PF,54389 | Method for the heterogeneously catal yzed partial gas phase

oxi dati on ofPFp?4388ne into acrolein The present invention relates to a
process for partially oxidizing propene to acrolein in 5 the gas phase
under heterogeneous catal ysis by conductifig a starting reaction gas mxture
whi ch conpri ses propene, nol ecul ar oxygen and at |east one inert gas, and
contains t hélletmgfm ther halgrpgeneaysly catrlyzed pagiabgamphasewixigatior ogFpeeneintco of >

| in a reagktdMinstage over a fixed catal yst bed whose active conposition is
at | east one nultinetal oxide conprising the elenments Mb, Fe and Bi, with
the proviso that 10 the fixed catalyst bed is arranged in two spatially
successi ve tldepsesant inventipndslates to procassfor partially xigizingt rrepenst totasraiein it ur e
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bod zone. ¢ HONBHALDEIS e ing Re Bl e, 87 BE s Blaspiathe pr opone
of from190 to 80 nol% 25 on single pass of the starting reaction gas

m xture thrqugh th@ﬁxmétél?stfﬂeawanwealnyﬁﬁo Haddially S cBEMRERMpeANNRIZBhES S Z
90 nol % and t he ectivity of acrolein formation based on converted

propene is 2 90 '% 30 the sequence in tinme in which the reaction gas
m xture flows through the tenperature zones A B corresponds to the

al phabeti c sequessuetHeitehPeratire BPRAHerdtareZ2RB R and thBtempethlure SPRAPetlRC LY
of the Rizopene cont he start 35 mixture on the

I ned in t Ln ea n
fixed catsal yst lfé’&ei%s'sﬁqg'@p?rae%?ﬁ)E’Sfra?ﬂ%o%%ﬂgﬁp?%?g&?xed bed catalyst --h -
the difference TmaxA - TmaxB, formed fromthe highest tenperature Tmaw+
which the reactthefxatPsatalystibeteohsists \bf biveBstitREBEARIY 66cceabive fixedPétialidte

hi ghest tenperature 40 T lch the.reactio as xtur.e has t hi.n
t enper at ure zon ebelg qogg.% %l%)iﬁ%\ﬁagﬁlg-as@egﬂc g&lwty Aithif onerﬁxeé catalysfabe zone'is
substantially constant and increases sharply in the flow direction of the reaction
20 gas mixture at the transition from one fixed catalyst bed zone to another fixed

catalyst bed zone,

- the temperature zone A extends up to a conversion of the propene of from 40 to
80 mol%,
25
- on single pass of the starting reaction gas mixture through the entire fixed
catalyst bed, the propene conversion is 2 90 mol% and the selectivity of acrolein
formation based on converted propene is 2 90 mol%,

30 the sequence in time in which the reaction gas mixture flows through the
temperature zones A, B corresponds to the alphabetic sequence of the
temperature zones,

- the hourly space velocity of the propene contained in the starting reaction gas
35 mixture on the fixed catalyst bed is =2 90 | {STP) of propene/t of fixed bed
catalyst --h :

- the difference T™* — T™% formed from the highest temperature T™* which the
reaction gas mixture has within temperature zone A, and the highest temperature
40 T™8 which the reaction gas mixture has within temperature zone B is = 0°C.



The abovenenti oned process for partially oxidizing propene to acrol ein under
het er ogeneolRF 84389l ysis is known in principle, for exanple, from WD 00/53556
and is of particular inportance as a first oxidation stage in the
preparation of acrylic acid by 5 tmo-sta%f catal yti c gas phase oxi dation
starting from propene. Acrylic acid is a | nportant nonomer which finds use
as such or in the formof its acrylic ester for obtaining polyners
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t hrough the jheprédige. st age under otherwi se predefined boundary conditions.
20 A further objective is to achieve a very high conversion CP of propyl ene

(this is the nunber of noles of converted propene, based on the nunber of
mol es of 10pr dpeddition fewpleswasexygee apade reactants, theatartimmrega%oma&mmr@ hr ough
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the SAC is h| h at |gh CP, this corresponds to a high yield YAC of acrolein

(YAC is t he"RFTdaaRa Scp - SAC; i.e. the nunber of noles of propene converted
to acrolein, based on the nunber of noles of propene used). A further
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liters). At @n sin)gﬂs basy ofghe esactiorega Mdure tiiroug@t thatresctioh stagelwndyr sthemse

vel ocity of xed catal yst bed of the reaction stage
(this refersFR gbgpr%&ﬁcoﬁotngpene inliters at STP (=1 (STP); the

volunme in liters which would be taken up by the appropriate anmount of
pr opene 2indea fisthendisiective dsitdi dchizve a venehigatoEGiam G’ bf papylemd (this is heconduct ed

as 3, consti iy 8?&0@3‘?%%5\51%8%6@9E%d%ﬂﬁhghifﬁlliéreof%lé’é‘%r% diter of

fixed catal he ‘s 54389 3
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ai ms can i ndsketwise iderticaMmdindarymonditions. e by nmeans of the process descri bed
at the outset for heterogeneously catal yzed partial gas phase oxi dation of
ropene to
Prop 25  When the S*C is high at high CP, this corresponds to a high vield YA° of acrolein (Y*® is
the product C* - S*: i.e. the number of moles of propene converted to acrolein, based
on the number of moles of propene used).

A further objective of such a heterogenecusly catalyzed partial gas phase oxidation of

30 propene to acrolein is to achieve a very high space-time yield (STY*) of acrolein (in a
continuous process, this is the total amount of acrolein obtained per hour and unit
volume of the fixed catalyst bed used in liters).

At a constant given yield Y”°, the greater the hourly space velocity of propene on the

35 fixed catalyst bed of the reaction stage (this refers to the amount of propene in liters at
STP (=1 (STP); the volume in liters which would be taken up by the appropriate amount
of propene under standard conditions, i.e. at 25°C and 1 bar) which is conducted as a
‘constituent of the starting reaction gas mixture through one liter of fixed catalyst bed
per hour), the higher the space-time yield.



acr,olein. 5 This is advantageous in that a | ow vol une-specific activity can
be achieved R %4889 a fixed catalyst bed or fixed catalyst bed zone, for
exanple, by diluting the actual shaped catalyst bodies bearing the active
conposition with inert shaped dil uent bodé(es free of active conposition,
whi ch makes the fixed catal yst bed | ess e€xpensive overall. 10 However, a
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results, fory Eﬁinéplu?alﬁﬁéﬂéﬁwg%uﬁéz _PF 54389 4 When they are taken
as substantially Counteracti've nmeasures or exanple, transition froma

hotter tenperature zone A to a colder tenperature zone B and transition from
a According to the teaching of EP-A 1106598, it is advantageous when fixed catalyst bed

zones and temperature zones spatially coincide.

25
However, detailed in-house investigations have shown that spatial coincidence of fixed
catalyst bed zones and temperature zones is generally not beneficial for optimum
achievement of the different objectives referred to.

30 Among other factors, this can be aftributed to the transition from temperature zone A to
temperature zone B and the transition from one fixed catalyst bed zone to another fixed
catalyst bed zone being taken as substantially coactive or as substantially
counteractive measures.

35 When they are taken at substantially coactive measures (for example, transition from a
colder temperature zone A to a hotter temperature zone B and transition from a fixed
catalyst bed zone having lower volume-specific activity to a fixed catalyst bed zone
having higher volume-specific activity, both measures have the purpose of supporting
the reaction), the overall effect achieved in the transition region frequently overshoots

40 the aim pursued and this results, for example, in a reduction of S*°.



fixed catalyst bed zone having | ower volune-specific activity to a fixed
catal yst bedPF 543 havi ng hi gher vol une-specific activity; the first neasure
has the purpose of 5 reducing the reaction, the second neasure has the
purpose of supporting the reaction), the effects frequently neutralize each
other in the transition region, resulting in a reduced CP. It is an object
of the preséithen theyare taken @s snbsﬁamllacmwgs@ermcamww@mm transition
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fixed cat al ystangesheat) aichtdoes hotihavecths dishuwartqisicfitie/prionanessi ve fi xed
catal yst bed zones, and the volunme-specific activity within one fixed

catal yst bed zone is substantially constant and increases sharply in the
f1 ow di rect i 08 hgve fqupd teal this ghiectja schipyad p¥ea Riocesiof pamtially exidizipy BFﬁP@ﬁé fixed
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sequence in hifRetdd o¥illé €Bmbfiding BREIARENS Wb, Fb&hHrB? witrohe prdviuply the 40
tenperature zones A, B corresponds to the al phabetic sequence of the

tenperature zones, PF 54389 5 - the hourly space velocity of the propene
contai ne2l-i n t hethetfied catglysideast is arragged intwa spatiallp sucdeesive lemperatued Zanesbed i s
z 90 | (STP) of grgpene/l of fixed bed catalyst h

- both the temperature of temperature zone A and the temperature of temperature
zone B is a temperature in the range from 290 to 380°C,
25
- the fixed catalyst bed consists of at least two spatially successive fixed catalyst
bed zones, and the volume-specific activity within one fixed catalyst bed zone is
substantially constant and increases sharply in the flow direction of the reaction
gas mixture at the transition from one fixed catalyst bed zone to another fixed
30 catalyst bed zone,

- the temperature zone A extends up to a conversion of the propene of from 40 to
80 mol%,

35 - on single pass of the starting reaction gas mixture through the entire fixed
catalyst bed, the propene conversion is 2 90 mol% and the selectivity of acrolein
formation based on converted propene is 2 90 mol%,

- the sequence in time in which the reaction gas mixture flows through the
40 temperature zones A, B corresponds to the alphabetic sequence of the
temperature zones,



5 tthe difference Tma"" - T''a"B, forned fromthe highest tenperature

Ta" Awhi ch tPfe5438%ction gas mixture has within tenperature zone A and the
hi ghest tenperature TnaxB which the reaction gas m xture has within
tenperature zone Bis a 0C, 10 wherein thg transition fromtenperature zone
A to tenperature zone B in the fixed catalyst bed (spatially) does not
coincide with a transition fromone fixed catalyst bed zone to another

fixed catal yst bgdhegigspdde \fehicﬁ¥ gome elcBAtalrRARe (! startin@ feRtibregRer at ur e

zone refers to the b b %n lan.of the, fixe tal yst bed
di sposed in the Tgﬁ%ggﬁﬁﬁ?aé%gg%gmmé%dbsrhagﬁ?éfr@ O{ﬁreOPSP%IE@Jsf)é‘eggégrdi ng to

the invention, esa@$t-ihn the absence of a chenmical reaction. Wen this
tenperatwge is not constant within the tenperature zone, the term
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zone and ge r :EE&H m (heating point maxi num) or fall
starting fpgagébéggtﬁ%i%{egaﬁ‘ﬁ@%wﬁ? [ neguterrperature zone. In general, the
difference Tma" - T ' "a"g in the process according to the invention wll not
30 be nore tlinahis doCumétcibedemperaturé bfa temypenratuezonénefers to thetdthpesatpresdfer abl y
> 3C angk s ' ' ; ra ' :
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(STP)/1 h awither thHi$EmpefaTR)is hohdonstanpwitkin hrtempesgiareczone] tbeitérmes on t he
fixed catal hipehfithe df Bderherature 2dEhen Mikisb M- GRicigal) fedn 8Fer ding to the
I nvention are nornal Iﬁ/ﬁ al n{aa? %%1 on t(I}S one  hand go.th th@ L&n})?‘r ature
of tenper at UEBPEEHYE Rf thefixed catalystBed alp(i9 thedpmpeiaiup z0(i¢-dt s seeliabifat thR ¢ he
range fr2in 29gating oBBedndividyal temperhtirezdnes ihsulstartiplly iddépendentce bet ween t he
tenperature of tenperature zone B (TB) and 40 the tenperature of tenperature
zone A (TA),
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zone and generally pass through a maximum (heating point maximum) or fall starting

from a maximum value within a temperature zone.

In general, the difference T™* - T™® in the process according to the invention will not
30  be more than 80°C. According to the invention, T™* — T8 js preferably = 3°C and

< 70°C. With very particular preference, T™* — T™® i, the process according to the

invention is 2 20°C and < 60°C.

When practising the process according to the invention in the case of relatively low

35 (=90I1(STP)Y - hand <1601 (STP) - h) propene houriy space velocities on the fixed
catalyst bed, the T™* — T™*® differences required according to the invention are
normally attained when, on the one hand, both the temperature of temperature zone A
and the temperature of temperature zone B are in the range from 290 to 380°C and, on
the other hand, the difference between the temperature of temperature zone B (Tg) and

40 the temperature of temperature zone A (Tp), i.e., Tg — Ta, is < 0°C and = -20°C or
2-10°C or = 0°C and 2 -5°C, or frequently < 0°C and = -3°C.



5 attained when, on the one hand, both the tenperature of tenperature zone A
and the temic?4A89re of tenperature zone B are in the range from 290 to 380C
and TB - TAis > 0C and s 50C, or z 5C and s 45C, or z 10C ands 40C, or z
15C and s 30C or s 35C (e.g. 20C or 250 10 The above statenent regarding
the TB - TA tenperature differences regularly also applies when the
tenperature of tenperature zone Ais wthin the preferred range of from 305
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extends up 0% #bHERE. OF 8N edIHSARE. erd P Eoandh= 40°Grer 2,187C epdm BBCH 70
mol % The war3g°Cgely 28X6€25°C).t he process according to the invention can be
ei ther bel ow atnospheric pressure (e.g. down to 0.5 bar) or above

at nospheri c pressure, Typical 25 the_wor ki n% Pressure will be at val ues

|y, 3
of fromiP t o'hs abave staierign ﬁ?gﬁfg'f‘g 18 Ts 1 & tempgraturedifiorgness regylarly alset i on
pressure w |dppliexd weercthederhpérahme of témperaturegone A ik avithimthe prederred faagerof ar

rati o of 02: d ' | ' ] Xt Ragc o be > 1.
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react i on gasTherhiautly spadesveldaity at popeaacr thei Fodadtc_btalys_hbmmnbel prdcemdcotdinga_ or
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mol % or ~ 93TRYl %, onethi(BTR)- bRndsl 240 IBTRY -0B, ordd YEINSTPY7 hwnde Usef ul

sources for gtj_r@w(gh-pgp.l Al or&YEENSTPHHI hefda ZoohqsitPw rhand air depleted of
nol ecul ar nitrogen. PF 54389 7 Useful catalysts for the fixed catal yst bed

of the process according to the invention include all of those catalysts
whose add veiasordinsstotthe invertion; tempesatumronaf priefasably extendeup ttoarpiapenéig Mo, B

and Fe. 5 Thengersiof of o0 to 70l rAéI% GrefroimibY tdTPd Alol9exi de active conpositions
of the general formula | of DE-A 19955176, the nultinmetal oxide active

conposi tions_of the general forrmula | of DE-A 19948523, the multinetal

oxi de acti veT*‘@dmIb'QQ Pressyredn thmerowprdlrmtﬁﬂb%@vemlomqanahecplthfelr bejew DE- A

10101695, t hamaspHdriopredsuXieds dowh ity €. 50aMPsrEbove Bfn&phehepeesite aiypically,
25 the working pressure will be at values of from 1 to 5 bar, frequently from 1 to 3 bar.

Normally, the reaction pressure will not exceed 100 bar.

According to the invention, the molar ratio of O,. propene in the starting reaction gas
mixture has to be > 1. Frequently, it will be at values of > 1. Typically, this ratic will be

30 atvalues of < 3. Frequently, the molar ratio of O,: propene in the starting reaction gas
mixture is, in accordance with the invention, from 1 to 2 or from 1 to 1.5.

In general, the propene conversion in the process according to the invention based on

a single pass will be 2 92 mol% or = 94 mol% or > 96 mol%. The selectivity of acrolein
35 formation will regularly be 2 92 mol%, or = 94 mol%, frequently = 95 mol%, or

2 96 moi% or 2 97 mol%.

Useful sources for the molecular oxygen required are both air and air depleted of
molecular nitrogen. '



for.mul ae | and 111 of DE-A 19948248 and the multinetal oxide active
corrp05|t|on? 05 3BY the general fornmulae I, Il and 11l of DE-A 19955168 and
also the multinetal oxide active conposi tions specified in EP-A 700714.

Al so suit abl e for the fixed catal yst bed are the nultinmetal oxide catalysts
conpri sing ch are disclosed in the docunents DE-A
10046957, ) $lsphd Aatftyetgégratze fr_@ eatalystdesipf thscpracassorpsgeting topbennyeniion  pE- C
2380765, Eﬁhomtﬁ(li{llkﬁﬂ:osEl%athly%’(Q@ﬁdse adtivé\c3D PO is BPleAstotedaultimeiahoRid@8217,

DE- A 198559 &7 4 -A 19746210 (those of the general formula
1), JP-A %%WE%@@‘OZEPA 93224 and EP-A 700714. This applies in particul ar

for the exenplary enbodinents in these docunents, and anong these
parti cul &r Ahesernenioeartcu20thg mealtimetal bxids actoie dEﬁ}p@SiliBﬁ@SfthEBewerEWﬁ&@ma DE -A

;gzgfgllgs?ng PBrEAA]1%§§§pﬂB3the rﬁ)gﬁlt{i(b:&?bﬁae QEB)_Q% o"sﬁoﬁg Uﬁﬁ ggnéraffﬁn'ﬁlﬂ?gleystto
to be pr epar"gg)%l‘g Qg‘é%i%? éﬁgﬁﬂﬁ"ﬂﬁta ?Ctﬁ’ﬁtmml‘?%' ?Rf‘ ‘E}ﬁ'ée 3%’?"1’@'3 %ﬁ%%l tion
Mb12Ni 6, 5Zn2FaB8i1 BPOESHGHHO168ECkthe moltiGietak oxiBephtive comppsitiahs of the generab t he

o agpcgthgE 'f&q\é{n(éoae Nk i M of WEDR A 9G4g2uB Enkihe ﬁluﬂiﬁ&ﬁl %%.’a‘se%'én&es&d?ﬁ;sd@heﬁsbf v

gelometr % Eﬂ‘ﬁ ‘ﬂa%'cﬂ"aﬁﬁm#gé‘gq%i‘%g ¢ O%ﬁ@ ca aa?réterox
hei ght x i ntwt!vmd:ombqsn@neﬁpetaﬁﬂﬂ in|Ef-At TD07 hé unsupported mul t| rret al oxide Il

catalyst according to exanple 1 of DE - A 19746210. Mention should al so be

made of the , nultipet.al id sts A438 17 Th | atter is true
in particul zﬁ' Wﬁgﬁﬁgr tgeﬁéecﬁgej 8Iﬁr8 C'Vﬁt'ﬁ'& 58%? y>§ SgPMRfENg

di nensi ons WM& Bianst Fe whighxare @clmed oy the documents DE-—A 10046957,
5mw2mm%mnmz-mmam92 DE-0r 3338BS0NHS.HNN 9902562 "EP-A 355685, DEACTBEORES; h

t | t t ' bl th
O e o SR Horlod RN 7o B BE R bMAELELL P SR a2 0 202 Lhe
35 Al so sui tRibAc 93PS MV 98/247 48, e 1976280 ghogssefdhe Berarakfogmula B). oW 0o x
2W0B] 0.5  [JMbA 26106423% EFRASI9B289 KAd BBOA]|70D7 84 Tk apptied pasareslidrddr they

l'ind 2
%{1 '( gag[] ((a ;'teg(rgﬁgfé?%&h)sé@m%ts id ﬁ%’é@tdﬁ)éwﬁ? e ﬁﬁﬁ@@hé?&p%ﬂéuléﬂe%‘e&e%“ X
coat ed @& algiMgndo those ciRF-4 1@56@|ﬁ1r91@tﬁ?31695ﬁ6 19£46310rAngRE-19855913.

Mb12Bi 1_0FeFenficuildr caithabi8)s gieerciafthis aenteriniol sacatalpsttaecordmb ad wsdraplefic from

o R 0R B P S 0
x length x iNaviepidg actyesrapapifion MorelesZpiFeekiRoomsKaorex i S0 ERPhaSH ife
active conpaidd gizerstodhe tedrhme hamnq kree semiabhyratber offorh IDE-A 19855913
25  (stoichiometry: Mo.,Co7Fe;Big6Ko.08Si1 6Cx) as an unsupported hoilow cylinder catalyst
of geometry 5 mm x 3 mm x 2 mm or 5 mm x 2 mm x 2 mm (each external diameter x
height x internal diameter) and also to the unsupported multimetal oxide I catalyst
according to example 1 of DE-A 19746210. Mention should also be made of the
multimetal oxide catalysts of US-A 4438217. The latter is true in particular when these
30 have a hollow cylinder geometry of the dimensicns 5.5 mm x 3 mm x 3.5 mm, or
S5mmx2mmx2mm,or5mmx3mmx2mm, or 6 mmx3mmx3mm, or
7 mm x 3 mm x 4 mm (each external diameter x height x internal diameter). Likewise
suitable are the multimetal oxide catalysts and geometries of DE-A 10101695 or
WO 02/062737.
35
Also suitable are example 1 of DE-A 10046957 (stoichiometry: [Bi;W-Og X 2WQ;3]g 5 *
[Mo42C0s gFe2 g4Si1 50Ko.060xd1) @s an unsupported hollow cylinder (ring) catalyst of
geometry 5 mm x 3 mm x 2 mm or 5 mm x 2 mm x 2 mm (each external diameter x
length x internal diameter), and also the coated catalysts 1, 2 and 3 of DE-A 10063162
40  (stoichiometry: Mo42Bi; oFe3C0;Si; 6Koos), €Xcept as annular coated catalysts of
appropriate coating thickness and applied to support rings of geometry 5 mm x 3 mm x



5 f.i xed cat al bed can be enconpassed by the general formula |
Mo 12Bi aFebeé%/@QN BeXaf On (1) where the variables are defined as follows: 10
Xf = nickel and/or cobalt, X2 = thallium an alkali nmetal and/or an al kaline
earth nmetal, X3 = zinc, phosphorus arserg c, boron, antinony, tin, cerium
I ead and/or tungsten, X4 = silicon, alumnum titanium and/or zirconium 15
= from 0. 9.2 ®TE0r Hmm X e b "1’6(%?0'1&*@" ra gigmeter plengthypintermalc = from 0
to 10 pref efiandtyr)from3 to 10, d from0t02 preferably from0.02 to 2,
20 e = fromO to 8, preferably fromO to5 f =fromOto 10 and n = a
nunber which is determ ned hy the val ency and frequenc of the elenents in |
other than d&xydRlicitysf ﬂmvu'amstab%% ﬁﬁtb’PéOFPPOa‘“ﬁ%%ﬂab%femeﬁ@Fa'E& ofdbe,
exanpl e, 5DEfiked 0238 tedocat becerzompatsetely thy geherpeidroaldill uted to gi ve
spheres, rings or cylinders or else used in the formof coated catalysts,
| .e. preshaped ine ies coated with the active conposition. It
w Il be appreci M%zﬁ’%’%&gﬁg éy%xn&y al so be used as chlal ysts in powder form
30 In principle, active conpositions of the general formula | can be
prepared in a.s fﬂé'\%naﬂiﬁé‘ﬂﬁ'erdéﬁﬁe&’%?oﬂ'o g a very intimate, preferably finely
divided dry mXxture ~corresponding to their stoichiometry fromsuitable
sources ¥ "their elenental constituents and cal ci ni ng it at tenperatures of
from 350 t o X50@ick&handalcobalst i on may 35 be effected either under inert gas

or und)er an ﬂlxs/@tﬁam%% mrﬁetafﬁ{dlﬁ')ﬁ’miéﬁn@béghﬁf@téﬁtUre of inert gas and
oxygen an SO, under uci n ere (for ur i ner
gas, (:(5éS andMsr P ﬁ°’1“ﬁear§3"'g'lt??é?r?@ﬁ"ﬂ19% &\l oK F%gﬁqrg‘{;%réwg r"mut es to
a few hours)ﬁ Sllrypﬂl(ai!.lm!yUMetLtaelamertzwcomwperature. Usef ul sources for

the elengntal constituents of the nultinetal oxide active conpositions | are
t hose 40 cocr?oougldﬁg(&gi cg are already oxides and/or those conpounds which can
be converte é% by heati nfq at least in the presence of oxygen. PF
54389 9 | n &d&i tfiooh0.04 te hapreferabbsiromZta 4usef ul starting conpounds include in

particul ar haki dew 0 to 10, preferably from 3 to 10,
d = from 0 to 2, preferably from 0.02 to 2,
= from O to 8, preferably from 0 to 5,
= from Oto 10 and
= a number which is determined by the valency and frequency of the elements in |
other than oxygen.

20

3 ™ ®

25 They are obtainable in a manner known per se (see, for example, DE-A 4023239) and
are customarily shaped undiluted 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. It will be appreciated that they may also be used as catalysts in powder
form.

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

35 be effected either under inert gas or under an oxygen atmosphere, for example air
(mixture of inert gas and oxygen) and also under a reducing atmosphere (for example
mixture of inert gas, NH;, CO and/or H,). The calcination time can be from a few
minutes to a few hours and typically decreases with temperature. Usefu! sources for
the elemental constituents of the multimetal oxide active compositions | are those

40 compounds which are already oxides and/or those compounds which can be converted

_ to oxides by heating, at least in the presence of oxygen.



nitrates, formates, oxalates, citrates, acetates, carbonates, am ne

compl exes, PE#3®Bum salts and/ or hydroxi des (conpounds such as NHACH,
(NH4) 2CC3, NHANCE, 5 NH4ACHO2, CH3000H, NHACH3CO2 and/ or ammoni um oxal at e,
whi ch deconpose and/or can be deconposed, on | ater calcining at the | atest
to rel ease conpounds in gaseous formcan be additionally incorporated into
the intimate dry m xture). The starting conpounds for preparing the

nul ti {TE1E al o bddticretol the oRige @uLh LSETS! étarﬁﬁ@corﬁ@o&fﬂsiirf[iﬁldld”éﬁh%Micﬂia}(ﬁﬁiiddeﬁ, dry or
in wet form_ a € r r : unds are
advant ageousnllty %%éécfn'ggesf F”?\%%éd& \?éltgségxc%g&%e&srbéﬁ%e%u "é%:? gﬂsgggg’cal ci nation
after m xi n@W'Wﬂtsﬁ%ﬁmdfewwq%d@wI’S,L'C’ﬂ)F“éNé*mbh'c@\"‘ﬂész?wé‘thQ&

i nt ihrrat e ﬁm NHIGHO, GBI‘QC@OH,TNFE?BISCO@@GMIUG arhienisinegxalatg) verdcipdesaiposee ni xed
with eac ﬁwﬁ n.

Parti cul arl %%Pﬁ){r F%@Pée g?éﬂ@cggegnogﬁﬁkgggagﬁgag‘gﬁgﬂ%t'ggﬂfg&gé%?n [ ngagpf)cess
descri bed wi%@geqysdon 599 g?ladﬁ’\‘ﬁ‘?'@"y incernorated inte thedntinaate Ay, MEWe)-of t he

el enental constituents in dissolved form The solvent used is preferably
wat er. Subs ; : [ £ ' J L ed. an he
drying procglgiges:?gsr{'%gr %‘#rﬂ%@ﬁy?@# %ﬁ@gﬁé ﬁ‘?@ﬁ‘g?%'??f??‘%gt'ﬁ%&‘?ﬁg’c?ﬂg'?nait ure at
exit t dfperbgiigraatelymixe %%er ingvet d@5en. @F"’I*D%Y arg mired indry i thesstanting xi de
active conpashipoonds ark adkantggevesy usedastihely idivides! poweigrs and suigedtedded cat al yst
bed not in : i )Rt | F onetries,
and the sha%%\.r%ﬂ%?gﬁ.gﬁéemgl? ?l'%ca{h g gﬁsrﬁ‘zg?ﬂgéﬁtt‘géﬁg‘?%%ﬁé@fe?ﬁéﬂﬁg pg,e

cal ci nat i on.intinge nHxing.n wet fory Sistamaty. (an SIRHEE SOMRAURRS HF SXEEHIt? 83T ¢ he
powder for momrierﬁmmez&n"aota:m/mueoupseltmdroanmr suspensiora Particedripindimate gayr ti al |y
Goomet 1y (o M arp QBIAReclih it kg ROBAS deBiited ieh (I SIaNER RalbANY e

20d1 i on of Sebritspuds e Slemhualcotaiiats BitlsonBimdng SalentshTe an s
and/ or shapinpnefetabli watan Subseniently, tfioagiacys sgmpesitioruelitaiasd is driedf amdthe of

gl ass, ats bg%g%ﬁg pﬁio{aéﬁ@ %r&éﬁabiy@fe@fed%}s%ﬁ@i-dwg gﬁ@m\tl _e%gs RA0R aﬁ%lef
unsupporte cat a r i nclude solrd cylinders or holl ow

cyl i nders héwﬂa'a&ﬁe%éﬁf%o%ﬁiﬁﬁod@ﬁ&er and a length of from2 to 10 nm 1In
the cas&Oof the hollow cylinder, a wall thickness of from1 to 3 mmis
advant ageousrficbuy/,vitﬂel mORimaE bRide AERE ddnfositiBAs ofAE YeReval REmGial ate/gdeddan al so

55 A ZSPS{LS?JA%"%@%@%P&Q@%&@WPQ@%S@#ﬁ%é%"%*@?ﬁ%fnﬁ‘gcﬂﬁgﬁ%fzi w2
mm  ( ext er n&deocaneliest and the|sbaping mayiheeffested eitheikafene)or aftar ihafinalaaidnation. t he
Calse of | unts \Fop ekiraple, GriLpbyrtddScatAPsts tambe brémreipfﬂirﬁ?i@;mﬁﬁe‘r herin dfhiee o
i on | &5y occtftd GiBRTRAT: b Btk ndith ittt R BUGRC RS, cof RERAGH by
compacting to the desired catalyst geometry (for example by tableting or extruding},
optionally with the addition of assistants, for example graphite or stearic acid as
lubricants and/or shaping assistants and reinforcing agents such as microfibers of
glass, asbestos, silicon carbide or potassium titanate. Examples of unsupported
30 catalyst geometries include solid cylinders or holiow cylinders having an external
diameter and a length of from 2 to 10 mm. In the case of the hollow cylinder, a wall
thickness of from 1 to 3 mm is advantageous. it will be appreciated that the
unsupported catalyst can also have spherical geometry, and the spherical diameter can
be from 2 to 10 mm.
35
A particularly advantageous hollow cylinder geometry is 5 mm x 3 mm x 2 mm
(external diameter x length x internal diameter), in particular in the case of unsupported
catalysts.

40 It will be appreciated that the pulverulent active composition or its pulverulent precursor
composition which is yet to be calcined and/or partially calcined can be shaped by



PF .54389 10 ag&gélng to preshaped inert catalyst supports. The coating of

t he support produce the coated catalysts is generally perforned
in a suitable rotatable vessel, as disclosed, for exanple, by DE-A 2909671,
EP- A 293859 or EPA 714700. To coat the ggpport bodies, the powder
conposition to be applied is advantageously noistened 5 and dried again
after appl i cRPiving tofpseshapeghines datalyat swapasts. s cedting Gﬂt@ ssiopent hedies t ckness

of the powdejrogarnps béat@@cﬂt@@hlsﬁﬁgélﬁerhlhﬁpm&ﬂ@d In dodliableSroffatia vegrn s v

| ect ed withi 0
Fromso i o dsipselitol Bk S/DR h 2ipds PR 204eBo P A 4Bt RSt BRNOT
10 Usef ul SLPMBB?'? bﬁﬂ%rthﬁpewgﬁréompesw%t%bmaepllséamaatagﬁemﬁdbmﬁe%dum num
oxi des, 5si |ancladriediagaindafier tipmlichtion, for@xamele By means ofhotl i XTaecoating | con

carbi de o Shicl R 5 182 colfpoKIH 4Bl 1d tﬂgksg&gn BoYT AUVArAddong e They

general |y behave 1 nertl
process accciagcRy wifhin H'é "?H%f’i?mgw to J0PQ ey preferably yithindhe ranggdeem g0 l%sed

The support mmandmorapmerablyemhlnahemngerfroagm’.ﬁ(aroE@eum al t hough 15
preference is given to regularly shaped support bodies having a di stinct
surface  rou hness for exagpl e spheres or hol | ow c‘{%l nders, I.s suitable

to use sifhst'dFaislgupport matarals e thesshstomary Peiays on aan %?'E@f"“gh% s made
of steatite dleogdidideathctiemEdide, irconiube dixifecsilictdmasehide anslicates suchrasm 1 t o

6 mm Pr ef eraBliesl P 8r SuMRunt QREHE Tned WEhaRl FoSHAB KPR RaaRl &0

i nclude cyli S Si engt from?2 0 naI

il et or 1 s e Gret 16cp o hapLocRs Bogaraing feytrelmyendnn & g re

bodi es accorslagegistbasedhdhersuppart bedies imey have a régutdcoe gsegutar shape, Bitmml I y from
! re1E gr gb@ﬂ h@g@%r@b@gw Hﬁgblﬁﬁfﬂ‘id#&&suﬁﬁéﬁb@cﬂeiﬁ%ﬁé diRAKbt_arfh& bfe ]yfg?n .
PO s T enat TBughnePs. A Slamde seers Sriclopsviasr 165 silabe.onisBobRant a s oe
accor di ng t ohanperaupvaitace ouahened spheficalaupperts made phejeatie (gaopteatite C22m x 3
mm x 4 mm (enﬁrﬁoaaémﬂé@mb@édmrde@msﬂomnbra.ﬂﬁn +ef@+baw%ﬂfato Mnm\n Il be

appreciated that the. th ctive

conposi ti onsH?%e“Sé S Bﬁ#’lF gtﬁ%‘ l?c?gées ﬁ‘?cf ik@d% I{nﬁ 'E "?"%%b%yf W?I“tho be

adapt ed 2b thendend weesecttamaldiametekin dos 4 & 10 @m. An mzpas@@)‘ ringpsuiigbleabl e

mul tinmetal oag a@ a8 bbifies aecRaing td masmfernnoﬁ hiee wall ickpkss BfaldotgpitsRGiondN St age

g(]e ol %zg 48 t 'A%‘o%‘cy% tcg;ﬁ% ﬂ?e?ﬁﬁ{u? mﬁfa%@ohl boh%sq? \65 used pr(?f?rablg have
fol l ows: 35 3(“9”9: hd?ﬂlfr?“‘b? ok . @0 extesnalciamgter eftfrome4 e 86“@:361’ apvdl el errent s
tel lurium anickmassyof frbinM toasnt Quitatle a¥2upporbbodiskcansarding 1thy dention frad

tungsteng particular rings of geometry 7 mm x 3 mm x 4 mm {external diameter x length x
internal diameter). It will be appreciated that the fineness of the catalytically active
oxide compositions to be applied to the surface of the support body will be adapted to
the desired coating thickness (cf. EP-A 714 700).

30 Suitable multimetal oxide active compositions for the catalysts of the reaction stage are
also compositions of the general formula Il

Y 22Ol Yo Y4 You Yo Yo Y200, ()

where the variables are defined as follows:
35
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,



Y3.= an alkali netal, thallium and/or samarium PF 54389 11 Y4 = an

al kal i ne ea®fP4&BPal , nickel, cobalt, copper, manganese, zinc, tin, cadmium
and/or mercury, Y5 = iron or iron and at |east one of the elenents chrom um
and cerium Y6 = phosphorus, arsenic, bgqgjon and/or antimony, 5 Y = arare
earth netal, ,titanium zirconium, niobium tantalum rhenium ruthenium
rhodi um si IW& angdialine gativinetal, nigket, cobal, cpprErumANganese.ozinc, §ar sagmium | ead,
t hori um and/ or whafr tHerciry, = from0.01 to 8 10 b' =from0.1 to 30, c' =

fromOto 4,5 d, = : = > =fromO to 6, 15
g = from Or:’tﬁa irgp Oi'k&qrég? rgglrengg otng%ﬂ)he éxlé'%%g cﬁﬁom%%%"\gh({egﬂmare determ ned
by the val ency zﬁﬁﬂsﬁr}%éfﬁ%'%mﬁoﬂ@“é‘%ﬁﬁm@%n 11 other than oxygen and
phq = gusbens =2Macaee ¢urth metal, titanturi, rzrooflurh, hiobilio, ta?ﬁhlamnmhmhn@theniurﬁ,

t hr ee- di nensi on -edi t ehemeilinc I o ' ich are
delimted from ?*1%‘{“?% %Iggrl' aélrcli_v{glrﬁrgnrreﬁtgsglgma%?gﬁi'esyﬁgﬁ'cge‘r@gg@wge%di fferent
chemical conpodhiughard/e i HreMET | ocal environnent, and whose maxi mum

di aneter (longest line cutting through the center of the region and
connecting twa palée1est he surface 25 (interface) of the region) is from1l
nmto 100 pm frequently from10 nmto 500 nmor from1l pmto 50 or 25 pm
Particulldrl }) FIFR gtéé%ﬁg' mul timetal oxide conpositions Il according to the
i nvention afe tilbos@to# which Y' is only bisnuth. 30 Anbong these, preference
is given ingwnRtpothege of the general fornula 111 [Bla' Z2b"OX' 1P" [Z
21273cZAd. Fee" Z5r 269" Z/N. Oyl g (111 ) where the variables are defined as
follows: 3597 —°H:b?95€igﬂum or nol ybdenum and tungsten, Z3 = nickel and/or
cobalt, Z4 # thdlom @6,an al kali nmetal and/or an al kaline earth netal,

15 ¢' = fromGto 15,
h' = from8to 16,
x',y'= numbers which are determined by the valency and frequency of the elements in |l

other than oxygen and

p,a = numbers whose p/qg ratio is from 0.1 to 10,

20
comprising three-dimensional regions of the chemical composition Y',Y%,QOx which are
delimited from their local environment as a consequence of their different chemical
composition from their local environment, and whose maximum diameter (longest line
cutting through the center of the region and connecting two points on the surface

25 (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 ym.

Particularly advantageous multimetal oxide compositions Il according to the invention
are those in which Y' is only bismuth.

30
Among these, preference is given in furn to those of the general formula lit

[BieZ?wOxly [2%122°Z ¢FeeZ’rZ¢Z Oyl ()
where the variables are defined as follows;

35 Z?= molybdenum or molybdenum and tungsten,
Z% = nicke! and/or cobalt,
Z* = thallium, an alkali metat and/or an alkaline earth metal,
Z° = phosphorus, arsenic, boron, antimony, tin, cerium and/or lead,
Z°% = silicon, aluminum, titanium and/or zirconium,



Z5 .= phosphorus, arsenic, boron, antinony, tin, ceriumand/or lead, Zfi =
silicon, al lﬁ‘ﬁﬁ{ﬁﬁs’ titani um and/ or zirconium PF 54389 12 Z' = copper,
silver and/or gold, a" = from0.1to 1, b" =from0.2to 2, 5c¢" =from3
to 10, d" =from0.02 to 2, e" = from 0.121 to 5, preferably fromO0.1 to 3,
f* =from0O to 5 ¢" =from0O to 10, 10 h" = fromO to 1, x",y"= nunbers
whi ch are def & rfopeer. pilvef ped/Qeg@ddcy and frequency of the elenments in |11
ot her than oxygen, p",g"= nunbers whose p"/q" ratiois from0.1 to 5,
preferably fa{"oénfpdn%tﬁo%’ 15 and particular preference is given to those
conpositions Il Tnh_which Z2b =(tungsten)b’ and Z212 = (nol ybdenum 12 It is
al so advant e fEPMALHO# | east 25 nol % (preferably at |east 50 nmol % and
nore pref ergbt vfromh 3teast 100 nol % of the total proportion of

[ Y a Y2b' O ec]..p=(Lolﬁ,}a%§qg2] p) of the 20 multinetal oxide conpositions II

(mul tinmetal oxide conpoSitions Il11) suitable according to the invention in
the multi net&l = JwarB.0d dapornefarably from Q. 1da 8 netal  oxi de conpositions 111)
sui t abl e accordiffegn 0e0 6he i nvention are in the formof three-di mensional
regions of t.he fﬁcﬁﬁ'ﬁit?% conposition Y a' Y2b' Ce [Bi az2bO '] which are
delimted fromtheir Tocal environnent as a consequence of their different
chem cal1°con|1)o§iffqnbﬂt‘? fomtheir local 25 environment, and whose naxi mum

di ameter i s »x'jy’4 hambers gdidhrarendétenminied biQbe patendifdna freqgancy éfdhe blenEhispinng,
the statenents Wﬁ%%efr@}{antJ]ég dpll timetal oxide | catalysts apply to the
mul ti netal oxide Il cat% ?g.’ i_metal oxide Il

] .30 Th reparatign mul
active conpddidT BHEPELS Eﬁ’ﬂe[ﬁ“"ﬂ%&org)pa Ii,pr?fﬁragkljf%‘ P48¢7 and al so in
DE- A 19855913. It is essential to the invention that the fixed catal yst bed

consi st 1 @y dpftharioiierehBals Glen/io IHEseStMpsSitibhe Adn WMcH 25t= ReRsERnes, and
t he vol une- s%}]ec zfl'CQﬁ?q!tI%I&L%AW hin 35 one fixed catal yst bed zone is

substanti al | st 'ér eases sharply in the flow direction of the
reaction gas mixture at the transition fromone fixed catal yst bed zone to

anot her fi xefiscidrddiahtadslus?@iéh at 164t 28 Imt1%-(PRE&hbIy Gt [easE50 MBILABhE ARfe t 0 t he
BRIy il i etk e i R
20 multimetal oxide compositions Il (multimetal oxide compositions IlI) suitable according
to the invention in the muitimetal oxide compositions || (multimetal oxide compositions
I} suitable according to the invention are in the form of three-dimensional regions of
the chemical composition Y'3Y2%,0y [Bia-Z%-Ox] which are delimited from their local
environment as a consequence of their different chemical composition from their local

25 environment, and whose maximum diameter is in the range from 1 nm to 100 pm.

With regard to the shaping, the statements made for the multimetal oxide | catalysts
apply to the multimetal oxide Il catalysts.

30 The preparation of multimetal oxide Il active compositions is described, for example, in
EP-A 575897 and also in DE-A 19855913.

It is essential to the invention that the fixed catalyst bed consists of at least two
spatially successive fixed catalyst bed zones, and the volume-specific activity within

35 one fixed catalyst bed zone is substantially constant and increases sharply in the flow
direction of the reaction gas mixture at the transition from one fixed catalyst bed zone
to another fixed catalyst bed zone.

The volume-specific {i.e. normalized to the unit of the particular bed volume) activity of
40 afixed bed catalyst zone can then be adjusted over the fixed catalyst bed zone in a
substantially constant manner by starting from a basic amount of shaped catalyst



substanti al I%: constant manner by starting froma basic anmount of shaped
cat al yst PF Pf43438913 bodi es prepared in a uniform manner (their bed
corresponds to the maxi num achi evabl e vol une-specific activity) and
honbgeneously diluting it in the parti cul1§r fixed catalyst bed zone with
shaped bodi es (shaped dil uent bodi es) whiCh behave substantially inertly
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A volume-specific activity increasing zone by zone over the fixed catalyst bed in the
flow direction of the reaction gas mixture can therefore be achieved for the process
according to the invention in a simple manner, for example, by beginning the bed in a

30 first fixed catalyst bed zone with a high proportion of inert shaped diluent bodies based
on one type of shaped catalyst bodies, and then reducing this proportion of shaped
diluent bodies zone by zone in the flow direction.

However, a zone by zone increase in the volume-specific activity is also possible, for

35 example, by increasing the thickness of the active composition layer applied to the
support zone by zone at constant geometry and active composition type of a coated
shaped catalyst body or, in a mixture of coated catalysts having the same geometry but
having different proportions by weight of the active composition by increasing the
proportion of shaped catalyst bodies having higher proportions by weight of active

40 composition zone by zone. Alternatively, the active compositions themselves can be
diiuted in the course of the active composition preparation by, for example,



proportion of shaped catal yst bodi es having hi gher proportions by wei ght of
active 40 cdpb4389 on zone by zone. Alternatively, the active conpositions
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preparation by, for exanple, PF 54389 141 i ncorporating inert, diluting
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The shaped diiugetRodigsdi es used for the inert bed can have the same geonetry
as the shaped catal yst bodies used in the fixed catal yst bed. However, the
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instead of annular).

Frequently, the shaped bodies used for such inert beds have the annular geometry
7 mm x 7 mm x 4 mm (external diameter x length x internal diameter)} or the spherical
30 geometry having a diameter d = 4 — 5 mm. Temperature zones A and B in the process
according to the invention may also extend to the inert beds. According to the
invention, it is advantageous when neither temperature zone A nor temperature zone B
covers more than three fixed catalyst bed zones (according to the invention, at least
one fixed catalyst bed zone is necessarily covered by both temperature zones).
35 ‘
According to the invention, it is particularly advantageous when the entire fixed catalyst
bed comprises not more than five, advantageously not more than four or three fixed
catalyst bed zones,

40  According to the invention, at the transition from one fixed catalyst bed zone to another
fixed catalyst bed zone (in the flow direction of the reaction gas mixture), the volume-



According to the invention, it is particularly advantageous when the entire
fixed catal yWt54388d conprises not nore than five, advantageously not nore
than four or three fixed catalyst bed zones. 40 According to the invention,
at the transition fromone fixed catal yst;l bed zone to another fixed
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vol ume PF 54pgéifid active meoipbsitiom(itel the waightad tHe roultifietat oxitié eompogitiin presdrite

mul ti net al %iH@%rﬁfQH@B@ﬂ%lgﬂlePEﬁ&ﬁd‘Em tHerba%Q%fHﬁH‘JrﬂrdHnP@E'? r&a)ové gl d (in

t he case of un tron a ed cat t bed
advant deouﬁl#‘st)l"’l fﬁ@?&&?@%se‘gta%%@égé%yﬂacrﬁ%?egw aﬁfﬁ%ﬁé‘f B%{’(Vﬁ’ghb)'?rei?'%sléfast :
10% by wei gHiy atidsist1Q06 blyivesight ithjseappliesingarticnlar irethe age of unifoimh shapeshaped 5
.Cﬁtc gleggte SPﬁ(Ea?a?ys‘Pg%gﬁ Beergﬁéc g.;itﬁe frkécféatsl tadle,‘r(]i\ij teln psﬁera[ trivs ﬁ@fé%&%ien the i st han
505k ol AToSass By g 52 B hyactn il G e Bt 0ok gl e iR

i nventi on, imorehiarc43’ by fweight.fAgcording fotbke lrwentlmslrtthenasn/efrumfhen adtivier e fi xed

catal yst dbggytog{daeméh Ba‘;érrtﬁ@em.remxéch@ata@éma ﬁ%ﬁﬁéréﬁce A% Vufeapashd | on of

I 1 t t
e bt s R Sampion s e e bpd £ avina e ImecvaiyBe spedic ey | vl ¢y
shoul d a0so @ﬂwbjrardgeaﬁneWCasttlbedrzoneha\h@t@%hqpt v@urga{spegﬁtea@iwabl y not
nore than 3}%!@%@%&%@ 98HEIIRR %ah&rié tﬂ@{smw prOfdrdbYy N&ingdtk thdmn t he

e e i B S TR o0 s

consi st
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It may :IIS?o O\cch’H@iq‘g’?fﬁ?ds%ﬁBIe%ﬂ’fS Z8P haped cat al yst bodi es whose
vol unme-specific activity is reduced, for exanple by dilution with inert
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e

t enperat ure zone means of "a at carrier which in each case
flows in countercurrent to the reactlon gas mxture). In other words, the

fixed catal ywheth@ fixed eatabyet el domeistsoofinlyabixed saalysf bed ZMesdt is\gehsrang | |

P ahor vol uridanaas i deebi 6 f@é‘“r%**%"é“%iwﬁ@éﬁhﬁhv Padste g ' ie
(i.e. hafe |QC§°rdb‘@dPrﬂi'ﬁ ﬁgerﬂ@ybwbem the fixed gatatysbbed zane havingdhe highestzone A to
t enper at ur e volunte-Eecifidfeztivitytdebinoeextend inty/einperrueiene % @h pdrticUidnwidar ee
fixed catal %he hggtfkg%g BfScted in tbmperature zone A and temperature zone B by means of a
flowing heat carrier which in each case flows in countercurrent to the reaction gas
mixture). In other words, the fixed catalyst bed zone having the lower volume-specific
30  activity will extend into temperature zone B and the fixed catalyst bed zone having the
higher volume-specific activity will begin and end in temperature zone B {i.e. have its
beginning beyond the transition from temperature zone A to temperature zone B).

When the fixed catalyst bed consists of only three fixed catalyst bed zones, itis

35 generally advantageous according to the invention when the fixed catalyst bed zone
having the highest volume-specific activity does not extend into temperature zone A but
begins and ends in temperature zone B, i.e. has its beginning beyond the transition
from temperature zone A to temperature zone B (in particular when the heating in
temperature zone A and temperature zone B is effected by means of a flowing heat

40  carrier which in each case flows in countercurrent to the reaction gas mixture). In other



35 .general |l y advant ageous according to the invention when the fixed catal yst
bed zone hRF B4B8%e hi ghest vol une-specific activity does not extend into
tenperature zone A but begins and ends in tenperature zone B, i.e. has its
begi nni ng beyond the transition fromtenperature zone A to tenperature zone
B (in particular when the heating in teﬁgerature zone A and tenperature
zone B is efWards,dbe ixedasdalyst bed zone bavimg)thecatombhighest ivelumehspebific ackdtyh case
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words, the fixed caftalyst bed zone having the second highest vol ume-specific

activity wll normally extend both into tenperature zone A and tenperature
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t enperature zone eference I's given I n accor ce w e 1nvention to
the fixed catalyst bed in the 30 process according to the invention being
structured ashémthedotal lengthlof tHd fored diatatyst bedisdf, it i hdvanemebuDin agasrdaned ur e.

with the invention if there is no transition from one fixed catalyst bed zone to another

25 fixed catalyst bed zone within the region of X £ L - Tg-ﬁor within the region of Xt

L 1—30- or within the regionof X %L —1% where X is the location (the position) within

the fixed catalyst bed of the transition from temperature zone A to temperature zone B.

Preference is given in accordance with the invention to the fixed catalyst bed in the
30 process according to the invention being structured as follows in the flow direction of
the reaction gas mixture.

First, to a length of from 10 to 60%, preferably from 10 to 50%, more preferably from 20
to 40% and most preferably from 25 to 35% (i.e., for example, to a length of from 0.70
35 to 1.50 m, preferably from 0.90 to 1.20 m), each of the total length of the fixed catalyst
bed 1, 2 homogeneous mixture of shaped catalyst bodies and shaped diluent bodies
(both preferably having substantially the same geometry), in which the proportion by
weight of the shaped diluent bodies (the densities of shaped catalyst bodies and of
shaped diluent bodies generally differ only slightly) is normally from 5 to 40% by



First, to a length of from10 to 60% preferably from10 to 50% nore
preferably fPro%ﬁg to 40% and nost preferably from25 to 35% (i.e., for
exanple, to X th of fromO0:70 35 to 1.50 m preferably fromO0.90 to 1.20
m, each of the total length of the fixed catalyst bed 1, a honpbgeneous
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general ly precedes the fixed catalyst bed in the flow direction of the
reaction _gas m xture. is normally utilized as a heating zone for the
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I
5to 15% o S length i enperature zon 0 i nvention,
t enper at ur e "92FYEN AR MPBURy ant ageousl y extends to a 30 prelimnary bed of
inert material which is optionally used. In an advantageous manner from an

appl i calison Ak ingab i ﬁ\% tfoHethE‘?&g& E&Hly&t?e%%n@%%@ihg tHIohar {diGmbpEaRL On Of
t he process a(;(;or_gl ng . to rhe, invention rs carried out in a
activity in the"aforementioned fixed catalyst bed then advantageously extends for from

5 to 20%, frequently from 5 to 15%, of its length into temperature zone B.

According to the invention, temperature zone A also advantageously extends to a
30 preliminary bed of inert material which is optionally used.

in an advantageous manner from an application point of view, the reaction stage
according to the invention of the process according to the invention is carried outin a
two-zone tube bundie reactor, as described, for example, in DE-A 19910508,
35 19948523, 19910506 and 19948241. A preferred variant of a two-zone tube bundle
reactor which can be used in accordance with the invention is disclosed by
DE-C 2830765. However, the two-zone tube bundle reactors disclosed in
DE-C 2513405, US-A 3147084, DE-A 2201528, EP-A 383224 and DE-A 2903218 are
also suitable for carrying out the first reaction stage of the process according to the
40  invention.
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25  countercurrent through the space surrounding the reaction tubes relative to the flow
direction of the reaction gas mixture flowing through the reaction tubes. It will be
appreciated that, in accordance with the invention, cocurrent flow may be applied in
temperature zone A and countercurrent flow in temperature zone B {or vice versa).

h

30 In all of the aforementioned cases, it will be appreciated that a transverse flow can be
superimposed on the parallel flow of the salt melt relative to the reaction tubes taking
place within the particular temperature zone, so that the individual temperature zone
corresponds to a tube bundle reactor as described in EP-A 700714 or in EP-A 700893,
which results overall in a meandering flow profile of the heat exchange medium in a

35 longitudinal section through the catalyst tube bundle.

Advantageously, the starting reaction gas mixture in the process according to the
invention is fed to the fixed catalyst bed preheated to the reaction temperature.

40  Typically, the catalyst tubes in the two-zone tube bundle reactors are manufactured
from ferritic steel and typically have a wall thickness of from 1 to 3 mm. Their internal
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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

30 from 305 to 365°C and more preferably in the range from 310 to 340°C or to 330°C.
According to the invention, in the case of propene hourly space velocities on the fixed
catalyst bed of 2 90 1 (STP)/I-h and < 160 | (STP)A-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, advantageously in accordance with the

35 invention, from 2 0°C to < 20°C, or € 10°C, or 2 0°C and < 5°C, or frequently = 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 the fixed catalyst bed of =z 160 | (STP)/1-h and (generally) < 300 | (STP)/I-h
(or 600 | (STP)/I-h), the entrarice temperature of the heat exchange medium into

40 temperature zone B will likewise be in the range from 290 to 380°C, but normally,
advantageously in accordance with the invention, from > 0°C to < 50°C, or 2 5°C and
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partial oxidation is advantageously carried out in a manner similar to the process of the
invention.

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

30 the invention can, for example, be at values of from 4 to 15% by volume, frequently
from 5 to 12% by volume, or from 5 to 8% by volume {based in each case on the total
volume).

Frequently, the process according to the invention will be carried out as a
35 propene:oxygen:inert gases (including steam) volume ratio in the starting reaction gas
mixture 1 of 1:(1.0 to 3.0):(5 to 25), preferably 1:(1.7 to 2.3):(10 to 15). In general, at
least 20% of the volume of the inert gas will consist of molecular nitrogen. However,
> 30% by volume, or > 40% by volume, or > 50% by volume, or > 60% by volume, or
> 70% by volume, or > 80% by volume, or = 90% by volume, or = 95% by volume, of
40 the inert gas may consist of molecular nitrogen (in this document, inert diluent gases
generally refer to those of which less than 5%, preferably less than 2%, is converted on
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It is emphasized at this juncture that the multimetal oxide compositions of
25 DE-A 10261186 are advantageous as active compositons for the fixed catalyst bed.

Designs of a two-zone tube bundle reactor for the reaction stage according to the
invention which are advantageous in accordance with the invention can have the
following construction (the detailed configuration of the construction can be as

30 described in the utility model applications 202 19 277.6, 2002 19 278.4 and
202 19 279.2 or in the PCT applications PCT/EP02/14187, PCT/EP02/14188 or
PCT/EP02/14189):

Catalyst tubes:
35
material of the catalyst tubes: ferritic steel;
dimensions of the catalyst tubes: Iength, for example, 3500 mm;
external diameter, for example, 30 mm;
wall thickness, for example, 2 mm;
40



followi ng construction (the detailed configuration of the construction can
be as 30 deRFr94389 in the utility nodel applications 202 19 277.6, 2002 19
278.4 and 202 19 279.2 or in the PCT applications PCTIEPO2/ 14187,

PCT/ EPO2/ 14188 or PCT/ EP02/14189): Catal,yst tubes: 35 material of the
catal yst tubes: ferritic steel; di mensi o€ of the catal yst tubes: |ength,
f or exanpl e,nuBtedoheatalgstitelrasdh thti tahe bandleffor exangpie| 39, 0080 on28 00Gvar 32 GO0,

thi ckness, fr4@08RIRAditidn Wto 40 tirmarkdBes @2 de8eHBANIn Etv-&emmfana ubes in
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exanpl e, 8 rofhfanexamuie, 1tmth;kness of, for exanple, 1 mm 10 15 reactor (sane
material as the catal yst tubes): cylindrical vessel of internal dianeter

6000 - 8000 h,stainless steel of the type
1.4541; pl at"fg%%s @%Eﬁ@‘%&qggfﬂg Stélﬁgetf arI y arranged tube bundle, for
exanple Mith free central space: diameter of the free central space: for

exanpl e, 10QQiindrikBOfssencf inteérnapddrmeéter 6461008000 m@; 1400 nm or 1600 mm or
1800 mm or 2000 mm or 2200 mm or 20 2400 mm); normal |y honpgeneous

catal yst tube pitch in the tube bundle (6 equidjstant adjacent tubes per
catal yst t ulfegctorafiqogdh platechwith plaiiessginel atféfeéypet? ol plating Hickness: afawe pitch

(separationmi;the central internal axes of imediately adjacent catal yst
tubes): 35 25 45 mm for exanple 36 nmm or 38 mn or 40 mm or 42 mm or 44

mm the catal yst tubes are secured and seal ed by their ends in catal yst tube
pl at es (uppetinuidriyagangrg tubgeundie. Jocexamnie Wﬁwrﬁﬁcﬁ”tf%sl%%‘i?ess for exanpl e,
of 100 - 200 mm and open at their upper ends into a hood joined to the

vessel whi chyiliasiepdr th kb cbftfal sPSces fétekhmBle, 1000 - 2500 mm (for example
1200 mm, or 1400 mm, or 1600 mm, or 1800 mm, or 2000 mm, or 2200 mm, or
20 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

{separation of the central internal axes of immediately adjacent catalyst tubes): 35 -
25 45 mm, for example 36 mm, or 38 mm, or 40 mm, or 42 mm, or 44 mm;

the catalyst tubes are secured and sealed by their ends in catalyst tube plates (upper
plate and lower plate each having a thickness, for example, of 100 - 200 mm) and open
at their upper ends into a hood joined to the vessel which has an inlet for the starting

30 reaction gas mixture; a separating plate of thickness 20 - 100 mm disposed, for
example, at half the catalyst tube length, divides the reactor space symmetrically into
two temperature zones A (upper zone) and B {lower zone); each temperature zone is
divided into 2 equidistant longitudinal sections by deflecting plates;

35 the deflecting plate preferably has annuiar geometry; the catalyst tubes are
advantageously secured and sealed at the separating plate; they are not secured and
sealed at the deflecting plates, so that the transverse flow rate of the salt melt within
one zone is very constant;



30 .reaction gas m xture; a separating plate of thickness 20 - 100 mm
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each t enper aplates faraxamplEhe threcseguence gas m xture | eaves the reactor of the
reaction stage according to the invention at a tenperature a few degrees
hi gher than the salt bath entrance S&teﬂggratur . For further processing in
a downstream acrol ei n oxi dati on Qe Quiglde 'Wardi on gas mixture is
advant ag@dusly cool ed to from 220t thedfsid: optwakdr ably from 240C to 260C,
in a separate aftercool er which is connected downstream of the reactor of
the first st‘ﬁ]%e. ) .
salt melt flows through a window mounted around the circumference of the vessel
and collects at the end of each zone in an annular channel disposed around the reactor

jacket, in order to be pumped in a circuit including substream cooling;

25
the salt melt is conducted from bottom to top through each temperature zone.

The reaction gas mixture leaves the reactor of the reaction stage according to the
invention at a temperature a few degrees higher than the salt bath entrance

30 temperature. For further processing in a downstream acrolein oxidation stage, the
reaction gas mixture is advantageously cooled to from 220°C to 280°C, preferably from
240°C to 260°C, in a separate aftercooler which is connected downstream of the
reactor of the first stage.

35 The aftercooler is generally flanged on below the lower tube plate and normally
consists of tubes of ferritic steel. Stainless steel sheet metal spirals which may be
partly or fully wound are advantageously introduced into the interior of the tubes of the
aftercooler, in order to improve the heat transfer.

40  Salt melt:



35.The aftercooler is generally flanged on below the | ower tube plate and
normal |y cdtfsb4389 of tubes of ferritic steel. Stainless steel sheet netal
spirals which nmay be partly or fully wound are advant ageously introduced
into the interior of the tubes of the afztercool er, in order to inprove the
heat transfer. 40 Salt melt: PF 54389 24 %*The salt nelt used may be a

m xt ure of 5SHEi dajt melt gded rody bo b asistutefrfi3ts by eeigh08t pnfassiven gitratep H0%dsi um

nitrite and vy Ili}yof\éﬁdh%‘lt iffte m%% é.grﬁfoﬁsod?mm.ﬁmﬂem ra’t%%neegd the
v

aftercooler a e arre c t
anount of saﬁ"[dE ﬁﬁ%@% %‘?W%??Iﬂgﬁf’ ”?enatsﬂ'é"ieg ﬁ'le S‘J°Pr:a €he appr ox.

5 10 000 nBlampent of salepunipasibyceinctilation sn‘lthetemmfaiur@zareacmam gprsoNi Xt ure
advant agepus{g/odd %R pkf 8&6Re Op t 0 bottom through the 10 first stage reactor,
while the salt nelts haV| ng different tenperatures of the individual zones
are advant ageously conveyed frombottomto top; Catal yst tube and thernal

t ube charge Flbweontrelp to botton), for exanple: 15 Section 1: length 50 cm
steatite rings of geonetry 7 mMmx 7 mnx 4 mn(external di aneter x length X
i nternal di reli mnary h 140

cat al yst chg‘ﬁgeegte%'"%r ﬁgﬂ%&fg‘"ﬁa}g @%’-@3‘5‘“’63’% °§H? °mi-'?r83$cr?n{h§ rings
of geonetdy fistetage @aoter, while tha galmeltshdvingi differesttepetaturgs bf theiindividush|

di anet er) anghndlUrdyavantagebu cmm%ﬁq%mﬁ%%‘yst fromsection 3. 25
Section 3: length 160 cmcatal yst charge of annular (5 Mmx 3 nmx 2 nm =

external dianeter x length x internal diameter) unsupported catal yst
accor di ng t oCatelyattpbe and tiyerpel-tube duge drong tnpdp bhttempfenexap@iee\vo x 2
W3] 0.5 [ Ma12Co5. 5Fe2. 94Si 1. 59K0. 080 1) 30 In the abovenenti oned charge, the

unsuppor jed st fr e 1 of DE-A 10046957 can al so be repl aced
by: a) a{sgatg%'gfmaccorg rﬁ g%nxarrpl e 1c of EP-A 15565 or a catalyst to be

prepared in 35 accor darfteatig ings ofiggometingirem ek Bwbt 4w (Bgenabdiametay
conposi tion MI12Ni fi . 5ZnigeR BiidtBmaDaiaméter D45 prelifthaby 684.

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

25 Section 3: length 160 cm
catalyst charge of annular (5 mm x 3 mm x 2 mm = external diameter
x length x internal diameter) unsupported catalyst according to
exampie 1 of DE-A 10046957 (stoichiometry: [Bi;W:09 X 2 WO3]o 5
[M04:C0s sFe2 94Si1 56Ko.080:1).

30
In the abovementioned charge, the unsupported catalyst from example 1 of
DE-A 10046957 can also be replaced by:

a) a catalyst according to example 1c of EP-A 15565 or a catalyst to be prepared in
35 accordance with this example, except having the active composition
Mo12Nis sZNn2F €2Bi1Po 0065K0.060x * 10 SiOy;

b) example No. 3 of DE-A 19855913 as an unsupported hollow cylinder catalyst of
geometry Smmx 3 mm x2 mmor 5 mm x2 mm x 2 mm;
40



b) .exanple No. 3 of DE-A 19855913 as an unsupported holl ow cylinder catal yst
of geonetryPH54389% 3 Mmmx 2 Mnmmor 5 nMMmx 2 nmMmx 2 mm 40 PE 54389 25 ¢)
unsupported nmultimetal oxide 11 catal yst according to exanple 1 of DE-A
19746210; d) one of the coated catalysts,l, 2 and 3 of DE-A 10063162, except
applied in the 5 same coating thickness®o support rings of geonmetry 5 nmm x
3 mmx 1.5 mn 7 unsuppcitedhmultimet®l oxide i\catalydt aapotding toeexampient obn, the fi xed
catal yst bed is mmddnarizagemisly otherwi se selected in such a way (for
exanple by dilution with, for exanple, inert material) that the 10
tenperature difference between t he heating point maxi mum of the reaction gas
m xture in ®he dngdif thegeeated eatglystad u? and 8196 PEah 0063 6 a¢xceptarplied iviper at ur e

of the tenperattsramemn FRIKAES lo)suBPES ring ofeerRthy 8Ghm xIHivin kaPARAL Ur e
difference is usu %%mg%7 frqugntlg@%‘rom 20 to 70C, and this

tenperature d|f pre?"gl"ably small. For safety reasons, the fixed
catal yst bed is aI so selected in a manner known per se to 15 those skilled

in the art (ARbrdigpoRheinEntibinl tel fixed bhfalyst 5wasenaémh@eousmejtﬁerwebee|e@{e)d in

such a wa ha a STRAY S ned in EP-A
1106508 12 dh t‘&hmgy%%‘é"?p'ggvd"&%%h Elx'l BB bhf i iiingfiht 100 (V2A

steel : eht ertampeiuavifierence befweendhe hemngmmgnamrﬁvm of Hiegeaetion aasansites 26
mm | engt h: g% iadvidealdembétie tbessard the particenst Rinipratdietdtahetemperatiire

a4 ;
which can e SEhAELP Sk AdiSLRAE-LInil Winddtal i BirtBnfe I IR 5 TR0
its entire |Teaqyenyy franRie 4@¢. apd this Wﬂ%ﬁuf@'%ﬁﬂ%ﬁﬁsﬁefﬁtﬂbﬂymu Bection 1:
| ength 50 creatdtgedasbas, rtlnm@aaadcn‘atagmnieﬂ isyalgo salected mrmhmrlﬂerrmib(‘vﬁ)pte%élai

di anet er, thgé'égém el Il‘ll {Heea{rp ?ﬁ'@%ﬂ? allufe}én FitR" 61 é)fgnﬂﬂé X?Qgrgxgpeﬁgl) §P§L}c'ﬁon 2:

length 140 cm cata neous 'm Xt t of

steatite rihyayha é’@d—’f?é{"rt?f at Fﬁﬁ‘i‘B@r%t“ e)E'S@'V‘FMﬁS(‘Eﬂ"SF r'ﬂaE tﬁ%ﬂﬁség % I ength x
i nternal di aa@try<and, o260y omei3fBt of unsupported catal yst from section
35 3. Section 3: length 160 cm
Examples
20
A reaction tube (V2A steel; external diameter 30 mm, wall thickness 2 mm, internal
diameter 26 mm, length: 350 cm, and also a thermal tube (external diameter 4 mm)
centered in the middle of the reaction tube to receive a thermal element which can be
used to determine the temperature in the reaction tube over its entire length) is charged
25 from top to bottom as follows:

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

30
Section 2: length 140 cm
catalyst charge of a homogeneous mixture of 30% by weight of steatite
rings of geometry 5 mm x 3 mm x 2 mm (external diameter x length x
internal diameter) and 70% by weight of unsupported catalyst from section
35 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 accerding to example 1 of
40 DE-A 10046957 (stoichiometry: [Bi;W;04 x 2 WO3]s5
[Mo,2Cos sFez 04Sis.56Ko.0801).



catal yst charge of annular (5 mmx 3 mMmm x 2 mm = external dianmeter x Ilength
X internal 5438 ) unsupported catal yst according to exanple 1 of 40 DE-A
10046957 (stoichionmetry: [Bi 2W209 x 2 W3] 0,5 [ Mb12Co5. 5Fe2. 94Si | . 59Ko. 050x]
i). PF 54389 26 The first 175 cmfromto% to bottom are thernostated by
means of a salt bath A punped in counte 8urrent. The second 175 cm are
thernostated by neans of a salt bath B punped in countercurrent. 5 The

above- descr il 178l REHRlHE R BiREPalShERRSIAPPIniarar J8sh tith ] 2 starting
reaction gas m xture 1 of th@ .Eol I owla goEEé)y tion, ?%the I oafdl ng, and the
t her nost at | RYMAEIREOYNETHTPE, The Fppop 8«3 SMEATE AhsrEpstaied by WA 1A $506 by
vol ume of pri@ateBeumpeddmeauntesc@drds by vol une of H20O, from 0.3 to 0.5% by

volume ofg CO, fromO0.8 to 1.2% by volume of CO2, fromO0.01 to 0.04% by

vol une of acygol ein 15.fram.10.4 to 10.7% vol u of, 02 and the remainder
ve 10606 of iRV eAtie I feasfeh Biabgs eintiud M Ptk ¢ ARG Lon  he
cat al yst t ubeagtioprgas opxtute bot the fellopingreesnpssitionans the laagingandrtheice to t he

reaction t ubRemdstling REtHeaRS réactiontbe3ard vBAéd:as a function of the propene
hourly space velocity selected. At the exit of the reaction tube, a small

sanple is withdrawn fromthe product gas m x- ture for gas chromatography
anal ysi s10 At t he endront 646 .5¢ehypeelume obpopaee.A there is 25 |ikew se an

anal ysi s point. The ffps8kd 8.5esbwvdlieof BROOf hourly space vel ocities. and
salt bath tenperatur, I llowing table I (the letter E in
oty B55p SN gkl P

brackets neans exanp are enperatures of the salt baths
circul ated by punpi Ai@m A8itad-2% bypalkmert&ones A and B. CPA is the propene
conversion at the ertnod.0t epO48E by wldragef Acrorinol % 35 CPS is the propene

conver si%n at the e%n?’ioh‘%&'ﬁ@"v%@fa&:ﬂ&%@%%ﬂd nol % SAC is the selectivity
[ ' T oduc as m

of acrolein formation Tn'the produrc fg ure based on converted propene
in nol % 40 SAA is tthereseaipdariad 100%ef melpgylarnitieged. by - pr oduction in the
product gas m xture, based on converted propene in nol % PF 54389

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

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

At the exit of the reaction tube, a small sample is withdrawn from the product gas mix-
ture for gas chromatography analysis. At the end of the temperature zone A there is
25 likewise an analysis point.

The results as a function of hourly space velocities. and salt bath temperatures are
shown by the following table 1 (the letter E in brackets means example).

30 TaTs are the temperatures of the salt baths circulated by pumping in the
temperature zones A and B.

CPa is the propene conversion at the end of temperature zone A in mol%.
35 CR is the propene conversion at the end of temperature zone B in mol%.
ghe is the selectivity of acrolein formation in the product gas mixture based on

converted propene in mol%.

40 SsM is the selectivity of acrylic acid by-production in the product gas mixture,
based on converted propene in mol%.



27 .Tmaz4, T "a"s are each the highest tenperature of the reaction gas

m xture wi t FPM543@8 reaction zones A and Bin C. 5 Table 1 Propene hourly
space velocity TATBTmaTmaxC AC BSAC, S (I (STP)11h) 130

(E) 31931938435166. 795. 192. 65.1 130 (E)327%31340033070. 394. 893.94.4 185

(E) 32233638036864. 594. 990. 67. 4 Conparative exanples Everything is carried
out as in the exanples. However, the |engths of the charging sections of

the fixed beprdatedd/ s 20RHESgRs? taMFErARFE GXhé AldcBYF gaslPRBsE WtRindhe 125 cm

instead of 140 cm jon_3:1¢5 instead of 160 cm The results are shown
by table 2. (O nearsfgg‘tét{?ﬁﬁgi%? \?Qag'g I'e. 15Table 2 Propene hourly space

velocity TATBTmaTma" C AC BSS (I (STP)11h) 130 (C)31931538436066. 494. 991. 85. 6
130 (C) 3Z/314HM33970. 295. 093. 24. 8 185 (C) 32233138037764. 794. 889. 97. 8
Conpared to the results in table 1, |lower SAc are achieved with conparable
CPB values. PE 54389 28 W claim 1 process _for partially oxidizing
propene to aRiopeneheurlydpaee t hea gads phasE undar he€er ogeRemus|®at al|Pst sl by
conducting avedotyting reacti ¢n gds m xfure § conpfising|propepe, ngl ecul ar
oxygen and a{l Hé.@a%lpone iner{ gag, and|contagining| the nolecul ar oqygen and

t he propene ar 02: H6 natio pf >1! in a] reactlion stage gver la

fixed catal Y830 Feéd whose act |9t ¢8hPos|3I84on |361at |GBAst |8hd |926 |5.1
130 (E) 327 |313 400 330 70.3 948 |939 |44
185 (E) 322 |336 380 368 64.5 949 1906 |74

Comparative examples

Everything is carried out as in the examples. However, the lengths of the charging
sections of the fixed bed catalyst charges are changed as follows:

10
Section 2: 125 cm instead of 140 cm.
Section 3: 175 cm instead of 160 cm.
The results are shown by table 2. (C) means comparative example.
15
Table 2
Propene hourly space [Ta | Ts |17 [T [CPA [CPs [S7° [S™
velocity
(I (STP)/I-h)
130 (C) 319 |315 [384 |360 (664 1949 1918 |56
130 (C) 327 |310 (400 [339 {70.2 {950 (932 |48
185 (C) 322 1331 ;380 |377 |64.7 (948 |89.9 |78

Compared to the results in table 1, lower S”C are achieved with comparable CPgvalues.



mul.ti metal oxide conprising the elenents Mo, Fe and Bi, with the proviso
that 10 - tHeF P#3&KY catal yst bed is arranged in two spatially successive
tenperature zones A, B, - both the tenperature of tenperature zone A and
the tenperature of tenperature zone B isga tenperature in the range from
290 to 380C, 15 - the fixed catal yst bed Consists of at |east two spatially
successi ve fYVg&timcat al yst bed zones, and the vol ume-specific activity
within one fixed catalyst bed zone is substantially constant and increases

sharply in the f ' ' f. .. [ I,on S, [l %t .M e nsition
fromone fi xﬂd cé?’ gf"fg% f@%&gfég& §’8ﬂ%m§6’ ’%}@?ﬁ&“ﬁ&%@_@a‘ﬁﬁ%?gﬁ’h%%d“'i%ﬁe, -

t he tenperat ur e beerogenesuscatalysishy eonductingastartiog reactiongap migdige of from 40
tﬁ 80 rrpIS%f_ZS - cCOMprisirydropers motdculan exydenrdndny Idaetehe PBrtgas, aﬁwﬁo}ngamiﬁ%mlﬁgh
the entire fixe t I o and the
sel ectivity of dtggﬁ‘\gtflgéllﬂn& Otxgg%a?é%ﬁe%g@%gggmgg@rgﬁ%'3%”6?&%%%‘1?@ af 90 nol %
the sequence in TERREON Hagmeven afired calalyst bad wheseraclive cempesiian is 9f BagtPene 30
t enper at ur e zonemukimethl ogide eomprisiag the ¢lbments M Fetdnd Biewitietherofisd that
tenperature zones, - the hourly space velocity of the propene contained in
the starting reaction as mxture on the fixed catalyst bed is ? 90 | (STP)
of propet/i of fi xé’EFﬁ’%S‘ Geialyst hed jsarfangrd in wesnatialysuseessiveigpperaturg npy s |
formed fromthe higlzesés AeBperature T'a"A which the reaction gas m xture
has within tenperature zone A, and the highest tenperature Tn B which the
reaction gas mxture has within 40 tenperature zone Is z 0C, PF 54389 29
wherein the transi ti% H"tﬁ?é‘?ﬂ‘?‘gﬁﬁb’é?afttﬁfngg%ﬁ@zﬁ"?&%”@ﬁg%mwgu%?fe Bin the
fixed catal yst bed deraperature zarien8 isdetenmpenataret in dmesiange frofrr 280 tor3801¢,x ed

catal ystqygped zone to another fixed catalyst bed zone. 5 2. A process as

o e 1 ch o) BB et B i b ek oSSR st e o052
claimed in any of clcatalyst bed zor@s, ambtheivalumesspacificastivitywithinjonspfined catalyst
R e iy Sk

: [ i . i .. el u
spacep vel ocity on thS&PIn ég‘e\éfz??&‘f‘{/"&asda'a&ﬁr%a'z‘ﬁ%’éni'{'?“s{??ﬁ‘ff?ﬁ"a‘ﬁgﬁg'yi%bo Iy

(STP) /| he0 bed zone to another fixed catalyst bed zone,

- the temperature zone A extends up to a conversion of the propene of from
40 to 80 mol%,

25 - on single pass of the starting reaction gas mixture through the entire fixed
catalyst bed, the propene conversion is =2 90 moi% and the selectivity of
acrolein formation based on converted propene is 2 90 mol%,

the sequence in time in which the reaction gas mixture flows through the
30 temperature zones A, B corresponds to the alphabetic sequence of the
temperature zones,

- the hourly space velocity of the propene contained in the starting reaction
gas mixture on the fixed catalyst bed is = 90 | (STP) of propene/l of fixed
35 bed catalyst - h

- the difference T™* - T™® formed from the highest temperature T™*
which the reaction gas mixture has within temperature zone A, and the
highest temperature T™® which the reaction gas mixture has within

40 temperature zone B is 2 0°C,



15.6. A process as clainmed in any of clains 1 to 5 wherein the tenperature
of reactionPF#89A is from 305 to 365C. 7. A process as clained in any of
claimse 1 to 5, wherein the tenperature of reaction zone Ais from310 to
340C. 20 8. A process as clainmed in any gf clains 1 to 7, wherein
tenperature zone A extends to a propene conversion of from50 to 70 nol %
9. A process as Wiesgindhe ransitiep figm temperajure Zope & totpraperiature gafBa thee zone A
25 extends to a fined pataystsstvdvesindticeslifcide @ith GAransitidd) froml die fiked cltapsdbebs as

claimed in any af chalfmnd i8d atalbESSi Hhnkhe 02: propene ratio in the

starting reaction gas mxture IS Wrgoml to 2. 30 11. A process as clained in
any of clains 1 to 10, wherein the chem cal conposition of the active
conposi t isSon s edA process ancigietbddn etairh Hewherein B2 XEF® tat 3F@ ahd kd@°C. 12. A
process as clainmed in any of clains 1 to 11, wherein the entire fixed

catal yst bed copprises not nore than four fjixad | yst .hed zopes. 35 13.
N provess ad ol o RS AnAITRd B clamad. whergin A B L0 RERa kR Ve
conposition is uniformover the entire fixed catal yst bed, the

vol une- specific Aa&tcieyfaé?aaﬂ%%‘ ih iaapo'fagma {o'éh?wh@iéiﬁ | ¥8p&e ﬁd“uﬂy%ﬁé&“ on

Pixed cdal yst PR a R | GiRaf andiot IRIPBE 54380 56

fixed catal yst b %5HB¥@%€’£€6"§@%B%

14. A process as claimed in any of clains 1 to 12, wherein, when the active
Vol ine- speci 11 ¢ - Brscets 84 Bhiniciin 30y of Sais PO % Skroff nefEpere o space | o,
gas mxture incr ¥ ophe &%dp@&@fst Eﬁ%soﬁ/%é{ @WP%’E' apfg :{bpalr{&t'?ﬁ)h from one
fixed catalyst bed zone to 5 another fixed catalyst bed zone. 15. A process
as clai mgd ig) a“NﬁFHceQééé BBirded iR ahf of ¥ARTsS] &5,‘0@\%Fbiﬁﬂ'%t@ﬁ4pb?‘a?ure%@mﬁbﬁ' on
is uni formover the entfl re é)i{e:i% g&tal yst bed, the difference in the

vol unme- specific Z08A 18 r(?B'h?) Ot 3n between the fixed catal yst bed zone
having 10 the | owest vol unme-specific activity and the fixed catalyst bed
zone having # he ARBtdteeShs MaimetEin 2RFf tlhitnsaClo 5 iWhérdis tHOEmpRFAurt bR Reatfidh bY

wei ght. 16. A process. as_ clal LQ any of clains 1 to 15, wherein the |ast
fi xed cat al yst b@oﬂ'eiﬁg@"‘f #m@oﬁeow direction of the reaction gas m xture

i's undi | 26x ed and consists 15 only of shaped catal yst bodies. 17. A process
as claimed ig) any paicesd aé iBinded i ah§ of MAIRTS] 1 1, Whetdint &npserbtate/sdnelyed
extends to a propene conversion of from 50 to 70 mol%.

9. A process as claimed in any of claims 1 to 8, wherein temperature zone A
25 extends to a propene conversion of from 60 to 70 mol%.

10. A process as claimed in any of claims 1 to 9, wherein the O,:propene ratio in the
starting reaction gas mixture is from 1 to 2.

30 11. A process as claimed in any of claims 1 to 10, wherein the chemical composition
of the active composition used is unchanged over the entire fixed catalyst bed.

12. A process as claimed in any of claims 1 to 11, wherein the entire fixed catalyst
bed comprises not more than four fixed catalyst bed zones.
35
13. A process as claimed in any of claims 1 to 12, wherein, when the active
composition is uniform over the entire fixed catalyst bed, the volume-specific
active composition in the flow direction of the reaction gas mixture increases by
at least 5% by weight at the transition from one fixed catalyst bed zone to
40 another fixed catalyst bed zone.



zone having éhe h| hest vol une-specific activity does not extend into

t enperat ure 20 18. A process as clainmed in any of clainms 1 to 17,
wherein there is no transition from one fixed catal yst bed zone to anot her
fixed catalyst bed zone in the fixed cataglyst bed within the range of X L
14 where L is the length of the fixed catalyst bed and X is the point
within the f14xedA@§-'t°&F§/§§ clpimpedip any ghelprimsohta 1% wheein.visethe astvezone A to

t enper at ur e zonecdmposition is uniform over the entire fixed catalyst bed, the volume-specific
active composition in the flow direction of the reaction gas mixture increases by
at least 10% by weight at the transition from one fixed catalyst bed zone to

5 another fixed catalyst bed zone.

15. A process as claimed in any of claims 1 to 14, wherein, when the active
composition is uniform over the entire fixed catalyst bed, the difference in the
volume-specific active composition between the fixed catalyst bed zone having

10 the lowest volume-specific activity and the fixed catalyst bed zone having the
highest volume-specific activity is not more than 40% by weight.

16. A process as claimed in any of claims 1 to 15, wherein the last fixed catalyst bed
zone in the flow direction of the reaction gas mixture is undiluted and consists
15 only of shaped catalyst bodies.

17. A process as claimed in any of claims 1 to 16, wherein the fixed catalyst bed
zone having the highest volume-specific activity does not extend into temperature
zone A.
20
18. A process as claimed in any of claims 1 to 17, wherein there is no transition from
one fixed catalyst bed zone to another fixed catalyst bed zone in the fixed

catalyst bed within the range of X & L- Tg-a where L is the length of the fixed

catalyst bed and X is the point within the fixed catalyst bed of transition from
25 temperature zone A to temperature zone B.



