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~ Diluent gases which behave substantially inertly under the conditions of the heteroge-
neously catalyzed gas phase partial oxidation are undersiood to mean those diluent
gases whose constituents, under the conditions of the heterogeneously catalyzed gas
phase partial oxidation, each constituent alone, remain unchanged to an extent of more
35 than 95 mol%, preferably to an extent of more than 99 mol%.

The loading of a fixed catalyst bed catalyzing a reaction step with reaction gas mixture

is understood to mean the amount of reaction gas mixture in standard liters (= | (STP);

7 the volume in liters that the corresponding amount of reaction gas mixture would take
40  up under standard conditions, i.e. at 25°C and 1 atm) which is fed per hour to the fixed
catalyst bed based on the volume of its bed (pure inert material sections are not count-
ed) (- unit = | (STP)/*h). The loading may also be based only on one constituent of the
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The fixed catalyst bed has the task of inducing the desired gas phase partial oxidation
to proceed preferentially over full oxidation.

35 The chemical reaction proceeds when the reaction gas mixture flows through the fixed
bed during the residence time of the reaction gas mixture therein.

The solid-state catalysts are frequently oxide compositions or noble metals (e.g. Ag). In
addition to oxygen, the catalytically active oxide compaosition may comprise only one

40  other element or more than one other element (in the case of so-called multieiement
oxide compositions).
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30 touches the material shell of the reaction chamber (the wall of the reaction chamber) (is
in contact with it) is conducted outside the reaction chamber for the purpose of indirect
heat exchange. For example, the fixed catalyst bed may be disposed in the catalyst
tubes of a tube bundle reactor, around which a salt melt or a metal melt is conducted
(passed) for heat removal.

35
In addition, the reactants are typically diluted with a gas which is substantially inert un-
der the conditions of the heterogeneously catalyzed gas phase partial oxidation and is

capable of absorbing heat of reaction released with its heat capacity.

40  The reaction gas mixture of a heterogeneously catalyzed gas phase partial oxidation of
at least one organic starting compound will therefore, in addition to the at least one
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30  both the fixed catalyst bed and the other reaction conditions to the particular reaction

step, and to carry out the reaction step in a dedicated reactor section or in a dedicated
reactor, i.e. as a or in a separate reaction stage; however, it can also be employed
when, for reasons of heat removal or for other reasons (cf., for example, DE-A 199 02

562), the conversion is spread over a plurality of reactor sections or reactors connected
35  in series; an example of a heterogeneously catalyzed gas phase partial oxidation fre-
quently carried out in two stages is the partial oxidation of propylene to acrylic acid; in
the first reaction stage, the propylene is partially oxidized to acrolein and, in the second
reaction stage, the acrolein to acrylic acid; methacrylic acid preparation, usually starting
from isobutene, is also frequently carried out in two stages in a corresponding manner,;
40 however, both aforementioned partial oxidations may also be carried out in one stage
(both steps in one reactor section over a fixed catalyst bed with catalyst catalyzing both
steps) when suitable catalyst charges are used, as described, for example, in DE-
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30  When the temperature of theTixed catalyst bed |s not constant along the fixed catalyst
bed (for example in the case of a plurality of temperature zones), the term temperature
of the fixed catalyst bed in this document means the (numerical) mean of the tempera-
ture along the fixed catalyst bed. However, the process according to the invention is
especially suitable when the temperature of the fixed catalyst bed is constant along the

35 fixed catalyst bed in flow direction of the reaction gas mixture.

Itis of significance in the aforementioned context that the temperature of the reaction
‘gas mixture (and hence also the effective temperature of the fixed catalyst bed) as it
passes through the fixed catalyst bed in flow direction of the reaction gas mixture in the
40 particular reaction stage typically passes through a maximum value (the so-called hot-
- spot value). The difference between hotspot value and the temperature of the fixed
' catalyst bed at the position of the hotspot value is referred to as the hotspot expansion
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30 A decreasing volume-specific activity of a fixed cataiyét bed is disadvantageous in par-
ticular because this reduces the reactant conversion based on single pass of the reac-
tion gas mixture through the fixed catalyst bed under otherwise constant operating
conditions with increasing operating time of the fixed catalyst bed, which reduces the
intended space-time yield of target product in a production plant.
35
EP-A 990 636 and EP-A 1 106 598 aftempt to take account of the aforementioned de-
velopmént in the long-term operation of a heterogeneously catalyzed gas phase partial
oxidation of at least one organic starting compound over one and the same fixed cata-
. lyst bed by gradually increasing the temperature of the fixed catalyst bed in the course
40  of the operating time under otherwise substantially constant operating conditions, in
order to substantially retain the reactant conversion in single pass of the reaction gas
mixture through the fixed catalyst bed.
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a further neexmusfeddeindiiragsivg bubrhll eparhiaenef the fixed catal yst bed, DE A
102 32 748 and WO 2004/009525 recommend replacing only a part thereof with a
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%

equal to tHafurger pResirefn dRautheineed te bulneydiange dhefhed catalyst Bed e freshly
i nst al 128d A1 ©®200025443 reoommehdsrhe incredfse limthehwaking pressurel ih tHesggsqsmisel e to

regai Vn' the JGanbF ehidRREMARL oFPRVAESPDIstRASRLRBIVEhBSs is likewise exhausted
with increasing overall operating time and that it simultaneously requires an increasing
compression output.

30 As afurther means of delaying a full exchange of the fixed catalyst bed, DE-

A 102 32 748 and WO 2004/009525 recommend replacing only a part thereof with a
replacement fixed catalyst bed whose volume-specific activity should be equal to that.
of the replaced fixed catalyst bed part in its state freshly installed into the reactlon
chamber.

35 .
In this manner, it is possible to regain the required reactant conversion (based on sin-
gle pass of the reaction gas mixture through the fixed catalyst bed) under otherwise -
unchanged process conditions with a comparatively restricted increase in temperature
of the fixed catalyst bed (compared with the temperature of the fixed catalyst bed re-

40  quired for the same reactant conversion with the fixed cataiyst bed originally installed
freshly into the reaction chamber).
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is the te it |t5fgenerally freshly prepared catalyst), whereln the volume-specific activity
of the replacement fixed catalyst bed part is lower than the volume-specific activity of
the replaced fixed catalyst bed part in its freshly installed state.
30
As already mentioned, the measure employed for the volume-specific activity of a fixed
catalyst bed charge (or such a section), with identical bed volume, is the temperature of
the fixed catalyst bed charge which is required to achieve the reactant conversion de-
sired (in industrial scale production) based on single pass of the reaction gas mixture
35 through the fixed catalyst bed charge under otherwise identical process conditions
(identical composition of the reaction gas mixture, identical loading of the fixed catalyst
bed charge with reaction gas mixture). The higher the temperature required, the lower
the volume-specific activity. Alternatively, at identical temperature of the fixed catalyst
‘bed charge and identical other process conditions or operating conditions (identical
40 cbmposition of the reaction gas mixture, identical loading of the fixed catalyst bed
charge with reaction gas mixture), it is possible to employ the resulting reactant con-
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el errent al composition of the active composition and with the same shaping process, reducing the
specific surface area of the active composition, for example, by thermally treating the
active composition at elevated temperature and/or over a prolonged period. -

35 It will be appreciated that the volume-specific activity can also be influenced by, for
example, with identical shaping, changing the elemental composition of the active
composition and, for example, reducing the proportion of those elemental constituents
which are particularly beneficial for increased activity. Alternatively, it is also possible to
dilute the active compositions themselves by, in the active composition preparation, for

40  example, incorporating inert diluting materials such as hard-fired silicon dioxide into the
dry mixture of starting compounds to be treated thermally. Different added amounts of
diluting material lead automatically o different activities. The more diluting material is
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fi xed cat alfesh replacement fixed catalyst bed part, since the activity of a fresh catalyst bed

charge grows in a greater than linear manner within increasing operating temperature

(cf. EP-A 099 636 and EP-A 1 106 598). An even lower proportion of conversion than

prior to the partial catalyst bed change is accounted for by the unexchanged fixed cata-

35 lyst bed section. Together, this causes a higher deactivation rate than in the case of
- operation of the fixed catalyst bed installed freshly in its entirety into the reaction
chamber.

When the replacement fixed catalyst bed part, in contrast, has a lower volume-specific
40  activity than the replaced fixed cétalyst bed section in its freshly installed state, it does

require an even higher fixed catalyst bed temperature to obtain the desired reactant

conversion, but the unexchanged fixed catalyst bed section in this case has to contrib-
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before {he partial change of the fixed catalyst bed (dAT = AT, - ATH8,) is < 30°C. The

volume-specific activity of the replacement fixed catalyst bed part is preferably such

that dAT is < 25°C, or < 20°C or < 15°C, better < 10 or £ 5°C, more advantageously <

0°C, or £ -5°C, or = -10°C, in many cases = -15°C or up {0 -20°C. In general, dAT will

35 not be <-20°C. Preference is given to processes according to the invention in which

dAT is from —15 to +10°C. Particular preference is given to those processes according

to the invention in which dAT is from —10°C to 0°C. Also favorable is a dAT of from -

5°C to 0°C.

40 By way of example, the reaction chamber of the 'proces_s according to the invention
may be the interior of a (catalyst or reaction) tube in which the fixed catalyst bed is in-
stalled and around whose exterior the fluid heat carrier is conducted. This can in princi-
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30 heights along the catalyst tubes (reaction tubes), reference will be made in this docu-
ment to use of a plurality of heat exchange medium circuits or else to a multizone reac-
tor (reaction chamber) having a plurality of temperature zones (the individual circuits
are generally substantially separated from one anocther by suitable separating sheets).
- When the heat carrier (the heat exchange medium) enters only at one height (for these
35 cases, preference is given to the process according {o the invention), reference is
made here to one heat exchange medium circuit or else to a one-zone reactor, even
when this circuit is operated not with one pump, buf with a plurality of pu'mps for rea-
sons of convenience. :

40  In other words, the process according to the invention comprises, as one embodiment,
especially processes for heterogeneously catalyzed gas phase partial oxidation of at
least one organic starting compound with molecular oxygen over a fixed catalyst bed
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30 catalyst bed. Appropriately in accordance with the invention, the number of catalyst
tubes accommodated in the vessel amounts to at ieast 5000, preferably to at least
10000. Frequently, the number of catalyst tubes accommodated in the vessel is from
15000 to 30000, or to 40000. Tube bundle reactors having a number of catalyst tubes
of above 50000 usually form the exception. Within the vessel, the catalyst tubes are
35 normally distributed homogeneously, the distribution appropriately being selected such
that the separation of the central internal axes of mutually adjacent catalyst tubes (the
so-called catalyst tube pitch) is from 30 to 50 mm, frequently from 35 to 45 mm (cf., for
- example, EP-A 468 290).

40  Useful fluid heat carriers for the process according to the invention are quite generally,
but especially in the case of a multiple catalyst tube fixed bed reactor, salt meits, for
exampile the saits of potassium nitrate, potassium nitrite, sodium nitrite and/or sodium



DE- A 199 4PPAE20DE- A 199 48 523, DE-A 199 55 168, DE-A 101 34 026, DE-A 101
© 34 026, DE-A 101 01 695, US-A 5,442,108, ,EP-A 911 313, EP-A 1 097 745, DE-A
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30 the reaction gas mixture increases abruptly at least once, or in a stepwise manner or
continuously.

With particular advantage, the fixed catalyst bed freshly installed into the reaction
chamber does not comprise any decrease in the volume-specific activity in flow direc-
35 tion of the reaction gas mixture. It is also favorable in accordance with the invention
when the catalysts of the fixed catalyst bed installed freshly into the reaction chamber
have only one active compositioh which, with particular advantage, is shaped {o a sin-
gle shaped body geometry used in this fixed catalyst bed. In addition, it is favorable in
accordance with the invention when this aforementioned catalyst type in its freshiy pre-
40 'pared form is also used as the sole ca’éalyst for the replacement fixed catalyst bed part.
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30 erogeneously catalyzed partial oxidation of propylene to acrylic acid can be carried out
using a starting reaction gas mixture comprising propylene, for example as described in
the documents EP-A 700 714 (first reaction stage; as described there, but also in cor-
responding countercurrent mode of salt bath and starting reaction gas mixture over the
tube bundle reactor), EP-A 700 893 (second reaction stage; as described there but

35 also in corresponding countercurrent method), WO 04/085369 (especially this docu-

' ment is considered to be an integral part of this document) (as a two-stage process),
WO 04/085363, DE-A 103 13 212 (first reaction stage), EP-A 1 159 248 (as a two-
stage process), EP-A 1 159 246 (second reaction stage), EP-A 1 159 247 (as a two-
stage process), DE-A 199 48 248 (as a two-stage process), DE-A 101 01 695 (two-

40  stage), WO 04/085368 (as a two-stage process), DE-A 103 51 269 (two-stage), DE-A
- 102004 021 764 (two-stage), WO 04/085362 (first reaction stage), WO 04/085370
(second reaction stage), WO 04/085365 (second reaction stage), WO 04/085367 (two-
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mony, tin and copper. Among these, preference is given to those whose active compo-

30  sition is a multimetal oxide comprising Mo, Bi and Fe.

Multimetal oxide active compositions which comprise Mo, Fe and Bi and are possible in
the first reaction stage are, for example, the multimetal oxide active compositions of the
general formula | of DE-A 199 55 176, the multimetal oxide active compositions of the

35 general formula | of DE-A 199 48 523, the multimetal oxide active compositions of the
general formulae |, Il and il of DE-A 101 01 695, the multimetal oxide active corriposi-
tions of the general formulae [, Il and Ill of DE-A 199 48 248 and the multimetal oxide
active compositions of the general formulae |, || and 1l of DE-A 199 55 168, and also
the multimetal oxide active compositions mentioned in EP-A 7 00 714. However, all

40  muitimetal oxide compositions which comprise Mo, Bi and Fe and are mentioned in
WO 2004/009525 for the first reaction stage are also useful.



exanpl e, EFPASDERD 409 on page 5 refers to appropriate US patents. Suitable
- catalysts for the particul ar oxidation ,@t age (reaction stage) are also
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EP-A 700 7 Thi s articu
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EP- A 15 565, EP-A 575 897, DE-A 197 46 210 and DE-A 198 55 913. 10
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30
in which the variables are each defined as follows:

- X'=  nickel and/or cobalt,
X?=thallium, an alkali metal and/or an alkaline earth metal,
35 X*= zinc, phosphorus, arsenic, boron, antimony, tin, cerium, lead and/or tungsten,
X*= silicon, aluminum, titanium and/or zirconium,

from 0.5 to 5,

from 0.01 to 5, preferably from 2 to 4,

from O to 10, preferably from 3 to 10,

from 0 to 2, preferably from 0.02 to 2,
- from 0 to 8, preferably from 0 to 5,

40
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oxygen.

25  In addition to the oxides, such useful starting compounds include in particular halides,
nitrates, formates, oxalates, citrates, acetates, carbonates, amine complexes,
ammonium salts and/or hydroxides {(compounds such as NH,OH, (NH,).CQs, NH4sNO;,
NH;CHO;, CH;COOH, NH,CH;CO, and/or ammonium oxalate which decompose '
and/or can be decomposed on later calcining at the latest to give compounds which are

30 released in gaseous form can be additionally incorporated into the intimate dry
mixture).

The starting compounds for preparing multimetal oxide active compositions IV can be
intimately mixed in dry or in wet form. When they are mixed in dry form, the starting
35 compounds are appropriately used as finely divided powders and subjected to
calcination after mixing and, if appropriate, compacting. However, preference is given
to intimate mixing in wet form. Typically, the starting compounds are mixed with each
“other in the form of an aqueous solution and/or suspension. Particularly intimate dry
mixtures are obtained in the mixing process described when the starting materials are
40 exclusively sources of the elemental constituents in dissolved form. The solvent used is
preferably water. Subsequently, the aqueous composition obtained is dried, and the
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859 or-EP-A 714 700. To coat the support bodies, the powder composition {o be

30 applied is appropriately 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 frequently selected within the range from 10 to 1000 um, preferably
within the range from 50 to 500 #m and more preferably within the range from 150 to
250 ym. |

35
Useful support materials are the customary porous or nonporous aluminum oxides,
silicon dioxide, thorium dioxide, zirconium dioxide, silicon carbide or silicates such as
magnesium silicate or aluminum silicate. They behave éubstantially inertly with regard
to the propylene partial oxidation. The support bodies can have a regular or irregular

40  shape, although preference is given to regularly shaped support bodies having distinct
surface roughness, for example spheres or hollow cylinders. It is suitable in
accordance with the invention to use substantially nonporous, surface-roughened
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EP-A 293 8&8Sommn&Pwith thbdnvidion Zice aimatlngsmf @omemyﬁ rbmcd 2sm Bhﬂemmowder
conposi tiong &t@rr%?dé&e?e‘?&' th P"‘S‘ BRI eiBHe?érf'T%eWbﬁé&ﬁ%Mal daff!

after application mean air he .co n t [ ckness

of the o m&?dW|t‘PF%W%;ﬁ)?ﬂﬂl‘§é fq wetSHa‘aC%afﬁB%wpn%quyM f@éftn%nt ly

sel ect ed wiadusted teehe dexiedfoatinglbickoesk0eD Efrd 7p4 #0@x ably within the range

from50 to 500 pm and nore preferably within the range from 150 to 250 pm
35 Useful s ort materials are the custonmar r ous .or. nonpor ou um num
oxi dos, - s MUEGRAUPES Ao RBIBHO T SHEHE T oLooA ot (53 BT i P

car bi de or sgp froratpespyiamelio asrolaimgresgsaumrspdsitivas ef e geharal faomulsiV | cat e.  They
behave a@ubstanti ally inertly with regard to the propyl ene parti al

oxi dat i on. s 8! ve a regular or,irregular 40 shape,
al t hough pr[gfa @(:j@&? é’g?dk %QC)@?QQEI arly shaped support bodi es having
distinct surface roughness, for exanple spheres or hollow cylinders. It is

sui t abl e | Ny WAREAKE D104 40 b RS dbiNeaHsfQRWO use substantial |y nonporous,
surface-roughened PF 57520 20 spherical supports nmade of steatite whose

dianmeter is froml1l to 10 nmor to 8 nm preferably from4 to 5 nm However,
al so r d0eva¥fit= ianlyadgouitian bsnwith And Aideastweatof the dlementh deliugemodntioydriyntirer s as
support bodi es,anu/rya ﬁ’er' ength is from2 to 10 mm and whose external dianeter
is from4 t | as s bodies, the wall 5

hi ckness 1o TR, BT HRERER o e BRI AR S uppor i bodi eg t o be
used in acfor darataliwnetsl, tHadiupmansiierisamaniee a | ength of from2 to 6 mm an

ext er nal dl\&rmta%ran@‘nneEamténom&elmaa@l caﬂwf' tnah@aridsBEAse, 9h, ddufHirh L0 2 mMm
Suppor t,._bodi es sg ta in accordance Wt he I hvention are al so rings of

geonet Y 7 mm # e)ECWrrm (external diameter x length x internal
di amet er) . Yfe ifonmeites and bt iehg anatcdthe élembhty choniive ab@ cexumde conposi tions to

be applied yio thgssHiriaerenlc, boBnsMaRPLhuRSSY 1S of course
Y" = arare earth metal, titanium, zirconium, niobium, tantalum, rhenium, ruthenium,
rhodium, silver, gold, aluminum, gallium, indium, silicon, germanium, lead,
30 thorium and/or uranium, '

a'= from0.01io0 8,
b'= from 0.1 to 30,
c'= fromOto 4,
3B d= from0to 20,
e'= from=>0to 20,
= from0to 6,
g'= fromOto 15,
h' = from 8 {o 16,
40 x\y'= numbers which are determlned by the vaiency and frequency of the elements in
V other than oxygenand
p,q = numbers whose p/q ratio is from 0.1 to 10,



adj ust ed t PR HBAesired coating thickness (cf. EP-A 714 700). Ml ti netal

. oxi de active conpositions suitable in aggordance with the invention for the

- step frompropylene to acrolein are als6'conpositions of the general formula
V 15 [Y aY2ti Ox jp[Y36' Y4d' Y5e Y6fY79 Y2h'Ov'jq (V) in which the variables
are each defined as follows: 20 Y = only bisnuth or bisnuth and at | east
one of the cehmmising shreeldimensiomal egidneohine dhiemicadnompasitizerY', Y2 G winkly bakenum

ol or s e elffied BLMAGP LGN 0By 1o YRiraitErefl (thdoslTBhlom iR | 1 UM
manganese. (S5 Enviopment 2adiigse Bz giafwéﬁfémﬂg?ﬂ\d@e@ AP SRsYhe BNy at
| east oibe dhe témerdfdine regidoncandoonoectiag dwe eointengn theGugacssiierans) obtheeni c,

boron and/ %%I A5 FBRYY i 4o T08 uhp kg &t Froffef ®hm th 5b@RMUERrofh 1 GRMOED or
ni obi um t al'um rhenium ruthenium ™ rhodium silver, gold, alum num

gal lium irdiffth silicon, germanium l|ead, 30 thoriumand/or uranium a'=
fromO.01to8, b'=from0.1to 30, c¢c'=fromOto 4, 35 d =fromOto 20,

e’ = from >@LF0uarlyfsuftatiié Andta Hide @nipokitioRd Pih Becbpdanct with thé AeMido 16, 40

X',y =_nunbers which. .determ ned by the val ency and frequency of the
el ement'd i e OS?HEWH‘Pﬁéﬁ'SO‘?{%@ﬁmHﬁH p, g = nunbers whose p/q ratio is from
0.1 to 10, PF 57520 21 conprising three-dinensional regions of the chem cal

conposi ti OMpYorRy Mg, Preftienéd isafiven i @lrh 1 {HRde bf m@qehswa! for@Galvienvi ronnment
owing to their different conposition fromtheir ocal environnent, and
whose maxi mum di anet er (al ongest_direct |ine passing through 5 the center of
the regi on [Bad ddind€tiidigZ ke poraZé-dn:t he surfacg”Xi nterface) of the
region)ysis from1l nmto 100 pm frequently from 10 nmto 500 nmor from1l pm

nccor dance RN EV RO s e RS RGkeT T Wi ch v i s only biomuth. |
Anong these, preference is given in turn to those of the general fornula Vi
' Z*= molybdenum, or tungsten, or molybdenum and tungsten, ‘
Z* = nickel and/or cobalt,
20 Z*= thallium, an alkali metal and/or an alkaline earth metal,
Z° = phosphorus, arsenic, boron, antimony, tin, cerium and/or lead,
Z% = silicon, aluminum, fitanium and/or zirconium,
Z' = copper, silver and/or gold,

25 a" = fromQ.1t01,

1

b" = from 0.2 10 2,

¢” = from 310 10,

d” = from 0.02t0 2,

e” = from 0.01 to 5, preferably from 0.1 to 3,

30 = from0to5,
g” = from 0 to 10,
h” =fromOto 1,
X",y” = numbers which are determined by the valency and frequency of the elements in
VI other than oxygen,
35  p".q" = numbers whose p"/q” ratio is from 0.1 to 5, preferably from 0.5 to 2,

and very particular preference is given to those compositions Vi in which
7%, = (tungsten),- and Z%;, = {molybdenum);s.

40 ltis aiso of significance in accordance with the invention when at least 25 mol%
(preferably at least 50 mol% and more preferably 100 moi%) of the total proportion of
[Y'2Y?5Ou]p ([BiarZ?-Ox]y) oOf the multimetal oxide compositions V (multimetal oxide



[ Bl az2b, ; OPRISTER212Z3c" Z4d" Fee" Z5r 269" Z7h" OL' ] ¢" (M) 15 in which the

. vari abl es are each defined as follows: Z2 = nol ybdenum or tungsten, or

nol ybdenum and tungsten, Z3 = nickel akd/ or cobalt, 20 z4 = thallium an

al kali nmetal and/or an al kaline earth netal, Z5 = phosphorus, arsenic,

boron, ant isBWpsitionsV!) seitablginasepelaneewid thezpventian | the multinelaioxidd tit ani um

gnd/ o][ zi rQﬁﬁip@Q’itio@VTQOﬁ}é@l oxigblcumpoamv{sow) gait=tle in%ECc&HarTcefWiQ’ﬂﬂhf@- 1 t8 (1),1

" =from : vin 4G £ = : _ LT 2t -~ _from 0.

o 5, prof dpkglth fi tfofn of AlBealgngBugl Btons SFRTLRAMES Prbosfion ' 177 1y

from0 to IV =XWOpr{BZndd shichaie drlingied e dighi laeal epyiranment avisedg thaid

frequency afiffdrég chbenganesmpdsitiolfropi thelr iddapsnvinsyigent, add® whosélmaximunyber s whose

p"/q" rati %iéll'ﬁetglr@.%%e]rfaﬁgge%mgrr%% mo(ymfrom 0.5 to 2, and very particular
en to S n

preference 1S QI'v e conpositions VI in which Z2 b" = (tungsten)b”
and Z212 = (nol ybdenunm)12 40 It is also of significance in accordance wth
t he invent iwith waard @tthé eRsding Shesthdmenpy ehés bINe altimets bxide compbsiagid nor e

preferably 9 t he.. : J aY2b' Ox' Jp

([ Bi a" Z2b" &%ﬁ@sﬁp"%@ RfihEkERE 8808 é’@@&%@%‘?%-ns V (nul timetal oxide
PF 57528 22 conpositions VI) suitable in accordance with the invention in
the mul ti methal prepdrditon sfongitirastal odice Mctivebinpositias \0isi diciitedp f2s ieka@pie, Ml )

suitable i @Fﬁﬁ%‘?’"ﬁ%’?%d"glstoh?qﬁﬁé 1%E%gy§1bon is in the form of

t hr ee- di nensi onal” regions o emcal composition Y aYZb, Ox,

[ Bi aZ2b"" Ox"|1 which are delimted fromtheir [ocal environment owng to
their 5 di flheriest sudpertincateriale rqrosintenaed Bbova arleedilgo bsetd) intenslia, as it | ang
whose X ol S | 1.0 o ' rd to
the shag, ngraipride R ALkEn shbf SR aRR bf AT appitfio ritlicRBhetheds, Hader By
catal ysts apPrimMngyrRACWHER Bictesis e dieaisdhe (Packerngsmiturg (edrhe

preparation of multinetal oxide active conpositions V is described, for
exanpl e, ko &cadds8Y (R caiPR Eﬁbn%‘ 13 hét%rggjﬁ% Jdhp cdiBGEdy SawpPort
mat eri al s r%on%mr?éed?da%ve arce al sao use qﬁ) |§nt er a Fg,g}gs_ ?ﬁ‘grté
phase partial oxidation of acrolein to acrylic acid, useful active compositions for the
20 catalysts required are, in accordance with the invention, in principle all multimetal oxide
compositions comprising Mo and V, for example those of DE-A 100 46 928 and of DE-~

A 198 15 281.

A multitude thereof which are particularly favorable in accordance with the invention
25 can be encompassed by the general formula VIi

Mo,V X XX XXX, 0, AL

in which the variables are each defined as follows:
30

X'= W, Nb, Ta, Cr and/or Ce,

X%= Cu, Ni, Co, Fe, Mn and/or Zn,

X®= Sb and/or Bi,

X*= one or more alkaii metals,
35 X®= one or more alkaline earth metals,

X = Si, Al, Ti andfor Zr,

a = from1to8,

b = from0.2t04,
40 ¢ = from0.510 18,

d = from 0to 40,

e = fromOto 2,



15 materi aP§ ¥760t he dilution and/or delinitation of the appropriate fixed
catal yst beds, or as a prelimnary beg?d,ymi ch protects them and/or heats the
reaction gas mxture fed. For the seco step (the second reaction stage),

t he heterogenepusly catal yzed gas phase partial oxidation of acrolein to
acrylic acld; rgr@fq\jtp Yactive conposi tions for the 20 catalysts required are,
in accordagce fwomt® A dndvention, in principle all multimetal oxide

conposi t i ops- CQ'P?HHbéhWSwM% @éi&ﬁne&&fth@&ﬁ@ﬁb@aﬁd‘ﬁé&é%yQﬁ:héeié?@ewﬂ@ 928 and
of DE- A 198 15‘ﬁﬁ1t{' hrru titude thereof which. are particularly favorable
in accordance W RePROBEon 25 can be enconpassed by the general

formul a VI Mof 2VaX bX2X3dX4eX5f X6gO' (VI1) in which the variables are each

defined as Efrﬁbbb%ts wl%@h ¥e pari¥uldi: favdabl&in 8adr@incENith Xde mvé?qtronl\élmo , Fe,
Vh and/ or én X5 =

3
oneor or ERARE TR REIace Tgg v &t B GpRSgiB bl LG ™) om 1 (o
6, b frdﬁfirﬂ.tiozsmtm variges of-theigene@ BrmgadMl: d = from O to 40, e = from
Qo2, PF 57.520 23 f fromOto 4, g =fromO to 40 and n = a nunber vvhich is
deter by val en and frequency of the elenents in VIl other than
oxygemé] f@m@ @?ﬁﬁch are particularly favorable in accordance with
t he invent P<0Fi QmNgCOtaméfCaEﬁ ve multinetal oxides VII are those which are
enconpasseg® byghhe following definitions of the variables of the general
formula VI Li_ 1& X1 W Nb and/or Cr, X2 = Cu, Ni, Co and/or Fe, X3 = Sbh,
X4 = Na an /or "%@r Ca, Sr and/or Ba, 15 X6 = Si, Al and/or Ti,

X® = Ca Sr and/or Ba,

15 X®= &i Al and/or Ti,

a= from15t05,
b = from0.5102,
¢ = from0.51%0 3,
20 d = from0Oio2,
e = from0Qto 0.2,
f= fromOto1and
n = anumber which is determined by the valency and frequency of the elements
in VIl other than oxygen.
25 _
However, multimetal oxides VIl which are very particularly favorable in accordance with
the invention are those of the general formula Vil
| MoV Y Y2 Y5 Y20, (Vi)
30
where

Y'= W and/or Nb,

Y2 = Cu and/or Ni,
35 Y°= Caandfor Sr,

Y®= Sjand/or Al

a’'= from2io4,
b'= from1fo 1.5,

40 ¢'= from1to3,
f= fromO0to0.5
g’ = from0to 8 and



a = from 1.BFH652) b =from0.5t0 2, ¢ =from0.5to0 3, 20d =fromO to
.2, e=fromOto 0:2, f =fromO to 1 gnd n = a nunber which is determ ned
by the val ency and frequency of the elefEnts in VII other than oxygen. 25
However, multinmetal oxides VII which are ver rticularly favorable in
hocor dance Tt (P NGTHRST HyGHE e B SN JEe e A ESHOPRSY o EPRours |

MD12Va' Y1bYY2C, ivsilveidentharwiokyden. 30 where Y' = Wand/or Nb, VY2
Ni, 35 Y5 = Ca and/or Sr, Y6 = Si and/or A, a'= fronRto4, b
1.5, 40 ¢’ = from.1 3, fl.=from0 to 5 q' = from Qo8and PE 57520 24
5 L 5 nunodie DRYERE o e AEivR srpasyonn a0 i are sHERDS BiRseREg e ihe
el enent $ ithe Viventiast dre robtdizableiyaymannefkoown pei s ferl exaxiptedisaioseddn

conposi ti onsg(aVAd 35 vt ghinadreasvitzabl e in accordance with 5 the invention
are obtainable in a manner known per se, for exanple disclosed in DE-A 43

35 973 or in EP-A 714-700. Generally, multinmetal oxide active conpositions
“sui tabl e i nGensralyd muliisnaetaltaxiderastivé parepesitions fsoitabigim acserdahes with theacryl i c

aci d" st ep,in@Haef et thy “JchAsik -9fhchii€adgnabmleshosian! thoseldt tY8 hendtaifoRRuIRT epar ed
in a si I%Iﬂannﬁr bé/ obt ali nl.i’_ll_% a very, nmﬁmate grefteratbl%_]tl '@'ﬁﬁ ql vi ded
ary m xhr /0N RG PERARHOS TS B L SRR f SPORRT PG P AT ERey £ om
sui tabl e solivideddyfmixiied hadnigasomasidonstiespenting erideicabichiemegyiflorat
t egper at ur {%ﬁxit@ﬁlefsbeﬂﬂfbs 3bPelr @Ihiifa f Itcgﬁﬁit@?ltéiérﬁb%dl@ﬁin?ﬁ)ét @nﬁ@létﬁf@_cbf@?h elt t her
under i ner S . er _an .oxidative a [re or ex ir (mxture
of nert GO RACBEy dR Sl e AR B bR eERTE e i or
exanpl e m xpidadive aimospeere, tasxamgleradmiitwg of insegasangpxyaernand\Hge O,
met hanersandirRer 8¢8dlchighat@bsiiise (fBCenTde 6E@Ss BEMEIQABSENd reducing gases

such as H;, NH3, CO, methane and/or acrolein or the reducing gases mentioned

themselves). The calcination time can be from a few minutes to a few hours and

typically decreases with femperature. Useful sources for the elemental constituents of

the multimetal oxide active compositions V1l include those compounds which are

20 already oxides and/or those compounds which can be converted fo oxides by heating,
at least in the presence of oxygen.

Cu and/ or
fromlto

The starting compounds for the preparation of multimetal oxide compositions VII can
be intimately mixed in dry or in wet form. When they are mixed in dry form, the starting
25 ° compounds are appropriately used in the form of finely divided powder and subjected
" 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
30 an aqueous solution and/or suspension. Particularly intimate dry mixtures are obtained

in the mixing process described when the starting materials are exclusively sources of

the elemental constituents in dissclved 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
35 100 to 150°C. '

The resulting multimetal oxide compasitions, especially those of the general formula
Vil, may be used for an inventive partial acrolein oxidation either in powder form or
shaped to certain catalyst geometries, and the shaping may be effected before or after
40  the final calcination. For example, unsupported catalysts can be prepared from the
powder form of the active composition or its uncalcined precursor composition by
compacting to the desired catalyst'geom.etry (for example by tableting or extruding), if



t henmsel ves)PF 9H&0cal ci nation time can be froma few nminutes to a few hours
-and typically decreases with tenper at uLg. Useful sources for the el enental
constituents of the nultinmetal oxide acCtive conpositions VII include those

conpounds which are .20, al read xi-des .and/ or those conpounds whjch can be

conver ted FOPR Ay adaRR o A RuE der Sl S BP BRI S fon. The

starting cdulpsanigsintitor sbaringasgiriants aod renforaing agestasuchasdeicbbgesiiti ons VI |

fcan btehi nfg{lé@% @é.désfa'gxﬁnhdnrbaﬂﬁ&e 8 pdtasaih tifRRM. Elmﬁﬁleg bﬁﬁév@ﬂa@le”} xed i][l dry
orm e startin conpou re ropLia | rmo

finely di vi“&‘g‘dp&?%é’??aéyﬁgg %IB%@%? B DR R Y ooy 2ol ﬁnagl% T

appr opr iPat exteseatsiasmeterand-pigagirof fierme? ta Ehe. I thgi caea of the hollew srlinderd xi ng i n

vet : L orm E{‘Jﬁéﬂ t}hﬁ:khé’é@s}df%hﬂ @oB ri i aﬁm@qmte_t. rRe shéuifporied eaayeugs oivi t h one

anot her in r . an . n . . i

Parti cul ar I°>9 u%ﬁtq?ﬁ?;ﬁa&eﬁrpﬁgﬁlﬁ%9%@%?@%@5@]géér)\eewgg%grtr'cr?z&?n%%@g? epr%ecess _

descri bed Vireh2ih&0 srate 9.y mat ef $-4IMar e excl usi vely sources of the

el enental constituents in dissolved form The solvent used is preferably

ter. ,~S | { - L L t Al ' ' . h
Fa T e R
at exi ¢t orpbpelsined cah of rasifse 850 EGheRPABODPIIERIESTIAPPR e ARAIVE L al oxi de
conposi ti Q%@pp@ﬁ?ﬂ'ﬁ? gbhtingtdiases Phottvedige e pripafenthgiebated Vh’r{calystmy gb@erarp,eddf ?r
an inventi - | r r ed to
certain caﬁ%ﬁggﬁéd @c?rr%‘ﬁt %Plé?bt@ga%ﬁé ?%%bgﬁ%gésﬁ'gg%a&&b%aﬁﬁfe é8¥ gﬁgfggrg ?ﬁf after
40 the fi nﬁp'gaﬁgé%?gtqr%ﬁz%rﬂéig%l e, unsupported catal ysts can be prepared

fromthe powder form of the active conposition or its uncal cined precursor

conpositio ' : i : xanpl e by
tableting gr&%?% ﬁ%ﬁlﬂ ﬁggur’tB??é%gﬁ%%\%&f@ﬁfﬁgéﬁrg{qﬁéa?;gﬁ%gﬁléétbﬁcgr%%f tion of
assi st ant s,mqfﬁﬁﬂ@(%‘ﬁa éfr'Sf‘éEﬁ‘Ptaéteb?p@F@W’ r&& 'BPRJP.V m%‘rsi‘%&ﬂ?_@r-gﬁﬁl or

shapi ng assostiranthickaess of thenpawadsr cgmpgsitibrsappliel tathersuppat bty is, infa gl ass,
nsuppor | e ERES[EREEepoaRd) @RF e Tkl el oA iy Beteiders

havi ng &n rogj(ﬁ F%iqood{r&r%?{@Fa%i)h\ﬁ't@“?@ﬁf’ﬂe %‘me I 8!”8‘% e I n the case
of the hol |postecply withém e rasgedabh 16RiteRB@s. of from 1l to 3 nmis appropriate.

The unsupported catal yst may of course al so have spherical geonetry, in
whi ch casedj hﬁés herjcal .di aneter maré be from2 to 1|0 r.rmnie..g. 8'!‘2 nm or
5.1 nm. 10°°F Sgﬁ.’ﬁ%"@?‘ﬁﬁ%ﬁ‘? AL PHSIIMRY APES 9T SRNRRrOHE BlUBNUPS PXIPRHSIEPRcur sor
conposi t i ordiitiec harismydioxide, airbenivraldeixivedsiteon wibideor siicatdssaicba@sshaped by
appl yi g t GnaYresliAPSitatd 6 dluRRbA Hikdate. THRRAPSGH botiss F8RRAa @‘gu}a‘?%r support
bodies to pre reht he .(hgatgﬁg c]at al ysts, is Cgener a}g@){ eger for Ll a . sul tabl e
ot at abl e VAR shaee. AHBRYGRIRTErsNGE IR ANAR I CIHiprvRIgRes Sypeossadies pping 293
859 or by BEBtiActALMfaZdmughbess, for example spheres or hollow cylinders with grit layer.
Suitable support bodies inciude substantially nonporous, surface-roughened, spherical
supports made of steatite,'whose_ diameter is from 1 to 10 mm or to 8 mm, preferably
30 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
of rings as support bodies, the wall thickness is also typically from 1 to 4 mm. Annular
support bodies to be used with preference have a length of from 2 to 6 mm, an external
35 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 length x internal diameter). The fineness of the catalytically active oxide compositions
to be applied to the surface of the support body is of course adapted to the desired
coating thickness (cf. EP-A 714 700).
40
Multimetal oxide active compositions suitable for the “acrolein — acrylic acid” partial _
oxidation step are also compositions of the general formula [X



To coat théEHPErt bodies, the powder. conposition to be applied is.

. appropriately noistened and is dried again after application, for exanple
by neans of hot air. The coating thickfiess of the powder conposition
applied to the support body is, in a manner relevant in accordance with the
invention, frequently selected within the range 20 from 10 to 1000 um
preferably within the range fromB&El 500 ,d??f)and more preferably within
the range from 150 to 250 pm Useful support materials are customary porous
or nonporo ) i .Sl Lpxj.de, thorium di oxide, zirconium
di oxi de, sﬁ'ﬁ@%ﬁ%@?@%@séﬂaﬁég?ﬁ J(j:%fﬁ]gg assgé:lﬁ)wg's 25 magnesium silicate or

al umi nuMm silicate. The support bodies may have a regular or irregular

shape, al t pugk: pr efenemezi. 8% g vBnz .04 egul arl y shaped support bodies

havi ng di sEti nct ngﬁﬁ%.f§ugh”ess1 or exanpl e spheres or hollow cylinders
with grit |gyer. ul’t'abl'e YSupport bodi es include substantially nonporous,
sur f ace- r odgherred, V¥gWeriiac & and/gpeBrts nade of steatite, whose dianeter is
from1l to B mma or QuYNB QoyFepkefadaplizy, 30 from4 to 5 mMm I n other words,

sui tabl,g spherical (gegpet.rd.es may have dianeters of 8.2 mmor 5.1 mm
However1,% S%Ct abl e s#j)\%%rcir dtﬁ’odi es also include cylinders whose length is
from2 to ¥ mh andiWekeRbxtePREP" Hi ameter is from4 to 10 mm In the case
of rings ag’suppor tMdyathi, 8s and/beBaal | thi ckness is also typically from1l to 4
nm  Annul arzs supporg Qog?% idr9rbe used with preference have a length of from
2 to 6 nm gn external’ lameter of from4 to 8 and a wal | thickness of
from1l to Z nmm= SuiMal e/ Nypuler Tapefer@dlNo ap¥er Wi particul ar rings of
geonetrp 7 nmx 3 nmx 4 nm (external dianeter x length x internal
diameter). jthe finenpgssipd the catalytically active oxide conpositions to
be applied to the urfﬁgg 'gf t he support body is of course adapted to the
desired céating t MioPkHedl°(cf. EP-A 714 700). 40 Miltinetal oxide active

conpositiond s talfloer®ér23,he "acrolein -. acrylic acid" partial oxidation
step are algo conpegi h @nso of the general fornula I X PF 57520 26 [DIElq
(I'X) in whi,ch _the var'%b%es are each defined as follows: 5 D = '
Mbi 2Va 'b’eZZC"‘Z3d’frfﬁbg 69"Ox~, E = f12CuhH,0y., Z = W Nb, Ta, Cr and/or

Ce, Z2 = CQfF N= CdonmFeto®h and/or Zn, 10 Z3 = Sb and/or Bi, Z4 = Li, Na,
K, Rb, Cs agpd/&r Hfondstdp, Ca, Sr and/or Ba, 7Z6 = Si, A, Ti and/or Zr,

h” = from4to 30,
I = from 0 to 20 and
25 XYy = numbers which are determined by the valency and frequency of the
elements in IX other than oxygen and
p,g = numbers other than zetro whose p/q ratio is from 160:1 to 1:1,

and which are obtainable by separately preforming a multimetal oxide composition E
30
ZT1chh"Hi"Oy" (E)

in finely divided form (starting composition 1) and subsequently incorporating the
preformed solid starting composition 1 into an aqueous solution, an aqueous

35 suspension or into a finely divided dry mixture of sources of the elements Mo, V, Z', 72,
Z3 Z* 75, Z® which comprises the abovementioned elements in the stoichiometry D

MoV oZ 2o Z20Z 2% 2 (D)
40  (starting composition 2) in the desired p:q ratio, drying the aquedus mixture which may

result, and calcining the resulting dry precursor composition before or after drying at
-temperatures of from 250 to 600°C to give the desired catalyst geometry.



Z7 = Mo, WPRA730 and/or Ta, preferably Mo and/or W 15 a = from1l to 8,

. b" _from0.2to 5 c¢" =fromOto 23, __,d" =fromOto 50, 20 e" = fromO
to 2, f, fromOto 5 ¢g" =fromUto %6 h" = from4 to 30, i" = fromO
to 20 and 25 x",y" = nunbers which are determ ned by the val ency and
frequency of the elenents in | X other than oxygen and p,q = nunbers other
t han zer o \Reobmignlycuitatile era the fmwdiimdigloxXide ecompdbitioas dX ithividth theegrefiotragdabl e by
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sol uti o®, aempgeiiouy| GBalysis jreemitained foriaxample, in RRIACGEH 104dOE-AM1H7 3EXH0ar e of
sources of feha Rloasriiss DO 187 48 403 4Ad DEZR 19848 646. Z6 whi ch conprises the

abovenentioned el enents in the stoichionetry D
Mbl2Va' Z' b. Z2c¢Z3d. , Z4e. Z5r 269" (D) 40 (starting conposition 2) in the
desired p: ¢Vittareigerd tartyé shprings tagstalements mede witinregerd teayultimetalibxide and
tcal ci ni ng tcbﬁapfb@i?@rﬁ [V gw%lslétstg agbg%MPﬁiﬁfe_taﬂ @maﬁ%afalﬁfs Mgéwa? c?lﬂsté‘ﬁdil@ély dryi ngpla:t
enper gt.ur es. rom 0. 0.4aive the ﬁ%s.we al.ys onetry.
57an0 29" aeie [ &Fp(0e PuB M inheh PR b Fachaeh-> aenik e BB x 1 n
whi ch the phegeoy A 1981164284t esneciady bavipdaittiinstal pxide acheneqrapasitionsiont o an
aqueous st apgd ?mrgqﬂmqgé { &faDE-A B8 B 28tenperature of < 70C. A detail ed
description of the preparation of nultinmetal oxide 5 conposition VI :
catal ysts is contained, for exanple, in EP-A 668 104, DE-A 197 36 105, DE-A
100 46 928 AdveniagewslygnaigpoEfd caielyal rinms apg userbfor (hersien ByamicRvieNeH8 shapi ng,
t he st abenetseinade costbl chiet thdsdontb istapeftdanh atsieiteto axppipesidt i on | X
catal ysts apply. Miltinmetal oxide catalysts which are outstandingly 10
suitable in accordance with the invention for the "acrolein - acrylic acid"
step are alld6 fixethoatelyst besktempeguresoribe firstspctorastge (raopiRNenuBEiOI)ES oxi de
active Conmfsrdpﬁm fidm 2vh e 450ver ot frdra 280 ke 20°0f plaferdbl) #8ml50028 B8O C.
Advant ageoUl e oh ISURRALIALERLALXSh thL B8R Eodth Lid ' (abBRIPL 8L O
propylene to~ 15 acrdlein and coated catalyst ri ngs or g step’from
acr ol ei?f t Gclsl isanpeorsiataly from 200 to 370°C, or from 200 to 320°C, preferably from 220 to
380°C. When the process according to the invention is performed in one-zone multiple
catalyst tube fixed bed reactors, the aforementioned temperatures correspond to the
entrance temperature of the heat carrier (of the salt melt) into the vessel surrounding
the catalyst tubes.
25 :
In principle, in the process according to the invention, the volume-specific activity in
flow direction of the reaction gas mixture may be constant over the length of the flow
path (i.e. over the length of the fixed catatyst bed) within the fixed catalyst bed for the
first reaction stage freshly installed into the reaction chamber, or advantageously in-
30 crease at least once (continuously or abruptly or in stages). In all aforementioned
cases, it is also advantageous when the active composition does not change over the
length of the flow path (i.e. within the fixed catalyst bed). The statements made above
for the first reaction stage apply equally to the second reaction stage of a heterogene-
ously catalyzed fixed bed gas phase pariial oxidation of propylene to acrylic acid.
35 _ _
To prepare the fixed catalyst bed installed freshly into the reaction chamber for the first
reaction stage, it is possibie to use only shaped catalyst bodies having multimetal oxide
active composition or else substantialty homogeneous mixtures of shaped catalyst bod-
ies having multimetal oxide active composition and shaped bodies (shaped diluent bod-
40 ies) which have no multimetal oxide active composition and behave substantially inertly’
with respect to the heterogeneously catalyzed partial gas phase oxidation. Useful ma-
terials for such inert shaped bodies are in principle all of those which are also suitable



The fixed E&t3H5¢8t bed tenperature for the first reaction stage (propyl ene
acrolein) is appropriately from 270 t02450C or from280 to 420C,-
preferably from 300 to 380C. The fixed Rat al yst bed tenperature for the
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porous or nonporous al um num oxi des, silicon dioxide, thorium dioxide,
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wor ds, theghagad dagalyst bodies arqsiuesd 'mmhwm@sm rwlnpgwﬂb shapsidi dilueyt Hodigsr Sher el se,
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to that of the shaped catalyst bodies to be diluted with them (the above
st at ement s palohin@Bpddfict ftisitoaERasihg bl KafiUNes RNRRSirdBtish Uf B8 rédction gas

mixture over fixed bed catalyst charge 1 can thus be attained for the process according

30 tothe invention in a simple manner, for example, by beginning the bed with a high frac-
tion of inert shaped diluent bodies based on one type of shaped catalyst bodies, and
then reducing this fraction of shaped diluent bodies in flow direction either continuously
or, at least once or more than once, abruptly (for example in stages). When the content
of shaped diluent bodies is left constant or no shaped diluent bodies at all are used

35 additionally in fixed bed catalyst charge 1, the result is a constant volume-specific activ-
ity in flow direction of the reaction gas mixture over fixed bed catalyst charge 1. How-
ever, an increase in the volume-specific activity is also possible, for example, by, with
constant geometry and active composition type of a shaped coated catalyst body, in-
creasing the thickness of the active composition layer applied to the support, or, in a

40  mixture of coated catalysts with the same geometry but with different proportion by
weight of the active compaosition, increasing the proportion of shaped catalyst bodies
with higher proportion by weight of active composition. A similar effect can also be
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30  bedies and shaped diluent bodies (both preferably having substantially the same
geomeiry), in which the proportion by weight of shaped diluent bodies (the mass
densities of shaped catalyst bodies and of shaped diluent bodies generally differ only
slightly) is normaily 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. Downstream of this first zone of the fixed
35 bed catalyst charge 1 is then disposed, advantageously in accordance with the
invention, up to the end of the length of the section of fixed bed catalyst charge 1 (i.e.,
for example, to a length of from 2.00 to 3.50 m, preferably from 2.50 to 3.00 m), either
a bed of shaped catalyst bodies diluted only to a lesser extent (than in the first zone),
or, most preferably, a sole (undiluted) bed of the same shaped catalyst bodies which

40  have also been used in the first zone.
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vol une- spegedmetnaciniwhiahythe prapoxtise tyewright of shaped diluent bodies (the mass
densities of shaped catalyst bodies and of shaped diluent bodies generally differ only
slightly) is normally from 10 to 50% by weight, preferably from 20 to 45% by weight and
30  more preferably from 25 to 35% by weight. Downstream of this first zone of fixed bed
catalyst charge 2 is then disposed, advantageously in accordance with the invention,
up to the end of the length of the section of fixed bed catalyst charge 2 (i.e., for
example, to a length of from 2.00 fo 3.50 m, preferably from 2.50 to 3.00 m), either a
bed of shaped catalyst bodies diluted only to a lesser extent (than in the first zone), or,
35 most preferably, a sole bed of the same shaped catalyst bodies which have also been .
used in the first zone.

The aforementioned is especially true when the shaped catalyst bodies used in fixed

bed catalyst charge 2 are coated catalyst rings (especially those which are mentioned
40  in this document as preferred). For the purposes of the aforementioned structuring,

both the shaped catalyst bodies or their support rings and the shaped diluent bodies in



10 catal ystPich&ide | can be varied, it is also possible to vary the

. volune-specific activity of fixed bed ,?t al yst charge 2. Upstream and/ or
downstream of the actual fixed bed catdfyst charge 2 may in turn be

di sposed an, appropriate inert bed (for termnolo purposes, it is not

nol uded | 1¢ RBCPS@RFOBIRS Biba nyertion s apiagea s ve UBEERWAIN &Rk they do
not conpri Seoawyry §hramed3 modk é snmiiexdérnbediametel kilengthak indechalaliaoeter)e 15
conposition). Preferably in accordance with the invention, fixed bed
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catal yst bed1@n8td¥9.ed freshly into the reaction chanber and the 5 renmi ning
boundarys conditions for both reaction stages will be configured such that,
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peak- t o- salthroligirerfxbd cetafenisdd) iov hibovel santiard pressure. Typically, the working pre-
ssure in both reaction stages will be at values of from 1 to 5 bar, frequently from 1.5 to
30 3.5 bar. Normally, the working pressure in the two reaction stages will not exceed 100
bar.

The propylene loading of fixed bed catalyst charge 1 may be = 80 [ (STP)/I*h, or = 100 |
(STP)/I*h, or =2 120 | (STP)/I*h, or = 140 | (STP)/i*h, or = 165 | (STP)/I*h, or 2 170 |

35  (STP)l*h, or 2 175 [ (STP)/Ish, or = 180 i (STP)/l+h, or 2 1851 (STP)/I*h, or 2 190 |
(STP)/lIeh, or 2 200 1 (STP)/I*h, or = 210 | (STP)/l*h, or = 220 | (STP)/I*h, or 2 230 |
(STP)/I*h, or = 240 | (STP)/I*h, or 2 250 | (STP)/I*h. Normally, the propylene loading of
fixed bed catalyst charge 1 will not exceed 600 | (STP)/A*h. Typically, the propylene
loadings of fixed bed catalyst charge 1 will be at values of = 300 | (STP)/I*h, frequently

40  at values of < 250 | (STP)/I+h. |
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40 at lues of 5 250 | (STP)/1h. PF 57520 32 The total space velocity in
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ed cataly e [ Ired In
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g Y the simplest case, this may be an indirect tube bundle heat transfer. Between the two
reaction stages, secondary gas (molecular oxygen and/or inert gas) may be metered
in. Frequently, air is metered fo the product gas mixture of the first reaction stage be-
30 fore it is used to charge the second reaction stage. Appropriately from an application
point of view, the reaction gas mixture is fed to fixed bed catalyst charge 1 preheated to

the temperature of the fixed catalyst bed for the first reaction stage.

- In the aforementioned aftercooler, the product gas mixture of the first reaction stage is
35  generally cooled to a temperature of from 210 to 200°C, frequently from 230 to 280°C,
or from 250 to 270°C. The cooling can quite possibly be effected to temperatures which
are below the temperature of the fixed catalyst bed of the second reaction stage. lt is
favorable when both the product gas mixture of the first reaction stage and that of the
second reaction stage still comprise up to 5% by volume, frequently up to 3% by vol-
40  ume, of excess molecular oxygen.
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a t wo- zone ZmH PPIF Otea A3 Be! % gibuguasheg 96 mol.

30 His favorablé to operate the first reaction stage in Such a way that the propylene con-
tent in the product gas mixture of this stage does not exceed the value of 10000 ppm
by weight, preferably 6000 ppm by weight and more preferably 4000 or 2000 ppm by
weight. '

35  ltis favorable to operate the second reaction stage in such a way that the acrolein con-
tent in the product gas mixture of this stage does not exceed the value of 1500 ppm by
weight, preferably 600 ppm by weight and more preferably 350 ppm by weight.

In general, the reaction gas mixture for the first reaction stage (also known here as

40  starting reaction gas mixture 1) in the process according to the invention comprises.
from 3 to 25% by volume, in many cases from 5 to 20% by volume and usually from 6
to 13% by volume of propylene.
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<. 2.3. Thepropangrontent oibdtadiod eractiory gasmixturs tlanay begup &ac0% by volume (for
example from 5 to 70% by volume), or up to 60% by volume, or to 50% by volume, or
30 - upto40% by volume, or to 30% by volume, or to 20% by volume, or up to 10% by vol-
ume. Frequently, this propane content will be = 0.5 or = 1% by volume. However, it
may also be at values of 2 0.01% by volume, or =2 0.02% by volume, or = 0.03% by
volume. In general, starting reaction gas mixture 1 comprises < 10% by volume, in
many cases < 5% by volume of propane.
35
In the process according to the invention, this propane may be added, for example,
deliberately as an inert diluent gas to be supplied separately to starting reaction gas
" mixture 1.

40  However, it will be appreciated that the propane may also be part of starting reaction
gas mixture 1 by virtue of a partial dehydrogenation or oxydehydrogenation of propane
functioning as the propylene source therefor (generally, these are effected under het-



10 tion ga¥Fi40lre 2 (the reaction gas mixture with which the fixed

- catal yst bed of the second reaction stagg is charged), is, as already
mentioned, normally such that the nolafr ratio of 02 present in starting
reaction gas mxture ein present jn start: ing.reactjon gas
arur o 2 B SRR Moo B8 Sy e iy i eBhits BRI 6% 5 15
It is al sonpgses bivaybersuppliadttp stpriirgareacton @esmmuxet liakleastpmrigowiy e 0. 01,
or? 0.1, oramﬁ—ren%ﬁun&fnvérté’d’/ml@tsaw@trm rtla@@%h dpsg@tdnwn (ibhéx=ah ¢ apmet i oned

the ol eculgPosialanir repsrideheb il ggtsefg? S Lol A EaTRE (o7

starting r EUQUEHT Of¥EE™H xture | will conprise nolecular nitrogen as a
further inert diluent gas. In principle, starting reaction gas mxture 1 in

g&ebsr 3gf3§rge%?&c%§gg/9%r&.ﬂ% J'fe u%%ﬂ@t g@gg%s%pm.tasr alg&@é@?%m‘ﬁ%%ts’ or "Z

40% by vol imwhigh S’taﬁﬂge'eaqﬁnn Qﬂsw'as*glé@ﬂ cwwﬁérfrort R te bt V‘P'W“Qt Hting
reacti on gasemtiydtan ¢ b 26% byoloere, of froles tam 8% ogealumiel br 1gelDes by Lyluine ofit

val ues 4gf %.80 nmol % or !5 70 mol % or 5 60 nol % Starting reaction gas

m xture 1 may al so conprise propane as an inert diluent gas. This propane
content of starting reaction gas mxture 1 nay be up to 70% by vol une (for
exanpl e fr dypibaltstarmiysdaygtiorogasveixiures 1 ape, fa é3@fipley thosk winich emrise50% by

vol une, or 30 up to 40% by volume, or to 30% by volune, or to 20% by vol une,
or up to 10% by vol - une.. Fre ené(tﬁ/ Q ropane content will be > 0.5 or
z 1 %by vol une. However, 5 15)¥V8 al ued PEIPe5€0 01 9% by vol une,
or ? 0162% by vol une, or >from Z)@F’/ﬁby'IZ%(QVNﬁblmel n géfm'ﬂi%ﬂ starting reaction

gas ni Xt ur gof £0MREqueAty © 0E03EDY to/ MU volukhe MBNY &F@s@Sans, 5% by vol une of

udea. Tor example, deli baPaiePy” A& St "ar T LaPralons BERPRAR Tea

separately to starting reaction gas mxture 1. 40PTP|BQ\§Q§/@FOPE‘|“P, ¥Rl be
appreci ated that the propane may al so be part of siatbhagdng@génon gas

m xt ur ggl by virtue of a p@[n‘ﬂb@ht Iﬂgllg&ggp&&ggﬁ }.%QVOIS qle@gdé enat| on of

propane  functioning as the enera t hese are
ef fected under het PF 575293\@'53 Wﬁé%@'%@?h@i@)‘eo ‘FPE’M@ Wbk ds, the
propyl ene present in start mupouEacitiogengas m xture 1 may be supplied to
starting reaction gas m xture 1 at Ieast partly with accom paninent by

unconverte opane from artial ydr enation (for exanple hono-
geneously gﬁ% E\I? ﬁ%‘?‘@gb‘:ﬁf&ﬂ%’%ﬁ V‘"ﬁ‘z‘f?é (fgs‘? FOPREeor esence and/or with
excl usibn of 5 nol ecul ar oxygen). The process according to the invention

conprises in particul ar al ggunid@s®, s ggh{gant Sof dchbW&?mieCh starting reaction
gas mxturelcorrprlsesfr X@uentlyfromlto

25% by vol ume, or froms5 t TS%%{’SQ/?/ Mﬂlb'x"eor #6“‘5_{ Plune” of

from 6 to 30 or to 35% by volume of propane and
from 32 to 72% by volume  of molecular nitrogen.
30 _
Inventive starting reaction gas mixtures 2 may, for example, comprise:

from 4.5 o 8% by volume  of acre]ein,

from 2.25 to 9% by volume of molecular oxygen,
35 from 6 to 30 or to 35% by volume of propane,

from 32 to 72% by volume  of molecular nitrogen,

from 5 to 30% by volume  of steam.

Inventive starting reaction gas mixtures 1 may also comprise up to 20% by volume of
40 Ha. '



10 H2O Ty#Fcar520t arting reaction gas mxtures 1 are, for exanple; those

. which conprise: from5 or 6 to 11 % by_yol une of propene, 15 from2 or 6 to
12% by vol une of water, from> 0, freqaéntly ? 0.50r ?1to 10% by vol une

of propane, from? 0 to 5% by volune of constituents other than _propene,

propane, wde @therwamgsﬁrt@meaﬂhpa@gém=xt2r@s§mfﬁh%pr@ﬁ@swcéaﬂ€atp toxifyerr t hat Vi

is from 1 ttienInayedish casprisae remai nder up to 100% by vol ume of the total

anount, ol ecular nitrogen. Inventive starting reaction gas mxtures | may

al so comprise: 25 from6 to 9% vol unme of ne from8 to 18% by

vol ume of ol ecul ar oxygen, romﬁﬁé%o“tbd‘@b‘”@r t%figéf%?ﬂﬁ 'vol ume of propane and

from 325to 72% by vol ume offronpb &x %A byvolunegenof prfarenvent i ve starting

reaction gas m xtures 2 m¥£&'f§b%@@}l\@?u rrp&iﬁ@ from4.5 to 8% by

vol ume of acrolein, from?2 ecul ar oxygen, 35 from
6 to 30 or to 35% by vol uméfoa? volt %ffP%%{‘%% by vol une of |
nol ecul ar nitrogen, from 3rot0.308@20% byotalumee ocbf%z‘.eam I nventive starting
reaction gas mxtures 1 may also conprise up to 20% by volunme of 40 H2. PF

57520 ot her_words, starti react i es,. 1 of the rocess
cccordifly RN R eheets Sroy S RiEHERSaBo P Foon Bordsg TeB e o
propyl ene, tiod gas onixtaret beragkisies ool Ao 89%pvoiehnmes of E€®om 5 t o 60% by vol une
of H2Q, from8 to 65% by volune of 02 and fromO 3to 20%by vol une of H2.

10 However ..t he ess_acg ntion e when
starting. r Sipine PEE St iRlPe 2ot dnbir etV MR Wrshe BVEGIYRY BBk e o
002. Start icagpriseict i on gas mxtures 2 possible in accordance with the

i nvent iqgn may al so conpri se:

from 3 to 25% by volume  of acrolein,

from 5 to 65% by volume  of molecular oxygen,

from 6 to 70% by volume  of propane,

from 0.3 to 20% by volume of molecular hydrogen and
20 from 8 {0 65% by volume  of steam.

It is essential to the invention that, for all aforementioned cases, the process according
to the invention can be employed for both stages in each case both when the two
stages are operated independently of one another and when they are operated in se-
25 ries connection as detailed above. However, it is also successful when both steps, as
described in DE-A 101 21 592, are implemented in one reactor over one charge.

The partial fixed catalyst bed change (as is quite generally the case in the processes
according to the invention of this document) may in all cases extend in flow direction (of

30  the reaction gas mixture) to up to 80%, or only fo up to 70%, or only to up to 60%, or
only to up to 50%, or only to up to 40%, or only to up to 30%, or preferably to up to
25%, more preferably to from 30 to 50% and most preferably to from 35 to 45% of the
bed length of the particular fixed catalyst bed (a top charge consisting of inert material
to an extent of 100% (the first charge from the flow point of view) is not counted as be-

35 longing to the fixed catalyst bed; for reasons of convenience, this top charge was,
though, also exchanged; in a corresponding manner, a final charge consisting of inert
material to an extent of 100% (the end charge from the flow point of view) was nhot
counted as belonging to the fixed catalyst bed; however, an intermediate charge con-
sisting of inert material to an extent of 100% was counted as belonging o the fixed

40 catalyst bed). Appropriately, the aforementioned percentage for a partial catalyst
change is frequently not less than 10 or 20%.
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| ongi ng t o @G-he. 1% kedlgmeal whaciyidacid,or reasons of conveni ence, this top

charge was,q_bRopgvol@hs0 @xelarged; in a corresponding nmanner, a final
char ge con%joa,[sggk% of| inert _material to an extent of 100% (the end charge
(o) é n{@

fromthe f BPe vi e ¥ hot  counted as belonging to the fixed
cat al yst beld SHowencdume an iohsteemedi at e charge con- sisting of inert material

to an epg erg - g, AORIOM&ES CoBBieen afonbgbengi ng to the fixed 40 catal yst bed).
Appropri at ¢ ygqth ement i entage for a partial catalyst change
oo el P15 OF L3830 B8

is frequently PF 57520 37 Finally, it should be
nment i oned dhc@%dyNoknedat , of ArOPaPe.i cul ar, a portion of charge gas mixture
of the fird11si0dIe by voiuARY lotp@pyRenacrol ein") may be cycle gas. This is gas.

whi ch remaésn—sgﬁ%tbgrvohﬂ?e PRAMGEeS €moval (acrylic acid removal) fromthe
product_gas m xtur of the secdnd stage, and, in the case of a series

connectd%n of the two stages, is gen 5 erally partly recycled as inert
di | uent gasThHemogfiiaragie reimevalimat baredicved sfec exatinpit, agelescibddyipiEFah 989 @88, gas

i phenyl 2[%&%?:982&%8? D%-*’W?f” 532'[’%*‘5 O BT BEA S BIRTR C e o moryli c
aci d, y0 - [ &r}b éﬁ?l bﬁ'& &" 46 3827 [#A -g%%oebﬁpv%ljgﬁé@g%ﬁngxygen, I - y5%
by vol une diE-ét&&MR7 847. _
- 25
In principle, the partial fixed catalyst bed change can be carried out at any time, i.e., for
example, after one year, two years, three years or more years of operating time. In
general, it will be carried out in accordance with economic considerations.

30 Finally, it should be mentioned that the inventive partial fixed catalyst bed change gen-
erally also has an advantageous effect on the pressure drop as the reaction gas mix-
ture passes through the catalyst charge.

It should also be mentioned once again that the heat exchange media (heat carriers,

35 salt melts) are preferably conducted through the relevant multiple catalyst tube fixed
bed reactors in such amounts that the difference between their inlet and their outlet
temperature is < 5°C.

Example and comparative example’
40 _
I General description of the first reaction stage



15 0 - 3% WF ¥8820me of carbon nonoxi de 0 - 8% by volune of carbon dioxide,
-0 - 2% by volunme of propane, 0.1 - éby vol une of propylene, 85 - 95%
by vol une of nitrogen. 20 The acryl | ¢ %I d rem)val may be renoved, for
exanpl e, as described in EP-A. 982 287 982 289, DE-A 199 24 532, DE-A
101 15 277, DE-Heatgergsuss?, DE-A 16 Bk gneing 60%EbyAW&'9E3t of potpspiunpRitrate1 00 53
086, EP-A 982 288 and DE-A 196 27 84iid 48% tynwgightnafispiiam mﬂmaa pavhdadted | xed

catal yst bed change can be carried oW @B rdrt FPthelreSetion Q5 mi)%%npl e,
after one year, two years, three years or nore g

n :
general, it will be carried out in awm%ﬂﬁﬁﬁbmﬁr@?ﬁé@%ﬁ@ﬁ%t@g ﬁ@é‘l"% |ons
30 Fi naI5I y, it should be mentioned t batalysheed, itwestfed witharteinabratureedl cat al yst
bed change gen- erally also has an adyant a9eRisoveH WG @MpERRURIgSSUre drop
as the reaction gas m x- ture passes IZE ough the catal yst charge. It should
al so be nentioned once again that t hé?pdat exchange nedi a (heat carriers,

35 salt nelts) Materigradther ctdlystdéadreduct ed t hrough the relevant nmultiple

cat al yst tube fdigsd edli}?Qn{uﬁ g@tgrgn such amounts that the difference
betwee the| r . a heir out erature is <- 5C. Exanple and
corrpara 0 ve exaHJﬁ‘Fﬁ dq??&lea@ﬁer al dé%rgpqn%t? Pon of the first reaction stage
PF 57520 38 Heat carrier used: Salt nelt of 60% by wei ght of potassium
nitrate and 408shposindithedatgipe um nitrite | s conducted in countercurrent
to the reactlorltJ gas m xture. Wth a frﬁisgz e of the catalyst tube with
fixed 5 catalys %ed, it was fed V\ntﬂw K ure of 320C and renoved
with a tenperature of 322C. Materi dtetogl Qlﬁ@e@é?m‘]}%t t ube disposed in a
~mul tiplee catal yst 10 tube fixed bed eg@eizddianfetsrrditihe st eel  Conposition of

‘the catal yst tube: length 3200 nm i'f\k&lft'ﬂﬁ:kné’és%%ﬁﬁ) 26 mm
Composition of starting

reaction gas mixture 1: 5.4% by volume  of propylene,
10.5% by volume  of molecular oxygen,

20 : ' 1.2% by volume  of CO,,
' 81.3% by volume of Nz, and
1.6% by volume  of H20.
Propylene loading of the

catalyst charge: 110 1 (STP)/I+h
25
Fresh charge of the catalyst
tube (in flow direction of the
reaction gas mixture) Zone A: 50 cm
Preliminary bed of steatite rings of geometry

30 7 mm x 7 mm x 4 mm {external diameter x length
X internal diameter) ' |
Zone B: 100 cm
Catalyst charge with a homogeneous mixture of
30% by weight of steatite rings (steatite C 220
35 from CeramTec) of geometry 5 mm x 3 mm x
2 mm (external diameter x length x internal di-
ameter) and 70% by weight of unsupported cata-
lyst from zone C.
Zone C: 170 cm
40 ' Catalyst charge with annular (5 mm x 3 mm x
2 mm = external diameter x length x internal di-



15 externalPRIbZE528 er 31 mm (wail thickness 2.5 nm Conposition of starting
. reaction gas mxture 1: 5.4% by volunme of propylene, 10.5% by vol une of

nol ecul ar oxygen, 20 1.2% by vol une of 3Box, 81.3% by vol une of N2, and
1.6% by volunme of H2O. Propyl ene | oading of the catal yst charge: 110 |
(STP)/1h 25 Fresh charge of the cat @meir) unsupportehcdtplyol atcersindi tofkxof t he
reaction gas mxture) Zone A: 50 cm Brild MonBEA besla@bsst eatite rings of
geormetry 30 7 mmx 7 mmx 4 mm (external diameter x length x internal

di aneter) Zone B: 100 cm Catal yst charge with a honobgeneous m xture of 30%
by wei ght dt stleiarmediate gaging afdeggondary gas@ddiien f r om Cer amifec) of geonetry 5
M X 3 M x 2 mm (external dianeter x length x internal di- aneter) and 70%

by wei ght of unﬁlrbo ?@&%ﬂg%gurel Hihe lféﬁépﬂgbmest% \%?g'gocrled 13075%06@%29@‘?“ al'yst

charge with annul 3 er Xx

internal di PF rg%@@ ¥chagge with p ﬁi‘ﬁé"ﬁfp@rﬁpéﬁb%‘ﬂ?‘éﬁ%ftpoﬁ?éWFhﬂ'H@ et%‘ Ex- anpl e
| of DE-A 100 44)% by weight bhdceeliimeditdiedn g dudlel ngdrritat exaadgensubatmntaligi tion 5
The product gaSWImd&}]Hér‘Sleﬁ'TIo&ﬂ%uﬁa‘sétﬁ}enﬁr\z% ﬁésggagg%awa acteﬁ:b x‘éu}rQ ofS0C by

i ndi - rect heat SSium

i trat dland 004G TRSIEHES 5T SR 1A e FIOB 1AIBS! DRAGIOLTHEARS Bcchanger
substanti al | y siltifgouixtuae wa$ epprok ot 88. Thidwadire maked todhp sesweldeadtionhavi ng a
tenperature of g el@@,q:a\(@,ﬁpé}g@%jofﬂgsgch an anount that the nolar ratio of
02:acrolein in the re- sulting mxture was approx. 1. 28 This m xture was

fed to the second reaction
. General description of the second reaction stage

15
The catalyst tube corresponded to that in the first reaction stage. Salt melt (same
composition as in the first reaction stage) and reaction gas mixture were con-
ducted in countercurrent. With a fresh charge of the catalyst tube with fixed cata-
lyst bed, the salt melt was fed with a temperature of 260°C and removed with a
20 temperature of 262°C.

The fresh charge of the
catalyst tube was (in flow
direction of the reaction
25 gas mixture) : Zone A;
' 20 cm preliminary bed of steatite rings (Steatit C 220
from CeramTec) of geometry 7 mm x 7 mm x 4 mm
{external diameter x length x internal diameter).
Zone B:
30 100 cm catalyst charge (alternatively: 120 cm)
with a homogeneous mixture of 30 (alternatively:
35) % by weight of steatite rings (steatite C 220
from CeramTec) of geometry 7 mm x3 mm x 4
- mm {external diameter x length X internal
35 diameter) and 70 (alternatively: 65) % by weight
of coated catalyst from zone C.
Zone C:
200 (alternatively: 180) cm catalyst charge with
annular (approx. 7mmx3 mmx4 mm =
40 - external diameter x length x internal diameter)
coated catalyst according to Preparation
Example 5 of DE-A 100 46 928.



st.age with BF P&aferature of '220C. I11. General description of the second

- reaction stage 15 The catal yst tube cor4r0esponded to that in the first

reaction stage. Salt nelt (same conposition as in the first reaction stage)
and reaction gas m xture were con- ducted in countercurrent. Wth a fresh
charge of the catalyst tube with fixed cata- |yst bed, the salt nelt was fed
wi th a tenpdt at Berilisf{thaGeEchviy of anmliedcidfdrination naimarpabatantialycfon2@@E. The
fresh charge of the catalyst tube was (in flow direction of the reaction
25 gas m xture) Zonq A 20 cmprelimnary bed of steatite rings (Steatit C
220 from d’g)r'an%)éac,nj‘p%f geonmetry 7 nmx 7 nmx 4 mm  (external dianeter x
length X internal dianeter). Zone B: 30 100 cm catal yst charge

(al ternatively: THZOnAyEis ofthé BroiuBOIERIRRESIST tHE XbetrR rehctiRA stajetRivBakd vel y:
35) % by wei ghtf gf .ﬁ%?eastllg_e rings (steatite C 220 from Ceramlec) of
oilo NS Ztlt :

geonetry 7 nmm X mm (external dianmeter x length x internal 35
dianeter) and 70 (alternatively: 65) % by weight of coated catalyst from

fone C. Z<7)ne C: TROEbrivaldieT sfahé ¥eblein bfifled BIthe aisttasstiort stag@ Rithikdy caﬂémllﬂ ar
appro mm x , = - t a
i aheteld  Cont v HE AT RS B EaBng 2@%&‘?@ Slgt (ﬁﬁ%@s@ SR A 100
46 928. PF 5752tpni thesgohratan iplet fenineratidrectlt 9hipe salbmelh kyiq thesesendistag? mat i on
remai ned subst asftacaPCywao8Es and at )selectvityl of abrylidaciafmhpdorsofcd8.9 hel%pr oduct

gas m xture of 'm"ﬁeeﬁ‘@%t&rW@tﬁg?ia%ﬁgﬁgaﬁdt&%‘” @bé& ing results: The

conversion of the acrolern ITst reaction stage wth fixed
cats- 10 lyst bed installed freshly into the second reaction stage (on
conpl et1%n of cWithiincréasing orgeratmgriieod, Yhe atrolain donvetionémipersetomdredciiorof t he

salt nmelt into §hes RACORMUEIAGRase in the inlet temperature of the salt melt into the sec-
ond reaction stage allowed this loss of activity to be balanced out (the deactiva-
tion rate was stable at 8°Clyear). '

20 As T of 283°C was attained, ATHB, was 33°C. The process was then interrupted

: and the entire zone A and the entire zone B in the second reaction stage were
sucked out and replaced by a fresh zone A and a fresh zone B, except that the
fresh zone B had only 50% by weight of the steatite rings of geometry 7 mm x
3 mm x 4 mm and only 50% by weight of fresh coated catalyst according to

25 Preparation Example 5 of DE-A 100 46 928.

With a Tin of 275°C, it was subseguently possible to continue the process other-
wise unchanged at acrolein conversion 99.3 mol% with a deactivation rate of
12°Clyear and a ATHB, of 32°C.
30
B) Comparative example

The procedure of the example was repeated, except that the zone B sucked out

was replaced by a fresh zone B which, like the original zone B, had only 30% by
35 weight of the steatite rings of geometry 7 mm x 3 mm x 4 mm and 70% by weight

of fresh coated catalyst according to Preparation Example 5 of DE-A 100 46 928.

Although it was subsequently possible to continue the process with an acrolein
conversion of 99.3 mol% at a T of only 270°C, ATH8, was 48°C and the deacti-
40 vation rate was 20°C/year.



of 260C, waBF 985 nol % at a selectivity of acrylic acid formation of 88.9
.ml % CQust |ike the data below, these data are based on single pass). 15
Wth increasing operating time, the acrdlein conversion in the second
reaction .stage fell. Gadual increase in the inlet tenperature of the salt
melt into the s€8-Provisiona&atendApplicagen blol GW@I6, 20T, dilddogslaniliagcd,i2BDbyist o be
bal anced out (tReofleaedd M@ thk! %eh‘%ﬂjﬁeﬁeﬁﬁ%pﬁéﬁl@h%yﬂierﬁge)/r@%rrénce.zo As Tin of
283C was attai ned, ATHBv was gSC. he process was then interrupted and the
entire zone A and the entire zone B in the second reaction stage were
sucked out and Yplresregt toyheiaforaraentionad teachings,soumesays chaneesto akcegyta-t hat
the fresh zonetidasath Rl presPVorREntitRl 48hogdibiehe steatite rings of geometry 7
mnmmx 3 mmx 4 mm and only 50% by wei ght of fresh coated catal yst accordi ng
to 25 Preparation Exanple 5 of DE-A 100 46 928. Wth a Tin of 275C, it was
subsequent | y pol samiheraferedsrassamed that the ipeerdionowitn the gostext Attha sgaeheast

acrol ei n conver ghias, 84h Be pafdmmadtdiferetigdmim hatwarspealicalyfdesdidebyeaginand a
ATHBn of 32C. 30 B) Conparative exanple The procedure of the exanple was
repeated, except that the zone B sucked out was replaced by a fresh zone B
which, like the-original zone B, had only 30% by 35 weight of the steatite
rings of geonetry 7 mmx 3 nmx 4 nmand 70% by wei ght of fresh coated

catal yst according to Preparation Exanple 5 of DE-A 100 46 928. Although it
was subsequently possible to continue the process with an acrolein
conversion of 99.3 nol% at a Tin of only 270C, ATHBn was 48C and the deacti -
40 vation rate was 20C/ year. PF 57520 41 US Provisional Patent Application
No. 60/ 756,207, filed on January 5, 2006, is incorporated into the present
patent application by literature reference. Wth respect to the

af orenenti oned teachi ngs, nunerous changes to and devia- 5 tions fromthe
present invention are possible. It can therefore be assuned that the
invention, within the context of the attached clains, can be perforned
differently fromthe way specifically described herein. PF 57520 42 \Wat is
claimed is: 1. A process for heterogeneously catal yzed gas phase parti al

oxi dation of at least one organic starting conpound w th nol ecul ar oxygen
over a fixed catalyst bed 5 freshly installed into-a reaction chanber, in
whi ch, for the purpose of the partial oxidation, a reaction gas m xture
conprising the at | east one organic starting



conpound affff §1%€0nol ecul ar oxygen is conducted through the fixed catal yst
bed and heat of reaction is renoved by,indirect heat exchange with a fluid
heat car- rier conducted outside the reaction chanber, and, when increasing
operating 10 tinme is acconpanied by an increasing reduction in the quality
of the fixdatiFARTedShed, the quality of the fixed catalyst bed is
recovered by replacing not the entire fixed catalyst bed but only a portion

e oy 12, [ FPhBEAIING! néibBEn sk sty RadasPAbLe phErAIdbRSr at least |
! ovor 1 hoeCt he B iabi Saling A abdid FET TR R o L SRsh 2B e St delt ° ped

15 part5in its ffesblytinsjalieddntalalreactionahamber, imteichirfecias putrose odinegparidicl ai m 1,
wher ei n the gasxRBASE arahétionl ga@rhidatd mprisidae at Rhsturepy@Nestbaingcr ol ei n

and/or acrylic acjid [ t_of .i,s0 e )| T

met hacrylic aci°85”98P”‘§)ﬁ%‘§ {F’%f”ﬁ‘@%?%%e‘?‘%‘?@g é%ﬁ%%ﬁéé]g@@h%o?ﬂ)t(%g%t%?slf bed

net hacr ol ei n 2@ngheaeeltaagtiphiicremavad byindinel hest epepanwith @ fiyikRaat éamci d, or

\tAﬂat of iﬁobut aRe coriuctERtdutide/ heGedgtiol chambdhen@itpsncrassiog dbergtii cl ai m 1,
erei p,the at - It or gani c

tarti 09 compodfiiF PRy pgliant o RERlsbhlHedin RUYRGLRy B ine 348 pRot

1- but ene, 2- butbedethe suplinef edirod ratalvat ad i Freovared\nydRelacing gotshe grire

i sobut ene, t er tixbditatalykt bddsait ohlyraapatedyitiereofriey bydpladanent ited eatdlydtwiednol , o-

xyl ene, naphth n t.adi ; : : ; L . The

process accor d?ﬁg’_‘?ﬁegﬁfﬁg?s‘gﬁ’&%?Q%Eggﬁ’wm’gﬁéﬁﬁ%ﬂée%ggg%ﬁg %tr%egfti al 30

oxi dation is tmendelovsathepdr veims-sprelicadiydy gh eﬁ%@‘@%&?f’ caRlvskPefat i on. 5.

The prdBess acqeartdn itgfreshlcinaialiedistatsher ei n t he gas phase partial oxidation is

the partial oxidation of acrolein to acrylic acid in a two-stage gas phase

partial oxida- _tion of propylene to acrylic . acid. 35 6. The .proces

e cor di ng €o amPedto®eaBRENNG & 8o, het rHiHeoePRe FHEL PYRRSGE TRt 1ty of
the repl acenmentof piopgigne & adryletn dreldbrzanic asidserdhattdidgobutsas e methacrieipame
conversi ;)n of : tﬁh@:’o@r‘r%?%cﬁ%ﬁéfa@fdt bﬂtﬁatlc&rﬂtéﬂil@lﬁitd ékar?i{}dﬁ&:’icﬁ oP 8x$ oﬂheﬂh_@@r_o‘feﬁ%ﬁC]EI ?E
gas ure throu i X at.al ys ed ar e c osition o e
reacti 40 gaé0 ﬁ%egﬁﬁfyé'géﬁ'& rﬁtggtsogr%élqaggg? %‘@{V‘E‘% aq%eor?ﬁféalsgg@ar@éq bed with
reacti on gas nimethaqiylig acithe difference dAT between the hotspot expansion
AT"B" of the fixed cata- |yst bed after the replacenent by the repl acenent
fixed catakyst I . [ 1t . ot spot
expansi on AT" Bﬁgg){(g(’r%gg g E‘g&g‘ggﬁﬁéﬁn‘;ﬁ%‘*ﬁ‘ ﬁ@é‘atﬁ%ﬁp{tggg[? ﬂ”'cfa‘tlﬂ%géggggal yst
bed part has b&eH¢igratiasgt g orgpoie sastingsCamppuad AppEhe JIOURBPMANSingpreoC. 5 7.
The progess acoglkfengréloinch-duteng, 2-bhiene] sthghR] beszeneom-xykinet p-xyiéAE; iso-8. The
process accor digig,L06h LB, Fort HAERE! RoSiiraldenfde Meth elfr 8Ftert-butanal, o-

xylene, naphthalene, butadiene, ethylene, propane or methacrolein.

4. The procéss according to any of claims 1 to 3, wherein the gas phase partial
30 oxidation is the second stage of a two-stage gas phase partial oxidation.

5. The process according to claim 4, wherein the gas phase partial oxidation is the
partial oxidation of acrolein to acrylic acid in a two-stage gas phase partial oxida-
tion of propylene to acrylic acid. '

35

6. The process according to any of claims 1 to 5, wherein the volume-specific activ-
ity of the replacement fixed catalyst bed part is such that, based on the same
conversion of the organic starting compound in single pass of the reaction gas
mixture through the fixed cafalyst bed and the same composition of the reaction

40 gas mixture and the same loading of the fixed catalyst bed with reaction gas mix-
ture, the difference dAT between the hotspot expansion ATHE, of the fixed cata-
lyst bed after the replacement by the replacement fixed catalyst bed part has be-



9. The prdees§&s2fccording to any of clains 1 to'8, wherein the reaction
chanber is 10 the interior of a reactign tube. 10. The process according to
claim9, wherein the reaction tube is (ﬁ%posed in a tube bundle reactor. 15
11. The process according to any of clains 1 to 10, wherein the part of the
fixed catal ysen ¢afted eyl anddbe bytspoteexpepsion dh€nbeforaide replacament bydite part

extends in fl onpiadbmestixen cafalyshBed SAEhaPPedPsarBXeM! rihéd 8PdAP=80%0f the
bed Iength of ti Xgfo catalyst bed.

Vs
5 T The process according to claim 6, wherein dAT is from -15 to +10°C.
8. The process according to claim 6, wherein dAT is from —10 to 0°C.

9. The process according to any of claims 1 to 8, wherein the reaction chamber is
10 the interior of a reaction tube.

10.  The process according to claim 9, wherein the reaction tube is disposed in a tube
bundle reactor.

15 11. The process according to any of claims 1 to 10, wherein the part of the fixed
catalyst bed replaced by the replacement fixed catalyst bed part extends in flow
direction of the reaction gas mixture to up to 80% of the bed length of the fixed
catalyst bed.



