30 35 Section 1: length 50 cmsteatite rings
of geonetsy Howenex, the Propend lomdinge xcedrainl toltranebantion withMigh ProcdurBtaetdraing

di anet er) astoﬁ‘hé’(n@éﬁtl@nﬂ?é%tdﬁ%ﬂ-inéggéd%le%iiviltyed?%Fbléﬁ‘%rﬁﬁli&?‘?eﬂt%étto &Qarge of
a honogeneous m xture o Yo 0y Wei ght of steatite rings of geobnmetry 5 mm x
3 mm x 2 nm Rresebre Egeommensed fonhighpigpensdoadinggr nal di aneter) and 70% by

wei ght of unsupported catalyst from section 3. Section 3: length 160 cm

Examples and comparative examples

20
A reaction tube (V2A steel, external diameter 30 mm, wall thickness 2 mm, internal
diameter 26 mm, length: 350 cm, and also a thermal tube (external diameter 4 mm)
centered in the middle of the reaction tube to receive a thermal element which can be
used to determine the temperature in the reaction tube over its entire length) is charged

25 from top to bottom as follows:

Section 1. length 50 cm
steatite rings of geometry 7 mm x 7 mm x 4 mm (external diameter x length
x internal diameter) as a preliminary bed.

30
Section 2: length 140 cm
catalyst charge of a homogeneous mixture of 30% by weight of steatite
rings of geometry 5 mm x 3 mm x 2 mm (external diameter x length x
internal diameter) and 70% by weight of unsupporied catalyst from
35 section 3.

Section 3. length 160 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
40 DE-A 10046957 (stoichiometry: [Bi,W,0g x 2 WO3]o 5



cat al yst chﬂglgﬁ%@f annular (5 Mmx 3 mMm x 2 nm = external diameter x length
X internal dia e8r) unsupported catal yst according to exanple 1 of 40 DE-A
10046957 (stoichionetry: [Bi 2W09 x 2 WXB] 0.5 PF 54308 23 The first 175 cm
fromtop to bottomare thernostatted by mgans of a salt bath A punped in
countercurrent. The second 175 cmare thernostatted by nmeans of a salt bath
B punped in countercurrent. 5 The above-described first reaction stage is
cont i nuous| yTherfistged am framdop tapationyarerteerotastatied &y reans of @ salt bbthihe

fol I owi ng cosp@sedtih @BuntamdriéMeThe s6Hond 128¢nt fie thdrhirvstamet al imddpsf atshe i rst

reaction tu ri.ed: 6 to 6.5% by volunme of propene, from3 to
3.5% by vol %ﬁ%ﬁu@ad%ﬁ%n%%@@gﬂtb 0.5% by volune of CO from0.8 to 1.2%

by vol un® of C02, fromO0.01 to 0.04% by vol une of acrolein, 15 from10.4 to
10. 7% by vol Treeatalve @2saibddtfinst resotieh Btige igcbnlid080df climpbeacwittan stirfingogen. The

reaction ga 1 : : 0N 0 bottom 20
The pressurzreg%%ﬁ%gerﬁh% }zlﬁ!:ép{hg%?ﬁgﬁ A;bg%ﬁ%%hbﬂ U%i%gﬂé%ﬂ%m%n 2.3 and 3.1
bar as a fUReimastating efifae piebirantiomivhe ple wigde vel ocity sel ected. A snal |
sanple is taken fromthe product gas m xture at the reaction tube exit for

gas chr t ogr aphy %o, eaction zone A there is
R Q0L hal SEIRIGSY ) e STl

| i kewi se an anal ysi s as a function of hourly space

vel ocities and salt & ﬁt‘?é-ﬁf{%Ph’t’%‘@E ohFeD. shown by the foll owing table (the
| etter E in bracket drame8udso @&apl eolame dfii®,| etter C in brackets neans

conparative exanpl e)qor30 8hév1.28Boy dbBreltt dgmperatures of the salt baths
circul ated by punpi i ' S A and B. CPA 35 CPB SAC is the

in the reactign zones
propene conversi on Q?O”E ﬁ@éﬁ&'%&’ P%‘é{g't"i“ﬁr‘?figﬂ M in nmol % is the propene
conversitn at the erfebnofl0Adadi7dnby eriems of @, aod %
the remainder ad 100% of molecular nitrogen.

The reaction gas mixture flows through the reaction tube from top to bottom.

20  The pressure at the entrance to the reaction tube varies between 2.3 and 3.1 bar as a
function of the propene hourly space velocity selected.

A smali sample is taken from the product gas mixture at the reaction tube exit for gas
chromatography analysis. At the end of reaction zone A, there is likewise an analysis
25 point.

The results as a function of hourly space velocities and salt bath temperatures are
shown by the following table (the letter E in brackets means example and the letter C in
brackets means comparative example).

30
Ta T, are the temperatures of the salt baths circulated by pumping in the
reaction zones A and B.
Cpa is the propene conversion at the end of reaction zone A in mol%.
35
Ceg is the propene conversion at the end of reaction zone B in mol%.
Sac is the selectivity of acrolein formation in the product gas mixture, based

on converted propene, in mol%.
40



is the selectivity of acrolein formation in the product gas m xture, based
on convertegnp PRENe, in nmol % 40 PF 54308 24 SAA is the selectivity of
acrylic aci b§- oduction in the product gas m xture, based on converted
propene, in nmol% 5 TmaxA Tnaxe are the highest tenperature of the reaction
gas mxture wthin the reaction zones Azand B in C_ Tabl e Propene hourly
space vel ocity TATBTmaTmax CPACPBSACSAA (I (STP)I1h) 130
(E)31931938435166. 795.192. 65.1 130 (E)32731340033070. 394.893.94.4 130
() 3113253613:£260. 895s U80sede:tivityl act YUy 3RRI3ZGB8ABBIE M Hhelrodat 675 dixiigs,
(C) 31034435338357. 29%488 - cA%ohvdredrt8pkhe2th MBlogl @i m 1 A process for
partially oxidizing propene to acrolein in the gas phase under
het er ogeneous cat aIBysi S by conducting a starting reaction gas mxture 5
conprisi fy pFopeme.” nyedesihighessisryesraturriotihe reastion gae mbfeetwigisthe seattion
conpri sing the nol ecWones R3r@EM il the propene in a nolar 02: C3H6 rati o of
> 1, in one reaction stage over a fixed catalyst bed which is arranged in
two spatially successive reaction zones A, B, the tenperature of reaction
zone A beintPR¥etenperature in the range from 290 to 380C and the
tenperature of 10 reaction zone B |ikew se being a tenperature in the range
from 290 toﬁﬁeHﬁFl—wh“sc agtveearpostHphT S —atrd-eastsonet-thnet al
oxi de conpr srioﬁﬁn? Pl%%'ryel enents{Mb, Fe and|Bi, i "§‘uchC§vaa_/S’t°hat ng“éacti on
zone A exteppacapelpetya conver si on of propene of from 40 to 80 nbl % gnd, on
singl e pass|@{stmehstarting reaction gas |m xtufre thrjough the entire (fixed
N 59 H

tal yst bed propeneyis-coRyers 9 90 npt-Yorapd—t seteetivi t f
ggr gl )e/isn fg }TsanEgnpl E;;g 31(13%) ‘g‘};%_ert‘ﬂth praggne GBIfS /(;‘956' ; ?-%EC:[ ‘r_?ké*' e
330 703 |948 |93.9 |44

chronol ogi cal3GEquence i p32vhi ch3the |400
130 (C) 311 325 361 372 608 |95.0 |909 |6.2
185 (C) 322 336 380 368 645 |949 |906 |7.4

185 (C) 310 344 353 383 572 |952 |[89.2 |81

L
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starting reﬁ%%igqggas m xture flows through the reaction zones correspondi ng
to the alp ats sequence of the reaction zones, wherein 20 a) the hourly
space velocity of the propene conprised in the starting reaction gas

m xture on the fixed catalyst bed is < 16@ | (STP) of propenell of fixed
catal yst bed-h and > 90 | (STP) of propenell of fixed catalyst bed-h, 25 b)
the vol ume- sSYY8G3Mc activity of the fixed catalyst bed i s either constant or
i ncreases at |east once in the flow direction of the reaction gas m xture

over the 1ixed CALALSL el HiGikinb Mosknbhs BERRA TR fus plABXHAEPT Ted from

t he hi ghest terrpe ature e reactlon as .m as Wthin
reaction zone A arogﬁ%e%sdqq@g)fsn%lgyg eiing 3 plarty ?@t'\%géﬁm{"ﬁérer eaction gas
m xture Has w t htampresagt propenez ordecBlar iogsygentiBd £ leathengined@as, axccor di ng to

cl ai m 1, wher ei nodig g/ hE e BRI ranli T BdSng rpgmo@a}cbgm%@ 3. The

process according,to clai e is ? 3C
e S 700 - R4 Briedetlinh eI " 2 5l SRS DS B ARBOSH P8P ance T
- TmaXB is > 20GpadielpsgcessheCeattionsABe8A2B, the temperature obegctarcaondimg to any
of claims 1 to 4benH\§‘§rt§hBer"af‘u'?e [RAHE Péhg%ﬁ%ﬁ?zy@{ooﬁot& a‘ﬁf:i tﬁé‘%nﬁfe%@ﬂé%fcorfp“ sed
in the s{ rtlngreactlon%a ttt)Jreo ?{ fly 2&3[%94 ? 90 |
(STP) of Osropene?efﬁ IorLERge Ii‘fg‘%seﬂ wen&er '5 ke ianﬁe Cals 8é%cess
according to anyamfwbos amva_coropdsdtlomeraéleasttdm rhaltimetal syde eomplisteg the  of t he
propene conpri seaem@ntshﬁo Heddrld Blglnrs‘ﬁéﬁb'% tgé’tsfegéﬁéh%ﬁe wbﬁénasfu 6d

I bed 2 100
catal yst bed is o S, 2R Aol 5ol RaRPe ¢ he

propene/ 1-h. 7. Gi‘f?é{eﬁ °(9C §§°B§E&ﬂfﬁP
active conposi ti®acidn gasgnixiuee threwah tbateatlrps‘vcecbéatalygt bad, thearropente mul ti net al

oxi de of1g he gen@iralersidmaulw rholbbArBinareRstia 2 X3 imaflidn, bakes én t he
variabl es are de&%nvggeféqopghé W3 QOJréol%ktr]_e &r&%‘?&#g{lﬁé"gééﬂﬁngg ?E@WE!CT‘I%% -

thallium an al k and/or"an a
phosphor us, ar seFREINGRAYAT amMbrwisflowsitirougl HeUrACt o8 ZeNan BPEISPORYIAG &L en,
the alphabetic sequence of the reaction zones, wherein

20 a) the hourly space velocity of the propene comprised in the starting reaction
gas mixture on the fixed catalyst bed is < 160 | (STP) of propene/| of fixed
catalyst bed-h and > 90 | (STP) of propene/l of fixed catalyst bed-h,

b) the volume-specific activity of the fixed catalyst bed is either constant or
25 increases at least once in the flow direction of the reaction gas mixture
over the fixed catalyst bed, and

c) the difference T™* — T™® formed from the highest temperature T™#
which the reaction gas mixture has within reaction zone A and the highest
30 temperature T"®® which the reaction gas mixture has within reaction
zone B, is > 0°C.

2. The process according to claim 1, wherein the difference T™* — T™ jg > 0°C
and < 80°C.
35
3.  The process according to claim 1, wherein the difference T™# — T™® g > 3°C
and £70°C.

4. The process according to claim 1, wherein the difference 7™ — 7™ js > 20°C
40 and = 60°C.



20 X4

n
from 0. 01 toP§,54B9§aferably from2 to 4, ¢ =fromO0 to 10,

to 10,

determned b

in .

= silicon, alum num titaniumand/or zirconium a =

fromO0.5 to 5 b =
preferably from3

25 d = fromO to 2, preferably from0.02 to 2, e = fromO to 8,
preferably from0 to 5, f =fromO to 1Ggnd n = a nunber which is

30 8.

gll' t he val ency and frequency of the elenents other than oxygen
he PPDEESESHRACOFENINY Ay AKRINDY 149 4i WMreraintiae ounyPREe MelpeItY

vol ume- speci fi c oftbt ipropeye ebmphised inXed staainglrysdtiohgds imitueasetbe fiked east once.
catalyst bed is =2 90 | (STP) of propene/l-h and < 155 | (STP) of propene/I-h.

5 6 The process according to any of claims 1 to 4, wherein the hourly space velocity
of the propene comprised in the starting reaction gas mixture on the fixed
catalyst bed is =2 100 | (STP) of propene/l-h and < 150 [ (STP) of propene/l-h.

7. The process according to any of claims 1 to 6, wherein the active composition of
10 the fixed catalyst bed is at least one multimetal oxide of the general formula |

M01ZBiaFebX1cX2ﬁxsex41on (I)

where the variables are defined as follows:

15
X' = nickel and/or cobalt,
X? = thallium, an alkali metal and/or an alkaline earth metal,
X® = zinc, phosphorus, arsenic, boren, antimony, tin, cerium, lead and/or
tungsten,
20 X* = silicon, aluminum, titanium and/or zirconium,
a = from 0.510 5,
b = from 0.01 to 5, preferably from 2 to 4,
¢ = from 0 to 10, preferably from 3 to 10,
25 d = from 0 to 2, preferably from 0.02 to 2,
e = from O to 8, preferably from 0 to 5,
f = from 0 to 10 and
n = anumber which is determined by the valency and frequency of the
elements other than oxygenin |.
30

8. The process according to any of claims 1 to 7, wherein the volume-specific

activity of the fixed catalyst bed increases at least once.



