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PHASE OXIDATION OF PROPYLENE TO FORM ACRYLIC ACID Description 5 The
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oxidation of propylene to acrylic acid, in which, in a first reaction zone, a starting reaction gas
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procedure igyRiRRlksReEIREA 8Fa product gas mixture 2, is conducted through at least one sec-
ond catalyst bed whose catalysts have at least one multimetal oxide comprising Mo
25 andV as the active composition in such a way that the acrolein conversion in single
pass through the catalyst bed is 2 85 mol% and the selectivity S of acrylic acid forma-
tion assessed over both reaction stages, based on propylene converted, is 2 70 mol%.

As a partial oxidation product of propylene, acrylic acid is a significant monomer which
30 finds use as such or in the form of its alkyl esters for obtaining polymers suitable, for

example, as adhesives, or water-superabsorbing polymers (cf., for example,

WO 03/011804, DE-A 102 45 585, EP-A 1 611 078, DE-A 10 2005 013 0383,

DE-A 10 2005 010 111, WO 02/055462 and WO 03/078378).

35 The preparation of acrylic acid by heterogeneously catalyzed two-stage partial oxida-
tion of propylene is known (cf., for example, DE-A 102 45 585, WO 03/011804,
DE-A 101 31 297, WO 01/96270).

The propylene required as a starting substance for this procedure is typically added as
40  a constituent of crude propylene. In contrast to chemically pure propylene, crude pro-
pylene should be understood in this document to mean propylene which, in addition to
propylene, also comprises at least two {or at least three, or at least four) further con-
stituents (impurities) other than propane and cyclopropane (and preferably also other
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It is also advantageous for the process according to the invention when the crude pro-
pylene to be used consists of propylene {o an extent of 2 90% by weight and of pro-
pane and propylene to an extent of = 97% by weight (or to an extent of 2 98% by

30  weight, preferably to an extent of 2 98% by weight).

It is also favorable for the process according to the invention when the crude propylene

to be used consists of propylene to an extent of 2 94% by weight and of propane and

propylene to an extent of 2 87% by weight (or to an extent of = 98% by weight, pref-
35  erably to an extent of 2 99% by weight).

It is also particularly favarable for the process according to the invention when the
crude propylene to be used consists of propylene to an extent of 2 96% by weight (bet-
ter to an extent of 2 97% by weight) and of propane and propylene to an extent of

40 2 98% by weight (or to an extent of 2 99% by weight).



propylene t(?gr?g‘g@nt of a 97% by weight (or to an extent of a 98% by weight, pref- 35 erably
to an extent of a 99% by weight). It is also particularly favorable for the process according to
the invention when the crude propylene to be used3consists of propylene to an extent of a
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rities present in other mert dliuent gases if these ine d|luent gases are added to the
25  starting reaction gas mixture for the partial oxidation as such crude inert diluent gases.

The technical {iterature has hitherto regarded the propanes to be such inert gases in
relation to the partial oxidation of propylene to acrylic acid. The considerations in this
regard even go to the extent of replacing propylene as the raw material for preparing

30  acrylic acid with propane as such a raw material. In this case, propane is dehydroge-
nated partially fo propylene in a first step and the propylene formed in the first step is
subsequently partially oxidized to acrylic acid under heterogeneous catalysis in the
presence of the unconverted propane. Normally, propane in such a resulting starfing
reaction gas mixture even forms the main constituent. Recycling of the residual gas

35  which comprises unconverted propane and remains in the condensation of the target
product out of the product gas mixture into the dehydrogenation and/or partial oxidation
allows the propane in this way finally to be converted fully to acrylic acid (cf., for exam-
ple Diz-A 102 45 585, DE-A 10 2005 009 885, DE-A 10 2005 010 111). Although a van-
ishing amount of the propane (of the order of magnitude of 0.01% by weight based on

40 its use amount) can be converted to propionic acid (which is an undesired companion
to acrylic acid merely owing to its unpleasant odor even in the smallest amounts and
also owing to its inability to polymerize in a free-radical manner), such low by-product
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employed fggfgaseRRQfieae@omic viability. 25 In other words, a portion of the crude gas
impurity is removed prior to the use of crude gas for the partial oxidation, and the remaining
portion is removed from the target product as a by-product formed after the partial oxidation

has been cé{h"é%ms&ﬁe&rsvﬁzea ROt RN ETRIYGSLIRIOIT IS YR A epraRghoHabilty.
by-prédfuct oy wasesiramportion of the crude gas impurity is removed prior to the use of crude

gas for the partial oxidation, and the remaining portion is removed from the target

product as a by-product formed after the partial oxidation has been carried out (or vice

versa). When the remaining portion is small enough, the by-product formed therefrom

can, if appropriate, also be discharged with the target product. Passible removai proc-
30 esses are in particular thermal separation processes.

Thermal separation processes are understood to mean those processes in which at
least two substance phases different from one another (for example liquid/liquid; gase-
ous/liquid; solid/liquid; gaseous/solid, efc.) are generated and contacted with one an-
35 other. Owing to the inequilibrium existing between the phases, heat and mass transfer
which ultimately causes the desired separation (removal) takes place between them.
The term thermal separation processes reflects that it requires either the withdrawal or
the supply of heat to obtain the formation of the substance phases and/or that the with-
drawal or the supply of thermal energy promotes or maintains the mass transfer.
40
Thermal separation processes are therefore, for example, distillations, rectifications,
crystallations, extractions, azeotropic distillations, azeotropic recfifications, stripping,
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propane in crude gases prior to their use for the parizai oxudaﬂon In principle, cyclopro-
pane can also be removed by rectification from propylene or propane, given that the
relevant boiling points are sufficiently different from one another at standard pressure
(propylene b.p. = -47°C; propane b.p. = -44.5°C and cyclopropane b.p. = -32.8°C). The
aforementioned objective and its solution is of particular interest in particular when at
30 least a portion of the residual gas which remains in the removal of acrylic acid from the
product gas mixture of the partial oxidation and would comprise incompletely converted
cyclopropane in the partial oxidation is recycled at least partly as cycle gas into the
partial oxidation as a constituent of the corresponding starting reaction gas mixture,
given that such a cycle gas method in continuous operation would be accompanied by
35 accumulation of the cyclopropane in the starting reaction gas mixture.

As a solution fo the object of the invention, a process has been found for heterogene-
ously catalyzed partial gas phase coxidation of propylene to acrylic acid, in which, in a
first reaction zone, a starting reaction gas mixture 1 which comprises propylene and

40  molecular oxygen as reactants and at least propane as an inert diluent gas and com-
prises the molecular oxygen and the propylene in a molar Oz : CiHs ratioof 2 1 is, ina
first reaction stage at elevated temperature, conducted through at least one first
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in a mdfar 02udBEOYlaNe.of a 0.5, in a second reaction stage at elevated temperature and
with formation of a product gas mixture 2, is conducted through at least one second catalyst

bed wh tal t
o TS e o
an 10

p
catalyst bedis & <8y b acr c Rcitt for n asséssed oveP o‘th

reaction stQ§&7HALBA Bn %rﬁﬁﬁ@r{@%&%ﬁ%e idhe pip(presationRadsAeBegalin i HRWReN
where®¥ stdhgrfjsosestongisgsigtsieutangseshonneratatbiachthelicl is prdpami’present
therein, 2 92 mol%, or = 83 mol%, or =2 94 mo!%, or = 95 mol%, or = 96 mol%, or 2 97 mol%, or

= 98 mol%, or 2 99 mol%. This is caused by the aforementioned conversions {they
always relate to single pass of the reaction gas mixture through the catalyst bed) with
the same catalyst system normally being achieved when the reaction temperature in

30 the particular reaction stage is selected at an elevated level. However, elevated tem-
peratures are especially also beneficial for the conversion of cyclopropane to propionic
acid.

The process according to the invention develops its advantageousness especially
35 when the content in starting reaction gas mixture 1 of ¢yclopropane, based on propane
present therein, is S 2.5 moi%, better < 2 mol%, preferably < 1.5 mol%, better
< 1 mol%, more preferably < 0.75 mol%, better < 0.5 mol%, even better <0.25 or
< 0.2 mol%, more advantageously = 0.17, or £ 0.15, or = 0.1 moi%. At best, the con-
tent in starting reaction gas mixture 1 of cyclopropane is vanishing. However, for rea-
40  sons of convenience, it will frequently be such that it is, based on propane present in
the starting reaction gas mixture, =z 10 molppb, ar = 50 molppb, or 2 100 molppb, or
= 1 molppm, or = 10 molppm.



comprises 5 B of cyclopropane and has been obtained with additional use of 20 crude
propylene. The process according to the invention is of significance especially when it is
operated such that CA is ? 96 mol%, or a 97 mol%jy or Z 98 mol%, or a 98.5 mol%, or a 99
mol%, or >_99.5 mol%, or z 99.8 mol% or more. The aforementioned is especially true when

25 the first reaction stage is simultaneously operated sych that CP is z 91 mol%, or z 92
ol%h or 7 SERENTES GESTGTIBI08 DY SUST ORI SRS, BP P raErtoa s
mol%, or iY SBETHI9% StERtGreasiayasy thktrerbrante REPrRNEBIEs_tHsFelvia e ate
to single padé ofcthemetadddiDguspnirtuefbmo (g imtippcatal $80D e prith, thé&samelcatallysh
system formpagtoaingpaehieyemivi2e0 hepeRcOrsIMRERHISIRrad BT PRsipiHatoreaction

tage I SeloRRSABAR, BYHGH IFbIYRYS sBENAIRA PR BEfATUBaA B appRcallY also
beneficial fof ?n%f)n\r/ﬁrésqagg l(_é;/(t[}o%réopane to propionic acid. The process according to the
invention deve opseps advantag Ji8Mkss especially 35 when the content in starting reaction

gas mixture 1 of cyclopropane, based on propane present therein, is 5 2.5 mol%, better s 2
mol%, prefepiitiypwgse.Shaglfdcesstamcrdimgdiytherioveniiaierallpe s riEs md fhelibeterdco.5
Mol%,1evencsheeknsatiper s& Brawoitdgeniradensiagsosiblyzedphfifd gds Qs O6sifal
mol%. At bggf, %Féﬁ}]éﬁé‘@’aﬁf‘?ﬁg%iﬁ%ﬂiﬂﬂ 9%‘&%' ﬂflggggg,gyopane is vanishing.

However, for rea- 40 sons of convenience, it will frequently be such that it is, based on
propane present in the startin%reaction gas mixture, z 10 molppb, or ? 50 molppb, or z 100

molppb, or TORRIBPRIEoINS catgksbissinmay by rerbeskertiddizef baARTESIREG AR Ntion
are thus alsgittodednoatdshcd witly theprupatien totite nsefof faeth gataivsiibadsas hathueadion
basedian pmipges present therein, is from 10 molppm to 8000 molppm, or from 10 molppm to
5000 molppm, or from 100 molppm 5 to 3000 molppm, or from 200 molppm to 2500 molppm,

f 300 0 i , | 0 1500 mol ,
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partial gas H#E4E bISdEIHE sPibropindiersdhmt i anpwpsrigarsiplstanion1easé3639s For
examjde, thmisha yetlie dskenay bedérethbdalsl opfidilibne dilecds25@famd rickald) givieh in con-
accordancegyystedhBriugersins e tBe rredp tiprb et YR et Mdiiferea@iRadihg siages. In
this documept. 100 &l s EXE D PR bRF LI L STREERE-GRAHE AR WEaction

gas mixture. In that case, it is the amount of this component in standard liters which is

conducted as a constituent of a appropriate starting reaction gas mixture through one

25  liter of the (fixed) catalyst bed per hour.

Specifically, the realization of the two-stage heterogeneously catalyzed partial oxidation
of propylene to acrylic acid o be carried out in accordance with the invention using an
inventive starting reaction gas mixture 1 may for example be cairied out as described

30 inthe documents EP-A 700 714 (first reaction stage; as described there, but also in
corresponding countercurrent mode of salt bath and starting reaction gas mixture over
the tube bundle reactor), EP-A 700 883 (second reaction stage; as described there, but
also in corresponding countercurrent mode), WO 04/085369 (especially this document
is considered to be an integral part of this document) (as a two-stage process),

35 WO 04/05363, DE-A 103 13 212 (first reaction stage), EP-A 1 159 248 (as a two-stage
process), EP-A 1 159 248 (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-stage),
WO 04/085368 (as a two-stage process), DE-A 10 2004 021 764 (two-stage),

WO 04/085362 (first reaction stage), WO 04/085370 (second reaction stage),

40 WO 04/085365 (second reaction stage), WO 04/085367 (two-stage), EP-A 990 636,

EP-A 1 007 007 and EP-A 1 106 508,



ture is undefFRIEHE mean the amount of starting reaction gas mixture in standard li- ters (= |
(STP); the volume in liters that the appropriate amount of starting reaction gas 20 mixture
would take up under standard conditions (i.e. at 25@ and 1 bar)) which is con- ducted through

li f f th d d
o be bac Ik SR B 108 DM K Sl (BRI I e B A R e
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the docume%é&ggﬁf%g%gaﬁfj) wslgig%ai]aof};etg)cgt ?n‘tjpgs%br?b%?ﬁt nerhers, Ut S i Ofemgiecu'
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tube bundleifsgtian), this ia sfesied Preiecahld incactirdasteg withsueiswebtiontiretes farm aibaiin
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(second reéfﬁ%?gfgliga%e;}“gé% 'ﬁvf% 2%% % ga TWO-STAge Sg%’(l:[)gfs?ss1 %éhﬁ? '135‘% %r?ias a
two-stage pPERANE)g R"fi%i%i%em@%w@&?\@mg OlESHIRs S1YeeR tHBYRe BRocess),
DE-A 10 2082@51 oienqiges Rt spgenemimbie e (tvsrab actersstage B ISveIead86s8 70
(second reaatitetdtasia)tird résctiod/HSSDE(ect.and epaciipthetag); MO ORBeRSHr oxy-
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especially tr, Q‘gll working examples contained in these documents. They may be carried
out as described in these documents, but with the difference that the starting reaction gas
mixture used for the first reaction stage is an inventive starting reaction gas mixture 1.

Regarding tM&lisstahirife sairhaisryhide snopdan ibesinanise SuimRingeseidases witthe
documents tineintientidyespgermiyityafdrthdpaficathcoatyisn bage ahthedactasddtianling on

the fixed cagdysishrae)b¥éRepiBRERTRNINEE BEiaeara s WAMdGIWRMOBBRESNREN e
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f
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inert gas. ABMQEH@; vhPRT a@%&&ﬁ@@@@\ﬂ?ﬁﬁéqrﬂ?ﬂﬂgna‘ééc%haé%ﬂ%‘ﬁg%ﬁ%%bhed in
such an anfousmpfiizesprefdbetggasaiktimaia biilltbeiwristEsamentientedpritnleddacworggtn.

Howeyper, theatalysts usabie for the particular oxidation stage (reaction stage) are also disclosed
by the documents DE-A 103 25 488, DE-A 103 25 487, DE-A 103 53 954, DE-A
103 44 149, DE-A 103 51 269, DE-A 103 50 812, DE-A 103 50 822.

Possible multimetal oxide active compaositions comprising Mo, Bi and Fe for the proc-
30  ess according to the invention in the first reaction stage are also the multimetal oxide
active compositions of the general formula i of DE-A 199 55 176, the multimetal oxide
active compositions of the general formula | of DE-A 199 48 523, the multimetal oxide
active compositions of the general formuiae |, [l and (Il of DE-A 101 01 695, the mui-
timetal oxide active compositions of the general formulae |, [ and Il of DE-A 188 48
35 248 and the multimetal oxide active compositions of the general formulae |, Il and Hi of
DE-A 199 55 168, and also the multimetal oxide active compositions specified in
EP-A 700 714.

Also suitable for the first reaction stage of the process according to the invention are
40  the multimetal oxide catalysts comprising Mo, Bi and Fe which are disclosed in the

documents Research Disclosure No. 497012 of 08.28.2005, DE-A 100 46 957,

DE-A 100 63 162, DE-C 3 338 380, DE-A 189 02 562, EP-A 15 565, DE-C 2 380 765,



amount of MoIEEH&T oxygen required for the overall process may also already be added to
starting reaction gas mixture 1. In general, the molar ratio of molecular oxy 15 gen present in
starting reaction gas mixture 1 to propylene presengin this mixture is >_ 1 and<_3. Multimetal

oxide catallegs MYIGRACRIERSR $1681 P HEoN eﬁﬁ Gen éﬁ;@:@;&gﬁwﬁg Abgrgygapiion and
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multimetal @méeakﬂt@%ﬁﬂ@@ﬁﬁo%’gooméigeﬁapaw@*ﬁmmaﬂeaﬁfdhﬁ Biultireieloyddss 168,
and also theatalptitnefd!Sdde 4dlyaidompakitionts sppeifialy imUERviAeT 00eEe dolkdsosiliitdete for
the firgbreantion 5@@@:@&’5&1&@5%@&6@%@% nihe SERIER areind@ themwHmetal oxide

catalysts COJT?EMW h«%ﬂls IOB RN W6 HOCH MENISRA SR di
Disclosure No, 497 338 380,

1 2, DE-C
e el S gﬁ%fﬂé?@f&%%&hwg#ﬁs RN Bk 590
74, DE-A 38X asxgsaiesiiorapaiaienmpsismmens ﬁ@@%@@&é OB EDATAG DA
197 46 210aHskenAteid denatal formula 1), JP-A 91/294239, EP-A 293 224 and EP-A 700
714. Pis applies in particular to the exemplary embodiments in these documents, and

among thei@ﬁ@i&@&@éﬂf@@%@ﬂd@é&%@ *ébfﬂ@%%r%ggﬂ&w%@ﬁﬁén E&w@ré@ﬁ@%@%@
197 46 210 Eg“%% é 1r9§ §15 ilE?, P rt| Ha§|§ {sr é;av n |n % ontﬁ catall¥
according to 'ie F i ¢ él so tso a ca re Icé%'re e

correspondif haWHISF SR fﬁ@ﬂ%”c%?ﬂ;&'&%“ﬁo??ﬁ%&’ M@%&ﬁ&éﬁ%wmm procedure
MO12NI16.5% Hieren: payiBoésldale@rt can be encompassed by the general formula IV

25
M0128iaF9bX1cX2dx3ex4fon (IV)
in which the variabies are each defined as follows:
30  X'= nickel and/or cobalt,
X2 = thallium, an alkali metal and/or an alkaline earth metal,
X3 = zinc, phosphorus, arsenic, boron, antimony, tin, ceriim, lead and/or tungsten,
X = silicon, aluminum, titanium and/or zirconium,
3 a= fromG.5to5,
b = from 0.01 to 5, preferably from 2 to 4,
¢ = from 0 to 10, preferably from 3 to 10,
d = from 0 to 2, preferably from 0.02 to 2,
e = from 0 to 8, preferably from 0 to 5,
40 f= from0Oto 10 and
n = anumber which is determined by the valency and frequency of the elements in

IV other than oxygen.



10 Si02. E E '%s also given to the example having the serial number 3 from 10 DE-A 198
55 913 (stoichiometry: Mo,2Co,Fe3Bio.6K0.06Sk.60x) as an unsupported hollow cylinder
catalyst of geometry 5 mm x 3 mm x 2 mm (external diameter x height x inter- nal diameter)
and also to the unsupported multimetal oxide Il catéyst according to Ex- ample 1 of DE-A 197
46 210. Mention should also be made of the multimetal oxide catalysts of US-A 4, 438, 217.

The latter i | I ' try of 5. 3
R S i b S

, m mi, ar m , Or 6
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possible caf§ERRpAHRRAENFHRNRAEEE-eiva TP BRIASIERSS FordRdaiplOTaiRRTe thand
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oxide active:sRiperasdionsamiehsprenEar Mat fre anfeRbHl NEOSEONERSRAER 1S are used
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reaction and in {he case of w se the inventive proc re particula

relevant cah™B& Bﬁ'é‘ompassed by the general formula IV 25 MOf2BiaFeb.CfcC2dX3eX4fO"
(IV) in which the variables are each defined as follows: 30 X1 = nickel and/or cobalt, X2 =
thalliuh®, anrajcticipletadcive /corapoaitiatis efdhetigemetal fof Bz NG hgspiratyh apsepatetoron,
antimony, tifskapldthamast E?@&éﬂﬁ@ﬂ@@g%ﬂirﬁﬁﬂip@@f&ﬂmiﬂ%% Hmam@r}ﬂlﬁw? h%-
zirconium, 3 = : = : =1t :
preferably f?%:]a ?? %ﬂﬁ%&grﬁﬁ% 8%%8 A %%ﬁ'eégb% (rgglm .%lgﬁoqg,]sef{é)qj:%ﬁ% ;%S%gg fqpe%érably
from 0 to 5 HGIEDRLFRTS THENe A SPGB S TRErPIY S A A0y R rTdlp 5
frequency GTRALCR SRR sifepledpitianartskiishoros wnder 20 oRidatifereimenpiosied ™ true
in parfibulaexdTepielay(mistalstafriee i gas mot oeyderjandaisosentire fedwingyitepEliFeted0 23
239) and usrel Ex0pN ArRCeVInEIEGAY AIHNC D ErRIGMIIC TRBARRSHESH IRFaNSEM toehven
spheres, ringR.QYIREELS LR ABUS A YBR MYIBLRLES EEh GRIADETRURE  (NERINaBGdge

support bo?c')er hceog\teen(“jsevr\ﬂg? ct:grexsﬁ{:&cla\fﬁs of the multimetal oxide active compositions [V are those

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

In addition to the oxides, such useful starting compounds include in particular halides,
nitrates, formates, oxalates, citrates, acetates, carbonates, amine complexes, ammo-
nium saits and/or hydroxides {compounds such as NHsOH, (NH4}2COs, NH4sNO3,

25 NH4CHOz, CHaCOOCH, NH4CHaCO2 and/or ammonium oxalate which decompose
and/or can be decomposed on later calcining at the latest to give compounds which are
released in gaseous form can be additionally incorporated into the intimate dry mix-
ture).

30  The starting compounds for preparing multimetal oxide active compositions [V can be
intimately mixed in dry or in wet form. When they are mixed in dry form, the starting
compounds are appropriately used as finely divided powders and subjected to calcina-
tion after mixing and, if appropriate, compacting. However, prefarence is given to inti-
mate mixing in wet form. Typically, the starting compounds are mixed with each other

35 inthe form of an aqueous solution and/or suspension. Particularly intimate dry mixtures
are obtained in the mixing process described when the starting materials are exciu-
sively sources of the elemental constituents in dissolved form. The solvent used is
preferably water. Subsequently, the aqueous composition obtained is dried, and the
drying process is preferably effected by spray-drying the aqueous mixture at exit tem-

40  peratures of from 100 to 150°C.



compositiorﬁ'ftwm_f@e appreciated that the statement also applies when they are used in
powder form as catalysts for the first reaction stage (for example in fluidized bed reactors). 10
In principle, active compositions of the general formgla IV can generally be prepared in a
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which are r‘é%@ﬁ%‘&é’m%ﬁﬁ galig @a'@éerﬁ&wrg}'%abmewmﬁ@ ﬁﬁﬁﬁa@é%y mix-
ture). 30 Thamsttatiaodcs lepabraidreon BrisptHrinmgnn oltheergosidecduimvondinsissitows| bk
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after mixing and, If appropriate, compacting. However, preference is given to inti- mate mixing
in wet form. Typically, the starting compounds are mixed with each other 35 in the form of an

aqueous so AP I/EI9En S5EREIN PELIGHIGIY: 7 ARG ARSPIHRRES QU FRSIBYGRIRNIES the
mixing procde§¥HEsthRads ¢hen (Aeemratidigmeies fdrnate eidrmalvinnstencesnsicially in the
elemental censtitdentsppolitsbbatahyfstsm. The solvent used is preferably water. Subsequently,
the agygeous composition obtained is dried, and the drying process is preferably effected by
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coating of the support bodies to produce the coated catalysts is generally performed in
25  asuitable rotatable vessel, as disclosed, for exampile, by DE-A 29 08 671, EP-A 293
859 or EP-A 714 700. To coat the support bodies, the powder composition to be ap-
plied 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 sup-
port body is frequently selected within the range from 10 to 1000 um, preferably within
30  the range from 50 fo 500 um 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
magnesium silicate or aluminum silicate. They generally behave substantially inertly
35 with regard to the target reaction on which the process according to the invention is
based. The support bodies can have a regular or irregular shape, although preference
is given to regularly shaped support bodies having distinct surface roughness, for ex-
ample spheres or hollow cylinders. It is relevant in accordance with the invention {o use
substantially nonporous, surface-roughened spherical supports made of steatite whose
40  diameter is from 1 to 10 mm or to 8 mm, preferably from 4 to 5 mm. However, it is also
relevant in accordance with the invention to use cylinders whose length is from 2 to
10 mm and whose external diameter is from 4 {o 10 mm as support bodies. In the case



or after the fifaP&4i8nation. For example, unsupported catalysts can be prepared from 5 the
powder form of the active composition or its uncalcined and/or partially calcined precursor
composition by compacting to the desired catalyst ggometry (for example by tableting or

extruding), if ropriate with the addition of assistants, for example.graph- ite or stearic acid
e lobrioon 8 e B AR 005 e ell ROT AR S e oA, T A e
asbestos, sTHEPPERBHRS & PBtaatdUmaneaidschmeitntnoinvetiephare @ et Pdamiete
use hexagobahivoemrexiait dsmetasoifram hith® whaprdmywad thicknesseofdeuirby ©OE-mrh0
2005 037 6 Afsdreimate heicsuitRies sy EROHesnitHalis iago aiejeeadnglude solid cylinders
ot the hellony e Rt e
catalyst oo ERE ISR SR 20 SRR 905 b BRI D éFﬁgnﬁa?%&%éweﬁ A
from 2 to 1(PRh ISEhemgReAtiHeied JadheclRp iRt roatng thiskoast (A aBBofdalc&Mih the
invention is 5 mm x 3 mm x 2 mm (external diameter x length x internal diameter), especially
inthe casenpitpBERMiRAEHRISIHpSSHDNE RIbVEH PNERSIERTMRAIHDMVEIRIGA Yollthe

o O Ce R INBIUAD-G Llb B L JRD YRR U By 1 be

calcined and/or partially Calcined, may of course also be shaped by applying to preshaped

inert catalyst supPorts. The coatir%%?f the support bodies to produce the coated catalysts is
generally péHortied:dl¥5 4 stifbte fo¥dudbid vessel, as disclosetV)for example, by DE-A 29
09 671, EP-A 293 859 or EP-A 714 700. To coat the support bodies, the powder composition

to be ap- pligdvisiarpeoRiiRiskysaridapedamddaetagain after application, for example by
means ©f hot air. The coating thickness of the powder composition applied to the sup- port

body is f tl lected within th f 0 to 1000 pm, prefergbly within, 30 the.
range from S0rto 205 AR Al BRe LTy Gk @ AR R 6 5 b B o
support materials2RFeC@RPBustomary porous or nonporous aluminum oxides, silicon dioxide,

thorium dioXitie, selvpdenvidioxidengsticnrocarbivhdenyiticadusgsteas magnesium silicate or
aluminum sifcateanTdlieyigeaalathailemaxeismsimatialty, inertly 35 with regard to the target

reactioq on whichthaarasesHAsRelindthe baertiapds JEReAMDRATRRHiRREAN

have a regular or, w&w_ular shape, although preference 'is givento regularly shaped support

bodies having di§tinc sﬂﬁrgg fou(g?gness, for ex- ample spheres or hollow cylinders. It is

relevant in 3¢corlianoE FpaAptahBastienssfiiie elements tRIg R E s Y ace-roughened
spherical siffporiEnsabierss,saeseitis \whoyeasQligrantiteeny,from 1 to 10 mm or to 8 mm,
preferably fiora 4 tare sunh HewgveaniLis aBoeontleyansbiuaccartanee withidhe tov@niion, to
use cylinders whsgilgRAINis MR, 2 AR ARHM HeSE R XAIEH, Yarmaishrs, i, g 10

mm as support bodies. In the case
Tiut andfor uranium,

a'= from0.01to8,
b'= from 0.1 to 30,
30 ¢'= fromOto4,
d'= from 0to 20,
g'= from> (1o 20,
f= from0Qto6,
g'= from0to 15,
3B h = fromBio 16,
x'y' = numbers which are determined by the valency and frequency of the elements in
V other than oxygen and
p.q = numbers whose p/q ratio is from 0.1 to 10,

40 comprising three-dimensional regions of the chemical composition Y'aY%,Ox which are
delimited from their local environment owing to their different composition from their
local envircnment, and whose maximum diameter (longest direct line passing through



PF 57479 15F0§7rﬁ(?s as support bodies, the wall thickness is also typically from 1 to 4 mm.
Annular support bodies to be used in accordance with the invention have a length of from 2 to
6 mm, an external diameter of from 4 to 8 mm and t3wall thickness of from 1 to 2 mm. Also

relevant in qaeQIRBLEHHET BARINYRAUBARIGIRS &5 LESIRRBR e (aa ﬁr@e’ﬁg't}és 8T re-
(external dlarin%}etg ﬁ,(l)(rwgtlt‘] X t'mﬁf&al dl%neter : T];Ihe finenes %f é}he catz‘legtlc lléfgctléa oxide
compositior%%o be appliedn'gocihe SHfA LSS eysu%rBor_rerg? Q fELEHE Ty P34RE
desired coaaﬁd;"i'ﬁickness (cf. EP-A 714 700). Multimetal oxide active compositions relevant
in accordance with the invention for the 10 step from propylene to acrolein are also
compoditiorzasfichiargeadrantayenulaiviitibetta DueeiMostrnd ¥ b aXiiaacéar@ yHdarV) in
which the vgeaies.pserRaehdefirad-ar igHOWRmbenY f = only bismuth or bismuth and at least
one of the elements tellurium, antimony, tin “and copper, Y2 = molybdenum, or tungsten, or
molybdenum and tungsten, Y3 = an alkali metal, thallium and/or samarium, 20 Y4 = an
alkaline earfMARETHEKRICTIBAE ISoPeR, it imihgseshthaiperarhRImYanWor mercury,
Y5 =iron or iron and at least one of the elements chromium and cerium, Y6= phosphorus,
arsenit)bor@h-dheiaiaiBPM@yZ 4 -Fe. 238 2ard, Mmetal, titanium,gnconium, niobium,
tantalum, rhenium, ruthenium, 25 rhodium, silver, gold, aluminum, gallium, indium, silicon,
germanium - Ii / ium.. a'= fro .01to 8, b'=from0.1to 30, 30c'=
from O to 4?Ad = Fé&ﬂ%%%ﬂégg%%%%%ﬂ '{153%8,5 Frgl:%\lrvg’m 0to6, g=fromOto15,35It=
from 8 to 16, x',y' = numbers which are determined by the valency and frequency of the
elements inZ3FoteRipdaiggRiunasiery o meMssenwness piggsies.is from 0.1 to 10, 40
comprising #iree-dickelresidial aslggtins of the chemical composition Y'a'Y2b-Ox' which are

Z4 = thallium, an alkali metal and/or an alkaline earth metal,

Z5 = phosphorus, arsenic, boran, antimony, tin, cerium and/or lead,
Z8 = silicon, aluminum, titanium andfor zirconium,

Z7 = copper, silver and/or gold,

20
a" = from 0.1 to 1,
b” = from 0.2 to 2,
¢” = from 3 {o 10,

d” = from 0.02 to 2,
25 e" = from 0.01to 5, preferably from 0.1 to 3,

f' = fromQtob5,

g’ = from 0 to 10,

h" =from 0o 1,

x"y" = numbers which are determined by the valency and frequency of the elements in

30 VIl other than oxygen,

" n

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 V! in which
2%y = (tungsten)y and Z242 = (molybdenumysa.
35
It is also significant in accordance with the invention when at least 25 mol% (preferably
at least 50 mol% and more preferably at least 100 mol%}) of the total proportion of
[Y'aY2pOx]o ([BiaZ20Ox]y) of the multimetal oxide compositions V (multimetal oxide
compositions V1) suitable in accordance with the invention in the multimetal oxide com-
40  positions V {multimetal oxide compositions VI) suitable in accordance with the invention
is in the form of three-dimensional regions of the chemical composition Y'2Y2,0x
[BigZ2Ox] which are delimited from their local environment owing to their different



delimited fré&th #%8#9ocal environment owing to their different composition from their local
environment, and whose maximum diameter (longest direct line passing through PF 57479 13
the center of the region and connecting two pointsp]n the surface (interface) of the re- gion) is

from 1 nm &é\&gﬁgmt} %%genf_‘)? eta OXI %r%/?o nﬂr‘negtr frr(l)crin wjfug)srg n?axmu%cﬁfg'\ﬁ'uefe? iS i

Particularly a %eous e Zompoations V' in accordance withtRa meVEdlon
are those it RIS F9ohRbIg R Bmong these preference is given in turn to those of the

general formula VI 10 [BiaZ2b'Ox]p' [Z212Z3cZ4d.Fee.Z$rZ69"Z'h.Oy"]q (VI) in which the
variables aitacyatefiodteshiaionshe 2tatenadyboendmiootitc ngstenstar oxalgdemnositim

tungsten, 15 ZRahaisHAIARon anRath 4idtbaNinaaien Ykalbisial and/or an alkaline earth

metal, Z$ = phosphorus, arsenic, boron, antimony, tin, cerium and/or lead, Z6 = silicon,
aluminum, té%mlum and/or rco ium, éb —co er, S|Iver and/orsgold 20a"=from0.1to 1,

b" = from O eopéep@,raﬂ% 'T@ a mﬁ& etins i desCiined, fop erarep! Briterably
from 0.1 to BP- ﬁéﬁﬁﬁﬁbﬁﬁd@@ﬂ ip GAJ 88 56,9h8.= from 0 to 1, x",y" = numbers which are

determined by the valency and frequency of the elements in 30 VI other than oxygen, p",q" =
numbegs WhageRH G Eﬁiﬂi’t'u@zﬂi@%@ ﬂe&@rﬁn@rﬁé@@&%\f@éneoaém@ef@nﬂt&ean@aé&%{é?{
preference n;@;ygggef i .ﬁﬂ&%@%&ﬂkf{a&wt@ HOBIROPANA AR or s

(molybdenum cant In accorgg %e wi e |nvent|on W
mol% (preférai giq’é'at% %ﬁgﬁ%‘? CRRAG NS37S BHIHS%6) of the total
proportion of [Y'a Y2bOx']p ([BlaZZbOx ]P) of the multimetal oxide compositions V (multimetal

oxide compositiersetdnd sitgb(thansacondd@actonisteties, itheehtteropetieous iyl tatelyd ek gies com-
15 phase partial oxidation of acrolein to acrylic acid, useful active compositions for the
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 15281,

20 A multitude thereof which are particularly relevant in accordance with the invention for
the undesired reaction of cyclopropane can be encompassed by the general formula
Vil

MO12VaXT5X2: X33 X4 X5pX550h (V1)
25
in which the variables are each defined as follows:

X'= W, Nb, Ta, Cr and/or Ce,
X2= Cu, Ni, Co, Fe, Mn and/or Zn,
30 X3= Sband/orBi,
X4 = one or more alkali metals,
X5 = one or more alkaline earth metals,
X8 = 8i, Al, Ti and/or Zr,
35 = from 1 {o 6,
from 0.2 fo 4,
= from 0.51{o 18,
from 0 1o 40,
from0to 2,
= fromOto4,
= from 0 to 40 and

H

40

@ 0o Q0O T L
i



40 positionng @%Tﬁmetal oxide compositions VI) suitable in accordance with the invention is
in the form of three-dimensional regions of the chemical composition Y1aY2bOx [BiaZ2bOx]
which are delimited from their local environment owgg to their different PF 57479 14

chemical cognposition. § ir.lo nviro wh aximum diameter is jn the
range from § nm 1D e SEERAEaRe et ans Rt B ¢
multimetal oxide €o 'p%é)ﬁfotﬁag RYE&thlysts apply to multimetal oxide composition V catalysts.
The preparation of multimetal oxide compositions V is described, for example, in EP-A 575
897 and alsBrirbixiiinart9&/5i5H0d/2. Jtithilyed s dntavadeiamsa edibritraindetiabave sge

also ussful, tinsercalia nastneeh BatEals et w2 ki deliraiadenyoihib e anpiqpriate
fixed cataly%ﬂﬁﬂgngBpﬁ]eavgrggﬁ?g%ﬂ}/g%eé%ﬁ%ﬁ ,W}%C{ﬁﬁhem and/or heats the gas mixture.

For the second step (the secon e heterogeneously catalyzed gas 15
phase partial oxidation of acrolein to acrylic acid, useful active compositions for the catalysts
required areX it 28cH¥AANEONAA the invention, in principle all multimetal oxide compositions
comprising Kfo=afual,\Nifdtcexaapi€¢hose of DE-A 100 46 928 and of DE- A 19815281. 20 A
multituge thgreofgghich are particularly relevant in accordance with the invention for the
undesired reactiq.of y¥slqpropane can be encompassed by the general formula VIl
MO12VaX' 2_c>g»d)é4exg)‘5(6ﬁg§< " (VIl) 25 in which the variables are each defined as follows:
X1 =W, Nb; Ta, .Erl'anr 5 8%, 2 = Cu, Ni, Co, Fe, Mn and/or Zn, 30 X3 = Sb and/or Bi, X4=
one or moré‘%fkaﬁ'n%l%f@f@@z one or more alkaline earth metals, X6 = Si, Al, Ti and/or Zr,
35a=from1lto6, b=from0.2to 4, c=from0.5to 18, d =from O to 40, e =from Oto2, 40 f

=fromBtod4,= from1.5t05,
b = from0.5to 2,

c = from05t03,
d= from0Oto2,
e = from0ioc 0.2,
20 f= from0Oto1and
n = anumber which is determined by the valency and frequency of the elements

in VIl other than oxygen.

However, muitimetal oxides VIl which are very particularly relevant in accordance with
25 the invention are those of the general formuta Vil

Mo1VaY e Y2 Y5YS,0r  (VIII)

where
30
Y= W and/or Nb,
Y2= Cu and/or Ni,
Y*= Ca and/or Sr,
Y6 = 8jandfor Al,
35
= from2to4,
b'= from 110 1.5,
c' = from1to 3,
P= from0to0.5
40 g'= from0to 8and
n' = anumber which is determined by the valency and frequency of the elements
in VIII other than oxygen.



g=fromO t87874{& PF 57479 15 n = a number which is determined by the valency and
frequency of the elements in VII other than oxygen. Embodiments which are particularly
relevant in accordance with the invention among 5 ghe active multimetal oxides VII are those
which are encompassed by the following definitions of the variables of the general formula
Cuy, Ni, Co and/or Fe 10 X3 = Sh, XQ = Na and/or K, X5 =

VII: X1l = 1{\lb an% a& ><)_7é

Ca, Sr and/bP X a?ﬁ:%e? empgsifiang (KT whighsrg mlﬁﬁﬁ?'ﬁ%aﬁ??d%mql’ﬁ%‘ 0.5
to 3, d = fréhR OMEoTAERBAIDARIDIR 270DaFdRPDRCE" A% far-exermeiposen i
determined Diy-thd3/3fe9icy arid Begu@néyydd.the elements in VII other than oxygen. However,
multimetal oxides VII which are very particularly relevant in accordance with 25 the invention

are hose olgagherALiRLIRAL Mate d&#ﬁ&.@%ﬁ% & g}wa@g& AR It

d/or Nb,
O o s Woh T AR £ 3D Sobe P ag o ficencralfomniia Vi

can be prepared in a simple manner by obtaining a very intimate, preferably finely di-
vided dry mixture having a composition corresponding to their stoichiometry from suit-

10 able sources of their elemental constituents and calcining it at temperatures of from
350 to 600°C. The calcination may be carried out either under inert gas or under an
oxidative atmosphere, for example air {mixture of inert gas and oxygen), and also un-
der a reducing atmosphere ({for example mixtures of inert gas and reducing gases such
as Hz, NHs, CO, methane and/or acrolein or the reducing gases mentioned them-

15 selves). The calcination time can be from a few minutes to a few hours and typically
decreases with temperature. Useful sources for the elemental constituents of the mul-
timetal oxide active compositions VIl include those compounds which are already ox-
ides and/or those compounds which can be converted to oxides by heating, at least in
the presence of oxygen.

20
The starting compounds for the preparation of multimetal oxide compositions VIl can
be intimately mixed in dry or in wet form. When they are mixed in dry form, the starting
compounds are appropriately used in the form of finely divided powder and subjected
to calcining after mixing and, if appropriate, compaction. However, preference is given

25 to intimate mixing in wet form.

This is typically done by mixing the starting compounds with one another in the form of
an aqueous solution and/or suspension. Particularly intimate dry mixtures are obtained
in the mixing process described when the starting materials are exclusively sources of

30 the elemental constituents in dissolved form. The solvent used is preferably water.
Subsequently, the agueous composition obtained is dried, and the drying process is
preferably effected by spray-drying the aqueous mixture at exit temperatures of from
100 to 150°C.

35 The resulting multimetal oxide compositions, especially those of the general formula
Vil, may be used for the inventive acrolein oxidation either in powder form (for example
in fluidized bed reactors) or shaped to certain catalyst geometries, and the shaping
may be effected before or after the final calcination. For example, unsupported cata-
lysts can be prepared from the powder form of the active compasition or its uncalcined

40  precursor composition by compacting to the desired catalyst geometry (for example by
tableting or extruding), if appropriate with the addition of assistants, for example graph-
ite or stearic acid as lubricants and/or shaping assistants and reinforcing agents such



n' = a numbBF WhtPis determined by the valency and frequency of the elements in VIl other
than oxygen. PF 57479 16 The multimetal oxide active compositions (V1) which are relevant
in accordance with the invention are obtainable in ggmanner known per se, for example

disclosed N, DEhciBets ot atadl, Adplecd il o2 GiSC ST EMAAIMERLE ECAGNE of
compositions relevant in actordance With the inven- |on_?orp ne acro‘eln S RITRER step,
especially thy'§ );cﬂi gmﬁ%m %ﬁ%&;ﬁg&@ﬁﬁi@ﬁﬂ%@&?ﬁﬂﬂ@igﬁgﬁ@ I&i‘i‘ﬁlng
a very intimafe$pRe -8y Xt g arc asitioint ading to
their Ztoichidm&twwmm&né@?abfmamm mmhemmwme%mpma@@;aﬁmim%t at
tempergtures @A iresaISS A0 eridd g EHERtIANARY Beseariegh Rt GlihesHadrHagBgas
or under anrrg%{%vgoMO%?@egg @(Ea%z%fg Vi ir (mixture of inert gas and oxygen), and also

un- der a reducing atmosph ures of inert gas and reducing gases such
as H2, NH3, CO, methane and/or acrolein or the reducing gases mentioned them 15 selves).
The calcinafiBf BwdetaenbaciveramersiiLre 830 v e ewrday prrangsitlen whisbssieh
temperaturéo beehitibedrcars dbcoheselelstebéad leapestityeniplgihthie prebHamedahexicstsigsve

compaytionupgbiicivRe (BassacTROsIIFRWBEdIAR AFaaY fi ddaraRaial toREgenerally
compoundsiuicheamtetAINR ISR RIRIYAealng. &) 'RasL 0 lE RIPRRNRS L
20 The star Bg c%%o 33%05% re fion 0 mﬁtimeta ‘oxide co p’osgﬁlonsﬁ\%l can EE
intimately ni é’é golég;%% fc 21‘&% n they are mixed in dry form, the starting

compounds are appropriately used in the form of finely divided powder and subjected to
calcining affer enixitite sugpdrappadiEsritie poordpactimpobitovcodre prefize i epprgpraieRS to
intimatg mixiegstarwat=ind . dridie #R i smdyApnebyrnsingihpRiaiing AP ednds, Wit one
another in tta@aimmékaas@wwa&w%rﬁsééﬁroﬁ%ﬁmea'wtrﬁ%r&ﬁgﬂﬁ%ﬁy'@jﬁeﬂwam

mixtures are obtained. in the mixing process described when the st materials are
exclusively SEuracint Shasordanse B e venion repuenib selsdc Wb i rrised i
preferably w3t 18EB qprafRRRO &V ERNLDE S35 Fogh o to iR ROdmerearaianabifying
process is Wi&iakusiyaagedten Hp& @Ky the aqueous mixture at exit temperatures of
from 200 to 150C. 35 The resulting multimetal oxide compositions, especially those of the

general formydau\élip Py R Ras 408 SieBmvaRilsras e mraionGiiR-nRRSS eSS
(for examplg,loxide, thorium dioxide, zirconium dioxide, silicon carbide or silicates such as magne-
sium siiicate or aluminum silicate. The support bodies may have a regular or irregular
shape, aithough preference is given to regularly shaped support bodies having distinct
25 surface roughness, for example spheres or hollow cylinders with grit fayer. It is suitable
to use substantially nonporous, surface-roughened, spherical supports made of stea-
tite, whose diameter is from 1 to 10 mm or to 8 mm, preferably from 4 to 5 mm. In other
words, suitable spherical geometries may have diameters of 8.2 mm or of 5.1 mm.
However, it is also suitable {o use cylinders whose length is from 2 to 10 mm and
30  whose external diameter is from 4 to 10 mm as support bodies. 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 diame-
ter of from 4 to 8 mm and a wall thickness of from 1 to 2 mm. Also relevant are in par-
ticular rings of geometry 7 mm x 3 mm x 4 mm {(external diameter x length % internal
35 diameter). The fineness of the catalytically active oxide compositions to be applied fo
the surface of the support body is of course adapted to the desired coating thickness
(cf. EP-A 714 700).

Multimetal oxide active compositions relevant for the inventive “acrolein - acrylic acid”
40 step are also compositions of the general formula IX

[DTo[Elq (X)



in fluidized tf’ézdsr'é‘h?o?ors) or shaped to certain catalyst geometries, and the shaping may be
effected before or after the final calcination. For example, unsupported cata- lysts can be
prepared from the powder form of the active compa@gtion or its uncalcined 40 precursor
composition by compacting to the desired catalyst geometry (for example by tableting or
extruding), if appropriate with the addition of assistants, for example graph- ite or stearic acid
as Iubricantg‘éﬁ%? rRRXBIRPSE SLeRASTARI Ret A5 Eg W ents such PF 57479 17 as
microfibers of glass, asbestos, silicon carbide or potassium titanate. Examples of relevant
unsupportedcatatyst gdométdbs7arEsa@ligdzsyifders or hollow cylinders having an external
diametey and a length £ feapH-¢. 10 mm. In the case of the hollow cylin- ders, a wall
thickness ofzflromzl to %?Nf'gll%g, I9RAA] Cghe unsupported catalyst may 5 of course also
have sphersl'%al geometry, w Ich case the Spherical diameter may be from 2 to 10 mm (e.g.
8.2 mm or 571 mm). Th&p fvethiefit I:%{‘&i@’%d([,‘?jrnzﬁosition or its pulverulent precursor
compositioréivhich is yei? 26d6&" &ilcined can of course also be shaped by applying to
preshaped iffert catalykt, Na SkipRbyiSs Bhd/epHting of the support bodies to prepare the coated
catalysty is geneeally pryfermed dAdcruitable rotatable vessel, as disclosed, for example, by
DE-A 2 909471, .EP-A;2 1) g}roprP-A 714 700. To coat the support bodies, the powder
composition to be app]i ! r@ ?pr pri%t’%y 15 moistened and is dried again after application,
for exampl€ by means 0f'hot dir YalimdPERIERREMEF R BoWder composition applied to
the support body is, in a man- ner relevant in accordance with the invention, frequently
selected within the rarfgarfromm 8.0 to 1000 pm, preferably within the range from 50 to 500 pm
and mtge preferably ishimthesrgnge from 150 to 250 pm. 20 Useful support materials are
customary perous or qu§§|uminum oxides, silicon dioxide, thorium dioxide, zirconium
dioxide, silicon cgrbid?rgr%%lit%ag s such as magne- sium silicate or aluminum silicate. The
support bodies may have a regular or irregular shape, although preference is given to
regularly sh%ped%upp%‘?f’b%‘?e% having distinct 25 surface roughness, for example spheres or
hollow cylinders With drrelée.8t is suitable to use substantially nonporous,
surfaczBrougihened, spitosiiCabdigports made of stea- tite, whose diameter is from 1 to 10 mm
or to 8 mm preferablyfsamy 48 mm. In other words, suitable spherical geometries may
have diameiers of 8.24mm ot oé@.al mm. However, itis also suitable to use cylinders whose
length is from 2 to 10 mm ang _those external diameter is from 4 to 10 mm as support

bodies. In the'case of PHHESE "R BFe H5HRERINAL BYAMenalensyLRIdIeg g pR=Al tdm 1 to 4

mm. Annular support elements in IX other than oxygen and
25 pg = numbers other than zero whose p/q ratio is from 160:1 to 1:1,

and which are obtainable by separately preforming a multimetal oxide composition E

Z712CunHrOy (3
30
in finely divided form (starting composition 1) and subsequently incorporating the pre-
formed solid starting composition 1 into an agueous solution, an aqueous suspension
or into a finely divided dry mixture of sources of the elements Mo, V, 21, 72, Z3, Z4, 75,
Z8which comprises the abovementioned elements in the stoichiometry D
35
M1 Va2 2223424 Z5¢ 28 (D)

{starting composition 2) in the desired p:q ratio, drying the aqueous mixture which may
result, and calcining the resulting dry precursor composition before or after drying at
40  temperatures of from 250 to 800°C to give the desired catalyst geometry.



bodies to b& Gisdd #ith preference have a length of from 2 to 6 mm, an external diame- ter of
from 4 to 8 mm and a wall thickness of from 1 to 2 mm. Also relevant are in par- ticular rings
of geometry 7 mm x 3 mm x 4 mm (external diamejegr x length x internal 35 diameter). The

fineness o icall t|v OXIi osmons fob ied to . the s ce of the
Soppor bofyh e A o S TR BosR Vet 135 Pt
Multimetal SRifeIRtivg E%WRR%F‘E?BnE'?éi@%ﬂ?'ﬁ?@%’@tﬁ]%m@@%rﬁmg serymesdtica: @G%tep
are also cotapwsitisues off théQenérdrisintLitesripip] Bldh@prersiar ofsulinetat pilde
variables amepckitiaiivedatsifoiiowsorithinddo? érafille] Ac BB ARBE AG GsEaX' 167536 105,

Z712CghHSRyA fdozi\bMbpEan F5 08 85400 Z3i=A169\Ig @Re e, Mn andlor Zn, Z3 = Sb
and/or Bi, Z4 = Li, Na, K, Rb, Cs and/or H, 10 Z5 = Mg, Ca, Sr and/or Ba, Z6 = Si, Al, Ti

and/or Zr, %Ab Mo, W, V, Nb and/or Ta, preferably Mo and/or W, a" =from 1to 8, 15V from
02105, cWhiRRFHIMe Shapigyins galgments ek Bicne Muliperd IS CoBRSIRRM O
t0 50, h" = YibaetelsS@PPl: th onultiesteberdde serapasitareks satatistare determined by the
valency and frequency of the elements in IX other than oxygen and 25 p,q = numbers other

than zgyo WHosmE(S) @&%'%Jfél%t@»%kﬁoaﬂejp% BUa AN GRS RRARE Yiven-
preforming g,m F'{HS“ P&ﬁ i< ﬁé‘éﬁﬂu'étgp@% EtHc%é SFESQR pEneigivided.form,

(starting canQ,osmon subsequently incorpora m&
aving mutti etai oxide active ¢ mposntlons of egeneral formula | of this document.

With relevance in accordance with the invention, unsupported catalyst rings are used
16 for the step from propylene to acrolein and coated catalyst rings for the step from ac-
rolein to acrylic acid.

According to the invention, the reaction temperature in the first reaction stage is appro-
priately from 270 to 450°C or from 280 to 420°C, preferably from 300 to 380°C. Accord-

20  ing fo the invention, the reaction iemperature in the second reaction stage is appropri-
ately from 200 to 370 or to 320°C, preferably from 220 to 300°C.

The process according to the invention is also of particular relevance when the active
compaositions for the catalysts of the first reaction stage comprise those whose specific

25 surface area is from 0.1 to 120 m?/g, or from 0.2 to 50 m?/g, or from 1 to 20 m#/g, or
from 2 to 10 m¥/g.

The process according to the invention is also of particular relevance when the active
compositions for the catalysts of the first reaction stage comprise those whose numeri-
30  cally most frequent pore diameter is from 0.1 to 1 ym.

it is also of particular relevance when the aforementioned numerically most frequent
pore diameters and one of the aforementioned specific surface areas are present in
combination in the active compositions for the catalysts of the first reaction stage.

35
Moreover, the process according to the invention is of particularly significance when
the proportion of different pore diameters in the total pore volume in the active compo-
sitions for the catalysts of the first reaction stage has the following distribution:

40 Pores having diameters in the range from < 0.03 ym: 2 0 and < 5% by volume.
Pores having diameters in the range from 2 0.003 um to £ 0.1 pm: = 3 and < 20% by
volume.



formed soIi(PEté?'tﬁ& composition 1 into an aqueous solution, an aqueous suspension or into
a finely divided dry mixture of sources of the elements Mo, V, Z1, Z2, Z3, Z4, Z6 Z6 which
comprises the abovementioned elements in the stgighiometry D 35 M012V3'Z1h'Z2c
Z3d.Z4eZ5rZ6g' (D) (starting composition 2) in the desired p:q ratio, drying the aqueous
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according tg,the, iavention is also of particular relevance when the active compositions for the
catalysts of the first reaction stage comprise those whose specific 25 surface area is from 0.1

to 120 m2/g, or from 0.2 to 50 m2/g, or from 1 to 20 m2/g, or from 2 to 10 m2/g. The process
according t ﬁ\é’ﬁﬁ\/%frﬂﬁfﬁ%l%ﬂ%l%ﬁ?&ﬁlﬁ’ﬁ%ﬁ m&%@%ﬂ%@%ﬁwlﬁ’dﬁﬂﬁs? Bareor the

catalysts offpre ffemelaiandtagotihe piemansioncdaneriliemniage aws mespeeniant pore
diame2ér isdoambifalido ib the alitiscatampbpitchcLiarthel eataigssdiehetbecatal eeaentiosethe.
numerically most frequent pore diameters and one of the aforementioned specific surface
areats are t%é%@%éfb&%’l)@ﬂ%&?&'Qe%‘?]é‘%t{é’SeC@é&?)?&g'%@vf%‘i e UREY iven-
reaction St is typicalty from 0.10 to 0.90 mi/g, or from 0.20 to 0.80 mi/g, or from 0.30 to
0.70 mi/g.
25
Moreover, the process aceording to the invention is of particular significance when the
pore distribution in the active compositions for the catalysts of the second reaction
stage is such that in each case at least 5% by volume, preferably at least 10% by vol-
ume, of the aforementioned total pore volume is accounted for by the diameter ranges
30 fromOto < 1.0 gm, from 1.0 to < 10 pym and from 10 pm to 100 pm.

The inventive procedure is also advantageous when the pore diameter distributions
according to EP-A 293 858 are present in the second-stage catalyst active composi-
tions. Every single statement made above on specific surface area, pore diameter, total

35 pore volume and pore diameter distribution applies especially in relation {o every single
muitimetal oxide composition mentioned as relevant in this document for catalysts of
the first oxidation stage and of the second oxidation stage.

In principle, the volume-specific activity of the at least one first catalyst bed (especially
40  fixed catalyst bed) within the first reaction stage in the process according to ihe inven-
tion may either be constant over the length of the flow path in fiow direction of reaction
gas mixture 1 or increase at least once {(continuously or abruptly or in stages). At least



35 Moreove?ﬁﬁggr%cess according to the invention is of particularly significance when the
proportion of different pore diameters in the total pore volume in the active compo- sitions for
the catalysts of the first reaction stage has the foll@ing distribution: 40 Pores having
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comp@8i- or the steatite already mentioned.

The geometry of such inert shaped diluent bodies may in principle be as desired. In
other words, they may be, for example, spheres, polygons, solid cylinders or else, like
the shaped catalyst bodies having active composition, rings. Preferably in accordance
25  with the invention, the inert shaped diluent bodies selected will be those whose geome-
try corresponds to that of the shaped catalyst bodies to be diluted with them (the above
statements also apply to substantially homogeneous mixtures of shaped catalyst bod-
ies having multimetal oxide active compasition and shaped diluent bodies usable for
the provision of a fixed bed catalyst charge 2 (fixed catalyst bed for the second reaction
30 stage)).

It is advantageous when the chemical composition of the active composition used does
not change over the fixed bed catalyst charge 1. In other words, the active composition
used for an individual shaped catalyst body may be a mixture of different multimetal

35 oxides, but the same mixture then has to be used for all shaped catalyst bodies of the
fixed bed catalyst charge 1.

The volume-specific (i.e. normalized to the unit of volume} activity can be reduced in a
simple manner by homogeneously diluting a basic amount of shaped catalyst bodies

40  produced in a uniform manner with shaped diluent bodies. The higher the fraction of
the shaped diluent bodies selected, the lower the amount of active composition, or
catalyst activity, present in a certain volume of the bed.



tions. Everyp?g %tatement made above on specific surface area, pore diameter, total 35
pore volume and pore diameter distribution applies especially in relation to every single
muftimetal oxide composition mentioned as relevant in this document for catalysts of the first
oxidation stage and of the second oxidation stage.Z# principle, the volume-specific activity of
the at least one first catalyst bed (especially 40 fixed catalyst bed) within the first reaction
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25  Upstream and/or downstream of fixed bed catalyst charge 1 may be disposed beds
consisting exclusively of inert material (for example only shaped diluent bodies) (for
terminology purposes, they are not included in the fixed bed catalyst charge 1 in this
document, since they do not comprise any shaped bodies which have muitimetal axide
active composition). The shaped diluent bodies used for the inert bed may have the

30 same geometry as the shaped catalyst bodies used in fixed bed catalyst charge 1.
However, the geometry of the shaped diluent bodies used for the inert bed may also be
different from the aforementioned geometry of the shaped catalyst bodies (for example,
spherical instead of annular).

35 Preferably in accordance with the invention, fixed bed catalyst charge 1 in the process
according to the invention is structured in flow direction of the reaction gas mixture as

follows.

First, to a length of from 10 to 60%, preferably from 10 to 50%, more preferably from 20
40 to 40% and most preferably from 25 to 35% (i.e., for example, o a length of from 0.70

to 1.50 m, preferably from 0.90 to 1.20 m), in each case of the total length of fixed bed

catalyst charge 1, either only shaped catalyst bodies or a homogeneous mixture of



30 stage)). PFsH@VEtageous when the chemical composition of the active composition used
does not change over the fixed bed catalyst charge 1. In other words, the active composition
used for an individual shaped catalyst body may bQ@. mixture of different multimetal 35

oxides, but e e 123 to b lI S odjes of the fix
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charge 2 can als be varied. Upstream and/or downstream of the actual fi xed bed

catalyst charge 2 may again be disposed an appropriate inert bed.

25
Preferably in accordance with the invention, fixed bed catalyst charge 2 in the process
according to the invention is structured as follows in flow direction of the reaction gas

mixture.

30  First, to a length of from 10 to 60%, preferably from 10 to 50%, more preferably from 20
to 40% and most preferably from 25 to 35% (i.e., for example, to a length of from 0.70
o 1.50 m, preferably from 0.90 to 1.20 m), in each case of the total length of fixed bed
catalyst charge 2, either only shaped catalyst bodies or a homogeneous mixture of
shaped catalyst bodies and shaped diluent bodies (both preferably having substantially

35 the same geometry), 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 normally from 10 to 50% by weight, preferably from 20 to 45% by
weight and 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

40 invention, up to the end of the length of fixed bed catalyst charge 2 (i.e., for example, to
a length of from 2.00 to 3.00 m, preferably from 2.50 to 3.00 m), either a bed of shaped
catalyst bodies only to a lesser extent {than in the first zone), or, most preferably, a



terminology%ﬂ?@@s, they are not included in the fixed bed catalyst charge 1 in this
document, since they do not comprise any shaped bodies which have multimetal oxide active
composition). The shaped diluent bodies used for the inert bed may have the 30 same
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aforementlo?'@?geometry of the shaped catalyst bodies (for example, spherical instead of
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typically such that the temperature rise {caused by the exothermicity of the reaction) of
25  the heat exchange medium from the inlet point into the reactor to the outlet point from
the reactor is from 2 0 to 10°C, frequently from 2 2 to 8°C, often from 2 3 to 6¢C. The
inlet temperature of the heat exchange medium into the tube bundle reactor is gener-

ally from 300 to 360°C, frequently from 300 to 340°C.

30 Suitable heat exchange media are especially fluid heating media. It is particularly fa-
vorable 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 alloys of
different metals.

35 Typically, the catalyst tubes in the aforementioned tube bundie reactors are manufac-
tured from ferritic steel and typically have a wall thickness of from 1 to 3 mm. Their in-
ternal diameter is (in particular in the case of use of the catalyst ring geometries speci-
fied in this document) generally from 20 to 30 mm, frequently from 21 to 26 mm. Their
length is typically from 2 to 4 m, frequently from 2.5 to 3.5 m. According te the inven-

40  tion, normally at least 80%, frequently af least 75%, of these are occupied by fixed bed
catalyst charge 1. Appropriately in a accordance with the invention, the number of cata-
lyst tubes accommodated in the tube bundle vessel amounts to at least 5000, prefera-



charge 2 cdiFaldd B2 varied. Upstream and/or downstream of the actual fixed bed catalyst
charge 2 may again be disposed an appropriate inert bed. 25 Preferably in accordance with
the invention, fixed bed catalyst charge 2 in the pragess according to the invention is
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Appropriate ordance. wi elnve n, the first reaction he process
eording (BB SR GLA HEoCSe PGP BHBYE RAB T Y b G0 RS A RoQHARS
with fixed b@ﬁﬁ@&l?ﬁ?@%@%@smqﬂﬁoﬁr@%@? ﬂ'mé’ﬁbéh%gﬁﬁ LGRSy tHBRnstream
of it), 28 debundledetotwainplesdd BRB-CASNB4035UR-6tReA 0G4 D iARLEIBBe 8 manner,
the aforemerdBBIE cinarDE-IA 2o08Pa8sRdafissnRaBE fortbaradty sluahegialdessosadybe
bundle reagionanh e alingiifg i the invention.

In other words, in the simplest manner, the fixed bed catalyst charge 1 to be used in

25 accordance with the invention (possibly with downstream and/or upstream inert beds)
is disposed in the metal tubes of a tube bundle reactor and two substantially spatially
separated heating media, generally salt melts, are conducted around the metal tubes.
The tube section over which the particular salt bath extends represents a temperature
zone in accordance with the invention. In other words, in the simplest manner, for

30 example, a salt bath A flows around that section of the tubes (reaction section A) in
which the oxidative conversion of propene (in single pass) proceeds until a conversion
in the range from 40 to 80 mol% is achieved, and a salt bath B flows around the section
of the tubes (reaction section B) in which the subsequent oxidative conversion of
propene (in single pass) proceeds until a conversion value of at least 80 mol% is

35 achieved (if required, the reaction sections A, B {o be used in accordance with the
invention may be followed by further reaction sections which are maintained at
individual temperatures).

It is appropriate from an application peint of view for the first reaction stage of the
40  process according to the invention not to comprise any further reaction sections. In
other words, salt bath B appropriately flows around the section of the tubes in which



(one-sectior?%g?ﬁga), generally a salt melt, is conducted around the metal tubes. Salt melt
and reaction gas mixture may be conducted in simple cocurrent or countercurrent. 20
However, the salt melt (the heating medium) may &@8o be conducted around the tube bundle

i & Meandeh 8 BRRNYIRMIEHRYGS VG LBATPbrapelet ARIK MR HBbLRgs el cactor

does a cocurrent or couqtercygqﬂt to the fIcEV\g3 irectjon o e exist. The

Teatng met é‘?;l?lé(ccﬁange MR |u%)2i§$t9%%;lﬁrs%g§ﬁsfrﬂpé§ﬂ% more.

flow rate of e fea ing medium
temperature rise (caused by the exothermicity of the reaction) of 25 the heat exchange
medium frorfythealimehgdiagimnahe reacion wetlierpBtlesisiyeririne tuspactaxisfiomfa 0 to
10C, fréquerty:itorsstaoioAT heftrisFomaxdnarh Gf fEaetitn ek iigpBrRtutereiihedeaithe
exchange meeilpi RERithGTUBS RradIR Teaeitisnasiabnadly from 300 to 360C, frequently

from 300 to 340C. 30 Suitable heat exchange media are especially fluid heating media. It is
particularly fa- vorable to use melts of salts such as potassium nitrate, potassium nitrite,

sodium nitrifeCaFRING: o3 iRy eItk Potosathhailsifh G rRtAe SoRFHSed FuRRAUMHSBEAINR and
alloys of diffenstaravetens I3supfie bpateseaelysingies ieatiiomtohemeiativeetd thbdikundle
reactors areiinggtivfiost-ther eshitom gew wiixaieeflanthdyibioalin sy eeactio iitelsnass of Joargsl to
3 mm. Theipigs RIAqbEiRagtRFdaiE: Rat awaniR thecass s el s catiat-Bastion

geometries i- fied.in thi enerally. from 20 t@ 30 mm, frequently from 21 to 26
mm. Their i%%@’é yggﬁéggﬁﬁgtﬁ% &ﬂ%%t%%?l)%%%‘ 570" %‘F%'.’gR cording to the
inven 40 tion, normally at least 60%, frequently at least 75%, of these are occupied by fixed
bed catalydt @l@ae afappreptiones taseadtisrabprEseinradiale SHoRMROBR Misersacsga-

lyst tubes aticernmibeégiecie! thaxobthb salimeltssitve tuthts teasatitedsbb0 R kipkefdsaacP F
57479 25 WiptithakdoastitDA0Rattiesuenibh, b6 thurthe irlvidial YehbteasasramiBpesfds
the reactiog,vegael 3, HAE-d2-M %1300 QR RMA 9887 T4H8F P epdle 765588 SR Nes JROre
than 50 000 cat \)]/.st tubes gre us ally th X ?ﬁ)tl n. WItF}_Ié% the vessel, the cata- S'{?lu es
are normall?vaeﬁ% ST HOME ﬂ%‘@ﬂpgﬂfs&r% oﬁ??ﬁgxﬁ Hgﬁfi’&%d%'éllgﬁf@%%é ing
selected suefction tHeuK R et edRdianternal axes of immediately adjacent catalyst
tubes4Rnown as the catalyst tube pitch) is from 35 to 45 mm (cf., for example, EP-B 468290).

A tube bundietiieantsssetitabiestabtheqroensyaesctidingde niturave RiigppisgriateRisstpsed by
DE-A 1013136, 05-f) #(A135565 RFdeil350 9 and PEARRRR71 10 Appropriately,

starting reaction gas mixture 1 is fed to fixed bed catalyst charge 1 pre- heated to the reaction

temperature. This purpose can be served, for example, by a bed .
In the two-section tube bundle reactors t0o, the catalyst tubes are typically

25  manufactured from ferritic steel and typically have a wall thickness of from 1 to 3 mm.
Their internal diameter is generally from 20 to 30 mm, frequently from 21 to 26 mm.
Their length is advantageously from 2 to 4 m, preferably from 2.5 to 3.5 m. In each
temperature section, the fixed bed catalyst charge 1 occupies at least 60%, or at least
75%, or at least 90%, of the length of the section. Any remaining length is, if

30 appropriate, occupied by an inert bed. It is advantageous from an application point of
view for the number of catalyst tubes accommaodated in the fube bundle vessel ic be at
least 5000, preferably at least 10 000. Frequently, the number of catalyst tubes
accommodated in the reaction vessel is from 15 000 to 30 000 or to 40 000. Tube
bundle reactors having a number of catalyst tubes above 50 000 are usually

35  exceptional. Within the vessel, the catalyst tubes are normally arranged in
homogeneous distribution, and the distribution is advantageously selected in such a
way that the separation of the central internal axes of immediately adjacent catalyst
tubes (known as the catalyst tube pitch) is from 35 to 45 mm (cf., for example, EP-B
468290).

40
Suitable heat exchange media for the two-zone method are also in particular fluid
heating media. It is particularly favorable to use melts of salts such as potassium



of inert mat&faP #é8eding a fixed bed catalyst charge. 15 It will be appreciated that the first
reaction stage of the process according to the invention may also be carried out in a
two-section (or multisection) tube bundle reactor, a$ described, for example, in DE-A

19910508, 1%%4%852?,{3199105 and 19948241, referred v.ﬁt%ifnt of two-sx?ction tube

bundle reactor WHItH can be lsed %Og'gc R 5‘5%8#% ﬁst?m((j-.\'Li'Wvg fi [ QisQI8Lea tg')glﬂ'l‘:etéls

2830765, HNFERS Sl dneseHPRibASalanar AffsRITsoRidiBHsed in DE-C 2513405,
US-A 3147084, DE-A 2201528, EP A 383224 and DE-A 2903218 are also suitable for
carrying outitrgefiestiidactian tlaghorofribetipreddimencangigdeshe tiy ansigectiprothes words,
in thet_ssn?Sﬁh&i@%%&o@ﬁﬁ%ﬁ%%&%%lwmg%éaf%ﬂgm rﬂ%m ?gsﬁé‘tﬂ&&waﬁ@e
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In other woedsreméheigistples magrinedord3fcexaithple: meaitibatbedawstaromitl thatsaction
of the {gbes{rgaetignsarEqR éxon which the oxidative conversion of propene (in single pass)
proceeds until a conversion in the range from 40 to 80 mol% is achieved, and a salt bath B
flows around the section of the tubes éreaction section B) in which the subsequent oxidative
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tempergturesii e AR Rigsd i mnansARlirRip SR itinebviayoe e Sitsty eadioptage of
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26 the subLER (e N BRRR AT AT OArLIGe BR PP R TR IS 5825 Hhbbeds up to a
conversion value of a 90 mol%, or a 92 mol%, or ? 94 mol%, or >_ 96 mol% or more.
Typically, thé bighinningref ireaiition YectinneBdictsbpparidrehel e dpet makEngmnsédiueaotion
sectiopgA. TeachetsasitiaraRing Wppadreaelipst esionn isnaenplheivdenbetsneé of the

maximum taEspesAlRYR HRARIATL ARFH T orcAGR LRGhIA tRduiRHiARe Bathsal alBs. A B

can be congucled In Soellient, i counterehrieRt Inigualn. i1 spacc.surtounaing .
reaction tubes FaIty etoi%e?low T arecion of ﬁ1e feaction 'gas rﬁ?xﬂﬂré fioWi g%]%‘ff‘éh the
reaction tuBbi@8: TS HeddRIiRE QIS0 H B IeGnURICor B EncdPiR AlHe: MR &M A8t eErRIRYO C-
cocurrent flde matyathipaforementioned temperature difference will, though, not be more than
25 50°C. The higher the propene loading on fixed bed catalyst charge 1 is selecied in the
process according to the invention, the greater should be the difference between the
entrance femperature of the heat exchange medium into reaction section A and the

entrance temperature of the heat exchange medium into reaction section B.

30  Advantageously, the entrance temperature of the heat exchange medium into reaction
section B is, in accordance with the invention, from 330 to 370°C and particularly ad-
vantageously from 340 to 370°C,

tt will be appreciated that the two reaction sections A, B in the process according to the
35 invention may also be realized in spatially separate tube bundle reactors. If required, a
heat exchanger can also be mounted between the two reaction sections A, B.

It should also be pointed out once again here that, for an implementation of reaction
stage 1 of the process according to the invention, it is possible in particular also to use
40  the two-section tube bundle reactor type described in DE-B 2201528, which includes
the possibiiity of remaving a portion of the hotter heat exchange medium of reaction
section B to reaction section A, in order if appropriate to heat a cold starting reaction



section A a gﬂ%ercurrent flow in reaction section B (or vice versa). In all of the
aforementioned cases, it is of course possible to superimpose a transverse 15 flow on the
parallel flow of the salt melt, relative to the reaction tubes, taking place within the particular
reaction section, so that the individual reaction sectbn corresponds to a tube bundle reactor

as describegaif FRUTHW ddPE]BER:A TROBKD Wil EpiliscP¥acalvit meanindng flow
profile of the.Reqh PR B Bk dalosRElan Rroydiy g atalyst ube

bundle. 20 In the two-section ' method too, Starting reaction gas mixture 1 is appropriately fed
preheated to the reaction temperature to fixed bed catalyst charge 1. In the two-section tube

bundle reacddsFE B¢ idhetaypstinmEdasaandaHp Do briApRRRiAte wevridheretest aas
typicall§ havexiuveditalogties §ref feantidntetaom befofd entiniotodhel evendmeaginrestdlysirom 20
to 30 mm, feegrrently fomippietd 20basauehbedneRAt csnRshsHBREESALITR Ziadmm,
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remaining IQ%&% iS,eI ?iéﬁg%%ﬁﬁ%%sb A &lﬁgﬁoi)eg%? I f’/mg goﬂyﬂ%‘f:ﬁ%n
application [8MPERARNGIbF BReTRTIRTHIE BiSGRsHy doeuped Ut SmMmshiea aenssalloBundle
vessel fo bduntdd dvosgdthptafesbhd atheatedthaode Medjueitycahduniech beuntidamiybes,
tubes accomnsssipirdriayhiespting wesrchiafthihde0dai3 0000 nEiaddBPPube
bundle reagiqia BauigL7 HBVAREBLEAY B SUBES AR RYRAPAIR HSHAK ABPIsERNg!
Within the yeseglsiscalalislibes ale tpunaliy.aqpngeg,n omodsngaus distiputon, and
the distribution is a Ran eousl‘cﬁ/ Selected in’sUch &' Way t ats%e_separaﬁ%_n Qf% celftral
internal axég‘%ﬁﬁ%@ﬂgﬁwﬁ%?egﬁﬁﬁfrWﬂRﬁg\ﬂﬁPH?tﬁ@’ﬁa%ﬁ@fﬁ% BHEAD 18%rom
35 to 48 mifixesk bedrcatelvaprarae-of thedirgiopastion stagrcbriae d@narajdernrsgintbrangion
two-zone nethgedbieaaiemtageanticidatfuadeheatieg thbed imaltutaparia tady Samgsklettalse
melts of salisfawith BAESHIRR primzf479 27 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 gforementioned flo ran ts in the two-section tybe 5
punlc rencRRE 8 o el e RO e SR M AT R S AR
selectR inasRicRAG P YRIPaYS RRmRIGR (MBI RTEERSIRCAIERYATR FREMAIRIPASES ERMehe inlet
point into thisnesadtiorasestidightthedarttbeorisefidentibe readiionseiticni(gber conversions
normally require higher reaction temperatures) together in single pass in the first reac-
tion stage will regulariy be = 85 mol% or = 90 moi%, in many cases 2 92 mol% or
2 84 mol%, frequently = 95 mol% or 2 96 mol% or 2 37 moi%.
25
The process according to the invention is suitable for propene loadings of the fixed bed
catalyst charge 1 of 2 80 | (STP)/I'h, or of 2 100 | (STP):h, or of = 120 | (STP)/I-h, or of
2 140 1 {STP)/I-h, or of 2 165 1 (STP)/I'h, or of 2 170 | (STP)/I:h or 2 175 | (STPY/-h or
2 180 1 (STP)/I-h, but also for propene loadings of fixed bed catalyst charge 1 of
30 21851(STP)I'h, orz 180 [{STP)/I-h or 2 200 | (STP)/'h or 2 210 1 {8TP)/I-h, and also
for loading values of 2 220 [ (STP)Y/I'h or 2 230 | (STP)/I-h or 2 240 [ (STP)I-h or
2 250 | (STP)Yh.

With increasing propene loading, the two-section method described is preferred over
35 the one-section method described in the first reaction stage.

Normally, the propene loading of the first fixed bed catalyst charge in the process ac-

cording to the invention will not exceed 600 | (STP)/I-h. Typically, the propene loadings

of the fixed bed catalyst charge 1 in the process according to the invention are at val-
40  ues of < 300 | (STP)/Ih, frequently at values of < 250 | (STP)/-h.



result of the@éﬁfgﬁnicity of the reaction) by from 0 to 15C. In other words, the
aforementioned AT may, in accordance with the invention, be from 1 to 10C, or from 2 10 to
8C, or from 3 to 6C. According to the invention, theegntrance temperature of the heat
exchange Madlya-are sRACiRDsaRl B s naalindiem N it viaceaiding fadne
invention, the en- trante temperature of the heat exchiange medium into reaction Séction B is
normally 15%?@@?%%%6&% %%&%W@%Bmﬂ? i SanRiRsR Blenkes Beeeastion
least 5C, aPFH¥!ihE SHEGCERRIEPLPARPEVEf TR dRiEIERESIHRg EVRIcait ntheroritino pertRrie
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appropriately at least 10C above the entrance temperature of the heat exchange medium
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section A antPBHHSRHTPSR IOREMOLRHA Y ARAHEHHERY (RURSES SaacoBrsEgasaseotl it
30C, up to £0¢ aiFiepletd by mplesBaraitRggmally, the aforementioned temperature

difference will, though, not be more than 25 50C. The higher the propene loading on fixed bed
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complete commmsiamdiogandior exermplorRRP0% by volume of Oz, < 10% by volume of Na). The

25 oxygen source Is regularly added compressed to the reaction pressure. it will be ap-

preciated that the oxygen requirement in the second reaction stage in the process ac-
cording to the invention may already be covered by an appropriately high oxygen re-
guirement in the first reaction stage.

30 The working pressure in the process according to the invention in the second reaction
stage, as in reaction stage 1, may be either below standard pressure (for example up
to 0.5 bar) or above standard pressure. According to the invention, the working pres-
sure in the second reaction stage will typically be at values of from 1 to 5 bar, fre-
quently from 1 to 3 bar. Normally, the reaction pressure in the second reaction stage

35  will not exceed 100 bar.

Just like the first reaction stage, the second reaction stage of the process according to

the invention can be carried out in a simple manner in a tube bundie reactor charged

with fixed bed catalyst charge 2, as described, for example, in EP-A 700893. The inert
40  beds preceding and/or following fixed bed catalyst charge 2 can complete the charge.



formed in ﬂ?ﬁfﬁ action stage. For this purpose, an after cooler is typically con- nected
between th ?@ctlon stages. In the simplest case, this may be an indirect tube bundle
heat transferrer. In this case, the product gas mixture is generally con 10 ducted through the
tubes and a heat exchange medium is conducted @&pund the tubes, whose type may
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over 35 thgggpg-section method described in the first reaction stage. Normally, the propene
loading of the irst fixed bed catalyst charge in the process ac- cording to the invention will not
exceed 600 I (STP)/Ih, Typically, the propene loadings of the fixed bed catalyst charge I in

the proceséﬁ@&%?ﬂﬁﬁﬁ'%osltﬁg‘%WH%Q@%MP@@ lted o fygd hedsatgivst Hrjaefipra
values of s P&0et (8 @) /magirnseapeaiureheof Bikdigpreining of the galebetsubesotding to
the ingentiaraialybttdivetrmetatimintteiagtalystyube alihtebatahiisichatigedyitietsedad caxmsple
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the Worklnq.%ter%%%{%nlgtg&% first reaction stage is at values of from 1 to 5 bar, frequently from

1.5 to 3.5 bar

In general, a one-section methed of the first reaction stage is combined with a one-
25  section method of the second reaction stage, the relative flow of reaction gas mixture
and heating medium in both stages being selected identically.

However, it will be appreciated that the second reaction stage of the process according

to the invention may also, in a manner corresponding to the first reaction stage, be re-
30 alized as two spatially successive reaction sections C, D, in which case the tempera-

ture of reaction section C (this always means the temperature of the entering salt bath

or heat carrier in general) is appropriately from 230 to 270°C and the temperature of

reaction section D is from 250 to 300°C and simultaneously at least 2 0°C, or at least

2 5°C, above the temperature of reaction zone C. if appropriate, this temperature dif-
35 ference may also be < 0°C.

Reaction section C exiends preferably up to an acrolein conversion of from 65 to

80 mol%. Moreover, the temperature of reaction section C is advantageously from 245

to 260°C. The temperature of reaction section D at high acrolein loadings is preferably
40 from 5 to 10°C above the temperature of reaction section C and is advantageously

from 260 to 285°C. For the two-section method of the second reaction stage, with re-

gard to the reactor, for the dimensioning of the catalyst tubes, the catalyst tube mate-



5 Normally, Bred&H&ion pressure in the first reaction stage will not exceed 100 bar. Useful
sources for the molecular oxygen required in the first reaction stage are both air and air
depleted in molecular nitrogen. 10 It is appropriateg4iom an application point of view to cool
the product e first reaction sta e to at erature of from O to 290
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which are balply. the temperature of the second reaction stage. However, the after cooling 15
described is in no way obligatory and can generally be dispensed with especially when the

path of §ne RyadkehaRmBichie ] REUING i aikeaaslipearRae dnipdls fecapd 8%{&8&%‘&9 s
kept short. T roces r |n éﬁe invention | al- 1zed In Sl%

that the oxy Eﬁiﬁa B R Vaae 8 PR 0k i@faaﬁfe%%ma opver
appropriate M RESAFYER Wﬁ@ﬁ@ﬁﬂé@ﬁl@?%@lﬂ)ﬁ@i@%@%‘ thetemperatureetre
oxygen requictionsedidedCiantéhetiopératuesst thactinst sendiced shuliltbetiatestagidNdris can
be done betaesy dungoritesraBAEY thhpiafredifereHsewill BeutehivbEwenotagrian-C.
oxygendedyygg %'@&e?ﬁégtﬁ%?&%% R AL BUERHeEa AR ks Shomen
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volume of 0 “‘8%%% rSRﬁ%%] P ’8 é’ﬁ SIS (%R 8%%%% pressed
to the reactibh 9ré‘§s’t9r TEwatp iR 3h Cp Hitiareef 919'& BRdD%Ydfen requirement in the second
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appropriately Hgip@esgsaceoraingamed ifveradisine sskehmiparaciit ReiwmiREATeEs8E8 In
the pr%esso%%%rgtrﬂ&é%%%\‘%ﬁ“ml'FéH“u@aﬁ?‘E%“Q 63550 oﬁié@z RBIR [6AS U siRge 1,

may be eithgr below st ress, to 0.5 bar) or above standard
pressure. Aﬁcgr nMV t%%ﬁe |nv/§r? |§ gal%he VX ﬁ(lng pres p(é’ure in the second reaction stage will

typically be at values of from 1 to 5 bar, fre- quently from | to 3 bar. Normally, the reaction
pressure in the peessd asaetbrodatie igventionia evitatiel fooedseleialpadikesied fied festtion
stage, the sestalydtreiaariier? sty 8MF (BTRYBgeaschectiding TR ki, ioveitidachiSDR)darriedbdut
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escribe ein |
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25
Preferably in accordance with the invention, no secondary gas consisting only of inert
gas is metered in between the first and second reaction stage.

~ Normally, the acrolein loading of the second fixed bed catalyst charge in the process
30 according to the invention will not exceed the value of 600 | (STP)/I-h. Typically, the
acrolein loadings of fixed bed catalyst charge 2 in the process according to the inven-
tion are, without significant loss of conversion and selectivity, at values of £ 300 |
(STP)/I-h, frequently at values of £ 250 | (STP)/:h.

35 Ingeneral, the acrolein loading of fixed bed catalyst charge 2 in the process according
to the invention will be about 10 | (STP)/-h, frequently about 20 or 25 | (STP)/I*h, below
the propene loading of fixed bed catalyst charge 1. This is primarily attributable to the
fact that both conversion and selectivity for acrolein in the first reaction stage generally
do not attain 100%. Moreover, the oxygen demand of the second reaction stage is typi-

40 cally covered by air as a secondary gas. With increasing acrolein loading, the two-
section method described is preferred over the one-section method performed in the
second reaction stage.



salt melt, isffoRdfé%d around the metal tubes. Salt melt and reaction gas mixture may 5 be
conducted in simple cocurrent or countercurrent. However, the heating medium may also be
conducted around the tube bundle in a meanderinggmanner viewed over the reactor, so that
only viewed over the entire reactor does a cocurrent or countercurrent to the flow direction of
the reaction gas mixture exist. The volume flow rate of the heabégg]medlum (heat exchange
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manner corresponding to the first reaction stage, be re- 30 alized as two spatially successive
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preferably spdiipamesroltnh chavesseantivef $ainb46 éxt80dy cipredloie avendientssnfienature of
reactipg section C is advantageously from 245 to 260C. The temperature of reaction section

D at igh aolpig parlioas gﬂ?}! BrAd0 o0 %ﬂBI&Oangf?‘B\éﬂmtEeﬂB%E%?Sﬁ%fﬂ@%eacnon
Xt

section C an S adv nta e twQ-section metho e second

reaction st&g&" '%?h" '8&&8?“?& '8% ?Rf&’%‘i"fﬁ&%‘{%@{‘t%@%’ Y
catalyst tud# ,zﬁg%ema Brapeads until a conversmn value in the range from 55 to 85 moi% is

achieved, and a salt bath D flows around the section of the tubes (reaction section D)

25  in which the subsequent oxidative conversion of acrolein (in single pass) proceeds unil
a conversion value of at least 90 mol% is achieved (if required, the reaction zones C, D
to be used in accordance with the invention may be followed by further reaction zones
which are maintained at individual temperatures).

30 Itis appropriate from an application point of view for reaction stage 2 of the process
according to the invention not to comprise any further reaction sections. In other words,
salt bath D appropriately flows around the section of the tubes in which the subsequent
oxidative conversion of acrolein {in single pass) proceeds up to a conversion value of 2
92 mol%, or 2 94 mol% or = 96 mol% or = 98 mol% and frequently even = 98 mol% or

35 more.

Typically, the beginning of reaction section D lies beyond the hotspot maximum of
reaction section C. The temperature of the hotspot maximum of section section D is
normally below the hotspot maximum temperature of reaction section C.

40
According to the invention, both salt baths C, D can be conducted in cocurrent or in
countercurrent through the space surrounding the reaction tubes relative to the flow



rial, the catdlfs#¥4h8 number and their charge with fixed bed catalyst 2/inert bed, the
“statements made for the two-section tube bundle reactor of the first reaction stage also apply.
5 The higher the acrolein loading of fixed bed catalysgt charge 2 is selected in the process

according to.the, inventjon, the greater the preference for two-section method qver the
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* section C aAAROESIREdrRAGFEERREa MiBhiBR MGiPRLS aMRY Soeteat (R-iRvamgtion

aforementicrestiae G paatmentiiffereanddowlintheanjonsectentice thenvés@).10 In other words,
the difference between the temperature of reaction section C and the temperature of reaction
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160 | (@TPUIes A48 r(%‘léPc)éltla,yg{ LR bindE)/1h or >_ 1801(STP)/Ih, but also at acrolein

loadings of fixed bed catalyst charge 2 of z 1851 (STP)/Ih, or of z 1901(STP)/IFh or a 2001
(STP)/I-h, or ? 2101 (STP?/Ih, and also at loading values of >_ 220 | (STP)/Ih, or a 230 |
(STP)/Ih or DYRICRI% TR AatalySt bibes isthe pfRreptemienerMig-7ore ddra dareiq iwagters (ust
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in the psoceps ANRIRMLHAIBIAIN RMIRAIY IS BXRLS6 118, elke @hGR0d (STP)/Lh.
Typicaly, Ue, acioien \godingsal irad heflcalphit ehqrac.nhs pracess accpiding e the
inven- tion are, WitHout Sr nﬁlcan_oloss dt convcgr)éldn an SE?%CIIVW)P AP VAlLes of 5 3001
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performed fHRA® abere R ASHGHSHRYY exceptional. Within the vessel, the catalyst tubes are
normally arranged in homogeneous distribution, and the distribution is advantageously
25 selected in such a way that the separation of the central internal axes of immediately
adjacent catalyst tubes (known as the catalyst tube pitch) is from 35 to 45 mm {cf.
EP-B 468290).

Suitable heat exchange media are in particular fluid heating media. It is particularly

30 favorable 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 abovementioned flow arrangements in the two-section tube

35 bundle 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 inlet point into the reaction zone to the outlet point from the reaction zone by from 0
to 15°C. In other words, the aforementioned AT may, in accordance with the invention,
be from 1 to 10°C, or from 2 to 8°C, or from 3 10 6°C.

40
The entrance temperature of the heat exchange medium into reaction section C in an
inventive two-section method in the second reaction stage is normally from 230 to



PF 57479 38 FFf’gﬁ@'kably, the selectivity of acrylic acid formation assessed over both
reaction stages in the process according to the invention, based on propene converted, even
at the highest propene and acrolein loadings, may3generally be at values of > 83 mol%, 5
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two-se@ion tube bundle reactors disclosed in DE-C 2513405, US-A 3147084, DE-A 2201528,
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further reac‘t‘lggcéqgﬁ,&e\f\gg' Q_f?ﬁS %@éﬂ@\i@%gt%igf)dﬂ.r‘gﬁw?ééqg@géa&”es)' 30 It is appropriate

from an application point of view for reaction stage 2 of the process™ according to the invention
not to comprise any further reaction sections. In other words, salt bath D appropriately flows

around the B&étids apprecialssdiatitsdvereasiivspsinnsdxidailv e dioessrorcapraingltaingn
singledfassinpentiondsaymisndbeaagizsibin spalialyf reRatedife bundidrieactlts. i reqbretpo or
? 98 mol% past Brshisiiy BOBROBMUUNRY BmRietheyRisatscts Begianing, @b reaction

section D lies beyond the hotspot maximum of reaction section C. The temperature of the

hotspot maximum of section section D is_normally belo e hotspot maximum temperature
of reactionais% esa?(r;]nc%\ég & pointéd out once again %reg(‘va\{%’, H;ra periormance ot e second

reaction stage of the process according to the invention, it is possible in particular also
25  to use the two-section tube bundle reactor type which is described in DE-B 2201528
and includes the possibility of removing a portion of the hotter heat exchange medium
of reaction section D to reaction section C, in order if appropriate to heat a starting re-
action gas mixture 2 which is too cold or a cold cycle gas. The tube bundle characteris-
tics within an individual reaction section may also be configured as described in
30 EP-A382098.

it is of course also possible in the process according 1o the invention to combine two
one-section tube bundle reactors for the two reaction stages to give a single two-
section reactor to be operated in another manner, as described, for example, in

35 DE-C 2830765, in EP-A 911313 and in EP-A 383 224. In this case, the first reaction
stage is implemented in the first reaction section and the second reaction stage in the
second reaction section of the two-zone tube bundle reactor.

In an entirely corresponding manner, it is also passible to combine one one-section

40 tube bundie reactor and one two-section tube bundle reactor or two two-section tube
bundle reactors to a single tube bundle reactor in each case which then has three or
four temperature sections and is described, for example, in WO 01/36364.



According 6/ fHntion, both salt baths C, D can be conducted in cocurrent or in
countercurrent through the space surrounding the reaction tubes relative to the flow PF 57479
33 direction of the reaction gas mixture flowing thiggigh the reaction tubes. It is of course
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inlet point iRfE4HgS AR WQ%@%QH‘E"BBH& po‘rﬂrﬁcﬁr?tﬁ’é"f%]!i’cﬁc? diieq from

2 1.5 10 £ 2.3. The amount of molecular oxygen in starting reaction gas mlxture 2is

25 normally such that the molar ratio of O present in starting reaction gas mixiure 2 to
acrolein present in starting reaction gas mixture 2 is from 2 0.5 to £ 2, frequently from
2 0.75 to < 1.5. lt is favorable when product gas mixture 2 also comprises up to 5% by
volume or up to 3% by volume of molecular oxygen.

30  Starting reaction gas mixture 1 may also comprise 2 0.01, or 2 0.1, ar 2 0.5, or 2 2% by
volume of CQO.. Usually, the aforementioned CO- content may be € 25% by volume.

Especially when the source used for the molecular oxygen in the process according to
the invention is air, starting reaction gas mixture 1 will comprise molecular nitrogen as
35 afurther inert diluent gas. In principle, starting reaction gas mixture 1 in the process
according to the invention may comprise = 1% by volume, or 2 5% by volume, or
> 10% by volume, or = 20% by volume, or 2 30% by volume, or 2 40% by volume of
molecular nitrogen. In general, the content in starting reaction gas mixture 1 of molecu-
lar nitrogen will, however, be at values of £ 80 mol%, or < 70 mol%, or < 60 mol%.
40
Essentially in accordance with the invention, starting reaction gas mixture 1 must com-
prise propane as an inert diluent gas. This propane content of starting reaction gas



to 15C. In offfePd®s, the aforementioned AT may, in accordance with the invention, be
from 1 to 10C, or from 2 to 8C, or from 3 to 6C. 40 The entrance temperature of the heat
exchange medium into reaction section C in an inggntive two-section method in the second

reaction stage |s narmally from 230 to PF 57479 34 270C. The entrange temperature of the
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pointed out once again here that, for a performance of the second reaction stage of the
process ac orijn to the invention, it is possible in particular also 25 to use the two-section
tube bundid Rl KB ARRIETRIRE e tie BBATR BEY 892 Besomenar A A eI of
removing a'pestteh IopXhére s etz dsiwaRaamatinmer spastebyerraesaberDioraRaston
section C, ifwhide aitapmnerplintdftotbd andstheiegenentio nageigsin)fureidnivas théqureold or
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process ac 0 the Invention to combine two one-section tu € reactors for

cordin p ) %1
two reactioR %c?ygm Q}ﬁ fécmggrted propane from a partial dehydrogenation (for exam-

ple homogeneously and/or heterogeneously catalyzed, in the presence and/or with
exclusion of molecular oxygen). Appropriately in accordance with the invention, the

25 crude propane to be used for such a partial dehydrogenation will likewise be subjected
beforehand to a cyclopropane elimination.

in principle, the contents in starting reaction gas mixture 1 and of crude gases c¢an be
determined by gas chromatography without any problem. Analysis of condensed phase

30  of stariing reaction gas mixture 1 allows the detection limit for cyclopropane and other
Cs hydrocarbons to be extended.

The inventive procedure is particularly relevant when starting reaction gas mixture 1
comprises steam, since it promotes the conversion of cyclopropane.

35
The process according to the invention therefore comprises especially those embodi-
ments in which starting reaction gas mixture 1 comprises from > 0 fo 35% by volume,
frequently from 1 to 25% by volume, or from 5 to 15% by volume, or to 10% by volume
of Hz0.

40
Typical starting reaction gas mixtures 1 are, for example, those which comprise:



section readtbr&ie operated in another manner, as described, for example, in 35 DE-C
2830765, in EP-A 911313 and in EP-A 383 224. In this case, the first reaction stage is
implemented in the first reaction section and the segond reaction stage in the second reaction
section of the two-zone tube bun?le re§gotqlr in an eptirelﬁcorres onding manner, it is also
possible to combine one one-sec ion 46t 6 °15) YRAETEL bor and’BIE fo-section tube bundle
reactor or two two-section tube bIRBIE 1RdCErEMNAUMSHE tube BERIle reactor in each case
which then figgthiédreaunilytaddcrntuilcisdBliobpvakmissidescribmdpémeexample, in WO
01/36364. PF 57479 35 In this casen to0ex@n e vibierhiestireaction stagmeandagieartieg out in
the firsigreaction section and the second reaction stage in the twg,dgunstream feaglian.
sections of the three-section tube bundle reactor. Alternatively, for example, the first reaction
stage 5 may be carried out in the first two reaction sections and tHQQSEOE’GC‘%%{gﬁSH% ein
the two downstream reaction sections of the four-section tube bul¥Hg88hctor, and so forth.
The salt bath temperature of the Buffigignbmelepiaategse thiané: nsdiobe ictmBig- ured as
described in the case of the spatitiynsepainie submbendasepstopsopipri¥erdong/éleed is
disposgg in these cases betwee mgggngatalyst charge | and fixed 10 bed catalyst charge
2. However, it is also possible to dissRlenr%e \éviirtm suchtaqaagfrpedil- ate il?%rlt t%ed The Iegg%h of
the reaction tubes in the cases of comeblngtlpn il rlﬁ)ar?y cased é’cc)’rlr"énsepgn C P HETN 6P the
lengths of the uncombined tube JORERHRIASHEe The process according to the invention can
of course also be performed analogously to the procedures described in the documents EP-A
990636 andridithér Wwdhfs SEerkvdrsgene) abatatinad eartipasormeydigtechinphssprocess
accordifg to the invention comprises from 3 to 25% by volume, in many cases from 5 to 20%

by volume and usu- ally from 6 tofr%ﬁ_f/% ?a/élﬁlggn%%%%?yl_ene. Zﬁcﬁgﬁéjjng to the invention,
the content of molecular oxygen in starting reaction gas mixture uld be such that the

molar ratio V1 of 02 present in st3ATAS FRAGBPYASURERre | to FSISEYRESEKIG the starting
reaction gas mixture is 2 1. TypicEin &iAGebyrobiuse ekcordirtjapane @vdention is ? 1 and
53, usually z 1.3 and <_ 2.5, oftdrofrod@ & V5% dibvaidmehd amomulediaosituiggroxygen in
startirgpreaction gas mixture 2 is 25 normally such that the molar ratio of 02 present in
starting reagii ] lei i QgL Leaction gas mixture 2 is from a
0.5t05 Z,afﬁgé%&é%is%orﬂg Ei%é@%? ?oé%%ﬂémllt%%e%]altl\igogﬂ?b e%éh product gas mixture 2 also
comprises up to 5% by volume or up to 3% by volume of molecular oxygen. 30 Starting
reaction gas mixture 1 may also 86\’??&@&0?8(%6& wigme for z 03srelein. 20 by

from 2.25 to 9% by volume of molecular oxygen,

25 from 6 to 30% by volume of propane,
from 32 to 72% by volume of molecular nitrogen,
from 5 to 30% by volume of steam.

However, inventive starting reaction gas mixtures 2 may also comprise up to 20% by
30  volume of Ha.

In other words, reaction gas mixtures 1 of the process according to the invention may
alsc comprise:

35 from 4 to 25% by volume of propylene,
from 6 {0 70% by volume of propane,
from 5 to 60% by volume of H20,
from 8 to 65% by volume of 0O: and

from 0.3 to 20% by volume of Ha.
40
The process according to the invention is also favorable when starting reaction gas
mixture 1 comprises from 0.1 to 30% by volume of COa.



volume of d51448ally, the aforementioned CO2 content may be <_ 25% by volume.
Especially when the source used for the molecular oxygen in the process according to the
invention is air, starting reaction gas mixture 1 will ggmprise molecular nitrogen as 35 a further
inert diluent gas. In principle, starting reaction gas mixture 1 in the process according to the
invention may comprise z 1 % by volume, or i' 5% by volume, or 10% by volume, or a 20% by
volume, or ®BORIFITIORRROMNXLIRTE BYSFHIEIR FFCATS R Aty BMeni Qe ishe

" content in sE&FIAGSRsaction gas mixture 1 of molecu- lar nitrogen will, however, be at values of
5 80 mol%, or :5 70 mol%, or <_ 60 mol%. 40 Essentially in accordance with the invention,

startinggreaction gas mixture 1 mH%H‘FQ%‘ﬁ%%P%‘RﬂHS g an ingt gilyent gas. This propane
content of starting reaction gas Ixture 1 may be up t o by volume (for

f i i PE 57479 ?d el b '?5’%7b/%’ I (f
example, from 5 to 70% by volume), or Up §° f%oblim\% me, or 696 59 &%rllne, or up to
40% by volume, or to 30% by volliffe 8 & 1% atphe, or JFIBNSY% by volume.
Frequently, this propane content feom 0B%3020% Byxdymeobime. Holesutr, liydtagealsmde at
values of Z 0.01 % by volume, orron? ©t02%8hpyweliR 67 2 0.08%44ay, volume. In general,
startingyreaction gas mixture 1 comprises 5 10% by volume, in many cases <_ 5% by volume

of propane._ln_the pro ording to the invention, this propane may, for example, he
adgedp deli’tgjg?ag gsggﬁslcr%e%ribgi?éﬁ vgeg;ﬁt% %r%éfldcef(?asserﬁé%qu t%ss_:‘i}zér i b%egcﬁb%pé'gg mix-
10 ture 1. NSHRTRRGSHES ikodbiscenriibergrmy i a¢iddo s nigdify 80Hey also
comprise cpEtpiaiSac presanhio ool aradedpvop Ziendypicalideptyaitdidvea fitet sepgeafor
starting reaitioncg@simixpreilcagaeenikiarel 2ing (hiscalsgensssipiabe(m thiganaveent, the
nyClﬁﬁfE?pa@Ss%%@é‘WﬂiéH%éﬁHP_@lPF@ﬁ%ﬂ% bé/ré%#ﬁe%%t REGGar68 Qﬁmbﬁaﬂli’f%?pﬂr?ﬁ?ﬂ”e
or the process r,to convert it to.propyle assing the
crude propa Supurap R YRRt &%ﬁ&.@%@&l@jﬁ{gﬁr}éﬂ,&%ﬁ e

become pa?PBY%@A?aﬁgwaaﬁ%&jysée%&tafadf%ﬁeﬁw% 2% GeRgRRSEE RARSR Br
oxydehydré§eaeaism sppeobliriae(WRkEsarsesriaiy therdnteationdue epsiutRaedur watalysis)
functioning essdh daurar? B thike regg selircthéoprssaein § heqaitsergadyiodiure thdnathasivorsts, the
propyigne phesarfeiHOIRIENGReAIOR: GRRINEYESciRE beded é@:ﬁaﬁﬁa@;ﬁ@eﬂﬁ@%a&
mixture 1 a‘tﬂlgg%ﬁq%y@gggmggq&d&xm@g@v&%@_propane from a partia

dehydrogenation (for exam- ple homogeneously and/or heterogeneously catalyzed, in the
presence and/or with exclusion of molecular oxygen). Appropriately in accordance with the
invention, tHESSY BRIQECERED A 107 GEAMRIE. (WAKRIcAM PRI APHEIRTRDYOR AIGRM T (EFREFRIY be
subjected bydorphatrid) eolveyis ¢prdpzwiel 8B3HAE6NDE-A 196 31 645, DE-A 195 01 325,

25 EP-A 982 289, DE-A 198 38 845, WO 02/076917, EP-A 695 736, EP-A 778 225,
EP-A 1041 062, EP-A 982 287, EP-A 982 288, US 2004/0242826, EP-A 792 867,
EP-A 784 046, EP-A 695 736 and the literature cited in this regard in these docu-
ments).

30  The acrylic acid present in product gas mixture 2 may also be converted to the con-
densed phase by full or else by fractional condensation (for example WO 04/035514,
DE-A 199 24 532, DE-A 198 14 387, DE-A 197 40 253, DE-A 197 40 252,

DE-A 186 27 847 and the literature cited in this regard in these documents).

35 Both the absorptive and the condensative conversion of acrylic acid to the liquid phase
are typicaily undertaken in separation columns comprising separating internals (for
enlarging the mass transfer surface area). Useful separating internals include all known
internals. In other words, it is possible to use either trays such as bubble-cap frays,
dual-flow trays or valve trays, random packings, for example Raschig rings, or struc-

40  tured packings, for example Sulzer packings, as separating internals. Product gas mix-
fure 2 is generally conducted into the separation column ascending from the bottom
upward. In the context of an absorptive condensation, the absorbent is normally moved



In princ’ipleﬁﬁ@%?ﬁents in starting reaction gas mixture | and of crude gases can be
determined by gas chromatography without any problem. Analysis of condensed phase 30 of
starting reaction gas mixture 1 allows the detectiorggimit for cyclopropane and other C3

hyd b ' ive dure js. icularly.rel h '
eacton gaC i) (hiihe é?&"aﬁ%"i%@?}%%g&fn%z%@”atﬁé_?%@ﬁé‘é&%Eﬁﬁé‘?‘ b ARane.

35 The proClR8 R CBRTNETE THE VI AR ERERSIBREEo FEFRUSNGSE ASTY AR @hibasron-
ments in witigfy SRR eBiadiRingas Makenanf conilsviSeding aeistosecBsm spRienmesid). In
frequently ftbenfradticREPsdndentativn, thdrehmtivaly high-tyilingl corstitretasl 60progolgasennt
H20. 48 Typieab shariHSFERSIDATIMEIMNSE, TREQIMIAABRISMIIRH G HRiGtheaaBrRe: PP
57479 31 1y @@%&iﬁr‘gﬁ% ‘?%H&L’E %LPE‘?%%‘Son‘HSHga%% %%gd"mbrV YoWBIE Of water, from > O,
frequently ?%{% or?11tg %‘ vckxne of propane, from > 0 to 5\6/3l By vglume OF of )
constituent RGAHRACEG BN SHIanEn Y SRERC SNy S B SIS AR
sufficient medsediap erpnethel Vhis indat @@pleciwsysihgrease wiembeal iBadtuiawn
propane preséitiprefligyfobon @ prepand; drdatssothitorepradede by itect GO indethecofitiae
total eypount of molecular nitrogen. In other words, inventive starting reaction gas mixtures 1
may also ¢ IS€e., tq 99 fpro f t % by volume of
Ty e TGRS (9B LB RORYERe AR RIS, TG o
molecular HHIBGeR OB TV RSHSad S S USE GPPURS: PR AISS FRQJEsFRHATErb A 5 to
8% by voluiddirgebesslse:, Thenndiestecping s whdereisminiedinet Brgberchangers in a
manner known per se, while direct cooling is typically effected by spraying absorbent
15  precooled in a quench apparatus or precooled bottoms liguid from the separation col-
umn into product gas mixture 2. A common feature of the above-described absorptive
and/or condensative processes (separation processes) is that, at the top of the particu-
lar separation column comprising separating internals, into whose lower section prod-
uct gas mixture 2, appropriately after preceding direct and/or indirect cooling thereof as
20 described, is typically conducted, a residual gas stream normally remains which com-
prises mainly those constituents of product gas mixture 2 whose boiling point at stan-
dard pressure {1 bar) is < -20°C {i.e. the constituents which are difficult fo condense or
else volatile).

25 These include, for example, molecular nitrogen used additionally in the partial oxidation
as an inert diluent gas, excess molecular oxygen remaining relative to the reaction
stoichiometry in the partial oxidation, carbon oxides formed as a by-product or used
additionally as inert diluent gases in starting reaction gas mixture 1, but also propylene
unconverted in the partial oxidation and unconverted cyclopropane. In general, the re-

30 maining residual gas will, for example, also still comprise fractions of steam. Appropri-
ately in accordance with the invention, at least a portion of such a residual gas will be
recycled into the partial oxidation as a constituent of starting reaction gas mixture 1.
Appropriately from an application point of view, such a cycle gas method can also be
effected via a heterogeneously catalyzed partial dehydrogenation and/or oxydehydro-

35  genation of propane upstream of the inventive partial oxidation as the propylene
source. Frequently, in the process according to the invention, at least 10% by volume,
or at least 20% by volume, or at least 30% by volume, but usually not more than 80%
by volume, or not more than 60% by volume, or not more than 40% by volume of the
residual gas will be recycled into the partial oxidation {but generally substantialiy fully,

40 the total amount of unconverted propane and/for propene present therein and of uncon-
verted cyclopropane with them). A portion of this recycling can also be effected into the
second reaction stage, i.e. as a constituent of starting reaction gas mixture 2.



25 from 6 t&E@%%? volume of propane, from 32 to 72% by volume of molecular nitrogen,
from 5 to 30% by volume of steam. However, inventive starting reaction gas mixtures 2 may
also comprise up to 20% by 30 volume of H2. In ofper words, reaction gas mixtures 1 of the
process according to the invention may also comprise: 35 from 4 to 25% by volume of
propylene, from 6 to 70% by volume of propane, from 5 to 60% by volume of H20O, from 8 to

65% by vol(riécht 825 REPRDFAEIAY U (5P RS eIV BHIOp A KSINRIL GRFIRG U the
invention isaaid §¢aecrtiblecipasasshatingired deweigedusixiald (besadrisemfrorh @ Bvor88% by
volume of Gi2al Bfedi7 479 A8 Poasiblg repdhoplgas fexdtitestipag ikiEdnaentdaerd@avith

the inventiop4RmkIes 16 HBRERRIoA %@%Qﬁampﬁé%r@ﬁyﬂy%eﬁa%@l%e JEQBR BRI R Ykby
volume of rggigféulﬂré?%ggﬁb ﬁém 6 to 70% by volume of propane, from 0.3 to 20% by
volume of molecular hydrogen arid from 8 to 65% by volume of steam. 10 The acrylic acid

can be removed from product gas mixture 2 as described in the prior art processes. To this

end, the acARROERIvE(ABFRERYEENSATDRTRNDEBehrctlicagtivtonioredidiges erxtivrgsdduct
gas mixturea @ astypizatiiped nvirtatboumdingt EEpPRrE3EDB5INIEPIRM JB®E3L gas mixture 2

into they constensegorineinidisdlosuacebine a5asPRasa Wich RNYRISRIHHMRS is
referred to gy %%%58%6%%@%@5, BOhbo p PR RIORMS BRIACHRY 654N the

partial oxidation). Useiul processes for converting acrylic acid present in product gas mixture

2 to the co 'ﬁ&?e%lzp‘}‘?aégf’wpggbép&%ﬁ FhET 1 tré E)?gcy%%ée%?aiﬁa 0 the invention are
in principle A rd88 &s820«MEnvh 19818 EgarebrMhB5RbLA2G:. Dty 183sehB4fly feature the
conversionRE-20 182 4823, (DA 60GITS G dEFIA ddid) [Dp2HSPratiVE add|dDEdNde 08087
(cooling) mpgsa utessrom, the-gareesin g condensersahasep Elseivoapserients are, for
example, water, aqueous solution and/or organic (especially
An absorptive and/or condensative removal of acrylic acid from product gas mixture 2
can also be carried out as described in DE-A 103 36 386, DE-A 101 15 277,
DE-A 196 06 877, EP-A 920 408, EP-A 1 068 174, EP-A 1 066 239, EP-A 1 066 240,
20 WO 00/53560, WO 00/53561, DE-A 100 53 086, WO 01/96271, or as described in
DE-A 10 2004 032 129 and its equivalent patents. Favorable removal methods are also
the processes described in the documents WO 04/063138, WO 04/35514,
DE-A 102 43 625 and DE-A 102 35 847. In principle, the acrylic acid can also be frozen
out of product gas mixture 2 in the first separation zone.
25
The further removai of the acrylic acid from the condensed phase can thus be under-
taken in a downstream separation zone 2 in the process according te the invention,
depending on the procedure employed in separation zone 1 and depending on the spe-
cific process conditions which have been selected for the partial oxidation and thus
30 determine the spectrum of ather secondary components (reaction temperature, inert
diluent gases seiected, catalysts selected, content and molar ratio of the reactants in
starting reaction gas mixture 1, efc.), up to the desired degree of purity of the acrylic
acid by a wide variety of different combinations of a wide variety of different thermal
separation processes. These may be, for example, combinations of extractive, desorp-
35 tive, crystallizative, rectificative, azeotropically distillative, azeotropically rectificative,
distillative and/or stripping processes.

it will be appreciated that all process steps performed in separation zones 1, 2 are car-
ried out with inhibition of polymerization. The procedure may be as described in the

40  prior art cited. An outstanding position among the entirety of the available acrylic acid
process stabifizers is assumed by dibenzo-1,4-thiazine (PTZ), 4-hydroxy-2,2,6,6-
tetramethylpiperidine-1-oxyl (4-OH-TEMPO) and p-methoxypheno! (MEHQ). They may,



hydrophobid}fs8fftits (cf. DE-A 103 36 386, DE-A 196 31 645, DE-A 195 01 325, 25 EP-A
982 289, DE-A 198 38 845, WO 02/076917, EP-A 695 736, EP-A 778 225, EP-A 1 041 062,
EP-A 982 287, EP-A 982 288, US 2004/0242826, EP-A 792 867, EP-A 784 046, EP-A 695

736 and the|i cifed,in this regard in these docu- ments). 30 The acrylic acid present in
oot ac S LEE TN BRI B R Rl 2 b S K e ey
fractional ccﬁ‘f@@ﬁs%ﬁﬁ%"ﬁ‘ifg?'B%&rﬂ%‘@ﬂ@%’ﬁd?ﬁﬁ?ﬁ-%"Eﬂt’ﬁgb’, ifHECROINGS WEY
DE-A 197 4heiyeniiom Dypicatypbe piel Ameebst galymataationtiorbiteitess énttiidhrediard in
these documemsps@Bodisdatiembsytiatacidamddbet tosrdiensafiom DY eLsiQn dyaesitiktacid to
the liqugl phase are typically undertaken in separation columns comprising separating

internals (f i f rface area). Useful arating internals,include all
(nown ontae s e ARaAae B G e o T TR
dual-flow tréVESDW\%R%TWQ@EVt%{HB%ﬁBéEﬂm@& o eenmRierRaERAYIRAGY BRTWe A0\ Mred
packings, fdf k&R Bopienipackinyihast swearsarily nequinals arrvetatizgtiveremaoved of is
generally caeddictecidritostipasatiparadignTiitithis pegenging from the bottom upward. In the
contextpof an absorptive condensation, the absorbent is normally moved PF 57479 39

(conducted Tﬁ%@tﬁ%ﬂ881§'%’Bmsﬁg4&&9%%8@%’%‘@168{;%!;%25@!§o'

uid zilgjsorbaga running
OH of tne residual gas
downward forms the con ensedg ase comﬁrls g C aci {,gn ar

component&] AR EP NGRS RS68 W%ﬁ?:ﬂ%@ep%%&?&%%‘?g’glﬂr%ﬁ@t gas

fractional coNIEFRAtIBIP TrGNEaVERH hREe 6am G Hreiad i8S evprosrmtinladhaifirst taec? are
condensed tasceiagmgrintor intd ieecmrded satetmonsfaging enriched acrylic acid is generally
condugted out of the condensation column via side draw removal. It will be appreciated that
absorption ' ; M- er.. Ihis is,
for examplfﬂf;%ﬁgaﬁﬁéﬂ“%% T ‘%%%%?ﬁ%%ﬁ%ﬁ%&ﬁ”%%%% b
absorption BTERLAL BB 1B IR S G ProB s SRER U STAEI e EBRURTE ARG
product gadTixiiGré vikhe addedisthrierrlouanie anedertinbaiarr2eantéd tejinidran
cooling, or byteimtadtatdesisichd minyi%lirmcraptfardviydoauotirign bietrdastct Towlittg isually io
underakendn éxtirt el e RiaeK6BanNges SoNte aMBRRAT KNSVIEEEEIEer Whilast UeGhene i in
typically eﬁm&xé@é@xwg)m?ﬁbﬂwml%'erad&%aspa—%%ﬁ%%ﬂwﬁea%ed

bottoms liquid from the separation col- umn into product gas mixture 2. A common féature of
the above-d&scribed absorptive and/or condensative processes (separation processes) is
that, at the top of the particu- lar separation column comprising separating internals, into
whose lowédkerfizs pyagatlene present in starting reaction gas mixture 1 is fed to starting reaction

25  gas mixture 1 at least partly from a partial dehydrogenation {for example homogene-
ously and/or heterogeneously catalyzed, in the presence and/or with exclusion of mo-
lecular oxygen) (normally accompanied by propane unconverted in the partial dehydro-
genation), at least a portion of the residual gas remaining in the conversion of the
acrylic acid from product gas mixture 2 into the condensed phase may be recycled into

30 the partial dehydrogenation of propane.

Moreover, it should be emphasized that the present invention comprises processes in
which the process according to the invention for preparing acrylic acid is followed by a
_ process for free-radical polymerization (especially for preparing water-superabsorbing
35 polyacrylic acids and/or their partly or fully neutralized alkali metal (preferably Na)
salts}, in which acrylic acid prepared in accordance with the invention is free-radically
polymerized to prepare polymers.

The present invention also comprises processes in which the process according to the
40 invention for preparing acrylic acid is followed by a process for preparing acrylic esters,
in which acrylic acid prepared in accordance with the invention is esterified with alco-



uct gas mixﬁﬁesf‘fi%t%propriately after preceding direct and/or indirect cooling thereof as 20
described, is typically conducted, a residual gas stream normally remains which com- prises
mainly those constituents of product gas mixture 24ghose boiling point at stan- dard pressure
(1 bar)iss [ ' i gi iCI C %gn r._else volatile). 2
These incluﬁ%@%gn?gegr k%%%%ﬁ?& ?%gér%% sféla %%gi)ﬁbgn% yalﬁ t@eeB%rr ?!eYI %@(ﬁ}&ét)'?och as an
inert diluentcafaa Y ¥%cess molecular oxygen remaining relative to the reaction stoichiometry in
the partial oxidation, carbon oxides formed as a by-product or used additionally as inert
diluent gasédinpstaaisforesidficgiismeutuinetdrnthe falsoverbpy ke peoasse dowieiedaididhicppartial
oxidatign anghsneanve TedRHRRIPRABS IS BrRparal Mewl BRIBAgHeridig! gas will, for
example, also still comprise fractions of steam. Appropri- ately in accordance with the
invention, a#[)l(east[atgortion of SL{ch a residual gas will be recycled into the partial oxidation as
a constituert 8 Rar |H8 FRORTA !533 Fe 1. Appropriately from an application point of
view, such a cycle gas method can also be effected via a heterogeneously catalyzed partial
dehydrogenation avatAlegxhethgdeodhgle ratmyzot pafiaexidptte afipafiylerave ativgipartial
oxidatign as the piPIHERE sBREFee dieaUeRibrekbHIe BfegeRbperling to the invention, at
least 10% by volume, or at least 20% by volume, or at least 30% by volume, but usually not
more than (i% B& V&Iqme or nottmoreé thaF ?0% by. volume, or not more than 40% by
volume of thé reSidua g%’?ﬁﬂ‘ﬁ\%@ F'éé? YR LIRS fr8PSRiaPBRiaN on (but generally
substantially fully, 40 the total amount of unconverted propane and/or propene present therein
and of uncon- veReactydlopiupiinst anidatibestaos petreaaicthigage)ycling can also be effected

into this second reaction stage, i.e._as a constituenf[ of starting reaction.gas mixture 2. PF
57479 40 Aty rladasdarilRas ARt A iRger B SRS BRiioNAS Haﬁdujggbgas

couce eIl il R S A B e

possible In principle to teed the Sitire y and/ora porti t

gas to incireFa%on (for example for energy generation), as described, for ex- ample, in EP-A
925 272. Absorptive and/or condensative removals of acrylic acid from product gas mixtures 2
are al2d deshdlimdrvatiiaoetemnoétite &ReAcBA8r58S EPminl TRE8iNazhdl AibhefellOARS 847,
WO 98/0144hadfnd Waklappidx, BB hird. 015 410, WO 99/50219, WO 00/53560, WO
02/09839, DE-A 102 35 847, WO 03/041833, DE-A 102 23 058, DE-A 102 43 625, DE-A 103

36 386, EP:A 854 129, US-A 4,317,926, DE-A 198 37 520, DE-A 196 06 877, DE-A 195 01
325, DE-A ’ib@%‘?“@i’é‘?’%ﬁﬂﬂrﬁé%ﬁé‘&f‘g JJ&%@%"?@@PE@%E BY £ B 3nepageIBRReRs,
DE-A 43 088y,
25
The catalyst tube (tofal length 400 cm, internal diameter 26 mm, external diameter
30 mm, wall thickness 2 mm, stainless steel} was accommodated in the guide tube of
the cylindrical vessel such that it just protruded in each case through the lid and base
at the upper and lower end thereof (in a sealed manner). The heat exchange medium
30  (salt melt consisting of 53% by weight of potassium nitrate, 40% by weight of sodium
nitrite and 7% by weight of sodium nitrate) was enclosed in the cylindrical vessel. in
order fo ensure very uniform thermal boundary conditions at the outer wall of the cata-
lyst tube over the entire length of catalyst tube within the cylindrical vessel (400 cm) the
heat exchange medium was pumped in circulation by means of a propeller pump.

35
An electrical heater attached to the outer jacket regulated the temperature of the heat
exchange medium to the desired level. Otherwise, there was air cooling.
Reactor charge: Viewed over the first-stage reactor, the salt meit and the

40 charge gas mixture of the first-stage reactor were conducted

in cocurrent. The charge gas mixture entered the first-stage
reactor at the bottom. It was conducted into the reaction tube



15 DE-A 43R5 97AYDE-A 44 36 243, DE-A 103 32 758 and DE-A 199 24 533. An absorptive
and/or condensative removal of acrylic acid from product gas mixture 2 can also be carried
out as described in DE-A 103 36 386, DE-A 101 134377, DE-A 196 06 877, EP-A 920 408,
EP-A 1068 174, EP-A 1 066 239, %\ﬁtﬁa‘ ]106662401_ 2%¥§§2§0/535 0, WO 00/53561, DE-A
100 53 086, WO 01/96271, or as deactibed Bk 59504 0EP158356d its equivalent
patents. Favorable removal methods are also the processes described in the documents WO
04/063138, WO 04/35514, DE-A 10tha3@pmelhanred the2dBd@ital pujskdrtoipet the hotidio
acid can also be frozen out of prodwith getempxtater T thel fisgitheRiatieBar 90RIe2DbE R

further gemoval of the acrylic acid froR e RANe5BE- IR T SANHIRHVAE HodsE-akEn i a

downstream separation zone 2 in the. process according to the invention, depending on the
procedure employed in separation zone 1 and depending on the spe- cific process conditions
which have been selected for the partial oxidation and thus 30 determine the spectrum of
other secondary components (reactibrvasasistegdsoiaete divays geedssidertedydatalysts
selected, content and molar ratio obthweractasttof8 StortingIBastinmeasaadEuIe bugks brup
to the ggsired degree of purity of thg agrylicxreitbR%ayWde variety of different combinations of
a wide variety of different thermal separation processes. These may be, for example,
combinatio f extractive, desorp 35 tive, crystallizative, rectificative, azeotropically
distillative, g%gal@fﬁﬁ@é‘ﬁ)?ﬁ@@ﬁ'icaﬂve, distillative and/or stripping processes. It will be
appreciatedifiest Hiphetesdierars fatiandd iensépPon zones 1, 2 are car- ried out with
inhibition of polymerization. The prévetinieamydyeiebstaritcspherés bfaidmptéduastraied. An
outstafsling position among the entirety of the available acrylic acid process stabilizers is

assumed by dibenzo-1,4-thiazine (gggt Er\)ﬁ‘:_é-l 53?3(1?088116 tetramethylpiperidine-1-oxyl
[ 10).°Th
RE$h

(4-OH-TEMPO) and p-methoxyphe&oﬁ E % PF 57479 41 for example, each
alone or in pairs or as a three-substaf! 3 % BRNSOHE Tk Pl iRt

phase P to be treated crystalIizativ@f)ﬁi‘ﬁ‘%ﬁédm’w@%gﬁm‘ﬁeiﬁéﬁW@rﬁi@ﬁﬂmyp?cﬁw,(ﬂxéefﬁﬁil
amount of polymerization inhibitorsdizesdet ighgthio-intermshdseridrpand Difabyyeightcbf

presepptherein, is from 0.001 to 2%ryypRigbs &iEnereasossiiohe. advantage of the process
according to the invention is that it per- mits, in a comparatively simple manner, the

preparation of acrylic acid partlculz;,iflgclgc\)/v I§1 Aor fr%e%%!%proplonlc acid, without necessarily

requiring a crystallizative removal acr{)l %'i'm gPhtion zone 2 for this purpose.
atalyst charge of anhular (5 mm x 3 mm x 2 mm = external

diameter x length x intemal diameter) unsupported catalyst
25 according to example 1 of DE-A 100 46 957 (stoichiometry:
[Bi2W20ex2W0Os3)05 [M012C05 5Fe2.84S5i1.59Ka.060x]1).

Section D: length 10 em
Downstream bed of steatite rings of geometry

30 7 mm x 3 mm x 4 mm {(external diameter x length x internal
diameter)

Intermediate cooling and intermediate oxygen feeding (pure O; as secondary
gas)
35
For the purpose of intermediate cooling (indirectly by means of air), the product gas
mixture 1 leaving the first fixed bed reactor was conducted through a connecting tube
(length 40 cm, internal diameter 26 mm, external diameter 30 mm, wall thickness
2 mm, stainless steel, wound around by 1 cm of insulating material) which was
40  mounted centrally to a length of 20 cm, charged with an inert bed of steatite rings of
geometry 7 mm x 3 mm x4 mm (external diameter x length x internal diameter) and
was flanged directly onto the first-stage catalyst tube.



10 Finally, ifShd{tdbe emphasized once again that at least a portion of the residual gas
remaining in the conversion (in separation zone 1) of the acrylic acid from product gas
mixture 2 into the condensed phase can be recycldd (as cycle gas) into the first reac- tion
stage and/or into the second reaction stage. 15 This cycle gas may, if appropriate, comprise

orosent in S| TRRCAGH ot LTSNS B PR S A SO RB A ot e
25 mol%, b&tet R @&égﬁ Bt e iiors 2Ry Piete Oxhetent of at least 75

mot%, usually to 20 an extent of at least 85 mot%, or to an extent of at least 90 or at least 95
mol% afd it semmcasescaxeiméatng RiseNhelstiRinsiiseRatarisr aramrdeng diffgreatdtom
cycle gas. WBSRNIRPTAPACREBRETTL theaibiRd HRAGUANBEIRHLTE His fed raidn
reaction 2 ngxsrrg'(é: ure 1 atslerglsxtI Lﬁ_gr]%){ {}Qgrg a dt?%rtl%l éjﬁhxdrtogei:atlon éacg %?adni) e, .
homogene- ousty ana7or hetero eneously caﬁé\ yzec?, IR NS ps‘,g EhEERR _P ft &%?Hgig\jﬁoof
mo- Iecular@W%ﬁﬁ%ﬁ?@%@éHBE%WW&W%@BW%@W%%WW ¥&8ydro-
genation), dikrwisedlptgedbyitsmhersiddalbasreuatthgatetviac onyessioretsreddn aaylic acid
from produciughshaittiereadntatbeongersedip ies esa1iing e 58 oyt rtacPo dheppastial

dehydrogengtien REMRRANS Morge\essy Should be emphasized that the present invention
comprises processes in-which the process according to the invention for preparing acrylic

acid is followed b%% process for free-radical polymerization (especially for preparing
water-superabsofHiRGIe5 HdRa RN axdaticr siegr IRpA pdicfiAlPRBUtralized alkali metal

(preferably Na) salts), in which acrylic acid prepared in accordance with the invention is
free-radically cptiiystatze fixedivep asaqol wae isscthehith sexn df weiiical alssigotopiisesr the
Frl?ceszes H&yvhkeaadr@fqmgsssa@ﬁ%ngm hHhge @Qéw&mi@w@?m&&me&&ﬁ% is
ollowed by, r Ng,.ac r .

VBRI 678 e REARIN 91 %Xﬂ%%iﬁ%g?g%%%%%ﬁ ‘%\Qédc(@%gge '@J{ ure

r
accordance, with the invention Is esterified w hols r%e%% anols,
more prefe .%K)"ﬁ: %3%&%%9&5 é%ig:na {/ﬂ?ﬁﬁ@% nsd “é%ﬁﬁ%%‘fdﬁ%aﬁr%‘é@gf& restit
esterificatiol BErPfilGIn AYSIDRRETIHY 3 Broddesifermaiagiadiass gbihs pvlietiobthsrseaantlich
acryliestezigatiparddga. tht4 ef diyesseltpoblimaszaldaxamme dhdoompirative example 1.
Two-stage heterogeneously catalyzed partial oxidation of propylene to acrylic

The catalyst tube charge (from the bottom upward) was:

Section A Length 70 cm
25 Upstream bed of steatite rings of geometry 7 mm x 3 mm x 4 mm (ex-
ternal diameter x length x internal diameter).

Section B: Length 100 cm
Catalyst charge of a homogeneous mixture of 30% by weight of steatite
30 rings of geometry 7 mm x 3 mm x 4 mm {external diameter x length x
internal diameter) and 70% by weight of coated catalyst from section C.

Section C: Length 200 cm
Catalyst charge of annular (7 mm x 3 mm x 4 mm = external diameter x
35 length x internal diameter) coated catalyst according to preparation ex-
ample 5 of DE-A 10046928 (stochiometry: Mo12VaW1.2Cu2.40y).

Section D: Length 30 cm
Downstream bed of steatite spheres of diameter 4-5 mm.
40
B) Results achieved as a function of the composition of starting reaction gas mixfure
1 of the first oxidation stage (the propene loading was set to 150 | (STP)/I*h; the



10 acid in th%Fa%E‘gr?ce and in the presence of cyclopropane A) General experimental setup of
the reaction apparatus Reactor for the first oxidation stage (1st reaction stage) 15 The
reactor consisted of a jacketed cylinder of stainlesststeel (cylindrical guide tube surrounded
by a cylindrical olgEyRaReEb: Wi&é&&ﬁmﬁﬁé&%@@%@&% BT Eation BRAYe8 DAL on
internal diameter o;oth e%létecr)r(]: e'r[t]dc%r WasSaPl mrg. T;lhe I rnal diameter of the guide tube
was approx. 60 i At the op and (‘)Af?om,“fﬁg Jéc%efga c}f'jlinder was concluded by a lid and
base respec- tively. 25 The catalyst tube (total length 400 cm, internal diameter 26 mm,
external diamsepBReaiFovWRiithRigra dYstarensfarsnanrastiendel) thafrslovddatimusiagkivdse
guide tébe cliibmmhdidibesbdesstestathl tunrdust taeingded diopagds eaigeutbropgh the lid and
base at the upper and lower end thereof (in a sealed manner). The heat exchange medium
30 (salt melt consisting of 53% bysvggji'q;}; oglpggassium pitra]teﬂ e40% by weight of sodium
nitrite and 7% by weight of sodium'rgltra ey Was enclosBO N the cylindrical vessel. In order to
ensure very uniform thermal bou ¥ofifdns at therBRABPwall of the cata- lyst tube over
the entire length of catalyst tube Withipytiel.a3flindrical wyskgirep@0&m) the heat exchange
mediut@was pumped in circulationOBfisans. ef a progaller pump. 35 An electrical heater
attached to the outer jacket regulatgd,{hg,feppperatureigfihg feat exchange medium to the
desired level. Otherwise, there WE%]% ﬂ'i%‘f‘g%lgi]ﬁd elezctor charge: Viewed over the first-stage
reactor, the salt melt and the 40 charge gas mixture of the first-stage reactor were conducted
in cocurrent. The charge gas mixture entered the first-stage reactor at the bottom. It was
conducted into the reaction tube PF 57479 43 with a temperature of 165C in each case. The

salt mé&& enferen phesoplipasicrikynéd?, thbaayibatidtiomeditaa tcomipesaid rByaiikit itdbie
cylindrical griglgitikemidnibf WRiMHHA IaPeSaHHE ERIHAAR, WasIatPHM2E Styfnekin

was adjuste 60,350, ANR AN SIRFSHE. FFRRYIERE o SRR SNSIA0 AL RoRoRidn B9 YigInale

h let of o .
pass atthe gﬂhgta?nount of propionic acid present in the condensate, based on the amount of

acrylic acid present therein as a function of the amount X* of cyclopropane present in
20  starting reaction gas mixture 1, but reported here in mol% relative to the malar amount
of propylene present in the starting reaction gas mixture.

Table

X* (mol%) Y (ppm by wit.}
0.063 483
0.95 1114

25
US Provisional Patent Application No. 60/752,3689, filed on 12.22.2005, is incorporated
into the present patent application by fiterature reference.

With regard to the abovementioned teachings, numerous changes and deviations from
30  the present invention are possible.

it can therefore be assumed that the invention, within the scope of the appended
claims, can be performed differently from the way described specifically herein.



10 the first oxidation stage. Catalyst tube charge: (from the bottom upward) Section A: length 90 cm
Preliminary bed of steatite spheres of diameter 4-5 mm. 15 Section B: length 100 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 20 unsupported catalyst from
section C. Section C: length 200 cm Catalyst chargg of annular (5 mm x 3 mm x 2 mm = external
diameter x length x internal diameter) unsupported catalyst 25 according to example 1 of DE-A 100 46
957 (stoichiometry: [Bj2W209x2W03)0.5 (MO12Co05.5Fe2.9g4S11,59K0,050x)1) Section D: length 10
cm Dow anf 'Steatite rings of geometry 30 7 mm x 3 mm x 4 mm (external diameter x length
x internal diameter) Intermediate cooling and intermediate oxygen feeding (pure 02 as secondary

gas) 35 Eor the purpase qf mh%medlate CS?OI'cne% ’(lr%ggectlyat?y means of algattlhﬁ %Foduct as {mxture I

leaving t%‘e first fiX8d Ded reactor was conduc rouﬁﬁwr gc ﬁ?ﬂgc% Qe engtﬂ%ﬁ%m, internal

diameter 26 mregrgktenctl, dimmbitgr, 30 enfirstvabiaivokress 2 start gt arsieisansyes Imivdunedlandicid by 1

cm of insulatin ' ' ith an inert
bed of steatite %@%%ﬁ%%@@ﬁﬁ% Q? %ﬁ%%%%?ﬁﬁgﬂm%tg% :E%chat%ﬂ%(g%tjgyrynaf%iameter)
and was flangetl deré Gig ardaanadripes Shegaoterdligisoxyben R di7e pooayl emdin g owliet Gas Fulkture 1
always enteredthe 6PANEIREALURG, 38 1eARRBFALR o 3 d/RelfiShstra6)A oG EL Wholgn a

temperature above 200C and below 270C. 5 At the end of the connecting tube, molecular oxygen at

the pressure lel@abPpRdHsceaFhshisduraoss ratah R Ehadeiatdeas IR AT QX HIRCRIMRLIFG. The

resulting gas ndUER EHPBY QUM Brbareofipda® 6 P BtbAddriipthatasehivip GRNebiiad dirastly into

the second-stage catalyst tube to which the abovementioned connecting tube was -
single pass through the catalyst bed is > 90 mol% and the accompanying selectivity S*¢
of acrolein formation and of acrylic acid by-product formation together is > 80 mol%,
optionally the temperature of the product gas mixture 1 leaving the first reaction stage is
reduced by direct cooling or by indirect cooling or by direct and indirect cooling, and,
optionally secondary gas in the form of molecular oxygen or inert gas or molecular
oxygen and inert gas is added to product gas mixture 1, and then product gas mixture 1,
as a starting reaction gas mixture 2 which comprises acrolein and molecular oxygen as
reactants and at least propane as an inert diluent gas and comprises the molecular oxygen
and the acrolein in a molar O, : C3H,4O ratio of > 0.5, in a second reaction stage at
elevated temperature and with formation of a product gas mixture 2, is conducted through
at least one second catalyst bed whose catalysts have at least one multimetal oxide
comprisng Mo and V as the active composition in such a way that the acrolein
conversion in single pass through the catalyst bed is > 95 mol% and the selectivity S* of
acrylic acid formation assessed over both reaction stages, based on propylene converted,
is > 70 mol%, wherein starting reaction gas mixture 1, based on the molar amount of
propane present therein, comprises < 3 mol% of cyclopropane and has been obtained by
adding the propylene required for the process as a constituent of crude propylene which
consists of propylene to an extent of > 90 % by weight and of propane and propylene to

an extent of > 97 % by weight.

2. The process according to claim 1, wherein the acrolein conversion in single pass through
the catalyst bed is> 96 mol%.



likewise flanged by its other end. The amount of molecular oxygen metered in was 10 such that the
molar ratio of 02 present in the resulting gas mixture to acrolein present in the resulting gas mixture
was 1.3. Reactor for the second oxidation stage (2nd reaction stage) 15 A catalyst tube fixed bed
reactor was used which was of identical design to that for the first oxidation stage. Salt melt and
charge gas mixture were conducted in cocurrent vigwed over the reactor. The salt melt entered at the
bottom, the charge gas mixture likewise. The inlet temperature Tin of the salt melt was adjusted so as
always to result in an acrolein conversion of 99.3 0.1 mol% in single pass at the outlet of the second
20 oxidation stage. Toil of the salt melt was always up to 2C above T. The catalyst tube charge (from
the bottadn upwand)veesss Sextidimé\tdeaigthl/ Wiserebhégiralain dey atiste atittngiegsass eaugktry 7
mm x 3 mm X 4trmrga{§x§tgéa%gi391r%§w length x internal diameter). Section B: Length 100 cm
Catalyst charge 5t A mogeneous mixtuie of 30% by weight of steatite 30 rings of geometry 7 mm X
3 mm x 4 mm (external diameter x length x internal diameter) and 70% by weight of coated catalyst

from secjjon C. I%% G Eﬁp amlg : - T
external %ﬂj'iame'gj‘%(BF ength x%ﬁpjr%(g\%ﬁé%eter éggﬁﬁﬁiﬁgﬁﬁﬁﬁgﬂ té %Qrgﬁar%ﬁon g lj_ample
5 of DE-A 1004b92zstgstgapadinet§8 Ma¥2\V3W1.2Cu2.40x). Section D: Length 30 cm Downstream bed

of steatite spheres of diameter 4-5 mm. 40 B) Results achieved as a function of the composition of
starting reaction gas mixture 1 of the first oxidation stage (the propene loading was set to 1501
(STP)JIR-the PH'S PAGEsSErcsaralbif IR @ Bt Ay IheERNHIR &t 8 (eueEd anoies P gnRsa o dages
based on propylgreagavestad-veanrways ? 94 mol%). The composition of the gas mixture starting
reaction for the first oxidation stage was 5 substantially (based on the total volume of starting reaction
gas mixture 1): 6.3% by vol. of propylene, 28% by vol. of propane, X% by vol. of cyclopropane, 10

10.8% by .vol. of R2process according to claim 1, wherein starting reaction gas mixture 1, based on the

amount of propane present therein, comprises < 2 mol% of cyclopropane.

7. The process according to claim 1, wherein starting reaction gas mixture 1, based on the

amount of propane present therein, comprises < 1 mol% of cyclopropane.

8. The process according to clam 1, wherein starting reaction gas mixture 1, based on the

amount of propane present therein, comprises < 0.2 mol% of cyclopropane.

9. The process according to clam 1, wherein starting reaction gas mixture 1, based on the

amount of propane present therein, comprises < 0.15 mol% of cyclopropane.

10.  The process according to claim 1, wherein the propylene conversion in single pass
through the catalyst bed is> 92 mol %.

11.  The process according to claim 1, wherein the propylene conversion in single pass
through the catalyst bed is> 94 mol %.

12.  The process according to claim 1, wherein starting reaction gas mixture 1, based on the

amount of propane present therein, comprises > 10 molppb of cyclopropane.



5% by vol. of H20 and, as the remainder, N2. 15 From product gas mixture 2, the acrylic acid formed
was condensed out by direct cool- ing with condensate which had been formed beforehand, cooled to
4C and polymeri- zation-inhibited with hydroquinone. The table below shows the proportion by weight
Y of the amount of propionic acid present in the condensate, based on the amount of acrylic acid
present therein as a function of the amount X* of cyglopropane present in 20 starting reaction gas
mixture 1, but reported here in mol% relative to the molar amount of propylene present in the starting
reaction gas mixture. Table X" (mol%) Y (ppm by wt,) 0.063 483 0.95 1114 25 US Proyisional Patent
Application No. 8 PSSR B Db A0 B it S5 FRSERHRD B8 BHELTB bt dbpiation by
literature refereameuidhprepand poctieat ahweemnitiaised tesEhiogpbrufity@iopsophanges and deviations
from 30 the present invention are possible. It can therefore be assumed that the invention, within the
scope of the appended claims, can be performed differently from the way described specifically
herein. 484.Whdthe iedessdisortling peodess fionieterogiantog stadaialgae thpdutiallg hespthasetizxidation
of propylene to af'?\,]%rlﬂi[co (?%p%g\gr%{q@émt 5891%%9?3&@9{%9{&%@%% mixture 1 which
comprises propylene and molecular oxygen as reactants and at least propane as an inert diluent gas
and comprises the molecular oxygen and the propylene in a molar 02 : C3H6 ratio of > 1 is first, in a

first reactign stage B LIAIRIEMPRIAUAR SORAHUIRIRETUBRENE AR ORREF BealySIARmYnose

catalysts have at least one multimétal oxide comprising Mo, Fe and Bi as the active composition in
such a way thaMAefsa Rirs eemoeiedarmuamyie pass through the catalyst bed is > 90 mol% and
the accompanying selectivity SAC of acrolein formation and of acrylic acid by-product formation
together is > 80 mol%, optionally the temperature of the product gas mixture 1 leaving the first
reaction stage is reduced by direct 48 BEPCBSf iﬁéli?%ﬁ(t&ﬂling by direct and indirect cooling, and,
optionally secondary gas in the form of molecular oxygen or inert gas or molecular oxygen and inert
gas is added to product gas mixture 1, and then product gas mixture 1, as a starting reaction gas
mixture 2 which% prises acrolein and molecular oxygen as reactants and at least propane as an
inert diluent gas and comprises the molecular oxygen

Xt = nickel and/or cobalt,

X2 = thallium, an alkali metal and/or an akaine earth metal,

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

x4 = silicon, auminum, titanium and/or zirconium,

a = from0.5t0 5,

b = from0.01to 5,

c = from O to 10,

d = fromOto 2,

e = from0to 8,

f = from O to 10, and

5
I

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

elementsin IV other than oxygen.

16.  The process according to claim 1, wherein the at least one multimetal oxide comprising

Mo and V isone of theformulaVII:

MO012V X b XX X6 X *X s °On (VI



and the acrolein in a molar 02 : C3H40 ratio of > 0.5, in a second reaction stage at elevated
temperature and with formation of a product gas mixture 2, is conducted through at least one second
catalyst bed whose catalysts have at least one multimetal oxide comprising Mo and V as the active
composition in such a way that the acrolein conversion in single pass through the catalyst bed is > 95
mol% and the selectivity SAA of acrylic acid format@n assessed over both reaction stages, based on
propylene converted, is > 70 mol%, wherein starting reaction gas mixture 1, based on the molar
amount of propane present therein, comprises < 3 mol% of cyclopropane and has been obtained by
adding the propylene required for the process as a constituent of crude propylene which consists of
propylene to anviient of > 90 % by weight and of propane and propylene to an extent of > 97 % by
weight. 2. The process according to claim 1, wherein the acrolein conversion in single pass through
the catalyst bed is > 96 mol%. 47 3. The process according to claim 1, wherein the acrolein
conversion in sigle pass thrdldib, the, Catagéorieel is > 97 mol%. 4. The process according to claim 1,
wherein the achtein cgnver%'gﬂm %&g‘geggﬁaﬁgﬁp% the catalyst bed is > 98 mol%. 5. The process
according to claim 1, wherein the acrolein conversion in single pass through the catalyst bed is > 99
mol%. 6. The p?@cess%ccor@lﬁgﬂdﬂmﬁm 1, wherein starting reaction gas mixture 1, based on the
amount of propgne present thgrein, cRmpLisess£smol% of cyclopropane. 7. The process according to
claim 1, wherein étarting reaction gas mixture 1, based on the amount of propane present therein,
comprises < 1 Mol% df cycldPIOpaRErgakaiNg RN g ding to claim 1, wherein starting reaction
gas mixture 1, k@sed an the spmgunt gidpsppane present therein, comprises < 0.2 mol% of
cyclopropane. 9. The process according to claim 1, wherein starting reaction gas mixture 1, based on
the amount of Broparie presBRMHRSh, comprises < 0.15 mol% of cyclopropane. 10. The process
according to clam 1, whereifrgnegupapylene conversion in single pass through the catalyst bed is > 92
mol%. 11. The§roces_s acco;dingo'fg cl ién 1, wherein the propylene conversion in single pass through
the catalyst bed'is > 94 mol? 3O ﬁga]p ocess according to claim 1, wherein starting reaction gas
mixture 1, based on the amdénont Oftpaipane present therein, comprises > 10 molppb of cyclopropane.
48 13. The progess a(::cordi%%ﬁ%:k%i? 1, wherein starting reaction gas mixture 1, based on the
amount of propane present therein, comprises > 50 molppb of cyclopropane.

f —_

= from 0to 4,
g = from O to 40, and
n = a number which is determined by the valency and frequency of the

elementsin VII other than oxygen.

17.  The process according to claim 1, wherein the volume-specific activity of the at least one
first catalyst bed increases at least once over the length of the flow path in flow direction
of starting reaction gas mixture 1.

18.  The process according to claim 1, wherein the volume-specific activity of the at least one
second catalyst bed increases at least once over the length of the flow path in flow

direction of starting reaction gas mixture 2.

19.  The process according to claim 1, wherein the at |east one first catalyst bed is afixed bed
and its propene loading is> 120 1(STP)/1-h and < 250 1 (STP)/1-h.



14. The process according to claim 1, wherein starting reaction gas mixture 1, based on the amount of
propane present therein, comprises > 1 molppm of cyclopropane. 15. The process according to claim
1, wherein the at least one multimetal oxide comprising Mo, Fe and Bi is one of the formula IV:
Moi2BiaFebXc 1Xd2Xe3Xf40" (IV) where XlI = nickel and/or cobalt, X2 = thallium, an alkali metal
and/or an alkaline earth metal, X3 = zinc, phosphoBggs, arsenic, boron, antimony, tin, cerium, lead
and/or tungsten, X4 = silicon, aluminum, titanium and/or zirconium, a = from 0.5to 5, b = from 0.01 to
5 c= f:%m 010,10, d=from O.to 2, e = from 0 to 8, f = from 0 tp 10, and n = a number which is

determin€d by tHEVERSHRS AR A IR HA M M LR A A R LR Iy S OB S5 B cess
according to clano 13%tsresiLine oft feqstlene multimetal oxide comprising Mo and V is one of the
formula VII: Mo12VaXblXe2Xd3Xe4Xf5Xg6O" (VIl) 49 where X1 =W, Nb, Ta, Cr and/or Ce, X2 = Cu,
Ni, Co, Fe, Mn and/or Zn, X3 = Sb and/or Bi, X4 = one or more alkali metals, X5 = one or more
alkaline @arth nidia|0cess acBhrdihdricenha forlZ vyhereiftstarti ty 6ebct dnogasOvxtorég, 1 compored®no 18, d

= from Oto40, %6{{%@0}% B?, 3o|u?n38m4%9 4, g = from 0 to 40, and

22.  Theprocess according to claim 1, wherein starting reaction gas mixture 1 comprises from

> 0.01% by volume of propane.

23.  Theprocess according to clam 1, wherein starting reaction gas mixture 1 comprises from

> 1 % by volume of propane.

24.  The process according to clam 1, wherein starting reaction gas mixture 1 comprises from

> 5 to < 70% by volume of propane.

25.  The process according to clam 1, wherein starting reaction gas mixture 1 comprises from
> 0.01% by volume of COs..

26.  The process according to clam 1, wherein starting reaction gas mixture 1 comprises from

> 1% by volume of Na.

27.  The process according to claim 1, wherein the acrylic acid is removed in a separation

zone 1 from product gas mixture 2 by conversion to the condensed phase.

28.  The process according to claim 27, wherein the acrylic acid is converted from product

gas mixture 2 into the condensed phase by absorptive measures.

29.  The process according to claim 27, wherein the acrylic acid is converted from product

gas mixture 2 into the condensed phase by condensative measures.



n = a number which is determined by the valency and frequency of the elements in VIl other than
oxygen. 17. The process according to claim 1, wherein the volume-specific activity of the at least one
first catalyst bed increases at least once over the length of the flow path in flow direction of starting
reaction gas mixture 1. 18. The process according to claim 1, wherein the volume-specific activity of
the at least one second catalyst bed increases at lBBast once over the length of the flow path in flow
direction of starting reaction gas mixture 2. 19. The process according to claim 1, wherein the at least
one first catalyst bed is a fixed bed and its propene loading is >.120.1(STP)/1h and < 250 1 (STP)/1h.
50- 20, 1D proLBE PR ) LIS e T SR BolGr s  R BIRRZE kb 6 to
13% by volumegas miapyledéntdthd benpeaseishase bydibgptptislaimdlconbiensinai artagesaction gas
mixture 1 comprises from > 0 to 35% by volume of H20. 22. The process according to claim 1,
wherein starting reaction gas mixture 1 comprises from > 0.01% by volume of propane. 23. The
process atcordirg torateimatcovtiagio stanmin2eslotiemdhs avsatent userhizrisatfronarsajuioby
volume of propage 8& The process according to claim 1, wherein starting reaction gas mixture 1
comprises from >5to < 70% by volume of propane. 25. The process according to claim 1, wherein
starting reaction gas mixture 1 comprises from > 0.01% by volume of CO2. 26. The process according

to claim $pwhergip S{EHIRTELBRIAG AR AINYC IHERMPIREL AT a3 12 RIYOLITS QENR AibnThe

process according to claim 1, wherein the acrylic acid is removed in a separation zone 1 from product
gas mixture 2 KPEBRAEIEIS RltEaRe RS hed SHIRAEOBIORES HiBdbs seadrerad Rhashii@nedvherein

the acrylic acidjis £oavgidRIdFRM. product gas mixture 2 into the condensed phase by absorptive
measures. 29. The process according to claim 27, wherein the acrylic acid is converted from product
gas mixture 2 into the condensed phase by condensative measures. 51 30. The process according to

claim 27 3g/hereiRdhsraserdiecreidisgcanvdaiad domvaeas HCchigasaniXtyxstibinter thecarirabefphase
by absorptive and condensa&ve measures.[?lg Theﬁﬁroces fccordin@dto claim 28, wherein &%
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acrylic acid is reomoeasbthphasepanatipc ed into the first reaction stage and/or into the second reaction
stage.

34.  The process according to claim 1, wherein the propylene present in starting reaction gas
mixture 1 is fed to starting reaction gas mixture 1 at least partly from a partia
dehydrogenation of propane.

35.  The process according to clam 34, wherein at least a portion of the residual gas
remaining in the conversion of the acrylic acid from product gas mixture 2 into the
condensed phaseisrecycled into the partial dehydrogenation of propane.

36. The process according to claim 1, which is followed by a process for preparing polymers

in which acrylic acid prepared by the process according to claim 1 is polymerized.

37. The process according to clam 1, which is followed by a process for preparing acrylic
estersin which acrylic acid prepared by the process according to claim 1 is esterified with

an alcohol.



zone 2 using at least one thermal separation process from the condensed phase obtained in
separation zone 1. 33. The process according to claim 27, wherein at least a portion of the residual
gas remaining in the conversion of the acrylic acid from product gas mixture 2 into the condensed
phase is recycled into the first reaction stage and/or into the second reaction stage. 34. The process
according to claim 1, wherein the propylene presem2in starting reaction gas mixture 1 is fed to starting
reaction gas mixture 1 at least partly from a partial dehydrogenation of propane. 35. The process
according to claim 34, wherein at |least a partion of the resid @ZS remaining in t?e conversion of the
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dehydrogenatigrolyhmiepaneviBch THeeylicoestes pogmidihdhyo thiaiprdbesghaosdfinotwed dyna3irasess for
preparing polymelrs in.wergch acrylic acid prepared by the process according to claim 1 is polymerized.
37. The procesgoa}é@gpdzlng to claim 1, which is followed by a process for preparing acrylic esters in
which acrylic acid prepared by the process according to claim 1 is esterified with an alcohol. 52 38.
The process according to claim 37, which is followed by a process for preparing polymers in which
acrylic ester prepared by the process according to claim 37 is polymerized.





