PF 56392 | _Method for the production of acrolein, acrylic acid, or a

m xture the?’ééﬁ:"?ﬁ/ nmeans of heterogeneously catal yzed partial gas phase
oxi dat.ion of propylene Description 5 The present invention relates to a
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the elements, Mo, Fe and Bi. Acrolein is a reactive nononmer which is
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DE- A 102 45 585, WD 03/076370, DE-A 103 16 039, WD 04/031106, and the Gernan
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formed in tPpgef-bbsorbdrf AfdidrRik Shodtfother Sadast antially partially oxidized to
acrylic acid. It is significant 1n this context that the industri al

enbodi nent is normally configured in such a way that the acrolein fornmed in
the firdk rEwxcpreparaierngfeacraleindy the preoessd desnibed i thepremmblacf this i nto the
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Typically, it forms the first stage of a two-stage heterogeneously catalyzed gas phase
partiai oxidation of propene to acrylic acid. In the first reaction stage, the propene is
substantially partially oxidized to acrolein and, in the second reaction stage, the
30 acrolein formed in the first reaction stage is substantially partially oxidized to acrylic
acid. It is significant in this context that the industrial embodiment is normally
configured in such a way that the acrolein formed in the first reaction stage is not
removed, but rather conducted into the second reaction stage as a constituent of the
product gas mixture leaving the first reaction stage, if appropriate supplemented by
35 molecular oxygen and inert gas, and if appropriate cooled by direct and/or indirect
cooling.

e o BN O M il e

The target product or the heterogeneously catalyzed gas phase partial oxidation of
propene to acrolein is acrolein. ' '

40 | |
A problem in all heterogeneously catalyzed gas phase partial oxidations in a fixed
catalyst bed is that the reaction gas mixture, as it flows through the fixed catalyst bed,
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catal yst bed is that the reaction gas mixture, as it flows through the fixed
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reduction in. h_&e sensitivity thereof toward an increase in the rrperature

of the fixdd*t4falyst bed. For exanple, when the partial oxidation is
carri edB®ut in tube bundle reactors, this is found to be favorabl e when the
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propane i n intreaseindhé tamppasture ofttioe ixadesatalysd bedin a very favorable manner. Thus,

- excessively high hotspot temperatures generally reduce the lifetime of the fixed catalyst

30 bed and the selectivity of target product formation (here: acrolein). Lower hotspot
temperatures are normally accompanied by a reduction in the sensitivity thereof toward
an increase in the temperature of the fixed catalyst bed. For example, when the partial
oxidation is carried out in tube bundle reactors, this is found to be favorable when the
individual catalyst tubes, as a consequence of temperature gradients existing over the

35  reactor cross section, cause different temperatures of the catalyst bed disposed in the
particular catalyst tube. A presence of propane in the reaction gas mixture resuits in
lower hotspot temperatures as a consequence of the comparatively increased specific
heat of the propane (cf., for example, EP-A 293 224).

40 In addition, a presence of propane, owing to its combustibility, promotes the explosion
behavior of the reaction gas mixture (for example DE-A 195 08 558).
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with high propane conversions. When the resulting dehydrogenation and/or
oxydehydrogenation mixture is used in this case as such for the generation of the
30 starting reaction gas mixture of the subsequent propyiene partial oxidation, as
recommended, for example, by EP-A 117 146, DE-A 33 13 573 and US-A 3,161,670,
the result is a comparatively voluminous starting reaction gas mixture. From the point
of view of maximum economic viability of the conveying of the reaction gas streams,
however, small volumes are advantageous. This is especially frue where high hourly
35 space velocities on the catalyst charge according to the principle laid down in the
documents WO 04/85365, WO 04/85367, WO 04/85369, WO 04/85370, WO 04/85383,
WO 00/53559, WO 04/85362, WO 00/53557 and DE-A 199 48 248 are to be realized.

On the other hand, high dehydrogenation or oxydehydrogenation conversions are

40 favorable for the purposes of very economically viable propylene generation.
Conversely, an increased propene content in the starting reaction gas mixture entails
an increased molar ratio of molecular bxygen to propylene therein in order to allow the
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In this document, the starting reaction gas mixture for the propene partial oxidation to

acrolein appropriately likewise fuffills the specifications recommended in

30 DE-A 102 46 119 and DE-A 102 45 585.

The hourly space velocity on a catalyst bed, catalyzing a reaction step, of (starting)
reaction gas mixture refers in this document to the amount of (starting) reaction mixture
~ in standard liters (= [ (STP); the volume in liters that the appro'priate amount of
35  (starting) reaction gas mixture would take up under standard conditions (0°C, 1 bar))
which is conducted per hour through one liter of fixed catalyst bed.

The hourly space velocity may also be based only one constituent of the (starting)
reaction gas mixture. in that case, it is the amount of this constituent in | (§TP)/t « h

40  which is conducted through one liter of fixed catalyst bed per hour (pure inert material
charges are not included in the fixed catalyst bed).
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starting rgg_ggllﬂg_n gas mxture 2 to propyl ene present in starting reaction
gas m xtur 'S from1.3 to 2.4. 35 The process according to the invention
differs fromthe processes of the prior art in particular by the

requi renment that V, = fréraBtd Epbdvollimedr| wor lsispgieesanpl es of the prior

art, V, is ? 4.5. The I sadyant a f on the selectivity
of by-product formti%%%tgﬁgﬂ?g'g?@r@ 'ﬁg(éyde an ?%E?‘B%P%ﬁ?ceé"’ acid and restricts
t he pogéi bl e conver si ofiom 6 to 30% by volume o propane and _

from 32 to 72% by _volume of molecular nitrogen,

with the proviso that the molar ratio V; of propane present in starting reaction gas
mixture 2 {o propylene present in starting reaction gas mixture 2 is from 1 to 4, the

30  molar ratio V; of molecular nitrogen present in starting reaction gas mixture 2 to
molecular oxygen present in starting reaction gas mixture 2 is from 2 to 6 and the molar
ratio V3 of molecular oxygen present in starting reaction gas mixiure 2 {o propylene
present in starting reaction gas mixture 2 is from 1.3 to 2.4.

35 The process according to the invention differs from the processes of the prior art in
particular by the requirement that V, = from 1 o 4. In all working examples of the prior
art, V, is 2 4.5. The latter has a disadvantageous effect on the selectivity of by-product
formation of propionaldehyde and propionic acid and restricts the possible conversion
of a heterogeneously catalyzed propane dehydrogenation as the propylene source

40  without being indispensable with a view to the explosion behavior. -

Preferably in accordance with the invention, the contents of starting reaction gas



of a heterogeneously catal yzed propane dehydrogenation as the propyl ene
source 40 V\igl"' 86892 bei ng i ndi spensable with a view to the expl osi on behavi or.
Preferably in accordance with the invention, the contents of starting ,
reaction gas PF 56392 6 nixture 2 are fgom7 to 9% by vol une of propyl ene,
from9.8 to 16% by vol une of nol ecul ar oxygen, 5 from9 to 25% by vol une of
propane andmidwen23Bet o 65% by vol une of nolecular nitrogen, with the
proviso that 10 V, = froml to 3.5 V2 = from3 to 4.5 and V3 =from1l.4 to

2.2. More preferably in accor ce with the invention, the contents of
el e DS Al o

starting reaction gas rom 7prt°8y'§@§’by vol une of propyl ene,
from9.8 to 15% by vol Jrm 88 tad Bl¥chy wiureg phen, molecolar 9Nt 0 20% by vol une

of propapne and 20 fromi#iHn bao 6% BIWoUMa!sEe Of pRbassbad nitrogen, wth the
proviso that V, = from_,(L, 25 V2 = fro . preferably from
3.5to 4) V3 = from 1_zfr 35?9@59?6)#«3’9%&0 fy fr fﬂe%gltgppﬁroggrg)_ Even nore
preferably in accordance with the invention, the contents of starting ‘
reacti on o@sh fheXireVigo agre 30 from7 to 9% by vol ume of propylene, from9.8
to 15.5% by volunme of nol ecul ar oxygen, from10.5 to 15.5% by vol une of
propane and from40 to 60% by vol unme of nolecular nitrogen, 35 with the
provisol@ hat Vv, = fromV. 5frem 1403.52 = from3.5 to 4.5 (preferably from3.5
to 4) and 40 V3 = from,k horh@ td 413takpreferably from1.5 to 2.0). In the
enbodi nents of the progess of di to the invention which is nost
preferred PF 56392 7 V; fr&-ﬁq_igfﬂ

More preferably in accordance with the invention, the contents of starting reaction gas
15 mixiure 2 are

from 7 to 9% by volume of propylene,
from 9.8 to 15% by volume of molecular oxygen,
from 10.5 to 20% by volume of  propane and

20 from 40 to 60% by volume of = molecular nitrogen,

with the proviso that
Vi=from1.5t0 2.5
25 V, = from 3.5 to 4.5 (preferably from 3.5 to 4)

V3 = from 1.4 to 2.14 (preferably from 1.5 to 2.0).

Even more preferably in accordance with the invention, the contents of starting reaction
gas mixture 2 are

30
from 7 to 9% by volume of propylene,
from 9.8 to 15.5% by volume of  molecular oxygen,
from 10.5 to 15.5% by volume of propane and '
from 40 to 60% by volume of molecular nitrogen,

35 ‘

‘with the proviso that

Vi =from1.5t02.2 i :
Vo = from 3.5 to 4.5 (preferably from 3.5 to 4) and

40 : V3 = from 1.4 to 2.14 (preferably from 1.5 t0 2.0).

In the embodiments of the process according to the invention which is most preferred



in accordance with the invention, the contents of starting reaction gas
m xture 2 @Fe563920m 7 to 8% by vol une of propylene, from11.9 to 15. 5% by
vol une of nol ecul ar oxygen, 5 from11.9 to 15.5% by vol ume of propane and
from 50 to 60% by vol urre of nol ecul ar nltrogen with the proviso that 10 V,
from1l.7 to 2.1 V2 from35to45(preferab|yfrom35to 4) V3 = from
1.7 to 2. 1id aédbfnﬁr@lalvmhfth@m\zém%nt Pedofients df sttty fe@tfiv gasemirtup® diar@nt of the
process according to the invention, the contents of 15 starting reaction
gas mxture 2 are from7 to 9% by voI ume of propylene, from9.8 to 15% by
vol ume of nol ecul ar ox{rgexy to §% irvolumef289 byreiense of propane and 20 from
40 to 60% by vol ume of fra|l BC8Itear5. BItbyadRIMe ofwindledlidr dxygan,so t hat
V, =frongto 25 V2 = f ( 35to 4) V3 = from
1 4 tong 14 (preferabl ¥8ﬁﬁlﬁ$?%$%%y\§;%5faw§%%ee ly, it is favorable
for all inventive stariPigpldieddf4 Bnvejasesf xt u e‘leafrFﬁtfﬂQeGned when their
total content of constituents other than propyl ene, nolecular 30 oxygen,
propane an trogen is < 10% by volune. O this up to 10% by
vol une of gf'tﬁg'hgé}é%%hﬂﬁg&ents up to 8% by vol une may be ethane and/ or
met hane (but even otherw se, this content of ethane and net hane may be
presenti). I n general, whefrogmtidltogontent in inventive starting reaction gas
m xtures 2 of ethane agdL % by volume, usually s
3% by volune and in rravd qr(onng%qg%% (Pﬁef B@%\ﬁ%s@“ih contents of > 0.5%
by volune, as a conseqiefid@mbi-7ipgi’ ! P@iﬁfép'ﬁﬁmﬂ £yo 2illert behavior, are,
however, entirel y possible in accordance with the invention and

advant ageoys, h?ltélﬁ&gﬁfe d%ﬁtfbfméepr bae.n Bk ihQerkiBR hé\éBﬁt%h e?;ft her mal

conduct| Vi t%/ hane n ageo y I n accordance wt
i nvent i'8n, Stagting rﬁﬁ@&ﬁ‘t%ﬁé‘“@éﬁf@ﬁi’ﬁg react| on gas nixtures 2 nentioned
conprise 5 5% by vol une of 40 wat er ands 5% by vol une of carbon oxides (CQ2

and/or CO. Particul ar al | ive starting reaction
r¥m ) %99819 mg'rw
B

~gas mxtures 2 conpris o 3% by vol une of
carbon oxides. The sa O'E'Eﬁ'n bWPE’m&p‘%I y nggerbr eferably to
nol ecul ar hydrogen, whber Zﬂdnﬂé%t by wolyrae of cul ardpanacndnt ageousl y

vani shppgly small. Versfo.madottbcselvaﬁy@dwrﬁélbage%%ué@uua'A.trdga«ent' ve starting

reaction gas mxtures 2 conprise <_ 2% by vol une water and < 2% by
vol une of carbon oxi des.
with the proviso that

V. = from 3to 4
25 : , Vs = from 3.5 to 4.5 (preferably from 3.5 to 4)
V3 = from 1.4 to0 2.14 (preferabiy from 1.5 tc 2.0)

Quite generally, it is favorable for all inventive starting reaction gas mixtures 2
mentioned when their total content of constituents other than propylene, molecular

30  oxygen, propane and molecular nitrogen is s 10% by volume. Of this up to 10% by
volume of other constituents, up to 8% by volume may be ethane and/or methane (but
even otherwise, this content of ethane and methane may be present). In general, the
total content in inventive starting reaction gas mixtures 2 of ethane and/or methane is,
however, < 5% by volume, usually £ 3% by volume and in many cases < 2% by

35 volume. Such contents of = 0.5% by volume, as a consequence of their substantially
inert behavior, are, however, entirely possible in accordance with the invention and
advantageous in accordance with the invention owing to the favorable thermal
conductivity of methane and ethane. Advantageously in accordance with the invention,
all inventive starting reaction gas mixtures 2 mentioned comprise < 5% by voiume of

40  water and <€ 5% by volume of carbon oxides (CO; and/or CO). Particularly
advantageously, all inventive starting reaction gas mixtures 2 comprise < 3% by
volume of water and < 3% by volume of carbon oxides. The same content limits apply



Water contents of ? 0.5%Dby volune in starting reaction gas m xture 2 are
general ly Ry $83%8r able. 1t is also favorable in accordance with the

i nvention when the total content in all of the .aforenentioned inventive
starting reaction gas mixtures 2 of consgituents other than propyl ene,
nol ecul ar oxyge propane and nol ecul ar nitrogen is s 5% by volune, 10

‘particul ar IR a@b&ﬁpa@é@%ﬂrwmmgs%\mﬁwmoumt isprgrticutadly #evantagaaslibl y i n
accor dance vahishinglyRendiinvemytoagitulay adiatagdousiof alt ineertil e sRmAtreadtRl gagvent i ve

Starting el Fa gaspMod 85 JofmeY S{@ﬂ@@lb%@\% md B! Sad T anges

VZ and V3 ecl on gas m Xt ures

menti oned YRR COTAEDEhHR A hY ¥olupgdn aﬁ&t”ﬁéFaC’PB OpE MR ATRtIETEEANY for t he
process 5acdavctiatilg to the invention that a useful propene source is the
propyl ene formed in the process for the continuous heterogeneously

catal yzed partlal ehydr ogenati on and/ or oxydehydrogenati on of ﬁ E.@Ine I n
t he gas pﬂ'fd§é SO\Kﬁ‘f% ?'W?Féoﬁﬁ%ﬁ%wg thtipreiop adiening W@'ﬁ@'ﬁ"‘éf‘ﬂ@@
catal yzed pfsremehtiongehyantigestattiingmeaotidh gas emixtarel \2cbf egrstiadentsicthevihag t o be

removed fr sﬁ'ywn% ﬁ’lro Mlgﬁeﬁ/geaoprgﬁﬂﬁlﬂ?ﬂgrecblgr Hfrbﬁlé}][ iRl<859, 8 klvollﬁﬂﬁ"m

hetero ene catalyzed enatl ons are useful

for thi Q plRep l9§ Wég" usly 5r3%e 4 ¥p “é‘e PB'ﬁP‘F‘H)é %BEPR@H@&CWWIW%NO VO
01/ 96271, Iﬂﬁbﬁvéﬂtﬁbnl\dﬁfor m&aeameménudnsdm\&nﬁmstsmag red2fioM\EaOimhaGeEe DE- A

33 13 573, %t@tﬂa@%% l‘f’ﬁéar de%lrﬂaﬁﬁ esl, c.fné&’ rbRCinvERAVERILARP! | cati on

DE- A 10 2004 at | on Cat or this purpose
in the pri 6?a‘g'Pf' 93y @’*Frﬁé\m%\éﬂ%‘gg@y ind é&fhel%mﬁlféhydrogenat Ponpvm |

be effected in a fixed catal yst bed. 30 The dehydrogenatlon catal ysts can be

di vi dedsr oygh landn‘i‘égéoh&V?brgﬁé)HnB%esé RcBrdifiPSehe WILGHbNARS aouséﬁﬂ 'pﬁjd;fen@at ure (for

e ch h i
o P o s Olot & DR sy e SOt b BrogSSsBT treltatinons SeterBERpBlA 11 ot i
deposi t ed ©atalyzad garniisl dghyyrogenatian Mﬁpmxydermdrogdnatgmmitprmnsﬁw thetgasy st s

whi ch may bRasts fthbiahe 8R> hé uRéorivBASEInRE ‘Fn@te%% 24 paridE- A 102 19

879, WO O 2 9/ 46039,
O 30 oL 2B er O%a%?fgf Pbeniig>dsoan baving e 8 fpmsygd %@T this REOBTaN S 20

220, US0A @e@yaha(gneg, EP-A-O 117 146, DE-A 199 37 196, DE-A 199 37 105 and
DE-A 199 37 107, and al so the catal yst according to exanple 4 40 of DE-A

| rd I :
102 19 579 1y WhlE S Rh neldlochbaL Y ShaRSEo LA i BN S depia © 2
exanpl e 4 @&fe ugstul fortbis pucpase saskPvrh for exemplesremdhe YBUWENERLS547, WO 02/ 51540
and PF 563970 93/006370, WG @AM 21 2Hr-mey 7or16U ped 03/5h €302 1U8- ,dshbedrmenatlon '

catal yss Wibehes9RDER 33 AP 0ea 432 9%48%, BE! s % 039 and from the

German application DE-A 10 2004 032 129.

All dehydrogenation catalysts known for this purpose in the prior art are likewise useful.
_ Advantageously, dehydrogenation will be effected in a fixed catalyst bed.
30 |
The dehydrogenation catalysts can be divided roughly into two groups, into those
which are of oxidic nature (for example chromium oxide and/or aluminum oxide) and
-into those which consist of at least one generally comparatively noble metal (for
example platinum) deposited onto a generally oxidic support. Dehydrogenation
35 catalysts which may be used include all of those which are recommended in DE-
A 102 19 879, WO 01/96270, EP-A 731 077, DE-A 10211275, DE-A 10131297,
WO 99/46039, US-A 4 788 371, EP-A-0 705 136, WO 99/29420, US-A 4 220 091,
US-A 5430 220, US-A 5 877 369, EP-A-0 117 146, DE-A 199 37 1986,
DE-A 199 37 105 and DE-A 199 37 107, and also the catalyst 'according to example 4
40  of DE-A 102 19 879. In particular, the catalyst according to example 1, example 2,
example 3 and example 4 of DE-A 199 37 107, the catalyst according to example 4 of
DE-A 102 19 879 and the catalysts of WO 02/51547, WO 02/51540 and



zi r coni um di oxi de fromO to 60% by wei ght of al um num oxide, silicon

di oxi de andfop® 9@ titani umdi oxide, and fromO.1 to 10% by wei ght of at

| east one el enent of the first or second main group, of an elenent of the
third transition group, of an elenent ofgthe eighth transition group of the
periodic table of the elenents, |anthanumand/or tin, with the proviso that
t he sum of BHhé %B@@Qﬂ%@ém%@%ﬁ@ht i s 100% by wei ght 10 Also particularly
suitable is the dehydrogenat ion catal yst used in the exanpl es and

caral vt s e SO uftiafoachelch caPUETE fhion CBRHES ko 016 SCRBK Ry QRRRRLL T
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typically proprlate
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cat al ysts (iespeeisalithat theame olihe elenia@es 6f weihbl Wohby whight.document and
those recomended in DE-A 199 37 107 (especially the exenplary catalysts of

this DE-A)) are such that tt\ﬁ% are capabl e of catal yzing both the
dehydr d8enddsoparigulisyiiakie isfhe drbydressnation satalypt vasidde thesxampasodh. 1n the

case of acoopaedtivé exampsles vbthisalocoment. t he cat al ysts, the hydrogen conbustion
proceeds very 25 nuch nore rapidly in conparison to the dehydrogenation of

propane. For the performance of the hetero eneously cat al %zed\?&r'opane
dehydrogené—iqr@fﬁ"ﬁ the depydkeggnation ratalygls are FatalypleaxtiyHates (de@ser (iaint s known
in the pri dromat to wﬁmnuspeéfeldably fiders ¢.5itp Binomsleofthdymitaliyfoces o 2@mnant s are

cont ai Red, gf’éi’éra%mmﬁll 910 ‘1('5‘ %)r dta‘Bfe'té) ré‘éhbﬁﬂh@%&hﬁ@%éné?&ﬁs%f\%ﬁn@ regard to

t he dehydr ro har acteri stic of

Lhe par 1 R RURPTGBRR GRS U OB AR alS HR OB G FopMBIcaPhat |
proceeds elﬂ@(rtmrrfsﬂmerldwo 1Thmrs, walhth&khé&staﬁplmrmyfr()rarﬂetogb@)mmequior ed for the
attai nment sohmt BetolEakH)red reaction tenperature and for the reaction has to
be supplied 35 to starting reaction gas mixture (the (starting) reaction gas
m xture for the heterogeneously catalyzed propane dehydrogenation will also
be ref @r edn gendral, theidehydrogenatint calalygist(aspecely thaseatsed by gay ofiexarople i)

either bef griebaashetidhgtndss réébenrﬁweaen D‘Ef-A 4be 3hab¢r@§ﬁ6@wmeyex%a4p?dryzed
dehydrogenatg[af ; &&é@grla té%l? react q%{% F e %’ hg as to draw the
heat of re&8 8“7’9&1?‘1 Pt g they 9/B C?Ha a1 ¢3 BHZ"’SF ¢y bi cal of
het er ogenedabydrogriativy skrfopeteandige sambustionef mulenuiandydrogan.rig theocaseeothi gh
reaction t @rﬂéﬁ’fp%hﬂ’drﬁﬁtuéﬁ&%\fe?%e éd?él&s@rfﬁé hycﬂr &&nl@lﬁsﬂbh Fbc@@b@@éﬂyar PF
56392 [ ght 8 ani c. o ounds. ayl tﬁada @8 88 ﬁOl nt up to and
i ncl ud reé?% °”FF&ﬁ”ﬁ8‘a o,tha dghyr %‘?ﬂ?gf"f’g 'OR%M%e cat al yst surface,
t hus deacft ivating it. In order to mnimze this disadvantageous
acconmpanyi Fgr {PRYRABERAHe df IR Ri&BgaRs0u8 (c8talzBE propane dehydrogenation, in

principle all reactor types and process variants known in the prior art are useful.

Descriptions of such process variants are contained, for example, in all prior art

30  documents cited with regard to the dehydrogenations and dehydrogenation catalysts.

It is characteristic of the partial heterogeneously catalyzed dehydrogenation of propane
that it proceeds endothermically. This means that the heat (energy) required for the
attainment of the required reaction temperature and for the reaction has to be supplied
35 to starting reaction gas mixture (the (starting) reaction gas mixture for the
heterogeneously catalyzed propane dehydrogenation will also be referred to in this
document as (starting) reaction gas mixture 1) either beforehand and/or in the course
of the heterogeneously catalyzed dehydrogenation. If appropriate, the reaction gas
mixture has to draw the heat of reaction required from itself.
40
In.addition, it is typical of heterogeneously catalyzed dehydrogenations of propane,
owing to the high reaction temperatures required, that small amounts of high molecutar



reaction gas mixture which is to be passed at el evated terrperature over the

catal yst 5 pemwbage for the heterogeneously catal yzed dehydrogenati on can be
diluted with steam Carbon which is deposited is partly or fully elimnated
under the resulting conditions by the principle of coal gasification.

Anot her nmeans of elininated deposited catbon conpounds is to allow a gas
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af or eneht | oFREGUHEE Suerh ééﬁk}ﬂ@g%ﬁm?%C?"?Bﬁt\%@'ecVé"egéefﬁgerﬁBV% preferably from
35 to 55 nol % and nore preferably from35 to 45 nol% For the realization
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pressure, vﬁalpeblemésuwpwnag/beatdfeawtm’arecetqumadt he equilibrium position of the
dehydr ogenati on. In addi tion, the use of steam as already nentioned, has an

40 advant agﬁous e on ihe on tream{ m‘g of dehydr ogenatlon cat al ysts
conpri si ng "h%?ﬁeQ %“Jrecg layentiop is tha l@é’é%pe@f"“ SQUISER & #FYh pr opane
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in startin ction m xture I 0 of
St eam o pHSHTEOPTRO S HIWRYEh eHEEHBRY RIS sl Roe s SIANE ARSI 1 1 om
: propane dehydrogenations as propene sources of the process according to the
invention are those in which the aforementioned propane conversion is from 30 to

30 60 mol%, preferably from 35 to 55 mol% and mere preferably from 35 to 45 mol%.

For the realization of the aforementioned propane conversions, it is favorable to carry
out the heterogeneously catalyzed propane dehydrogenation at a working pressure of
from 0.3 to 10 bar, or advantageously fo 3 bar. It is also favorable to dilute the propane

35 to be dehydrogenated under heterogeneous catalysis with steam. Thus, the heat
capacity of the water firstly balances out a portion of the effect of the endothermicity of
the dehydrogenation and the dilution with steam secondly reduces the partial reactant
and product pressure, which has a favorable effect on the equilibrium position of the
dehydrogenation. In addition, the use of steam, as already mentioned, hasan

40 advantageous effect on the onstream time of dehydrogenation catalysts comprising
noble metal, especially in the case of desired high propane conversions. If required,
molecular hydrogen may also be added as a further constituent. The molar ratio of



?0.05 to 2 or to 1, 5 Cenerally, mninmmanounts of steamin starting
reaction gaBF #632ire 1 are preferred and pursued, In the case of propane
conversi ons based on fresh propane in the range from20 to 30 nol % the
anount of steamtypically present in the ,oxidation cycle gas which is

recycled if appropriate into starting rédct i on gas mxture 1 is typically
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remaining propane and is therefore advantageously recycled into the heterogeneously
catalyzed propane dehydrogenaion which appropriately serves as the propylene
30 source. '

In principle, a heterogeneously catalyzed partial propane dehydrogenation functioning
as the propylene source may be carried out (quasi)adiabatically and at the same time
: endothermically. In this case, the starting reaction gas mixture is heated generally to a

35 temperature of from 500 to 700°C (or from 550 to 650°C) (for example by direct firing of
the surrounding wall). in the case of adiabatic pass through the at least one catalyst
bed, the reaction gas mixture will then cool by from about 30°C to 200°C depending on
conversion and dilution. Presence of steam as a heat carrier also becomes noticeably

. advantageous from the point of view of an adiabatic mode. Lower reaction

40  temperatures enable longer onstream times of the ¢ataly$t bed used. Higher reaction
temperatures support increased conversions. ' |



be realized in the formof a tray reactor. 5 This appropriately conprises
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range inside the tray reactor. This means that the entire propane dehydrogenation can
» thus be realized at very low temperatures, which is found to be particularly favorable for
30 the onstream time of the fixed catalyst beds between two regenerations. For higher
propane conversions, reaction gas mixture 1 is appropriately conducted into the
dehydrogenation reactor preheated to higher temperatures (these may be up to 700°C)
and kept within this elevated temperature range inside the tray reactor. |

35 Itis even more elegant to carry out the above-outiined intermediate heating in a direct
way (autothermal method). To this end, a limited amount of molecular oxygen is added
to reaction gas mixture 1 either before it flows through the first catalyst bed (in that
case starting reaction gas mixture 1 should comprise added molecular hydrogen)
and/or between the downstream catalyst beds. It is thus possible (generally catalyzed

40 by the dehydrogenation catalysts themselves) to bring about a limited combustion of
molecular hydrogen which is present in reaction gas mixture 1, has been formed in the
course of the heterogeneously catalyzed propane dehydrogenation and/or has been
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The isothermicity of the heterogeneously catalyzed propane dehydrogenation which
functions appropriately as the propylene source for the process according to the
30 invention can be further improved by incorporating closed (for exampile tubular)

internals which have favorably, but not necessarily, been evacuated before filling in the
spaces hetween the catalyst beds in the tray reactor. These internals comprise suitabie
solids or liquids which evaporate or melt above a certain temperature, thereby
consuming heat, and, when the temperature falls below this value, condense again and

~ 35 thereby release heat.

A heterogeneously catalyzed propane dehydrogenation can of course also be realized

as described in DE-A 102 11 275 (as a “loop variant”), which forms an integral part of

this patent application. |

40 -
In'other words, it is advanfageous for the process according to the invention that a
process for the continuous heterogeneously cataiyzed partial dehydrogenation of
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propane in the gas phase can function as the propyl ene source, in which - a
starting r 6392 gas m xture 1 which conprises the propane which is to be
dehydrogenated is fed continuously to a dehydrogenation zone, 5 starting
reaction gas mxture 1.is conducted in the dehydrogenati on zone through at
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appropri atehyg conprises only the nol ecul ar oxygen stemm ng fromthe

oxi dation cycle 30 gas. For the process according to the invention, it
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In this case, oxidation cycle gas may be a constituent of starting reaction gas mixture 1
and/or, according to the teaching of the German patent application

25 DE-A 10 2004 032 128, not added to reaction gas mixture 1 until dehydrogenation has
proceeded at least partly. |

When oxidation cycle gas is a constituent of starting reaction gas mixture 1, it
appropriately comprises only the molecular oxygen stemming from the oxidation cycle
30 gas.

For the process according to the invention, it is favorable in the context of the loop

mode described when the amount of dehydrogenation cycle gas, based on the product

gas formed in the dehydrogenation, is from 30 to 70% by volume, advantageously from
35 40 to 60% by volume, preferably 50% by volume.

With regard to the inventive partial oxidation, starting reaction gas mixture 1 comprises,
in the case of a loop moede carried out as described, for example, in a tray reactor (tray
loop reactor then = dehydrogenation zone), in the steady state appropriately:
40
from 15 to 25% by volume of propane,
from 2 to 6% by volume of propylene,



from40 to 75% by vol unme of nolecular nitrogen, and from> 0 to 3% by
vol unme of nPF&esexar oxygen. 5 The conversi on of propane (based on single
pass of the aforenentioned starting reaction gas mxture 1 through the tray
reactor operated in |oop node) and the |oop cycle gas ratio (anount of
dehydrogenation cycle gas based on the t®al amount of product gas obt ai ned

in the dehydrogenation #Zeneke 20% ISAlRMEd Bf dtBar, vView to the 10
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partial oxiBYEROHERAY YN 3 4}8@ Pan inventive partial oxidation to
renove 28 |east a portion of the constituents other than propane and
propyl ene priRsfmydlodenation drédudt bAewitharalis 8¢ a propylene source from the
dehydrogenation zone (the dehydrogenation reactor), according to the reaction
conditions selected for the heterogeneously catalyzed propane dehydrogenation, is at
a pressure of from 0.3 to 10 bar, preferably from 1 to 3 bar, and frequently has a
30 . temperature of from 450 to 650°C, in many cases a temperature of from 500 to 600°C.
In general, it comprises propane, propene, Hp, N, H,O, methane, ethane (the latter two
result usually as a consequence of thermal decomposition of a small amount of
propane), ethylene, butene-1, other butenes such as isobutene, other C,-hydrocarbons
such as n-butane, isobutane, butadiene, etc., CO and CO,, but generally also
35 oxygenates such as alcohols, aldehydes and carboxylic acids (normally having < 9
carbon atoms). in addition, constituents arising from the oxidation cycle gas may also
be present in small amounts.

While EP-A 117 146, DE-A 33 13 573 and US-A 3,161,670 recommend the use of the
40  product gas formed in the propane dehydrogenation as such to charge the inventive

partial oxidation, it is advantageous for an inventive pariial oxidation to remove at least

a portion of the constituents other than propane and propylene present therein from the
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i Preference is given to aromatics-free commercial products, for example those of the
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advantageously be lowered by rectification and/or adsorption before the use described
and suppressed to values significantly below 1000 ppm by weight.

The performance of the absorption is subject to no particular restrictions. It is possible
40  to use all common processes and conditions known to those skilled in the art.

Preference is given to contacting the gas mixture with the absorbent at a pressure of

from 1 to 50 bar, preferably from 2 to 20 bar, more preferably from 5 to 15 bar, and a
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30 also bubble columns with and without internals.

The propane and propylene may also be removed from the absorbent by a distillation
- or rectification, in which case the columns which are familiar to those skilled in the art
and have structured packings, random packings or appropriate internals can be used.
35 Preferred conditions in the distillation or rectification are a pressure of from 0.01 to
5 bar, in particular from 0.1 to 4 bar, more preferably from 1 to 3 bar, and a
temperature (in the bottom) of from 50 to 300°C, in particular from 150 to 250°C.

Before it is used to charge the partial oxidation, a propylene source which has been

40  obtained from the absorbent by stripping and is suitable for the subsequent partial
oxidation stages may be fed to a further process stage, in order, for example, to reduce
the losses of entrained absorbent (for example separation in demisters and/or depth
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reduced by the corresponding amount of propane. In the extreme case, the required
feed of fresh propane in the heterogeneously catalyzed propane dehydrogenation may
be dispensed with fully when this feed of fresh propane is effected, before the inventive
35 partial oxidation of propylene is carried out, fully into starting reaction gas mixture 2,
whence it is then added to starting reaction gas mixture 1 for the heterogeneously
catalyzed propane dehydrogenation as a remaining constituent in the oxidation cycle
gas only after it has passed through the inventive partial oxidation. If appropriate, there
may also be a fresh propane feed (for example as stripping gas) into a C; removal
40  which is disposed if appropriate between heterogeneously catalyzed dehydrogenation
and propylene partial oxidation
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t he stage sedonddron etrnle(n toeactiageidof predom nant acrolein formation) and
undertaking the target product renmoval at this stage, or conti nui ng t he

process ac&gr di%% to the inv t| on up Y% dom' nant cr gbﬁm d formation
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of acrolein (the stage of predominant acrolein formation) and undertaking the target
product removal at this stage, or continuing the process according to the invention up
to predominant acrylic acid formation and only then undertaking the target product
removal.

30
When the process according to the invention is carried out up to predominant acrylic
acid formation, it is advantageous in accordance with the invention to perform the
process in two stages, i.e. in two oxidation stages arranged in series, in which case the
fixed catalyst bed to be used and preferably also the other reaction conditions, for

35 example the temperature of the fixed cataiyst bed, are appropriately adjusted in an
optimizing manner in each of the two oxidation stages.

Although the multimetal oxides comprising the elements Mo, Fe, Bi which are
particularly suitable as active compositions for the catalysts of the first oxidation stage
40 (propyiene — acrolein) are also suitable to a certain extent for catalyzing the second
oxidation stage (acrolein — acrylic acid), preference is normally given for the second
oxidation stage to catalysts whose active composition is at least one multimetal oxide
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cont ai ned iWOGQa5386 ¢avend geactrw@gtag% ® 8498 $37e@WQn§'tag§b B @9i05e3P. | n these

docunemss, HRHA W §hodhendEpfeerepesog. hat - the starting reaction gas m xture
used for the first reaction stage (propylene to acrolein) is 30 an inventive

starting reaction gas mxture 2. Regarding the remaining paraneters, the
This is especially frue of all 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 (propylene to acrolein) is
30  aninventive starting reaction gas mixture 2. Regarding the remaining parameters, the
procedure is as in the working examples of the documents mentioned (especially
regarding the fixed catalyst beds and reactant hourly space velocity on the fixed
catalyst beds). When the proéedure in the aforementioned working examples of the
prior art are in two stages and there is secondary oxygen (secondary air) feeding
35  between the two reaction stages, the feeding is undertaken in an appropriate manner,
but is adjusted in its amount to the effect that the molar ratio of molecular oxygen to
acrolein in the charge gas mixture of the second reaction stage corresponds fo that in
the working examples of the documents mentioned.
Multimetal oxide catalysts particularly suitable for the particular reaction stage have
40  been described many times before and are well known to those skilled in the art. For
| example, EP-A 25 34 09 refers on page 5 to corresponding US patents.
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tCErmrl ISI ng ?ftneﬂm@rsis =, ar%mbmmeﬁépbmu@aswmmﬁogmans Jhﬂégeﬁéral formpant | Zullgrg
e nmu e CO

Lne T 4 e RS, 1 SRR kR 3o 8l s YRR Bk SR TorRhal
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111 of dE- Acchtbshiond 6Becified ialEFOA7D@®7mMAl ti nmetal oxi de active 20 corrposi tions
specified in EP-A 70 07 14. Al so suitable for this oxidation step are the

mul ti nmetal oxide catal ?/sts conpri sing , Bi and Fe which are. disclosed in
t he docunenfigo piitakieign mmowmﬂs@wrmﬁ pyltimesel oxige catalystiaeprygisingdion 199 02
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00 44, EP- 4, Y4 197 46
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t hese docun®t $g/24mid, BENYIT He2¢0 (tavss oithapemargffemans #), IUP-AHDV/R204239, t hose of

EP- A 15565, g5 £378hk £R%& PotAi4. Hhis 2hRidd I pHtichlal R Bxehiglanar ti cul ar
embodiments in these documents, and among these particular preference is given to -
those of EP-A 15565, EP-A 575897, DE-A 197 46 210 and DE-A 198 55 913. Particular

30 emphasis is given in this context fo a catalyst according to example 1c from EP-A 15
565 and also to a catalyst to be prepared in a corresponding manner but whose active
composition has the composition Mo,Nis sZnsFe;BisPo.o0s5K0.060x * 10 SIiO,. Emphasis

- is also given to the example having the serial number 3 from DE-A 198 55 913
(stoichiometry: Mo,,CorFe;Big sKo.0sSi1 60x) a@s an unsupported holiow cylinder catalyst

35 of geometry 5 mm x 3 mm x 2 mm (externat diameter x height x internal diameter) and

also to the unsupported multimetal oxide Ii catalyst according to example 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 is especially true when these hollow cylinders have a
geometry of 5.5 mm x 3 mm x 3.5 mm, or 5 mm x 2 mm x 2 mm, or 5 mm x

40 3mmx2mm,or8mmx3mmx 3mm, or 7mm x3 mm x 4 mm (each external
diameter x height x internal diameter). Further possible catalyst geometries in this
context are extrudates (for example length 7.7 mm and diameter 7 mm; or length



30 enphasis is given in this context to a catal yst according to exanple | ¢
from EP-A 1PF 5682 and also to a catalyst to be prepared in a corresponding
manner but whose active conposition has the conposition

Mb12Ni 6. 5Zn2Fe2Bi , Po. 0055Ko. 060x 10 Simg . Enphasis is also given to the
exanpl e having the serial nunmber 3 fro -A 198 55 913 (stoichionetry:
Mb12Co7Fe3B.ompkand aismkids®G) mag. an unsupported hol | ow cylinder catalyst 35
of geonetry 5 mmx 3 mmx 2 mm (external dianeter x height x internal
dianeter) and also to the unsupported nmultinetal oxide Il catal yst

accor di ng toMeltifds of the mrltimetaloxide agivexomposiiahs sytadifo’er et 48 made of
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or S5mMmmx Zmmx 2 M or 5 mMx 40 3 nMmx 2 nmm or 6 Mmx 3 nmXx 3 mm or 7
mmx 3 mmx 4 mm (each external dianmeter x height x internal dianeter).
Furt her possi biMoBiffelLYsx2gbif®tries in this cont(BAt are extrudates (for
exanple length 7.7 mm and diameter 7 mm or length PF 56392 24 6.4 mm and
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sui tabl e fd?Whit8 1 wriapiesAre prebYsTioRd 28 6°9% S0l ein and, if appropriate,
acrylidQacid can be enconpassed by the 5 general fornula IV ‘ _
Mol 2Bi aFebXeX2hRepardidr cobai i n which the variables are each defined as

follows: 1Q.X = nickel and/or. cobalt 2 .= thalli an al kali netal and/or .
an al kal i n&* éar tttp?rﬁm,an,a @etilﬁﬁ’g?orﬁﬁc@}?%? 8@',%"559 mi ¢, boron, antinony,
tin, cerium’d eathcaphisphorugrayserit,borog, animpny din, cetiutmiaadrand{ar tengstem and/ or

zi rconi um % a sficdd, AMndném! Rasiumbard/dr=p8dfu@l to 5 preferably from2 to 4,
c =fr %no to 10, preferably from3 to 10, d =fromO to 2, preferably from

0.02 to"2, 20 e =fromO to 8, preferably fromO to 5, f =fromO to 10 and
n = a nunbé =whifrem .8t@dt er ni ned by t he val ency and frequency of the
el enents im =l Vigk®01 8 preks rom2 tdlaey are obtainable in a manner known

per se (se%, _f orfrowﬁirozg %F@ s'“g'%%@? ) and are customarily shaped in

substance to give's , 'nders or else used in the form of
coated cat & §st §om 0 1 2, prefambiydeem A2to dupport bodi es coated with the active

20 e = from Oto 8, preferably from 0 to 5,
f= from0to 10 and

n = anumber which is determined by the valency and frequency of the elements in
[V other than oxygen.

25
They are obtainabie in a manner known per se (see, for example, DE-A 4 023 239) and
are customarily shaped in substance to give spheres, rings or cylinders or else used in
the form of coated catalysts, i.e. preshaped inert support bodies coated with the active
composition. They may of course also be used as catalysts in powder form.

30
In principle, active compositions of the general formula IV can be prepared in a simple
manner by obtaining a very intimate, preferably finely divided dry mixture having a.
composition corresponding to their stoichiometry from suitable sources of their
elemental constituents and caicining it at temperatures of from 350 to 650°C. The

35 calcination may be effected either under inert gas or under an oxidative atmosphere,
for example air (mixture of inert gas and oxygen) and also under a reducing
atmosphere (for example mixture of inert gas, NHs, CO and/or H,). The caicination time
can be from a few minutes to a few hours and typically decreases with temperature.
Useful sources for the elemental constituents of the multimetal oxide active

40 compositions IV are those compounds which are already oxides and/or those
compounds which can be converted to oxides by heating, at least in the presence of
oxygen. '
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100 to 150C. The multimetal oxide active conpositions of the general fornula
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appr ot)r_! at eb‘r‘opﬂeﬁﬁ éﬁiaﬁﬂa%%iin (dﬁd%\fwehg@@f’fd’ﬁpﬂi rigf‘ehrﬁﬂ?ﬁl eﬁl?br@@bé»gdiéi f@@z}i ta& ?/s: e
Prnal cal oiHAPFOLR Bl %z%ﬁsafé%mﬁﬁfsapaéﬁfﬁ%ph@ﬁ%ﬁvﬁ% R T
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cal cined  the powder form of the active compasition or its uncalcined and/or partially calcined
| precursor composition by compacting to the desired catalyst geometry (for example by
tableting or extruding), if appropriate with the addition of assistants, for example
graphite or stearic acid as lubricants and/or shaping assistants and reinforcing agents
30 such as microfibers of glass, asbestos, silicon carbide or potassium titanate. Examples
of suitable unsupported catalyst geometries include solid cylinders or hollow cylinders
having an external diameter and a length of from 2 to 10 mm. In the case of the holiow
cylinder, a wall thickness of from 1 to 3 mm is advantageous. The unsupported catalyst
can of course also have spherical geometry, and the spherical diameter can be from 2
35 to10 mm.

A particularly favorable holiow cylinder geometry is 5 mm x 3 mm x 2 mm (external
diameter x length x internal diameter), especially in the case of unsupported catalysts.

40  The pulverulent active composition or its pulverulent precursor composition which is yet
 to be calcined and/or partially calcined may of course also be shaped by applying to
preshaped inert catalyst supports. The coating of the support bodies to produce the
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t hi ckness $ftN{EgArg t%%\ﬁd%ﬁget:r@ﬁﬁ*dmn%)q WH’CéHr:ﬂ RreeeSSRCENEINg D s VEIBIaY '§ s

appr opri at ébsed §hecuppbribddiesncarteaveraanegelaf oxrmedan shap8Odlthpogh preédrenad| v

Wi thin theid wﬂofré@mpsqafbeéggp&n Bolfles Tivng dﬁétf?\fcﬁﬂ.ﬁﬂfé'd rdfdnibés, fée range
from1 to 250 UseT suppor t terials ar ne custopar, or ous or
nonpor 385 SXAPR GRNGIES G5H0IoH §/13047s CSHAHESHPaRN DoRigs PLARISBRIOY 21 r coni um
di oxi de, sinbhpaous; skifdaterooghariddi sphercal suptorasnaden) stestitewisisei diameteois

al uni num srbiveioeio FREY ©BMRMALETerBaR S SIPSIANHAICY, LBl Juppditt h T egard
|

to the t ) on_wh h d th ti '
based. The SetIBb B B0 Ee S CHa R 3G 215 & M PRBNNSsS SHarBal - al ¢ hough
pr ef er ence diameteyiiy Famtbtordgumait e shap elringsspvaile rorticorlanes Wit thi st i nct
Lpor b s o e B S e B A S O

. . u I u S |
Subhor t s AR B P B B S bonr ARSI Hore PG, R s AR DRYE R 5
pr ef er abl ylehgmefdromo2 & ermm, Hoveternal diametebbidran g jo Btmmigod isesaldhiskagsso

cylinders whiss 11tenghi. SepddrotBdied SuithBleNMadtfdaMe sithekd RveRlon Atk aeter i s
Lin uitabl e i a h,the 20

from4 to 10.. I.n the se_0 S cordan ]

i nvention 88“'% .%F’? F"B%Sd(i%aeq?,%n}eﬁé BT ?m"& ey (lrgéfae%fagg’lgw&?ercxgﬁb Prom 1 to
4 mm A‘hnuir@ﬁrnalsjl)ﬁm@et). TPeriiinaness obibe geialytigpltyracivepxide perapesiticas dePdance wit h
t he i nvent hgplicBay thedsurfatd 8t the SUppdroBdd it Of Soutsd adisteX tethedesidpsmitiag of from

4 to 8 mMm gngd ¢ |- Ri of froml to 2 mm Support bodies suitable
I n accordaﬁ'&%n%%k't%;iiﬁggﬁﬁfon are in particular also rings of geonetry
M Xx 3 mmx 4 mm (external dianeter x length x :

Multimetal oxide active compositions to be used for the step from propylene to acrolein
30 (and acrylic acid if appropriate) are also compositions of the general formula V

[Y1 a‘Yzb'Ox‘]p[Yac'Y4d’Yse‘st‘YTQ‘Yzh‘Oy']q (V)

in which the variables are each defined as follows:
35 v
Y' = only bismuth or bismuth and at least one of the elements tellurium, antimony, tin
and copper, _
Y? = molybdenum or molybdenum and tungsten,
Y® = an alkali metal, thallium and/or samarium, ‘
40  Y*= an alkaline earth metal, nickel, cobalt, copper, manganese, zinc, tin, cadmium
and/or mercury, '
Y® = iron or iron and at least one of the elements chromium and cerium,



25 internal dianmeter). The fineness of the catalytically active oxide
conmposi ti oy $&3%e applied to the surface of the support body is of course
adjusted to the desired coating thickness (cf. EP-A 714 700). Ml ti netal

oxi de active conpositions to be used fop,the step from propylene to acrolein
30 (and acryl ic acid if appropriate) ar€ al so conmpositions of the general
formula V Y ¥lahvephonss, prevEcborga'angier adinyamy, Y2h' OY]a (V) in which the

vari abl es af"e- eaahe @Eﬁh‘ e, aﬁanm |zm‘,‘6nium3rﬁot¥um—téhlfﬁm{mbﬁh%ﬁm'rhrtﬁtheﬂﬂummﬂh and
at | east one of tcpe el.ene

et bl cHERE SR Sl oo bl e AR RREL | 2,
and/ or samari urtlporw gop/er yanigMkal i ne earth netal, nickel, cobal t, copper,
nmanganege, zinc, tin, cadmum and/or mercury, Y5 = iron or iron and at

| east one qf _t s chromium and cerium PF 56392 27 Y6= phosphorus,
arseni c, b@ro Q@Wdé)g?%;%tl nony, y7 = a rare earth netal, titanium

zi rconi um bhFoliom®.1t@B@al um rheni um ruthenium  rhodi um sil ver, gol d,
al um num @ahl ifléfA O tgli um silicon, germanium |ead, thorium and/or

uranium 5 = 0, 1to8, b'=from0.1to 30, c'=fromOto 4, d =
fromO to r%Fnéqoo%(l)?om> 0to 20, f'=fromOto 6, g =fromO to 15,

h' = fr'ém &' FofrPBWQtO? = nunbers which are deternined by the val ency and
frequency of= th@nﬂbmnts in 15 V other than oxygen and p,q = nunbers whose
p/q ratio i fﬂ @o 10, conprising three-dinensional regions of the
chem cal c rrp05| 1on YlaY2b' Ot which are delimted fromtheir |ocal

envi r onment GwiRG & 8 t%heir different conposition fromtheir 20 |ocal
envi r onmenty;,y'an chunthessewinietx areLuaterramet lgr thé lvaleg e andlfrequeincy ohibe péessemtgint hr ough

the cenger of tReykeH necting two points on the surface
(int er?gce) of thOthgrggl?gﬂgb%n%ﬂg m 1 nm1t00 100 pm frequently from10 nmto

500 nm or PN PrFSt"&hQ?G P ratio ds Eﬁ?ﬁ‘ 0.1

comprising three-dimensional regions of the chemical composition Y',Y%-O, which are
delimited from their local environment owing to their different composition from their

20 local environment, and whose maximum diameter (longest direct line passing through
the center of the region and connecting two points on the surface (interface) of the
region) is from 1 nm to 100 um, frequently from 10 nm to 500 nm or from 1 pm to 50 or
25 pm,

25 Particulérly advantageous inventive multimetal oxide compositions V are those in which
Y'is only bismuth.

Among these, preference is given in turn to those of the general formuia V1
30 [BiwZ’Oxly [Z20:Z°cZ ¢FeeZ’%Z°¢Z Oyl vy .
in which the variables are each defined as follows:

Z? = molybdenum or molybdenum and tungsten,
35 Z°= nickel and/or cobalt,
Z* = thaliium, an alkali metal and/or an alkaline earth metal,
Z° = phosphorus, arsenic, boron, antimony; tin, cerium and/or lead,
Z° = silicon, aluminum, titanium and/or zirconium,
Z" = copper, silver and/or gold,
40
" = from0.1to 1,
from 0.2 {o 2,

o o
i n



25 Parti cul arlﬂg/ advant ageous inventive multinmetal oxide conpositions V are
those in " is only bisnuth. Anong these, preference is given in turn
to those of the general fornula VI 30 [Bia"zZ2b' O] p

[ 221273' nZ4d" Fee, Z5f' Z69"Z' h. Oy" ] q (V1) ogn which the variables are each -
defined as follows: Z2 = ol ybdenum or nol ybdenum and tungsten, 35 Z3 =

ni ckel and/cor= depeBto 14 = thallium an alkali netal and/or an al kaline
eart h net alg’ Z%rofh @bRsphorus, arsenic, boron, anti nony, tin, cerium and/or

| ead, Z6 =.siljco nd/or 2|rcon| um Z' = copper,
silver and/eor ﬁjofnd@m g%ggﬂr%@b#%ﬁrrérg% H{M b" = fromO0.2 to 2, PF 56392 28

¢" =from$% r9010835—fr0m0 02to 2, e" fromO 01t05 preferablyfrom
0.1 to 3, gf" :Frofrr@mmtOS 5¢g" fromOto 10, h" fromO to 1, x",y" =
nurmber s which_are 61 gl prm ned by the vaI ency and frequency of the el enents in
VI other than oxyge whose ratio is fromO0.1 to 5,
pref erabl y Xf. Vonf‘BerrtscWhZCh aff@leéﬁﬁﬂ"ﬂpérW tb%i’%'%‘i)’l %ﬂd fraoppRsYRfdle plemantein t o

t hose conp03|t|w3th\ékthanow|gerh Z2 b = (tungsten)b' and 2212 =

(ol ybdenw,gfzﬁghb'b% ‘9*1‘0%% re?dg ?.30)8{6631|p%fe a?@sff] ot B. srg_:;l % (preferably at

| east 50 nore e tot aI proportion of
[Y a-YﬁQ-C)(]P ([Bia" Z2b -Q(]p ) of the mul timetal oxide conpositions V
(mul ti met alandxzeq/qaarﬁnqlmspiréﬂemse ¥l givesutb ttiedseecompositiceoYidamtéchn t h t he

I nvention |2a t.lqsemgyll[s;t;]b 4 g ¥@%ﬁgm§|tlons V (mul tinetal oxide

corrp05|t|ons VI ance’With the invention is in the formof
t hree- di nensional regions of the chem cal conposition Yla.Y2b. Ol
[ Bi aZ2b" " Olidg$ alshiadkhardageoudvictalat least2b molien(dreferably aidedst &0maolWrareihrnomw ng t o

their qsff%@@ﬁabﬁrh@@rﬁé\% GPHRAS Al bBBoﬁnBRWﬂMWEVOb]Oﬂél zefw,f]hpmﬁ@t and whose

Shapi ng. 1 AAE L%c#a”gona%&é%ﬁgff iR mrastoRe v syl For” 52 10°
cat al ysts appdrdanae withl the ireeatioroixi thie mubinpedal iokide tompositians ¥ {isultimetal oxide
| compositions V1) suitable in accordance with the invention is in the form of three-
dimensional regions of the chemical composition Y, Y%,0, [Bi»Z%,Oy] which are
20 delimited from their local environment owing to their different chemical composition
from their Jocal environment, and whose maximum diameter is in the range from 1 nm

to 100 ym.

With regard to the shaping, the statements made for the multimetal oxide composition
25 |V catalysts apply to multimetal oxide composition V catalysts.

The preparation of multimetal oxide active coMpositions V is described, for example, in
EP-A 575 897 and also in DE-A 198 55 913.

30  The inert support materials recommended above are also useful, inter alia, as inert
materials for the dilution and/or delimitation of the appropriate fixed catalyst beds, or as
a preliminary bed which protects them and/or heats the gas mixture.

It should be mentioned at this point that all catalysts and multimetal oxide compositions
35  which have been recommended as suitable for the step from propylene to acrolein are
in principle also suitable for the partial ammoxidation of propylene to acrylonitrile.

For the second step (the second reaction stage), the heterogeneously catalyzed gas
phase partial oxidation of acrolein to acrylic acid, useful active compositions are, as

40 already stated, in principle all multimetal oxide compositions comprising Mo and V, for
example those of DE-A 100 46 928.



The preparation of nultinetal oxide active conpositions V is described, for
exanpl.e, i 1PF 58392 575 897 and also in DE-A 198 55 913. 30 The inert support
mat eri al s reconmrended above are also useful, inter alia, as inert materials
for the dilution and/or delimtation of the appropriate fixed catal yst beds,
or as a prelimnary bed which prot ect s2®8hem and/ or heats the gas m xture.

I't shoul d bemiERidedRfdofior eRampBehdYe dfDE-AAIOR 168a| ¥4 I5e @idniPaktedBy al oxi de
conposi tions S i h@\fe been reconmended as suitable for the step from

3 ch
propyl ene tﬂi’)e %%W%%?W”é% in principle also suitable for the partial
ammoxi dati on of propylene to acrylonitrile. For the second step (the second

reaction stage) Mdhaxhxtstouergdsl y cataliyped gas phase partial oxidation
of acrokein to acrylic acid, useful active conpositions are, as 40 al ready
stated, "in principle all multinmetal oxide conpositions conprising M and V,
for exanpliewhish#e wriabes Are eactuiefiood as fHlows392 29 A nultitude thereof, for
exanpl e those of DE-A 198 15 281, can be enconpassed by the general fornula
VI MOL2VaXihX e .. (VIl) 5 in which the variables are each
defi ned as>§ﬂ‘26l I%gv\@dﬁxépé'%%% Ta, Cr and/or Ce, X2 = Cu, Ni, Co, Fe, M
and/ or Zn, X F0CugNE CepFandnendBr Znx4a = one or nore alkali netals, X5 = one
or norapal BA 98 amardriBimetals, X5 = Si, A, Ti and/or Zr, 15 a = from1l to
6, b from@.2 4 = 0.5to0 18, d =fromO to 40, e =fromO to
2, 20 f = r56mohgtc)5mifecama:|_f#1§@ns1’o to 40 and n = a nunber with is determn ned
by the val éhc—yoaﬁarmpeaq%@i@? egfthimmialsl enents in VI1 other than oxygen. 25
Enbodi ment ¢Cwhisg Al afiengoeZerred in accordance with the invention anong the
active nultinmetal oxides VII are those which are enconpassed by the
followi ng definitions of the variables of the general formula VII: X =W
No and/'8r €= HemxbioB.cu, Ni, Co and/or Fe,

b = from0.2io4,

from O to 40 and
a number which is determined by the valency and frequency of the elements
in VIl other than oxygen.

c = from 0.51t0 18,

d = from O to 40,

e = from0Q0to 2,
20 f= from0io4,

g

n

1

25 Embodiments which are preferred in accordance with the invention among the active .
mulitimetal oxides Vi are those which are encompassed by the following definitions of
the variables of the general formula VI:

‘ X"= W, Nb and/or Cr,
30  XZ= Cu, Ni, Co andfor Fe,
X?= 8b,
X*= Na and/or K,
X®= Ca, Srand/or Ba,
X% = Si, Al and/or Ti,
35
a = from 1.510 5,
b = from0.5t0 2,
¢ = from0.5t0 3,
d = from0to 2,
40 e = fromOto 0.2,
f= fromOto1and
n = anumber which is determined by the valency and frequency of the elements



X3 = Sb, X4 = Na and/or K, X5 = Ca, Sr and/or Ba, X5 = Si, A and/or Ti,
35 a = fronP5839% 5, b = from0.5to0 2, c =from0.5t03, d=1fromO to"
2, 40 e = fromO0O to 0.2, f = fromO to 1 and n = a nunber which is

determ ned by the val ency and frequency ﬁf the el ements PF 56392 30 in VII
ot her than oxygen. However, nulti.netal oXides VII which are very

particul arly prief\@roteer than axygendance with the invention are those of the
general formula VIII 5 Mo12V2Y' b' Y2eY5PY69' On' (VIII1) where 10 Y1 = W

and/or Nb, ,,Y2 = Cu and/or .Ni Y5. = and/ar Sr. li. YB,=.Si lor..Al, 15
o2 P oot o SRefer BRI opfes Vi Which. 8 VB SeiouBly grdredet  alkp B s . 2
f r om O o3aniieventior-arg thegepe thewpensnalifermida ¥hlni ned by the val ency and
frequeng of the elenments in VIII other than oxygen. The nultinetal oxide
active conpositions (VII) whi re: Suli lg in rdance with the

i nvention are obtainable in aﬁiﬁﬁﬁﬁ‘gﬁ” k#é%’@%r szgﬁgor exanpl e di sclosed in
25 DE-A 43 35 973 or in EP-A 714 700. In principle, nmultinetal oxide active
conpositionghgyitable for the "acrolein -> acrylic acid" step, especially
those of the general formula VII, can be prepared in a sinple nmanner by
obtaining a very intimate, preferably finely divided dry m xture having a 30
conposi 1q onY corWexywsidihg to their stoichiometry from suitable sources of

‘their el eneht aby apdisi Nfuents and calcining it at tenperatures of from 350

to 600C. Thes_ o andior St S
Y® = Siand/or Al

15 a' = from2to4,
b= from1to 1.5
¢'= from1to3,
f= fromQOto0.5
~g'= from0to8and
20 n’'= anumber which is determined by the valency and frequency of the elements
in Vifl other than oxygen. '

The multimetal oxide active compositions (VII) which are suitable in accordance with
the invention are obtainable in a manner known per se, for example disclosed in
25  DE-A 43 35 973 or in EP-A 714 700. |

In principle, multimetal oxide active compositions suitable for the “acrolein — acrylic '
acid” step, especially those of the general formula VII, can be prepared in a simpie
manner by obtaining a very intimate, preferably finely divided dry mixture having a

30 composition corresponding to their stoichiometry from suitable sources of their
elemental constituents and calcining it at temperatures of from 350 to 800°C. The
calcination may be carried out either under inert gas or under an oxidative atmosphere,
for exafnple air (mixture of inert gas and oxygen), and also under a reducing
atmosphere (for example mixtures of inert gas and reducing gases such as H, NH;,

35 CO, methane and/or acrolein or the reducing gases mentioned themselves). The
calcination time can be from a few minutes to a few hours and typically decreases with
temperature. Useful sources for the elemental constituents of the multimetal oxide
active compositions Vil include those compounds which are already oxides and/or
those compounds which can be converted to oxides by heating, at least in the

40 presence of oxygen.

The starting compounds for the preparation of muitimetal oxide compositions VIl can



cal cination may be carried out either under inert gas or under an oxidative
at mospher e, PF $B39%xanpl e air (mixture of inert gas and oxygen), and al so

under a reducing atnosphere (for exanple m xtures of inert gas and reducing
gases such as H2, NH3, 35 CO nethane ang/or acrolein or the reduci ng gases
ment i oned thenselves). The calcination tine can be froma few mnutes to a
few hours aralintippielyanixgd dredy enireweliomh Whemihey araumixed ik éfyfprna dbg stegindor t he

el ement al copsiduhb€BicSapprogrReeiyuddd ifRkedorf o fifely aividet PoRaERSR dubpstted/! |

include th : ds .whi ch ‘ar I d ' d/ d
uni ch' can B2 BNV TR TVH ML) B R ean Baue P ERasEs HARHNCe o

oxygen. Theodntamate mixiepimpwetdarsn.f or the preparation of nultinetal oxide
conposi'tg ons VII can PF 56392 31 be intimately mxed in dry or.in wet form

Wien they are m.xed in dry form .the startin QRO , ropriately
led i 't ol Brriratl fedb by s Safhe PRl SRR ol kERBIAN 67 E L L,
m xi ng and,an agugpps spiklicn and/orwsaensian Parisuked intimatediymaikisess are gibtained t o
inti mate miximOmixdhgibedserddscribeliisen the biaptirgahhtérisle ace iclusivelyngburdsd ¢t arti ng

Cuspens on rbaf e aphg Flarkd msiol B Rkl 1P aePEIRER SRR WARE, T g

pr ocess! e sRylispavenii e raueasgomnegitinaobiaingdds died, énd thsdviapprecessdes of

the el enent@bfeeaiséffdctsitbysspray-dhaRhy eguédismixilieatsedittenperag ek bisrgm ef er abl y
water. 10 qy |y, the aqueous conposition obtained is dried, and the

drying process iS Tpreferably effected by spray-drying the aqueous m xture
at exit tenperatures of from 100 to 150C - The resulting nmultinetal oxide

;:onpozi ti orEhe respieieg Mltiynetdl @Ridle @bnipbsitioes) espacidlio timseas thkbgevietal formulde used
or t cr I t | : ] rt.ain

cat al yot gedlidhdh SRy he SEIdh oldaR ifer HHTB! cRPShlabel GTRHA" | |
final ~cal ciGralyss geomsiies ansihe ?h@m@wfm%ﬁ@ﬁee’faﬂ seipse or 2fte thafindl epared from
the powder datwimationfFdrlekample, vesuppones tathlysts@an :bésprem@d fromealk poveder oo e b
conpositio ; : . e by
Labl eti ng Bbrf%%@ﬁ%?ﬁé&)?%ﬁ’%?%ﬁ&g??ﬁeé%@E@ﬁé%&%ﬁ%ﬁﬁ dmpechhg BREP.D O
for exanpl degiesrrtplsigieosiatny (io examaledy tablpfinacrxiudingy 6 arRIeRiRtggvith the

assi st @it s adifionef aésistantagfongeamite graphitasr steancoddid as Ribatargd asdor sistpést os,.

si licon Caés@is%t&én&%ﬁrﬁ&%ihp{ggéh&%ﬂéﬁ G5 nircraf rﬁf @éség%ﬁﬁmfsiﬁmppo”ed

cat al yst QEOFE%I’I es are so ggl | nder? or hollo Crf/ nhag avil n% an
ext ernal - diSRFRIFRPT RAfEsSHT Hisgele. Brampigaor suitagleihsypporied qatrlyst gsemeiies he
hol | ow cyl ianeleolsl cytindas br hillopkeyinderehating an ExtemnaB dimmsiter 22 slppgtamf fratre. The
Unsuppor t e 3oahiks in (B0 o AU HBRALARGERY S w3RIHENEEL oBRIRT S Yiminfls Wi Ch
case t spheri cal $bam?erom¥ Ee V?r%'m %ﬁt ow%g rmhnge. O. 3. rr}f‘%rgr % 1 m.
The pul&er APEIRPTEE: il 0® UBEHAPEEPRY FBRIVEY MAY S gursARlsR Ba Spgﬂ"éﬂﬁﬁ‘ 98PMEBKIBsi ti on
whi ch i s yathich caskehe sprariceldiarastenmag derfioen 2ks 0 en Eq@2imny o plnynpg to
preshaped inert catalyst

The pulverulent active composition or its pulverulent precursor composition which is yet

to be calcined can of course also be shaped by applying to preshaped inert catalyst

30  supports. The coating of the support bodies to prepare the coated catalysts is generally
performed in a suitable rotatable vessel, as disciosed, for example, by DE-A 2 909 671,

EP-A 293 859 or by EP-A 714 700.

To coat the support bodies, the powder composition to be applied is appropriately

35 moistened and is dried again after application, for example by means of hot air. The
coating thickness of the powder composition applied to the support body is -
appropriately selected within the range from 10 to 1000 pm, preferably within the range
from 50 to 500 pm and more preferably within the range from 150 to 250 ym.

40  Useful support materials are customary porous or nonporous aluminum oxides, silicon
dioxide, thorium dioxide, zirconium dioxide, silicon carbide or silicates such as
magnesium silicate or aluminum silicate. The support bodies may have a regular or



30 supports. The coating of the support bodies to prepare the coated
catal ysts iRF§8¥2rally performed in a suitable rotatable vessel, as
di scl osed, for exanple, by DE-A 2 909 671, EP-A 293 859 or by EP-A 714 700.
To coat the support bodies, the powder gerposi tion to be applied is
. appropriately 35 noistened and is dried™again after application, for
exanpl e by imreguiaj shbpéatithaiigh pr?fmnoedagwalgta negcuaﬁpsbapa‘d supporp bodies haying .
conposi ti onyi@Re] dpMcé %Jghﬁes%?%%&ém&@%}ﬁhéés%?ﬁ&lw bﬁih&ér)é vﬁtﬁ'@ﬂa@gr.w thin the
range froms;{_gtFl 0 1000 8r&%£,ref rabtl?%qﬁw gbgln t he ralTrl}?e frgm 8 f 50q pm and
mor o pr ef erHibiePReThbedies e SebeaRtebOnehrosis. BrifecRToUSENGR. SUBPER.
materi al s auppatsmenmolsteaiite véose dirorgieris fremal tonithom antd @es, piefdraign
 d0xi dec ikt 4 ISt RSB ot oBbHiRaR ay RivE el oot co
su S siumsili um sj |1 . _.The su ies may
have a regUralThp! pE mEddveyst, stitatlastioror bed aise PaBiag AV ReRRE: (< gi ven
to regul ar llgngdimisdeadn 8 i Hdmm bodivessehextemgl digmeter fcfrors dite A8 emdoghmease, f or
bodi 651 nel s SJFReHBLEE) b Wl Yhiels B dibo BRI sl bahih AHARRY |

ies i u i us, .su < S |
Suppor t s mEHEOYT Degies i Reckseliniba e g LAVE & TGP 2108 MG P Ealm,
pr ef er 4B y digrietenef4ronp4 & érmm Bnd ewadrthiakress of Suint ool mep Ruitaliabuppssinet ri es
may have diraRseFSaRb in SarficUBPrPgs of dedMatn OMRY 813 mSiti 4 Atth ox@athAUidméeei es
al so incl dee| c%th:xnders \é\hos? 'h.%n%t i S fonmq% Ito i]lo mm and. whose @xt er nal
di aneter i< PP ANER3] gagier). [hefipeness ot ths calaiically acuyg oXKie COBRRIEANS ( he
wal |t hi ckriebe applieglte the sysiacalkf thefsupperibedy ig ofrnourgadéried toghepesiredbodi es to

be used w tchamgeﬂ-@k@égggcﬁgpqqaﬂ ength of from2 to 6 nm an external 10

di amstqr5 of from4 to mm and a wall thickness of from1l to 2 mm Suitable
support ™ bodies are also in particular rings of geonetry 7 mmx 3 mm x -4 mm
(external diaxer@blgrmuliimplehgxitie activatcempasitionsaivdieased fantbe faoneleioss asfyliche

cat al yti caldeld” aebiare al¥ coRpESHBRTf theddeherd forpRIaARP! i ed to the surface of the
support body is of course adapted to the desired coating thickness (cf.
EP-A 714 700). 15 Favorable nultinetal oxide active conpositions to be used
for the "acrolein -. acrylic acil@l{EHiep are{8)so conpositions of the .
generakgoformula I X IDp[E)g (I X) 20 in which the variables are each defined

N, Ta, G PR SsS SR EATAREE L B o o 0,25 = b andior I

Z = Li, Na, K, Rb, Cs and/or H,

D = MoyVeZ'vZ3e 2’2 Z%2°Oy,
E = Z.,CurHOp,
25 2Z' = W, Nb, Ta, Crandior Ce,
Z®> = - Cu, Ni, Co, Fe, Mn and/or Zn,
Z> = SbandlorBi
Z* = Li, Na, K Rb, Csandfor H,
Z° = Mg, Ca, Srand/or Ba,
30 Z2° = Si Al TiandforZr,
Z' = Mo, W,V, Nband/or Ta, preferably Mo and/or W,
a’ = from 1 to 8,
b = from 0.2 to &,
35 ¢ = from 0 fo 23,
d = from O to 50,
g’ = from O to 2,
f = from 0 to 5,
g = from0to 50,
40 h' = from4to 30,
" =  from0to 20 and

X ,y = numbers which are determined by the valency and frequency of the



A i

= M, Ca, Sr and/or Ba, 30 z6 = Si, A, Ti and/or Zr, Z7 = Mo, W'V, No
and/ or Ta, PF&b689ably Mo and/or W a" = froml to 8, b" = from 0.2 to 5,

35 c¢" fromOto 23, d" 'fromOto 50, e" from0t02 f* =fromO to
5, g" =from0O to 50, 40 h" = from4 to 30, i" = fromO to 20 and X", y" =
nunber s V\:hl ch are determ ned by t he val e?n"cy and frequency of the PF 56392 33

elenments in | X ot h@eﬁngm@ ;ﬁ)wﬁﬁgrtﬁﬁﬁio@ n@anfgunbers ot her than zero whose p/q

breform ng SamiTc; meriere drgt Aearai SR Db BERD in tnely

di vided form (starting conposition 1) and subsequently incorporating the

preformed sgid ehish ard ¢m§m§umb9%eparatfely§oref&mingm rAdueRLS ogitk dbmpbsitiGEaqueous
10 suspeéwlon or |nto a finely divid dry m xture of sources of the

el enments” M, V,_Z71, Z Za Z4, Z6, Z6 which conprises the abovenentioned
el enents in theZsaC@mblh%rretry D MI2vVarzZl bz2&)}z3dzae" z5r, ZIW (D) 15
(starting conposition 2) in the desired p:q ratio, drying the aqueous

m xt ure which. t |
conposi ti on'ﬁgmgg%mée%s@ﬁ eStS‘@H %1”86& J}%e) zﬂg %’%H;?mg &é %gg“{ 0 600Cto
gi ve the deRefosged splid #@ﬂlngéemwﬁ’on Pinég an é‘ﬁfé@uﬁ§°b¢'9'er¢“taﬂuﬁﬁ\é’5 nul ti et al
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conposition VI catalysts is contained, for exanple, in EP-A 668 104, DE-A
197 36 105, DBEVIé\, 100262928 .Z2SA 197 40 493 @)d DE-A 195 28 646. 25 Wth
regard to the shaping, the statenments made for the nultinmetal oxide
conposition VIl catal ysts atgly to multipetal oxide conposjition |X

cat al ysts. ®aingcamposiion 4& indhe de5Eadp amtionduing the peventgimigive whichapie f or
t he "acr ol elenult, -and gelciningcthe assuttihgsine preaueoat sapdsitioadetdre DEafferk@dnd at 281,

especi ally dagbhghs bﬂr&ﬁtz%bl\%weeggwewedé&ree koEgRgp! the general

formula | hi's docunent dvant ag ous unsuppo | yst rings are

used for the step from propylene to
Preference is given to the multimetal oxide composmons [X in which the preformed

20  solid starting composition 1 is incorporated into an agueous starting composition 2 at a
temperature of < 70°C. A detailed description of the preparation of muitimetal oxide
composition VI catalysts is contained, for example, in'‘EP-A 668 104, DE-A 197 36 105,
DE-A 100 46 928, DE-A 197 40 493 and DE-A 195 28 646.

25  With regard to the shaping, the statements made for the multimetal oxide composition
VIl catalysts apply to multimetal oxide composition IX catalysts.

Multimetal oxide catalysts which are outstandingly suitable for the “acrolein — acrylic
acid” step are also those of DE-A 198 15 281, especially having multimetal oxide active
30  compositions of the general formula | of this document.

Advantageously, unsupported catalyst rings are used for the step from propylene to
acrolein and coated catalyst rings for the step from acrolein to acryfic acid.

35 The performance of the process according to the invention, from propylene to acrolein
' (and acrylic acid if appropriate), may be carried out with the catalysts described, for
example, in a single-zone multiple catalyst tube fixed bed reactor, as described by DE-
A 4 431 957. in this case, starting reaction gas mixture 2 and heat carrier (heat
exchange medium) may be conducted in cocurrent or in countercurrent viewed over
40  the reactor.

The reaction pressure is typically in the range from 1 to 3 bar and the overall space



acrol ein and coated catalyst rings for the step fromacrolein to acrylic
acid. 35 TipF se39for mance of the process according to the invention, from
propyl ene to acrolein (and acrylic aci d |f appropriate), my be carried out
with the catal ysts described, for exa in a single-zone nultiple

catal yst tube fixed bed reactor, as des 4| bed by DE- A 4 431 957. In this
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(STP)/1h, bofpofbekalibr (aﬁ-Elf’lHd aforefenfioddDaghlieSiRspédiiva e thraspltifit baletiion

preferred | the invention, since the inventive starting
reaction ggp"h%%‘?&gg@geea"!&u es favorabl e hotspot ‘behavior (all of the

af orenmentioned applies irrespective of the specific selection of the fixed
bed reaot ofmhe W td e dihgvzbse MRpRY crwélgastzmeenxeulbeu pécteraf leycHargaiss f i xed

bed react of dﬂLre |£'Ere(fegr%r:lgel’roﬂ‘i”lgbode1 ﬁéf'ﬁgat e§<crrr’{r§'; %?cﬁ&% ufs&? N é}%ﬁ )P‘*anateTl@S heat

exchange ne const sting of
60% by wei §AE MsHt. pratesRRly mﬁsrﬁtmg &f @@M@@lgrﬁ@ap%%wwltm MO and A um
nitrite (NalaRight of scafiund ARGLEYNIROGNbr sF53pPbassightdipdtdssium HilkBEAKNOA0% by

wei ght of - 5gg) ée\{;rﬁtrdfts d.ﬁmarg@@ I@JR{EE | hiyos Qght‘i{fsﬁnﬂ%)‘ﬁﬁ&ér}ét(gé‘ﬁngy( E‘g'\m)-

15 Vi ewed over reac and redct as m
conducfled elther in cocurrent or in countercurrent. The salt nelt itself is
pr ef er abl y Vissvedum/eethel reactor, salamedt rand geation gas athiued mbp be abaductdd ¢ithees. 20

vhen the T iPiic Rehl 1P 8 fharsimdaiDR L ERRALEIArll LOMRLdds h 2ppropriate

to charge t %’E bottomto top as foll ows .
(for the ff‘lﬁﬁnfi?rmrﬁ 5 RIURd the patalypldubémir ge sequence is appropriately

reversed): - first, to a length of from40 to 80 or to 60% of the catal yst

tube | gggt bvhewtﬁ@%w@awca%@s?m&r&ﬁorﬂr oBotbH & iLh ;ﬁ@sr?été/etcre%ﬂerheert

material, th on t| on

nel oht of GRoWETBEE W aRysk g Befmfaﬁoev 1ol @Q%trr%ﬂ%ﬁ Rlgom Bengt h of
from 20 t otdpQtrerchiacpedduonce |Iaeppm;)aatetwbeerlsedjgt h, either onI y catalyst or a
m xture of catalyst and inert material, the Iatter based on 30 the

m xture, makin a proporfio i ght  of t h ction
e T hafid o B IR B R R Bl o Rl HRa e e otaih St Engh.
bed of 2bnert waliabsi ala hédwe iodnatalysidriddhert svapared, énalattyr, besasterethesuch that it
~causes a very $itRUe, making up a proportion by weight of up to 20% by weight (section C);

- . following this, to a length of from 20 to 50 or to 40% of the total tube length,
either only catalyst or a mixture of catalyst and inert material, the iatter, based on
30 the mixture, making up a proportion by weight of up to 40% by weight (section
'B); and

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

Section C is preferably undiluted.

The aforementioned charge variant is especially appropriate when the catalysts used
40 are those'according to Example 1 of DE-A 100 46 957 or according o Example 3 of
' DE-A 100 46 957 and the inert material used is steatite rings having the geometry
7 mm x7 mm x 4 mm (external diameter x height x internal diameter). With regard to



35 pressure droj'p Section Cis preferably undiluted. The aforenenti oned
charge var iFn$63%2 especial |y appropriate when the catal ysts used 40 are

t hose according to Exanple 1 of DE-A 100 46 957 or according to Exanmple 3 of
DE-A 100 46 957 and the inert materi al ged is steatite rings having the
geonetry 7 mx 7 mmx 4 nmm (external dianeter x height x internal

di amet er) . tha sait bailytanoparaturs tB639i2TEBis af hiE-44 43 10Rf7appdhper at ure, the

st at enent s of DE-A 4 431 957 apply However, the perfornance of the first

step of th arti dation ropyl.ene t cro acrylic acid
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urte en C ropene
donver s on eSuriobad) D' ReOfRRR ROEH 8 AE Ablye- gesacpﬂeip%see%rté?d Uit ol 9% or
> 95 nol vPeag@lly indhe prasess agaoiding to the inyeealion) fibe pearicna carvarsipueshigyed 90
mol % . Advan Qﬁ@i@lp‘ébyisl rrormmtﬁbamee of: BD rid1%, 40 = gBABA, @Rd thdelédnanbi ve
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aforerrentl carr I'n these
docunent s, diErensgiha e sfaging %aqtlphgase aiduiegised dman inventiyestartingraagiionhar ge
gas m xtur ;gas esytiee Alih panicdllr, bihaosdiry éxangplasesfche aforgmentioned Hocweserils | | st ed as
particykar P;
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thi s documdAt Mixthresd axihe\hree 9asrexiurR, espeqially ythithe ta&iﬂ%&?‘?@ﬁ Qﬂs pr opyI ene

t o acrol ei mixtaresiisteaat as padticutarly pefietred ahdas gxerdplant ageousl y over a fi xed
catal yst bed having |ncr eased propyl ene hourly space velocity and at | east

two tenperature zones | n._oth a s enbodi nent of the
i nventive SE?PPQ‘F"“%WF ng oA, g‘h%g% a\gl &%6%%%§rar%@%?f¢£%| d or a
m xt ur @0t héeiegfan integmal parboitbs docgmect ng t o the i nvention in which starting

reaction gas mixture 2 is conducted over (through) a fixed catalyst bed
whose actiye osition is, at It met oxi de conprisjing the 30
ol ement s Mt o8 RTdsehe et st pRLD: SreeP ISP B A BB RORIS, on on
single passut nasticuidy atvbstagenlstyreens fived eatalglstdcwldd'cavmgungreaﬁedanopwemm
formation ﬁB&H;Pépa%EWl'obiﬂf@rﬁi&l@é&ttv%fé%%?atu@%%éon taken together is ? 90

nol %aggl wheréin a) the "hourly space velocity on the fixed catal yst bed of
propené&“present in starting 35 reaction gas mxture 2 is > 1601 (STP) of
propene/ | bf othemwerdsaaredduantagecls émbodiment of the inventive partial oxidation of

propylene to acrolein, or acrylic acid or a mixture thereof, is a process according to the
invention in which starting reaction gas mixture 2 is conducted over (through) a fixed
catalyst bed whose active composition is at ieast one multimetal oxide comprising the

30 elements Mo, Fe and Bi, with the proviso that the propylene conversion on singie pass
is 2 90 mol% and the associated selectivity of acrolein formation and of acrylic acid by-
product formation taken together is 2 90 mol% and wherein

a) the hourly space velocity on the fixed catalyst bed of propene present in starting
35 reaction gas mixture 2 is > 160 | (STP) of propene/| of fixed catalyst bed « h,
b) the fixed catalyst bed consists of one fixed catalyst bed arranged in two spatially
successive reaction zones A*, B*, the temperature of reaction zone A* being from
300 to 380°C and the temperature of reaction zone B* being from 305 {0 420°C and
at the same time at least 5°C above the temperature of reaction zone A*,
40 c¢) starting reaction gas mixture 2 flows through reaction zones A* B* in the time -
sequence “first A*", “then B*" and | _
d) reaction zone A* extends up to a conversion of propene of from 40 to 80 mol%.



b) the fixed catal yst bed consists of one fixed catal yst bed arranged in two
spatially BE,6B¥2%i ve reaction zones A*, B*, the tenperature of reaction
zone A* being from 300 to 390C and the tenperature of reaction zone B*

being from 305 to 420C and at the sane 4 ne at | east 5C above the
tenperature of reaction zone A*, 40 c) starting reaction gas mxture 2 flows-
t hrough reaction zones A*, B* in the tinme sequence "first A*", "then B*"

and d) reacpinerwig®nefefincerd mads taPPi/01 Begpgaver si on of propene of from40 to
80 nol % PF 56392 36 O herwise, reference is nade to EP-A 1159244. This

al so neans that a very particularly ﬁ:)r eferred enbodi ment of the inventive
partial 5 D$ aspimsensthal@osy eartcdlarlypretred gmbegiment of the inveniveopariialni xt ur e
t her eof ,5 i soxigtibAEpRPYIRAE B sirbigin! Or &diglic aviPaitd Mixture tdresfhissi protessg reaction
gas m xture OV . t v,

conpositi onefcl%g}d;qgc Il%ggés% R/%ﬂ@?\r}ﬁMhl?c#es{t%#iﬁ%&efagféﬂc%%prpf}gﬁ%g@??tﬁng% gfe'é’r?g’%{% Mo, Fe
and Bi, wi tixegiatabsbbedwhesmactiye compositiontly at igeah gnermulietal oxide seMEESIS t wo
spati al |y siheepssenieMbeFPandBlmethzionpovisdihdd, - both the tenperature of
tenperature zone A and the tenperature of tenperature zone B are a
tenperature in the range from 290 to 380C, 15 the fixed catal yst bed

consi st of- atth¢ B’éeﬁcﬁt%lﬁt?ﬁﬁﬂﬁ ranged it pessnalialyr ucesrsie: tampsiatlie #oN%Snes, t he
vol une-speci fiKsBactivity within one fixed catal yst bed zone being
substantially constant and increasing sharply in flow direction of reaction
gas mxture Zb?g_} the transition fromone fixed catalyst bed zone into

anot her fi Xed heienpeptuyse T tepweraturezonp drand fhe t atpreghtemasralifet o a
conver si on of zpneBare adémperatnrd @ the r&88enfodrf290 fo B8ECpr opene conversion in
singl e gass of starting reaction gas mxture 2 through 25 the entire fixed
catal yst bed i

> 90 | % and the selectivity of acrolein_ formtion based
on convert€d 55%5@51903‘:%395; 69 CRBYS O-?att'ﬁ%sl‘l“i"%égaé@[ﬁh%ﬁ'ﬁésw? Uﬁd&%%?iﬁ(??ﬁon gas
m xture 2 fl owened)timghiumerspecitid activity wisihie ©né\fix&i cajalystdpdzdse beinghe
al phabeti ¢ sequggRtifl cbRfatteMRG@bANIRy ARG in fiodPdiredtibl ofRUENoh gdace
velocity on the fi xgd t%attal¥i t Eed of grggetnﬁ tptg%ﬁzg)nt 1N st@%t N reaction
gas nixture 2 MEUE Zahhp tiag g,?n pmANs AL Frialypt hadaoge inip anodier h, and
t he di fZ0er enceatpiiiskhbed zon®, B, forned fromthe highest tenperature TmaxA that
35 reaction gas mixture 2 has within tenperature zone A and the hi ghest

55700, "arid WRBPERIE FaneAaEngn P i 8 CO AR PIGRORT Bt (RRb ) B e EOlbne A
into tenperature zone B in the fixed catalyst bed does not coincide with a
transition fr e gipehd ¥sflefiirhhigle pass of starting reaction gas mixture 2 through
25 the entire fixed catalyst bed is = 90 mol% and the selectivity of acrolein formation
based on converted propene is 2 90 mol%,

- the time sequence in which reaction gas mixture 2 fiows through temperature
_ zones A, B corresponds to the alphabetic sequence of the temperature zones,
30 |
- the hourly space velocity on the fixed catalyst bed of propene present in starting
reaction gas mixture 2 is = 90 | (STP) of propene/l of fixed catalyst bed * h, and

- the difference T™* — T formed from the highest temperature T"* that
35 * reaction gas mixture 2 has within temperature zone A and the highest temperature
T™® that reaction gas mixture 2 has within temperature zone B is = 0°C,

and wherein, in addition, the transition from temperature zone A into temperature zone
B in the fixed catalyst bed does not coincide with a transition from one fixed catalyst

40  bed zone into another fixed catalyst bed zone.

Further details of this procedure can be found in WO 04/085362 which is an integral



40 bed zone into another fixed catal yst bed zone. Further details of this
procedure cBh5689% ound in WD 04/ 085362 which is an integral PF 56392 37

part of this docunment, and also in the further course of this docunent in
the description of the particularly prgerred t wo- stage partial oxidation
of propylene to acrylic acid. The performance of the second step in the case
of a two- stpartofifhistdocalmenti arzt dlemindhe Burfieo pyured ef this decuoest in the descriptien
partial oxigfahé BariGhlaREhlicfled the-sBieWartfal 8&biSon B PpralsyIcrarts iaeflic 8. Wi th the
catal ysts descri bed, fior exanple, in a one-zone nmultiple catalyst tube fixed
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i n the H artpiastpleie awyiinpringile ke xondusted apsuahHé apprippristeadepintgsypediate parti al
gxi dat : ont t ohsd thgin’gby Hé%’ﬁ%‘é%ﬁ;im{iiﬁecﬂ?ﬁl% dﬂeﬁﬂy fbsa, f@?@@d’:ﬁ?&f}_rs%bdnc{éﬁ'y aigll | K _
irect o_tf r c xture o e flr reacti.on his is
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ef fect ed i retegfe .eoPin tBe apoedn paYgaxidgiionf ni xtures of 20 inert gas or
oxygen). lrrespective of the procedure, the charge gas m xture (starting

reacti 1 r I i art.i OX] | f olein
o acryl o T Tpbler g8l sl A h Y ahl ¥iocP B d R L b, BB 2

t he i nvent i 3@agype Peasediin dag staring 6eaqipd g9 Brvdule fRE el iByantive propylepei ¢ aci d
or aI m xt u][@rmélemeau‘son toherdigh.l I@N}hé\@r,qméﬁﬁifss beZhidéd parti¢ obfullp dBSetlyyto vl gm? of
acrol ein, : =90 : . 6 to
3006 by vol (et uae e of st ek SR i e SRl R e o 880
from5 to 18%6aRdaNdRinRYE FTayAlsohs eftrstest in the form ob Refe BMORmAr ofimiriyres of

pr ef Ier a2l yfihm gader d)@bén)vﬂrmgpe‘miﬁ}é efnthe: prodgdare, heocHangBgahmixiaot (starting 10
acrol el n, A 9 r ; from
to 25% by v%%ﬂr?e% gé? “ﬂ%tg%a?:?e%fg??‘0%‘#%’63@!3’%%%9%9%%*?"3’%%8@%?‘ggﬁ?"&%‘%ﬁé t rogen,
from5 to 1@3@'&99%38%‘19301” rrineipia fosthgsamegereetasdhe {j‘é@ntﬁﬁe}&%ﬁ*aé oxidatan

pref erabl y digsogyleee tobtirolsimer acmliceaics or a Afikture thereof, the following contents:

25 from 4.5 to 8% by volume of acrolein,
from 2.25 or 4.5 to 9% by volume of  molecular oxygen,
from 6 to 30% by volume of propane,
from 32 to 72% by volume of molecular nitrogen,
from 5 to 15% by volume of steam.

30

Starting reaction gas mixture 3 preferably has the foliowing contents:

. from 5.5 to 8% by volume of | acrolein,
_ from 2.75 or 5.5 toc 9% by volume of molecular oxygen,
35 from 10 to 25% by volume of propane,
" from 40 to 70% by volume of molecular nitrogen,
from 5 to 15% by volume of . steam.

Starting reaction gas mixture 3 most preferably has the following contents:

40 '

from 6 to 8% by volume of acrolein (preferably from 6 to 7% by
volume)



from6 to 8% by volunme of acrolein (preferably from6 to 7% by volune) PF
56392 38 f?%ﬁg@%r 6 to 9% by vol ume of nmol ecul ar oxygen, from 10 to 20% by
vol une of propane (preferably from10 to 16% by volune) from50 to 65% by
vol ume of nol ecular nitrogen, 5 from7 4,0 13% by vol une of steam the
preferred ranges applying i ndependently “0f one another, but advantageously
being realized simltdmeodsig.to 2% Qudengehemadlegularaxygen,f avorabl e for all

inventive starting reaq}%dnﬁ)mowéo%ibgwu%ﬁ Wwé@@gsre\f&swmﬁi 10 toPiedb
content of conponents other than the above-sp fie consfituents is < 10%

Ci
by vol une, preferably <_ 8% by vol une, nore p%é‘f"@ )y < 6 or < 5% by
vol ume and nost pr ef er ghiny5&io 88% by velumensf. Pamel¢@laranitrggeadvant ageousl y, the

total centent in startifign 788659,y @A bXE Ur &tedn@f carbon oxides is :5 5%
by vol une and 15 nobst advantageously < 3% by volune or <_ 2% by vol une.

The content in starting reaction gas mxture 3 of propylene is preferably <_
2% by vol uhe peaferredrangasiapplying independentiy obersanpdianntut ageantagaoisky begng
advant ageoUgafiZed sihd@fdnkebdsly.eaction gas mixture 3 when the nolar ratio of

nol ecul ar oxygen present in the starting reaction gas mxture 3 to acrolein
present in starting reaction gas mxture 3 is >_ 0.5 and <_ 2, _
advant adeousuite generalynitiisfavoralylg forradirventiva/stadting seactiph gas mbdwgs3d 1.5 and
rr?st t advantagepinel when tl_ﬂein?t@ﬁal é%nta%t?o'? corpondntd &that fan @ﬁ/mva@@uiﬁea or t
starting reacti.on gas re r ratio o 1 e presen
Cher ef nt o AP UPER s Tk AV G Bieloh SR Byt ol e EBR S £BFF T or
1.5 to 3.5,% hvrky yoluspe ardhmest preferablps g By waiemedartipranyadypnipgeoushi, the or 2
to 2.5. Theoppbait ih Qta&ﬁ@rréédli@n'rgoeaﬁiitgﬂ’é Pafcamoff adidesds @f5BY banmeam@d/ or

et hane || ner.al,l Jls) by voline, ally < 5% by volune and
typi cal1\lgy Jﬂgg‘%%% t\e}%?%%& 'o?néiﬁoo @mgﬂ’foﬁo%]% Vﬁ@\i er, it wll frequently
advant ageously be ? 0.5% by volume. As in the first reaction stage, the
reaction premssunert in $tBeing exRAEN HEARINIAE 36T PasHYIP@ i$ Prefdrbly GaHloh Yyi n t he

range from r LS ocity on the fixed catalyst 35
bed of (sta\aogqngri\)eg néf)@gé ?%{’r?%%;segﬁlifdr@ag\??ms{'ﬁ%r eferably from 1500 to 4000 or

6000 | (STP)/Ih or nore. The acrolein |loading (the acrolein hourly space
vel oci t20 ontistasd ddvasidgesisaby starting deadtian by hbalie)d Whamh@0ndler k8O of (STP)/ | h,

or to 290 | CLiokel i ; . h, or _
140 | (swf?ﬂ%&%’i%ﬁ%pﬁeg?@%}ﬁﬂ%ﬁ%%%@%&%t@%}éﬁ? %g'gr'éé” F?}F?@h larly
pref erred, S$3He@reaston grRempdure 348 205 gl ¥ ar4VPBIROgaS WD TANdruT-€5.3nPlekewni se
causes f avcrdebhtagdmisheot ahdkavd and mbbtadvantapedushiconeatsd nps.based on single
pass of starting reaction gas m xture 3 PF 56392 '
25 ltis also advantageous for starting reaction gas mixture 3 when the molar ratio of
propane present therein to acrolein present therein is from 1 to 4, with preference from

1.5 to 3.5, more preferably from 1.5 to 3 and most preferably from 1.5 or 2 to 2.5.

The content in starting reaction gas mixture 3 of methane and/or ethane will generally
30  be < 8% by volume, usually = 5% by volume and typically £ 3% by volume or = 2% by
volume. However, it will frequently advantageously be = 0.5% by volume. '

As in the first reaction stage, the reaction pressure in the second reaction stage too is

typically in the range from 1 to 3 bar and the total space velocity on the fixed catalyst
35  bed of (starting) reaction gas mixture 3 is preferably from 1500 to 4000 or

6000 | (STP)/Ish or more. The acrolein loading (the acrolein hourly space velocity on

the fixed catalyst bed) is typically from 90 to 190 [ (STP)/l*h, or to 290 { (STP)/i*h or

more. Acrolein loadings above 135 | (STP)/I*h, or = 140 | (STP)/i*h, or 2 150 | (STP)/I*h,

or 2 180 | (STP)/I*h are particularly preferred, since the inventive starting reaction gas
40  mixture 3 likewise causes favorable hotspot behavior.

The acrolein conversion based on single pass of starting reaction gas mixture 3



39 through the fixed catalyst bed is appropriately normally ? 90 nol % and
the acconpepperge selectivity of acrylic acid formation > 90 nol % The fl ow
to the single-zone nultiple catal yst tube fixed bed reactor of the charge
gas 5 mxture is likew se preferably from above. The heat exchange nedi um
used in the second stage too is appropr319atel y a salt nelt, preferably

consi sting @fougRhdlixaaeiaedlst 8kd @%ﬁéﬁiawy RbrizRy © dOMNEB) ar®e40% by wei ght

of sodiumnjtrite %Nal\%%, +OF of I'ﬁa%@ V\tein%l}‘o of I,J}aot'assi‘um nitrate (KNO3),
40% by wei OgPaYE o iVHPE%CW ‘36”3%" 0 B'S? Wei ght of sodiumnitrate
(NaNGB3). Viewed over the reactor, as already stated, salt 10 nelt and
reaction gaphgfiou o'the ingRYzdre mEsle bl selubb Bked Ped RELIOF 6Mthe @hargB gas  ~
manner v JaRte hake iR AT shptsh raeR SRt Bt teld elbos s
from top tcsasend sigpe itqo is apaippriaighi asalt melt. qrefetpdiv ¢pesisting ef805h by wetahbes wi t h
cat ?I y% (yf goiictenlind amaatéJ(K;Nm) afd Bodel Wesighhtl of sbdiuiniifite (Nw:d}),@fr of 53rmb'§0t to 80f
or to o of .the . . gt, kR, A . xture o
catal yst aﬁ&eléﬂeorf%g%?%%!é&i %ﬁ%{g?ﬁgega%?é’rﬁ%%@i‘c??g!ﬁé{'?nﬁ&%% (@L\'rdéf anaﬁal/"ng up a
~propor ti on Wyweiehtpisodumyupitrate (NahPby Viewegiave( Hieceader, &) alreatty stated|sadwi ng

thlt Si t? a m@lng@mrsattidﬁga@-ra&targswmp@rtwcieeteﬁher_tiubecdrmbhin ei t her ogl y
catal yst or r \ ased on
the o xt urcsun it e SRR B lel el o Eleuha riciBgbdid g ™355, by
wei ght  (se¥eurshthp)catalsttusssinal ly, to a length of from5 to 20% of the
total tube length, a bed of inert material (section A) which is preferably
selected s te . : ; ' S

or et or abl y e {1Rtoy) o3 a8 (B8 HAR oplh B3R 1 SpBiberidl 15ERAIGIME 1 °
het er ogehedialyst degwihegtaiad rpmadtophiotprps BUPWSt i on of acrolein to acrylic
acid (especially at high acrolein |oadings on the fixed catal yst bed and

hi gh steam contgg &, o Ringhfif 1 5@@0%5;1&%@3}8%@% eS8 18 RoBBY o QnfiPNS! St

of- two successive'cat al yst @ﬁau purp m z1 ng “hot spot
t enper at ure andc3AY 95 E MisRPlAAR S 85 Wﬁtﬁvﬁtwaw&ﬁssemémto t op,
first with up tmixR08&srbakingightpradoriiorelsyt weighteafiuglto 20% byswdiglatqseativhyC)wi t h from
> 20% byy wei ght to 50 or to 40% by weight of inert material. Section Cis:

then preferably undiluted. For flowto the catglyst tubes frombottomto
top. the cdtal yRIOWIGETS AR RNGOT R 4B kR SRt chins total tiperengin, ether only
af orenent i oned cdialyger aamiktara ofi catadyh @aod alarymaippaloibeilattes, hitsed onlilee cat al yst s
used PF 56392 4fitire. making up a proportion by weight of up to 50 or up to 40% by weight

(section B); and '

25
- finally, to a length of from 5 to 20% of the total tube length, a bed of inert material
(section A) which is preferably selected such that it causes a very small pressure
drop.

30  Section C is preferably undiluted. As is quite generally the case for the
heterogeneously catalyzed gas phase partial oxidation of acrolein to acrylic acid
(especially at 'high acrolein loadings on the fixed catalyst bed and high steam contents
of the charge gas mixture), section B may also consist of two successive catalyst
dilutions (for the purpose of minimizing hotspot temperature and hotspot temperature

35 sensitivity). From bottom to top, first with up to 20% by weight of inert material and
subsequently with from > 20% by weight to 50 or to 40% by weight of inert material.
Section C is then preferably undiluted.

For flow to the catalyst tubes from bottom to top, the catalyst tube charge is
40  appropriately reversed.

The aforementioned charge variant is especially appropriate when the catalysts used



are those according to preparation exanple 5 of DE-A 100 46 928 or those
accordi ng RB5¢%92707 198 15 281 and the inert material used is steatite ri ngs
having the geonmetry 7 mx 7 mx 4 mmor .7 mmx 7 mmXx 3 mm (in each case
external diameter x height x internal ngamst er). Wth regard to the salt
bath tenperature, the statements of 5 DE-A 443 19 49 apply. It is generally
sel ect ed i rére those acoiding i prephkatians exirepla 5 o SR8 19046 LHrdhasg dcperdinggl e pass
i's normal | yto DEAR 1081 %289 and thdiPefidterl usedi8 srakibé rin g the §&emegy f ormance
of the partj al OZI dat | on of 7ac‘rol gin tg(acwl | cham [e%%}agl so .be carried
out with t HeMBRt AR ¢S IS BBY: 7 fHP *eAd3HpiEcaqnFage SRS P ABMAF S pl e

cat al yst 1Geighbe irftérneldiarodter)ebithoegaid talthesaitbath ternpB@tdreoihe BatgoentsPhr t he
acroleing _CCETE’-W@J_BOI@AQIQ%W. ﬁb@ﬁ&we‘i&lﬁ%@l&fﬁcﬁin%ggﬁ ¥ wa)ltB& thdabBRifase in which
an acrolein partial O.)élg%cgtlon as [

escribhed above s _carrigd qut.as.the
Second. st agBRa eaeiacine M ia SR RS TRaN s DaREIh 6 3 LBy o Gp PRk
two-zone multiple catalyst tube fixed bed reactor, the charge gas mxture
Usi ng. 15t o evel MERGIEheY & (33 ite] o RRRLRBY sdtbRinto ADLAUN ¢ °°\ e
Freb step bpidRriRoLis yP BebataE porcrlie B Sxahle. B aiprape kbl s
suppl yilRg deofingarbpdasadton astdasauittictio ©Ec @8 10§08.tFoe theodgrolgiasonesrsiahy bady been
deSfCH bgfl %gg@%mtem%@wmgogﬁ%é @éi'._e]‘:iﬁthdﬂ%naﬁr&éiﬁ'p{&mdpéki&étﬁin o dat fon is
Bure ol eoGEAMSADalE Broa oL of diedsspnd SHER oL EvE e o8 PEoRF Hh and an
i nert 20 gdeporyliciacid bra wycarqrieanulticle setatyist lwbe fiyed bed reactor.dbieichargagasi xt ure of
Hovever,.. i o @lslarn® rebURiGeRent 5) il opHiof AN el tAREY BREMy b LEpbE! 1)
Soarti g r EEPPeRERs iRy ARk ERBT Hee LR ofT P T] EPbrobRaty
t wo- st age (@ier indiredwr disact Gar e¥anie py Fepnlyindserongany @irh iitermadiate eealisgt f urt her
use of thethde {haBadre Bl b ddbribdtPatiove s tThe tos Py refhifeddRF tHeadcrélihdat i on
to charge tp%ﬁi @r%l)égg % %g y(f | %gg Orri) rﬂhi |Vm§ |§@E|?g nbre? nes %r%r nlB]Lti pl e
catal yst tu ea? xg%' BZ ‘Peé"“i%’f}s ?a@ ‘?%ﬁ 033 3%?" Hé‘)ﬁ%af? s'ﬂ)é"ce A ocity on
t he cat al y$tremglecdsr pxyogniot i the frsmanflaymiktyee efygeleculpr efyarepaé andai ven to
count Saour rg@@)}1 anmee eh@uh}ﬂ@l,eﬁdde@i&ﬁl’{eb@ﬂogﬁé pﬁiﬁid?fsg’ﬁstmiblﬁiré’lo(th_éﬁfst 3fép$ﬂltﬁei ter% ]

vi ened over , r or -70ne ysS ube
- fixed bed F‘@é’é%??gﬁdaf)&‘gaéﬁ&(§ﬁ%ﬁ¥'8ﬁ%‘%Sﬁﬁ%%?});e'ﬁg‘i"%‘%@e'% %k%lsﬁ, gﬁ %gec?%g eries
connect i on dep@ihedzalieady ke praseat ibithe steding seaddipniogs argerepd®s ihel fust reattipben t he
reactors nmgyagee di sposed an internediate cooler which may if appropriate 35
conprise inert beds which can performa filter function. The salt bath
tenperature of nultiple catalyst tube reactors for the first step of the -
t wo- st 38e PP twerblags ipaeiel @fidajion o ppylesnto aayiccaad with died furthegupepbPPy from
300 to 400@rodliegasahixtupabhtht Ergpefeplof tis SHrtial Bitidbiid ® dhakdd 1ie setoHiesteparct or s
for the sec?h(r)ond%%e .o{. trt1e artiae? f{.i at'lfl?nt fl Q I gn’ﬁe- ttg) é;} I. Iiiec acid, .
the part i aloRalerigaton Mg Parsote rlithieptaiist MnelheB bt dtagters @Hgh 200 1o 40
350C. | n afeAdtadhouthepake seloeihotiathgsatalyst bed meds enitehggnesalyttharedses) are
normal Iy  erishefteR diahab @buritBiRufrehoNaH betibén RIaetiGigal aed sditueh fHesed bed
react o5 | da ey MIRNA! he'd 1B oirte Flablof 61158 RS LARSRURRE dard R tloe?nd thel 1

fixed bed reactors will generally be connected in series. A mixed series connection
(one-zone/two-zone or vice versa) is also possible. '

Between the reactors may be disposed an intermediate cooler which may if appropriate

35 'comprise inert beds which can perform a filter function. The salt bath temperature of
multiple catalyst tube reactors for the first step of the two-sfage partial oxidation of
_propylene to acrylic acid is generally from 300 to 400°C. The salt bath temperature of
multiple catalyst tube reactors for the second step of the partial oxidation of propylene
to acrylic acid, the partial oxidation of acrolein to acrylic acid, is usually from 200 to

40 350°C. In addition, the heat exchange media (preferably salt melts) are normally
conducted through the relevant multiple catalyst tube fixed bed reactors in such
amounts that the difference between their input and their output temperature is



"

PF 56392 41 generally < 5C As already nentioned, both steps of the
partial oxilBB6633R of propylene to acrylic acid may also be inplenented in
one reactor over one charge, as described in DE-A 101 21 592. 5 It should
al so be nentioned once again that a ported' on of the starting reaction gas

m xture 2 for the first step ("propylen Tacrol ei n") may be oxidation cycle
‘gas (resi dysrergligs)5°Co Ak Rffeddyomehtivhep aiidth slepxf thatpadtal odilation of pras/lerer eady
stated, a Loh; | : k r j a 10t he
arger prodiacne s IAPALSEE iRt At Bin Y REBOPier FETRAmErod BhscrbBy
product gas™ QR-Rt1%1 @152t he partial oxidation and nay be recycled partly as
i nert diluent gas into the charge for the first and/or if appropriate
second sfe | e ) Gl Q93 : '-rp%éyor acrylic
aci d. 1? H@\t/\gﬁloetwgiéfggwé’eﬂﬁggé%s ié\yeéhrp{ngpér g@ég%ﬁpﬁhéghiﬁﬁggﬂfggﬁab“ n cycle gas
conpri si ng MpR6R a4, th r%éﬁpérpr%@m%o'w A P XGATON SHEB 988 t ed

propyl ene exedidisl gad)comirigofrorh ke partidoagiatierous| y cat al yzed propane
dehydrogenati on which, if appropriate, functions as the propyl ene source.
20 Overall,_a tube bundle reactor within which the catal yst, charge changes
appr opri at el Y SapP A es??tﬁgi%g%q“%&?rﬁm‘ﬁ?? MQigRan Y9F ?ﬂ?’p"legl%'%naffﬁ" t he
first réactthetargetapodisticdmeovab(acsileig@ngioopyrymacipeentaval) foxi thatprethst gas a

si ngl e reachfur@bthtHaRIR oxil&lonBRIMRAEbe REy&EY PartP bs Idrldiuefiga i%6 18 13,

EP-A 99 06 36 _an -A 28 30..765) fornms the si est . inplenmentation form of
the two oxi%‘é‘fqeoﬁrgl%a@%é”ﬁé’ 'ftﬁgkw{eﬁeéﬂgfgﬁpgﬁ@eﬁgmﬁl gﬁdﬁt‘?n&ci dation from
propyl ene tpyopyend focacea¢id anfifor applioacid.at e, the charge of the catal yst tubes
with catalyst is interrupted by an inert material bed. However, preference

is given tq,inpl ing the two oxidation stages in the formof two tub
bondl & B o TRl Tt alRe ie Sivtrl BuBIHRL i KGR sV e BREEOTRIIRL | ot or
30 i n whi cherepans, Meleculaaaxyasinamdfif anprentiate unsenyeriadl rropyienshexcasivety inithe
Plﬁndl etils ftRe ﬁ@ﬁrd@énegué_hﬁéatgl&zédﬁ@bb?rﬁﬁli@lﬁyhﬁigeﬂéﬁbcfﬁ'bvﬂli&l,][mig[pf@ﬁie%fgj})da: ﬁd in
e cata | [ alt e accessli e on 00 . e e
ysfgnétﬁpg gg SH@E n%r9§¥1§\§,)é3 ?cﬁ.gg,é y

catal yst tubes ar wed around by a heat carrier, this does not
reach an inert bed accommbdated as descri bed above. Advantageously, the two

cat al ysio t ubeersiyadlLiss baidie tetorvithie varieroimardriyet chargs pedrigak lappdpriagpar at e
reactors. 'éi‘or%etﬂsriﬁ?divid&a’ﬂcéﬂ@@{ rﬂﬁé’é A cGRALES 6f%h9fié?%%%ﬁo:f&&§§§l&p&&8- two
tube bundle reactors in order to reduce any acrolern gPs conpusti_on
pr oceedi ng St3pe piepylepcprrtial axigatigRsdn @ Bngif resstar ess/ ey okthior exarspler BaEPHAdN
st ag-le. T;Ie gietct 3, (EIPl-A@’n%r’m; &PeA B8 osm@nfdiwmfmm)momsage sW@s%logne h - *
~acrolein) i : L . The
reactiaon té@ﬁ%ﬁ%t%ﬁaﬁlgw%ﬂ ﬁgh%ﬂrp%{)ﬁ?%ggt% itagr?gé‘nfr_&gée%é’tﬁé%?@h%%%nfa& acrylic
acid) ¢ g r C Cldf NG, ) . e
29 gavesiatien frommsaRyIeIts to@ctyiipecids if agrreptiaty. the sharge of the catrlyst tubss
reacti-on preghssatalystis ibterupted beadn inert siatgasbéc appropriately from0.5to 5
bar, advantageously from1l to 3 bar. The hourly space velocity (I (STP)/Ih)

on the oxidation o _ ) o .
However, preference is given to implementing the two cxidation stages in the form of

two tube bundle systems connected in series. These may be disposed in one reactor,

30  in which case the transition from one tube bundie to the other tube bundie is formed by
a bed of inert material which is not accommodated in the catalyst tube (and is
appropriately accessible on foot). While the catalyst tubes are generally flowed around
by a heat carrier, this does not reach an inert bed accommodated as described above.
Advantageously, the two catalyst tube bundles are therefore accommodated in spatially

35 separate reactors. In general, an intermediate cooler is disposed between the two tube
bundle reactors in order to reduce any acrolein postcombustion proceeding in the .
product gas mixture which leaves the first reaction stage. The reaction temperature in
the first reaction stage (propylene — acrolein) is generally from 300 to 450°C,
preferably from 320 to 380°C. The reaction temperature in the first reaction stage

40  (acrolein — acrylic acid) is generaily from 200 to 370°C, frequently from 220 to 330°C.
The reaction pressure in both oxidation stages is appropriately from 0.5 to 5 bar,
advantageously from 1 to 3 bar. The hourly space velocity (I (STP)/I*h) on the oxidation



PF 56392 42_ _catalysts of reaction gas in both reaction stages is frequently
from 1500 tS’Fﬁég (STP)/1h or to 4000 | (STP)/Ih. The hourly space

vel ocity of propylene may be from 100 to 200 or 300 and nore | (STP)/Lh. 5
In principle, the two oxidation stages |£2the process according to the

I nvention may be configured as describ for exanple, in DE-A 198 37 517,
DE-A 199 10¢8elystspErerctiomgasiio botfsreaatioratagesiis greayerslydiom #5dHenh reacti on

stages, an 30®SSTeI-Nol ReAN0D! (SR Thelhauty spdce vieltritpbDyropylémsiiay @8 10 in
accordance yyh;nh‘(do% 5%?5(?@?11@51‘8}&1'15? 1LY gener al ly has an advant ageous
t he ine

effect on articular gas phase partial oxidation. In
principle, it is also possible to realize the inventive heterogeneously
cat al yzesl g&sprmrpusmqoamtomat;owsmgbs imthefpraueey ptanding to therimnentoramiag ben a

singl e tubeshy e%vd]sed'%%t: daﬁar elérgbfé' {nqﬁ‘@A R 4y 5PARIE. Rgls@%%%pbﬂ%ed in an

oxi dati on r?g {% % h one or noreé cat sts whose active
conposition 21 S%PE“? ng%ﬂg%'x;? é%whi ch conprises the elenents My, Fe and
Bi and is capable of catalyzing the reaction of both reaction steps. This

catal yst chgyggn Féy&t'mcft% 2R e?@@éégﬁ n‘fc%ﬁdieﬂ Vrefdtiva ) @%rﬁr?euﬁ% Fér&glré@e

reactlon coordin one e
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saturated h Relo ccor e..nv neterlng
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in partTcul ar an inventive
partial oxidBM&Rlof propyl ene to acrolein, which has if PF 56392

Useful sources for intermediate oxygen feeding carried out between the two oxidation
~ stages are, as already stated, in addition to air (preferred), either pure molecular
30  oxygen or molecular oxygen diluted with inert gas such as CO,, CO, noble gases, N.
and/or saturated hydrocarbons. '

In the process according to the invention, metering of, for examplie, cold air to hot
product gas mixture 2 can also bring about cooling thereof by a direct route before it is
35 used further as a constituent of a starting reaction gas mixture 3.

Advantageously in accordance with the invention, the partial oxidation of acrolein to
acrylic acid is effected as described in EP-A 11 59 246 and most preferably as
described in WO 04/085365 and in WO 04/085370. However, preference is given in
40  accordance with the invention to using, as the acrolein-comprising starting reaction gas
mixture, a starting reaction gas mixture 3 (this may in particular be the product gas
mixture of an inventive first-stage partial oxidation of propylene to acrolein, which has if



43 appropriate been supplenented with sufficient secondary air that the
rati o of mPREEEE™x oxygen to acrolein in the resulting starting reaction
gas mixture 3 is in each case from 0.5 to 1.5). In particular, all working
exanpl es of the aforenentioned docunents may be carried out as described in
t hese docunents, but enploying a starti ﬂﬁ reaction gas 5 mxture 3 as the

f:ha[ gg gastarpspr@pm@% beeseppleheyitad with Suftight 8eddnag aﬁlatﬁbi 188 rﬂﬂ)soflrmméan@i_ﬁ 3
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whi ch has at an advan ageous
enbodi nent 3deth%‘8 th'ﬁ@@?ﬂm% ap dafticalary RiefRif§banNdAs eXERPIAY of e e ylic
acid is a [HRACIS9246, WD Ol/086536 bhdh VD 04/0BE3TD @asegjarﬁédlaeaﬁmtegrammfct ed
over (throygbh.a,fied catal yst bed whose active conposition is at |east one
mul ti metal "oXide conprising the elenments M and V, with the proviso that the
acrolein conversion in single pass is ? 90 nol % and t he acconpanyi ng

sel ect i1@i t yn ofheawoidsi thedovemtivd partmltdxmtlbrs of?’a@6leimdb Hiatic avideae ba cAfiied) t he
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cat al yst bé’&g"‘lﬂh'g{}) %taﬁéeqs F e mRes '§f§tz B®Y consists of one fixed catal yst

bed arranged in two spatially successive reaction zones C, D*, the
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acrolein of _from

{50246, | §ORRPT Tbyie PaEDs A0 BRY R TR mR i Sl Tryhaed

i nventive eimatian isox PAAOI% NG wherain ol ei n t o acrylic acid is also a process
accordppg to the invention in Whl ch starting 35 reaction gas mxture 3 is

conduct ed Gl t |east
one mul t1 el e oy SRee T BRxl GAE,AT=0T LA BIebeh sleRul | oo

that - the f irg@aiios gea Mpgurepely 2| 'b50dr($'5'ﬂb@‘cﬁcme|ﬂ@\@f fixedicrtalysybeditbessi ve

t enper at ur @) ZignPéed chthlfst bBY condié Bf driechieataRiRt be€ aPandeRITp @ bpitllgone C and

the t errper at "é[.lgce%tslvg %@c%ﬁ%ﬁe% (E)’F D5 q%g %emperature of reaction zone C* being from
' 25 230 to 270°C and the temperature of reaction zone D* being from 250 to 300°C and
at the same time at least 5°C above the temperature of reaction zone C*, '
c) starting reaction gas mixture 3 flows through reaction zones C*, D* in the time
sequence “first C**, “then D*" and
d) reaction zone C* extends up to a conversion of acrolein of from 55 to 85 mol%.
30 |
Otherwise, reference is made to EP-A 1159246.

In other words, a particularly preferred embodiment of the inventive partial oxidation of
acrolein to acrylic acid is also a process according to the invention in which starting

35 reaction gas mixture 3 is conducted over a fixed catalyst bed whose active composition
is at least one multimetal oxide comprising the elements Mo and V, with the proviso
that

- the fixed catalyst bed is arranged in two spatially successive temperature zones
40 C, D, '

- both the temperature of temperature zone C and the temperature of temperature



44 zone D grl:m enperature in the range from 230 to 320C, - the fixed

cat al yst be 2% sts of at |east two spatially successive fixed catal yst
bed zones, the volune-specific activity within one fixed catal yst bed zone
being 5 substantially constant and incregging sharply in flow direction of
reaction gas mxture 3 at the transition fromone fixed catalyst bed zone

into anot her fFEP aEee nRraratyesgindomenge foghgdt R132Pe“zone C extends up to a

conversion of acrolein of from45 to 8 nmol% 10 - the acrol ein conversion
i n single passy@fs o £k j PO ; ' i xed
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based on convefdEs HE VgL SRESTIS a@@"'WﬂY‘%“ arg?/ﬂxegﬁ@ aﬁ%ﬁbe‘%é‘d‘f}g}’ﬁ%@ in which
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velocity on fi Xa?%y%ﬁ{egl st bed of acrolein present in starting reaction gas

mxture 3 is a° "®of acrolein/l of fixed catalyst bed h, and 20 -
the difference TmaxC - T naxD, forned fromthe highest tenperature Trmaxc

that react i Onefierdfintlzéhé Cel@fdsWd 131 cdrOBRRNAF YERIHPBSdm a5 % BStdMsghest
terrperat@re - TmaxD that reaction gas mxture 3 has within tenperature zone

D, is ?°0C, 25 and wherein, in addition, the transition fromtenperature
zone C i nto-t elip@cegiein convgnzion D single hasy ehatartingteatjant gasadixioe8 thiouglcthenci de

wWith a transitémie fixe=eaest ey @z 08 hali%dnd the deig&fy bhadyirRid®ermatiored
font procedure can be found in WO

catal yst bed zgne., Furthe etalLls.Q hi
04/ 085370 whi ctﬁé]sl%g OO %ﬁr&e'gds r)zglotm%?"t hi s docunent, and also in the

further. course of this docunent in the description of the particularly
preferresl two-@baigR RYLENG inWHichakbetbnafashhioRye SA6ws hrewgttempedird. Such a

particularly prefer - | ' i f acrylic
acid my adva%%%gggj?g?éry%g&i%rg@it@%&l@h@e&@éﬁ&@%@c ?%(fagqeitgﬁ@%}ékﬁ %?gé%48 and in
WO 35 04/ 085367, but with the difference that the starting reaction gas

m xture used fibe hbbgy sgdcesieloaity dafixacaalpgdel pf apylednsretentacstattiogn) i s an
i nventive st ar,Ieia@tgJ

wor ki ng_exanpl es OPr%ﬁ@%gﬁ%@ﬁﬁFﬁ %C%lf%lgg%é/&bgtglg?tﬁde?gyu%g{j]?g form

an int eé‘?al part of this docunment). 40 In other words, an inventive starting
reacti on gas nhatifieeerzeWPF —i TPP| fohgd fremctbe tightstdeinperaturé T thatact i on
stage over (t i : i ; P £ i1s at
| east one nul D% n%%?;ﬁl)gagxr%t’éﬁ?%%ﬂ% ?)ist?{ﬁtte'? %ﬁéqr%"ﬂn@ﬁtfgaaﬁ/g,tP{ihﬁgér’]Qg%iﬂéér%ﬂ:{% t he
provi so PF 563J52 4%3" r?ﬂ%ﬁontgﬁ‘ér%?‘tliﬁy? AR WHRIRRITRS BiNrS 2N lﬁd?éop ss is ? 90

nol % and the acconpanying selectivity of acrolein formation and of acrylic
aci d byppr oguiClhd QTR ddftich 48 Mran@86h BSM temperature zone C into temperature zone

D in the fixed catalyst bed does not coincide with a transition from one fixed catalyst

bed zone into another fixed catalyst bed zone.

Further details of this procedure can be found in WO 04/085370 which is an integral
30  part of this document, and also in the further course of this document in the description.
of the particularly preferred two-stage partial oxidation of propylene to acrylic acid.

Such a particularly preferred two-stage partial oxidation of propylene to acrylic acid -
may advantageously be carried out as described in EP-A 1158248 and in WO
35 04/085367, but with the difference that the starting reaction gas mixture used for the
first oxidation stage (propylene to acrolein) is an inventive starting reaction gas mixiure
2 (in particular also in the working examples of EP-A 1159248 and of WO 04/085367;
~ both documents form an integral part of this document).

40  In other words, an inventive starting reaction gas mixture 2 will initially be conducted in
a first reaction stage over {through) a fixed catalyst bed 1 whos_e active composition is
at least one multimetal oxide comprising the elements Mo, Fe and Bi, with the proviso



is > 90 nol9 % the terrperature of the product gas mxture 2 |eavi ng the first

reaction I f appropriate be reduced by indirect and/or direct
cool i ng and m)l ecul ar 5 oxygen and/or inert gas will be added if appropriate
to product gas mxture 2, and will thenxbe conducted, as a starting

reaction gas mxture 3 whi ch conprises acrolein, nol ecul ar oxygen and at
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conver si on b??%beme@fre b 8 htBatSO m)l % 25 e) the hourly space

velocity on fixed catalyst bed 2 of acrolein present in starting reaction
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reference is mpde to EP-A 11 59 248. However, it will nore preferably be
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used for the fpgwancexirgbdt othestBige (propyl ene to acrol ei n) is an inventive
starting 4Q1 I @8ddtib® BoRA” EltEhds & 13 a(édhv@n%fdn'cﬁ%cﬁ}:fené'o‘ﬁﬂommmb%whﬁél% ng

Gae i Bur € >V‘%a°4cru‘? 2Pace Wl oot g B Eed st SolnaSodt B pBlal Fon stage
over a fixed c¢eacipyges médure 3ipaskOd¢eTReofasmirivi of fixedicstalst becigdt hone
f) fixed catalyst bed 2 consists of one fixed catalyst bed 2 arranged in two spatially
successive reaction zones C*, D*, the temperature of reaction zone C* being from
230 fo 270°C and the temperature of reaction zone D* being from 250 fo 300°C
30 and at the same time at least 10°C above reaction zone c*,
g) starting reaction gas mixture 3 flows through reaction zones C*, D* in the time
sequence “first C*| “then D*" and |
h) reaction zone C* extends up to a conversion of propene of from 55 fo 85 mol%.

35 Otherwise, reference is made to EP—A_ 11 59 248.

However, it will more preferably be carried out according to WO 04/085369 which is an

integral part of this document, but with the difference that the starting reaction gas

mixture used for the first oxidation stage (propylene o acrolein) is an inventive starting
40 reaction gas mixture 2 (in particular also in the working examples of WO 04/085369).

In other words, an inventive starting reaction gas mixture 2 will first be conducted in a
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mul tinmetal oxide conprising the elenents My, Fe and Bi, with the proviso
that - fixeeF6e3sd yst bed 1 is arranged in tw spatially successive
tenperature zones 5 A B, - both the tenperature of tenperature zone A and
the tenperature of tenperature zone B are a tenperature in the range from
290 to 380C, - fixed catalyst bed 1 condbsts of at |east two spatially
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one fixed catal yst bed zone into another fixed catalyst bed zone, -

t enper at ur e zdired Sataibieeds1 ispartadged PAVS@haiialy sQEcaREivp edrmparhiure 2onet0 to 80
ol % 5 the pygpene conversion in single pass of starting reaction gas

m xture 2 throd 15 the entire fixed catalyst bed I is ? 90 nol % and the
sel ectivity offoHti8itenperabyreat eEwetaidesenadranditoe trmreraiitaridemeerafuenmat i on
t aken toget herzoas @ drazadmperatnairetheeshgeftampesetd 380C, 90- nol % - the tine

sequence in Wi ' " 1 I : r ones A,
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the hourly sp&eBesy dMeyqiupespesiiacivinyiiyene fxef qatalysthedzane bpingsent in
startird@ reactsubstagtiesly ebndtantaand inceasirdDsdhat Sy i) flowf dipgctipe birebceiitin dasxed

catal yst bed Ly 9$fjth[e’trahg'iﬁor¢fr3r§1€3n§r?&@d Iﬁﬁ%st’be-ﬁ%g’intg %H%g%ﬁfﬁn the

hi ghest tenperat lljre mal that reaction gas xture has wthin tenperature
zone A and t h&2RY§hBRY Z¢perature TmaxB that reaction gas mxture 2 has
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it will subsegdehatylidacidbnpaduetdornatioa takeartogetbenarddizisen ogasnvaredur e 3

whi ch conpri s%p’ggeegzggb%JM, mol ecul ar oxygen and at |east one inert gas and
h

conprises the_nolecul ar ox n_and..t he acrol ei.n, in mol ar 02: C3H40 ratio
of > 0.5, i € Srdbensa it VERN iacten ek opture i Nows thradn FEePalS whose
active conposizoiemAiB caredpeads todhe alphbbétiveteglenne aldemperafyire zoneg Al el enent s
Mo and 29, witlhd Mr@rs?g&escvelw@ton&&ed chiak@tbept af Mé%erﬁeﬁegeﬁt% stbitmaged in two

Cnperat ur o 5 SFATRN GRRITRECL i%i?@?ﬁf@ aiprosngl i sa gy BER T, 58
t enper at ur e i the dilereasr) &1 tof 2 3donmedImogihe-highegtiempsratinest *hdat2 consi st s
of at |east tvsaciBRbhhidureUChRsSFithiretehipeasiueaionk Bsindane highesizenperatiree

subst ant | ol 1y TeonGEb o tmbo R EPRER a5 S R Rt 8 e B P8 of reacti on
gas ni2Rture 3 at the transition fromone fixed catal yst bed zone into
anot her fi gsh the temperature of the product gas mixture 2 leaving the first reaction stage will be
reduced if appropriate by cooling and molépular oxygen and/or inert gas if appropriate,
preferably air if appropriate, will be added to product gas mixture 2, and it will
subsequently be conducted, as a starting reaction gas mixture 3 which comprises
30 acrolein, molecular oxygen and at least one inert gas and comprises the molecular
oxygen and the acrolein in a molar 0,:C;H,O ratio of 2 0.5, in a second reaction stage
over a fixed catalyst bed 2 whose active composition is at least one multimetal oxide
comprising the elements Mo and V, with the proviso that

35 - fixed catalyst bed 2 is arranged in two spatially successive temperature zones
C,D
- both the temperature of temperature zone C and the temperature of temperature
zone D are a temperature in the range from 230 to 320°C,
- fixed catalyst bed 2 consists of at ieast two spatially successive fixed catalyst bed
40 zones, the volume-specific activity within one fixed catalyst bed zone being
substantially constant and increasing sharply in flow direction of reaction gas
mixture 3 at the transition from one fixed catalyst bed zone into another fixed



PF 56392 47 catal yst bed zone, - tenperature zone C extends up to a
conversi on RF 588820l ein of from45 to 85 nol% - the acrolein conversion in
single pass of starting reaction gas mxture 3 through the entire fixed
catal yst bed 2 is ? 90 nol % and the selectivity of acrylic acid formation 5
based on propene converted over both re&€tion stages is > 80 nmol % - the

ti me sequencechtaiysihtaizoheaction gas mxture 3 flows through tenperature
zones C, D.co s, 10 et | e : Lat zones
D < the T RatR & PR R bR i plfoh e g BB,
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m xture 3 hasthgitimg sequeRprinaviciereastien gas mixtuse §dowgithraughiempgmtyiconal '
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fixed datalysthelmiterancesT " n- THS fatoediirnt thetHighesttenmesdtured "8F taatt enper at ur e
zone refers tohe, %&E@é%&f’as%%n%@n@@?at@%%h@@ & tBE'ﬁigEbéﬁQmﬁéFaﬂlt i st bed

di sposed in the.t erature zone n rocess accord n

he. 10
i nvention is bei ng2pERFMITRAF Mistyre P B{SH\@'(E@HE@HE@’[%P Zan%ﬁeﬁi’-’g%p’ reaction.
When this tenperature is not constant within the tenperature zone, the term

e e e
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heat ed subésrapgratard orierd e tedeperatufe zmne iimdixke catalySt berk2 hoitdideheith a
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acrolein and the heterogeneously catal yzed partial gas phase oxi dati on of

acrolein to acrylic acid are markedly exotherm c reactions, both the
t enper at ur & Gis dasamenb thegampeRivredf atemperatwie eone tefarp by the deraperbtureatt i on gas

M Xtureg3 i pRhsH b\MBe RaSedtd) Q%@B_d}[é?&@éh inGRé RlnyseratbRdzone WMénfthaed cat al yst
|

t erper at ur BrEsHE=CorRe BBS iRl b PaBars P RS GHp Bk AT of hgndmicd
t enper at ur eeastione Vihen Gisemakiajurg ésrotichngiaptvithimieitemperatioe gpres, theadermum or
Gonerar | AT PSR ChU M LD 0BT Al PEOSRS, |
Pvent i on W PF ot CARES R ATa e atneton zbls WS cBoeaiatia o7 EiTh e e ™
Trraxa 28 pindfviduableynperaaezenes ar0@atay substastigiypadarendeniof prepestbate, TnaxA -
T" in the process according to the inventionis > 20C and <- 60C. 40
Since both the heterogeneously catalyzed partial gas phase oxidation of propene to
acrolein and the heterogeneously catalyzed pariiai gas phase oxidation of acrolein to
acrylic acid are markedly exothermic reactions, both the temperature of reaction gas
30  mixture 2 and the temperature of reaction gas mixture 3 in reactive pass through fixed
catalyst bed 1 and fixed catalyst bed 2 respectively are generally different from the
temperature of a temperature zone. They are normally above the temperature of the
temperature zone and generally pass through a maximum (hotspot maximum) or fall
starting from a maximum value within a temperature zone.

35
In general, the difference T - T™*® in the process according to the invention wil! not
be more than 80°C. According to the invention, T™* — T™®® ig preferably = 3°C and
< 70°C. With very particular preference, T™* — T™E in the process according to the
invention is 2 20°C and < 60°C.

40

When the process according to the invention is being performed in the case of
relatively low (= 90 | (STP)/ish and < 160 | (STP)/I*h) propene hourly space velocities on



When the process according to the invention is being perforned in the case
of relatiRA§63%AW (? 90 | (STP)/1h and < 160 I (STP)/1h) propene hourly
space velocities on PF 56392 48 the fixed catalyst bed 1, the TmaxA - TmaxB
di fferences required according to the invention are normally attai ned when,
firstly, both the tenperature of reacti 8% zone A and the tenperature of
reacti on zanefitkddalyd bebid, thaMye it T 2iterénced 384tiret Gecordimgan ey, t he
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(STP)/ 1 h andme@d8fqls ASEPH 4 h5er ar?d §~§@°clor(<5§§)o’qefb a0t or 22691 (STP)/ 1h, or
150 | ﬁTP)/lh and's 240 | (STP)/I1h, or ? 170 1 (STP)/1h and 5 220 |

(STP) /1 or 1901(STP)/1h and s 200 I (STP)/1h. 25 According to the
i nvent i on, Thergbovestatament regarding thecsabl Atempetatare differences regulrbralso conver si on
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60C. Wth very particular preference, Tmaxc - TrmaxD in the process according
to thepoi nWﬁetpr@feneaqoar@Qpa’ted;emtﬂ@ﬁ:ﬂxéeh@rﬂaw&l%ear1Qﬁﬁ%Spra§§ssrdasamaécp t he

i nvention i f I ow (z 701(STP)/1h
and 55 150 nfaﬁ@%r?ﬁ @1 %%qq@v% ‘h&ﬁ! (ﬁ%ﬁ’i{i aé“ggéb@é?ﬂ@ﬁ r-y fixed catal yst

bed 2, thez=Th )Tlrh s Eﬁ%rﬁcl?é@hroéadﬁpééﬁ%&tb‘rmdné 2@81($1E!°)ﬂm/@ht ion are
nor mal |y atton egTMNeNand & 256 | (STPYPhhorth €70 IGBPRY/BE Hh@<@hon yianozone C and

the tenperatir L are in the range from 230 to 320C and,
secondlg t‘f\']tgld!g?fé)«g %ﬁc} g@?&%ﬁ@”&he tenperature of reaction zone D (TD)
and théstenperature of -
According to the invention, temperature zone A preferably extends up to a propene
conversion of from 50 to 70 mol% or from 60 to 70 mol%.

in general, the difference T™*° - T™® i the process according to the invention will not
30 be more than 75°C. According to the invention, T"™ — T™? is preferably = 3°C and

< 80°C. With very particular preference, T"* — T"® jn the process according to the

invention is 2 5°C and £ 40°C. '

. When the process accordihg to the invention is being performed in the case of

35 relatively low (2 70 | (STP)/I*h and < 150 | (STP)/I*h) acrolein hourly space velocities on
fixed catalyst bed 2, the T™* — T™P differences required according to the invention
are normally attained when, firstly, both the temperature of reaction zone C and the
temperature of reaction zone D are in the range from 230 to 320°C and, secondly, the

_ difference between the temperature of reaction zone D (Tp) and the temperature of

40  reaction zone C (T¢), i.e., Tp=Tc, is < 0°C and 2 -20°C or 2 -10°C or = 0°C and 2 -5°C,

or frequently < 0°C and 2 -3°C.



40 reaction_zone er) il.e., TD- Tc, is 55 0C and > -20C or a -10C or 5
0C and ? - 5ieF 56332 frequently :5 0C and 2 -3C. PF 56392 49 \Wen the process
according to the invention is being perforned under increased propene
hourly space velocities and thus al so ingreased acrolein hourly space

vel ocities \5\;;1 150 I (STP)/1-h and <_ 30071 (STP)/1h, or <_ 600 I (STP)/I1h),
t he Tmaxc AARE pracessaceerding te dpuinvendioadeerioy ngfqrmeﬂh@derrm@rﬁﬁs% are

normal |y atgrapérechoMiigpade Vsiddities atmtthuéaltsbmcte@ge@@arbwueh@jrlyrs@a@él on zone C

and t he ter(%%cﬂegég‘l%l %ﬁ%&%g @g?ﬁﬁu#gur @euﬁﬁﬁéﬁgﬂg‘%&e 82820C

and TD - 10C and s
25c, or : 5 diliRreness regww@ccwgat@d%l@@@togr?éﬁﬂomeayala&talﬁgd wihenTimstig both

t enper ataur ethd trhsreiee sf reggtivhaiohy Codradthd Gerapirbiues ofveattichient Engreriatig e of -

reacti on 2qafoLubh Holbiodolc 5 PF L SL1L00TARREObr L LT & LU 0o00G; Or i Lhin
JPIoT TR A {5 oGR8 oSBT T

the particu acrol ern hourly
space vel oc3®’G. @@ﬂ@)@e@ﬂ%%t?aq;ﬁ‘@@dc@ﬁ% e process accordl ng to the
i nvention may therefore be, for exanple, a 701 (STP)/I-h or? 901 (STP)/I-h

(sTP) }?hsaﬁﬁ% ossBoReneyafianhide 10 gty a@ﬁgﬁﬁre%@% S BE sThy 1,
or a 170 | 3PB¥E Whep thedemperajuse pf (egmrrme [sewithimthe pmafesred rangg ed frenp o0

1(STP)/ | h, maorado?momltﬁulﬂmel partidularyrprefeasp edrge wf romasd t&2p0%s.er abl y ext ends
.up to an acrolein 20 conversion of from50 to 85 nol% or from60 to 85

mol % The rkin ressure in both rea%cilon st ages of the%é)rocegﬁwaccordi ng
to the invenis EI&VU[{@S@C{GW@ fOCHE PBXRY SAi%FLPeRE 4R RropessyRCch) %©0 0.5
bar) or abdhe irveatiohemdy therefsieures for Bxpmpiel kY0 | (3P it dri2n@p INSFBF4h@ndn bot h

\f/gﬁﬁte'sqgsf S}Ef@(ﬁ:ﬂ QTP /gﬁbcgmﬂ%ﬁs(siﬁ)/ﬁi’ﬁﬁig'zﬁél Es%i)}lﬂ drﬁvﬁ’,@tl §1“P Hénc?ﬁeat
reaction pr%géaul §tr 4RI 9{&1@@?%{}‘1@% %%tsb%t) @roro?rﬂ St K@é?gtlon
st ages. 30 4 2RQidBEPHI*h, drixet 9ri¢PERE It eml & 260 b8 TdH)/I*hi xed cat al yst bed 1 based
on single pass'in the procedure described will be a 92 nol % or >_ 94 nol %

The sel ecti t oduct-of - value fo i 0 m of acrolein f ti
and acryl i 1{%1&8 "39% l')’léjiﬁ%tfonf Eﬁ“vFﬁﬂ'% F?)angaé hr@?eré@g@"t@f‘d%ﬁ?f ﬂlf %‘:@%Frggt : 82
(see calal ywheersiooofifremdddoisd rmditsordomuhe ta §5 obl%.i xed catalyst bed 1 in a

manner known per se Ww II regul arly be ? 92 nol % or ? 94 nol% 35 frequently
> 95 rml% or a 96 nol ner al he n, rIy space
Vel oci ty. ot KRS afsheyieyh bEth roafon Siegdhsd 6P Arise 4o g D A ovaiton

addi ti onal Inpayolee aitfwnbelod stardarPpreshyref(e ggdam 10/0.8bantor 2bovsrstarztard (STP) / | h,

bel ow t he Rfré&é%FETanHélithr%R@é‘fﬂlng ré’é%UFé/m%tHHeéé’cﬂmCs%é s)b?tth cdsg This 40 can
be attrj_buted ac

h h f
ot {25 s areuRingTo Paiveriiobidl B FhvAER of e”ﬂ&%f??fefrginv V?r'a?st% f3Ba505°

Normally, the reaction pressure will not excess 100 bar in either of the two reaction
stages.

30  in general, the propene conversion of fixed catalyst bed 1 based on single pass in the
procedure described will be 2 82 mol% or 2 94 mol%. The selectivity of product-of-
value formation (sum of acrolein formation and acrylic acid by-product formation) in the
case of suitable selection (see catalysts recommended in this document) of fixed
catalyst bed 1 in a manner known per se will regularly be =2 92 mol%, or = 94 mol%,

35 frequently = 95 mol%, or = 96 mol% or = 97 mol%.

In general, the acrolein hourly space velocity on fixed catalyst bed 2 in the above-
described process will additionally be about 10 | (STP)/I*h, frequently about 20 or
25 1 (STP)/I*h, below the propene hourly space velocity on fixed catalyst bed 1. This

40 - can be attributed primarily to the fact that neither the conversion of propene nor the
selectivity of acrolein formation generally reach 100%.



50 1In general, the acrolein conversion of fixed catalyst bed 2 based on
singl e passPF868% above-described process will be > 92 nol % or > 94 nol %

~or > 96 nol % or 98 nol % and frequently even > 99 nol%or nore. 5 In the

case of suitable selection of fixed catqslyst beds 1 and 2 in a manner known
per 'se (see catalyst recommendati ons gi \9en In this docunent), the -
sel ecti vi t ylngfenaral, jihé gcraleindconivensivatdf fixechsatalystawddd/paset onrsinghapasdsan thet ages i n
the above- dgsfkidestifRdQrschis il Bas ed mdp, 6PP Y& MM, B DS RI%Ved | be at

val ues of > 3 | %, .fre ntly at. z ml % or > 88 nol %  often at? 90
of G i grennenty el e Fp i ol P teri

nmol % or? 93 fre procedure descri bed that
fixed catalyst bed |I consists of at least two spatially successive fixed

cat al ysts beg 1R 88 oflslRai@bel8@RoARE fikdd SatAGitineds Y aMdtThR mamierkhawsl psat al yst
bed zone bein subts}a{1t|al '@éé nstant an d Jer easQn@Fshfer?I.& gt tre .
transition Y7 GAT GREVPI ke "Taf %PEPQB’&B I By H I A DeREEY Rl 26 aPYEt bed
zone in f| darmat®ndssessed owentioth eeastivn atages intha abeve-desciibed prokedre shasedf i c
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i xed cata ne g ed over e fixed catalys e
zone in a %‘%g}aﬁ%t? n@%?(;]ﬂg{ﬁﬁtop%g%ﬁtﬁ%y'starti ng froma basic anount of
shaped ht al yst 20 bodi es prepared in a uniform nmanner (their bed

cor r espondsit ls®sk&tialRX tHEUFocatiuid 8¥AbEed Wk fHaRr catagdt bled 1amhbidistof bt RASH

Shaped. o sPelilelifencbive Beéd GaRReBfiioRhe the SoumEZpBE AT WRHC ' 1)

wi t h r egar cPnedixer satalysbbesheanedelng substealigiveaenptant and ingiggsipa slarrlyatithiat i on.
The hi gher ttigitioh AT driccixeticasii@pbel gorelintotanpadr Agededtaigéta’d Zohe il e the 25
anount %f acﬁlte'c%{cg-. égqggé%‘btiag%gn% fat al yst activity is present in a certain

t he ed. e

vol ume of materidals for such inert shaped diluent bodies
are in principle all of those which are suitable as support material for

coat ed cat afhsicumetspedificdi.e. mornaedan afe it df thd particunarestid valumeGickiagfafl  such
material s ing) 'lﬂidc%{ |§s?Be&é@!@éa%ath&?BQ%Equ{ed%ngpr\%Ff@éd'é&tﬂﬂk%&@ %bqﬂ?g’
silicon dioxi (fe, _ Ehorl um di oX1 de, zrrconi-um di oxi de, SsilFrcon carbi de,
silicates sRtagtallyeapstant arner by staringdron plbasisamaint paheeed Fatalyét st eatite
al r eady20nerdadiesentearedin -ﬂmmrhtzﬁanrﬁf RR&Ir bedeorfapandeiv)the Blaxifien geonetry of
such inert asch?e%ﬂl?%l'um’efg eémé'agrﬁnt hd ﬁbrﬂ&dpéﬁ%b@élﬁdmﬁingﬁiﬁﬂ% a‘?-ﬁ’cdnérrﬁxeé?t her
words, they may, Tor exanple, %8 eres, olg/rgo S, solid cylinders or else
rings. Accotaiishged songwith sRangdingA'es (shared afvert Rodies) Which BstavBodi es sel ect ed
w | | pref ersabbtantidly itenhcwitwegas] pebarbtierpgeoeseshperniagzddopdrtiziigasphbade shaped
cat al yst baqgi - ki di t ' tion, it
S favorab%ﬁo\%ﬁg@ﬁfﬁ?n&%mﬁpp%%%%rﬁg%ﬁ&éﬁ%gﬁ;gi? fa\?gﬁgdfctggléggi\fﬁ?on used
does nd® vAMOWY ahaqtivg cmpesitions anddtalyt actidly ipergsent in g CSFﬁ'BrVORBF‘d%f,the

bed. Useful materials for such inert shaped diluent bodies are in principle all of those

which are suitable as support material for coated catalysts suitable in accordance with

the invention,

30  Useful such materials include, for exampie, porous or nonporous aluminum oxides,
silicon dioxide, thorium dioxide, zirconium dioxide, silicon carbide, silicates such as
magnesium silicate or aluminum silicate or the steatite already mentioned (e.g. Steatite
C-220 from CeramTeq). ' '

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

40 :

‘ According to the invention, it is favorable when the chemical composition of the active

composition used does not vary over the entire fixed catalyst bed 1. in other words,



PF 56392 51 although the active conposition used for a single shaped

catal yst bdF568392 be a m xture of different nultimetal oxides conprising
the el enments Mo, Fe and Bi, the same nixture then has to be used for al
shaped cat al yst bodi es of fixed catalys% bed 1. 5 A volune-specific activity
i ncreasing zone by zone over the fixed Etalyst bed in flow direction of
reaction gaithoigh the aciecaompositive Lesdfobe sigle shapdd katalyishisodyr eedssa accor di ng
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achnl eve

by th t t
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conposi t i othedctive gemppsitiasy prapargierniey, feresxpmple; incorpsratinguners ddutg possi bl e to
use thepVvakizdhaks Qﬁh@sllﬁ?&iﬂﬂeﬂ snﬁgrmb ﬂﬂatdl Mixtdfd dftstarﬁng)éorﬁwnag tétbg0 possible
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di ff t i
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t hi s documagbbe dchRVedbptHaOisel diehtd géﬂbédbﬁetﬁﬁﬂiﬁ Vit @Bdre RUBURO & Ssitly ifof | Xed

(r:rﬁ][ ? : )r/nz': anngﬂgsllgg efcaesecogﬁﬁgtéqq%f‘tg at%@"gha%%g gélntlégl%?geg gﬁ§s§t10%6fCh have
the different geometries). It is of course also possible to use the variants described in
combination.

30
It is of course also possible to use mixtures of catalysts having chemically different
active compositions and, as a conseguence of this different composition, having
different activity for fixed catalyst bed 1. These mixtures may in turn, zone by zone, be
varied in their composition and/or be diluted with different amounts of inert shaped

35 diluent bodies.

Upstream and/or downstream of fixed catalyst bed 1 may be disposed beds consisting
exclusively of inert material (for example only shaped diluent bodies) (in this document,
they are not included for terminology purposes in fixed catalyst bed 1, since they do not
40  comprise any shaped bodies which have multimetal oxide active composition). The
shaped diluent bodies used for the inert bed may have the same geometry as the
shaped catalyst bodies used in fixed catalyst bed 1. However, the geometry of the



shaped dil uent_ bodies used for the inert bed may have the sane geonetry as
the shapedPEREHMYst bodies used in fixed catal yst bed 1. However, the
geonetry of the PF 56392 52 shaped diluent bodies used for the inert bed
may al so be different to the abovenentig?ed geonetry of the shaped catal yst
bodi es (for exanple, spherical instead of annular). 5 Frequently, the _
shaped bodi ébam&lumrbosiiﬁ@wsaﬁéqrﬂh%@eﬁ hbedweay 3eo b diffeeant pdberet ry 7 nm x 7 mm
x 4 mm (ext ebodmatitionsd esomiethedtahdshapeticatanat bedisagbredxantple, Epkeriaher i cal
geonetry ha%& dqﬁgb%ﬂ%her d=4- 5nm Tenperature zones A and B in the
process according to the invention may al so extend to the inert beds.
According to the invention, it is advantageous when neither tenperature

zone A ngr Fesjuenty, teeshzapee bBdiéd use e sudiinert bbahivertae ahhuathedialyyst bed
zones (accopdiig § Ak BG AANEREKANaiafbid $38hat MellaX SnERL AUMRL BRGicapne | S
necessarily covered by both ténperature zores). ccording to i nvention,
it is parti 88PEETYhANGEAHRGERIA THe® THe TRRPEIBEING ZQRIP &aﬂthy@the pyagess
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i xed 15 ca | | V. e Etion
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f1ow di f8ct P%‘f’?r%f'”of%é@t‘ thyge (Bé%d ?ﬁtﬁlt/%?rt@d’})‘m%? (aerqiaingda thy Pugntiga et lgastt he
vol unme- specbhe fixetlcdatalgst bedrose tsireeeédarity. cavbredisy it teaipetdteremohes)ret al  oxi de
active 20 conposition present in a uniformbed volune) should (in the case
of unifoorm active conposition over the entire fixed catal yst_bed 1
appr opri at ef\gcqrﬁ'eeé%@@ IpyEnEpn,| s Sartisyiarly advantagecus yhen '{Pwdaciat‘)f'é%st 10%
by wei ght (bad sorapiidesewt morepthab ifieey| sgpropmiatehenat aisare dian fowi drannee sineeple d
catal ysyg bogétggspa/éarzohgg entire fixed catalyst bed 1). In general, this
i ncrease in thé process according to the invention will not be nore than 50%
by weight, 25 usually not nore than 40% by wei ght. According to the
i nvent.i on, Ancartieg tathe infention, fab ihe transttion drocoonpofbiedi catalyet bed edre torsnotherf | xed

catal yst - begheh catdifst Beb fz@ﬁé‘ﬂﬁ_ﬁodv Rirb &N\ reiBon §RE/IE 2561 )8 GRINAPBEE I on of
the fixed Cit'@l st bed Zﬁne havi ng t he I‘O\Aﬁiets v.o%uqrﬁ@e S @CIQF e %ct lvity and
the fixed cat Pi(/%‘f‘”ﬁé%?ef' RECHAANEEIEN i % s veghy %‘ﬁ mefal OXIO5 EFINA ¢y
shoul d 20 soceroposiinmesent remumiymibedweiugir) shpuldfietbe tasermfuniiermeactivan 40% by
30 Wehght , t@d}??‘&ﬁ’cﬂﬁrcﬁrbtbﬁe@ﬂi;me@ cb'fymlt BQct?/cn pywrmﬁé'w in]'chéa%@‘by It%lf RASE o
accordi ng e. jnven i xe al ys 1 frequen consist o
oty two r i ReteEnh BEEbERy 1658816550 neidntaFf ahelts e FORH bR S8PE or ence
i s given tounifpemishgped ¢atelistqwdissyyer heentitriexedfcatatiskeed thiregsnsralbbe 1 in
f It ow d } r ec; iln@ﬂeagé ir_ftﬂ?%?dc‘éﬁ? g@@rcﬁi}ngt&g@ irﬁfehﬁ%rﬂﬁillt%fi bé mogéiénahrso%l ?@Weigmr dz ,
it prefgra nsji sts .exc ive shaped. cat al ys odj es. reguired,
'ty 2 stua RO RET 1R v eelr AGFEG I B TRl HihBase of Lrifbin
vol une- specadtive camppsitieryoves the entine fxzd ¢atalyshbedd thetdjfferena indhe vidlumer ner t
material, feodecHsaiecdipoitdn ofthe fixed catalyst bed zone having the lowest volume-

specific activity and the fixed catalyst bed zone having the highest volume-specific

activity should also not be more than 50% by weight, preferably not more than 40% by

30  weight, and generally not more than 30% by weight.

In the process according to the invention, fixed catalyst bed 1 will frequently consist of
only two fixed catalyst bed zones. -

35 According to the invention, preference is given fo the last fixed catalyst bed zone of

fixed catalyst bed 1 in flow direction of reaction gas mixture 2 being undiluted. In other

words, it preferably consists exclusively of shaped catalyst bodies. If required, it may

also consist of a bed of shaped catalyst bodies whose volume-specific activity is

reduced, for example by dilution with inert material, for example by 10%.

40 :
When fixed catalyst bed 1 consisis of only two fixed catalyst bed zones, it is generally
advantageous in accordance with the invention (as is quite generally the case in the



When fi xed cat a%%?at bed 1 consists of only two fixed catal yst bed zones, it
S generall nt ageous i n accordance with the invention (as is quite
generally the case in the PF 56392 53 process according to the invention)
when the fixed catal yst bed zone having %he hi ghest vol une-specific
activity does not project into terrperature zone A (in particular when the
heating i n Rresgrsragcordinge e inventiant whgrethatiyed catelyst ied zonefhagipodioe by neans
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B, it @8y be advantageous in theé process according to the invention when 30
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In the case of cocurrent flow of reaction gas mixture and heat carriers in temperature .
zones A and B, it may be advantageous in the process according to the invention when

30  the fixed catalyst bed zone having the highest volume-specific activity within fixed
catalyst bed 1 projects into temperature zone A.

Generally, the volume-specific activity between two fixed catalyst bed zones of a fixed
catalyst bed 1 can be differentiated experimentally in a simple manner by passing the
35 same reaction gas mixture comprising propene, under identical boundary conditions
(preferably the conditions of the contemplated process), over fixed catalyst beds of the
same length, but in each case each according to the composition of the particular fixed
catalyst bed zone. The higher amount of propene converted indicates the higher
volume-specific activity. -
40 | |
When the total length of fixed catalyst bed 1 is L', it is advantageous in accordance
with the invention if there is no transition from one fixed catalyst bed zone to another
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fixed catalyst bed are unsupported catalyst rings or coated catalyst rings (in
particular those which are specified as preferred in this document). For the purposes of
25 the abovementioned structuring, both the shaped catalyst bodies and the shaped
diluent bodies in the process according to the invention advantageously have
substantially the ring geometry 5 mm x 3 mm x 2 mm (external diameter x length x
internal diameter).

30  The aforesaid also applies when, instead of inert shaped diluent bodies, shaped coated
" catalyst bodies are used whose active composition content is from 2 to 15% by weight
lower than the active composition content of any shaped coated catalyst bodies used at
the end of fixed catalyst bed 1.

35 A pure inert material bed whose length, based on the length of fixed catalyst bed 1, is
advantageously from 5 to 20% generally precedes fixed catalyst bed 1 in flow direction
of reaction gas mixture 2. It is normally utilized as a heating zone for reaction gas
mixture 2. instead of the inert material bed, it is also possible to use catalyst bed
diluted with inert material as a heating zone.

40
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Useful such materials include, for example, porous or nonporous aluminum oxides,
silicon dioxide, thorium dioxide, zirconium dioxide, silicon carbide, silicates such as
magnesium silicate or aluminum silicate or the steatite already mentioned (e.g. Steatite
C-220 from CeramTec).

30 :
The geometry of such inert shaped diluent bodies may in principle be as desired. In
other words, they may, for example, be spheres, polygons, solid cylinders or else rings.
According to the invention, the inert shaped diluent bodies selected will preferably be
those whose geometry corresponds to that of the shaped catalyst bodies to be diluted

35  with them.

According to the invention, it is favorable when the chemical composition of the active
* composition used does not vary over the entire fixed catalyst bed 2. In other words,
although the active composition used for a single shaped catalyst body can be a
40  mixture of different multimetal oxides comprising the elements Mo and V, the same
mixture then has to be used for ail shaped catalyst bodies of fixed catalyst bed 2.
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different activity for fixed catalyst bed 2. These mixtures may in turn, zone by zone, be
30 varied in their composition and/or be diluted with different amounts of inert shaped
diluent bodies.

Upstream and/or downstream of fixed catalyst bed 2 may be disposed beds consisting
exclusively of inert material (for example only shaped diluent bodies) (in this document,

35 they are not included for terminology purposes in fixed catalyst bed 2, 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 same geometry as the
shaped catalyst bodies used in the fixed catalyst bed. However, the geometry of the
shaped diluent bodies used for the inert bed may also be different to the |

40 abovementioned geometry of the shaped catalyst bodies (for example, spherical
instead of annular).
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In the process according to the invention, fixed catalyst bed 2 will frequently consist of
only two fixed catalyst bed zones.
30 _

- According to the invention, preference is given to the last fixed catalyst bed zone of
fixed catalyst bed 2 in flow direction of reaction gas mixture 3 being undiluted. In other
wofds, it preferably consists exclusively of shaped catalyst bodies. If required, it may
also consist of a bed of shaped catalyst bodies whose volume-specific activity is

35 reduced, for example by dilution with inert material, for example by 10%. When fixed
catalyst bed 2 consists of only two fixed catalyst bed zones, it is generally
advantageous according to the invention (as is quite generally the case in the process
according to the invention) when the fixed catalyst bed zone having the highest
volume-specific activity projects into temperature zone C (in particular when the

40 heating in temperature zone C and temperature zone D is effected by means of a
flowing heat carrier which in each case flows in countercurrent to reaction gas mixiure
3). B
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30  When the total length of fixed catalyst bed 2 is L it is advantageous in accordance
with the invention if there is no transition from one fixed catalyst bed zone to another

fixed catalyst bed zone within the region of X2 + L? 1—;%— or within the region of

X?x )2 1—30- or within the region of X? £ L2 %5 where X is the location within fixed

catalyst bed 2 of the transition from temperature zone C to temperature zone D.
35 ‘
Preference is given to fixed catalyst bed 2 in the above-described process being
structured as follows in flow direction of reaction gas mixture 3.

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, to a length of from 0.70
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A pure inert material bed whose length, based on the length of fixed catalyst bed 2, is
advantageously from 5 to 20% generally precedes fixed catalyst bed 2 in flow direction
30 of reaction gas mixture 3. it normally serves the purpose of heating reaction gas .
- mixture 3. Instead of the inert material bed, it is also possible to use a catalyst bed
diluted with inert material as a heating zone.

It is advantageous in accordance with the invention when temperature zone C (which
35  also advantageously extends in accordance with the invention to the preliminary bed of
inert material} in the aforementioned fixed catalyst beds 2 extends for from 5 to 20%,
frequently from 5 to 15%, of its length to the last (volume-specifically most active) fixed
catalyst bed zone of fixed catalyst bed 2 in flow direction of reaction gas mixture 3.

40 In an advantageous manner from an application point of view, the first reaction stage of
the above-described process is carried out in a two-zone tube bundie reactor, as
described, for example, in DE-A 198 10 508, 199 48 523, 199 10 506 and 199 48 241.
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30 Accordifi é%b\f%ﬁ%gV%rﬁ@Bﬁf ?‘%ng”%ﬂﬁ ﬁ'ngt?l%%s)a&ﬁgee%éLﬁac%%vg'g%@o%%ec ed in
cocur r 8t 8P0impl%g eun P2 malteras 94 meldughmetfe space surrounding the reaction
tubes relative to the flow direction of the reaction gas m xture flow ng

through t h?yéigﬁﬁ,t t'hg%eéfﬁgﬁa 'of'letmﬁe?‘atﬂlte 7ohe'B fles beyond the hotspot maximum of
temperature zone A.

30  According to the invention, both salt baths A, B can be conducted in cocurrent or in
countercurrent through the space surrounding the reaction tubes retative to the flow
direction of the reaction gas mixture flowing through the reaction tubes. It is of course
also possible in accordance with the invention to employ cocurrent flow in temperature
zone A and countercurrent flow in temperature zone B (or vice versa).

35
in all of the aforementioned cases, it is of course possible to superimpose a fransverse
flow on the paraliel flow of the salt melt, relative to the reaction tubes, t{aking place
within the particular temperature zone, so that the individual reaction zone corresponds
to a tube bundie reactor as described in EP-A 700 714 or in EP-A 700 893, which

40 results overall in a meandering flow profile of the heat exchange medium in a
longitudinal section through the catalyst tube bundle.



al so possible in accordance with the invention to enploy cocurrent flow in
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required is selected in such a way that the tenperature of the heat

exchange nmediumrises from the entrance into the tenperature zone to the
exit frém tmgenerapiraltaitihe aforamgniioned flove sutngenfierthis tha bytheend tobe pundiet he

reaction) byaétds@ nrhe flo® rété%thmhetthe hemxeﬁangtehﬁeaemafremmamwed AT may, in
accordance vv’ h | nvent b{ tf% lh % % or from3
to 6C. selected’i m such a way hat the emperature of the heat exchange medium rrses om
the entrance into the temperature zone to the exit from the temperature zone (as a
result of the exothermicity of the reaction) by from 0 to 15°C. In other words, the
30 aforementioned AT may, in accordance with the invention, be from 1 fo 10°C, or from 2

to 8°C, or from 3 to 6°C.

According to the invention, the entrance temperature of the heat exchange medium into
temperature zone A is normally in the range from 290 to 380°C, preferably in the range
35 from 305 to 365°C and more preferably in the range from 310 to 340°C or is 330°C.
According to the invention, in the case of propene hourly space velocities on fixed
catalyst bed 1 of 2 90 | (STP)/I*h and < 160 [ (STP)/I+h, the entrance temperature of the
" heat exchange medium into temperature zone B is likewise in the range from 290 to
380°C, but at the same time normally, appropriately in accordance with the invention,
40 from 2 0°C to < 20°C, or £ 10°C, or 2 0°C and = 5°C, or frequently 2 0°C and = 3°C,
below the entrance temperature of the heat exchange medium entering temperature
zone A. According to the invention, in the case of propene hourly space. velocities on
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before it enters the second reaction stage. It is advantageous for the aftercooler to be
30 manufactured from stainless steel coated with zinc silicate primer.

In general, the propene conversion based on single pass in the process according to
“the invention in the first reaction stage will be = 92 mol% or 2.94 mol%. According to
the invention, the resulting selectivity of acrolein formation and also of acrylic acid by-
- 35  product formation together in single pass in the first reaction stage will regUlarIy be
= 92 mol% or = 94 mol%, frequently = 95 mol% or 2 96 mol% or 2 97 mol%.

It is appropriate from an application point of view to cool the product gas mixture of the
first reaction stage in the aftercooler already mentioned to a temperature of from 210 to
40  290°C, frequently from 230 to 280°C or from 250 to 270°C. The product gas mixture of
the first reaction stage can quite possibly be cooled to temperatures which are below
the temperature of the second reaction stage. However, the aftercooling described is
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perfor ”a”CE‘deQEnSe'ElEforf thé%Fst Fé‘a%%r'\ efa ét'ﬁ%@enﬁh& z% H@%—k&{é ®b88EnQE the

process accor nventi o n ppropriate
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reactor, agedesr faf theadyormbreactibmsstagedbed for the first reaction stage. The
remar ks regardi ng the two-zone tube bundle reactor for the first reaction

stage th al sp ap t he two-.zo t ub rea or for the
econd Zendt Pl Bocem Bupls Toerr Uafass Catvel Rt RIRIGE MEHENG | xod
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i nventi on, the tube section over which the respective salt bath extends represents a temperature

30 zone.

in other words, in a simple manner, for example, a salt bath C flows around those
sections of the tubes (temperature zone C) in which the oxidative conversion of .
acrolein (in single pass) proceeds untit a conversion value in the range from 45 to

35 85 mol% (preferably from 50 to 85 mol%, more preferably from 60 to 85 mol%) is
achieved, and a salt bath D flows around the section of the tubes (temperature zone D)
in which the subsequent oxidative conversion of acrolein (in single pass) proceeds until
a conversion value of 90 mol% is achieved (if required, the temperature zones C, D to
be used in accordance with the invention may be followed by further temperature

40  zones which are maintained at individual temperatures).

It is appropriate from an application point of view for reaction stage 2 of the process



the tube section over which the respective salt bath extends represents a

t enper at ur &F $B%20one. I n other words, in a sinple manner, for exanple, a
salt bath C flows around those sections of the tubes (tenperature zone C)

i n which the oxidative conversion of aﬁ%olein (in single pass) proceeds
until a conversion value in the range from45 to 35 85 nol % (preferably from
50 to 85 nwceprdimgrie therievantiabingt foraompéiee oy BEthenleMiperatureaoheseditheand a sal t

bath D fl0ukrdd QdRBathiTs a8@frtad2Bud) 1bRE aidifs thd SRAPE AL Eb&IN®hlgh thé N Whi ch
t he subseq ) proceeds

uent oxi dative conver.sion of acrolein (in single SS
i RS e T Bl Saliie SO eston Bl e Ll aess) Pracaees Vel A | o
t enper at ur €onRTSION GAIUD of B 921Mol s otz Bh mntib o dRGaaoltl oz 8haci®awedt i on may be

fol | owed byrefushtiyaiveh erapahatsbemdie. zones which are maintained at individual
tenperatures). It is appropriate froman application point of view for

reaction stage 2 of the process PF 56392 64 according to the invention not
t o conpri sdynieglly, the: baginnirghgfdempenature goresD lies beydndithe totspet, maximumodt h D
advant ageoyshyerblup¥sory @und the section of the tubes in which the
subsequent oxi dative conversion of acrolein (in single pass) proceeds up to
a conversion value of ? 92 nol% or ? 94 nol%or > 96 nol%or > 98 nol %

and 5 flPeqiereNingde &ie inverdionobaih salt bethe C, Pyasndel dopdugted inragHmanty o f

t enper at ur @odsterzubleht tRBUBR YR Ehach SuReirkiny thePedoibmtubles rélgiieeb ahaifien zone C.
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cocurrent or Irn countercurtent rougin e space surroundl n he“réaction
t ubes rel a@ispogdibleria apeasdancgiwididhe Byveation themriqyceacserfdiownin Rroperaturewi ng
t hrough t heoneacindapuhiehesrent low B tefpeturs eoneDIor Wesedrbh)e | n accor dance

W th t i nvention to enploy cocurrent flowin tenperature zone C and

countercurrent flowin tenperature zone D (or vjce versa). 15 In all of the
af or enent i #halholdhs aforementiaped cagesy it iscofisouERCESiPlE 12 SHRSIMRASE @ tEANSVeNT8ver se

f1 ow on t héowanahé phraflé!dlowadf thehmalisatit, refetive, to tied atactien tubed, hakingeplate on t ubes,

t aki ng pl aggpi-Whi Qi ¢ GLLI t : t end i vi dual
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714 or in EPAR nggFeaciRy ehdesgribein BreAGPE 7 for imER B MR | ow

profi | 80of rasus heertll exa heagdermgdiowrnrofile af the tegi éxetiangd msdiatn iom t hr ough t he

catal yst t it@diﬁ'ﬁ's@ctioﬁ%ﬂ?&lghltwe cattﬂf*'stcf%e%t)f'ﬁe.tUbes in the af orenenti oned
t wo- zone tubé bundl e reactors for he second reaction stage are

manuf actured fromferritic steel and typically have a wall 25 thickness of
from1l to JypmallyTteicatalyst tubealin theaferemeniichegdwezahé jubertond0eaco3dorm

frequent |y e QEhAd rdRtigrPstaBe ard YahAuth &R HronSieR M%QQHQW%II%H% Swaf 4 M
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Any remai niraguérdipdriom 2 ktoi 36 rappmbeir leagth is advantageously from 3 to 4 m, preferably
3.5 m. in each temperature zone, fixed catalyst bed 2 occupies at least 60%, or at least
75%, or at least 90%, of the length of the zone. Any remaining length is if appropriate
occupied by an inert bed. It is advantageous from an application point of view for the
30  number of catalyst tubes accommodated in the tube bundle vessel to 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. Tube bundle reactors having a number of
catalyst tubes above 40 000 are usually exceptional. Within the vessel, the catalyst
tubes are normally homogeneously distributed (preferably 6 equidistant adjacent tubes
35  per catalyst fube), 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. EP-B 468 290).

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

- 40 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. '



occupi ed by an inert bed. It is advantageous from an application point of
view for tRF 3B%Bunber of catalyst tubes accommodated in the tube bundle
vessel to be at |east 5000,  preferably at |east 10 000. Frequently, the
nunber of catal yst tubes accormodat ed |§5 the reaction vessel is from 15 000
to 30 000. Tube bundl e reactors having nunber of catalyst tubes above 40
000 are usually exceptional. Wthin the vessel, the catal yst tubes are

ggr gglr ! gapal a%?aomsé%f%ééﬂdvethﬁg?rgeerf%ﬁér@éﬂggm@n@qH tr@g@/‘o%heaghe@&ﬁml B eedt :Jges
Sochh e Tediors o RE eadi reafian $R0 (1 TR rate AR as Nl MRl BXhEGR rod at ol v
adj acent caegliys tireuit eésquirel irseiecisd inrsuich atedwtbat the femperatg oﬁﬂge feaim 35 to 45
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bed 2 of zntraifbeltetnpdiBluré bf dBthest exchande MSdidh éMteridgtenpaidt@aeens eIper at ure
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i nvention, 1n ac o? our1 the fixed

cat al yst be@vemtagﬁomgm in aqosrnam wﬂar%ﬁ m@ﬁ@naﬁrw)a KC 95 0C(SAR 4 AN or 600 |
(STP) /1 h), <26°C he 30rC ranc°Cemaes 28°0r, er pE°C, be1$featabeoecmaregeanmd| uminto
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the sane t| eously cor dance W th the invent | on,
from ?29C to <_40C, or >_ 5C and <  35C, or 30C, or > 10C and <_ 25C, or
20C, or 15Fshaliowe poineeddutiondbe agaih dBreethat, tore merfotheandecsftthexadoad geactiedi um
enteringt r r : il ; " ' ere
that, for & S f{‘n! ‘?oc%%g‘afa&[rﬁ%gf fs a?é(}%ﬂs@.bié%%%ﬁi&h%ﬂto%&e tROGfo-29R4 b8
undie reactor type which is descrlbed in DE-B 22 01 528 and includes the possibility
of removing a portion of the hotter heat exchange medium of temperature zone D to
30 iemperature zone C, in order if appropriate to heat a starting reaction gas mixture 3
which is too cold. The tube bundle characteristics within an individual reaction zone

may also be configured as described in EP-A 382 098.

It is of course also possible to carry out the process described by combining two two-
35 zone tube bundie reactors to give a four-zone tube bundie reactor, as described in

WO 01/36364. In these cases, there is normally an inert bed between fixed catalyst

bed 1 and fixed catalyst bed 2. However, such an intermediate inert bed may also be

dispensed with. The length of the reaction tubes in the event of combination -

corresponds in many cases to the sum of the lengths of the uncombined tube bundle
40 reactors.

It should be emphasized here that the multimetal oxide compositions of



stage of the process described, it is also possible in particular to use the
t wo- zone t ubE 56838Adl e reactor type which is described in DE-B 22 01 528 and
includes the possibility of removing a portion of the hotter heat exchange-
medi um of tenperature zone D to 30 tenpegature zone C, in order if
appropriate to heat a starting reaction gas mxture 3 which is too cold.
The tube bub-d 10R&" 486 are alse geyowbdmama%tweicnmpwiﬁmm batfe faf fixeshcatalyet basay al so
be confi gur ednagordaes chfagdt betd £P- A 382 098. It is of course also possible to
carry out the process described by conmbining two two- 35 zone tube bundl e
reactors to_give a four-zone tube bundle reactor, as described in WO

01/ 36364. | Raydiakle desigas of a war-zonedubr bidle (eagter fidhe fitsbrpapianwiage Maxed

cat al y; t% bagveltharidlicwingesbnetidtioy gtheliethildd cbkﬂ’i@\iaiﬁn of tihcorstriidtion ro@ﬁcﬂiel;ase _

i nert be - - ion tubes in

t he event gﬁg%cgilr?%?Hﬁtﬁegﬂmgwgg%&%%mpﬁ-&gg%%zg?égeé%ﬁ%]géé'g%ﬁnaof t he |l engths
of the uncof®? hd478415e nihed applications FErEPRY 4 IuPE THRP@HtH88i%ed here

t hat the nuPCITYERGE/14P80fe conpositions of PF 56392 66 DE-A 102 61 186 are
al so favorabl e as active conpositions both for fixed catalyst bed 1 and for
fixed catal yst bed 2. Favorabl e designs of a two-zone tube bundl e reactor
for thel®i ré@t%@%{bﬁe@n stage may 5 have the follow ng construction (the
detailed configuration of the construction can be as described in the

utility mdﬂatﬁ?ﬁpbi’.tﬁ@%t‘a 2-19 %ﬁigés %@02 19 278.4 and 202 19 279.2 or
I cat g

in the PCT applications B@fﬁ@b 2/ 14 / EP02/ 14188 or PCT/ EP02/ 14189):
10 Catal ystg'FF?&é?PsﬁgW@r‘iaEﬁy%‘%ﬁﬁe"E%chi EEXales350PdPMi ti ¢ st eel

di rensi ons of the catal yst tubes: |extegbél didrosteefargxbmple330mm  ext er nal

di anetefs for exanple, 30 mm 15 vglinikh&den@s exarh@e, ExaPI €, 2 mm  nunber
of catalyst tubes in the tube bundle: for exanple, 30 000, or 28 000, or 32

000, or 34 000; in addition up to 10 thermal tubes (as described in EP-A
873 783 andn@prbg of Zatalys0E®Hes inHhe fubermindleafogedamplet Bz 068G e 28400 agr 321200,

o 1O e Ty e o an
I , . | Vi
ext or i i G 38 70 PoSy whibEaB R ot I ST HAY b ta el B et A gl o
ext er nak0 di mepeenrotating fremdhe very oubideninwad!) viat ¢xamile Rilbe sawe letigih anéwalpl e, 1
_rmri 25 lr egpthwkném hgﬁhgbgggteﬁ%l dhengiatatl fﬁﬁé)aénhﬂ?tlﬁ,?(%SA nﬁyh:i%mﬂeéﬁtatleozgz i el of
I nterna | er - rea a . .
stainless s gﬁ-ﬁ?wﬂf%%x%n%ma@ﬁ%%ggr eég'%‘g(?/ ﬂ@rﬁ"ﬁ%'gd waf?ﬂné%n%ss &fy%?
m

example, 1 mm;

25  reactor (same material as the catalyst tubes):
cylindrical vessei of internal diameter 6000 - 8000 mm;

_ reactor hoods plated with type 1.4541 stainless steel; plating thickness: a few mm;
30

annularly arranged tube bundie, for example with a free central space:
diameter of the free central space: for example, 1000 - 2500 mm (for example
1200 mm, or 1400 mm, or 1600 mm, or 1800 mm, or 2000 mm, or 2200 mm, or

35 2400 mm);

normally homogeneous catalyst tube pitch in the tube bundie (6 equidistant adjacent

tubes per catalyst tube), arrangement in an equilateral triangle, catalyst tube pitch

(separaﬁon of the central internal axes of immediately adjacent catalyst tubes): 35 -
40 45 mm, for example 36 mm, or 38 mm, or 40 mm, or 42 mm, or 44 mm;

the cataiy"st tubes are secured and sealed by their ends in catalyst tube plates (upper



annul arl'y arranged tube bundle, for exanple with a free central space:

di amet er ofPR5fi89%2ree central space: for exanple, 1000 - 2500 mm (for exanple
1200 mm or 1400 mm or 1600 mm or 1800 mm or 2000 mMm or 2200 mm or 35
2400 mm); normal |y honpbgeneous cat al yst _}ube pitch in the tube bundle (6
equi di stant adj acent tubes per catal ys? tube), arrangenent in an

equi | at far alpldte iafam(yalmr plabd edluoyﬂtavtngtzethmkheés, for eegapiat 6for00cf200memE emd bpdn f
internal a ' ' adj: o ~ mm for
exanpl o 36 et sPPEESeaHE hE aRETto GEVELEPhril|§ES bn infp or Al T 0
are secur ed®3HaN §8%MBHUEZ: AREPRraENG Blafs 0fdaickNePs 20t R MyD £isesqdiffer PF 56392
67 pl at e aramplewethalfithe eatalysthiubalangth, divides thenesstor Epaceesyamutcaliplintd 00 - 200
. And50PR teMnd Gt 20MRA (BAGSzcnB} tha BAG 2 el Uhch RerhifatiRSSale whi ch has
an inlet for .c?tarthr;%gﬂqﬁ.eact gas ‘mxture 2, f? g&a{?t‘l ng plate o

t hi ckness 2tY1dedigg Iapidengitupinal seciona e deffeckng Platehe cat al yst t ube

| ength, divides the reactor space symmetrically into 5 two tenperature zones

A (upper ZenejefRBth _:édeq»@f@rawr%arﬁ@rafﬂgteww;%éléﬁa@mebéssaredl vided into 2
equi di st ant IoQ itu I|naI S§Ctl ons 5% & ef|6§tl n gleﬂate, t he def Idectdl ng
plate pref BMYBIIEO9P4E!Y SRAYPE ANY SBRBY AYNeSRRIBURGPIHE theYRER Naysgcured an

advant 4§eosshigd stihardetiecting piaiad, d that thedtanypsediovrgtepdf diesalt hely withis not

secured an@ne ¥onsRALBGaAtall Rensght ecting plates, so that the transverse flow
rate of the salt nmelt within one zone is substantially constant; each zone

is provided with salt nelt as a heat carrier by a dedicated salt punp; the
feed of theagharenenelprovided withr saiixagltphsea hball cavier by adisdicatsad salf pohat é&heand t he -

¥m t hdr awa: fee®h of tﬁéséltq]f)elﬁ?éﬁf@ leﬁamalie,oy@oﬂﬂ% dtelebtﬁ{gt ﬁxéﬁddahaﬁeFWSWr?waﬁs,r eam : S,
or ex [ ve I . ne Cilrcurts and cool ed, or exanpl e,
in onqugnﬁ%r?xgﬁke\’/\gb%@%ﬁ]?g?‘ieclt‘ﬁ@f)faéect heat exchangers (steamraising); 20

in t_he first case, the cool ed salt meljt strgam i s divided, conbined with the
particul ar arsgpstehsn isSfor erdmpladrepicRes Gomziedh balt Mek BRcuite 2t @boleY, fohe

par ti cul ar opue! Al BB APRIRDLALSARANCAE S ABISLNNERRL LIRS the salt

melt over e crrcu rence o VEsse rea
t ube bundl e through the wi ndow di sposed in the reactor jacket; the flowis,

for exaopl & thefire caselitted cabledesdi roalt Steednh® divideed, Bomdined with tieapdrticgdae, t he
salt nelt Tol¥ly A ' I..C | ection
pl ate, forf'éesgﬁa%mlﬁé I ng?iggggqueggéa_g%u@ggpgﬁx ﬁ?%@h%%%rgémﬁ@/%g@% - fromthe
i'nsi de out REFTEPTAR AHNYAT Fhanashishhaivides therslfieett ouer te GigHmésranreofdhe t he
vessel, theesgalt nelt 35 collects at the end of each zone in an annul ar
channel di sposed around the reactor

25  the salt melt reaches the tube bundle through the window disposed in the reactor

jacket; the flow is, for example, in a radial direction to the tube bundle;

-in each zone, the salt melt flows around the catalyst tubes as dictated by the deflection
plate, for example in the sequence
30 |
- from the outside inward,
- from the inside outward,

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

the salt melt is conducted from bottom fo top through each temperature zone.
40  The reaction gas mixture leaves the reactor of the first stage at a temperature a few

degrees higher than the salt bath entrance temperature of the reactor. For further
processing, the reaction gas mixture is advantageously cooled to from 220°C to 280°C,



jacket, in order to be punped in a circuit including substreamcooling; the
csalt nelt iPF&3%ucted frombottomto top through each tenperature zone. 40
The reaction gas mi xture | eaves the reactor of the first stage at a
tenperature a few degrees higher than hge salt bath entrance tenperature of
"the reactor. For further processing, t reaction gas mxture is

advant ageoysdfgrabiydtone 240 Cf to @022 0 atse p2BQCaftidPEo e IGHCHO8 copmeatteat ably from

240C to ZG%WPE?%%] ?Ftﬂ@rrééc@or%tf%tﬂere&g%agé. which is connected downstream of

the reactor o st stage. rcooler is generally flanged on bel ow
the lower tube plate and normally 5 consists of tubes of ferritic steel.
St ai nl ess Sthesalitesloelet isrgenatalty famgedsonibeloi thedywbetube aratd gndnorallyy wound are

advant ageoyghyists 3 %@reytsﬁfémﬁets%eﬁ.fstqﬂihraﬁg EieB sHabt fB&I SpiRESwhkh W be

aftercool er, |n qrde I Mpr oV eat trans .oalt pelt: ” 10, The salt
Tel ¢ used ARSIV Houhd AES Biva GRS TGRS Pio 4 et e e O 5% by

wei ght of sftdiconteniint oideetcdmgprok®otbs heatitginsfeof sodi um nitrate; both reaction
zones and the aftercool er advantageously enploy a salt nelt of the sane
corrposi_tiog théj- anount of salt punped by circulation in the reaction zones
may be app XMy 000 nB/h 15 per zone. Flow control: The starting reaction
gas m Afure 2 advantageously flows fromtop to bottomthrough 20 the first

Stage, [ eactihe sakficitusbtaydlla hine oSl wlia BDlsliGMMArALUSELOT LD
ube. and t HEISTRR! St DR B9 74 Br e BBl BrSbHbm fiftte” Pash Felcifn pdbes it 2001 o
1: | engt h 3% @ftareecieitadvantagenyslycimpjeasali yelt ofithexsamenganyposition thext er nal

di amet er X anloeRgéfisalt puiped BRkirsliiABRLIS e REctdNMOALE a)deYapdrsk. 16600 hm 2:
| engt h1 40P§Fnﬁ?hr0$ catal yst charge of a honobgeneous m xture of 30% by wei ght
g

of steati s of geonetry 5 mx 3 nmx 2 nm (external dianmeter x

l ength x internal dianeter) and 70% by wei ght of unsupported catalyst from
section 3. Fidw &atiol:on 3: length 160 cm catal yst charge of annular (5 nmx 3
mmx 2 mm = external dianeter x length x internal diameter) unsupported
catal yst according to exanple 1 of DE-A 10046957 (stoichionetry: [Bi 2W20. 2
WoB] 0.5 [ Whe stastinogractionags miktikg2 ed@rageocdsly flows from top to bottom through

20  the first stage reactor, while the salt melts having different temperatures of the
individual zones are advantageously conveyed from bottom to top; '

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

25 Section 1: length 50 om _ . o
steatite rings of geometry 7 mm x 7 mm x 4 mm (external diameter x
length x internal diameter) as a preliminary bed.

Section 2: length 140 cm :

30 catalysf charge of a homogeneous mixture of 30% by weight of
steatite rings of geometry 5 mm x 3 mm x 2 mm (external diameter x
length x internal diameter) and 70% by weight of unsupported
catalyst from section 3. '

35 Section 3: length 160 cm : :
catalyst charge of annular (5 mm x 3 mm x 2 mm = external diameter
% |ength x internal diameter) unsupported catalyst according to
example 1 of DE-A 10046957 (stoichiometry: [Bi,W>0q * 2 WOs3]g 5
[M042C0s sF&2.64Si1.50Ko.0601). |
40
Favorable configurations of a two-zone tube bundle reactor for the second reaction
stage can be designed as follows: |



Favorabl e configurations of a two-zone tube bundl e reactor for the second
reacti on $FBA892an be designed as follows: PF 56392 69 Everything as in
the two-zone tube bundle reactor for the first reaction stage. However, the
t hi ckness of the upper and | ower catal yst tube plates is frequently 100 -
2000mm for exanple 110 nm or 130 mm 8®r 150 mm or 170 nm or 190 nm 5
The aftercooler is dispensed with; instead, the | ower openings of the

I _ ' I nste : )
oo S OSD LBl R0 A g
t enper at ur &' birkness ofdhrurpesand {aver catalyst tube piskesis fieaueivel 00s 200®r at ur e

zone D. Befovasxaniphe! 1tahiebe 030 @, oousd &im,and70 hen, I 190eaat or for the second
reactiog stage" inlet there is advantageously a neans for feeding
conpressed_air. The catal yst tube and thermal tube charge (fromtop to

bott om) nmy NeRFRCeRIgR{S dsPepsed wihiripsteadadihe lowereranings of the etgfyst tolbese m

steat i t? (rj iopgs intd aeodwihich i conmexsted tothexvedsaat (t@dbﬂéma’ndl ghcbineat a1 outlet | englt h x
i nterna L i. I %&i' : cm cat al yst
charge of ;&ﬁﬁérgmgﬁe %%&@kéﬂf‘]f@éﬁ%%ﬁ%\%l t 'ggog%??g‘teiq%%lora%ﬁgs of
geonetry 7 tempsratyire,zene ig t?ﬁ%f?%@k‘f%?%l ,D-oﬁ%‘ﬁfﬁ?%&exaﬁ?r@?ﬁ?% outlgt @nd thizy|

di anet é0) amrdctédidr the seebndhteanfiorc stage’dniebthatsyis tadiaragectielyta reaark foP5 Sect i on
3: length 5&30%8 LysSly &#harge of a honogeneous mi xture of 20% by wei ght of
steatite rings o eonetry 7 mmx 3 mmx 4 nmm (external dianeter x |ength x
internal dianeter) and 80% by wei ght of coated catalyst from 30 section 4.
Secti on 4: Thergtalysi@beand treraalisibe chargg éfrah temiotiottom| mayniox esamprexb&l nm =
external digmggs: X length x internal dianeter) coated catal yst according
to preparative 35 exanple 5 of DE-A 100 46 928 (stoichionetry: .

- Mb12V3W. 2Cu2. 40, ;). The second stage catal yst tube and thernmal tube charge
may al so h&eetiarht f ol | Engthg20 eppear ance (fromtop to bottom: 40 Section 1:

~length 20 cmsteatite EicBfte ridhs 6EGEBMdLY 7/mA™ ¥ im0 ¥ind (KBS kR &tal x
di ameter x . . - .
length x internal diameter) as a preliminary bed.

20 Section 2; length 20 cm _
catalyst charge of a homogeneous mixture of 30% by weight of
steatite 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 4.
25 :
Section 3: length 50 cm
catalyst charge of a homogeneous mixture of 20% by weight of
steatite rings of geometry 7 mm x 3 mm x 4 mm (external diameter x
o length x internal diameter) and 80% by weight of coated catalyst from
30 section 4.

Section 4: length 190 cm
catalyst charge of annular (7 mm x 3 mm x 4 mm = external diameter
x length x internal diameter) coated catalyst according to preparative
35 example 5 of DE-A 100 46 928 (stoichiometry: Mo2VsWs 2CU, 405).

The second stage catalyst tube and thermal tube charge may also have the following
appearance (from top to bottomy:

40  Section 1: iength 20 cm
steatite rings of geometry 7 mm x 7 mm x 4 mm (external diameter x
length x internal diameter) as a preliminary bed.



|l ength x internal dianmeter) as a prelimnary bed. PF 56392 70 Section 2:

| engt h 140 PP66382al yst charge of a honobgeneous m xture of 25% by wei ght of
steatite rings of geonetry 7 mx 3 mmx 4 nm (external dianeter x 5 length
X internal dianmeter) and 75% by wei ght Qf coated catalyst from section 3.
Section 3: length 190 cm cat al yst charge7°of annular (7 nmx 3 nmx 4 nm =
external dianeter 10 x length x internal dianmeter) coated catal yst

according t arati e 5 of DE-A 100 46 928 (stoichionetry:.
Mb12V3WL. 20%5%%2) In\{%}%ﬁ??@géq stage charge nentioned, the ,ugaulﬁported
gbBHo

catal yst from exanpl e Faiyst pparae ebe hawogeneawa g 26% Byya y: 15 a) a
catal yst accordi ng to et ingbk of gedmEfy Andrh xXSHnox 4anmdéabynal dibmetee x

. prepare@ in accordanc IRl £ ' '

Bomposi £ on  MoioN 6. e o2 ko3l XARRFand 159E Bl alh Bk Afdliron
of DE-A 198 55 913 as &fC¥Rfstipported hol | ow cylinder catalyst of geometry 5
MX 3 mMmmx 2 mMmor 5 mMmmx 2 M x 2 mm] ¢) unsupported nultinmetal oxide II

catal yst. acgpidigg to %@P 6o dmof DE-A 197 46 210; 25 d) one of the coated
catal ysts 1, E' .ag'd 30 i 1%’8 63 162, (%crﬁetéa applied in the sanme coating

thi ckness to support riCAGYSbEHe REARAHIES %4 g = gxfespal emKShmx
1.5mm 180 e) the cat al ywsesgthedpiemabiaynetdre combed catglysberepides), to predakative

10344149 d DE-A 103 | 3 i d fyage
: siige 409 R Meeimamnieln g sno:

charges; the coated catalyst may repl ac ncé with prieparative
exanple 5 of DE-A 100 46 928 by: 35 a) coated catalyst S1 or S7 from DE-A
4442346 havi iy fast siaga stergsomgotortedothe unsupmontedahtal/atirby examglet 1 ehd a coati ng

thi ckness qie-A3(odB 087 may SREbEFeMatad st according to exanples 1 to 5 of DE
198 15 ,281, except applied 40 to support rings of geonmetry 7 mmx 3 mmx 4

mm havi’ g an active conposition content of 20% by weight; PF 56392 71 «c)
coat ed cat &)ysta ¢afalysi@ceorpingdd exaroplevie of BRp® 3P 66D Ar atatatyst toltiemrepargd in

accordance with this example, except having the active composition
Mo 12Nis sZnzFe2Bi:Pg.o0ssKo.0s0x * 10 SiOy; |

20 b) exampie no. 3 of DE-A 198 55 913 as an unsupported hoilow cylinder catalyst of
geometry 5mm x 3 mmx 2 mmor 5 mm x 2 mm x 2 mm;

C) unsupported multimetal oxide |l catalyst according to example 1 of
DE-A 197 46 210;

25 :

d) one of the coated catalysts 1, 2 and 3 of DE-A 100 63 162, except applied in the

same coating thickness to support rings of geometry 5 mm x 3 mm x 1.5 mm or
7 mmx 3 mmx 1.5 mm;

30 e} the catalysts, especially the working examples, of DE-A 10344148 and DE-A
' 10353054, -

In alf of the abovementioned second stage charges, the coated catalyst may be
replaced in accordance with preparative example 5 of DE-A 100 46 928 by:
35 ‘
a) - coated catalyst $1 or S7 from DE-A 44423486 having an active composition
content of 27% by weight and a coating thickness of 230 pym;

'b)  acoated catalyst according to examples 1 to 5-of DE 198 15 281, except applied
40 to support rings of geometry 7 mm x 3 mm x 4 mm having an active composition
content of 20% by weight; o



PR o o ciliied;

(Mplo. 4V3WL. 20x) (CUMDO. 5WD. 504) 1.5, prepared according to DE-A 197 36 105
and havi nfPFaBB3®2t i ve conposition content of 20% by weight, applied to the
aforementioned 7 mmx 3 nmx 4 mm support. 5 According to the invention,
fixed catalyst bed 1 and fixed catal yst_bed 2 are appropriately otherw se
selected in such a way (for exanple by @fiution with, for exanpl e, inert
mﬁt erial) that cbhedicatper l&éuufgﬁbidhésﬁcﬁditﬂﬂﬂéeomngOﬂdﬂ@cmméﬁpt mexi mum ofI

t ereactlong r n ticular
10"t mper at ur &GP RE AV DAL B AR NG fe b‘%é?fe%%%%ﬁé?w 4 B0
tenperature di P‘F‘@Qéﬁ@ét"iescmélt'PQCQ”temzof’?%W@'ﬁf‘t y1PPiﬁ9ﬁP2Wﬁto 70C; this

t enper at ur e di Lfceemostoned 7 mmef Bmabk v rﬁmubporl:or safety reasons, fixed
catalyst beds 1 and 2 are also selected in a manner known per se to those

skilled”in the art gfor exanpl e by dilution with, for exanple, inert

material) AeCREN ta thaapvanian, fixed cg@énst besd § and fixechpatalystihed 2s@8si tivity as 15
defined i nappropridibHaitisiwise sefecid in 8lcta wak(foPéxatpld By diMitionwifhCforAf t er cool er

and 1 eact or, Latie! S SERNR BAARE A0S SOR AR SR Ko eERNISELLAS pldlifm MO

length is PaegPtha esi’g
cont ai ned Pﬁ”‘PHP%‘Jt@B@GﬁﬁiWU@HGth%‘”@'ﬁ@“ﬁ‘e’ﬁé*ﬁt@ﬂ zoges ang Beararticiity e, the
annul angshapepkrdivreiefithe bexitios zadgdneealignioss Adt eleaped0°C: Thal tymbekadtiees in the

second r eaElFﬁ' éﬁé‘?&aﬂ?ﬁ 791’@9 et&ﬁeﬁtﬁﬂttﬂﬁ 99 1@3{0‘%0 %‘% 'teﬁl%er%?eoﬁgereﬂl:% gent

bodi es and sp rlca m2to
5 mm and h&HF #g blysmad |Qfe$ai‘%¥1fﬁ?§f”ﬁ§ Gﬁe‘éﬁﬁ'&ﬂtb%ﬁ 375 ?JG algp %%%t?ﬂ/'”\ﬁel ght,
25 f r equentanntr kmowhpoer ae 20fHoby skikedintthe afkfer pxambie by gistioniwithufee (ref erred

to here asgphg llécﬁweﬂ?r?atéﬂ IHE&‘cl’?z(o\%&hi‘Feﬁ tﬁelhﬁeafk'-tB%%L-térﬁﬁé‘r%iu?é‘sé’?sﬁﬂrﬁ% aQr 3

af t th t
(()XI dg{ |1§nefj§f(f'?rfceé‘r'"tﬁr'?ggf119§5t98d?15%0 M’ SebRd Fedct$ én steggg;/el garl n the case

of a 30 preparation of acrolein and/or acrylic acid, conposed substantially

of the tar Qﬁ&chBBF'HH& rea fb’f%r@rﬁé‘sé&né%faé%'a?e eﬁ%rgc%t&dwﬁn%ﬁgttpséeof W th

acrol ein, unconver | r oxyge viewto the [Mifetinme of the
catal ysts Uoge! eing '§ e,sa\t}&n @ when the oxygen content both in product gas
m xture 2 and in product gas mxture 3 is still fromat least 1.5 to 4% by

vol umedg prrpnaar&amwé@%wtm%ﬁé%y.bﬁ@smtamehww@aodmh{ernpgﬁwm thd BEHRPS Whi ch

has f d b
o des. uhi ERSTRREN: BP sy ey Sprat Lo et anay/Be ARiSteleds o ar T uent

gas, and satalykt odiesio ywaﬁecondhmachm\atagamm}&m reptaged by iskiaricabshaprd| i c

aci ds (e. gginrebbdies 8fd %heﬁ@él@hﬁp&%ﬂalgﬁ%oﬁfe@%ﬁﬁ H‘avﬁﬁ]‘ #acRdrammb & C
anhydride, _benzal aro ic carboxylic

anhydri des®(dN§ ”dg'ﬁt"ﬁaﬁf‘@Cé\ﬁhif’a‘?méé"’aﬁa“%! ‘Efg'ﬁ’?bl“@?aa@%d)bywef' ppropri at e
furthegb hyﬁewﬂ!ba‘mm 1G tor208xbyvweightt4 hydr ocarbons (e.g. butene-1 and
possi bl e ot her butenes), and other inert diluent gases. PF 56392 72

The product gas mixture (referred to here as product gas mixture 2 (after the first
reaction stage) or 3 (after the second reaction stage)) which leaves the inventive partiai
oxidation (after the first and/or the second reaction stage) is, in the case of a

30 preparation of acrolein and/or acrylic acid, composed substantially of the target product
acrolein or acrylic acid or a mixture thereof with acrolein, unconverted molecular
oxygen (with a view to the lifetime of the catalysts used, it is favorable when the oxygen
content both in product gas mixture 2 and in product gas mixture 3 is still from at least
1.5 to 4% by volume), propane, unconverted propylene, molecular nitrogen, steam

35 which has formed as a by-product and/or has been used as a diluent gas, carbon
oxides which have formed as a by-product and/or have been used as a diluent gas,
and small amounts of other lower aldehydes, lower alkanecarboxylic acids (e.g. acetic
acid, formic acid and propionic acid) and maleic anhydride, benzaldehyde, aromatic
carboxylic acids and aromatic carboxylic anhydrides (e.g. phthalic anhydride and

40 benzoic acid), if appropriate further hydrocarbons, for example C4 hydrocarbons (e.g.
butene-1 and possible other bufenes), and other inert diluent gases.



The targetd&hoduct may be renoved from product gas mxture 3 or 2 in a
manner se In a separating zone (for exanple by partial or ful
and, if appropriate, fractional condensation of acrylic acid, or by
absorption of acrylic acid in water or .iL§ a high-boiling hydrophobic
organi c solvent, or by absorption of acrolein in water or in 5 aqueous
sol utions ofhe tergst Progigiangy be remived frantprodiyd @gs enitunect wupinaf manheer |

conflensag esknaWe/peF ise?bﬁ@ééﬁﬂrﬁ z%ﬁé‘?f?ﬁ'éﬂﬂnﬁl@bfr smbrWremn a:ﬁvdld,:f @Pﬂfmifgte gas |
m Xture W I e r a nse or _exanpl e,
EP- A 13 ssqﬁé ngteo Q{’éf‘ﬁg‘é‘g’ ‘%3“5 "%EC'R ‘18’2’ ahsd @ﬁ%“ °E?’;rﬁ°ﬁdz'§ wajer ofi 8g/ 01415,
EP-A 10 15 hightboifire hydramhobis organic yeivers, s5dy BsonEiPmof B2S60, in Wetey Br 69839,  DE- A
102 35 $47,a00600sdhdichd bBR3er BirbAxli0 2cid8 208 8ubddguéntMbtk#30GRS, DE- A 103 36

190 55P'132%%néé*sé?efﬁ%%ﬁw%%%@%ﬁ%4® tgggvgéﬁazg@g%g%gi%gg 22 87,

EP-A 10 41 vibprefergply ke fractianalip comfenaed;3f.olr egamploEERAIES 88,53% EP-AE- A 44 36
243, DE- A 13 #2235 BE-A 1DE38 8403ERA 7588 endvORsf 1495924258815 4An Erepyl ic acid

removal kR 998 ok Seh R g SReZBe 0 1o B B PTNe2 B9 DEA
847, EMDA 9351888 DA 102128 38, PRaA 1BP43 626, B o 3GRE6\ER0ABE 449, WO
00/ 53560, W3-AW, 585%%6, DEE-108 B0G263DRF6198'06 &F7, DDA 120 5881326y ef erence is

given 1o I GSEMI (18 SMLPRIARES 4biBsaliila b 6 14 BE0A9%2ALs OpaR 18aGpLed 11

DE-A 10 20
e hods xRl Tids, Hoa Qe TRI DR Do 7D HEA 4ok Hh DE GO S D63 138,
WO 2004/ 03553-4, 1(!38%58%(1&-@\2‘53 a5 IAr- A AdlicHxidBremovar mdgasomgl i ¢ aci d

bt bed i
ot AR L RS B 000 L TS 0
03/ 041833. éﬁ‘ ,Qsc%'srﬁzgnD%ﬂa? 804p2 'tl:l)i%”‘eﬂc‘r’t’Sn’\,?e7 %‘gp ocesses Is (as

al r eady nerER-An@dk8at74; BE-A 600BSBP, EMW&G&M MIOOWGGtW@eﬁﬁ/Wﬁedh conpri ses
boi 11 ng. pol A0 @”ﬁgé%&?ﬁs é 59%%“‘98 chpping LEREHSET, ent
whi ch are é’pf?PiY}fQ’ @?1983%' eél”'b & ida Qq4e93}n q?‘?"é‘ﬁ’é‘f at 30 the
top of 20he pptents. Favenbleepmoadlinmghods a:mlswhhe:procesqesldgee'mdpmﬂml ng internals
g??elr “pr ‘2@%@:.:&1&‘4&?'}/\!@%@)4/@83PJ&’W@}ZPQ@@SSE%} PEQA $0243 825 anded, normally

T on' of Aol e REE At kB SER P ey P I3t reth RGeS BB octuc
35 gas m xtexamp®, asd@scrlbmttrUUen!gcwmmt@W(b DTV ass, Veo@s0438dauct, are normal ly -

obt ai ned 'W@@/O%Q@@%@Qﬁ/@%?@anamVOS@H%@J gas constituents are
prinerily propane, any propylene which has not been converted in the

parti aP°oxi dat | on, nol ecul ar oxygen and other inert diluent gases-which 40
are frequerdommbrsteaiige df the abloge peparatialg wriataes Srias dlivgadyxaengiopenat thegen and

Cf;?gzt d: géhé‘ét ) tRRREBEIHDA 28 strBEmSARM i HRePSQ5ETiaR Mooy 8bhstifilpdTbMMaY be
P prod%ct gas mixture 2 or 3 whose hoiling point at standard pressure (1 bar) is £-30°C
(i.e. the constituents which are difficult to condense or else volatile) normally remains at
30 the top of the paﬁicular separating column which comprises separating internals and in
whose lower section product gas mixture 3 or 2 is fed, normally after preceding direct
and/or indirect cooling thereof.

In the lower section of the separating column, the less volatile constituents of product
35 gas mixture 3 or 2, including the particular target product, are normally obtained in the
condensed phase.

The residual gas constituents are primarily propane, any propylene which has not been
. converted in the partial oxidation, molecular oxygen and other inert diluent gases which
40  are frequently also used in the partial oxidation, for example nitrogen and carbon
dioxide. Depending on the separation process employed, steam may be present in the
residual gas only in traces or in amounts of up to 20% by volume or more.
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residual gas only in traces or in anounts of up to 20% by volunme or nore. PF
56392 73 /MREBBIE2Ng to the invention, at |east a portion (preferably the
entire amount, if appropriate however only half, or two thirds, or three
gquarters, of this entire anmount), (pref erably haV| ng residual gas

conmposi tion) conprising propane, mol eculfdr oxygen 5 and any unconverted
propyl ene, of this main gas residue is recycled as a feed stream conprising

Propane | ntahAmRNAL RAERRAUS! N8 XA NEE AL BB, SRPYIRABROR | On  and/or

pr opane oxy €s as a propene source
(oxi dati on Wﬁqpé'a weveporly Balf, 95 &ve thb'ﬁg Qsﬂhrleeepaﬁens g‘é@lswyreaawr@e
recycl ed i npreferagly having résﬁxidaogés conagssition] cahrigiay propane) xdlsdulap dxpgeay or  be

o ner 3t o %;Epeomhea Foplend ordE Libln BEORERL b Mirec) fed BEYOUIIRAY ¢ e

condensed ase r enov urt her

resi dual gFOEWRTERY PERRAGE Nt iaeterpgwequswcga yZeq %%Oaé‘ﬁtd@ regeidiorecycl e t he
total anouwmid/wpropace oxgtehgdrogengtmneayhicig lfrappmplnateesmesema propepecduck gas

mxture 3 Qg @aﬂo}l%d;;@'t'g%s %m}r%gérgEB%Sﬁ?gH%EMuﬁl %Rﬁ CEEQF&Q@Ied into one

dehydr ogenati on enat ropri ate,
serves as £7Prepyh eﬁ@e@cﬂﬁ@@a%&m@aﬂ @?Fgﬂ’fé?e ‘f‘ﬂ@ﬁﬁafe’rﬁ’ Ph@etpéﬂF F enmoval .

Al t houdlo t lemergyegemeadtiby. still conprise propane and if appropriate
propyl ene, they frequently no | onger conprise any nol ecul ar oxygen

Typi cal |y, are recyc ined with the i n residual oglve an
oyt arl 3o 1 8 wilkiio GG ShierseRanis dora e AUGaSs o eHIH g Lot et o
dehydr ogenduiitteen residl/ab gasgsrropaoesunsjrade iyl agemadly iberatietriptdd tmrécyamhe;bmtalat e,

Serves as gnpli APy [fr{&%n an@%‘fﬁé ylénte piréséHt ﬁ-PprB§§c°t'g*a§ iktGreSEBRg at el y
utilize_such furt refera rec%cllng of the

r enai ni'fy duiaLos hé’f?egea%%s*ffﬁﬁ ﬁer%qans Y SEORRIPD RIS PEBHOR o on of
propane t o cagdghydwogesatibnavhichy if appragrieten sémves esaipnemiane sopeeaandte. | n this

ﬁ g{lte ?é; en'etreéoile?ﬂéﬁﬂh itiRd takdi frerh&\l. r;%rs%h meggﬁergupetﬂl doftRisé BRopane and
oy denuar ogeeRtonst atpiiens. BBRRERRRI Pide toude NG RlecBlb B ERe sour ce
makes it pdypichlye thay e recyoled drathiiad withcibaveais residual gas torgivesan ¢vesalpr ocess of

pr opanegt o rgdiRy bge%twm&hé/tefobeeédwély%ealwwqfr@sbnem %geﬁeﬂioﬁehuwrt y The
advant ageousness o 1% and

35" b ol ERna SN g B S AR Rre P eRes PRI OU g e pacs. of
fresh propditwevenitdsigRo phesikie kn/shnegriel uliiae) suctdurthearésjdual gases. f avorable in
the case of such recycling of oxidation cycle gas when the hydrogen content

in starting,.reacti s mxture 1 isS.in | east t0| metric ratio
(based on g;? é e@%&t{g&e%ﬂmggf trgp'ﬁa"}'rbq ?Wealﬁrr?ﬁHH% @@3’% recycled into
starti@§ r @anhm@hs genversi ofrpropang ta aemhelacrﬂmd@yec@laya@ contnupke

af orenment i @pegtieycl € gas nethod can be enpl oyed correspondingly when the

In this context, it is essential that the recycling described into the heterogeneously
catalyzed propane dehydrogenation and/or propane oxydehydrogenation which, if
30 appropriate, serves as a propylene source makes it possible to achieve therein a
| conversion over the entire process of propane to propylene with virtually one hundred
percent selectivity.

The advantageousness of such a procedure exists both at lower (£ 30 mol%) and at

35  high (2 30 mol%) dehydrogenation conversions (based on single pass of fresh propane
through the dehydrogenation). Generally, it is favorable in the case of such recycling of
oxidation cycle gas when the hydrogen content in starting reaction gas mixture 1 is in
an at least stoichiometric ratio (based on oxygen combustion to water) to the amount of
oxygen recycled into starting reaction gas mixture 1 via oxidation cycle gas.

40
The aforementioned cycle gas method can be employed correspondingly when the

- partial oxidation is a partial ammoxidation of propene to acrylonitrile. It can even be



partial oxidation is a partial amoxidation of propene to acrylonitrile. It
can even bePP56IR392 74 enpl oyed correspondi ngly when propane is repl aced
by i sobutane in the dehydrogenation and the resulting isobutene is
partially oxidized in a corresponding nanner in a partial oxidation to

met hacrol ei n and/or nethacrylic acid. 57#t shoul d al so be enphasi zed once
agai n her e dnhysibysaicdoyriebpor@ivighy wiser! sroparesisfresiaeedl bydssisligie |gaﬁe mxture 3

obt al ned | MAGERLIANG b UL KRB ERLN (IOl BUL T 5 Lhamngnal | sted bY

way of exa as'mxtdre 3
which has Wrmp@aamﬁdﬁ'@%%@eﬁhﬁm@!ﬁm W/‘PfaméthWEﬁ @&t and/ or indirect
cooling is fractionally condensed, ascending (for exanple into itself), in a

col um GO iy Neaied B gﬁgﬁ@ﬁéaaog&cg eI Ll g% Liauotaypyala Of cr ude

acrylic acid, queous solutlon as
descri bed Oy 9BF MEkHASI fé”f'f?"ﬁﬁ acg@fdammmt@eam@nm (an nee@l&e'elzﬂsommé crude
acryl i c aciligteditylwiyoofexbmpley betaraisipin suchrr wiethabing psotiicegaethitred whispensi on

crystal |l 23 8ReARabl Befiihi § BHIdbraIBAARLOIY GTNGILRl S R are For med

are prefer %/ ns of a wash
col umm. AdVEsHeAY Gandensethesgpiding if QfLﬁXé"\E’%Btol '%Semné" %‘P'FmeCOH'@F'§'I”QC acid
crystall® wseparatiny tdresls witk rsmee:nla\beémm&inahﬂudmatml&: #eic handidr abvorbedby her nor e,

the wash cqldum 4 %afl%r%&/of‘?&decﬁ@% GRS Je@&fb%g tﬁ \Fé}s&%&ﬁmg% ih K*?ocr ystal

bed. It is |c or anlca wa rm For
opaci f1c a@0arRasEIARAIEA 1 GAREeD. Jhe R BacPO6 WD S SIS AT
03/ 041833 pegfelabdlyf sibjentesido alsmsp@fsmtdmstammﬂs ang thef mrﬁrmcmd suspensont o

recycling @sﬁé whi ﬁlé?é LW‘ﬂé&Qrer SRl iéﬁﬁ&e&tﬁ%mdrf lﬁé)ﬁw%{he?né(l}ﬂﬁ'b?at ion (cf.

al so EP-A S bel ow

e secondar co nent |
the si & cifaRARSR ?H@SEPBH'Q‘%%F Tiedequsly fﬁwsﬂuﬂ\yé (64 e ekt AGUR 3 one
crystalli zmldmlryssalagdmchlhavebeemlces'nqwﬁﬂuefdreharu i frteaivas haaoiyrhin. d=Lmih|edn¢Jrav| ng a

25 purity @fe Wasf?@ol@n{%@’ RSN oM &)ind f%réé'dtt%n@&% Bﬂh¥ chdtdi BQ&I 9t £%hore

pr oduci ng: ra ents based on 't shoul d al so be
enphasi zed pﬁ’fﬁ ﬁydgﬁﬁ'ﬁr?fﬁd‘ée ”Fﬂ‘é’vé)%\%’mm”v%cbgﬁ’ﬁ?gﬁmeéa”rssthlen principle
that, at aldesgiptinn of WO 0170560 YPrEBM04 183 andidOngp/d48 3donky eyfollamplles whi ch
foll 0W20Wh%Er%YWor@b%féfr%hceC@@f\&ﬁ% %éyb'ﬁr@%%éﬂ;qubf‘ﬁﬁ%h 'F@Pﬁ&ihé f#Mto 82 descri bed

and/ or requirge corr | an _a ed undil uted
for the sallf:r@ Adghpet! Oﬁigfo 'F%E% ﬁ%ﬁé@bgdﬁﬁésaw@%%%?%a parti al '
propane delq!gs@h@rgenmmrm@dy below ﬂpﬂ sigy eaveof tBS crdgractyliCanidrasla pcpe streamt al
construction and experinental design and results (the steady operating

or opanc. deRpHEGTDNAT BRSAUERERSIack: L B prsv e Brag hatc PRREREPO Rocor di ng
to figdbe purityef mgcﬂ% bhwemmmyhncbaa Otaalan@eglegwwle)fnr puidacieng PF 56392
superabsorbents based on poly-Na acrylate. It should also be emphasized that one
advantage of the inventive procedure is in principle that, at all points. in this document,
including the working examples which follow, wherever catalyst charges diluted with
inert material are described and/or required, the corresponding catalysts can also be

30 used undiluted for the same bed length.
Examples

l. Heterogeneously catalyzed partial propane dehydrogenations as a propylene
35 source '

General experimental construction and experimental design and results (the steady
operating state is described in all cases) '

40  The heterogeneously catalyzed partial propane dehydrogenations were carried out in a
tray loop reactor according to figure 1, to which the numerical addresses below reiate.



75 A vertical tubular reactor (11) (dianeter: 80 m) was encased in a
support hedreb6392) provided with thermal insulation (10). The tenperature
of the support heater was 500C. In the center of the tubular reactor was
~di sposed a central tube (diameter: 20 whi ch conprised a sleeve for a
continuous thernoel enent and a sleeve féP a 5 staged thernoel enent. In
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into the tBUFdP thessrnteyof thegtulpyiar fegpier was disaeiasta iR tubsddipmetas: t r ays (5,
6, 7) whi cle0anm$walcedombrised & eleeviefir aadhtinuved thedfoklearcht amd 2eleale ana
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Then, to ayhsg,/engsh of 120 nmm dehydrogenation catal ysts (Pt/Sn all oy

whi ch had been pronbted with the elenents Cs, K and La in oxidic formand
whi ch had been applied to the outer and inner surface of Zr&2 SiO2 mxed
oxi de d0ppdihk tebularudadtescoreprised geet dayg (5, 6 GAusdcracordissd of ek ddentinalt he range
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and acti vatedawere cdnstructed ey folloasal yst as in exanple 4 of DE-A 10219879). 25
The product gas mxture | leaving the last tray was divided into two hal ves
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to ed. The starti 35 reaction gas mxture (4)
consi sted Sgnbeéﬂ%al;oé%é%%}fyowa@%ftéosd @“‘{}% s'éﬁ?(?ﬁgt eam oxidation cycle gas
(si mul at ed PlaPneilapiGst itoatdronsb(BiQ:m (catayst precasspyrirpanatiompnd agivajion tnd
fresh propaeadtiot bafalyeess nexbRbiezeer bereidagetdier by the address (3)). The
fresh propane had the follow ng contents: 40 % by vol. nethane 0.005

25  The product gas mixture 1 leaving the last tray was divided into two halves of identical
composition. One half (2} was recycled into the dehydrogenation as a constituent of the
starting reaction gas mixture (4). The other half (1) was conducted out of the

dehydrogenation zone.

30  Absorption in technical-grade tetradecane from Haltermann, Germany of the
PKWF 4/7 af type as an absorbent and subsequent stripping with air allows (as
described in DE-A 10 2004 032 129) the constituents other than propylene and
propane to be substantially removed and a charge gas mixture suitable directly for the
partial oxidation of propylene to acrolein and/or acrylic acid to be obtained. The starting

35 reaction gas mixture (4) consisted of dehydrogenation cycle gas (2) and steam,
oxidation cycle gas (simulated for simplification by a mixture of oxygen and nitrogen)
and fresh propane (all three symboiized'here together by the address (3)).

. The fresh propane had the following contents:
40
% by vol.
methane 0.005



PF 56392 76__ethane 0.005 ethene O propane 99.982 propene (propyl ene)
0.003 5 i soPuPEIR2 0. 005 The hourly space velocity on the first catalyst bed
of propane was in all cases 3051 (STP)/I h. 10 The entrance pressure of
the starting reaction gas m xture was 2 bar. The pressure drop over the
dehydr ogenati on reactor was approx. 200 ar. Upstream of the second and
upst ream ofethéree t hird cat al y8008harge (in flow direction), air (500C,
reaction psigSsIre) was injegted if appropriate to the reaction gas m xture.
The tables 1 to 3 which fol bgﬁ/%fhow the results obtained in three :
experi nent sP"AR3 function of “¥H®* 15 different starting reaction gas m xtures
(4) and of prheendi (pfapyiene) net @08d additions of air. |In the table, the
foll owi g sysm@ise apply: L2 gpggldition of air upstream of the second :
catal yst charge in | (STP)/h 20 L3 = addition of air upstreamof the third
catalyst charge in | (STP)/h RA = contents of the starting reaction gas
m xt ure (4)Thecwowlyispae vatocity on tleestyst catalys ded of ptapenameain albsasps opane
present, apfsQxsTPR%y vol ume of steam) RL = contents of the reaction gas
after passage through the first catalyst charge R2 = contents of the
reaction gas after passage through the second catal yst charge 25 P = ,
cont ent™® ofThelrniienczipressuyya <f the startinghesacticregdsomixtyie wab2e¥ barathapgeessireough t he
gas. m xt ur o Dot 1R BéhyBrogenair BBAS: aSRASIc I ltar “fd;?a‘” o eyt ure in
gas xtu [ - . S Iy, = S u i
Phe first cHEiubar okl S Shorcd T B tfectioraF PG Rt second
cat al yst chuespiIre)wag injgged iflapgtopsatette theereactionegasrmixhiee tThiertablesl & $st char ge
in CI t_TA = i féliowgﬁmfr\?tt‘é&ﬂ’%s(ﬁbtéiﬁ@i Wtﬁ:‘é\éféfxpéiﬂﬁer?séis%(mﬁ@iﬂtl%f&% thle ;
resul ting char as mxture for. an inventi parti xi dat.i,on .. charge
Lo e GRS e arsyhixEies Y BR% btife BRtar R et BBA L B 4 o
propane and single pass through the dehydrogenation reactor S = selectivity
of propyl eng tdeotapmt thefollbdling %ﬁmo@g(n % by vol une based on the overall

a

gas, calculated without water). 4 nple 1/ Table 1 PF 56392
L2 = addition of air upstream of the second catalyst charge in | (STP)/h
20 L3 = addition of air upstream of the third catalyst charge in | (STP)/h
RA = contents of the starting reaction gas mixture (4) (comprised in all cases, based
on the amount of propane present, approx. 70% by volume of steam)
R1= contents of the reaction gas after passage through the first catalyst charge
R2 = contents of the reaction gas after passage through the second catalyst charge
25 P= contents of the product gas, i.e. the reaction gas after passage through the third
catalyst charge
TE = entrance temperature of the starting reaction gas mixture into the first catalyst
charge in °C
T1= highest temperature in the first catalyst charge in °C
30 T2= highest temperature in the second catalyst charge in °C
T3 =. highest temperature in the third catalyst charge in °C
TA = outlet temperature of the product gas

~B= contents of the resuliing charge gas mixture for an inventive partial oxidation (all
charge gas mixtures were noneXplosive) '
35 U= propane conversion based on fresh propane and single pass through the
dehydrogenation reactor
S = selectivity of propylene formation

(all contents in % by volume based on the overall gas, calculated without water).
40
Example 1/Table 1



A

77 L2=50 L3=7T0 RARLRR PTETi T2 T3 TAUS B Mthane 0.31 0.33 0.53 0.63
498 592 574pKB6399’5 31 84 Ethane 0.18 0.23 0.27 0.36 Ethene 0.21 0.20 0.39
0.43 Propane 17.6 16.15 15.22 14.09 20.2 Propylene-2.67 4.54 4.72 5.35 7.69
H2 6.17 5.40 4.83 5.30 02 1.77 - - - 14.6 N2 70.65 72.63 73.38 73.06 54.5
CO 0.08 0.09 0.13 0.17 CO2 0.30 0.41 0.97 0.60 Exanple 2/Table 2 L2 = 40
L3=50 RA RIoRZs TE TI J2 T3 TA U S B Methane 0.31 0.69 0.65 0.61 537 589
562 569 564—36- Qg Ethan¢ 0.38 0.79 0.78 0.76 Ethene 0.04 0.11 0.08 0.07
Propane 17. ég“l .88 12.80 13.55 16.62 Propylene 3.28 5.79 6.33 6.56_8.05

H2 7.12 7.61 7.17 7| RA 02R1. 77 R2 - [P15. PYE NI169T28[68. 26A71.2§ §0[B3 §7.0
oo ra mlsthds T051 7 33 1 8 o B3 U008 Poaz PR IBRo S ors 13 184 2 1 d”
566 541 547 Hhanes 9318 Ef Redde |D-9B8 [00-301| 0. 116 0/ 150|Et hene Q.05 0.p73 Q. 070
0. 103 Propadmthdr® 60, 0.21 58080. 12.3%. 02423/ 6 Propylené 2.50 3.[94 [4.3D 5. 00
7.36 H2 5.t e THE 55 014,00 20.2

Propylene | 267 [4.54 [472 |5.35 N : 7.69

H, 6.17 | 540 |4.83 |5.30 -

0, 1.77 - - - T . 146

N, 7065 | 72.63 | 73.38 | 73.06 | 545

cO 0.08 |0.09 |0.13 |0.17

CO, 0.30 |0.41 |[051 |0.60

- Example 2/Table 2
L2 = 40
[3=50
RA |R1T |R2 [P TE (T1 |12 (13 |TA U |[S [B

Methane | 0.31 |0.69 |065 |061 | 537589 | 562|569 | 564 | 36 | 86

Ethane (038 |0.79 |0.78 | 0.76

Ethene | 0.04 |0.11 |0.08 |0.07

Propane | 17.36 | 14.88 | 12.80 | 13.55 , 16.62

Propylene | 3.28 | 5.79 | 6.33 | 6.56 8.05

Ha 712 (761 |7.47 |7.19

0, 177 - - - 15.20

N, 69.28 | 69.26 | 71.28 | 70.33 | 57.0

coO 0.06 [0.13 |0.11 |0.12

CO, 040 074 |0.80 |0.80

5 Example 3/Table 3

12=0
L3=70

Methane | 0.09 |[0.121]0.128 | 0.175 | 463 | 566 | 541 | 547 | 541 | 25 | 93
Ethane 0.08 | 0.101|0.116 | 0.150 '
Ethene 0.05 |0.0730.0700.103
Propane | 18.60 | 15.58 | 17.12 | 16.02 1236
Propylene | 250 | 3.94 |4.30 |5.00 ' 7.36
Ha 590 [454 (447 |4.76
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0. 097 C2 OpF 863251 0.300 0.351 I1. Inventive heterogeneously catal yzed
two-stage partial oxidation of propylene to acrylic acid (the steady
operating state-is described) 5 Experinental arrangenent First reaction
stage: 10 A reaction tube (V2A steel; exXBernal dianeter 30 mm wall :
t hi ckness Zgpm mteTp—gT Tﬂarreter 76 _-my Tength] 350 cmj and al[So p4i phér nal

t ube (external—dianete —ered-n-thesn-ddle—off t-he-reaetion—tube,
to acc.ommceﬂge a the?q;(;% Zﬁéﬁt 7\%% Tﬁ{m tthe t enper atuHe in the regzﬂi on

t ube can be G2t er mi N@OSf 00.0683 0082 r@0%ength) is; charged frgmtjop fo battom
as fol | ows: gy Sect@Rg IT o8I BRP @E§ gatite ingﬁ, of TgeonetTy 7/ mmx 7
mm X 4 mm (%)(tzmulqal dia : internal di dnete \ a pr Lim nary

bed. 20 Section 2: Length 140 cm Cat al yst charge of a hormgeneous m Xt ure of
20% by wei dht lpedrtiee hateragsngoBdy ciitplyred git-3tagd patisladxidation bhgspgéngonetry 5
mMmmx 3 mMm Xx 2 | gcﬁ{nal dianeter x length x internal dianeter) -and 80%
by wei ght (alternatlve 0% by we Q%% of unsupported catal yst 25 from
section 3. Secttnstgady twgfé@ ésn‘? 9st charge of annular (5 nmx 3 mm
x 2 mm 3B external dianeter x length x internal diameter) unsupported

- catalyst a BBkal nple 1 of DE-A 10046957 (stoichionetry:
[ Bi 2V (9 ;%ﬁ’(y gta %&%@?5%2. 94Si 1. 59K0. 080 J1). Fromtop to bottom

the first 175 cmare thernostated by nmeans of a salt bath A punped in
count er cur rranst reattimy stegond 175 cm are thernostated by neans of a salt 35
bath B punped in countercurrent. Second reaction stage: PF 56392 79 A .

R0t b et T Bk SR G S B Ykt S BERS oLy e
di anet er 4 diarpeter 26 mm, length: 350 cm, and aiso a thermal tube (external diameter 4 mm), :

centered in the middie of the reaction tube, to accommodate a thermoelement with

which the temperature in the reaction tube can be determined for its entire length) is

charged from top to bottom as follows:

15
Section 1: Length 50 cm
' Steatite rings of geometry 7 mm x 7 mm x 4 mm (external diameter
x length x internal diamieter) as a preliminary bed.

20  Section 2: Length 140 cm
Catalyst charge of a homogeneous mixture of 20% by weight
(alternatively 30% by weight) of steatite rings of geometry 5 mm
x 3 mm x 2 mm (external diameter x length x internal diameter) and
80% by weight (alternatively 70% by welght) of unsupported catalyst
25 from section 3.

Section 3: Length 160 cm
Catalyst charge of annular (5 mm x 3 mm x 2 mm = external
diameter x length x internal diameter) unsupported catalyst according
30 to example 1 of DE-A 10046957 (stoichiometry: [Bi;W.Og - 2WO;]0s
[M012C05 sF&2.045i1.56K0.080x]1)-

From top to bottom, the first 175 cm are thermostated by means of a salt bath A
pumped in countercurrent. The second 175 cm are thermostated by means of a salt

35 bath B pumped in countercurrent.

Second reaction stage:



centered in the mddle of the reaction tube, to accombdate a thernoel enent -
with whichpgBg3genperature in the reaction tube can be determned for its
entire length) is 5 charged fromtop to bottomas follows: Section 1:
Length 20 cm Steatite rings of geonmetry 7 mmx 7 mmXx 4 nmm (external
diameter x length x internal diameter) 78 a. prelininary bed. 10 Section 2:

Length 90 cayGatigh Wbk (VDRERR!: Shtetdl aRRERSSAURMT AN tHicknaks 25% aMtevril ght

(alternativel 0%.b i ght)..of steatite.rin of onetry 7 Xx.3.mMmmx 4
nmm (ext er na‘ﬁa%feéﬁé% @%ﬁgﬁ’@ﬁgﬁq %(m'iaiﬁ‘séﬁﬁ?aﬁ thﬁfrﬁ%g'l‘téer §eg§ﬁ'g§ d%"ef%r(%n B wei ght
(al t er nat i vasinergd o thg mvikdle bf the veactiontule, traacsbyeodateomthespoelemrniwitiSect i on 3:
Length 50 opniskinl tébeaae Gftheresttibe AREAUEIeRntingdToPs dmite Rivgnliight 20
(altern |v%lgq§%%{$b?/pgelbgﬁé%‘ of .Ifteatlte rings of geonetry 7 mx 3 mmx 4
mm (ext & nal oS ORI R0O%Ber nal di aneter) and 85% by wei ght
(alternatively 80% by weight) of coated catalyst from section 4. 25 Section
4: Length 19QwiemCat al Yehg®rge of annular (7 nmx 3 mmx 4 mm = external

dianeter x length x intgrnal .di aneter), caated catal yst cor di t
preparation exanple 5 dﬁe%?:e- ,rd\n_g_LsO?r}E@@Q twgt%ri”c B}Ef‘r .ma(cf%%ma%n?@ﬂZAOl)
30 Fromtop to bottom *%lkegthixrigterneydiameiely as a meaiimivarabed by means of a salt
bath C1pgpunped in countercurrent. The second 175 cm are thernostated by

nmeans of a ack pat h in countercurrent. 35 Propyl ene source and
t wo- st age paer '%’21?' oxid eﬁﬁ‘ﬂﬁ@% crylic acid Atray reactor is first operated

as in |. The conpositi émidystichergstoapthomparesrssininugmel 259 Ry weilghtor t he
het erogeneously cat al yzgibreivegrangeppiveight) ios sidatite @ing9 vBgddrpdlyy ¥Ainvme,  based

on overall gas): 40 Y0\l (35K bkeAS Hael? Engih %R adftldfags! d O- 03
15 75% by weight (alternatively 70% by weight) of coated catalyst from
section 4.

Section 3: ~ Length 50 cm
Catalyst charge of a homogeneous mixture of 15% by weight
20 o (alternatively 20% by weight) of steatite rings of geometry 7 mm
x 3 mm x 4 mm (external diameter x length x internal diameter) and
85% by weight (alternatively 80% by weight) of coated catalyst from
section 4. '

25  Section 4: Length 190 cm
Catalyst charge of annular (7 mm x 3mm x 4 mm = external
diameter x length x internal diameter) coated catalyst according to
preparation example 5 of DE-A 10046928 (stoichiomeitry:
. Mo1aVsW, 2CU2 40y). |
30
- From top to bottom, the first 175 cm are thermostated by means of a salt bath C
pumped in countercurrent. The second 175 cm are thermostated by means of a salt
bath D pumped in countercurrent. | |

35  Propylene source and two-stage partial oxidation to acrylic acid

A tray reactor is first operated as in I. The compasition of the starting reaction gas
mixture for the heterogeneously catalyzed dehydrogenation is as follows (% by volume,
based on overall gas):
40 '
% by vol.
acrylic acid 0.02



1-butene 0.01 .isobutene 0.02 5 propane 18.46. propylene 3.98 ethane 1.16
ethyl ene OFF2563822 2.34 10 CO0.26 N2 59.7 02 1.62 CH4 0.12 H2 2.83 15
It consists of. - 41.9% by vol unme of oxidation cycle gas which has the
following contents: 20 % by vol. acryllﬁ acid 0.02 acetic acid 0.04 HO
2.73 isobutene 0.01 25 acrolein 0.05 opane 17.30 propylene 0.32 ethane
1.20 et hylaeai: &i?2 300032 2.41 CO 0.61 N2 71.21 02 3.87 35 - 3.9% by
vol une of gsh propangi%plch has the follow ng contents: % by vol. propane
98.91 |sobutane 0. 05 propyl ene 0.1 ethane 0.92 ethylene 0.01 PF 56392 -
81 - 1.029%WM{eRfol une B0Thydrogen

isobutene 0.02
5 propane 18.46

propyiene 3.98
gthane 1.16
ethylene 0.22
CO, 2.34

10 CO 0.26
N, 59.7
0. 1.62
CH, 0.12
Ha 2.83

15
It consists of:
- 41.9% by volume of oxidation cycle gas which has the foliowing contents:

20 ' % by vol.
aérylic acid 0.02
acetic acid 0.04
HO 2.73
isobutene 0.01

25 acrolein 0.05
propane 17.30
propylene 0.32
ethane 1.20
ethylene . 0.22

30 CO, 2.41
CO 0.61
N, 71.21
O, 3.87

35 - 3.9% by volume of fresh propane which has the foliowing contents:

% by val.

propane 98.91
isobutane 0.05

40  propylene 0.1
ethane 0.92

ethylene 0.01



- 2.03% by volune of steamand - 51. 15% by vol une of dehydrogenation cycle
gas. 5 Th®PFRr&882ni ng product gas m xture has the foll ow ng conposition:: %

by vol. 10 acrylic acid 0.02
propane 14.32 15 propyl ene 7.52
58.41 20 02 0.23 H2 3.55 The propane afl
gas m xture of the heterogeneously

acetic acid 0.03 H20 11.84 isobutene 0.01
ethane_1.21 ethylene 0.26 CO2 2.61 N2
propyl ene present in the product
cat al yzed propane dehydrogenation is

renoved .abs_or1péé%/Pk¥olg§e%$W&joBgrq in |l and 25 stripped free again by neans
: e rollow ng whi ch

of air to obtain

has the fofl Gwf3e by ¥pluegic stesgand,of .

charge gas for the partial .oxidation,
H20 2. 39 30 tetradecane 0.01

i sobut'ene 0. G1.150 bypesiema of dehydpsgepptieneycie @ds. et hane 1.10 35 et hyl ene 0. 20

Cx2 1.08
explosion ¢

N2 56.99 02 15.16 40 This charge gas m xture (it lies outside the

%ngg% 1s used to charge the first, | C
stage descrBégMaiTing PRRBIS, PIHBIEER NS thefalewine compPesitiasn t he
catal yst charge is selected at 185 1 (STP)/I
entrance. PF 56392 82

partial oxidation reaction
fixed bed

h. The pressure at the

of the first reaction stage is 3.1 bar. TA = 322C, TB

= 328C. The product gas mixture leaving the first reaction stage had the

foll owi ng contents:

10  acrylic acid
acetic acid
H,O
isobutene
propane

15 propylene
ethane
ethylene
CO;

Nz

200 0O,
Hz

Yo by vol.
0.02
0.03
11.84
0.01
14.32
7.52
1.21
0.26
2.61
58.41
0.23

3.55

The propane and propylene present in the product gas mixture of the heterogeneously
catalyzed propane dehydrogenation is removed absorptiVely as described in | and

25 'stripped free again by means of air to obtain the following charge gas for the partial
oxidation, which has the following contents:

HO

30 tetradecane |

isobutene

propane

propylene

ethane
35  ethylene

CO,

Nz

Oq

% by vol.
2,39
0.01
0.01
15.15 -
7.95
1.10
0.20
1.05
56.99
15.16

40  This charge gas mixture (it lies outside the explosion range) is used to charge the first
partial oxidation reaction stage described. The propylene hourly space velocity on the
fixed bed catalyst charge is sel_ected at 185 | (STP)/ » h. The pressure at the entrance



5 %yvoL acrylic acid 0.46 acetic acid 0.14 H2O 10.65 1-butene 0.01 10
acrol ein 6.PO563920pane 15.16 propylene 0.17 ethane 1.10 ethylene 0.20 15
CO2 1.62 CO0.23 N2 57.02 02 6.25 20 CPA, the propene conversion at the
end of reaction zone A, is 64.5 nol% CPB, the propene conversion at the
end of reaction zone B, is 94.9 nol % $8@fficient air (25C) is added to the
product gasofthedfirel @abtort Siggd is 1351 bat Bge 3ppra; Thkes2gacrol ein: 02 ratio in the
resulting mxture is 6.59 to 7.07. 25 This mxture is then used directly to
charge the second reaction stagrleseéT = 231.7C). The acrolein hourly space
vel oci ty onlhersoqiyckgas pibstaneeavi eifist 1azetion ptagphad thefollowing comgats’ To =
269C. The pressure at the entrance of the second reaction stage is 2.1 bar.
30 The product gas th"/%”bngIeaVi ng the second reaction stage has the

followi ng contents: by vol. acrylic acid 6.72 35 acetic acid 0.22 HO
11.06 for rA&NdeRFde 0. P46 acrolein 0.05 formic acid 0.03 40 maleic |
anhydri de Gcéfic abiénzoi @ ®&cid 0.01 propane 14.62 PF 56392 83 propyl ene 0.28

et hane 1. 02}_,20 10.65
1-butene 0.01

10  acrolein 6.89
propane 15.16
propylene 0.17
ethane 1.10

- gthylene 0.20

15 CO, - 1.62
CO 0.23
N, 57.02

0O, 8.25

20 CP,, the propene conversion at the end of reaction zone A, is 64.5 mol%.
C"g, the propene conversion at the end of reaction zone B, is 84.9 mol%.

Sufficient air (25°C).is added to the product gas mixture of the first stage that the
acrolein: O, ratio in the resulting mixture is 6.59 to 7.07.

25 _
This mixture is then used directly to charge the second reaction stage (T =231.7°C).
The acrolein hourly space velocity on the fixed: catalyst bed is 152 [ (STP)/I « h.
Te = 263°C; Tp = 269°C. The pressure at the entrance of the second reaction stage is
2.1 bar. '
30
The product gas mixture leaving the second reaction stage has the following contents:
: % by vol.
acrylic acid .72
35 acetic acid 0.22
H,O : 11.08
formaldehyde 0.14
acrolein 0.05
formic acid 0.03
40  maleic anhydride 0.06
benzoic acid 0.01

propane ‘ 14.62



speci fi 84l 1§ d&REFTHER CORY®

ethylene 0.18 (€02 2.03 5 CO0.52 N2 59.86 02 3.20 propionic acid 0.0032
10 CA C, thBF #3638 ein conversion at the end of reaction zone C, is 68.1
nol % CA D, the acrolein conversion at the end of reaction zone D, is 98.8
nol % The propionic acid content based t he amount of acrylic acid present
is significantl 15 bel ow t hose of the exanples of WO 01/96270. In both
reacti on st BP¥EN€he reacti0AP gas mixture flows through both catal yst tubes
from top tethapét om The cdrgents are anal yzed by neans of gas _
chr omat ogr aQtWieﬁQa' ysi s. Ttae]f'lcryl ic acid is renmoved fromthe product gas -
m xture as Ln"the exenplary Z0 enbodi nents of DE-A 10 2004 032 129 and the
r esi dual gaQOiZS recycl ed aé-%(i dation cycle gas into the heterogeneously
catal yzesl delydrogenation. 032 Provi si onal Patent Applications No. 60/584, 469
(filed on wly 1, 2004), 6Q36g6,874 (filed on March 1, 2005) and 60/657, 374
(filed on fch 2, 2005) are i ncorporated into 25 the present application
by literat uPe reference. W8t regard to the abovenentioned teachings,
nunmer ous al pepmhiccatkl and d@wlo3Ri ons from the present invention are
possible. It can therefore be assuned that the invention, within the scope
of the ppepded cl ai s, may, be perfornmed differently to t way _

A pﬁ_a’t@‘@ @#@6@@'%&“%&'@ %8sl ®PFPned is: 1. A
process for preparing acrolein or acrylic acid or a m xture thereof by -
het er ogeneogs), yheLalabiniediohifincki Ahastion tbisbl RsH mpppene, i n which a
5 starting reaction gas mxture 2 I ch conprises the propylene and
nol ecul ar oxygen reactants and the inert nolecular nitrogen and propane
di | uent gaséke pRpbnEags tadent bheethoh thetdreaound Rigrylicaacitl praserpisopghiticantlyn a
nol ar  Ofs C3Kow MdsR of He exambidsSoriROdedadpat el evated tenperature through a

fixed I bed it] ' I | Li I
ox de._compr ATy SERETL R Fotelchegnahir Bvs ol B ClRY TP on

gas mi xturetoptobaléed on its total volunme, has the follow ng contents: from
6 to 9% by Vil LeRemE Ry A8y ridaPRIoB gho cHBMaRigrafy Wilyek, Mol ecul ar oxygen,

15 from6 t"Phe3 g@l@ac\’c? ﬂsLllgf%o%d 3R 'ﬂ’?‘e”&o%‘é{ gas mixture as in the exemplary
20  embodiments of DE-A 10 2004 032 129 and the residual gas is recycled as oxidation -
cycle gas into the heterogeneously catalyzed dehydrogenation.

US Provisional Patent Applications No. 60/584,469 (filed on July 1, 2004), 60/656,874
(filed on March 1, 2005) and 60/657,374 (filed on March 2, 2005) are incorporated into

25 the present application by literature reference. With regard to the abovementioned
teachings, numerous alterations and deviations from the present invention are
possible. It can therefore be assumed that the invehtion, within the scope of the
appended claims, may be performed differently to the way specifically described
herein.
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from32 to 72% by vol unme of nol ecular nitrogen, with the proviso that the
mol ar rati oPR/8632 propane present in starting reaction gas mixture 2 to
propyl ene present in starting reaction gas mxture 2 is from1l to 4, 20 the
mol ar ratio V2 of nolecular nitrogen present in starting reaction gas

m xture 2 to nol ecul ar oxygen present in starting reaction gas mxture 2 is
from 2 to 6MNaats claimedrsl ar ratio V3 of nol ecul ar oxygen present in starting
reaction gas mixture 2 to propylene present in starting reaction gas
mxture 2 is from

1.3 fo 2.4. 25 2, .The cﬁroces acc%di t(% claim1,
wherei n st alti ng PFEEEE %R PRINGPROIRIROAGRUE aCiker & 19| %Wﬂ%ée Mtents: from7
to 9% by vol unehaieérogengnristyrnatalfzedmagtiad gepphtdxidation ahpropénanin witicghar oxygen,
ol cCul S it 1 opifg YEUADR ol RO Z Ve Eormbrives the biapPie Bl KOIMIBLOL ¢ om 3

u | W VI | = . . = rom
(o a5 and " Vs S5Bpnaridhs s Mt el Hitedén s urpiine snigasts, 1
~.wher ei n starti ngnd eaxoprisen thfamolerdanexygen hag therropyignd inla molang.:Garld wties: from
7 to 9% tFpé \éggggrezqfis ]gémﬁifgmgelebétgg)t/&nﬁerb@;réﬁ%@hfa/mlédr@tévist B@bgﬁ@b@; o
oxygen, rom. 10, Q o by..vol une.. of pro nd f.r 0
o0y by vol une. ofetiteeathRdhor e 2t dstehe el B SomBAORAHE ANEERE, 07, 1%
to 2.5 N2 = frone 8ndBi wharel stadingyeaction ggarmixturet2 basadion iptofal valhgmephatess -

according to cliakmiBwindengdnts:V2 is from3.5 to 4. 5. The process according
toclaim3 or 4, wherein V3 is from1l.5 to 2.0. 6. The process according to
claim1l1l, wherein starting reaction (r:;as m xture 2 has the 15 follow ng
contents: from7 to 9%eM §& BhdYorUsioly| ene, PIOPYRNS. 8 to 15.5% by vol une
of nol ecul ar oxygen, fioens §D18% ke vdirEefby vohsrzuat opygepane and 20 from 40

to 60%qgy vol ume of molegik Y 36% by Y8RMe oM LN bidBaRs Q¥4 SO that

from 32 to 72% by volume of molecular nitrogen,

with the provisc that the molar ratio V, of propane present in starting reaction gas
mixture 2 to propylene present in starting reaction gas mixture 2 is from 1 to 4,

20 the molar ratio V, of molecular nitrogen present in starting reaction gas mixture 2
to molecular oxygen present in starting reaction gas mixture 2 is from 2 to 6 and
the molar ratio V; of m_olecuia'r oxygen presént in starting reaction gas mixture 2
to propylene present in starting reaction gas mixture 2 is from 1.3 to 2.4.

25 2. The process according to claim 1, wherein starting reaction gas mixture 2 has the
following contents: ‘

from 7 to 8% by volume of . propylene,

from 9.8 to 16% by volume of molecular oxygen,
30 ‘ from 9 to 25% by volume of ! propane and
from 35 to 685% by volume of molecular nitrogen,

with the proviso that

35 V;=from1103.5
V, =from 3 to 4.5 and
Vs =1from 1.4 {0 2.2.

3.  The process according to claim 1, wherein stafti‘ng reaction gas mixture 2 has the
40 following contents:

from 7 to 9% by volume of propylene,
from 9.8 to 15% by volume of molecular oxygen,



V, = froml.5to0 2.2 25 V2 = from3.5to0 4.5 and V3 =from1l.5to 2.14. 7.
The processPRB&382di ng toclaim6, wherein V2 is from3.5 to 4. 30 8. The
process according to claim6 or 7, wherein V3 is-from1.5to 2.0. 9. The
process according to claim11, wherein s&?rti ng reaction gas mxture 2 has
the follow ng contents: 35 from7 to 8%’by vol une of propylene, from11l.9
to 15.5% by vol une of dhetmE e 20%gamlumd sfom piop3né and 5. 5% by vol une of

broviso that V. = 1rom Bt &% 8RoRhsls! £EtElpallef AEEE S (' 35 and Vs -

from1l.7 to 2.1. 10. The process according to claim9, wherein V2 is from
3.5 to 4. 5 1lwithfthepmvizodsst according to claim9 or 10, wherein V3 is from
1.8 to 2 0. 12. The process according to claim1, wherein starting reaction
gas mxture 2 has the _follow contents: 10 from7 to 9% by vol ume of
propyl ene, from9.8 tovlé'ﬂfJ%Ql"{}’%P of nol ecul ar oxygen, from21 to 28% by
vol ume of propane and M;enrotd 3tidocdiBaiy vol unme of nol ecul ar nitrogen, 15
with the proviso that S V2 = from3.5to 4.5 and 20 V3 = from
1.4 to 2.14. 13. The prvé/c’:jsin?g]é‘gtg?g‘ﬁhg to claim12, wherein V2 is from3.5
to 4. 14. The process according to claim112 or 13, wherein V3 is from1.5 to
2.0. 29 15 THemromsss scemwdiogdd nigin 8, wingreinfV.d$ loms3.4tac4 14, wherein the
total content in starting reaction gas mxture 2 of constituents other than

I , Jrol I . d I l, it is 510% b
e Eres"S0 95, R S5 oals SRR NPER el AR e
starting reaction gas

8.  The process according to claim 1, wherein starting reaction gas mixture 2 has the
15 following contents: \

from 7 to 9% by volume of propylene,
from 9.8 to 15.5% by volume of  molecuiar oxygen,

from 10.5 to 15.5% by volume of propane and
20 from 40 to 60% by volume of molecular nitrogen,

with the proviso that
Vy=from1.5t022
25 - V, = from 3.5 to 4.5 and
V; =from 1.5t0 2.14.
7. The process according to claim 6, wherein V; is from 3.5 fo 4.

30 8.  The process according to claim & or 7, wherein V3 is from 1.5t0 2.0.

9.  The process according to claim 1, wherein starting reaction gas mixture 2 has the
following contents: '

35. from 7 to 8% by volume of propylene,
from 11.9 to 15.5% by volume of molecular oxygen,
from 11.9 to 15.5% by volume of propane and
from 50 to 60% by voiume of molecular nitrogen,

40 with the proviso that

V¢ =from 1.7 to 2.1



m xture 2 conprises fromO0.5 to 8% by volune of at |east one of the
conpounds PRre56G82e and et hane. 17. The process according to any of clains 1
to 15, wherein starting reaction gas 35 mixture 2 conprises fromO0.5 to 5%
by vol une of at |east one of the conmpounds mnethane and ethane. 18. The "
process according to any of clains 1 to885, wherein starti ng reaction gas

m xture 2 conprises fram=Crdm 8BS td% Pynd/ol une of at | east one of the '
conmpounds 40 met hane ‘V'df?t}nl?afr?etoz . The process according to any of clains
1 to 17, wherein startifg reaction gas PF 56392 87 mixture 2 conprises s5%
by vol une of water and !55% by vol unme of carbon oxides. 20. The process
accor di ng t10. amheqfroadsaiansording o &1Zim Qmme&iaun \Gtimfromreys teedict i on gas- 5 m xture
2 conprigses 53% by vol une of water and 53% by vol une of carbon oxides. 21.
The process ac to any of clains 17, wherein starfing reaction
gas nixturld-2 ‘?g S§8 8CC0rding 1o, claig 3%1%""%?'&\’3&%@0’3 159495 Bvol une of
carbon 10 oxi des. 22 The process according to any of clalns ‘1 to 21,

wherein_stapti Rge g@&ésg%gc&a,ﬁ? (S SuerG AR AP e e Hind(Ph TR B vt o7

15 23. The pr 03 EW accor |ng 0 any of ains 1 erein the total.
content in Pliowing s on gas nixture 2 of constituents other than
propyl d8e, nol ecul ar oxygen, propane and nol ecul ar nitrogen is s5% by

vol une. 24. The proces$oaCeRy sh g vbRn M Of Cl glofPlede 0 22, wherein the
total content in 20 s art tio as. m xtu of constituents other
t han propyl ene, nol ecu ‘-552‘?/ gﬁ%yﬂp%@e ande[?FE@DP’Q’IQ ®fitrogen is 53% by
vol une. 25. The proces@’o&c&b&cﬁ&ﬂ’gbymiamy obf cl priopsneland 24, wherein the

source used for the ' pkeRYArRRS4 %wgmb@fstarhb%ulgpﬁ,%ggn gas mxture 2 is
propylgge formed in 25 processes for the continuous hetefogeneously

catal yz&d partial dehydrogenation and/or oxydehydrogenation of propane in
the gas phase, wilhttheptovisedipeine unconverted in the heterogeneously catal yzed
partial dehydrogenation and/or oxydehydr ogenati on bei ng renoved beforehand
fromthis propyl ene. Bg/ 23 Er ocess according to claim25, wherein the
process of a heterogen 6u at alsyzed partial dehydrogenation of propane
i's an aut ot her mal dehy&'nod@ﬁaﬁﬁdﬁ"‘ The process according to claim25 or
26, whepei n the proces¥,kdront ha teet1ar ogeneously catal yzed parti al

dehydr ogenati on of propane is one in which 35 - a starting reaction gas

m xture 1 corrpr|5| ng the propane to be
The process according to ¢claim 12, wherem V, is from 3.5 {0 4.

14. The process a'ccording to claim 12 or 13, wherein V; is from 1.5 t0 2.0.
25 _
15.  The process according to any of claims 1 to 14, wherein the total content in
starting reaction gas mixture 2 of constituents other than propylene, molecular
oxygen, propane and molecular nitrogen is <10% by volume.

30 16.. The process accbrding to any of claims 1 to 15, wherein starting reaction gas
mixture 2 comprises from 0.5 to 8% by volume of at least one of the compounds
methane and ethane.

17. The process according to any of claims 1 to 15, wherein starting reaction gas
35 mixture 2 comprises from 0.5 to 5% by volume of at least one of the compounds
methane and ethane.

18. The process according to any of claims 1 to 15, wherein Starting reaction gas
mixture 2 comprises from 0.5 to 3% by volume of at least one of the compounds

40 methane and ethane.

19. The process according to any of claims 1 to 17, wherein starting reaction gas



~dehydrogenated is fed continuously to a dehydrogenation zone, - in the
dehydr ogen®@Figg3920ne, starting reaction gas mxture 1 is conducted through
at | east one fixed catal yst bed over which nol ecul ar hydrogen and 40
~propylene are fornmed by catal ytic dehydrogenation, - at |east one nol ecul ar
oxygen-conprising gas is added to start?ﬁg reaction gas mxture-1 before

and/or after erdittirel Nédmprizves eetrysl @uanabf Rate? ORE=5BbyRRI7e Sarbort he .
- ol ecul ar 0Xyg§§'i8é§ oxi di zed in the dehydrogenati on zone partly to steam in
y

t he nol ecul ar Fogen present in reaction gas mxture 1 and - a product gas
whi ch conpri ses nol ecul ar hydrogen, steam propylene and unconverted
propane is2@ t MHe protebs acootding tednydif eRimat ito N7 agneeein wtdrting fRactidn gasovi so t hat

the proguct - gas i AL auih<LL ol K ISR OF GRAEN 25529 R Bckhelga nto two

portions of iden conposition and one 0O portions 1s recycled
into the dehydP&Q@hation zone as dehydrogenation cycle gas. 28. The process
according to claim 27, wherein the dehydrogenation cycle gas is 10 recycled

into starthipg i ! ) : J cl ai m 28,
uher oin st 2111 10C PSSR SRS ot g 1 0y RIER SFE S A 0o 0
vol une of propHaUre % ¢aspRrises §28oRyiPIures AhwalsF apg 3% by velume of serton o 209 by

vol une10f st eanxidés.om 2 to 10% by vol unme of nol ecul ar hydrogen, from40 to

75% by vol unme of nolecular nitrogen and 20 from> 0 to 3% by vol une of

nol ecul ar ygep. 30. The process accordin ¢l aim 28 or 29, wherein the
Oroduct  gagsyonf PEsEss AOTIRE LAY GhEGITS &R 2T s oip SN AR ERe 1 o
propane rati o ofxiiredhednBises 206%6By vélim8 bf waitee. pr ocess according to any of
claims 1 to 24, wherein the source used for the propylene present in

starting reaction gas m xture is the produ as_.m xtu of, a partial
pr opanégdeﬁg'drEB%H%‘:P%E‘?CHF‘K&H‘H @r?né(tdlcgggﬁ ?g‘bg/é SRIN FRtOBY COMEN Bonst i t uent s
ot her than proparimgaeattion gpy méxtarep? efsenstitients othep traduropylgre, ofoladatar30

propane dehydre%@@ﬁ,tm@aa_ R RBRBUIBEAMYESh is X% Dy Wolihecess accordi ng to any
of clains 1 to , Wherein the hourly space velocity on the fixed catal yst

bed of propylene is fromz 1351 (STP)/Ih to 300 1(STP)/1lh. 35 33. The
process aceéér di hgprosesmaccofding tgiany of clains 1 fo dhavherrein thectolal eprytertia
' 20 starting reaction gas mixture 2 of constituents other than propylene, molecular

oxygen, propane and molecular nitrogen is £3% by volume.

25. The process according to any of claims 1 to 24, wherein the source used for the
propylene present in starting reaction gas mixture 2 is propylene formed in
25 processes for the continuous heterogeneously catalyzed partial dehydrogenation
and/or oxydehydrogenation of propane in the gas phase, without propane
unconveried in the heterogeneously catalyzed partial dehydrogenation and/or
oxydehydrogenation being removed beforehand from this propylene.

30 26. The process according to claim 25, wherein the process of a heterogeneously
catalyzed partial dehydrogenation of propane is an autothermal dehydrogenation.

27. The process according to claim 25 or 26, wherein the process for the
heterocgeneously catalyzed partial dehydrogenation of propane is one in which
35
- a starting reaction gas mixture 1 comprising the propane to be
dehydrogenated is fed continuously to a dehydrogenation zone,
- in the dehydrogenation zone, starting reaction gas mixture 1 is conducted
through at least one fixed catalyst bed over which molecular hydrogen and
40 propylene are formed by catalytic dehydrogenation,
‘ - at least one molecular oxygen-comprising gas is added to starting reaction
gas mixture 1 before and/or after eniry into the dehydrogenation zone,



conver si on ﬁf%ﬁ‘ﬁgl e pass is z 90 nol % and the associ ated sel ectivity of
acrolein formath®on and of acrylic acid by-product formation taken together
is z 90 nmol % and 40 a) the hourly space velocity on the fixed catal yst bed
of propylene present in starting reactggn gas mxture 2 is >_ 160 1 (STP)
of propylene/l of fixed catalyst PF 56392 89 bed h, b) the fixed catal yst
bed consists of- ohe Malsqeroxydan s oxigizad i theslgbydrraenalien zeprpartly I3/si88Mcessi ve
reacti on zones Af*ip tifd molebalat kygregert preserdin reasiidn gus minivee 1Ahdbei ng from 300
to 390C and a te I : | Fns B | f g&@ 20C and
at the same ti m%?golaggsq%s?g'%ﬁﬁérggﬁfe tI uEFQPﬁPQ%fSE%EEUOF#%QEE A*, ©)
starting reacti ortNgRBVEHERIPRANS I3 PWEORaYR f%b edehyqreaenatighgenawithgee | 1y ¢ ne
time séquence "fproweso Wat the'drbduct Bas wilndiaah froeatbe idehydrogenafivn eatecisds up to a
conversi on of - Pr (BABE o MoaBriifhs!c? idehflcdiBofipbeftiorPhd JREoMPORRSorficROr di NG
| | ol I owed e

to any of clainms 1 to 33, C y rocess . for t

ot of Sgeneousl y dATSFBRIBAIR SN IpaENHRELE S o5 dENT SROTTRIE PSR 1 or red i n
the process according to any of clains 1 to 33 to acrylic acid, in which a
15 startinggr eafd @BcARBBbING!S cBint PPLASERINS G5l dinbforr QRANGLEE t hrough
a flxeq cat al yst Gi)ed V\/nSg%ﬁ actiye COHE[‘)}I%III‘IOH I s "at 1east one Tultinetal
oxi de onpri si"RyyqadnioSiFrEng LagkongRP NXU. 1 The process according to claim
34, wherein starting reaction gas mxture 3 has 20 the follow ng contents:
from4.5 t @g8%ihe ﬁf@&éé@%c%rd?ﬁﬁrté’l:@lnﬁ‘-Qs,f\X/&fFéi%-s?a'?ﬁr@re%%ctw%é‘s(}h&f{?e ef nol ecul ar
oxygen, from6_to 30% by vol une of propane, 25 from 32 to 72% by vol une of
nol ecul ar nitrc?g?mr'sesf'rom 5 to 15% by volune of steam 36. The process
according to claim 35, wherein starting reaction gas mxture 3 conprises

from 445 to 9% by vol ugemofs teser Y dsiumgween. p@Paid,. The process according

contentst frome. & [‘055&%%%8%% BRIOUPEETS) o HIoPUEE: om 2. 751 0 9% by vol ume
of nol ecul ar oxygen, freor tbRUebeBokitg ofol undteam, pr opane,
from 2 to 10% by volume of molecular hydrogen,
from 40 to 75% by volume of molecular nitrogen and
20 - from > 0 to 3% by volume of molecular oxygen.

30. The process according to claim 28 or 29, wherein the product gas comprises
propane and propylene in a molecular propene to propane ratio of from 0.3 to
0.66. '
25
31.  The process accordihg to any of claims 1 to 24, wherein the source used for the
propylene present in starting reaction gas mixture 2 is the product gas mixture of
a partial propane dehydrogenation in which at least 50% by volume of the
_ constituents other than propane and propylene present in the product gas of the.
30 propane dehydrogenation have been removed. '

32. The proce'ss according to any of claims 1 to 31, wherein the hourly space
velocity on the fixed catalyst bed of propylene is from 2 135 | (STP)/I*h to
300 ) (STP)/l+h.

35 _

33. The process according to any of claims 1 to 31, wherein the propylene
conversion in single pass is > 90 mol% and the associated selectivity of acrolein
formation and of acrylic acid by-product formation taken together is 2 80 mol%
and '

40 _
a) the hourly space velocity on the fixed catalyst bed of propylene present in
starting reaction gas mixture 2 is 2 160 | {STP) of propylene/l of fixed catalyst



from40 to 70% by vol unme of nolecular nitrogen, from5 to 15% by vol une of
steam 40 3BF 56882 pr ocess according to claim 37, wherein starting reaction
gas mxture 3 conprises from5.5 to 9% by vol une of nol ecul ar oxygen. PF
56392 90 39. The process according to c]aim34, wherein starting reaction
gas mxture 3 has the follow ng content®d fromé6 to 8% by vol une of
acrolein, 5 from Bed ®h9% by vol ume of nol ecul ar oxygen, from 10 to 20% by
vol une of propa f 9 Y , j from?7
to 13% by vol un@eg}e fé(tg g'ggn&lffgb%c@r{%és prég‘cggggé 5%@@?5&@&{%%@?@# 9, wherein
starting reacti onSepiiglypyccgpeivesreagiinmranes & f Bo thestemperaiyeof iractinm zene

nol ecul ar oxygen. A#being fremp30icleso08C and ditergpératues of n&a&gbntroné(B* b&h@l’f]?:im
starting reaction C - o

acrol ei gj 15 42. %ﬁ%&p@oﬁ%@agggh& I ng |rﬁ§§5l%&0r§f @thbg}f%gﬁe%ém}‘%aﬁﬁﬁ 0\%her ein
starting reactionf&p&don #netAre 3 conprises from 10 to 16% by vol une of
propane. 43. The) ptattihgsadtion gadimigute? fisys Bifoughatamtiol Zohes AD B*Wwhtheetinme

starting reaction %% ir G0 266 U - o€ rises from0.5 to 8% by vol une of
nmet hane and/ or et _ﬁa e.nc%%.r Tﬂﬁe’ forgc%esgﬁgéccor ding to any of clains 34 to 43,

> ] g
wherei n the acr®l EaRPbERNSA" @Rl UPLP GGonyersianohBropeR@ At ke 40ySt bed is
from? 1MB51 (STP)B0mMd%. 2901 (STP)/1h. 25 45. The process according to any
of clains 34 to 43, wherein the acrolein conversion in single pass is > 90
nmol % and t he associ ated sel egtivit f acrylic acid  formation is-? 90 nol %
and 30 a) tHe howF PPCETRRTNGRIATY e g b dick i f9ower BY 2rostSeol ei n
present in st aforthecheteragénemusiyastaiyzet padiaBgasplast saHa{iGTEf) acodleindomhazi n/.|  of

fixed catal yst in%@lpﬁkes@éc&ﬂﬁn f&ﬁg{f%ﬁhﬁ% 528h SOPR I iPnieRS 1 xed
catalyst_ bed arran_%e In two spatial successi ve react] on zones .C*,
the tenjfer at ur eS'BFINE £ERAIPB S ureﬁ;cq%pr@g]gﬁrqlglaﬁﬁ %Hj”f: d3higean adixed .
t enperat ure of caalystibed wiose ablivebmirmpsiticons @08ast on8 @0 Lireetd! adidet he sane tinme
at |east 5C aboyginbdihd BERRNAENY Bo b V.eaction zone C*, c) starting reaction
gas mxture 3 flows through reaction zones C*, D* in the tine sequence
"first C", "then D" and :

35. The process according to claim 34, wherein starting reaction gas mixture 3 has

20 the following contents:
from 4.5 to 8% by volume of acrolein,
from 2.25 to 9% by volume of molecular oxygen,
from 6 o 30% by volume of propane,

25 - from 32 to 72% by volume of molecular nitrogen,
from 5 to 15% by volume of ~ steam.

36. The process according to claim 35, wherein starting reaction gas mixture 3
comprises from 4.5 to 9% by volume of molecular oxygen. .

30
37. The process according to claim 34, wherein starting reaction gas mixture 3 has
the following contents:
from 5.5 to 8% by volume of acrolein,
35 , from 2.75 to % by volume of molecular oxygen,

from 10 to 25% by volume of propane,
from 40 to 70% by volume of molecular nitrogen,
from 5 to 15% by volume of steam.

40 38. The process according to claim 37, wherein starting reaction gas mixture 3
comprises from 5.5 to 9% by volume of molecular oxygen.



40 d) reaction zone C* extends up to a conversion of acrolein of from55 to
85 mol % PPRBPPE 01 46. The process according to any of claims | to 24, -
which is followed if appropriate by a process for the heterogeneously

catal yzed partial gas phase oxidation o&gacrol ein formed in the process 5
according to any of clainms 1 to 24, in ich this acrolein is conducted as a
const i t uent3Sof Thestratassgeordingtid olaing a4, wieceinrséardng teactiorhgas hixivee 3dasal yst
bed whose act ierdiewpPRTohicAs:i s at | east one multinetal oxide conprising
the elenents Mo and V, and, - in a first stage preceding the process
according to any of clainms 1 to 24, 10 propane is subjected, as a
constituent of a start frag & byvolyme afi xt ur ecrolein,t o a parti al

het er oggneously cat al y#ggh FIRoAb9gsRA AN | N kidfctRs oRftrpe to forma
product gas m xture 1 ﬁ/ni C@) ccéﬁt;}rgse%wrogyl ene _and unconverted propane, - a
portion is renoved if B'Br ptroi BOXY ERe” coRSPPrent s ot her than 15
propane and propyl ene fipedihp 65f pheolphedfict gwisckaxniiogen,, conpri si ng

propyl ene and unconver {ggh PlO18MBy vallme® preseding stage and it is then
used as a constituent of starting reaction gas mxture 2, - acrolein,

acrylic acid or a mxture thereof is renoved as the target product fromthe
pr oduct!0gad0ni Xhepeocess asaorging fo eaim 3 wierain slartijggeptiivodasmigdrs dn 20 and

at | east unconyempesksFrddhene 9% of Molebilsr &5@geNal is recycled into the
preceding first stage and - fresh propane is added to starting reaction gas.

mxture 2 and/or to starting reaction gas mxture 3. 25 47. The process
accordi ng .- arlye grocepapererdng tooclaim 3pri 4t whereinptagingdeasfion gge dudyee 3 n
whi ch the proddemhpgss fronk td %My ddnen@ef fdrélein. parti al oxi dation, after
direct ,cand/or indirect cooling if appropriate, is fractionally condensed

ascending within a colum c_onPri sing separating internals wth side draw
renoval of 4ér udee REqopps accosdingitogy & clains 8P kedt. Whereilgtasinggartinn aasueous

solution. 30 4ixtiree qnaerises freectl @i 183 by vellmiensf gopawbi ch is fol |l owed by a
process in which the crude acrylic acid is subjected to a suspension
crystallization to formacrylic acid  suspension crystals and remai ning

mot her |iqddr. 188 pﬁ@ﬁ%@%&'@ﬂ:&@%ﬁ&@“ﬂ? E@ tq 42 (Yher &iD BtRrtingEaFiaNYa8o| | owed
by a pedcess i mixinechcdriveriseadoyl 0.8 taslethyswobpensi methany shdbsetaare.r enoved from
remai ni ng nother liquor by nmeans of a wash colum. 50. The process

according to claim49, wherein the wash colum is one with forced
44, The process according to any of claims 34 to 43, wherein the acrolein hourly

space velocity on the fixed cataiysf bed is from 2 1351 (STP)/I*h to 290 |
_ (STPYI<h. '
25
45. The process according to any of claims 34 to 43, wherein the acrolein conversion
in single pass is 2 90 mol% and the associated selectivity of acrylic acid
formation is = 90 mol%, and

30 a) the hourly space velocity on the fixed catalyst bed of acrolein present in
starting reaction gas mixture 3 is = 150 | (STP) of acrolein/l of fixed catalyst
bed « h,
b) the fixed catalyst bed consists of one fixed catalyst bed arranged in two
_ spatially successive reaction zones C*, D*, the temperature of reaction zone
35 C* being from 230 to 270°C and a temperature of reaction zone D* being
from 205 to 300°C and at the same time at least 5°C above the temperature
of reaction zone C*¥,
c) starting reaction gas mixture 3 flows through reaction zones C*, D* in the
time sequence “first C*", “then D*" and o
40 d) reaction zone C* extends up to a conversion of acrolein of from 55 to
85 mol%.



40 transport of the crystal bed. 51. The process according to claim49 or

50, wherei PE B6&392ash columm is a hydraulic PF 66392 92 wash colum. 52. The
process according to any of clainms 49 to 51, wherein the wash liquid used is
the nmelt of acrylic acid crystals which _have been renoved beforehand in the
S wash colum. 53. The process accordin§1to any of clainms 49 to 52, which is

fol l owed bysm priRcEdsesd ébcmmm‘ghotahg of ggm@ﬂtoagzr ylic acid suspension crystals
are nelted and free- radically polynerized to poI YIer s.
- which is followed if appropriate by a process for the heterogeneously
catalyzed partial gas phase oxidation of acrolein formed in the process
5 according to any of claims 1 to 24, in which this acrolein is conducted as a
constituent of a starting reaction gas mixture 3 through a fixed catalyst bed
whose active composition is at least one multimetal oxide comprising the
elements Mo and V, and,
- in a first stage preceding the process according to any of claims 1 to 24,

10 . propane is subjected, as a constituent of a starting reaction gas mixture 1,
to a partial heterogeneously catalyzed dehydrogenation in the gas phase
to form a product gas mixture 1 which comprises propylene and
unconverted propane, .

- a portion is removed if appropriate from the constituents other than

15 propane and propylene present in the product gas mixture 1, comprising
propylene and unconverted propane, of the preceding stage and it is then
used as a constituent of starting reaction gas mixture 2,

- acrolein, acrylic acid or a mixture thereof is removed as the target product
from the product gas mixture resulting from the partial gas phase oxidation

20 and at least unconverted propane remaining in this removal is recycled into
the preceding first stage and

- fresh propane is added to starting reaciion gas mixture 2 and/or to starting
reaction gas mixture 3.

25 47. The process according to any of claims 34 to 46, which is followed by a process
' in which the product gas mixture of the acrolein partial oxidation, after direct

and/or indirect cooling if appropriate, is fractionally condensed ascending within
a column comprising separating internals with side draw removal of crude acrylic
acid and/or absorbed with water and/or agueous solution.

30 _

48. The process according to claim 47, which is followed by a process in which the

crude acrylic acid is subjected to a suspension crystallization to form acrylic acid
suspension crystals and remaining mother liquor. |

35 49. The process according to claim 48, which is followed by a ptocess in which the
acrylic acid suspension crystals are removed from remaining mother liquor by

means of a wash column.

50. The process according to claim 49, wherein the wash column is one with forced
40 transport of the crystal bed.

51. The'proéess according to claim 49 or 50, wherein the wash column is a hydraulic



PF 56392

52.

- B3,

92
wash column.

The process according to any of claims 49 to 51, wherein the wash liquid used is
the melt of acrylic acid crystals which have been removed beforehand in the
wash column. ‘

The process according to any of claims 49 to 52, which is followed by a process
in which the removed acrylic acid suspension crystals are melted and free-
radically polymerized to polymers.



