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Acrylic acid and methacrylic acid are important intermediates, for example for the

preparation of polymers.

Their preparation by heterogeneously catalyzed partial direct oxidation of propane

30 and/or isobutane in a reaction stage is known (cf., for example, EP-A 529853,
EP-A 603836, EP-A 608838, EP-A 895809, DE-A 19835247, DE-A 10051419,
DE-A 10122027, EP-A 1254707, EP-A 1254709, EP-A 1192987, EPA 1090684,
DE-A 10254279 and literature cited in these documents).

35 The oxidizing agent used is normally molecular oxygen which can be added to the
starting reaction gas mixture, for example, in pure form or in a mixture with gases
which behave substantially inertly with respect to the partial oxidation (for example N,
in air). Inert diluent gases, such as.Nz, H,O, CO, CO,, He and/or Ar etc., absorb the
heat of reaction and keep the reaction gas mixture outside the explosion range. In this

40 document, inert diluent gases are generally those gases of which less than 5 mol%,
preferably less than 3 mol% and more preferably less than 2 mol% are converted on
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A further requirement for economic performance of a heterogeneously catalyzed partiai
direct oxidation of propane and/or isobutane to at least one of the desired target prod-
ucts is the substantial recycling of unconverted propane and/or isobutane present in
the product gas mixture into the reaction stage. To this end, the prior art makes the
30 following suggestions.

In the preparation of acrylic acid by heterogeneously catalyzed partial direct oxidation
of propane, DE-A 10119933 recommends the basic separation of acrylic acid present
in the product gas mixture from said product gas mixture by absorption into a liquid
35 . absorbent, and the subsequent rectificative, extractive and/or crystallizative workup of
the resulting liquid mixture of absorbent and acrylic acid in a manner known per se as
far as glacial acrylic acid, or conducting the basic separation of acrylic acid from the
product gas mixture into a liquid phase by fractional condensation, as described, for
example, in DE-A 19924532 and further purifying the resulting aqueous acrylic acid
40 condensate, for example by fractional crystallization.
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Another disadvantage is that other constituents which are present in the residual prod-
uct gas mixture and have an advantageous effect on the heterogeneously catalyzed
partial direct oxidation (for example steam, which generally supports activity and selec-
tivity of the catalytically active composition, or residual oxygen, which does not have to

30 be highly compressed) are not recycled into the reaction stage (but rather discharged)
and, if required, always have to be added again fresh.

An additional cause of the suggestion of recycling unconverted hydrocarbon present in
the residual product gas mixture separately into the reaction stage might, inter alia, be
35 the consideration of keeping the amount of gas to be recycled (and thus aiso the
amount of starting reaction gas mixture) very low, in order, in this way, to minimize the
conveyor and compressor output to be employed in this.connection (the recycled gas
has to be recompressed to the inlet pressure of the reaction gas mixture before entry
into the reaction stage, since, on the path through the reaction stage, the workup stage
40 and the removal from the residual product gas mixture, it undergoes a pressure drop
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conducti ng of the reaction stage from said product gas mixture into a liquid phase and conducting
the remaining residual product gas mixture which comprises not only propane and/or
isobutane and also in some cases propene and/or isobutene and has the outlet pres-
sure P°, where P? < P', out of the workup stage and recycling propane and/or isobu-
30 tane present in the residual product gas mixture into the reaction stage, which com-
prises selecting P* in such a way that P? > 1.5 bar and dividing the residual product gas
mixture into two portions of the same composition and discharging one portion as out-
put and recycling the other portion as cycle gas and feeding it back to the reaction
stage, compressed to the inlet pressure P, as a constituent of the starting reaction gas
35 mixture. Among other ways, the process according to the invention differs from the
procedure disclosed in EP-A 495504 in that it has no catalytic carbon monoxide oxida-
tion in and/or after the workup stage and before the output. Nor does the process ac-
cording to the invention require any carbon dioxide scrubbing of the residual product
gas mixture.
40
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25 pane-containing cycle gas (which normally has the reaction stage inlet pressure P’

minus the pressure drop on the path through the reaction stage and through the

workup stage and also the divider into the two portions; it is recycled into the reaction

stage in the process according to the invention normally via pipes which are free of

internals without significant additional pressure drop).

30
In practice, it is therefore normally necessary to bring at least a portion (at least the
cycle gas) of the constituents of the starting reaction gas mixture from a lower starting
pressure to a higher end pressure (the inlet pressure P! into the reaction stage) by
means of a compressor.

35

These constituents (for example the oxygen source air and the cycle gas) can be com-
pressed in spatially separated compressors or in a single compressor.

In principle, the compressars used for this compression of the gases mentioned may
40 be of a wide variety of types. Cited by way of example are displacement compressors
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subst ant i al Ingottgly bg absdrbing theaplorfamnuthe dhartinghtiactian gas mixture. Alternatively, the
preheated starting reaction gas precursor mixture can be conducted via a gas saturator
25 (gas mixture and water are conducted in co- or countercurrent over a large surface
area).

The outlet pressure P? selected in accordance with the invention thus affects substan-
tially the compressor output for the purpose of compressing the cycle gas and the oxy-
30 gen source.

From an application point of view, the pressure P* with which the residual product gas
mixture leaves the workup stage in the process according to the invention is generally
not more than 30 or 25 bar, frequently not more than 20 bar. According to the inven-

35 tion, the outlet pressure P? is advantageously > 1.5 bar and < 10 bar, preferably > 2 bar
and < 8 bar, frequently = 3 bar and < 6 bar or < 5 bar {for example 4 bar).

In other words, the characterizing feature of the process according to the invention is
the operation of both the reaction stage and the workup stage at elevated pressure.
40 '
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residual product gas mixture, for example steam and O,.

25 In other words, the comparatively simple measure of increasing the pressure allows, in
accordance with the invention, all advantageous characteristics of the prior art process
likewise to be achieved overall, without requiring a costly and inconvenient removal of
the unconverted alkane and any alkene from the residual product gas mixture for this
purpose (which additionally avoids undesired disadvantages, for example complete

30 nonrecycling or energetically demanding recycling of steam), and at the same time, the
measure of increasing the pressure resuits in an increase in the reactant conversion
based on single throughput through the reaction stage without a significant decrease in
the target product selectivity.

35 In this document, the term “reaction stage” or “workup stage” is in particutar one or
more apparatus units connected in series which, apart from inlet and outlet and option-
ally any further inlets for auxiliary gases, are sealed on the gas side, so that the pres-
sure drop to which a gas mixture is subject on passing through such an apparatus unit
or through such a series connection of apparatus units is restricted to the overcoming

40  of the flow resistances. '
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I nvention, as described, for exanple, by WO 02/081421. In the process
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frequently &f MEdutiétdf hedbrkupbRgel he process according to the invention is
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dr ops, th in the reaction stage and in the workup stage, nay be
di stinctly Miwertheppcass agaerdingio the invenkion ie cansiedaut ivtte segion efrparticutarly

_high pressures, the pressure P’ at the inlet into the reaction stage is generally less than
0.5 bar (for example 0.1 or 0.01 bar) above the pressure P* at the outlet of the workup
i stage.
30
Typical pressures P at the inlet into the reaction stage are therefore from 2.5 to 25 bar.
In general, the pressure P’ at the inlet into the reaction stage will be from 3 to 10 bar,
and, appropriately in accordance with the invention, from 4 to 8 bar.

35 Typical pressures P? at the inlet into the workup stége are from 3 to 25 bar, frequently
from 3 to 20 bar, or from 3 to 15 bar, or from 3 to 8 bar.

The control of the pressure ratios in the process according to the invention is possible
in a simple manner, for example, by means of a throttle apparatus at the outlet for the
40 portion of the residual product gas mixture to be discharged. In the process according



20:In the process according to the invention, the pressure P at the inlet
into the re®ft34984 st age, depending on the type of the workup stage

. enployed, will be fromO0.5 or 1 to 4 bar, usually from1.5 to 3.5 bar, in
many cases from2 to 3 bar, above the prgssure P3 at the outlet of the
wor kup stage. 25 Wen the process according to the invention is carried out
in the regi tmthefinysatien.du pdditign torthg Rdyandegasralready descpbed auraxpPident(invéreei nl et
i nto the reasiprRssttAtRgh WHtAAE Alstiarye SSeffdtfll) cOnrechd in cbAds RXREPLAHE. 1 or

0.01 bar) a th ssure P3 at th tlet of the r k st .3

Typi cal pre?ﬁéﬁsg p.ﬁar%g@ (i%#@?slontfeeﬁs%dnwge'?ﬁ'g_cvaég'ggiogﬁ p?ﬁ@?&eoggrf'eere?ﬁg?eleofr%&e from
2.5 to 25 bart gas|mixyes by B contrpled deepmprassion igratinpspheticdressutestotraeoveeact i on
st aget Wi 5l Ipertibn @fthd domnpkessbRbutpuEreguiratielceRiprédsahy oih?r p&tion d?ﬂh@eewjddvt L he

i nventi on, | r , , e
wor kup. ot ag Sne gy PE anP e o RenaBRR I 2o ) WBish e bob b o 5
to 15 bar, &Hataddathe inlet presare Prhe control of the pressure ratios in the
process according to the invention is possible in a sinple manner, for
exanpl e, by f t ] I ; rtion
of the. res diBraD @ ihd doRleR'ds i %?@?%‘3*%02”3?%%ﬁ%}ﬁg’féw%hn'g?%%%?g%%gé‘g
accor di 18 PEasiuthe peocess ag¢aEding istheiiyentiomtodhat Raran ofdhe rrsidualRirtiug @as

al ready desefiktbmdwhiemisadisthadyed asiouwait deperwi3ip easscasetd tbe gbmpbsitidn dfltee

di scharge i . ' Hes . f t

appar at us cgtnaqg{gg%ggﬁepntiag&,m %ﬂ*%&’%’ﬁﬁ‘gﬁﬁ ﬁgﬂg%yg%rgtoi'%ﬁﬁ%?' H%ngr%;sdual
prod- uct g&efaiaklyard regreirefe@blyts 3|1t will beapprasiated thohRtip thet preesss@crerd-
pressure E ﬁ ir{gelt@ﬁN@fnvént%_nnﬁéﬁ ?n@? E@& g dre cmlrmfrmawm iﬂuﬁ@yﬁocéwga&cbﬁfhg 1) f
conpres ot her. por.tion resi dual  praqdu xture and/or o

t he oxyagn 'PE"e"t'(’Bd‘f’" @‘%éﬁ& ‘ésué‘ﬁ¥ fez\?\’h\g%qi"eﬁﬂ S%geﬁk?:’%jfw \Rest éﬁofﬁ%he i nl et
pressure P. pTieraplytfioamn 8to 8hat portion of the residual product gas mxture
which is recycled as cycle 10 gas in the process according to the invention

to that por 'é)n of (Ejphe residual ﬁrqd ct. gas. m'xtEre whidch is di ﬁchar ed as
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in the process according to 15 the invention will be _< 30, usually 5 25,
frequent |y d4n other @prdsntheoufce|of e molegwarppxygen ngs|uired fasitieg pipgseasrdihe to 8.

process according to the invention is either air or air depleted in molecuiar nitrogen (for
example = 890% by volume of O,, < 10% by volume of N,), or else pure molecular oxy-
25 gen or mixtures of molecular oxygen and other inert gases.

Useful catalysts for the process according to the invention are in principie all of those
which are recommended in the prior art for the heterogeneously catalyzed partial direct
oxidation of propane and/or isobutane to at least one of the target products.

30
These are, for example, catalysts of the documents JP-A 3-170445, EP-A 609122 and
EP-A 747348.

It is essential to the invention that substantially all catalysts for each of the inventively
35 possible heterogeneously catalyzed partial direct oxidations can be used.

The active compositions of these catalysts are generally multielement oxides, usually
multimetal oxides.
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cited in thediePdoetbharftts CuTRe, l|CY,iRreNdoRp &4, B,iGm Sof Zo,Hi, Natla) ,dig.cltaAge t o
be used in they AfiPE&HBRLiANed cases 15 is substantially nultimetal oxide
conposi tjons I ch conprise the elenents Mo, V, at |east one of the two

el enent s2%e and Sb, and at |east one of the elenments fromthe group

consi sti ng ofronthe Tast elment groap, th& comBinatidrmprefeaablFepmmiisestoe elemen@b,Sr, Ba,

Rh, N, Pd, 784 ah@or PandHoreffRefetdbly the el@mertlp. T, Bi, B, Ce, Sn, Zn, Si,
Na, Li, K M, Ag, Au

The relevant multimetal oxide active compositions preferably comprise the aforemen-
25 tioned element combination in the stoichiometry |

M01VbM1cM2d )]

where
30
M'= Te and/or Sb,
M2 = at least one of the elements from the group consisting of Nb, Ta, W, Ti, Al, Zr,
Cs, Ca, Sr, Ba, Cr, Mn, Ga, Fe, Ru, Co, Rh, Ni, Pd, Pt, La, Bi, Pb, Cu, Re, I, V,
Pr, Nd, Tb, Ce, Sn, Zn, Si, Na, Li, K, Mg, Ag, Au and In,
35 b= from0.01to1,
c= from>0to1,and
d= from>0to1.

According to the invention, preference is given to M' = Te and M? = Nb, Ta, W and/or
40  Ti. Preference is given to M®> = Nb.



and In in conbination. 20 Fromthe |ast el enent group, the conbination
preferably cBﬁ‘ﬁﬂf‘%‘es the elenments Nb, Ta, Wand/or Ti and nore preferably
.the element Nb. The relevant nultinmetal oxide active conpositions preferably
conprise the aforenen- 25 tioned el enent nmbi nation in the stoichionetry |
M), VbM CM2d (1) where 30 M = Te and/or Sb, M2 = at |east one of the

el ements fromthe group consisting of Nb, Ta, W Ti, A, Zr, GCs, Ca, Sr,

Ba, Cr, M), The stbizhiomatridinefiidient biis adéntddeoudipfrofi 0.1 BP0, GCDorreEﬁ'}bonhnhgly\rthe Pr,
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Preferenc® is given to M = Nb. PF 54434 11 The stoichionetric coefficient b
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t he stoichionetric”co |C|en om
0.4, and favBPRSIP ec\?Hglﬁi@éeFW”ta“%‘?‘@W‘?" ﬂref'@"io?ﬁ'dlﬁrfa fred fagesy 0.6. 5

According to the invention, it is particul arIy favorabl e when the
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el enment s ot helemehbeorobipation, consi sts of an aforenentioned el errent
combi nation. These are then in particular the multinetal oxide active

conposi tionsof the gen i chi 5 Ml where

t he vari abl egﬁ) %% arg%rge p%m&u ﬁ}? 'B’EP{T %’/’Sd? ﬁ%"’?tcc?f”@r?%ﬂ%%&y“? &?irh n is a
nunber  whi cﬁtolcﬁloﬂﬁtwﬁh ned by the val ency and frequency of the elenents in
(I'l') othes than 20 oxygen.

MoiVyM'M?,0, (1)

where the variables are as defined with regard to the stoichiometry | and n is a number
which is determined by the valency and frequency of the elements in (Il) other than
20  oxygen.

The relevant muitimetal oxide active compositions preferably contain the element com-
binations cited at the outset in the stoichiometry Il

25 Mo VMM ME, (1

M® = at least one of the elements from the group consisting of Te and Sb;
30 M°= atleast one of the elements from the group consisting of Nb, Ti, W, Ta and Ce;
M® = at least one of the elements from the group consisting of Pb, Ni, Co, Bi, Pd, Cs,
Ca, Sr, Ba, Ag, Pt, Cu, Au, Ga, Zn, Sn, In, Re, Ir, Sm, Sc, Y, Pr, Nd and Tb;
a= from0.01to1;
b'= from>0to1;
35 ¢ = from>0to1;and
d= from0to0.5.

a‘ is preferably from 0.05 to 0.6, more preferably from 0.1 to 0.6 or 0.5.
b' is preferably from 0.01 to 1, more preferably from 0.01 or 0.1 to 0.5 or 0.4.
40 c'is preferably from 0.01 to 1, more preferably from 0.01 or 0.1 to 0.5 or 0.4.



The relevant nmultinmetal oxide active conpositions preferably contain the

el enent com %gﬁ'ons cited at the outset in the stoichionetry Il 25
MOLVaMab' McP J(III) where M4 = at | east one of the elements fromthe

. group consisting of Te and Sb; 30 Mb = at |east one of the elenents fromthe
group consisting of Nbo, Ti, W Ta and Ce;qo M6 = at | east one of the el enents
fromthe groyp consistin %f Pb, N, Co, B, Pd, Cs, Ca, Sr, Ba, Ag, Pt
Cu, Au, Ga, i Peerapl i 8.00005 gr0 0985 tey O Spmorkprelheebhrom GO0 oif . eext o1
b' = from >O qugntigFonr 0.602 todh8 andoften ftomanabs al'00ftcdd O to 0.5. a' is
preferably from0.05 to 0.6, nore preferably from0.1 to 0.6 or 0.5. b is
preferably freom O.OJT tag) ]_bem)re preferably from0.01 or 0.1 to 0.5 or O.4.
40 c' is pre eraﬁl%yePF M t01 to 1, nore preferably from0.01 or 0.1 to 0.5
or 0.4. FF 5MA34isib, peefetablypn ef leasttilmélPoof iG.to@DEBoat, Gitl) pEferenceatdeastor e
preferably from @5 @@l apdndet p;ém.amglé@@agmdor,ggpyg.ooz to 0.3 and often from
0.005 or 0.0lgto0. 0. [ referably,Je. 5 Mo is Nh,. preferably in at

| east 50 nol %o of i %fe{a%‘{ayaﬁ:ﬁ%%éaﬂ? ?%W%'ﬁfr%métf’%g@Hﬂgoa?'étfr@aét“ﬁ'%%&’}f%d
nmost preferably &bt Prasd GaomorepreferaBy aklepstone reddmsnt fom bagroupreeneistiment
fromthe group cemsi ebiPgaprdBNi, Co, Bi, Pd, Ag, Au, Pb and Ga, nore
preferab at | east one elenent fromthe group consisting of N, Co, Pd and
Bi. 10 Very particular preference is given to at |east 50 nol % or at |east
75 mol % or YeU pasicwar greferpace isigivendestiigastdio mel% or ablemst, 75and7ver bei ng at

| east one el exeEnbiYl, "o e ok atbatiof (iR N GraMMNbeing-at led oAB dicdRhent §rdm

Qut st andi ng Jhgg?(g‘%g%%ggﬁﬁ%g\mihcéhlgd LR&'EP“‘)” is MA = Te, Mo = Nb and M5 is

at | east one the group consisting of Ni, Co and Pd. The
af orenentioned is especially true when the active conposition of the
cat al yst15 chaugendinigtih acegdareetvithi the irekatioens M'ct TemMthRb o \WMFas at leastsi st s of

an el enent c é!Qﬁeg&r&li\%éjB Fg[g&\sfgtm'g%pmr&tg% kd!!1). These are then in

particular the multinmetal oxide activ conpositions of the general
stoichionetry (I1V)
The aforementioned is especially true when the active composition of the catalyst

charge, with regard to its elements other than oxygen, consists of an element combina-
20 tion of the stoichiometry (llI). These are then in particular the multimetal oxide active
compositions of the general stoichiometry (IV)

Mo VoMM M0, (IV)

25 where the variables are each as defined with regard to the stoichiometry lll and n' is a
number which is determined by the valency and frequency of the elements other than
oxygen in (V).

In the process according to the invention, preference is further given to using those

30 multimetal oxide active compositions which, on the one hand, either contain one of the
abovementioned element combinations (1) and (lil) or, with regard to the elements
other than oxygen, consist of them and, at the same time, have an X-ray diffractogram
which exhibits reflections h and i whose peak locations are at the reflection angles (20)
22.2 + 0.5°(h) and 27.3 + 0.5° (i) (all the information relating to an X-ray diffractogram

35 in this document relates to an X-ray diffractogram obtained using Cu-Ka radiation as
the X-ray radiation (Siemens Theta-Theta D-5000 diffractometer, tube voltage: 40 kV,
tube current: 40 mA, aperture V20 (variable), collimator V20 (variable), secondary
monochromator aperture (0.1 mm), detector aperture (0.6 mm), measuring interval (26)
: 0.02°, measurement time per step : 2.4 s, detector : scintiliation counting tube).

40



Mo; Va MibMbc Med' On' (I1V) 25 where the variables are each as defined with
regard to tRE &8 chionetry | | | and n' is a nunber which is deternined by
t he val ency and frequency of the elenents other than oxygen in (I1V). In the
process according to the invention, pref ﬁence is further given to using
those 30 nultimetal oxide active conpositfons which, on the one hand, either
cont ai n one Toé hairbeighbwiddnehthésereliediooseray beoreby srasli onalsd voryametkéd.| 1) or,
with regard to the elenents other than oxygen, consist of themand, at the
same time, ve an X- diffractagram which exhipits reflections h and i
whose peak P%E%?S‘Sr{%r_tégér?ﬁes? ﬁ%colr@&l’ E’c??é'h"% Yt &8 t?‘ﬁﬁd the abovegiey '?'Pﬁdaand
27.3 0.5 (mMultreetpl axie aghive camppeivensevhose gray dliffiactygneay inladditiandtodiag eem 35 i n

this docamenkctiopk alaf@ if Mastdrellettin KividseqiiaR Waatbw Rtaioegd: DS gq Cu- Ka
radiation as the X-ray radiation (Sienens Theta-Theta D500

diffractoneter, tube voltage: 40 kV, tube current: 40 mA, aperture V20
(vari abl e), Assingithatagier. wreferense is:givas) accamtingiadns invemiofdh (B AR Brosaper t ur e
(0.1 mm, ?Qﬂﬁﬂ\t_ ttae réiBC!['ldrUIﬁ Rag thethighost infﬁh@ﬁwwhmtﬂd”lx-?léylaiﬁ_ra(cﬂ@)am;arﬂ- 4o be)
measur enen . r ; of.. 4 i ng,t ube).
40 PF 54434 al’ﬁ&”ﬁ‘ﬁ@_ maﬁr*fe?%“éi"@%ﬁ°€f‘dﬂ§§‘§?§° t %%?s‘ées_rfE?@'&%’%?@Jﬁg&?ﬁ@%gé,"sgﬁé snal |
or el se 1Qer yhasarinwhichthe, Balabgightrwidthiah theyefiedion i ane of teraflacion kare alieat i on
are thgs]cef Ofsatrig@in@bo v eamhthie dmtenkity Ry lof 'thm'bﬂéctiﬁi’(}kdmdaﬁé inteehsitp PRsTShd iefies- Whose
X-ray diffr i i Y - i i a
reflection %S%g‘g@%%g%tﬁgggé P?nf,hgigt% g?%%ré&%ﬁc(fk 'Sg%égfﬁgb&%ﬁlga}? t%er,

pref erence PSyPadRuadeeretRraly P&5tHB S hoemvenmars pralerabl9-¢hoBes Pr{S apfli ch

t he refl ect ivery garticausarly peefaraplyd? & front @78itd . 78idr iR 1 0i72avhére RKyis thef ihteasityogr am

and al sq5 a ARxddMBy BatHe BRh@Rt Wi dth of at nost 0.5, and very particul ar
preference is given to 10 those in which the half-height wdth of the

reflection i and of the reflection k are at the sane tinme < 1 and the
intensity Pk of the reflection k andR*%&/{Paehsity P; of the reflec- tion i
fulfill the relationship 0.2 < R < 0.85, better 0.3 < R< 0.85, preferably

0.4 < RXK articularly.preferably 0.65 < R < 0.85 _.even nore .
b of or abl y §ralaraEhii bbymaidhel F 6 dlitrerodRms v ndir ey WRoS i 0. 70
to 0.7520r Rum@G 20w €0R°is the intensity 15 ratio defined by the
formula R = P;/(P; +Pk) Preferably, the abovenentioned X-ray diffractograns

have no reflectj aon. . who Xi- 2 s at20=50+Q..3. . The def.initi on of the
o ety Sohg deBmen of e Tefisiy 2o JellEchidh Pifegiiay Atadtasrem 1 MU OGRETRre
_ref ers to tmefecdbiting défimitiondaid ddeouin PE-ADES85298,3BEA4Y1 0102027, Fod 205307 DEaAd al so
In DE-A 10051419 and DE-A 10046672. The same applies to the definition of the half-height

25  width. - :

In addition to the reflections h, i and k, the abovementioned X-ray diffractograms of

multimetal oxide active compositions to be used advantageously according to the in-

vention contain still further reflections whose peak locations are at the following reflec-
30 tion angles (20):

9.0+ 0.4°()
6.7 + 0.4° (o) and
7.9 +0.4° (p).
35
it is further advantageous when the X-ray diffractogram additionally contains a reflec-
tion whose peak location is at a reflection angle (26) = 45.2 + 0.4° (q).

Frequently, the X-ray diffractogram also contains the reflections 29.2 + 0.4° {(m) and
40 354 +0.4°(n). , '



10051419 and DE-A 10046672. The sane applies to the definition of the

hal f - hei ght PP28#4§4dth. I n addition to the reflections h, i and k, the

. abovenentioned X-ray diffractograns of nuftinetal oxi de active conpositions
to be used advant ageously according to tqﬁ in- vention contain still further
refl ecti ons whose peak | ocations are at e following reflec- 30 tion angles
(29): 9.00.4(1) 6.7 + 0.4 (o) and 7.9 0.4 (p). 35 it is further

advant ageoust is@thek Bevaftagaous whbh a8 S8mam @iﬁﬁbuﬁéti@ﬂ@hbﬁ’n&qmﬁﬂ REn@Aaé 5 | ec-

wh f
Fr oquenc iy, Qﬁﬁ@'iﬁr‘f@@*/ﬁé‘ﬁﬁe &y B BRUCGE0 W bl afiadive auddss 1
(m and 40 °98'Pegitian lso CPF1351§4< ag, its Xyay difiracipsrara gortainage edditiomtathene

el ement  sonhiboaérnentionee réfreetiorisn furiher feflectidngavhobe peak lobationtlard 2t thedbliolY) are

present as %f%&lgﬁt‘on%fet% 2&13@ 2t h@}éfé“oa#d L' Ct@'(tb% t ¥ Vgnuofff| pﬂ%sda §r8n§8$ I tion

al so contains ram o the
5 aboverrent|'@)Hl#‘dd¢<ém%?$éﬁfé"edf'ﬁﬂﬁ‘réﬂoﬂ&(l c&nﬂcﬂ%Avﬂ%%g?ﬁéak | ocations are
at the follow ing reflection angles (29): 36.2 0.4 and 50 0.4 (the terns

i - and k-ph | fine and
DE- A 101 199@%%\% |Ht§ﬁﬂté/ 10'6 i Qﬁs?qr%%qggﬁ@}eflgaaoﬂ% iy RS ?ddaﬂhagglg%% cjofcﬁgiz%

is advan@agébﬁﬁ“’ﬂ'&t&@r‘ﬁ‘w ?63 emortsne FhVe‘h’tH‘éWg rihe game &1teRstyiseals. i | I, m
n, 0, p and Have the fohewiagirkensitieensity scale, have the following intensities:
is fromb5 to 95, frequently from5 to 80 in sorre cases from10 to 60; 1:
from1l to 30; 15 m from.1 . from1l to o: from1 to 30; p:
from1 to 30- andomy>1q 9%??533“9’3“’6(9"1 §(§° Bhan seme cxsqsaf\yoranﬂft?ée{ ogram cont ai ns
t he abovenent i oreth &¢slB®;i onal reflections, the half-height width is

general lyg < 10. (The spggi fic surface area of nultinetal oxide active
corrp05|t|ons of the190e£1€ral for

from
o: from1to 30;
p: from 1to 30 and
q: from 5 to 60.

20
When the X-ray diffractogram contains the abovementioned additional reflections, the
half-height width is generally < 1°.

The specific surface area of multimetal oxide active compositions of the general for-

25 mula (H) or (IV) to be used according to the invention or of multimetal oxide active com-
positions which contain element combinations of the general formula (1) or (lil) is in
many cases from 1 to 40 m?/g or 10 to 30 m%g (BET surface area, nitrogen), in particu-
lar when their X-ray diffractogram is as described.

30 The preparation of the multimetal oxide active compositions described can be found in
connection with this cited prior art. This includes in particular DE-A 10303526,
DE-A 10261186, DE-A 10254279, DE-A 10254278, DE-A 10122027, DE-A 10119933,
DE-A 10033121, EP-A 1192987, DE-A 10029338, JP-A 2000-143244, EP-A 962253,
EP-A 885809, DE-A 19835247, WO 00/29105, WO 00/29106, EP-A 529853 and EP-A

35 608838 (in all implementation examples of the last two documents, the drying method
to be applied is spray drying; for example, at an intet temperature of from 300 to 350°C
and an outlet temperature of from 100 to 150°C; cocurrent or countercurrent).

The multimetal oxide active compositions described may be used as such (i.e. in pow-
40 der form) or shaped to suitable geometries (cf., for example, the coated catalysts of



25 mula (11) or IV) to be used according to the invention or of multinetal
oxi de activePt8M34%ositions which contain el enent conbinations of the
.general forrmula (1) or (Ill) isin many cases from1l to 40 n2/g or 10 to 30
n2lg (BET surface area, nitrogen), in pargd cu- lar when their X-ray
diffractogramis as described. 30 The preparation of the nultinmetal oxide
active conpoBFtA 51448 and plsd thexgedieetrio vardntsof REATEYRRA2Y ) fdrtthe PmCSS?CI ted

prior art. ThdcerdiffloUBe mveRidhaTheg sleddutddimdihghP s@ipkSor ble ﬂ&é’&w

10254279, A 10033121 EP—A
1192987, A&Tég‘i’%%a‘ﬁ“i’g%ﬁz‘égé%%ﬁﬁ% %q‘%ég’%é%db U4BB: A 895809, DE- A
19835247, v\o 00129105, WD 00/29106, EP-A 529853 and EP-A 35 608838 (in all
i mpl enent&t | Do cakpgilties poteddurchating fowhe HoshtioRN bIS catbpsts thigtitibged®ipsl to be

ggglcl egn:j Saiﬁeﬁﬁltﬂéy Lfrﬂﬂuteh% dﬁ’ﬁ@mﬂﬁ’lnﬁ&%{gd%é‘é@ﬂ%%’ggg& g{,éﬂ tRécy £LRMS300 to

countercurreﬁ*ﬁt')/e cmeomm%ﬁ%ﬁb!%s&'m@t materigls derexasrie. (ﬁ*&at%ﬁascrl bed may be
used as such (i.e. in pow 40 der form or shaped to suitable geonetries

Al 50, the, geol #. e LGt e AR G T

the i nvelli ofatal e.bg? i8¢ out st andi ngly sui tabl e for preparing acrylic acid
from propane, but also for preparing nethacrylic acid fromisobutane. 5 To
carry out th i oned
can be  use dﬁﬁﬂéﬁ%ﬁéﬁ :rqﬁtﬁfﬂbélb&ﬂ&wté gntrﬁlﬁ’leré%Fd]{l]deoébtw@chmP@g ﬁc}rﬁé@a‘t@ ggﬂt Shaped
bodi es (t hey2HaiRs theProgess ?\'FQO@H?thBéW Inaﬁ'jtlonAtthnf?%F@CEﬁrﬁﬂgﬁQtf}?g[fl‘é?ﬂ ' s,
for exanpl e, cant Eacartied olreithgravee fixed dd tatalystivhpmes dr bvarriluidizedibed datalyst

pref erabjy 'é’rﬁ?éésc%e?éhdﬁ%ta & irl ;@4&%@%.&%&%@&%% é@ﬁh‘a’t’éordﬁﬁcéﬁﬁﬁ“ bed

in the docungnts o ve conposition catal ysts suit- able
for the progﬁugénvggﬁg}%vr?gaqféggyngeq n, the process according to the

invention can be carried out either over fixed bed catal yst charges or over
flui g' zed Peﬂhél%fa@ildfﬁﬁanﬂa@réith}éé g@'@ecﬁiwﬁ@ﬁ@ﬁlplt@ﬁng&mtm%tﬁed@hﬁﬁéﬁe@% whi ch
can be enplo in a i nventj o

doscri bed, THE JolnBRE My IR Rntoht 1o O BERtph ] o R sRE a0 o

cat al yst20 r e¢@hfreridiom 340 tord40C docunent, may be from 200 to 7OOC preferably
from 200 to 550C or from 230 to 20 480C or from 300 to 440C. The hour |y

| h t
b6 T rom 50« et ?g?%gﬁﬁag gogér?%?%f@ﬂ?%b%*e iy 62 Bl VL oflg ey ™
| (STP) 11/ h, e fremde to B0 HETHYGata Obﬂromrs@ﬁoﬂéﬂp HSTRBWth. o[ fsam) / | / h,
~or from 140 400 B0@OD(ESTPYI/h/dr-frod120 to 600 I(STP)WVh, or from 140 to 300 I(STP)/i/h.

25
The hourly space velocity of starting reaction gas mixture on the catalyst charge may
be from 100 to 10 000 I(STP)/i/h, or from 300 to 6000 I(STP)/I/h, or from 300 to
2000 (STP)/Ifh. The average residence time in the catalyst charge may be from 0.01 to
10 s, orfrom0.1t0 10s, orfrom2t0 6 s.

30

In the case of a preparation of acrylic acid from propane, or of methacrylic acid from
isobutane, the starting reaction gas mixture may contain, for example:

from 0.5 to 15, frequently from 1 to 7, % by volume of propane or isobutane
35 from 10 to 90, frequently from 20 to 50, % by volume of air,

from 0 to 50% by volume of steam and :

a remainder of cycle gas.



The - hourly sBace velocity of starting reaction gas m xture on the catal yst
charge may BE 5448# 100 to 10 000 | (STP)/t/h, or from 300 to 6000
A(STP)/1/h, or from300 to 2000 I (STP)/1/h. The average residence tine in
the catal yst charge may be from0.01 to s, or from0.1 to 10 s, or from
2to6s. 30 In the case of a preparation of acrylic acid from propane, or
of met hacr yl Howaerdinithe gase efcrrenaration dlaosyligracidfpm pepanerorghmetiiachlice nay
contain, foraguadr igobltbrmimoPtHe dreceks of tHeaRWRbh Xhé S@IMNG rb8ctibn d4sixiupl une of
pr opane or !%%b%gs%nc% t:ﬁ? from10 to 90, frequently from20 to 50, % by
vol unme of air, Yér 0 50% by vol une of steam and a renainder of cycle
gas. PF 54434 16 However, in the case of a preparation of acrylic acid from
propane, ®r frbmes kat.yd hyovoliné of propand sabesudire, f or the process of the
i nvention, tﬁﬁm%ﬁ%#%%%@&&ﬁx&%?a@as m xture may also contain: 5 fromO.6
ol'une o ane or

to 1.2% by v q?))r IsSobutene, from65 to 95% by vol une of air,
from2 to 30Hy2 ieciQinBy ¥elumeof p¥eaen. from 0. 05 to 0.8% by vol une of CD,,
and from 2 from3d.656 {vy0.8%l bynelurhe st €RandlO0 Preference is given to starting

reaction gas{rﬁ?gﬁﬂ?%%o‘ﬁnn&% A from10 to 50% by volune of steam

(fresh). Ano possi bl e conposition of the starting reaction gas m xture
may cont a’n, for ex- 15 anple, from70 to 90% by vol une of propane or
i sobut ane, Prafencbed 3 gMehib wtaririg reactizin gas! migiures widzly gentain ffonom b $0% B$% by

vol une of steamand selnffeshpi nder of cycle gas. Preference is also given
here to starting reactrg% g@g m xtures which contain a total of from10 to

50% by vol une of steam |In other words, the conposition of the starting
reacti on gasAmbtheupessibde carhpositionad the startiog déattion gas mixtune\neayt ¢gomtain,fotde case
of a propgneagpieOr isobutane partial oxidation typically varies within the
following range (nolar ratios): 30 35

from 70 to 90% by volume of propane or isobutane,
from 5 to 25% by volume of molecular oxygen,
from 0 to 25% by volume of steam and

20 aremainder of cycle gas.

Preference is also given here to starting reaction gas mixtures which contain a total of

from 10 to 50% by volume of steam. In other words, the composition of the starting

reaction gas mixture for the process according to the invention in the case of a propane
25 orisobutane partial oxidation typically varies within the following range (molar ratios):

isobutane or propane 1 oxygen : HO . other diluent gases =
1 . (0.1-10) 1 (0-50) : (0-50),
preferably 1 : (0.1-10) : (0.1-50) : (1-50),
30  more preferably 1 :(0.55) : (1-30) : (1-30).

The aforementioned ranges apply in particular when the other diluent gases used are
predominantly molecular nitrogen. Other possible diluent gases are, for example, He,
Ar, CO and/or CO, etc.

35
Quite generally, the composition of the starting reaction gas mixture is selected in such
as way that it is preferably outside the explosion gas range.

When the process according to the invention is carried out as a partial oxidation, this
40 may be effected, for example, in one-zone tube bundle reactors, as described in



| sobut ane or propane: oxygen : H2O : other diluent gases = 1 :(0.1-10)
:(0-50) :(0-9F)54434eferablyl :(0.1-10) :(0.1-50) :(1-50), nore preferablyl
~2(0.5-5) :(1-30) :(1-30). The aforenentioned ranges apply in particular when
the other diluent gases used are predom E@ntly nol ecul ar nitrogen. O her
possi bl e diluent gases are, for exanple, , Ar, COand/or CO2 etc. Quite
general |y, tE®-AGOPORI dricoin BF-At700863. ddwener, itean alsorbegrsformad i Multizorkel ect ed

0 such  as yay dUidle rebobs, B BLETABN BEUSISD7EDR SR (RugPugas Tange. Vhen

t he process parti al

o ot one ¢ BESR 194824 °BEVS#BICBER g S8, 35405, Fie Briemst TR A o
reactors, as irdesiion danche carféd 64434 fllidizeEPed, f608xEMpland describéd An 700893.
However, bkt ¢@dgdjgaqqps performed in nultizone tube bundle reactors, as
described in DE-A 19927624, DE-A 19948242, DE- A 19948241, DE-A 19910508 and
DE- A 19910506. The process according to the invention can be carried out in
a fluidized IBaded botheeprapaiccarekordsohutaniequiesamt & INOsQRIINBEAdRD. gaBasietlirean t he

propane and/ §fe éctRBIIGATS p Pdp%%e%g}op.sbb@taﬁéﬂﬁhbrbgoae@,@%&éo%snggﬂh@.mréaﬁﬁn the

conver si on of g%ﬁ pane ‘an %F%ane In oce§_I acco Q%r e

i nventi on, NG Rgp% olihe Leqgtion gas midiwe;tiough herraetipnstads: Wl@et he

reacti on18t agea[ly\melftongé@oam o Al ingl % drefquemtlylitono 80 2066 o1oF0 and lignahy eapmnt |y

from30 to 6G,rpAdA %Mnbl%&ﬁ%ﬁa%%@és n-Tdi sél@ctﬁ% %rofd (Erfbﬁwatroﬂ 55
ﬁnt

o o8 I?egée'a\ﬁﬁ&'e%yby%r%%?%éﬁga??yrwor 30 tauerindton S0d Bhmbreosiens o

80 nmol % 15 Tioe awi80 mwelffar ati on of the at Ieast one target product from
product gas mxture result- ing in the reaction stage of the process

Wor kup 511 3ge TR CabE RoRe Rl @ithe sl leRE\ 41, Fioft piaguc Hogt Sigreet gs fuislieeSlif @
particul ar, ing indesreagiarestage of the eracessacdosting tahibe wnveklign ¢garoo@siveipled®n al so

Pﬁ e rzrgl oyed \t&mrréh ot @ tHé ﬁﬁbma@dudrm;s mg@rnl Sch @ hahrdr ab |Rﬁ0\bﬁi$rbﬁ1 tﬁ@ﬁﬂéﬁért on of
e sane

preparation 8?0':%%%8510 nagég’ﬁ U? %\gﬁrfng&ggﬁ‘g é'?@?dﬂe’eﬁ@” e(ﬁ%wgﬁiuglpy%%%s%sa?em al
oxi dat i on of abﬁd}ﬁeﬁf@D'@Yﬂﬂ/Wm aEtrliscleseddn therprige ag fer the pasic peratatian efdke ni xt ure
whi ch resgglt %ama thraet preagdts BOmredift hhs iddurgs %aaﬁawn%tr@cmﬁﬂbf@w dfahé he

invention, (53 ggt Cp{eruc(ﬁ §¥ ﬁ%\?rroggﬁgwgwc%té'\ﬁelﬁu&n?atl 3%8atioN &' prddlink! AAldof iddBuS ub-

jected to in
tene.

In general, the product gas mixture which results in the reaction stage in the process
25 according to the invention, on entry into the inventive workup stage, will initially be sub-
jected to indirect and/or direct cooling.

For the purpose of the basic separation of target product present in the product gas

mixture into a liquid phase, the product gas mixture which has been cooled in this way
30 (in the case of acrylic acid. for example, typically to 150-250°C} or eilse uncooled prod-

uct gas mixture can be conducted, for example, in an absorption column in countercur-

rent to descending liquid absorbent which absorbs the at least one target product sub-

stantially selectively from the product gas mixture, as described, for example, by

JP-A 2001/0026269, EP-A 990636, JP-A 2000/327651, EP-A 925272, EP-A 695736,
35 EP-A 778255, DE-A 2136396, DE-A 2449780, DE-A 4308087, EP-A 982287,

EP-A 982289, EP-A 982288 and DE-A 19631645 for the target products and different

absorbents.

Useful absorbents for substantially both target products are either water (or aqueous
40  mixtures, for example aqueous sodium hydroxide solution or aqueous acrylic acid or



For the purpose of the basic separation of target product present in the
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al so what are at carrier oils, such as diphenyl, diphenyl ether
and m x- tures of diphenyl and di phenyl ether, or their chlorine derivatives
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aci d (et haabguti76%aby deigbt ¢frdifhengldtiyerabased on 100% by weight of diphenyl and di-

phenyl ether, for example the Diphyl® obtainable commercially. This solvent mixture

preferably also comprises a polar solvent such as dimethyl phthalate in an amount of

from 0.1 to 25% by weight, based on the entire solvent mixture. Advantageously, when

30 a high-boiling organic solvent is used as an absorbent, the product gas mixture is ad-

vantageously cooled before the absorption by partial evaporation of the absorbent in a

direct condensor or quench apparatus. Suitable for this purpose are in particular Ven-

turi scrubbers, bubble columns or spray condensors.

35 In this document, the terms high boilers, middle boilers and low boilers mean com-
pounds which have a higher boiling point than the target compound (high boilers),
about the same boiling point as the target compound (middie boilers) and a lower boil-
ing point than the target compound (low boilers) respectively, especially when the tar-
get compound is acrylic acid. - o

40 -
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the 15 absor E\‘F‘érlﬂnerﬁ?ﬁ? QWStBPB c‘,\;ﬁggﬂerﬁ[% egl‘r@ n?“%S&?@@tCO&" ict can
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crystallfzZation with crystal renoval in a nelt washing
The remaining, unabsorbed residual product gas mixture can be further cooled in order

to remove the easily condensible portion of the low-boiling secondary components (for
example water, formaldehyde and acetic acid) (generally referred to as acid water).
According to the invention, the remaining residual product gas mixture can be divided
30 into two portions and one of the two portions can be recycled as cycle gas (into the
reaction stage) and the other portion discharged. According to the invention, there is
preferably no acid water removal. Especially when steam is used as diluent gas in the
reaction stage of the process according to the invention (when multimetal oxide com-
positions (13, (I1), (1) or (IV) are used this is generally advantageous for the selectivity
35 of the target product formation), the inventive basic separation of target product present
in the product gas mixture of the reaction stage into the liquid phase (irrespective of
which separating process is employed, in particular of those described in this docu-
ment) is preferably effected in such a way that the remaining residual product gas mix-
ture of which at least a portion is to be recycled (as cycle gas) in accordance with the
40 invention intothe reaction stage, the molar ratio W of the steam present therein to the



col.utm) or further renoving the water fromthe aqueous absorbate
rectificati V& $443%er 20 head by neans of an organi c azeotropi ng agent and
_the acrylic acid fromthe acrylic acid-containing liquid phase
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stage. In the extrene case, the aforenentioned ratios Wand W in the

process according to the invention may al so be identical. 5 The attenpt to
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iggg: : g;bs;;?gﬁm%Esfogﬁt?q%ﬁg}nﬁ%r?aiu?g.e| ectively the reaction is conducted in the
reaction :

As an alternative to a basic separation of target product into a liquid phase by absorp-

tion into a solvent, this basic separation (especially in the case of acrylic acid) can also

be effected by condensation, in particular fractional condensation, as described, for

30 example, by DE-A 19924532, DE-A 10200583, DE-A 10053086, DE-A 19627847,
DE-A 19740253, DE-A 19740252, DE-A 19740253, DE-A 19814387 and
DE-A 10247240.

In this condensation, the product gas mixture of the reaction stage, optionally after di-

‘35 rectand/or indirect precooling, is subjected in a separating column equipped with sepa-
rating internals, ascending into itself, to a fractional condensation and the target prod-
uct is removed via a sidestream of the separating column and subjected, as described
in the prior art, to further crystallizative and/or rectificative separating steps.



stage, the snmaller the anmount of water to be discharged). This al so applies
correspond 1BF 434, to ot her secondary conponents formed in the reaction
stage. Wien air is used in the process according to the invention as the
oxygen source, the output anmount of re- sj,dual product gas m xture at the
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separation (resesairdréy in the case of acrylic acid) can also be effected by
condensation, in particular fractional condensation, as described, for 30
exanpl e, by DE-A 19924532, DE-A 10200583, DE-A 10053086, DE-A 19627847,
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prior aris t@itﬂtﬂll%tdﬁgar afeystal lizative and/or rectificative separating steps.
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e invention to carrying out e afore - tioned
fract i onal CRRSRBEGIOR,0T HeSh-sioarsitch Aore e LW aBisBe T or POTISAS: + enoval
of wate?0 present in the product gas mixture. In other words, there is also

no aci dt wat e%uité %éﬁévéli : ﬂh@rﬁélytrﬂ&izhﬁb%ﬁhﬁibitiﬁx ReefRRfdd iﬁ 'ihdéJcﬁqu{r%eofrtlt%é bé’%@f&edﬁ-od ;Jct
gas mixture di.scharged as q can,sti be was wat er re its
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can be extracted fromthe resulting nethacrylic acid- or acrylic

act d- conal i Wbss@lel Bl HvenliSH 1S ABRLSa T bR Gas SRR inR38RBRT1 el
the basic separation of target product contains not only propane and/or isobutane and
also in some cases propene and/or isobutene but also normally at least 5% by volume,
usually at ieast 10% by volume, of constituents which have a lower boiling point than
the target product at atmospheric pressure. These are in particular the constituents {(for
30 example N,, CO, CO,) of the product gas mixture which have a lower boiling point than
water at atmospheric pressure, and also preferably water itself.

One advantage of the process according to the invention is that the cycle gas can gen-
erally be recompressed (from approx. outlet pressure P°) to the inlet pressure P" by

35 means of a blower. In this context, a blower is a compressor (normally an axial com-
pressor) having a low pressure ratio (end pressure to outlet pressure such as 1.1:1 to
3:1). In contrast, air used as an oxygen source is normally compressed (from approx.
ambient pressure) to the inlet pressure P' by means of a radial compressor. In princi-
ple, the compressions referred to in this document can be carried out isothermally or

40 polytropically. Preference is given in accordance with the invention to the latter.



15 with the absorbate. For the purpose of preventing increased pressure
drops, both PR&44¥&orption colum and the colum for fractional
condensation may in principle also be replaced by a se- ries connection of
" quench stages which are operated with absgybent or condensate. 20 Quite
general ly, the polynerization inhibition effected in the course of the
basi c sepa- ration of target product fromthe product gas mxture into a

l'iquid phaseS@ﬁe%?%@&@ﬁﬂtab@oush@@s snheEnvaﬁﬁveoaro&éh%r@@r&.mth.ﬁ&@ evenwhen
pol ymeri zati pn | nhi bi tors

Fost dual - pr ofBeroRBnS areley isoBOianp and AR pronere, an g sasPUlee sosser B
t ar get pr odupertienatthe mesidusl pedugt gasopixiue okl dischasgasloatienally dftergireceding sone

cases pr opengorifedéfiveirsiRbvdl @Ptelvbtedfraction (ifé%&hﬂ tHeﬁéﬁn c8ABE rédfclRY ivelthere,
i

o ey L i Tt

particul ar t Presseshiotthe inestsesshis P 30 exanpl e N2, CO, C2) of the product gas
m xture Whl ch have a lower boiling point than water at atnospheric

ecordi ng. ¢ ol pcS ol FhAER Birkedighodd fihd Pno‘?éitsf%%%%@n-arﬁ%uaqﬂF*?ﬂ%rr@%ss
recorrpreg%eduﬂifﬁf@ﬁﬁcégﬂﬁ@WU@@DF’@@"MEWJQENP? £ empfye r““éiarttﬁu@ié‘ﬁldé P by 35
means of a bkgimet hetdintidovd) sillecodrriediolt] fovexarmSie an QWA S AL, WO 1FEA7Y) an

axial com pp %%&%aarﬂ%%' J}ng Jﬂ%ﬂiaﬁ?\%%%ﬁ"é{s% Jrﬁltdrgpén%%dgfr?s%%ﬂ{e%eip?es%“ }net fe

pressure suc
i s normal |y B@rRaraneidhe resisvakbirpdyst gas mbgwierie bgdiseharaey! af%recnmfeﬂ r@péqarp-
pressure Pl thelyaadicr afsorptiveldiaall sabsqyuesthokleabéd pgain Oy deddrbtiort drel/or de-

Zg”gglejﬂggfcg fu&{ f ?e#é?nbl@ tHé'réleQQ&H&ﬁrfﬁe Qﬁzﬂnrﬁ}%e %96 Bb%er‘éHtoul Wéthﬁé F{g' ly or

the Vatter  Bin Si.anfesstasshior chamble. RSy RBES LT o1 SURESqYRTAK EO0S
procedur e i scahpleksedcaral alsabe vaychet into thereagtionpaage. and/ or i sobut ane and al so
any propene and/or isobutene present in the portion of the residual product

gas m xture be . di scharged, optional ter pr.ecedi ondensat i ve
Jamoval of -t Aemat: Moot sl Hofuspas Bk ot o Bt eg 257
react i on28t agefed tarafurtbermxigatiom exasfar coptianallyrafiey stipplermnentatiarnef axggert. ior-st age
recom pressggr thGhdréssel thé 8hrbBh AfcxieoRversibhi s renoval (which is recomrended
in the prior art for the entire amount of the resid- 10 ual product gas

m xture and can in principle also be enployed (in particular as de scribed
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The Figure 1 accompanying this document shows an exemplary embodiment of the

process according to the invention.

e

In this figure, the different numkers are defined as follows:
30

1= reaction stage

= workup stage

3 = cycle gas compressor (blower) -

4 = output expander
35 5= output

6 = air as oxygen source

7 = air compressor

8 = fresh propane and/or isobutane and also optionally steam

9= recompressed cycle gas
40



tively and/or adsorptively and subsequently rel eased again by desorbtion
and/ or de 15PE&48B40on. For exanple, this release fromthe absorbate can be
~carried out by stripping wth air, as described, for exanple, in WO
0196271. The air can subsequently al so be,, conpressed and al so be recycl ed
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the car bon dI1OXI %epa?ﬁ}/o%ro%' c%tep%sg 8%}9} aﬁ%ef?é%@%%gts %géoengq?s? Rbl ower i s

sufficient for the @ 0S€e 0 8 process
according to theMhVen ?ooabeOZ@xTﬁ'éfemP@%@ 1 acconpanying this document shows
an exenpl ary enbodi nent of the process according to the invention. In this

figure, the diff8yeilq SuphibluAifadelingl 33 sol baeigndd . rsagiten st age

2 = workup stage ander 35 5
= output 6 = ai r NAEemRs/ Wemﬁ%’ed'ﬁtgo& W%Qﬁ?'éﬁ%ﬁergth@ef'ﬂ%lfaﬁ opane
and/ or i sobut ane eqm@ped wﬂh efitrérpihetrhometee and reflux comdanapr) A sledr pallowishgatu-40 PF

54434 23 Ex | ' d
R
ammoni um'fret avan&R®® & 78783 a9 {elis geid (31% G‘@'ghﬁ P from A"Fﬂﬁ*‘gﬁ'ﬂfér g)

wer e di ssol ved amoemgmmm hebtanedlybidalet (82 SR9NBcweihhbsfvo®@y fromped wi t h

stirrer, thermnmeher, %Iér?%i&‘s&ﬁr%ﬂ@g@?&%s%hcﬁﬁé Vﬁ]s%ﬁ:hb%%ﬁ Fboséallﬁhon N vas

forned. This solution wg(i cool e e~ nmal ntal ni ng t he
60C, 117.03 g of PEFfiR Ca@P'él't‘?@g/o by wei ght of H6Te0s, from Al dr| ch) and
400. 00 g of amoni um hept anol ybdate (82.52% by wei ght of MbO3, from

15 In a beaker, 112.67 g of ammonium niobium oxalate {20.8% by weight of Nb,
from Starck, Goslar) were dissolved separately at 60°C in 500 mi of water (solu-
tion B).

Solution B was cooled to 30°C and combined at this temperature with solution A
20 by adding solution B to solution A. It was effected continuously over a period of

approx. 5 minutes. An crange aqueous suspension with suspended precipitate

was formed. This suspension was subsequently spray-dried (T eservoir = 30°C,

T" =320°C, T = 110°C, t = 1.5 h, spray tower from Niro of the atomizer type).

The resulting sprayed material was likewise orange and contained the empirical
25 stoichiometry MoV .a3Teg 2oNbg 41.

2 x 100 g of the spray powder were thermally treated in a rotary sphere oven ac-
cording to Figure 1 of DE-A 10119933 (1 | internal volume) by initially heating
from 25°C to 275°C over 27.5 min with a linear heating ramp under an air stream
30 of 50 (STP)/h and subsequently holding this temperature for 1 h. Afterwards, the
oven was heated from 275°C to 600°C with a linear heating ramp within
32.5 min, in the course of which the air stream was replaced by a 50 I(STP)/h ni-
trogen stream. While maintaining the nitrogen stream, the 600°C were held for
2 h and the entire oven was subsequently allowed to cool to room temperature.
35 100 g of the resulting oxidic composition was stirred in 1000 ml of a 10% by
weight aqueous HNQO; solution at 70°C under reflux for 7 h, and the remaining
solid was filtered out of the resulting slurry and washed by means of water (25°C)
to free it of nitrate. The resulting filter cake was dried in a muffte furnace at 110°C
under air overnight.
40



Starck, Coslar) were stirred in in succession. The resulting deep red

sol uti on wasPF®94Béd to 30C (solution A). 15 In a beaker, 112.67 g of
_amoni um ni obi um oxal ate (20.8% by weight of Nb, from Starck, Goslar) were
di ssol ved separately at 60C in 500 m of spt er (solu- tion B). Solution B
was cool ed to 30C and conbined at this tenperature with solution A 20 by
addi ng sol uti on Bheghemicat anatysis of|the rgsulting belist gavedbarompaenritidny over a peri od

of approx. 5 m NWEY, s Te), NS, 68PN pRHFIRG XSiag HifbdtBgraksRessedpure
precipitate ms&BRéerEd' Thi s suspensi on was subsequently spray-dried
(Treservo;r = 30C " = 320C, Tout = 110C, t = 1.5 h, spray tower from
Niro of the atom zer type). The resulting sprayed naterial was |ikew se

orange angl cont aiSnesedueatiening dicihateridl, 34 aesthibedwi DR-AVDIMO933 Tl gtdlvlinll 2

x 100 g of the spr 0 . I r i rqtary sphere oven
ac- cording to F!g @%‘%&ﬁmﬁﬁérﬂﬁfﬂfﬁ%?%gﬁy%R&’f%%?g?ﬁﬂﬁﬁe%)cﬂqﬁﬁe) by initially
heating from 25658 1915938y piocessed tergived qaated ¢atalysdr heating ranp under an
air stream 30 of 50 | (STP)I h and subsequently holding this tenperature for 1

h. Afterwards, t h f i | i near_ heatin
ranp within 32. 5gﬁignﬁ\éf‘?\“”\téﬁazbt"éeggér"g%%}k%%g@%I %@eﬁ?&%gﬁpé@ﬂ?%iav‘f@pq Qt(':edI bg
a 50 | (ST®) 1 h ni ameiesgéfroat 42 ihsd-2vwnI(eunpertapaieral moStenilte i-220kem Ceraeles. t he
t6000 vverte hel d IQTE ﬁ?a\kuth@?Jrfdl@ r@t?'ﬁf‘inﬁ@s RY @N45/@ ) ILBSRSEEIT Ml ofd MR of 0 cool
O roomtenpera , | | OoXidl C .CO S| n, was
stirred i nr?OOO #[yggﬁ‘d %éﬁwg})gﬁggly%‘#'aﬁérﬁﬁ%ﬁéﬁi@?s@'ﬁ? F'%% 'a{é 36& under
reflux for 7 h, dAB G Rke adivaicRmpgsitieniraclionss the neswiirgicenied eftalysiavasetlib t i ng

slurry and washegyeigie seaonwed eeighPS@e coaed eaalyst). of nitrate. The
resultlngsfllter cake was dried in a nuffle furnace at 110C wunder air

overni ght” 40 PF 54434 24 The chem cal analysis of the resulting solid gave
t he conpositon Heteregenegysly catalged partial direphaxidation ah RFApARE to@endie acid at

di ffract ogram r edéfered prassaresi - phase. 5 Subsequently, the dried material, as
described in DE-A 10119933, was ground in a Retsch mll (grain size <_ 0.12
mm) and, as in Exa of DE-A 10119933, Bré)cessed to give a coated

le A
catalyst: 38 g ofThgp Pegtﬁa)ca@ﬁ@me&ww& Ugpdip C resctiap ibei(ErgthddBsoth  body
having a2di - 10 amelecof VAA steed fexterBaltdiarBet@r mB0 (nsmpipterhal didnesterad 8.5 ndinkdthiet e
C-220 from Cer amfRgge length selected was 53 cm (= approx. 35.0 g of the coated catalyst). A
preliminary bed of length 30 cm of the steatite spheres used as support material
served to position the catalyst zone. The same steatite spheres were used to fi-
nally fill the reaction tube after the catalyst zone (preheating zone for heating the
25 starting reaction gas mixture). The reaction tube was heated from outside on its
entire length by means of electrical heating mats. The molar composition of the
starting reaction gas mixture was propane:air:water = 1:15:14. The table which
foliows shows the resulting propane conversion on a single pass (C™", mol%)
and also the selectivity of acrylic acid formation (S*“*, mol%) accompanying this
30 conversion as a function of the selected inlet pressure and also the accompany-
ing temperature of the heating mats. The residence time (based on the catalyst
bed volume) was in all cases 2.4 s. In addition, the table indicates the selectivity
of propene by-production by S™2.



DE having a surface roughness Rz of 45 pnm), tackifier = 30 mMl of a mxture
of glycerol Pirf#4d4t er (gl ycerol :water weight ratio = 1:3), drying tinme = 16
~h at 150C; the active conposition fraction of the resulting coated catal yst
was 20% by wei ght (based on the weight of:the coated catalyst). 15 2.

Het er ogeneously catal yzed partial direct Oxidation of propane to acrylic
acid at differerf@bjer essures The coated catalyst from1l. was used to charge
a reaction tube (length 140 cm) 20 nade of V2A steel (external dianeter =

60 mMm internal gtrapeter—="08-5m)—Ths chafwl—eﬁgﬁ—h—g‘gﬁeel—ed—ﬁ%ﬁgﬁ%—em(:
approx. 35.0 g of mé(;tpé%saﬂ"reed gatal yst).| A Srel i mnpary~bed off{ I efigth 30 cm
of the steatite [spher.@bsolutell as slibbort] mafmel’dl ser (mdl%)o posilmoH t he

catal yst zone. The sang3steatilte sgherds werg used|[to fyg nally Ti¢l tThe

hf\
TG

reacti on tube after—the ceatealyst EU“.e {toreheaf+rg—7one—£for et i3 t+he-25
starting reaction_gas ﬁaxtur e)l. T‘ﬁ reaction"tube was h%%t ed if rom“out sijde on
its entire Ieng]ﬁl by means ofl el8¥iriqal he¥ing fats.69he nplar 5

conmposi tion of tEe Stg {1 Ng feacgagpn gas mgg Ure was pyepane. ai r ghat er| =

1: 15:14. The t able—whi-ch—follows—showsthe resulting—propana-conversign on
a single pass (JPAN, % and a?gqb t he sel_é?Eti Vi tyvo?G%Eryl ic acid
formation (SAGA, nol % acconpanying this 30 conversion as a function of the
sel ected inl et _pPiasthePy8Athlrsssr highks BBYARY cohiBsibRIRENRLHbReObbRR:-
heat i ng ts. The reii@genge gta]%rrre %’as’e gﬂ%t%_ﬁecgzm?' t geé Fu%e was in
al | cases®2.4 s. §SYfisupsANtially unehanagd SRIgFRAY o

talys VO
Ingi{ErasLprogiiFt FompoU
propene by- pr oduddthemvisey treRiE6dudPigas mi8dreld all abdes dontainis gnaszuowntd oifBANerS

SPEB [bar, absol uj.ek( ot amth3k GeBtAddehilash G890287010 1.344053395 633032695
635050703 639077601

3. Isothermal compressor output in the process according to the invention as a
10 function of the outlet pressure P* at a given cycle gas ratio

The process of 2. is carried out in an apparatus arrangement according to Fig-
ure 2. The basis is a conversion of 40 mol% and a selectivity of acrylic acid for-
mation of 70 mol%. The molar propane:oxygen:water composition corresponds

15 to the composition in 2. The cycle gas control influences the nitrogen content.
The different numbers are defined as follows:

1= reaction stage
2 = workup stage
20 3 = discharged portion of the residual product gas mixture
4 = cycle gas compressor {blower)
= air compressor
= air as the oxygen source
= fresh propane and fresh steam
25 = recompressed cycle gas
= throttle apparatus for regulating the outlet pressure P?
10 = starting reaction gas mixture with inlet pressure P".

The fresh propane and fresh steam are available at the inlet pressure required in
30 each case.

In other words, a change in P? only effects the output of the cycle gas compres-
sor and the output of the air compressor.



At hi gher working pressure, higher propane conversions result at | ower
tenpera- 5 tBF§§43£th substantially unchanged sel ectivity of the target
~product conpound. O herw se, the product gas m xture in all cases contains
smal | amounts of further acids, for exan%ge acetic acid, and also CO 3.

| sot hermal conpressor output in the process according to the invention as a
10 function of the outlet pressure P3 at a given cycle gas ratio The process
of 2. is carriedrgtheisakebf SMPRGIH! .@éthafnﬁama%ﬁ‘é&%noa%%ﬂh% fbpbcﬁh Gombie’- 2.
The basis is a cgnversion of 40 nol % and a selectivity of acrylic acid for-
mation of 70 mol % °The nol ar pr opane: oxygen: wat er conposition corresponds 15
to the conposition in 2. The cycle gas control influences the nitrogen

t2:ontentk 5Thte di htedreing t@umbwmaﬁasivéhégese@%rfemslD?emschbr mgéﬂg%l on stage
= wor up S age i g p o] rodu

m xture P%gségo%gn%?n@ébf&fa b?ﬁéét851 {he 'Qoq?érgﬁérlrp&ﬁéregf’o"@ufpuélgﬁ%ss t he
oxygen source 7 alrﬁp@ﬁrﬁsﬁﬁ?ﬂﬂahé and fresh steam 25 8 = reconpressed cycle
gas 9 = throttle apparatus for regulating the outlet pressure P3 10 =
starting reaction gas,mxture with inlet pressure P1. The fresh propane and
fresh steam are avai hqbl e at t ln et pressure required in 30 each case.

I n other words, J(cﬁa‘ng LR effects the output of the cycle gas
conpres- sor and t he "sut put of t alr conpressor. PF 54434 26 5 For the
sake of spnplicity, isothermal conpression is assunmed for both conpres-
sors. According gNgl VDI - War neat | as, Verl ag des Vereins Deutscher |ngenieure,
Dussel dorf, 5" |on 1988, sheet La 1, the isothermal conpressor output
of the air conpressor (VL) is: W=nL ZL R-TL 1n P nL 10

m, = fresh air flow rate;
n, = efficiency of the air compressor;
15 Z, = real gas factor for air;
R = specific gas constant = ideal gas constant divided by the molar mass;
T, = temperature at which the fresh air is aspirated from the environment;
1 = atmospheric pressure {(ambient pressure) = 1 bar at which the air is
aspirated;
20 P' = inlet pressure into the reaction stage to which the air is compressed;
in other words, ¥ £ =m,-A-ln- P', where A is a constant;
in a corresponding manner, the isothermal compressor output of the cycle gas
25 compressor VX is:
- P[
v ="6.7 R-T, - In—
Ny P
- P]
In other words, ¥~ =m- A' -ln}-;; , where A’ is a constant for which: A’ = A,
30

Therefore, for the total compressor output Vges = V" + V¥ to be employed:



15 20 where nL = 1 R TL ZL P1 = fresh air flowrate; efficiency of the air
conpressor; PF&d34as factor for air; specific gas constant = ideal gas
_constant divided by the nolar mass; tenperature at which the fresh air is
aspirated fromthe environnent; at rmspheﬁ'c pressure (anbient pressure) =1
bar at which the air is aspirated; inlet“pressure into the reaction stage
to which the air is conpressed; 25 in_pther words, VL =nL Aln P, where A
is a constant; in aGprregpgdip ‘m}.pﬁer the isothermal conpressor output
of the cycle gas *€onpfessor Vis: VKPr'nK Zx R Tx In 3 P nK P In other
words, Vc =nx A In PP 3, where A is a constant for which: A A 30
Therefore, for the total conpressor output V985 = VL + VK to be enpl oyed: PF
54434 27 P' V9. pnlpd DE‘-—*Jm( enjé\?"i)sacg)nstérﬁ:évhlzcﬁ'isEﬂ%ractmﬁfcq’{aﬁhbsn‘e&aigﬂnStant

which is characteristic fgr'the réactron and wor apparatus use and 5
and workup apparatus used, and

5
mg-A' my : , ,
- =~—> =K, = cycle gas ratio combined to give:
m, -4 m
. P3 3 z
Vs =My A 1+—-]ln —+ [—J +C |-InP’
2
10 When the cycle gas ratio is selected once as 2.5 and once as 3.5, and the con-

stant C is determined as C = (1.5 bar + A Py5) - A Py,

where A P, 5 is the pressure drop suffered overall at an outlet pressure
{outlet from workup stage) of 1.5 bar over the reaction stage and the workup

15 stage, at a pressure drop which is representative for the process according to the
invention of 2 bar, giving C = (1.5 bar + 2 bar) - 2 bar = 7 bar?, this gives (the

m, values are selected in such a way that the space-time yield of acrylic acid is

the same in both cases), at K, = 2.5 with the cycle gas flowrate m, = 166 kg/sec

and at K. = 3.5 with the cycle gas flowrate m, =213 kg/sec, for the two selected
20 cycle gas ratios, the plots shown in Figure 3 of V. as a function of p? {under the

assumption, which is conservative according to the results in 2., of constant con-
version and selectivity with increasing pressure).

Starting from P® = 1.5 bar, the compressor output to be employed overall in-
25 creases with increasing P® in both cases, which proves the advantageousness of
the inventive procedure. '



- Kr - cyclemﬂgs ratio conmbined to give: iLAnL Vges =nx.A j[3)2 1+ ! In P3
+ +C - 1nP B4 \Wen the cycle gas ratio is selected once as 2.5 and
~once as 3.5, and the con- stant Cis determned as C= (1.5 bar + A P1.5) -
A P155, where A P1.5 is the pressure drop,suffered overall at an outlet
pressure (outlet fromworkup stage) of 175 bar over the reaction stage and
t he wor kup 1%Veclates, at a pressure drop which is representative for the
process according to the invention of 2 bar, giving C= (1.5 bar + 2 bar)

2 bar = 7 bar?2 t t hat
Che space- ¢ e yraracse EengpraGeliutdl digipt 5t § T R
with the cycle gagdﬁpr @@Mﬁ@e tatdeast gne gf @eéaraﬁbpraduqts aeryli arigyinethagidiccycl e
gas flow gte nK acidlBy feedpga sténﬁhgt'éﬁttléw\@aéiﬁlimb%dmpa&ngbﬁdp%ng@ﬁd/bﬁtsb@@ t he
plots shown in Fi rﬁo?ec%argg%naa?\dtaan éé@%ﬁ BRdnu t&HQgﬁ& h!a\ﬂﬁ% %ﬁé{gﬁ%é on,

which is conserva I've, acco
version and sel e€Hiaf 19 afeastionmiage-histy q@aéé@m@) inlegforithe sigrtingseadtigngas 5

bar, the conpr es&ﬂitum;bphﬁnaiipfmbtﬁeemmduﬂmy ghded, An@ an outA IGIhevpidduct

increasing P3 in t

I nventive procedgrg g@%@%}ﬁ@mgggyﬁe 'Q%A@%%%@%S éla' 8?‘%‘2'”:93§%S| y
cat al yzedOpar t i alPTeRan8@ndioxisehyians pEﬂseB‘r'BH%%am&Ed#Qﬁt'oi‘ QB%[&"&W@ Fta('it'aéh’ 19 east
one of the tar getat [pasthnettargat product tygadsingthestarting reaclioagasimixttyrefateld- ng a

starting reaction, gﬁerﬁb§ﬁatlfr§o€?é}l?£dlnﬁ'sf% E{:tﬁ&@f‘%n@@%&fgﬂhiw %aéti%ﬂ?ia

nol ecul ar oxygen an one I nert

n
sure P1 to a reaé‘i"i‘tHF? %ﬁ%ﬂ@dﬂﬁﬁ%ﬁm'éﬁbﬁ? ?orPPrﬁ'ﬂgaﬁ'{ ¢35t gpe fasgetipy <gdu§{ and T‘?l‘@
reacti on gas niigithe outiettriressard §* dutrof trerreactioatstagecandawith tthlapgesgm% inktnd an

?g; Lf.t OL % ; hg S%Wtﬁl? 486 v whioht L) frérﬁ aﬁ%éﬁer @8 pli'&ﬁ.lcgé’és ﬂxqﬁe née |0E1€l§yent .
the starti nggr eady 'ﬁ}?ﬁ ré%ﬁ%%‘('f“h?'g 985?? |33F]Ia§? @ﬁgﬁf%a‘“ﬁé%%‘?“% dﬁ" m 157 oduct
by passing the sturetisisgaledapthegagside.in treuwerkap sfegebavaaibrdsepewﬁeg targete over
a Sg' i ? state Cftp@édb%i predéit |r¢ﬂié$i6(}!ddﬂ§?é ﬁﬁd&r@%ﬂﬁeﬁ'@a&% st{@&ﬂ'&ﬁ Saidprod- ‘h
ot 925 1 (L L i Bl A 56 PO bl
into 20 gas muxture which comprises not only propane and/or isobutane and also in

some cases propene arid/or isobutene and has the outlet pressure P?, where

P? < P', out of the workup stage and recycling propane and/or isobutane present

in the residual product gas mixture into the reaction stage, which comprises se-

lecting P' in such a way that P? > 1.5 bar and dividing the residual product gas

25 - mixture into two portions of the same composition and discharging one portion as

output and recycling the other portion as cycle gas and feeding it back to the re-

action stage, compressed to the inlet pressure P, as a constituent of the starting

reaction gas mixture.

pres-

30 2. Aprocess as claimed in claim 1, wherein the residual product gas mixture con-
tains at least 5% by voiume of constituents other than propane and/or isobutane
and also other than propene and/or isobutene.

3. Aprocess as claimed in claim 1, wherein the residual product gas mixture con-
35 tains at least 10% by volume of constituents other than propane and/or isobutane
and also other than propene and/or isobutene.

4. A process as claimed in any of claims 1 to 3, wherein the pressure P> 1.5 bar
and < 25 bar.
40



"
15 a workup stage which, apart froman inlet for the product gas mi xture,
optionally PES434 inlets for auxiliary gases, and an outlet for the
resi dual product gas mx- ture, is sealed on the gas side, in the workup
" stage basically separating target produci, present in the product gas

m xture of the reaction stage from said p#% uct gas mxture into a liquid
phase and cofiducAipngreshas clamedinranyrof slatosll te8 oduartin2he gassureXr’wr £5 bht ch
conpri ses not onlyy Qrﬁ%pe and/ or isobutane and also in sone cases propene
and/ or isobutene and has the outlet pressure P3, where P3 < P, out of the
wor kup stage and recycling propane and/or isobutane present in t he residual

product gas 61 xt Arpgodess as chme®nCiny @ cBirg e to Bhvitdiein AP plesseeFé> 1.86ki ng P
in such ag Way th%d 310% I’,L 5 bar and dividing the residual product gas 25

m xture ihto two porti ORS of the same conposi tion and di schargi ng one
portion as output and recycling the other portion as cycle gas and feeding

it back to the rAprésishab cRifeein HRMPERTESH 4 9, \&ﬁ@em%@bre@g@@w&ez Farar@s @
constituent of th starting reaction gas mxture. 30 2. A process as

claimed in claint a\/\7here| n the residual product gas mxture con- tains at
| east 5% by vol urre of constituents other than propane and/or isobutane and

al so otheg thgan Rrp?&@gsaemyrﬁéd |mﬁl&feﬁﬁns$tovf\m&sﬁiﬁe BresElrdIPTRdrbd) Ghal m
1, wherein the rg@ %JEOVSR{\O uctg% m xture con- talns at |east 10% by
t

vol une of consti 2PESAEE "or opane and/ or |sobut ane and al so ot her
t han propene and/or isobutene. 4. A process as clainmed in any of clains 1 to

3, wherein the pp éé&s@a?%laﬁnedm%r@%fciaﬁﬁéhfa?%@hé?&hthé@re@&uré#%fr&%1§ A

process as clai > ébar v%t al.oe JP3 0 3, wherein the pressure P3 > 1.5
bar and < 20 bar. %‘? CQ%B §§ Elai med in any of clainms 1 to 3, wherein
t he preséﬁre P3 > 1.5 bar 5 and 5 10 bar. 7. A process as clained in any

of claims 1 0. 3A prbeiseiad claiMedinesybr elafs T to 8, Wirdreidlrd is ffom® tBa.bat0 8. A
process as clainmed in any of clains 1 to 7, wherein the pressure Pl is from

1 to 4 bar above the pressure P3. 9. process as clgined in any of clains
1to 7, wheréin ﬁrpéoﬁﬁsé§§&l3é“ﬂ1'ﬁa§‘)fqu§|ﬁrﬂs i to Bovihereintia is BgmvAdodRarpr essur e
P. 15

20 12. Aprocess as claimed in any of claims 1 to 11, wherein the portion of the residual
product gas mixture which is discharged as output is discharged via an expander.

13. A process as claimed in any of claims 1 to 12, wherein the reaction stage is a
catalyst-charged tube bundle reactor or fluidized bed reactor.
25
14. A process as claimed in any of claims 1 to 13, wherein the workup stage is an
absorption column or a column for fractional condensation or a series arrange-
ment of quench stages.

30 15. A process as claimed in any of claims 1 to 14, wherein the active composition of
the catalyst is a muitimetal oxide composition which comprises the elements Mo,
V, at least one of the two elements Te and Sb, and at least one of the elements
from the group (:onsisting of Nb, Ta, W, Ti, Al, Zr, Cr, Mn, Ga, Fe, Ru, Co, Cs,
Ca, Sr, Ba, Rh, Ni, Pd, Pt, La, Pb, Cu, Re, Ir, Y, Pr, Nd, Tb, Bi, B, Ce, Sn, Zn, Si,
35 " Na, Li, K, Mg, Ag, Au and In in combination.

16. A process as claimed in any of claims 1 to 14, wherein the active composition of
the catalyst is a multimetal oxide composition which contains the element combi-
nation having the stoichiometry |

40



10. A process as clained in any of clains 1 to 9, wherein PP is from3 to 10
bar: 11. A q&pg&g& as clainmed in any of clains 1 to 9, wherein P1is from4
to 8 bar. 127 process as clainmed in any of clains 1 to 11, wherein the
.portion of the residual product gas m xture which is discharged as out put

i s discharged via an expander. 13. A proggss as clained in any of clains 1
to 12, wherein the reaction stage i atal yst-charged tube bundl e reactor
or fluidized bed reactor. 25 14. A“%Pg€@§ 4s cllirmed in any of clains 1 to
13, wherein the workup stage is an absorption colum or a colum for

fracti onal condenggdreon or a series arrange- nment of quench stages. 30 15. A
process as clainmed in any of clains 1 to 14, wherein the active conposition
of the catalyst is a multinmetal oxide conposition which conprises the
elements Mo, "V, Mt Fedstang/@ES the two el enents Te and Sb, and at |east

oNhne cg; tEe ekﬁrregé c=:fs raomatsmegcrf@rwelémaiss_tdnmgxecgromﬁbcol_n‘éa,tiny\bf Nb, TAW, 4 ; 9,
, , €, , , ; y AR i ) )
Pr. Nd, Th, Bi. B, Ce, Aénﬁ%'%&’sis?'a%%%“"wf?' 'gl{e ,C°A§,h' ﬁgpg%t, f‘%e'e'?'hbs'
conbi nation. 16. A prolds&eak CiRn NdTh. e Sy, 8p. Sl Mok 5. Mg Am Auansiai n t he
active conpositiom of fiohe0.0&tallyst is a nmultinmetal oxide conposition which
cont ai ns e el engnt _c ™ g@ti QE havi ng the stoichionmetry | 40 PF 54434 30
Moj VbM d where 5 M g ig c d Te and/or Sb, at |east one of the
el ements from thed gr Guffofbnlit®ding of No, Ta, W Ti, A, zZr, Cs, Ca, Sr,
Ba, C, M, G, Fe, Ru, Co, Rh, Ni, Pd, Pt, La, Bi, Pb, Cu, Re, Ir, Y, Pr,

Nd, Tb, Ce, Sf¥. Zproskss A¥claied ikanBf cidifhs Y8 @DEhbrin thE'oRh QhrdePuded is
air.
15
18. A process as claimed in any of claims 1 to 17, wherein the reaction temperature
is from 200 to 700°C.

19. A process as claimed in any of claims 1 to 18, wherein the starting reaction gas
20 mixture contains

from 0.5 to 15% by volume of propane or isobutane,
from 10 to 90% by volume of air,
from 0 to 50% by volume of steam and

25 a remainder of cycle gas.

20. A process as claimed in any of claims 1 to 18, wherein the starting reaction gas
mixture contains

30 from 0.5 to 15% by volume of propane or isobutane,
from 10 to 90% by volume of air,
from 10 to 50% by volume of steam and
a remainder of cycle gas.

35 21. A process as claimed in any of claims 1 to 18, wherein the starting reaction gas
mixture contains

from 70 to 90% by volume of propane or isobutane,
from 5 to 25% by volume of molecular oxygen,
40 from 0 to 25% by volume of steam and



from> 0 to 1 and from>0tol. 17. A process as claimed in any of clainms 1
to-16, V\her%n ‘H‘)’ oxygen source used is air. 18. A process as claimed in
any of cl ai 4438 17, wherein the reaction tenperature is from200 to
700C. 19. A process as clainmed in any of clainms 1 to 18, wherein the
starting reaction gas 20 m xture contaigg 25 30 fromO0.5 to 15% by vol une
of propane or isobutane, from10 to 90% by volunme of air, from10 to 50% by
vol une of steamand a rermidfg@BRINGEr ¢ W@@és 35 21. A process as clained
in any of claims 1 to 18, wherein the starting reaction gas mxture

contai ns 40 gt Oy &oéeés%s@h@ﬁ |N96P%I£%sﬁrt8%nﬁh%m tﬁQQHﬁ@?ﬁon frcf)ﬁcb% 10 t

90% by vol une of ai une OF team and remai nd er of
cycl e gas. 20. R@pP BEQ{QE'SQEME'I"%PFE%& Pﬁs'é‘ﬂl? R3S € %‘Prf%aq‘of’@ai@"x‘ﬁﬁép@luﬁ t he
starting®reacti dme gastiomstagesiefreoriDdo 78 nfoidm 70 t o 90% by vol une of propane
or isobutane, from5 to 25% by. vol unme of nol ecul ar oxygen from 0 to 25%

by vol une of st am and PF 54 A process
as clai med i %,pr8$eS@|§ Cflr@mfgfrbaﬂ'T %Y@]’eé?'ﬂﬂ? %%'Héé?fetpg%rg?t Bh- pane
and/ or i sobut anéommgwfmméout@%rrp%s of the reaction gas mixture thr ough
5 the reaction stage, is from10 to 70 nol % 23. A process as clained in

20 to 080l fopraaessiR il duPls aiad T Ao B e srmd el Bresopc ol
t he target proditthegr ‘é@@ﬁﬂas mixture @f fegeactiongéagent wesicallyslpataed istedhe on st age
i s basically sepauidipRédse mtsch Avay that the molar ratio W of the steam present in the re-
maining residual product gas mixture to the propane present therein is at least
50% smaller than the corresponding molar ratic W' in the product gas mixture of
15 the reaction stage.

25. The process as claimed in any of claims 1 to 24, wherein the target product pre-
sent in the product gas mixture of the reaction stage is basically separated into
the liquid phase in an absorption column by absorption into an organic solvent in

20 such a way that the discharge from the absorption column is monophasic.

26. A process as claimed in any of claims 1 to 25, wherein the propane and/or isobu-
tane and also any propene and/or isobutene present in the portion of the residual
product gas mixture which is discharged as output are removed from said resid-

25 ual product gas mixture and recycled into the reaction stage, recompressed to
the inlet pressure P*,

27. A process as claimed in any of claims 1 to 26, wherein the ratio V of that portion
of the residual product gas mixture which is recycled as cycle gas to that portion
30 of the residual product gas mixture which is discharged as output is > 0.5 and
< 30.

28. A process as claimed in any of claims 1 to 26, wherein the ratio V of that portion
of the residual product gas mixture which is recycled as cycle gas to that portion
35 of the residual product gas mixture which is discharged as output is > 2 and < 25.

29. A process as claimed in any of claims 1 to 26, wherein the ratio V of that portion
of the residual product gas mixture which is recycled as cycle gas to that portion
of the residual product gas mixture which is discharged as output is > 3 and < 20.
40



|l i quid phase in such a way that the nolar ratio Wof the steampresent in
the re- mai nPRd4484i dual product gas nmixture to the propane present therein
is at least 50%snaller than the corresponding nolar ratio W in the
product gas m xture of 15 the reaction siage. 25. The process as clainmed in
any of clains 1 to 24, wherein the target product pre- sent in the product
gas m xture 80. t Adrecessier slaivedipanyof claime Ate Y9 s eaein theicyda @as is reeolri-qui d
phase in an absopisk@NtoxRé et passaRsPY ingda biodle an organi c solvent in 20
such a way that the discharge fromthe absorption colum is nonophasic. 26.
A process as clained in any of clainms 1 to 25, wherein the propane and/ or

i sobu- tane Ahd AlRSereshys slapeth v slaims b kR B8R rwhesein dasmexygan spwrcp ¥ped n of
the residgal pradweichgsiSomfprekseciowhé et ipfesdiircibiaiygndarasofGiriapial catigresenoved
fromsaid resid e ual product gas m xture and recycled into the reaction
stage, reconpressed to the inlet pressure P'. 27. A process as clained in
any of clains 1 to 26, wherein the ratio V of that portion of the residual
prodgctlgas gizxtlé\rm?omt;@b ciaﬁnedamymiyeﬂcms%w B1,gﬁ|ﬁcl‘ti@atdiran‘:esladd)r'c|i:eﬂ’(i!allfﬁ|ﬁ}ecn;i t he
resi dual product ol i i i scharged as output is > 0.5 an <
30. 28. A pr ocesgggéudﬂagitp% n:“iﬁéé%@hcg?cg%l ains 1 to 26, wherein the ratio V
of that portion of the residual product gas m xture which is recycled as
cycle gas to that portion 35 of the residual product gas m xture which is

di scharged as output is > 2 and <_ 25. 29. A process as clained in any of
claims | to 26, wherein the ratio V of that portion of the residual product
gas m xture which is recycled as cycle gas to that portion of the residual
product gas m xture which is discharged as output is > 3 and < 20. 40 PF
54434 32 30. A process as clainmed in any of clains 1 to 29, wherein the
cycle gas is recompressed to the inlet pressure P1 using a blower. 31. A
process as clainmed in any of clains 1 to 30, wherein the oxygen source used
is 5 air which is conpressed to the inlet pressure Pl by neans of a radial
conpres- sor. 32. A process as clainmed in any of clains 1 to 31, which is a
process for partial direct oxidation of propane to acrylic acid.



