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2 80 mol%, the sequence in time in which the reaction gas mixture flows through the

30 reaction zones corresponding to the alphabetic sequence of the reaction zones.

Acrylic acid is an important monomer which finds use as such or in the form of its
acrylic esters for obtaining polymers suitable, for example, as adhesives.

35 Onthe industrial scale, acrylic acid is prepared predominantly by heterogeneously
catalyzed partial gas phase oxigation of propene (cf., for example, WO 01/36364).

In principle, the heterogeneously catalyzed partial gas phase oxidation of propene to
acrylic acid proceeds in two chronologically successive steps.
40



PF 54282 2 |n the first step, propene is oxidized to acrolein, and in the
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A further objective of such a heterogeneously catalyzed partial gas phase oxidation of
propene to acrylic acid is to achieve a very high space-time yield STY** of acrylic acid

30 (in a continuous procedure, this is the total amount of acrylic acid obtained per hour
and unit of total 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
fixed catalyst bed of the first reaction stage (fixed catalyst bed 1) (this refers to the

35 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 1
through one liter of fixed catalyst bed 1. per hour), the higher the space-time yield.
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when performing the process in the absence of a chemical reaction. When this

temperature within the reaction zone is not constant, the term temperature of a reaction
zone refers to the (numerical) mean of the temperature of the fixed catalyst bed along

30 the reaction zone. It is essential that the individual reaction zones are heated
substantially independently of one another, so that a reaction zone always corresponds
to a temperature zone. The aforementioned definition of the temperature of a reaction
zone also applies in this document.

35 Since the heterogeneously catalyzed partial gas phase oxidation of propene to acryiic
acid is a markedly exothermic reaction, the temperature of the reaction gas mixture on
reactive pass through the fixed catalyst bed is generally different from the temperature
of a reaction zone. It is normally above the temperature of the reaction zone and, within
a reaction zone, generally passes through a maximum (heating point maximum) or falls

40  starting from a maximum value.
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30 mixture leaving the first reaction stage is optionally reduced by cooling and molecular
oxygen and/or inert gas are optionally added to the product gas mixture, and then the
product gas mixture, as a starting reaction gas mixture 2 comprising acrolein,
molecular oxygen and at least one inert gas and containing the molecular oxygen and
the acrolein in a molar O, : C;H,0 ratio of 2 0.5, is conducted in a second reaction

35 stage over a fixed catalyst bed 2 which is arranged in two spatially successive reaction
zones C, D, the temperature of reaction zone C being a temperature in the range from
230 to 320°C and the temperature of reaction zone D likewise being a temperature in
the range from 230 to 320°C, and whose active composition is at least one muitimetal
oxide comprising the elements Mo and V, in such a way that reaction zone C extends

40 to an acrolein conversion of from 45 to 85 mol% and the acrolein conversion on single
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be nore than 75C. PF 54282 6 According to the invention, preference is

given to Treg "'th@fﬂ?&ﬂyQﬁéd&:e?oci@@f%%cfaleiﬁ@%tain‘é@ﬁﬂth%@iédiﬁglrle%bti@f §dser ence
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bed 2 « hand 2 70 | (STP) of acrolein/l of fixed catalyst bed 2 « h;

e) the volume-specific activity of the fixed catalyst bed 2 increases at least once in
the flow direction of the reaction gas mixture over the fixed catalyst bed 2; and
25
fy  the difference T™° — T™® formed from the highest temperature T™* which the
reaction gas mixture has within reaction zone C and the highest temperature
T™®0 which the reaction gas mixture has within reaction zone D, is = 0°C.

30 In general, the difference T™ — T"® in the process according to the invention will not
be more than 80°C.

According to the invention, preference is given to 7™ — T"®B peing = 3°C and < 70°C.
Very particular preference is given to T™ — T"®in the process according to the
35 invention being 2 20°C and < 60°C.

Also, the difference T™° — TP in the process according to the invention will generally
not be more than 75°C.



5 The process according to the invention proves advant ageous, for exanple,
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(STP) of acrﬁbtﬁlyrdpahe elotlty dithe>prop&ife tortHAE) inafe aRktPIgabadtion das afijture 1 on

(%%ﬁg Slfp) ag‘; (lﬂe"#%ﬁ’ %ﬂal})ﬁté fis. is. Db sll‘%'g%f ;Sr%ﬁgr}e/ q%&[%ﬁb F{)éTPg%f gl%geﬁe:’fu'S 1
to the i nvenbi® t¥H (§T8bprlseereﬁ£blh€ui Uxﬂéh(st e PhergreRe/sia 862 aP b3 R) obf the
propene cont piopede/i Mh be< 4l (STRY of papehan - Gasr 20201 (STIR) of Aropend/henh émcked

cat al yst yped, 10 . @f I

vel ocity @f tﬁ4b?&§l'oﬁ%%fho&)§ ?I %éalpg ?@ﬂ:@)TPb ﬁoﬁgﬁerﬁe'gﬁ 'F%ﬁ1bgls ture 2 on
the fixed cRICRP)RL" béadhg @PL&'VTbGa?e Yesaady ohth ea%qrqul@.qqmalnqql mﬁiﬂﬁé FEPY t he
oper ati on of remctied gas mixoune 2amrthe §estbedtalpst bed@is AW I88R) cfrdcrdl@atlr hgadwoul d

hardly be ecgqqm £ ff‘ébr%@uﬁl - 1£-or ¥A88 | PEF O BLRid/ NG, QFQ%@ﬁisﬂﬂcd?rd' ng to

e | et OBl o T R RS T SR S e ™

the inventi oA} @
t enper at U5 e &f12b&&ETR)af azrtohamlA- bhnat 2 1e0 t(EiProkaancleind hrandct 1281 (B6REOB are in

the range framoRRitR, &&O‘QSQ@TPP&MQHH hﬁranﬁ&nﬂﬁ (i Seprbfidcrsi@nae rbet ween
the tenperature of reaction zone B (TB) the tenperature of reaction zone

A (TA), i.e. Te 30 - TA is : 0C and >_-ZOC or z -10C, ors 0OC and ? -5C, or

frequently <Itw@ltbeappreciateg¢hat|tme prokess agseuing torthe pventpstcan@lsoee arplieti ng of

me prior ariynhb®theMdiin |s§?<ﬁ=.‘ VeiSoity "ohfhe ﬂr@ﬁﬂ?@r@hwr%&ﬁltﬁé"ﬁaﬁlH $@éw@ﬂ a@o[‘ﬁ in
e roc S a in e npr na n e

tenpora e MHRGRe %?@ b getp BN OB e 53R BPRPRefel7F abd YR g

reacti on zonegacgfvelasily atipemarolein centained indthe staﬂmmﬁ@twwaﬂsamxtuwméﬁn;ﬂae f or m ng

the process agOfEAIRg bed 2iife 70N(STR) &iucrdidlf! dh fHeIGRE aRe opéatidrofa muftima” D

required in C on PF
53" S | B eA AR ot REB BRSO AR TR e LAY Yo,
tenperature of reaction zone D are in the range from 230 to 320C and, on

t he ot heps hawhentpefofthihg eiecpretesshRcvriB th ite hesmieh athe iiffepdndee JCHF orr"‘z%ne D

(TD) and t herég%ﬂ?@%é&ﬁ%aﬂ%%@ﬁﬁ@é nﬂ%rggﬂeére ﬁ?r('n-gﬁi%] att% P&d W§Q1 oné@e ohé hgnd

and ?-20C or
both the temperature of reaction Zone A'and the temperature of reaction zone B are in

the range from 290 to 380°C and, on the other hand, the difference between the
temperature of reaction zone B (Tg) and the temperature of reaction zone A (Ta), i.e. Tg

30 -T,u is <0°C and 2-20°C or 2 -10°C, or £ 0°C and = -5°C, or frequently < 0°C and 2 -
3°C.

In other words, in contrast to the teaching of the prior art for high loadings, the
temperature of the subsequent zone in the process according to the invention will
35 normally be lower than the temperature in the preceding reaction zone.

This also applies to the two reaction zones of the second reaction stage.

-In other words, when performing the process according to the invention, the differences
40 T™C_ ™D reguired in accordance with the invention are normally attained when, on



The. aforerrenék\cg;ggzstaterrent relating to the tenperature difference TB- TA
also applie the tenperature of reaction zone Ais within the
~preferred tenperature range of from305 to 365C, or within the particularly
preferred range of from310 to 10 340C. kn a correspondi ng manner, the
aforenenti oned statenment rel ati ngatto the tenperature difference TD - Tc

al so appl i es RN hand. bhis tempetatye of seactivn sonsféng thesteiperatireqf geaction
preferred tenperQtare o tharggedioni 230ro250°C @n8 0@ Cthearthasinahd rthé didfeparcei cul arl y

Feacti on st ageeest IpeTHEREN fedclod Pl D (10 S R Ra UrFeadiol 2 o
bel ow at nos p%e('rSr Pl "Br é’s'sﬁ‘r g {@’3} a%ci%- |‘gga%\7&9 Eooro‘:f é”%ga?ff? ('ﬁo%aB'E)&%q”e"{W

at nospherbc préssnde& -3%ypically, the working pressure in the two reaction
stages of the 20 process according to the invention will be at val ues of
fromlto 5 r..freguently from.1 0 ar. Nor.mal |. t he_reaction
pressure w | ﬁﬁﬁg‘s‘{“%@z%@l@ eié@tﬁ?ntirﬁlaéﬂﬁé& Eﬁ“&%%tl"ﬁ%%é?a‘é%ﬁb gltsgges. In
general , t heappliggaviendomiempsratnrepe{seartion zene§liewitkin sheoprefaesditernperatise al yst

bed 1 in 25r4rdye dpFromests t8GeoTClion Yithin thé BartiBMa preferid randeofrddd 3Nt or 2
94 nol % heaichectlw ty of product of value formation (sum of acrolein

formatioa and acrylic acid by-production) in the case of suitable catalyst
selection in a manner known per se will regularly be ? 92 nol% or z 94

mol % frequer & yorresponding Yander, thedForametitioneBstatdnitat ramtiMy td\teaebeatire t he

I nvention, p _ | ; | ' b ene
conver si on oPMEASEd5 1T %0“%%]%5?39{@%%ﬂﬁr@g%*%reﬁ%fééc?%%&%r%Ese‘ﬁ‘éh'“?**%"
conversi on of'§f¢TEA l6BPEEAtYE rARAERT frpm 25D @i or withén hepartipulay peefereschei ty
of acrol é6n eangeloé fibma@sd°Cad 2880°€X bed 2 in the process according to the
invention wll be about 10 I (STP)11 h, frequently about 20 to 25 |

(STP)/1 h, | ow the hourly space vel ocit f propene on the fixed catalyst
bed 1. Thi s 1B UG peRs I SR isadiGn Sops ofibe PRIESE RECEUNG G e rveston
propene nor theeitlErbetbelaw gtmeSpladricoressues (forf exanglie dowmyton® s bht) wr abdra ni ng

100% PF 54282, &phesOprbside ! Bridifly, the R8I preSupé # BB BRo Feaclibry §gddofitRACt i On
zone C eﬁéendl n ol el m irs

to_a .copversion.of the acr com.ng fr the f
Feacti on2lt aBEERS RaRTISH R G INERITIUE & Vpoe TR A5P Hiro TRVt al
t he acrol ei ntcdheeNormallybthegdadtiongiregsuee witl ot exceetid 0D ibren aithendfithe tioed 2 in
the process p&z068lttaged 0 the invention will be ? 92 mol % or >_ 94 nol % or ?
96 nol % or 98 nol % and frequently even ?- 99 nol % or nore.

In general, the propene conversion based on single pass of the fixed catalyst bed 1 in
25 the process according to the invention will be 2 92 mol% or 2 94 mol%.

The selectivity of product of value formation (sum of acrolein formation and acrylic acid
by-production) in the case of suitable catalyst selection in a manner known per se will
regularly be 2 92 mol%, or =2 94 mol%, frequently = 95 mol%, or =2 96 mol% or

30 =97 mol%.

According to the invention, preference is given to reaction zone A extending to a
propene conversion of from 50 to 70 mol% and more preferably to a propene
conversion of from 60 to 70 mol%.
35
In general, the hourly space velocity of acrolein on the fixed catalyst bed 2 in the
process according to the invention wiil be about 10 | (STP)/I « h, frequently about 20 to
25| (STP)/ « h, below the hourly space velocity of propene on the fixed catalyst bed 1.
This can be primarily attributed to neither the conversion of propene nor the selectivity
40  of acrolein formation generally attaining 100%.



10 When the ééégg@at alyst bed 2 is selected appropriately in a manner known
per se, the ivity of acrylic acid formati on assessed over both
_reaction stages in the process according to the invention, based on
converted propene, may be at values of 83gnol % frequently at a 85 nol % or
? 88 nol % often at a 90 nol % or a 93 nol % 15 According to the invention,
the nolar 02: C3H6 ratio in the starting reaction gas mxture 1 has to be ?
1. Typi cal | yAcdondisg teethe invention, ipeeferenomisigiheendd reactidn zéwe Gredtemgingdo ahe

invention, {digersRInadr tt@acr%lﬁ@:&nﬂﬁ%ﬁor‘nﬁhé Rt ”dafidr e 6Fdrh 80 1985 nfliosidr e 1

wil | freque 0 According to the invention, the
nol ar 02: @Fﬂésgz??grqoi%t he starting reaction gas mxture 2 is preferably
likewise®@ 1. Typically, this ratio will |ikew se be at values of s 3.

According t 0Intdéﬂeiam\tl$élh¢r@lém édmRersinadased on sﬁ»@re%aeysrbf tt@tﬂx@dlcatawaebéd 24 i ng

reaction gas&pg?g&%egg g%ﬁoré%é Xe{he%{}éﬁpM %ﬂll%%dz §£ il% o?>%4 mol 4 S &6 Fn I°/18§ 25

Useful cat al cata%.a g eRe= process  accor
t he inventi o 98mattoand frgapentty avRB L9aeIE gsmerenhose actl ve conposition is at
| east one multinetal oxide conprising Mo, Bi and Fe. These are in

articul t mul a
501 of Bt aAPegiic bR BlanRtbifo Bsddeied BEMEI0 1P Haoh S BN PeR e, fE
general f or ngfleetivitsf qgedlAawéamlsn aﬁmssamowrrﬁqﬂare%mruétaaﬁ MJee BFESSi ti ons
of the generadcofdiignol tae inventich] basedi drl ¢orvértédrprpdhd, 0dH0%e attvakueswift i net al

oxi de_acti ve, 6OupRal {1 QAP 1 BorfPACkAl s FOIIURA d > dolm@id of L badho?

19948248 and the nulti oxI de active conposi tions of e genera
formulae I, Il and IIl of DE-A 19955168 and also the nultinetal oxide 35
acti ve ctirpoAcdarding testhe ivientiah, ithre lEBIaAOZ 00HAratidinstbe startirgbreectioorgas mextureced

catal yst bedq haidhd 16, ‘I“’%édllﬁﬁﬁé'ratﬂ:?‘hﬂ% eGRVALYS bf< § AR dih &thé’ﬁweﬂuonﬂnd Fe

B I L L e e \@@ffﬁqw?'xge 55

279374, DE- Aa3B98M44, EP-A 575897, US--A 4438217, PF 54282 9 DE-A 19855913,
WO 98/ 24746, DE -A 19746210 (those of the gener aI formula I1), JP-A

91129423 7 artic IS for the
exenpl ar?0 WE%??NI’ZTE Ztﬁe %%H@e% %gﬁgﬁﬁsgnﬁdégﬁﬂh@% shaé'g Sgﬂolﬁcqaﬁ

pref erence |@lxtlg'e\2eﬁptet§erﬂhlas§ée‘me EF- Avpisagsthisgptigwilikggize b@@tvalugsamélo and
DE- A 1985591}3cco5d|ﬁ@tdﬂhéhﬂ\@htl@mﬂ"ftﬁﬁhb%r@ gtrofin tafiotifihe starierelaction gascat al yst

accor di 1.t oyRARIR) i 4EaldiThelich #1055 g Abscy (0 8 catalyst to be

prepared in a corresp ORdi manner ing t ie active conposition
Mo12Ni 6. 5Zn2Fe2Bi | Po. 0065Ko 060x 10 Si02. Enphasis is also given to the
exanpl e Pavi Dgefulhvatagsts for thieufidedrcathlyst bed Diof thé pke&ss 2tSordipg tethelinaemtibn y :

e coressy APl Ol R GBI B Lo, 0,
X mprisin 0O, Bl an e.

These are in particular the multimetal oxide active compositions of the general formula
30 | of DE-A 19955176, the multimetal oxide active compositions of the general formula |
of DE-A 19948523, the multimetal oxide active compositions of the general formulae |,
Il and il of DE-A 10101695, the multimetal oxide active compositions of the general
formulae |, Il and Ill of DE—A 19948248 and the multimetal oxide active compositions of
the general formulae I, Il and |l of DE-A 19955168 and also the multimetal oxide
35 active compositions specified in EP-A 700714,

Also suitable for the fixed catalyst bed 1 are the multimetal oxide catalysts comprising
Mo, Bi and Fe which are disclosed in the documents DE-A 10046957,
DE-A 10063162, DE-C 3338380, DE-A 19902562, EP-A 15565, DE-C 2380765,

40 EP-A 807465, EP-A 279374, DE-A 3300044, EP-A 575897, US-A 4438217,



hei ght x int ?En% gl aneter) and also to the unsupported nultinetal oxide it
cat al yst Fﬁ to exanple 1 of DE-A 19746210. Mention should al so be

. nmade of the mul ti metal oxide catalysts of US-A 4438217. The latter is true
in particular when these have a hollow cyl inder geonetry of the dinensions

5.5 mMmmx 3 or..5 nmm x X 2 mm or
6nm X3W3WA39WBWWZ%W€§‘6@%§%@ @Se&fw%}efa‘%{%t&% X

i nternal di adBt/e?1/294330ekPsA 293224 ansl BP-oA 0QHE. ihistapptiasan peticdiar tnathe yst s
and geonet ri egerBplaErboiherts Abthese YE2PRIHE A8 amo tﬁés%q:mtﬂawfae@h@e is

exanpl e 1 of
[ Nb12Co5. orcdvEn %9%5319@58@5%59 EF2 gﬁéﬁﬁ%[@%ﬁ ?‘Qﬁb% éaa%?SggP. ng)
catal yst ®f PgeisHBt fegmpsawsg"@nnmms porextde aw%sﬁm&#wakwwmm%a@

ext elr nal d|1 aEPt-ﬁ.ms&ss ket glsb t& aicatabshrl beolprana’eera a cezmdsp@hamgwmn@oamted

cat al ysts ; ; s

VD12 1. o:eseo‘@ﬁ" gﬁf%e g@“&&%@ﬁ '%'Séﬁk‘lg Pk b" at S Sp Ergpnasis is
appropriate @B8@veq te thecgraple th‘ﬂf'ga 155 IsrPE] numb@aaér@m Erﬁdg #91geonetry 5 mm
X 3 mmx 1. gstoioniometfy: o xC&FeIBiseKl o0Si ROXY @arnuesupported halloanstisder xatagsyt h X

i nternal 44di ﬁg%éd?ﬁ%t fpﬂyié'n%'xg fh &5 ﬁﬁﬂf ﬁnr“rﬁ' ?ﬁ’lﬁl gt(egtgfn d8eRal c‘il¥l‘?1eterx

corrp03|t|ons catal ysts cataly bed 1 can

be enconpass@ﬂ'gﬁv‘ ntrEng) Siaspelen Apd I°§° Fhel\}ﬁ"f‘EBP%ﬂfé’ Wi@ﬁ?&%é&ﬂ@é}? ¥st) where
t he vari abl eacarding &f exsaplad of DEFAVIS7 4851 0XMentior kieduldaldd be ntaaleadf the X2

=thal I'ium ap,alnk&hl x'iB:ét@alta!?é?QéﬂJS@mtfﬁslﬁvf'% |§@érﬁ§"trﬂ@h@éarﬂ8&$arvﬁieﬂ%ese
phosphor us, grsen andégr tungsten, X4
al

O P on %1 B m et Sy dSamety o e dBRnSiats 55 R S S BN 38 WMePL om 0. 5 1o
5 b = fABm 6.r0m xDME x ginerh earfoign X 3 orm X 2troma or 6 oin:xf3rromm >03 t'on, 0O, pref erabl y

from3 to 107 mM x3 kP4 enrh Qea”ah dXe?h@ Idrdtheted % ﬁ@'gﬂt D%térﬁal%iarﬁet@r)zl_lf(évﬂgé O0to

3et2??nfﬁ23bl)§v$%?ie bahdeymepiord it s s B ofREM RED BHED oxygen

in 1. 10 TheyVaO&/0687 3. nabl e in a manner known per se (see, for exanple, DE
-A 4023239) and

20  Also suitable are example 1 of DE-A 10046957 (stoichiometry: [Bi;W,0g x 2WQ;]55 *
[Mo4,Cos gFe; 545i4 55K0.0s0x}1) @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
(stoichiometry: Mo42Bij oFe3C0;Si; Ko 0s), €xcept as annular coated catalysts of

25 appropriate coating thickness and applied to support rings of geometry 5 mm x 3 mm x
1.5 mmor 7 mm x 3 mm x 1.5 mm (each external diameter x length x internal
diameter).

A multiplicity of the multimetal oxide active compositions suitable for the catalysts of the
30 fixed catalyst bed 1 can be encompassed by the general formula |

M01ZBiaFebX1cx2dX3ex4fon (E)

where the variables are defined as follows:
35
X' =nickel and/or cobalt,
X? =thallium, an alkali metal and/or an alkaline earth metal,
X® =zinc, phosphorus, arsenic, boron, antimony, tin, cerium, lead and/or tungsten,
X* =silicon, aluminum, titanium and/or zirconium,
40



are: custorrari',%§4ﬁ§%ped undi luted to give spheres, rings or cylinders or else
used in the f coated catalysts, i.e. preshaped inert support bodies
.coated with the active conposition. It will be appreciated that they may

al so be used as catalysts in powder formg 15 In principle, active

conposi tions_of ral fornula I can be prepared in a sinple manner by
obtaining a eergom?i)t?ﬁa referablg finely divided dry m xture

cor r espondi ng % Bom ikl irtody, ereferabirdiony2 o 4m sui t abl e sources of their

el emental censfrbhWabt1D, piatbratsty b 31 10, at tenperatures of from 350 to

650C. The caj m{p%loqg 2”@?61‘&3?!8%0%68%&069 ei ther under inert gas or under an

oxygen at nosphere, for’ m Xture of inert gas and oxygen) and

al so unde? aer'efﬂ%'&oﬁ@ P?ﬁf&rawéf’@”’(@@r -exanple mixture of inert gas, NH3, CO
andl or H2). fTkefroalOctori@tandn time can be froma few rri nut es to a few hours
and typically d SRS, Etnlﬂ% nt al
const|y'lé)uentsM gﬂhﬁﬁéﬁ‘ﬁhl&msm# oXi %@?F@gﬁ%%‘%ﬁ? |on ft‘ﬂgre(la (t)ésaétﬂgg
conpounds vth@H oX¥¥EMdNeady oxi des and/or t hose conpounds whi ch can be
converted to oxides by heating, at least in the presence of oxygen. In

Pl des, o i £ R g B b o el vl
ani ne conpl eﬁ@scusé’@aé'&%\%? arf'g‘gm%da}g%phﬁgﬁfr BW%‘&CVF 8%‘?1%%“%‘?9? hg
NHAOH, ( NH4) REOR coiMatCatalystSHACHGE haoeB DO U Pt BMHBSORoaediwvith therantive um

oxal at e whi CRorHSS<HBROR Will BNSYIECISRE AR tSGRIPASS Be Q8ed 86 Bataly3ksGh PbWderat t he

| atest to relr ease conpounds in gaseous formcan be additionally

i ncor por at ed YHto the dry mxture). 35 The starting conpounds for preparing
the nul t1$etal oxide active conpositions | can be intimately mixed in dry
or in wet fomprindhe) abiieycoripositibXLer the geheraf fofmitlat Ban séafetparai in@Qipeends are

advant ageousln% ﬁéfe%t&?a'ﬂ'f‘aglV}é{}%w‘g%dp'%ﬁé'}gﬁg?“&gg vfdé%leo‘?gh urk®. cal ci nation

after mX|ng an eIS glven to
intimate m xFerEESPANGRY tqﬂapwtoahwaﬁ%afrfrqwswtw squigasi fihaipiepemas are ni xed
wi th each 40cerstitentsraridivaldrimgnit af teapeaqures oS fromal350ite 656000 /The caidimptidsman.

Parti cul gée'sybé Eﬁ%@ﬂ@?%ng)& sﬁé}fﬁgs dry d%? %h Jifg%naa'irﬂogﬂfeusl G x'aHu fdigr M xi ng

process Cri er|a s -are ources of
the el enent afMiKRef 'E‘%ﬂ?%a“%°’8’ﬁ§§b?’ipe%lsq dhdar aTgduding @tgmsplggrg(gfq gxample
preferably waiixure obinestaseNB}L, GO hd/onk:)e Dhes calcinptiasi timecarobd fromedfews dri ed,

and the dryln%té’s!t‘&%%@ Ho%rsoérﬁf?{)@? yde%FJaggg aﬂgg%f%é&@ve st)é meo&r @sfaﬂueous
the

m xture at exit t enper at.u
Tl timetal oheceaeR RS tHeS P r@ﬁwef@h@*@%ﬂ%wsmwﬁgwmr& e nS%gsed i n

t he fi xe®d catahpaindbedich are Rlreadypmidisranddr thosecompatihds whihib panl be comvectedt ai n

catal yst  geQ@liddsasy hedlifg, talpfeagh,ﬁqhé\greg@yceb@o%é@pt ed either before or after
the final calcination.

In addition to the oxides, such useful starting compounds include in particular halides,
nitrates, formates, oxalates, citrates, acetates, carbonates, amine complexes,

30 ammonium salts and/or hydroxides (compounds such as NH,OH, {(NH,}.COs, NH;NO;,
NH,CHOQO,, CHsCOOH, NH,CH,CO, and/or ammonium oxalate which decompose
and/or can be decomposed on later calcining at the latest to release compounds in
gaseous form can be additionally incorporated into the dry mixture).

35 The starting compounds for preparing the multimetal oxide active compositions [ can
be intimately mixed in dry or in wet form. When they are mixed in dry form, the starting
compounds are advantageously used as finely divided powders and subjected to
calcination after mixing and optional compacting. However, preference is given to
intimate mixing in wet form. Customarily, the starting compounds are mixed with each

40 otherin the form of an aqueous solution and/or suspension. Particularly intimate dry



10 For exarrpég,sg upported catal ysts can be prepared fromthe powder form
of the acti & %osi tion or its uncalcined and/or partially calcined

. precursor conposition by conpacting to the desired catal yst geonetry (for
exanple by tableting or extruding), optifnally with the addition of

assi stants, for exanple gr [te.ar stearic acid a ubri cants and/ or
shapi ng assi TPEHES a%‘?ﬁ?'ﬁ?ﬁ&%%ﬂﬂ”%@@ﬁ?? g‘??&ﬁb%%wﬁ?rb fﬁt%ﬁ?%m@fe“f@ YFass,
asbest 0s, si exabusivetyasduirees of thepelementaliennstituantatiredisEodverblosy. Bie sahwmppead ied
cat al yslt ggpa@te{rawmw.l Stﬂ:%eé%ﬁt@icm%'xﬂégifcd?ﬁpgaﬁibh@}%dﬁ%éﬁ'iQdﬁ‘é@, ah];a\(rlt@hg an
ext erna i er . n m mm_ | n the case, of e

hol | ow cyl i ngm'r%',(“:J péo%gllsapljfaﬁ%r%%sg%d%# 83f ?%ﬂ’(’%ryfrl? @er%%u?%usa{a\’f@ﬁ? ﬁtg%hs. | t
will be abpriesngfatdresphfromhl®0 taA80¥port ed catal yst can al so have spheri cal
geonetry, and the spherical diameter can 20 be from2 to 10 mm A

articul arl t | L - | 3 - mm
?external d?’gﬂg{@? tﬁgmﬂgﬁé%%ﬁl%ﬁgﬁpggﬁ%?% %&E{garl'ﬁnéﬁ .aalré}?]r?é ?%51 case
of unsuppor t &g fixed catalyst ked Hrotjip pwder fpen. dybralograhaped inta carain RialEr ul ent
la;ct i vle g:orrgogédrhetﬂes)randme shepirgy riaebé efiectedieitrer befopspositer ttanfinshtaltinatioryet t o

e cal ci r
pres hapeggi nggféx%g}ﬁﬁyg%@dggﬁ Fe)%?%@y@%ﬂcgﬁ?%ﬁ g%aggp S&ﬁgé/ga‘gg%rf?hggtﬁgs to
produce the BYYPEAMRIEHPR/St 'E* yrealcingd ppioy pB"é'P%b?%ﬁeq PreguIson eamRasition it abl e
vessel , as 3tordpsatihgsethe desiredeataipstaeometriDifor éxa280)8 6¥ 1abidiingAr 29B&5e)or EP- A
714700, To ChonkiifwittthRRRAItioRFaETstahS TPl GRABRAS b 4igkid fidss appl Ted i s
advant ageous, .noi’st ene and dried again arter I cation, for exfarrpl e by
means of hot “ﬁf'??”tSrﬂ%J)efo%{’FPwa aspﬂag;a%@sre@?orgﬁg agg éi"ab?ﬁ'rﬁ‘ﬁ‘é?%ebsno appl i ed
to the slppoglashadhestss, silivamcargislews pyptassivindidarade viixahiptestdienseppyeeir om 10 to
1 0]90 pgll pr_@éttﬁl&étt&te)r?rﬁ@tﬁéiliﬁbhh&hesdﬁ% lﬂwtdfefézéﬁ tﬁmo&/%&ﬁ%?fe@ﬂadﬂfg é’fﬂé')dé‘ﬂhtéﬁ Al
preferably wthi r om 0 m u u rt _materials are
Phe cuat onar 9@5*8?%&98&'%ﬁgf)ﬁ%ﬂ?‘& Oinfmomine Plees 61 e ho bR er R 8l 110, o
di oxi de, zi r Busknesh ofifor 8&0 3 M iscasvastageouse ltoril B¢ PPRrgeigteddbatthels  nagnesi um
silicate or ahdipboued sdthlystaian aisbitRive pRETal doorhetRauad tHeasphkdicaMdiamet@tnd t o

40 the targe ' whi ch the process according to the invention in
the fi rs?éreg%frlgfé?t{ggbéﬁ%& 12 stage is based. The support bodi es can have

a regular or irregular shape, although preference is given to regularly
shaped suppoAtpaitiedia@ig abivattageotis Hbllove tylinded gaddnettyas g e <3 mfnox 2 exxanpl e

h h | t, il ' t - | Al ,
Sir ace- r ougRatP SerheteRt Bngtlx Bt e i pa B BER T Heedrukeo AR 0 S

from Cer anTe€dt@WfSse diameter is from1l to 8 nm preferably from4 to 5 mm
However , 25ui t abl e support bodi es also include cylinders whose length is from

21010 mt“ gp@«il}ﬂé'@éﬁpr%i&t%&@ﬁét ttH ARrGlent sctibé @8Mmpodifontdt iTBuVeRut RS rE@TEorOf
rings suita coemposition which is yet to be calcined and/or partially calcined can be shaped by

applying to preshaped inert catalyst supports. The coating of the support bodies to

produce the coated catalysts is generally performed in a suitable rotatable vessel, as
30 disclosed, for example, by DE-A 2909671, EP-A 293858 or EP-A 714700. To coat the

support bodies, the powder composition to be applied is advantageously moistened

and dried again after application, for example by means of hot air. The coating

thickness of the powder composition applied to the support body is advantageously

selected within the range from 10 to 1 000 um, preferably within the range from 50 to
35 500 pm and more preferably within the range from 150 to 250 pm.

Useful support materials are the customary porous or nonporous aluminum oxides,

silicon dioxide, thorium dioxide, zirconium dioxide, silicon carbide or silicates such as

magnesium silicate or aluminum silicate. They generally behave inertly with regard to
40 the target reaction on which the process according to the invention in the first reaction



as support blgpggfsfccordi ng to the invention, the wall thickness is also
typically from 0 4 mm According to the invention, annular support
~bodies to be used preferably have 10 a length of from2 to 6 nm an
external dianmeter of from4 to 8 mmand gpwal |l thickness of froml to 2 mm

Sui t abl e as ort bodies according to the invention are in rticular
Cinge of 1 ne B meRseS A e pST hied serndvecaeaipap GRarat wiase. RioyeR
i nternal di apretesence is given td repelady phansidsupgort hedies havig distines surfdcet he
cat al ytigaglnou@fﬁéssﬁor @R@irﬁkﬂe@?ﬁﬁ?@!@bﬁﬂ;\&lﬂg cty%dégs.ﬂﬂﬁlsbi@éblc% %_Js{%%u%blﬂéﬁﬂéil? (éfp tA he
suppor o] e esir iC : -
712p700). sﬁ'i“w&B}%Bh%ﬁ&?%?‘%hegﬁ?lg%ﬁeéﬁ?'i 5&?8"8@%{5‘%@??? ggit't?é?g{]ﬁ%a%téga%@st s of
the firstd r efsemiCemrteg)avhoge diagedes ie Bapdsiotd WAL Pesferally figenétad MBrmula 11 20
[Y' a' Y2b' O Hiekeie, smldblh(&ef:h(cﬁf bddigs ASBincide Qyl{rldeys whededetdig isfedrh 2hbes are
defined as fﬁi nfY'Snd Whose %rﬁalmiéﬂ&%gisqfoﬁh 4 Rrﬁ@gtrﬁetcdsﬁ%ﬂ'n%“&it%let he
el enments tel [urium an(fl nony,_ tin 25 and copper, . = o ybde um or
mol ybdenum a#RiSYARAE SPEigs acsasding iothe ipvantionndbe wall thiginessmaisedyeiFalyram fum 4
= an al kal i nig 4eant Aceartiab to thedkedntios.atnabilar somPtElodisteo pansse preferably have,
cadm um 4@nd} RhgFES R4y 2 1 mi. o el Yiarh 8 orgh lo BRI g 3%l ! he

m gm an m 33?6 ?’n sphor

el enents chror ceriu = osp us, _arseni ¢, boron and/or
anti mony, y7thickaess4fdrogpt tay W@i-zﬁ”}ta?'E@aﬁPﬂmn BYFeSHRTOFHINhIOIBE IYENYORAEI um
rheni um r utingarticolar ringeodfi thergeanétne? mnyel3dmmat 4 mm exiergal diaroater k teahigthmy

silicon, gergRAl 1t wilt RIS 8y -~ wdl to 8,
st con, ger Rkl Marldiedt it wiiie nqlggr@c%a@u 5t HEFNEARYS of rePoatalyticafya g

1o 3 C' = 0.4, =fromO to 20, “40 &' > to 20,
P 54285 13 PIASeqrRgatne b B SPRyea e 1 suepe ohBE supportBod il Be dgeriad 14, §
nunber s hi ctheageeiretbeaating thickness (ch&ER-817ddaP0and frequency of the elenments 5
ot her than oxygen in Il and p,q = nunbers whose p/q ratiois from0.1 to 10,

compri $i ng. t 8 egith ARl Btke bEM T mpRbibAE of BRILa)stS STRETHS: FRudn Ba80 ™
: are also compositions of the general formula |l

20 Y2 Y2 Ol Yo Y Yo Yo 17 Y20, ], (1)
where the variables are defined as follows:

Y' = only bismuth or bismuth and at least one of the elements tellurium, antimony, tin
25 and copper, '

Y? = molybdenum or molybdenum and tungsten,

Y? = an alkali metal, thallium and/or samarium,

Y* = an alkaline earth metal, nickel, cobalt, copper, manganese, zinc, tin, cadmium
and/or mercury,

30 Y°= iron oriron and at least one of the elements chromium and cerium,

Y®= phosphorus, arsenic, boron and/or antimony,

Y’ = arare earth metal, titanium, zirconium, niobium, tantalum, rhenium, ruthenium,
rhodium, siiver, gold, aluminum, gallium, indium, silicon, germanium, lead,
thorium and/or uranium,

35

a' =from 0.01 to 8,

b' =1from 0.1 to 30,

¢ =fromQto 4,

d' =from 0 to 20,

40 e >0to 20,



delimted frg,?r%‘gg# | ocal environnent as a consequence of their different
chem cal tion fromtheir |ocal environnent, and whose nmaxi num
~diameter (longest line through the center of the region and connecting two
points on the surface (interface)) is fregnl nmto 100 pm frequently from
10 nmto 500 nm or hﬁ%g 1 pmto 50 or 25 pm Particularly advant ageous

i

mul timetal oidd tions Il according to the invention 15 are those in
which Y' is gnkyfrash §dedh. 20 Anong these, preference is given in turn to
those of thengengbalgfoorgrula 111 [ Bl aZz2b' O] p"

[221223cZ4dFeeZSrZ ' 3 e va

follows: Z2 = ¥m|n gg%%’uv%l%qgﬁoq(ekeﬂﬁ‘l'}?% tﬁﬁvnﬁﬂﬂ’s?rbqra]‘bequfgcy-gf tq%ﬁeelmegﬁsd/ or
cobalt, 25 74 = r thapexygen iallkad metal and/or an al kaline earth netal, Z5

= phosphor USp,qaeaember,smsg@/q afib idens 0.1 fomo, ceri um and/ or | ead, Z6 =
silicon, alum num titaniumand/or zirconium f = copper silver and/ or

gold, 30 a" =from0.1to 1, b" =from0.2 to 2 c' =frgmg3 to 10, d" =
from 0.02 toCQmPQS'ng:""!"‘?%ﬁ*f@"@'?”?'desmnﬁPfet\héPE%‘]"'V'G“?Qﬁ‘ﬁﬁ@'t*]?"tYOaYSPO g are from
0 to 5, g" =dtiimiedirdrm tHd locd envirdnirmt Qs'ra@oﬁseo)aence &f tRsirbifeennbhethicalr e

det er m ”jg b\éortnggsaf{(m F&ﬁ¥h£ﬂ9o£l eﬁﬁﬂb‘?ﬂ‘r‘éﬁt OJndtvl?heosE n‘?‘é}‘r‘rﬁﬁ@ d1am§éh§6n§%9ﬁ goxygen

inlll, at1ro 1s

from0.5 to ﬂ'rovsh %"32382‘312”91%69%% @nmrmecw?gem@rmeon@%weﬁeﬂ'at%e@é's
conposi ti ons fiom 1 hm teM DG pm/ Eeuertly frloomt breng 500 amdorZib? 1w fwoBOydrdiSnum) 12 5
It is also advant ageous when at |east 25 nol %(pr eferably at |east 50 nol %

and nore fera | east 100.nol % of the total proporti of

[Vial vob O ePRTILRrY S anagaus MtiiRel iR cormRestns L ABEE A d nesrgon,

(rmul timetlal eoxé thesevmiueh Y1 srenly bisthutbui t abl e according to the invention in
the multimetal oxide conpositions Il (rrultlrretal oxi de conpositions [I11)

sui tabl e acc%rdl ng tso tlhg r|envent| Qn .a ho tht he ffdﬁém of Hwe@cil' nmensi onal
regions of 1 e ?leerrf) \f e%%{ﬁggwp."b ”?( gF%erg P9BER: i whi ch are
delimted fromtheir |ocal environment as a consequence of their different
chemical compgsil-23, @)1 f 1B Fel BeZ,Z7-Op)  (HI)
20
where the variables are defined as follows:

Z? = molybdenum or molybdenum and tungsten,
Z° = nickel and/or cobalt,
25  Z* = thallium, an alkali metal and/or an alkaline earth metal,
2’ = phosphorus, arsenic, boron, antimony, tin, cerium and/or lead,
Z° = silicon, aluminum, titanium and/or zirconium,
Z" = copper, silver and/or gold,

30 a = from0.1to1,
b” = from0.210 2,
¢” = from 3to 10,
d" = from 0.02to 2,
e” = from 0.01 to 5, preferably from 0.1 to 3,

35 f = from0Oto5,
g" = from 0 to 10,
h' =fromQOto 1,
".¥'= numbers which are determined by the valency and frequency of the elements
. other than oxygen in lll,
40 p".q"= numbers whose p"/q’ ratio is from 0.1 to 5, preferably from 0.5 to 2,



envi ronment , Pg%gﬁggose maxi mum di anmeter is in the range from1l nmto 100 pm

Wth regard shaping, the statenents nmade for the nmultinetal oxide |
~catalysts 15 apply to the nultinmetal oxide Il catalysts. The preparation of
mul timetal oxide Il active conpositions ifgdescribed, for exanple, in EP-A

575897 and al so in DE-A 19855913. 20 The inert support materials reconmended
above are al so useful, anong other uses, as inert materials for diluting
and/ or del i nand pertickiar praferércelingivén toctiosmeahymssitioned| mrwrish 23,5= (tgngsteh)ped.
Useful acti venganpasinbiyglisndnd)l, t he catalysts of the fixed catalyst bed 2 are
in principle 25 all multinmetal oxide conpositions conprising M and V, for
exanpl e those of DE-A 10046928. A nmultiplicity of these, for exanple those
of DE- A 1981H#sdlso adyantroecHs whpaatleastiAp melfe(pirfarbiy atfenshB® mol% agd more

g/gli\llw_(lech%@Kém@f KagIADo(rhdfe) WhieaofahgropatibAbl BS, ¥ . Hebi. 2édogs quh% ows: -
and/ or B ulti ﬁalgxm%r]:%ng)os&?ﬁ ﬁﬁ(ﬁnﬁl rQr‘Jtal B&g ngHE ‘?tion'gl? @u%ﬁﬁ aal%&?{gmgart_h

metals, 40 jethe ingention in the myliesal oxide compegifiens lismdtlme?aﬂ pyifla cergpesitians= from
0.2 to 4, clFshitave Sclordiny 3he ilentidr sraiftHeGork® of thre-dimkeh6iohd) réglods of T =

fromo tg4, %cﬁeﬁﬁ&%%bﬁt‘b‘?xf‘ V40,1862 bhtg;:]‘%%éﬁ‘ér‘é%eln%ltg'cﬂr&fw@aéhelgcgy the

val ency and reguenc
Enbodi nent s awwgmeﬁ ape CPRESAHENGS qfé*ﬁ%m dlﬁarﬁa@em»c%%ﬁoam e thait'acs!

accor di ng t oentitoamient @ant whosa raxinhos dianstalis arthe esrgerfms $ ech fay100henf ol | ow ng
definitions of the variables of the general formula IV: 15 X1 = W Nb

and/or Cr, ) . . .
With regard to the shaping, the statements made for the multimetal oxide | catalysts

15  apply to the multimetal oxide 1l catalysts.

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

20 The inert support materials recommended above are also useful, among other uses, as
inert materials for diluting and/or delimiting the particular fixed catalyst bed or as its
guard bed.

Useful active compositions for the catalysts of the fixed catalyst bed 2 are in principle
25  all multimetal oxide compositions comprising Mo and V, for example those of
DE-A 10046928.

A multiplicity of these, for example those of DE-A 19815281, can be encompassed by
the general formula IV
30
M012Vax1bx2cxadx4exsfxsgon (IV)

where the variables are defined as follows:

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

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

X3 = Sb and/or Bi,

X* = one or more alkali metals,

X% = one or more alkaline earth metalis,
40 X®=Si, Al, Tiand/or Zr,



X2 = Cu, N ,_Prg:g4 [or Fe, X3 = Sb, X4 = Na and/or K, X5 = Ca, Sr and/or
Ba, 20 X6 = 'SI and/or Ti, a =sfroml1.5to 5 b =from0.5to0 2, ¢c =
from0.5to 3, 25 d =from0Oto 2, e=from0O0to 0.2, f =fromOto 1 and n
= a nunber which is determ ned by the valgncy and frequency of the elenents
ot her than oxygen iQ LV. 30 However, mnultinmetal oxides IV which are very
particul arl yap'ré‘?'@zﬂr‘ég' according to the invention are those of the general
formul a V Mod2Meony0.toRRc' Y5f' Y69-On' (V) 35 where Y = Wand/or Nb, Y2 =
Cu and/or N g AhnYD 510Gs, and/ or Sr, PF 54282 16 Y6 = Si and/or A, a' from
2to 4, b :d_f_rfom #ﬁtgolj’ c' fromlto 3 5f" fromOto 0.5 g =fromO
to 8 and n' & A" HUMBR  which i s determined by the val ency and frequency of
t he el emeht seé frdrePteBan oxygen in V. 10 The nultinetal oxide active
conposi tionsf Elfmoltb@h are suitable according to the invention are

obt ai nabl e in : r wn per se, for exanple disclosed in DE- A 4335973
or in EP-A ﬁﬁb%ﬁ%ﬁﬁttgéiﬂﬁm ple, multinetal oxide active conpositions, in
particul ar thcsed apmberewhjehisdetermirsdryrthe valenay, anslfracueney eidhe eleaent al yst s
of the fixed catg@hysthakesygénegiv.be prepared in a sinple manner by obtai ning
a very imi mate, preferably finely divided dry m xture having

Embodiments among the active multimetal oxides 1V which are preferred according to
the invention are those which are encompassed by the following definitions of the
variables of the general formula IV:

15 X'= W, Nb and/or Cr,
X? = Cu, Ni, Co and/or Fe,
X* = 8b,
X% = Na and/or K,
X® = Ca, Sr and/or Ba,
20 X®=Si AlandforTi,

a =from1.5t0 5,

b =from0.51t0 2,

¢ =from 0.5 1o 3,

25 d =from0to2,

e =from 0to 0.2,

f = from O to 1 and

n = a number which is determined by the valency and frequency of the elements

other than oxygen in IV.

30
However, multimetal oxides IV which are very particularly preferred according to the
invention are those of the general formula V
Momva'Y1 b'Yzc'YSTYeg’On‘ (V)
35 ‘

where

Y = W and/or Nb,
Y2 = Cu and/or Ni,
40 Y®=Ca and/or Sr,



a conposition corresponding to their stoichionetry from suitable sources of
their el eme,gg_.gl @{)nstituents and calcining it at tenperatures of from 350
to 600C. The 3‘? nation may be carried out either under inert gas or under
an oxidative atnosphere, 20 for exanple air (m xture of inert gas and
oxygen), and al so under a reducing atnosgghere (for exanple m xtures of

i nert gas an\?G gases such as H2, NH3" CO nethane and/or acrolein
or the reducfng ga% g/ﬁlentl oned t hensel ves). The calcination tinme can be
froma few nd'muras 2tto4a few hours and typically decreases with tenperature.
Useful sourcgs §@h 1tt3q gl enental constituents of the multinetal oxide 25
active conposi t{ ona g i ncl ude those conpounds which are already oxides
and/ or thos® 06 dRds whi ch can be converted to oxides by heating, at

| east in Ehef —pﬁﬂm@rte@ of oxygen. The starting conpounds for preparing

mul ti nmet al |=d1eo,ﬁ@r{§<gsdnw ons 1V can be 30 intimately mxed in dry or in wet

form Wen t are r he starti ds are

advant ageousl y u%@ldmgér ‘&h'ﬁ@sf%ﬁw%&rpyptb IF”%Vn?P‘Q’ﬂ?ﬂ“&B? %e’e&ﬂ”&ﬁ ni ng
after mxing andotbptthamakygednpdcti on. However, preference is given to the
intimate mxing in wet form 35 This is typi caIIy done by m xing the

starting ongp ounds. in the form ol uti.on and/ of suspension.
Part1 cul M 1y V% D! e R BB B mch e o R Ripo R oo
descri bed \th@Merttwa ase abtainablerimadnanaes kegven ks(sieutor exarppls sisclosed o DEhe

el emental carsBsAEHHS EPRAGIIa300.ved form The solvent used is preferably
water. Subsequently, the aqueous conposition obtained is dried, and the
drying process is preferably effected by 40 spray-drying the aqueous m xture
at exit t errp@rnimw@s thmet@rﬁxmcaw qm@sﬂmssnpamcmér hiese pethgIgenarg!

mul timet# ofordaladeguitableifertie catalypRIdf i@t cathgebed 2che be prayaddd iher nul a

IV, are gene%ﬁ‘lp[eymgﬁ p%b@ﬁn% '.!1)&?@ iffthae Y5k fepﬂf&]ﬁn%ﬁﬂ&wfdﬁd BWG&ur‘g?\%ﬁhg but

rat her shape 0 cer eonetri
ef fect ed bef BFaMBPSItgn t‘é}rrefsﬁ@qmmth@r%taweiomtrwéwm %ﬁablse)@&Hfﬂeé of U"‘t‘?g uppor t ed
cat al ysts casleiventat eqrestitenfsramoh daloiningpiteicterperatureo bf fréra 33016 860°CoThesi tion or

Igtez ml;'?(r:;l C:c gn?éjgﬁgt%ﬁ%aﬂgﬁe EQEF’G’Ehttéltﬂ@r &%e‘?ﬁj@ﬁ% d?gmﬁﬁ mc{éﬁ% bfrﬁ&tpﬁéuteal yst
addi ti on? § SXPRIR AL (x‘f’@f’eé’EWBIQ@S@PQSHYQe@) sat%’a‘l”?@’éé? ¢4 | ubricants

and/ or shapl atpnospbarie gfoa rkampla dnixtarasiod irertgpsand reducingodasas smnh:as:HL llNHas of
ut abl & unouoROrTE-capiet SefoRhste e fotRlotass fonl s e AT IS o
e 6 o ek e a6 Trol B hin s s e B P PUTY SesPBasky Wil |

t he case of tenwehailileoWsefyl soudeas, forthemldmeantal cknstdigends offthe multimedalDxidea | s
ﬁdvant ag%S)USactivIe an'pb?lF?&wﬁWﬁ&ﬁd@ﬁnSQe E odn'&@ Wﬁ‘i&“&@%ﬁéé‘@ é‘a&’dé@.'éﬁ?q{rm{oa' SO
have ST e USAnSincl which dah be nvnSdlo b by Healig, of Rak{ e’ © 10 ™

presence of oxygen.

The starting compounds for preparing multimetal oxide compositions 1V can be

30 intimately mixed in dry or in wet form. When they are mixed in dry form, the starting
compounds are advantageously used as finely divided powder and subjected to
calcining after mixing and optional compaction. However, preference is given to the
intimate mixing in wet form.

35 This is typically done by mixing the starting compounds in the form of an aqueous
solution and/or suspension. Particularly intimate dry mixtures are obtained in the mixing
process described when the starting materials are exclusively sources of the elemental
constituents in dissolved form. The solvent used is preferably water. Subsequently, the
aqueous composition obtained is dried, and the drying process is preferably effected by

40  spray-drying the aqueous mixture at exit temperatures of from 100 to 150°C.



It will be a Pregbzted that the pul verul ent active conposition or its

pul ver ul ent B‘ SBaPSor conposition which is yet to be calcined can al so be
shaped by applying to preshaped inert catalyst supports. The coating of the
support bodies to prepare the coated catftysts is generally perforned in a
rotat abl e vessel, as disclosed, for exanple, by 20 DE-A 2909671, EP-A 293859
or fromEP--A 714700. To coat the support bodies, the powder conposition to
be applied i Fhadsaiiinggrdtietta! oxids sinepoasitioasdn partidulaethosg af the gkhenal formula

by oLy e BERUTRuSRH T Thed balist Hod 2 ndi1f poRREI LAY, BulHAKIFEREY L 1E
W thin the r EhRsa GRS SEamettsa0anhine,shariny Moy, pe sTRrien befmue of atisidhs fiodh 50
to 500 pndandalpipakomFef exampls, unsuppretedatplysts can ebirepare@SOnpiine powgeuform

Support - mat epf Rk BacHieScdtidsAIBRIOY it9 AGHENEY preBIBE poRlidH o) YBPALRSe tikd | | con
di oxi de, thorium di ?ﬁ)fl

d Si | b L cat
Such as’ 30 nHEHBS iR Beefel BFY <P B Bretie. af 4L efeall BhehES ey
have a regul additben of assistantsa forsixamele gihphiteLayIstearie faeidasdebricantgi angfersbaping
regul arly shapastastdRRAMéinfRRIMESgMY s asthieidfibéds &Prafsg,%béaug,mn%ﬁ, for

exanpl e heres. or hol | ow cyl | s _havi rit layer. It is suitable to
ae BubstBnt PRI arantaseHnCHeMde ot dkuRate Lhsrdp e petalpldioridinge of
steatite (e.@re StidayindersGrivlew sitindersahamng) anerdeaaldiameteecand g lenggnefifrand 35 8
rmr} _ lotr]I ef er %b)&oﬁ?%.‘lnﬂlﬁb 5afslélaf tHAONENG AT oy lirfdelr | AWAIEtHTIRRESY &f fRAlY @53 adns s | Ncl ude
cylil nders L IQ | er 1s
from4 to 1%3%1'3}"%%%@'%@@5&3@8?9 Cﬁa?%%@?@e?&g%%%%@g H’% kggv?/a ét hi ckness
i s al so typi eaierigakgepmetry angd the spherigafliaraetes gy e ropud et M.be used with
preferengg have a length of from2 to 6 mm an external dianeter of from4

to 8 mm and LG r 4 e Sujt I es
are also in gﬁ F%SF%&?‘?@?S?@%E ngﬁ?ﬂgfe r E/Q(Igigggﬁ?@g}’ 'R@Pbégﬁnﬁéggﬁ;ﬁ%lﬁgm
(external di SAEPeHton Waiskyisivektq b e4'Fiasd éAaiee be phaned Ry anpiving topmsharedt ed
t hat the fi néretsatafst stypotial The toatiab lof thecupbpert badidetoqmeparsithe comed o be
applied to t f: [ t t | coatin
thi ckness (@?‘.a%-'%ﬁ%ﬁ%%jﬁ@%ﬁf%ﬁﬁg%'sJES%‘&?%ﬁnﬁ%ﬁdbﬁfeﬁi‘e itte
conposi t F8ns HEaArd088el Bor 9?@5831'%@92&6%-%?1%79@- fixed catalyst bed 2 are
al so compositions of the general formula VI IDp[E]q (VI) 10 where the

vari abl es ar godght the dufsorf dicdMhe &wae'}/@&:%gggﬂobr 6 Deapphétfis 2larkaibusyE =

Z' 12QuhHr Oy, mlo?steznled_an\élis uﬁéd ;rgéin %eraanp%/ligzgtion, for example by means of hot air. The
coating thickness of the powder composition applied to the support body is

25 advantageously selected within the range from 10 to 1 000 pm, preferably within the

range from 50 to 500 pm and more preferably in the range from 150 to 250 um.

Useful support materials are customary porous or nonporous atuminum oxides, silicon
dioxide, thorium dioxide, zirconium dioxide, silicon carbide or silicates such as

30  magnesium silicate or aluminum silicate. The support bodies may have a regular or
irregular shape, although preference is given to regularly shaped support bodies having
distinct surface roughness, for example spheres or hollow cylinders having a grit layer.
it is suitable to use substantially nonporous, surface-roughened, spherical supports
made of steatite (e.g. Steatite C220 from CeramTec) whose diameter is from 1 to

35 8 mm, preferably from 4 to 5 mm. However, suitable support bodies also include
cylinders whose length is from 2 to 10 mm and whose external diameter is from 4 to
10 mm. In the case of rings as'suppor’c bodies, the wall thickness is also typically from
1 to 4 mm. Annular support bodies to be used with preference have a length of from 2
to 6 mm, an external diameter of from 4 to 8 mm and a wall thickness of from 1 to

40 2 mm. Suitable support bodies are also in particular rings of geometry



Z2 = Cu, N, P?%gzﬁf Mh and/or Zn, Z3 = Sb and/or Bi, Z4 = Li, Na, K Rb,
Cs and/or My, Ca, Sr and/or Ba, 20 26 = Si, A, Ti and/or Zr, Z7 =
Mo, W V, Nb and/or Ta, preferably I\/b and/or Wa" = from1lto 8 b" = from
0.2to5 25¢c¢" =fromOto 23, d" =froyg0 to 50, e" =sfromQo2, F =
fromO to 5, rom0 to to 20 and
X", y" = nunbgr"gmvm:f@l’f‘ﬁr"‘é“@é?’gﬁmaﬁg‘amSWt’h@"Q’é?l %W@"%{ﬁ@r‘?eﬁ%@déwg}’%f t he

el errents ot hepprebiateddhgtgba fingnest ohihe catalyticalivartiee sxidé bempoditiomnszebe whose p/ g

ratio is frogpd @@tétﬁeosukaée o%e%ﬂ Hpdb&dy |§%@Z&QB?dm@me§|réWc§£H%mﬁ&ﬁ1 s _
pref orm ng aéchﬂ_: ? 117 de corrp05|t| on E 54282 19 in

finely divid tlng conposition 1) and subsequently i ncor porati ng
the prefbdrmed SO|Id starting conposition 1 into an aqueous solution, an

alqueou ts :/g S Rﬂﬂ&tt@jbd% mulirBetal dlidechotive ickin 6§1t|<9|'fs)/to MeXisbd forQhe éagnge%f Ehfe t hg
el ement s e abovenenti one
el enments in {'ﬁéed %eft%lyé Sréq%?)?éﬂ q?”%fé% tﬁ%ﬁ%ﬁggﬂ @%R}g (D) (starting

conposition 2) in the deS|red p:qg ratio, dryl ng the aqueous m xture which
may result, and calcining the resul tipmg[®EyyvIprecursor conposition before or
after drx ng at tenperatures of from250 to 600C to give the desired

catal yst geometr 10 Preference is given to the nultinetal oxide

conposi ti ons Wiprg t,lqe\x,ml%tﬂes[ e defieechasgtdliowsol i d starting conmposition 1 is
incorporated into an aqueous starting conposition 2 at a tenperature of <
70C. A detai led r41pbi f reparation of nultinetal oxide Vi

catal ysts |sD‘gonl\?(g??}eiclpE T 2] ﬁ%lgcp"" Tn EP-A 668104, DE-A 19736105, DE-A
10046928, DEFA= 179w%mUBOsand DE-A 19528646. 15 Wth regard to the shaping,
the stat afentzs =rWidNbf Tw, QrlsedionlCej net al oxide |V catal ysts

Z? = Cu, Ni, Co, Fe, Mn and/or Zn,
Z*® = Sb and/or Bi,
Z° = Li, Na, K, Rb, Cs and/or H,
Z° = Mg, Ca, Sr and/or Ba,
20 Z®=Si, Al, Ti and/or Zr,
Z7 = Mo, W, V, Nb and/or Ta, preferably Mo and/or W

a" = from 110 8,
b" = from 0.2 to 5,
25 ¢ =from0Oto 23,
d" = from 0 to 50,
e” = from0to 2,
P = fromOto 5,
g’ = from 0 to 50,
30 h” =from 4 to 30,
i = from 0 to 20 and
xX'\y'= numbers which are determined by the valency and frequency of the
elements other than oxygen in VI and
p.q = numbers other than zero whose p/q ratio is from 160:1 to 1:1,
35
and which are obtainable by separately preforming a multimetal oxide composition E

2712CUh"Hi"Oy" (E)



apply to the Ep,g)ltzbget al oxide VI catalysts. Further suitable nultinetal

oxi de corrposP ' for the catalysts of the fixed catalyst bed 20 2 are

t hose of DE-A 19815281, in particular all exenplary enbodinents fromthis
docunment. Wth regard to the shaping, theqgane applies as was stated above.

Forthefrxed e f the cess _according.to the invention,
particul arly™ %/JE%“ Eoé‘?’a(f”)?g F@%Fﬁ%" ib%ﬁde %é ¥ {ncoepprat E‘Q&F%hi onetry:
NblZVS\AlZZOJEfeCI@n)edeamﬂd Bty qostRestinh dietb ap:aqved\AWtROLAN BREDUSON) f rom
DE-tA 444t2ﬁ465b n@Bn%ﬁrr@&&W@f dmaaczﬁymrﬂﬁrezcrflas&ﬂtc@?oﬂhe%?e%msI;orslghzr zndl a c
coating thic alyst fr re LV anpl e
CPPhES L00abe or%ﬁ' h%ﬁ@f’ﬁ Stﬁ%&%‘?‘?&“ﬁ‘? Slgmentih e goRongly D
conposi ti &n fMi’c %%tzz@/@% “wei ght(D)to coated catalysts of exanples 1 to
?hf rom DE;jA 1884ihg 83mpbsitioreZ)ua tieyddsived pwﬁ@r&wm@n@obqiﬁo@m:x@ﬁewml maﬂes for
e second reacti [
4 o Coxt er nipoil SRLEHEG0 HEtepdiind Gy RhBRbicr cbhpdBg bﬁg%%ﬁ S
conposi tion reramrawrﬁ%qf f@m/@&s&/to\ﬁ@p&rro giva Hedesifed ﬁét flegapmetiyonposi ti on of
the coated catalyst), and also a coated catal yst having a bi phasr C actlve

conposi ti,gn ?

pr epar ed gcc?}e F%EQ% %% t%e Wﬁ%ﬁﬁ &%%Sl %ﬁqrzﬁ%ﬁ%g oSl t | on
fracti on of 5848 ﬁ?”'ﬁéi"@'ﬁ?o%{mﬂ 1 @d”?%p‘?rﬁ@d '@B@@é}%ﬁ?‘r‘%ﬁéﬁmg CHWPRS'?PWW 4 mm
support. The temparhiysd of ¢ ECOWededsiddalessriptibo bf theergecativt ofeadimetal olidegel ar e

onl y sui t abl @afRkss it BEnthited, rfsaé% ke, 5 EBCA 64B00l @Eeérrdraegoss r et ai ned

Coxtornal i WrekdPogsag EnA S 0 The T

han
ds%‘?ca‘h%%%%)ﬁ PF 54282 20 The
mul tinetdb oxi des nentioned can al so be used in the second reaction stage in

the form of W:hﬁregé’rrdrtsﬂl@%pﬂ@ HRSIHRBRERB tnade! Bf theImitiMes! oxde I &Rayss t he
fi xed catal yst Ibg ﬂm% gé:gg ct(P)rdlngtothelnventlon It 1s 5
possible to FERY %Fg‘?r{‘ Ume 5%’8 ?%{%ﬁ bodi es having the appropriate

mul timetal oxide active conposition or else substantially honpgeneous
m xtures of maﬁadsma&raInmtmetbparr@scdh@dsn@ns“rwr&hémawst%rﬂh@r&s& batalyst bed

Cubbtant PA11 s ARERE DRAR 815280 RSk B brey R Badea) %P@%@S par i al

gas phase oxidgedMeH- \arra regaye trgthﬁ@hﬁmnguthéﬁane@ﬁplwé wawafe #Pevs-ti on.
Useful 10 materials for such inert shaped bodies include in principle all of

those which e, J&Qd cﬁfély%ﬂtl?t%c% Bfth pRALS G4 a@%@ﬁé ?4 thfe‘?r'fveﬁf?@r{ ggrt%ﬁrraﬂ' ysts

suitable in accor nvent Ynclude
for exanpl e, SpiARbGatalEs ﬁ&rﬁ@r‘@é?daﬂatﬂhsﬁﬁjﬁi' (dirhip@etngi MoV ayxiQeand hori um
di oxi de, 28i r@?r(slmnmdmmtnydﬂlmﬁthmneN@gcm) frem DEJA £442286 haviad aaactiwgnesi um

silicate or Z%BMPBQ%H ﬁ‘éétr'o ol tvﬂa‘? r?ttaﬂﬁta' doBiti ﬁds{h?r%ﬂc\!sé@%bﬁrﬂ? raégcl)aﬁed 15

Steatite C ram uent
bodi es may i ﬁa@}ysmg?rmpéeq?éat eefggrp of q)li-Z]A 10046928 (stoichiometry:
Mo1,V3W, -Cu; 4O,) having an active composition fraction of 20% by weight, to coated

catalysts of examples 1 to 5 from DE-A 19815281, but equally the abovementioned

30 coated catalysts for the second reaction stage applied to support rings of geometry
7 mm x 3 mm x 4 mm {external diameter x length x internal diameter) having an active
composition fraction of 20% by weight (based on the overall composition of the coated
catalyst), and also a coated catalyst having a biphasic active composition of
stoichiometry (Mo4¢.4V3W,; 20,) (CuMossWo 504)16 and prepared according to DE-

35 A 19736105 and having an active composition fraction of 20% by weight applied to the
abovementioned 7 mm x 3 mm x 4 mm support.

The catalysts recommended above for the second reaction stage are only suitable for
the two reaction stages when everything is retained except the support geometry which
40 is changedto 5 mm x 3 mm x 1.5 mm (external diameter x length x internal diameter).



ot her words, ge&% y, for exanple, be spheres, polygons, solid cylinders or
el se rings. A ? ing to the invention, the inert shaped diluent bodies

selected will preferably be 20 those whose geonetry corresponds to that of
t he shaped cat al yst bodi es to be dilut ed 2¢0y them (the above staterrents al so
apply in the he su bst nt| I ho eneous m xture haped
catal yst bodi ﬁ%"Wg 8?% ?ré? H?ecg'i‘%qa%secﬁf@f‘lr%t’% §|"f ﬁl?n and

shaped di | uefqrmb'rﬁm%@rmp@wlr@wmpmﬁtdmmgsde the fixed catalyst bed
2). 25 According to the invention, it is advantageous when the chemi cal
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cat al yst bed on used for an
i ndi vi duaP sRassikle toss gy the shapedieatalystbodies heving thg apprepriate multimatslioxseal
oxi des cont ahttivegotripesitibe orglbs shistarfallyphsmienebbe mbaures 30stiapstitamlyishen has

b df
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diluting ahbaantlal gmsmhase oxitlatidmagreichavinigaloyratitiime thl emdeeemrMpomtuan Wieefdr md
(rzlr?lnzght ""'E)% di Z%%%%e@t élgﬁqh%@é?%% b%ﬁleslcr%;ﬁ;ﬂ E E;%IQ%IIB’? WhR:ﬁ 44 aghape

g/ | catal yst activity
present in aSy %S‘{PGPGWWW?%@C’B"@H '95%69% r&ét"‘f"&‘lt??

i ncreasi ng atnvertist Usefobsuch materidl$ mwludir fecexarmplefpardies areiunporous ghsningimt ur e
g\éggr fjlhﬁgf It é 6?d§é‘fsﬁn\%rﬁ&no?i@g thofafh dw%einﬁfoﬁuuﬁﬁd@h?é“sﬂﬁ‘:@n cherlcfehQiluEHté’& e;srsl g4?he
bed i thoa PRGBS SHER ob BRRTTT BicanoF 1 SRR A L BT B based
on one t{ype Stcatiiep@d0fraulgramTepbdi es, and then, either continuously or at
| east once or nore than once abruptly (for exarrpl e stepw se), reducing this

proportion 0] rect 0

proportion oﬁhg Eggﬁgtng{a slb%ntlnegp'gqaggd dﬂjewﬁeééoﬁ%iyangwg pl?‘lg g%\gg&(—f% di | uent
bodi es at al Pther wowetinev mayhior exameelecka spheses, pelygans, selidscylindsts peglﬁe figgs.n a
constant  voladtadinges tHel iGventibh,\thé inettrshiped diluewt bbdigcddlidutedillipheferabiid on gas

m xture gyer I‘Folgg thoég g?orﬁgﬁf&?fﬁéspgﬁdjs tb; thé’t'%‘f‘?w‘éesrh’agé‘@ c&?@&?@o@%s 8 bgb?lﬂef’

vol une- speC|
geometry and &HT%W@“%BQ%S?WP@R"W Qﬁpydné'ﬂ%ﬁ%fﬂe Zé’é&tt‘eﬁl‘e 5(‘:‘9?@!‘8/%%’ body,
i ncreasi ng t hembhersdone sextofestoli ehapedi catalyst bpdiss having hpyropriate pultddetaloxidei s 10

support, or, abtﬂ:eacom E‘tlér‘? aRd sﬁﬁﬁh%qu&rﬂtb%%é%ﬁ idheHn M (488 1§ g@{ofégﬁérﬁié&’ but

having different tions wel ght active conp
i ncreasi ng t Rda FU@%* )i on of shaped cat al yst bodi es haV|ng t he hi gher
proporti @ by weight of active conposition. Alternatively, the active

gg%gz: E : SRSAE%}HE 'tﬁ/ﬁ%u S0s Q@vﬁtédﬁo%@ vdh'énttﬁl@cr?é?u%a%oﬁipos%&?a?ﬁ% ' V‘iS
NSRRI G e Rertpedeaalsbst1-dp e wgr
conpounds t oaltfeugh the active composition used for an individual shaped catalyst body can be a
mixture of different multimetal oxides containing the elements Mo, Fe and Bi, the same
30 mixture then has to be used for all shaped catalyst bodies of the fixed catalyst bed 1.

In this case, the volume-specific (i.e. normalized to the unit of the volume) activity can
be reduced in a simple manner, for example, by homogeneously diluting a basic
amount of shaped catalyst bodies prepared in a uniform manner with shaped diluent

35 bodies. The higher the proportion of shaped diluent bodies selected, the less active
composition and catalyst activity present in a certain volume of the bed.

A volume-specific activity increasing at least once in the flow direction of the reaction
gas mixture over the fixed catalyst bed 1 can therefore be attained for the process
40 according to the invention in a simple manner, for example, by beginning the bed with a



calcined. Di H:% ??# anounts of diluting material added |ead automatically to
di fferent \’ The nore diluting material is added, the | ower the
resulting activity w Il be. A simlar effect can al so be achi eved, for
exanple, in m'xtures of unsupported catalysts and of coat ed catal ysts

havi ng i denti active.co Sltl varying the ratio 20 in an
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bed can also be different.to bove eone shaped
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i nventi on t osinylar ﬁffeé‘ééa*taiﬁﬁmélph@&ﬂ foriexpmgles iy mduwieeef ynsupprited cal@lvits ect i on
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1.50 m pr ef Esetbneombiiation.oo to 1.20 ), each of the total length of the
fixed catalyst bed 1, a honogeneous m xture of shaped catal yst bodi es and

shaped dil ue f [ {éq%ﬂ.glt

geonetry), in ﬂtls Hﬁst%halééjé)%slggﬁ @o‘%@mh}fé& o CQ% ygof dh%Hdé/ ﬁllggﬁ[[e d| es
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gener al | §5di tifferent attivity Far dirg fixed datalysd bedl | ThedseonixiirdsomdPibthsn beedilybead wittr f r om

inert shaped diluent bodies.

Normally, the volume-specific activity in the process according to the invention will
decrease not once either within the fixed catalyst bed 1 or within the fixed catalyst bed
30 2inthe flow direction of the reaction gas mixture.

Upstream and/or downstream of the fixed catalyst bed 1 may be disposed beds
consisting exclusively of inert material (for example oniy shaped diluent bodies) (in this
document, they are not included for terminology purposes in the fixed catalyst bed 1,

35 since they contain no shaped bodies which have multimetal oxide active composition).
The shaped diluent bodies used for the inert bed can have the same geometry as the
shaped catalyst bodies used in the fixed catalyst bed 1. However, the geometry of the
shaped diluent bodies used for the inert bed can also be different to the
abovementioned geometry of the shaped catalyst bodies (for example, spherical

40 instead of annular).



10 to 40% by weight, or from20 to 40% by weight, or from25 to 35% by

wei ght . Accgp%hagzto the invention, this first zone of the fixed catal yst
bed 1 is advantageously followed to the end of the length of the fixed
catalyst bed 1 (i.e., for exanple, to a 20 length of from2.00 to 3.00 m
preferably from2.50 to 3.00 n) either by2a bed of shaped catalyst bodies
diluted only to a slighter extent (than in the first zone), or, nost

preferably, an unacconpani ed (undiluted) bed of the sane shaped cat al yst
bodi es  whi chrasdgeivatheosheees badiesiused fonaueh inet bedmavethe aamdargnaoftatyned
applies in pamhmccu‘ﬂ ram x diven (éxtensiitigreetec atehlihst intevck! ettantsten o thetspaeficaxed

cat al yst bed Qr'ia‘?l‘?e cata t rings or coated catal yst rings
(in parti ose |ch are %S%ted E|“)ré-§th| s docunent as preferred). For
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invention substantially have the ring geometry § mm x 3 mm x 2 mm (external

diameter x length x internal diameter).

30

In a corresponding manner to that in which the volume-specific activity of the fixed

catalyst bed 1 can be varied, the volume-specific activity of the fixed catalyst bed 2 can

also be varied. Upstream and/or downstream of the actual fixed catalyst bed 2 may

again be disposed an appropriate inert bed. However, a constant volume-specific

35 activity within the fixed catalyst bed 2 (as is possible in accordance with the invention
within the fixed catalyst bed 1) is ruled out in the process according to the invention.

Preference is given in accordance with the invention to the fixed catalyst bed 2 in the
process according to the invention being structured as follows in the flow direction of
40 the reaction gas mixture.



15 -unaccorrpara,i eﬁlgpgd of the same shaped catal yst bodi es which have al so been
used in the 1F zone. The aforenentioned applies in particular when the
shaped catal yst bodies used in the fixed catalyst bed 2 are coated catal yst
rings or coated catal yst spheres (in partpgular 20 those which are |isted
in this docunent as preferred). For the purposes of the aforenentioned
structuring, both the shaped catal yst bodies or their support rings and the
shaped di | uefirstotsda esgthrofiies Hi 96, riefetmbli frgm 116 te Fe%i meenpretanably from 20
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25
The abovementioned also applies when, instead of inert shaped diluent bodies, shaped
coated catalyst bodies are used as active composition content is from 2 to 15% by
weight lower than the active composition content of the shaped coated catalyst bodies
at the end of the fixed catalyst bed 2.

30

In an advantageous manner from an application point of view, the first reaction stage of
the process according to the invention is carried out in a two-zone tube bundle reactor,
as described, for example, in DE-A 19910508, 19948523, 19910506 and 19948241. A
preferred variant of a two-zone tube bundie reactor which can be used in accordance

35 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 invention.
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30 In all of the aforementioned cases, it will be appreciated that a transverse flow can be
superimposed on the parallel flow of the sait melt relative to the reaction tubes taking
place within the particular reaction zone, so that the individual reaction 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 1 in the process according to the
invention is fed to the fixed catalyst bed 1 preheated to the reaction temperature.
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30  According to the invention, the entrance temperature of the heat exchange medium into
reaction zone A is normally in the range from 290 to 380°C, preferably in the range
from 305 to 365°C and more preferably in the range from 310 to 340°C or is 330°C.
According to the invention, the entrance temperature of the heat exchange medium into

: reaction zone B is normally likewise in the range from 290 to 380°C, but at the same

35 time normally from = 0°C to £20°C or < 10°C, or 2 0°C and = 5°C, or frequently =z 0°C
and < 3°C, below the entrance temperature of the heat exchange medium entering
reaction zone A.

It is pointed out once again at this juncture that, for an implementation of reaction stage
40 1 of the process according to the invention, it is possible to use in particular the fwo-



spheres of S%Fatiéi, etc.). These inprove the heat exchange and capture any
nol ybdenum t o sublimng fromthe fixed catal yst bed of the first
reaction stage before its entry into the second reaction stage. It is
advantageous if the aftercooler is 20 mangg actured from stainl ess steel
coated with zinc
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described for the first reaction stage. The remarks regardi ng two-zone tube
bundl e Useful sources for the molecular oxygen required in the first reaction stage include both
air and air depleted of molecular nitrogen (for example, = 90 by volume of O,, £ 10% by
30  volume of Ny).

It is advantageous 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 290°C, frequently from 230 to 280°C or from 250 to 270°C. The product gas
35 mixture of the first reaction stage can guite possibly be cooled to temperatures which
are below the temperature of the second reaction stage. However, the aftercooling
described is no way obligatory and can generally be dispensed with, especiaily when
the path of the product gas mixture from the first reaction stage to the second reaction
stage is kept short: Typically, the process according to the invention is also realized in
40  such a way that the oxygen requirement in the second reaction stage is not already
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In other words, for example, a salt bath C flows around those sections of the tubes
(reaction zone C) in which the acrolein is oxidatively converted (on single pass) until a
~ conversion value in the range from 45 to 85 mol% (preferably from 50 to 85 mol%,
more preferably from 60 to 85 mol%) is achieved, and a sait bath D flows around the
30 section of the tubes (reaction zone D) in which the acrolein is subsequently oxidatively
converted {on single pass) untii a conversion value of at least 90 mol% is achieved (if
required, the reaction zones C, D to be used in accordance with the invention can be
followed by further reaction zones which are maintained at individual temperatures).

35 Itis advantageous in accordance with the invention if the reaction stage 2 of the
process according to the invention includes no further reaction zones. In other words,
the salt bath D advantageously flows around the section of the tubes in which the
acrolein is subsequently oxidatively converted (on single pass) to a conversion value of
2 92 mol%, or =2 94 mol% or = 96 mol% or 2 98 mol% and frequently even 2 99 mol%

40 or more.
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a ] bo
f1 ow ar r ange RYFRSPONES P AtUPGOUDYR Eeact @sisigacbed imGPra 48 HALr i EP e 78 9nd
react i on15t aghbichtrésaults logevall at 2 msatderingtflogr grofile loé tiie heat Baohgegd’mebilA8iB 229

medi um Ci 1 CUjghginidhittl sE&dnitiroBh %tc%@m*gﬁtm%naewy that the tenperature of
the heat exchange nmediumrisés fromthe entrance into the reaction zone to

the exit fromthe reaction zone by fromO to 15C. In other words, the
af or ement i onégpigdlynthy cotalyst tuped in the ald@nentioned dwe-2oneb@dle actorsior et 0 6C,

it n acco [ dance?du*tnﬁheédﬁe? istigeid ﬁﬁnuégtﬁ?é‘&ﬂ’r_ : éth ?Qﬁﬁ@stb%‘l%nﬁﬂyﬁéﬁlly%ﬂye hRaie nlt lr ance
enper a e R e a chpan nedaiL.um .L O reactl o one | pormal Iy I n
herr angldr r Dlass & 18 SHHC TR Ml Bbietd 30 gare Py 3RS 20td B BRHC and

nmor e pref er affeguantly frae 22:0@8 Mmoiheiclengtd ivsd@ntanecusivifrag 3 © 4 mherefeiellit i on,

t he entrance3safipareath tngdratuezdheathesed saER s 26tdupled at Rast 68, dritzone D

Is normal ly |ikew,se. i o r t 9 " . >t me
normal |y frolr%aé ‘ 1Y agle%g@({)f?gﬂ %@frde R@’%gﬂﬁé%’ é’%dﬂ '57 re%g,'”'@é Ie%'?@’_dggﬁﬁi?nl 0C
and s 3C, befaupieddy amneriked It is pguaniagrays fiom areapdisationdedint e viewdar it

ent er i ng25 eantmpér ofzatilysCubéd atdonmriodédiingdHe Qible HUNGR \@E8eI o Bé at IBhSt § 00TGt Ur e

that, for anpteﬁaggﬁlg‘égfe?&j ﬂi‘oﬂ FFJa%eﬁ@; ?}Beldneur{utgeq&i é&?w&ttﬂg& RcohMfodMSiRSS

according to nventi on, 'S 80 i
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 homogenecusly distributed (preferably 6 equidistant adjacent tubes

30 per catalyst tube), and the distribution is advantageously selected in such a way that
the separation of the central internal axes of immediately adjacent catalyst tubes (the
catalyst tube pitch) is from 35 to 45 mm (cf. EP-B 468290).

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

35 advantageous to use melts of salts such as potassium nitrate, potassium nitrite, sodium
nitrite and/or sodium nitrate, or of low-melting metals such as sodium, mercury and
also alloys of different metals.

In general, in all of the abovementioned flow arrangements in the two-zone tube bundle
40 reactors of the second reaction stage, the flow rate within the two heat exchange



particul ar t‘g'c_a a)f;\%ézone tube bundl e reactor type described in DE-B 2201528
whi ch incl udeg' possibility of renoving the hotter heat exchange nedi um
of reaction zone D to reaction zone C, in order to optionally heat a cold
starting reaction gas mxture 2 20 or a @ d cycle gas. The tube bundl e

characteristics. within an individual .reacgtion zo may al so configured
e toscr| b ERv R BRuseS s selgtfi S0 Pl T Tre BibeRatie o somat

accor di ng t oexchangsmwediumoisesdionatheenliencsinta thel reaction Bynectorthé akihtjomes

t wo- zone tUb@abw}didﬁe%?aﬁirﬂO% 157 Qv 6thar ends - the RforbrBRtidNeA ATemAPbé B3GLOr,  as

et woen the P\ St SA0N 930 S TR EREE 1l tehenbe PR PR Bt pucver - such

an interhediate inert bed may al so be dispensed with. The length of the
r eact } onht U:Jﬁécdrdﬂng tc.?lﬁe @r\k%ﬂtiorﬂﬁh@@riffénﬂ@&érﬁpibrﬁmfef SFIRORES dxBhamRYMEBSAINtHO t he
sum of the . NS ' ?z‘fﬂ [ 30 T ropene
content in t%ggé%a‘?ot%fen%gﬁj&rﬂ@? Iﬁﬁﬁ%ﬂ%ﬂﬁ%)ﬂ? ﬁre 1gi3%°t§2°9%@f)cle"s’§9%ec%395i ng to
t he i nvent i ofiore280 t¢ 300" &andnere pigfegably/ia thrrange frorb?fUtorZ801GAgsprding tane,
frequently freomentiom tHe8ntynce edrmperatucs of the iieat éxeh&igenyiediomunte rédmised i n
each casg,on :%A%eb Ea%%a!é%ﬂéew&%)in t@raﬁé&ﬂ%%o%o 20D MUPSERS sARERMY Ng to the
I nvention w be carried out_at a pr ogene: oxygen: ‘inert gases (1ncluding
steam) vol unBorraly Bome tetost 20 GG cf DR Gard < By &k feagenty 20°C1and ¢ o
3.0): (5 to 25p5;C pretdvetheldnjrafice tempetatur@. dd the Hekt erchibpe nediuge aetedhg reactior east
20% of the vgljy@ of the inert gas will consist of nolecular nitrogen.
However, 40 > 30% by volune, or ? 40% by volunme, or >_ 50% by volunme, or >_
60% by vol unme, or PF 54282 30 > 70% by volune, or ? 80% by volunme, or ?
90% by vbh unijs painted cotsrckyagsinl al this junfture thet, ifereantimgplesnerdatioo e thessecofd
{ml teﬁul ar ][H mﬁerﬁ_@m&ﬂ?tég@ofttﬂe@rdg;oe}wm?ding tbf’chélirﬂ/bhﬁt?ﬂﬁ‘it i9p8Rble ganerial Itydr_efer
o] ose o .C S an refera ess tha [ verted in
si ngl e pass E?ﬁ'%‘ﬂ@'ﬁﬁ? ﬁ‘%°'_é%’?—etﬁ“8%|b§'ﬂ°q? é%?&?‘%ri!ﬁ’es eﬁfjrél?e(ﬂﬂ gﬂ@lﬁpiﬁﬁt‘ﬁh'ﬁ%l ecul ar
nitrogen, 5 hkides thedossibityefzemedng hedeleshrst exchange pasum of leaston aasehane,
ggnt a|n°e/ bgt @rt@reacﬁmf zorfeZ, iﬁtow&d_@a@uo%nwﬁéata c@rRPQ&king Faction §8s Ml Qr UE to
nmol % nor e i-ner Rroc o the
i nventi oft’ cafl ¢ onlgf:gélgg?s'gtrh gﬁg%eeﬂ.)d@ég%heﬁg‘%isﬁcégﬁ?@r"r"%i'ﬁ@agﬁig%ct%hﬁg?iemval
of the acryl M@y alsederqopfigurpd apdeeribed fuEP/ 382098, can al so be a constituent
of the diluent gas. 10 The aforenenti oned conposition ranges are applied
both in case ' : : S is
fed. The of antree SBtay e SEE Mo/ aERRE nTISE AR RERRROU A7
to the by combining two two-zone tube bundle reactors to give a four-zone tube bundle
25 reactor, as described in WO 01/36364. In these cases, there is normally an inert bed
between the fixed catalyst bed 1 and the 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 reactors.

30
The propene content in the starting reaction gas mixture 1 in the process according to
the invention can, for exampie, 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).

35

Frequently, the process according to the invention will be carried out at a
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,
40 > 30% by volume, or > 40% by volume, or > 50% by volume, or > 60% by volume, or



15 .invention ?[?ﬁ? or exanple, those which are conposed of from6 to 15
(preferably P 82¢0 11) % by vol unme of propene, from4 to 20 (preferably
~from6 to 12) % by volune of water, from? 0 to 10 (preferably from? 0 to
5) % by vol une of constituents other than3020 25 propene, water, oxygen and
nitrogen, sufficient nol ar>é<céfgen that the molar ratio of molar oxy

present to prIfén?Y YR'WBe R PVHﬂ'FTeSO"t%gQ%?PV(‘ﬁF@?eePéBIg?%'PBbYﬁhimS Qfo 2.2),
and the renathedaen gas may E60stmy motdeutze nitoben lie thio tadunsemyunért afuenbyases| ar

ni trogen, ?éﬁé'gl ﬂﬁ'%itl'#&e Qﬁmﬁicﬂ%’gggﬂ%%pﬁ’@%ﬁ'ﬁlﬂﬂgsg g'xatnkie/o ﬁ\‘.@rme'rt Bin the

acrolein confent 1I'n reaction aS m ave
e e ol Egle e Iifuh (e PadGsIR, FAGloTEaos. im et o Roieatiar RESdEBbe by 30
vol une or5f r tresé ate f@%dmpleobases Jushse gropane aethamss seetisame;, hentaoe, diutanel une) .

Frequently, ¢ls eboseas @Gfd?h@bl@%a%@s)t Ustd 5y %ﬁ% @y d ¥s %I%%ﬁ& ‘H«Yd?@@f @k an
acr ol ei n: oxy temlne as vol ure ?{9§ é 32 F t&l
starting rea@\eﬂ 2SR {ppl_p?%c%sgpcq rq 13 thedyvengon g 6‘?”3 © %roggje ycle
pref erabl y obad:asremaing)fteths reroovad pf {he actylic asid @M thiegredust gas mixure) cane

appreci at ed HRehet\@nBlitHEMST trRCEiReAi gt t 0 the invention can also be carried
out at anp_acrol ei n: oxygen: steamothers volune ratio (I (STP)) present in the

startingqpeactlon gas mxture 2 of 1:(0.9 to 1.3):(2.5 to 3.5):(10 to 12).
40 PF 54282 3he afarethentiomgtl sompesitien rangessareapptien eoth iracaseh of aedondamtgas oxi de

conmposi ti ons f&dd dAl-if\cA§L8IHERS nakecatdupdaadeys active conpositions both for
the fixed bed catalyst 1 and for the fixed catalyst bed 2. 5 Designs of a

t wo- zone tube bundl e reactor for the first reaction stage which are
advant ageous Thf sticigrrgasiion aastmixiuras | wiieh erepzdveatagaeneataredinglo thev ng
const r uctisonirvehton dlef far betingiothogwisith are @mgoded epnstruction can be as

descri bed in t 02 6 2002 19 278.4 and
202 19 279. 2'?[”@’eﬁ & itdh p%%%ggq,lom o Hc?ﬁ?“”&@ﬁ‘fé%f‘%h " PCT/ EP02/ 14188 or
PCT/ EPO2/ 141@'95"419(5201@96%&39!5' @f“@dbé%) %myvelime  f WalRs cat al yst t ubes:
ferritic stegbin =0 enGweeradly frdre >Cetod) Yo by tdibee: | eigbhstitients atkanphe, 3 500
m propene, water, oxygen and

20 nitrogen,

sufficient molar oxygen that the molar ratio of molar oxygen present to propene present
is from 1.5 to 2.5 (preferably from 1.6 to 2.2}, and the remainder up to 100% by volume
of the total amount of molecular nitrogen,

25
as recommended by DE-A 10302715.

According to the invention, the acrolein content in the starting reaction gas mixture 2
can have, for example, values of from 3 to 15% by volume, frequently from 4 to 10% by
30 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 performed at an

acrolein:oxygen:steam:inert gas volume ratio (| (STP)) present in the starting reaction

gas mixture 2 of 1:(1 to 3):(0 to 20}:(3 to 30), preferably of 1:(1 to 3):(0.5 to 10):(7 to
35 10).

However, it will be appreciated that the process according to the invention can also be
carried out at an acrolein:oxygen:steam:others volume ratio (I (STP)) present in the
starting reaction gas mixture 2 of 1:(0.9 to 1.3):(2.5 to 3.5):(10 to 12).

40



ext-er nal a}ggl% é 2for exanple, 30 mm wall thickness, for exanple, 2 nm
nunber of ca g? 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 and 20 EP-A 12 70 065) vvhi chgqare charged in the same way as the

cat al yst tubs (in a l. . manne tating fromthe very outside toward
the inside),! fso'?m'&}?é B &\‘S PRt ” rﬁearﬂi"%qm‘{%lt@%@%s but havi ng
an external OEah&d261 186 aref MVBBMlehseaCtQB cdmpuositienschcth e theeiied beldeatabystli|  of

external di agRi RF tHeffixel @htaBéppad £, 8 nMm and wal | thickness of, for exanple,
1 mm 25 reactor (sane material as the catal yst tubes): cylindrical vessel

of internal dianeter 6 000 - 8 000 nm 30 reactor hoods plated with
st ai nl essd st Besignd oftantworzope tubeigmpie fsiagtor foy theHfiretkngaction stageawhigimgreannul ar |y

arranged t ub@ddauw@leeus hq;cc@mam& RitMtHehn¥en@en egMhawd the m@a’mg?&ndir@mh @theOf
g?e 1f 288 ﬁ%n& ts Iefﬁ%%ﬁ&ura oﬁﬁg%‘:ﬁ'ucﬂbno aszbeU%%g’ %n&llﬂ %éﬁéa@fﬁﬂ&%h&r gogogm
nm) ; nor nal | 9pml@ﬂﬂ5@@r¥@8&§ 27416 PP42 19 85%4d’in§t2|925§t27§r¥ omin theePE Tipeplisatiense (6

equi di st ant AQTARC2CENB7 IROBEPERN4¢88 & FST/EPEbaK 189 rangement in an

equi | at EIid?ﬂ triangle, catalyst tube PF 54282 32 pitch (separation of the
central internal axes of immediately adjacent catal yst tubes): 35 - 45 mm
for exanpl e 98! tUBES:38 nm or 40 mMm or 42 nm or 44 mm the catal yst
tubes are secured and sealed by their ends in catal yst tube plates (upper 5

pl ate and IO%F} riB| éfttﬁe ggtgg Qggéyg aerthEfé% for exanple, of 100 - 200 nm

and open at Oi ned to the vessel which has an

inlet for th@'"?f’é'Pf‘? Hgtheﬁé%ﬁ B‘Heﬁaéerﬁﬁtﬁtfﬁﬁ%"anﬁl%@p'%ﬂodﬂmng pl ate of
t hi cknes$520 - 100 nm di sposed, for exacasplianetat, fdraxbmplee 38 aimal yst t ube

| ength, divides the reactor space smhrck,qégsl tor EXdrRplet YRinf.€acti on zones
(tenperature zones) A (upper zone) and B ( | ower zone‘)) each 10 reaction zone

is divided into 2 equidistant Iongltudlnal sections by deflecting plates;
the defl ecti ngnmraaf@apiy@t@bablryhaadaedmmdleaforgmlerw 08heor 281080 yart32tAPes are

oo oo bsspme o dog Wbt ins e B DR e T
Sorarel 20d B l‘ﬁ@??gw‘wfmafe Fotdedlo Bt yRP ot MR bt WBR TN &l | 2

provi ded wi t magagrrolating fram the Memtoutside towardope jinsidegviar example ahthe same f eed of
the salt melfen j;ﬁ anijcvuan&mmése,bubﬁémg ahextéekl giginkRd ob iciexampé, 8B& niint hdr aval

I's, Tor exappl g eRBRA I Mowlior ERbHAYaB MRt of, for example, 8 mm and wall

thickness of, for example, 1 mm;
25
reactor (same material as the catalyst tubes):

cylindrical vessel of internal diameter 6 000 - 8 000 mm;

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

annularly arranged tube bundle, for example with free central space:
35 diameter of the free central space: for example, 1 000 - 2 500 mm (for example
1 200 mm, or 1 400 mm, or 1 600 mm, or 1 800 mm, or 2 000 mm, or 2 200 mm, or

2 400 mm),

normaily homogeneous catalyst tube distribution in the tube bundle (6 equidistant
40  adjacent tubes per catalyst tube), arrangement in an equilateral triangle, catalyst tube



20 .a substregg for exanple, renoved fromboth salt nmelt circuits and
cool ed, for xA‘é‘%BF in one common or two separate indirect heat exchangers
(st eam generation); in the first case, the cooled salt nelt streamis

di vi ded, conbined with the parti cular 253gesidual streamand pressurized

into the react b e ticul np into the appropriate annul ar channel
whi ch di vi de?'tgh@eéﬁla{' ’h&atg’e goara mﬂg’ne‘. PEaRf @Prﬁ?@%te&fadﬂ%@”t Pyt tubeshdSs g t
nmel t reaches-#henrtubeexaumpié 86 trim cur@d mdneond Irdowod 42 pws,edt ddmrhhe reactor 30
jacket; the flowis, for exanple: in a radial direction to the tube bundle;

in each zone, th Lt, melt flo aroudth catal yst .tu a tated b
e aot) 2ors e i biodirt seaifid aty S by Bl ah e et R et SAbel o
inward, S fpie anrclowvesplate eachwaviog athicknesist fonekample ovfs 00 R 1260 gimpand omkow
gg g Et eg ngr Oﬂ Iagtrr:bgﬁlﬁﬁ?r;fwgﬁgg ﬁ'ﬂ‘o@d q&néchfa tHE §8&el wRiBH h&® g‘i‘: tﬁﬁétsorahe btgﬁg@nd gf

V4 | |
order to be ?ﬂﬂ;g@g? mgd%rl r%&gqarglmgp;ﬁ é‘ﬂ‘g%ﬁ'g?sr%(gn? (g ‘ﬁ@posﬁﬁ—l 81282 33 the
salt nelt |seéaiﬁﬂac@té@|fﬂ|ﬂ®ﬁﬁt9|&$tttbbﬁ leogthogividas thegeaetacspace symmetrinady indhe. The
reaction gas tyi ¥dadfiéh r@s¢Rnipatatieaohes) Ofuppbezdnel Ghd Bi(RYRr 2dned; dAper at ure

afew5 gr the first
reactor. ??alf F#}g%erlsrdg@égs'ﬁﬁg? &{ dlgg}étg%tqntgﬁ% g%ecmg%‘zetf#gt?"&c&}atef ageousl y
cooled to from 220C to 280C, preferably from 24OC to 260C, in a separate

af t er cool er Wy ddflettingesiateqeéfechblydsnmintzagesthethéhd eaglystntuleds drbe first

stage. 10 Th%d@éﬁt?gfe%%?lb%{ecﬂgréggﬁé‘@{:é\{e& #t %l;%@g&‘rgtiﬁ‘plg@' %‘@x}apgn!)t%‘@éureh%ﬂ@ plate

and normally —cons

metal spi ral $edlRd ahthgdpfierting plates. ?%‘Patfthbﬁ Fansyeiss dowrrateni ihamsaligaelt within

i ntroducdd i mhe zbmeisivehyeecdanstanbf the tubes of the aftercooler, in order to

i nprove the heat transfer. 15 Salt nelt: The salt nelt used may be a m xture

of 53% by wei ght of ot assium n| rate, Yo by . wei ght of sodiumnitrite and
706 by el ght S 23 BRTOHIECE saseait sxabestaamiebRudS aud sol pumat et Plor
advant ageouslthe s&'ttsnelt safot exmhmle,djelammestaﬂecttr@mmahdm wittrizawados) rior of 20

sal t punped léxarﬁblé%@«bltﬁéldéﬂbchﬁt? lpRAction zones may be approx. 10 000 nB/h
per zone, .Flow control: The startl ng reaction gas m xture 1 advantageously

flows frgﬂmop to bottomthrough 25 the first stage reactor, while the salt
mel t s havi ngadiubstegasmis, fos gpamaleuresoved fromebdtimdaltinglh sircuits raed capled, for

advant ageousle¥afigiaViayne dorPBrosHtive @bb&afeqadure@ah@éné&&nédgefas @te@ni §eiei®lonf;ube
charge (fromtop to bottom, for exanple:
in the first case, the cooled salt melt stream is divided, combined with the particular
25 residual stream and pressurized into the reactor by the particular pump into the
appropriate annular channel which divides the salt melt over the circumference of the
vessel;

the salt melt reaches the tube bundie through the window disposed in the reactor
30 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

35 - from the outside inward,
- from the inside outward;

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



30 .Section lé, I? h 50 cmsteatite rings of geonetry 7 nmx 7 nmx 4 nm
(external di alr:ré X length x internal dianeter) as a prelimnary bed. 35
Section 2: length 140 cm catal yst charge of a honogeneous m xture of 30% by
wei ght of steatite rings of geonmetry 5 m®x 3 mmx 2 mm (external dianeter
x length x internal dianeter) and 70% by wei ght of unsupported catal yst
fromsection 3. 40 Section 3: length 160 cm PF 54282 34 catal yst charge of
annul ar (5 nifesalt mehix condugies fepm bettran tadiop trpegh eachl tlemgetatyreizat@r nal

di anet er) unsupported catal yst according to exanple 1 of DE-A 10046957

(stoichionmetgy: J 45 5
Configurati oﬁps(e B%Qéa}%@étn%e 1@3&%@@%{%&3&@2@% @JrgF%%Se %%fe@?gﬁg%%q&ﬁ ion
st age whiTh degreeshighgitthancibasalt haticeryianesmteanaratire ¢idhe firsbiearion Feafurer
desi gned as protésyiny, tHevreastionigag ristureis tadearitdgecuelyeobieieo rumdi2e°C eazswC, f or

catal yet  t bl A EORED SRR, n g e Ge sRaltEBEE gl 1 ArehRE o or 130

cat al yst tube s 1 s freque i'/l
mm or 150 ndgwnstreamefihg regeton olthasfirst $ta@eaf t er cool er is di spensed with;
i nstead, the | ower openings of the catalyst tubes open into a hood which is

connect egh t OTﬁé‘Eﬁéf@&oﬁ@rj is Bénérgﬁ f’la‘?@@& oR BiodNfle mr@urbeo%aﬂeeatndjrﬁrr%@% the
product gas m xture. the upper reiction zone |s zone C. and the | ower
reaction zoffsists ofdukesof f%ﬁ%’%‘ét@ﬁl- plainless stes! shegtingtalspiralswhighymanke | n et
"react or f orparigosftpwdund srecdvantage@asly/ inireduadd &nd Hegpantesbryofahereidas of the

feedi ng conpigsssslerinorddils ifgodt YRthdatRsnsded thermal tube charge (fromtop
to bottom) mamy, for exanple, be 20 as follows: 25 30 35 Section 1: |ength

20 cmsteatite rings of geonetry 7 mmx 7 nmx 4 nmm (external dianmeter x
| engt h x1% nt 8alhmeltdi anmeter) as a preliminary bed. Section 2: length 90 cm
catal yst charge of a honbgeneous m xture of 30% by wei ght of steatite rings

of geonetry 'Fhenpéglf(mg’n YR mgy Hgna(rr%))&tu(raer Qf%@%j b?%%'fg% otxpotassium nitrate, 40% by
weight of sodium nitrite and 7% by weight of sodium nitrate; both reaction zones and

the aftercooler advantageously use a salt melt of the same composition; the amount of

20  salt pumped by circulation in the reaction zones may be approx. 10 000 m*/h per zone.

Flow control:

The starting reaction gas mixture 1 advantageously flows from top to bottom through
25  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:

30  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.

Section 2: length 140 cm
35 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.

40 Section 3; length 160 cm



| ength x int gkrl_‘al 5“ aneter) and 70% by wei ght of coated catalyst from
section 4. SEEM4R23: | ength 50 cm catal yst charge of a honbgeneous m xture
of 20% by wei ght of steatite rings of geonmetry 7 mmx 3 mm x 4 nmm (external
diameter x length x internal dianeter) aggl 80% by wei ght of coated catal yst
from section 4. Section 4: length 190 cm PF 54282 35 catal yst charge of

t
annul ar (7 mm x 3 mm x 4SSt BRIe&HANNURLRTE* 3 M SR X eXtRtNa} dameter
di anet er) coated cat al yst lengthor ditergalt dharpetepamatppoetedeatatyst eccoradifg foE- A

10046928 (st of chi omet 1 oMald/3 8 DEHAA6d00s5 @b AERRKYYBIN,O0L B0 Wl Stage

catal yst tube and therma),,tybe charge can_ al so have t oW ng
appearance (fromtop to Mcf‘#'g%fgezﬂ)sq‘l%ﬁ@égjﬁ)on 1: length 50 cmsteatite
rings of geonmetry 7 nmx 7 mmx 4 nm (external dianeter x length x internal

di anet er) ascRnfigRhidisRREYWE28ne BREHUARE 2eadiérTotl the 2800 TeBaichl stsde wihias ge of
annul ar (5 i.nt er nal

nmm X x .2 mm = external, di.aneter | engt h
i amet er) - undtrseiEgeeds s BhELIh g ERE cobe 885 oe MR 46057
(stoichionetry: [Bi 2W20 x 2W] 0.5 [ Mb12Co5. 6Fe2. 94Si 1. 59K0O 08QJ1) 20 The
?eflond_ st age eeaftyBingsds ihuletwizbriehebeTBlindle! Rt cn fdrdike m@ﬂrelabm diégzee Hokxféwter, .

ol |l owi n a o 0 , . eatite
rings of 98e0neeftﬁ{;%%es%g%ﬂeﬁﬁﬁ%?%néﬁ%? éetgp%trtH%B%lie%g%ﬁ gcr]ueg‘wﬁgggj? Rgiﬂ r"?’nternal
di aneter) as & eypmplent194p%. eetB0 mm, getiq B, or 1TRALIPr 190 MM cat al yst char ge
of a honobgeneous m xture of 25% by wei ght of steatite rings of geonetry 7

o LSS O e d 0 o A Bl

open into a hood wxlch is connected to the vessel at the lower end and has an outlet

15  for the product gas mixture; the upper reaction zone is zone C and the lower reaction
zone is zone D. Between the outlet “aftercooler” and the inlet “reactor for the second
reaction stage” is advantageously a means for feeding compressed air.

The catalyst tube and thermal tube charge (from top to bottom) may, for example, be
20 as follows:

Section 1: length 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.
25
Section 2: length 90 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
30 section 4.

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
35 length x internal diameter) and 80% by weight of coated catalyst from
section 4.

Section 4: length 190 cm



Section 3: length 190 cm catal yst charge of annular (7 mfmx 3 M x 4 mm =
external dia bgo X |l ength x internal dianeter) coated catal yst according
to preparative” €Xanple 5 of DE-A 10046928 (stoichionetry:

Mb12V3WL. 2Cu2.40X). In all of the first stage charges nentioned, the
unsupported catal yst from exarrpl e 1 of D A 10046957 can al so be repl aced

by: PF 54282 36 a) a ca t,accordi ng_t exanp | e 1 of EP-

catal yst to be prepared %a aigié:g?r gr?(fzg Q\hg?r s egpghpl mex%)g maﬁ‘gemﬁ% "t he
active conposition MI12N EHBQ'WQP@ZB?*MQ&BG@%G@N'YS&@C@IM osprpparatienpl e
No. 3 of DE-A 19855913 asxakiple!HdHPEK t 6O4EI0E (avickipmetgeVo oAVl st @f. t he
geonetry 5 mMmx 3 mMmx 2 nmor 5 M x 2 nmXx 2 mm ¢) unsupported nultimetal
oxide Il catalyst according to exanple 1 of DE-A 19746210; 10 d) one of the
coated ca? al Hligraativelys thefisttage gatalyst tdmeancthermal dubst chapas GascRlsmhdvedhe sane
coati ng t hi cloesisgtappsarpper (fror togso bbttgeonetry 5 mmx 3 mqmx 1.5 mmor 7 mm
x 3mmx 1.5 mm 15 In all of the abovenenti oned second stage charges, the
coated catal yst can be | aced in accordance with preparative exanple 5 of
DE- A 1004692%9‘35’51 Tcoat edeﬁgtf‘é:’loycé‘i S1 or S7 from DE-A 4442346 havi ng an
active conposition contﬂeatlteﬁnw@bgepmghhmwﬂnan6oﬂamh1‘@xﬁema¢kllaermero<f 230
pm 20 b)ga coated catal I}éﬁéthatqﬁfé'irﬁjdl ag,ﬁeqe &%lﬂarg%eé of DE 19815281,
except appl ied to support”rings of georre nm x 4 mm havi ng an
active conposition content of 20% by wei ght, 25 c) coated catal yst having
bi phasi ¢ act Bedioo@rposi tieogth®00stroi chi onetry (M10. 4V3WL. 20X)

(CUMDO. 5W. 504) 1. 6, prep@eftéi?st%ﬁﬁ dif'%ﬁn&lﬁ’r Y 19 F36 % O5mANlextORYI dGmater
active conposition contenieng&b 8¥‘ EHB& Upﬁléﬁpﬁoﬁk?gﬁﬁﬁalyﬁ actcHécR@qv ment i oned

7 mMm x 3 mm X 4 nm suppor
catal yst1bed 1 and the f¢>§aéu3|%étoél3ﬁs‘%1@@@927é$telchlam¢HMt[Bgl@b@sP‘;ZVH@ﬂt&rw se

sel ected in such a way (MZCQ:)&@FQEQRWO%GD%I)I on with, for exanple, inert
material) that the tenperature difference between the heat i ng point maxi mum
of the reaction gas mxture in the individual reaction zones and the

particul ar Teerpesoas stagesrtalys tybeand toermad hibegoawemanalspdraye g folqwised 80C.
Thi s t enper aapearaedirbmasecsotiom)usual |y <_ 70C, frequently from 20 to 70C,

and this genperature difference is preferably snmall. For safety reasons,
the fi xe% cat al yst beds 1 and 2 are
Section 1: length 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.
25 Section 2: length 140 cm
catalyst charge of a homogeneous mixture of 25% by weight of
steatite rings of geometry 7 mm x 3 mm x 4 mm (external diameter x
length x internal diameter) and 75% by weight of coated catalyst from
section 3.
30
Section 3: 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
example 5 of DE-A 10046928 (stoichiometry: Mo,,V;W, .Cu, ,0,).
35

In ali of the first stage charges mentioned, the unsupported catalyst from example 1 of
DE-A 10046957 can also be replaced by:



al so sel ect eg I%?E manner known per se to those skilled in the art (for
exanpl e by Fi fn with, for exanple, inert material) in such a way that
the peak-to-salt- tenperature sensitivity as defined in EP-A 1106598 is <_
9C, or <_ 7C, or <_ 5C, or 40 <_ 3C PF §4282 37 Aftercooler and reactor
for the second stage.are connected b connectj tube whose length is
|65 than 259 FHEBNELASTIIES RATGEIE T Haem 1580 2hd CaIAvhior e PTEBRED ot
arrangenent s andactoadayee with this ekamplecexdeptihadrigthy sictidesmnpdséidni n t hi s
docunent can als QPR [ P e | oadi ngs, as described in the
docunent s WO 01/ 38 26216,% D{?%g%g%‘?%ﬁ?‘ gEO?Q%%19948248, DE- A 19948523, DE-A
19948241, DE-A 19910506, DE-A 10302715 and EP-A 1106598. 10 In this case,
preferenc® i 8 gi example Nohe of BacA 1986583 A@s an unBupmried Hoblaw nygindRecatalyst of

t enperat ures recHERREARSYISMENNK 3% 2TBRlor 59%68LE ML ke second reaction
zone in each case, in accordance with the teaching of the abovenenti oned
docunents, has a higher tenperature than the first reaction zone in each
case. The heé&l i ngngwpatted pwipwataloxide I ertalysd aseerding te exaiopler] efone in each
case is always beFoavibhg210f the first 15 reaction zone in each case.
Fbmever,1at t he propene | oadi ngs according to the invention, in the
procedure” according to the invention results in an increased selectivity of
acrylic aci dd or r@¢ Pbihe cpated crtalystso!. tZando} efdekrdy 0B t&AneErrRE @PPIST iR theh
propene | oadi ngssame ceatirgrthicknesstd euppitiigs Dpgesrhetey Redm X i3trimoans lem or
differentiated betyeemn Hqﬂfl%m catal yst bed zones of one reaction stage
experinmentally in a sinple nmanner, in such a way that the sane propene- or
acrol ein-containing reaction m xture is conducted under identical boundary
condi ti on§ ( pr aif efrtad bhovementiomst] $econd stafe ichargps, dbe ssatbe catglysteinerepl at ed)
over 25 fixedsialaaliyatcd@stteHithifepatR dxaRids oPBE-£ A5i1s694. espondi ng to
the conposition of the particular fixed catalyst bed zone. The hi gher
anount of propene or acrolein converted indicates the higher

vol ume- speci &) c acated catplyst it ohB7 frerpi-Ast44dd4E bayrg an botivesompobitien whi ch
follow and al so ontbief e tyoNeigitardlld SoHIRTRIEkNRBO¥E23d IR, annul ar shaped

di | uent Bgdles and the annular shaped catalyst bodies in the second
reacti on“stage can al so be replaced by spherical shaped dil uent bodi es and
spherical shapedacaatgdwatalist dceesding troexampleanbtor adi i 1P8 A8, exsepbapphiedind
havi ng an acti vetCaifparirhhobf GUMRt7 M £ B eih k& mm RMAgBh ¥8ivE Bbmposition
frequently from %g t%ﬁ)t O%Q‘gg/by ‘&gb%t). The statenent relating to operation at
hi gh 35 propene Ly I ngs % e ove docunents retain their validity. PF
54282

25 c¢) coated catalyst having biphasic active composition of stoichiometry
(Moy.4VaW,4 20,) (CuMoy sWo504)16, prepared according to DE-A 19736105 and
having an active composition content of 20% by weight, applied to the
abovementioned 7 mm x 3 mm x 4 mm support.

30  According to the invention, the fixed catalyst bed 1 and the fixed catalyst bed 2 are
advantageously otherwise selected in such a way (for example by dilution with, for
example, inert material) that the temperature difference between the heating point
maximum of the reaction gas mixture in the individual reaction zones and the particular
temperature of the reaction zone generally does not exceed 80°C. This temperature

35 difference is usually < 70°C, frequently from 20 to 70°C, and this temperature
difference is preferably small. For safety reasons, the fixed catalyst beds 1 and 2 are
also selected in a manner known per se to those skilled in the art (for example by
dilution with, for example, inert material) in such a way that the peak-to-salt-
temperature sensitivity as defined in EP-A 1106598 is = 9°C, or = 7°C, or £ 5°C, or

40 <3°C.



38 -Exanpl es gqj#_\g arative exanples a) Experinental arrangenent 5 First
reaction stag eactlon tube (V2A steel; external dianeter 30 nm wall
thickness 2 mm internal dianmeter 26 nmm Iength: 350 cm and al so a thernal
tube (external dianeter 4 nmm centered igy t he rriddle of the reaction t ube

to receive a,thernmal can be used det erm ne

tenperature f° ertcH%Ie;@?ic&eiaBt[q”Fouhe Se(?\?@? fape aé%?‘?r}”@die@r’f’@[tah‘ionngdmé%eed from
top to bottowhase eodthasvsss tBnAd M5 Section 1: length 50 cmsteatite rings of
geonetry 7 mx 7 mmx 4 nm (external dianmeter x |length x internal

di aneter) as n 140 a rge of
o homge%eougﬁe Pé’a[%lor%rgﬁé%a%ﬁ%eséeo%ﬁ a[%ﬂ aﬁ ‘ot é%ctqr earrranﬁargg@t% anéﬂgh%rggg g A
3 mm x 2 %m wihfisgchked ‘éﬁt%!M%ttd@PCBPEdI"eﬂ'gﬁ %oc;urnamt eamalso aeézﬁeltaéao)atm 70% by

wei ght of unpipeas toadings adsadessiibdd inNhe @SILINWAtSWCERT/B6383, BE-A €091 462460EC M

catal yst _chahdoato@nBel Anobmdi Kedh MEbdeody B 7 RHBE0R DI AR SF1c dhd enath

X internal d| arret e unsu cat al yst ac'cor di ng ‘exanpl e
10046957 (st& y: [B| 2V\209 x 2 W3]0.5
[ M012Cos. sFe2. 94S| 1. sQKo 080)]i) The first 175 cmfromtop to bottomare

t her most ?}gt eth i d£§ e@Ferﬁe??%rb%rPﬁ'}tﬁe%acﬁ{?n bHH%eR' B Ltat%ﬂh%r?tﬁw rent. The

second 1 cm are t m)sta ed in

countercurr eFﬁmpeS%tEEﬁ?de?%'B?Wﬁﬁ’ '§¥"é{§1€°°‘§5‘3'}& ‘?"éﬁ&ttthﬁtﬁh? é%‘é’”@\?@ tigpgane in
ext ernal di apetrecasglinrarpondahde with therteachirly ofithe aboviearentibnesi doratnents2 basran

I engt h: 350 ﬁ!’g‘heﬂ@%p@a’i&e@héd’lﬁémt rééé*ﬂ@n £6n¢ Rleah cash. Q"ﬂﬁth%étnf’g ;‘SEHFlt center ed

th ddl t.h
be et o GEERE DI temnarhre S Tiaach caba P araREovE el o R NG, o
| engt h) it8 creactietzénecomendipcass. bottom as fol l ows: 40 PF 54282 39 Section 1:
| ength 20 cm

However, at the propene loadings according to the invention, in the procedure
according to the invention results in an increased selectivity of acrylic acid formation
relative to the procedure recommended for high propene loadings.
20
Generally, the volume-specific activity can be differentiated between two fixed catalyst
bed zones of one reaction stage experimentally in a simple manner, in such a way that
the same propene- or acrolein-containing reaction mixture is conducted under identical
boundary conditions (preferably the conditions of the process being contemplated) over
25 fixed catalyst beds of the same length, but each corresponding to the composition of
the particular fixed catalyst bed zone. The higher amount of propene or acrolein
converted indicates the higher volume-specific activity.

In the examples and comparative examples which follow and also in the reactor

30 arrangement above, the annular shaped diluent bodies and the annular shaped
catalyst bodies in the second reaction stage can also be replaced by spherical shaped
diluent bodies and spherical shaped catalyst bodies (each having radius from 2 to
5 mm and having an active composition content of from 10 to 30% by weight,
frequently from 10 to 20% by weight). The statement relating to operation at high

35 propene loadings in the above documents retain their validity.



Steatite rinﬁé g% 2geom&*try 7 mMmx 7 mmx 4 nm (external dianmeter x length Xx
internal di alpt 3 as a prelimnary bed. 5 Section 2: length 90 cm catal yst
charge of a honbgeneous m xture of 30% by wei ght of steatite rings of
geonetry 7 mx 3 mmx 4 nm (external diggreter x length x internal

di aneter) ang 70% b% @Eirﬁht ff coated catal yst fromsection 4. 10 15 20
Section 3: |EMJPHESENLAOTRE 'st?xa(?fp;‘?sge of a honpgeneous mi xture of 20% by
wei ght of steatite rings of geonmetry 7 mmx 3 mmx 4 mm (external dianeter

X length x ig)tggmlméﬂjt@@&hﬁ%am@ﬂd 80% by wei ght of coated catalyst from
section 4. Section 4: length 190 cm catal yst charge of annular (7 mMm x 3 mMm

X 4 mm = external dianmeter x length x internal dianmeter) coated catal yst
accordi ng® to prEpdreadtioes@ganpl e 5 of DE- A 10046928 (stoichionetry: Ml
2V3WL. 2Cu2. 40x). The first 175 cmfromtop to bottomare thernostatted by

means of a salt : LD, r m ar e
thernostatted bygﬁ%%rt]'gﬁ (t)@lég% gé%éi%é@%%ﬁ%%@@%@?ﬁ%ﬁ %éﬁ?'ﬁht. Gas
phase oxi dat i on: ingeal dissnaterz&mm. lragtty 3pQ £my ang alsg 7 taermpt tybe (B¥RINBhuousl y
charged with a stiafieteng m3)ceraaretiiiro thegnisidiei of the readtiodf tubd & reodil@aitingmal
conposi tk®n, and J st I i ction

t ube ar e“?/)ari ed: el%&gﬂ# \gﬁglgﬂgn gé}cg%éd"@ocfeglﬁe I of %rrt%djg%g?jfre @Qﬁ? E%anlﬁgn P’%%& 5% by
vol ume of H20 f?‘tﬁh‘té.egt'rtede@t@%ﬁ%argﬁ‘l’ fiAw tep tadegtiont afallows to 1. 2% by vol une
of CO2, fromO0.01 to 0.04% by volune of acrolein, from10.4 to 10.7% by
volune of 02 andgedfdntihechgimionger ad 100% nol ecul ar nitrogen. PF 54282 40
At the exit of the first i smal | _sa

t be, l e i ith f th
product gas nixture of ﬁ%%tﬁ%pb@{ofﬁg‘jgg&qtr@ﬁ 'E't“a’bﬁ‘?rg? dg@é‘s@yﬁ\{eﬂﬁg@%\gﬁ%ﬂ[{;m °

anal ysi s15Q her wi se, t helength x internal diameter) as a preliminary bed.

Section 2: length 14C 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
20 length x internal diameter) and 70% by weight of unsupported
catalyst from section 3.

Section 3: length 160 cm
catalyst charge of annular (5 mm x 3 mm x 2 mm = external diameter
25 x length x internal diameter) unsupported catalyst according to
example 1 of DE-A 10046957 (stoichiometry: [Bi;W,0y x 2 WQ3]o 5
[Mo12C0s sFe2 04Si1 59K0.08Cxl1).

The first 175 cm from top to bottom are thermostatted by means of a sait bath A
30 pumped in countercurrent. The second 175 cm are thermostatted by means of a
salt bath B pumped in countercurrent.

Second reaction stage:

35 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 middie 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 from top to bottom as follows:

40



product gas m xture is conducted directly into the subsequent acrolein
oxi-dation stagey ?io acrylic acid) by jetting in air at a tenperature of 25C
(reaction stage 3 . 5 Asmall sanple is |likew se taken fromthe product gas
m xture of the acrolein oxidation stage for gas chromatography anal ysis.

O herwi se, the acrylic acid is renoved i n3® nmanner known per se fromthe

product gas m xt . of, the s reaction stage and a portion of the
remai ni ng resi du§F8€§s1'V\/as r%ﬁ@@%of%? char gi ngr t he propene oxidation 10
I

stage (as cycle gas), which ERpitafiAgs efaecqity/onm t 4 Are 4 BMm (epiernal
abovenentioned chargi ng gasdiamétdrkaehghvx\ateinangiameter) dea bedichiroypbeasi ti on.
In both reaction stages, the reaction gas m xture flows through the two

catal yst tubes fromtop to bottom 15 The pressure at the entrance to the
first reaetion sP8ONAri es BBIRSEF™ 3 and 3.1 bar as a function of the
propene hourly space vel oci t gatsigstebbaye. of Athdrivgeeacusohixtute of 8286 by oveight ohes A,

Cthere is |likew se an anal yghsite®h ofg-gb?negr‘yeisrﬁm:%%mtxh@mﬁﬂm to the
[ 1. 2

second reaction stage varies betwee a bar as nction,of the
acrol ein 20 hourly space vel J8meler > tlﬁéé{'}P’E’@' éﬁgmg{qf}.ﬂgﬁé% DY W PFy space

velocities and salt bath tenpmtet catalystdroan séation 4addi ti on of air after the
first reagtion stage are shown by the following table (the letter E in
brackets neans e$an%lae_and t he Ihe;%)ter C in brackets neans conparative
exanpl e). 25 TA, TBE %Dare FPRANOfI2r at ures of the salt baths circul ated by
punping in t?et Leact idonf zon@f_alﬁt aBarge d@mﬁ;&ogﬂgpi?ﬂ?@ym of
conversion a e end of reagbhRB riA8E6f dbomibt 4 M gerdlpene
conversion at the end of reagti égﬂ i ||°o SY\P S é&; sel eciqti ity of
acrolein formati on and al so '%mggerryl?%t (’:‘i'@eg}%- '?Bl&ecf)[?'bdn t°§)l¥ev¥le' cBﬁgt her
after thd5first reaction stagRatethertpistdiompedionderted 35 propene in nmol %
CAC is the acrolein conversion at the end of reaction zone Cin nol% PF
54282 41 CAD is - rol ei rglon at the end of reaction zone Din
nl % CPD 5 is thg{ag@gg@ne cofr%\'}é{rﬁgl\é?néﬁat the end of reaction zone D in nol%
(based on the starting anmpufRtalyst Ghatgssf@npuiar G40 od bt N = edemal s t he
selectivity of acrylic acid 8iamatdrixdangth ixantetriaediametstpcoated tatalpstsicagaing

20 to preparative example 5 of DE-A 10048928 (stoichiometry:
Mo, VaW, 2Cu, 40,).

The first 175 cm from top to bottom are thermostatted by means of a salt bath C
pumped in countercurrent. The second 175 cm are thermostatted by means of a
25 salt bath D pumped in countercurrent.

Gas phase oxidation:

The above-described first reaction stage is continuously charged with a starting
30 reaction gas mixture 1 of the following composition, and the loading and the
thermostatting of the first reaction tube are varied:

from 6 to 6.5% by volume of propene,
35 from 3 to 3.5% by volume of H,0,
from 0.3 to 0.5% by volume of CO,
from 0.8 to 1.2% by volume of CO,,
from 0.01 to 0.04% by volume of acrolein,
from 10.4 to 10.7% by volume of O, and
40 the remainder ad 100% molecular nitrogen.



and based on F%q¥ﬁ£ted propene in mol % R is the nolar ratio of nolecul ar
oxygen:acrolg the starting reaction gas 10 m xture 2. Mis the
addition of air after the first reaction stage in | (STP)/h. 15 TmaxA TnaxB,
Tmaxc, Tn2xD are each the hi ghest terrpera&wre of the reaction gas m xture

W|th|nther tion PF54 82 O\/rO)O
Moy 1y 1 B PR of GRTTareacn R 8 s tadriecy wibsiere R B NG 8B | Lo
~MaoN o Ucmtnwetoéw)e)f irst reagtiohgR@IdoON B cmxmamlraphy analysis. Otherwise, the
product gas mixture is conducted directly into the subsequent acrolein oxidation stage
(to acrylic acid) by jetting in air at a temperature of 25°C (reaction stage 2).

A small sample is likewise taken from the product gas mixture of the acrolein oxidation
stage for gas chromatography analysis. Otherwise, the acrylic acid is removed in a
manner known per se from the product gas mixture of the second reaction stage and a
portion of the remaining residual gas was reused for charging the propene oxidation

10  stage (as cycle gas), which explains the acrolein content of the abovementioned
charging gas and the low variance of the feed composition.

In both reaction stages, the reaction gas mixture flows through the two catalyst tubes
from top to bottom.

15
The pressure at the entrance to the first reaction stage varies between 2.3 and 3.1 bar
as a function of the propene hourly space velocity selected. At the end of the reaction
zones A, C there is likewise an analysis point. The pressure at the entrance to the
second reaction stage varies between 1.6 and 2.1 bar as a function of the acrolein

20  hourly space velocity.

The results as a function of hourly space velocities and salt bath temperatures and also
addition of air after the first reaction stage are shown by the following table (the letter E
in brackets means example and the letter C in brackets means comparative example).

25
Ta Ts, Tc, Tpare the temperatures of the salt baths circulated by pumping in the reaction
zones A, B, CandDin °C.
Cea is the propene conversion at the end of reaction zone A in mol%.
30
Crs is the propene conversion at the end of reaction zone B in mol%.
Swe is the selectivity of acrolein formation and also of acrylic acid by-production
taken together after the first reaction stage and based on converted
35 propene in mol%.

Cac is the acrolein conversion at the end of reaction zone C in mol%.



EoTOM - CDOC 000U ) OCOUCOgg NnTNMt ~-MwwWcoco i-TNOHW r Nr MVW a
O N. %%@%}anu r cl0a ))o OU vTTt''r asrn000 LQuiltu i Sri
U)O)O)O)CDO 8 CLCnCU)LC) W) rnOOrn MMVMM U rn0))0)rnrn
41
Cxo is the acrolein conversion at the end of reaction zone D in mol%

Cen is the propene conversion at the end of reaction zone D in mol% (based on

the starting amount of propene in reaction zone A).
5

gM is the selectivity of acrylic acid formation after the second reaction stage
and based on converted propene in mol%.

R is the molar ratio of molecular oxygen:acrolein in the starting reaction gas

10 mixture 2.
M is the addition of air after the first reaction stage in | (STP)/h.

Tmeh pmaxB maxC Tmad 5re each the highest temperature of the reaction gas mixture
15 within the reaction zones A, B, Cand D in °C.

o
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~wLUUUWU 89?; - 0O0CDCDU | z=rrrrT PF 54282 43 W claim1l . A process
for partiall P82 zi ng propene to acrylic acid in the gas phase under

het er ogeneous catal ysis by conducting a starting reaction gas mxture 1

" which 5 corrpri ses propene, nolecul ar oxygegn and at | east one inert gas and
cont ai ns nql ecul ar oxygen and the propene in a nolar 02 : C3H6 ratio of
> 1in a f| qfMbacti on stage over a fixed catalyst bed 1 which is
arranged in two spatially successive reaction zones A B, the tenperature

of reaction 40neAAprB@é§@goraparﬁa¢|m%m ;ﬂoEéhetzB%cmage.dﬁﬁ Q@g%g%hta@e g8 and

the tenperature of reac t he
range from 290 t§ E&%&%By%ﬁ n%aﬁ%&qgtregﬁtlonsgagtmlrtgé %BHE

mul tinetad oxide ce@nmqssqrﬁ@enehmoacehéﬁmewnd atleaghenesnert gas aud podaingy t hat
reaction zone A e @bREulhO0¥gP QRE IR SOPYRY iRiadfolaoD, f CoHY réflb 50 =80n Birdto and

the propene Cho! featiionsfd e%bé}gé ﬁxe%%?a&s%%‘qmr%&h is a?r’aﬁ@éjo}lﬁ%é'sﬁtazl ed 1 'S a

90 nol % and t he acconp nd als
of acrylic acid 5906;9@&@&%0 on %%n@ér'f\ tBogtqtﬁg}pe@ura OQCF%P’WOQ% beipg@per at ur e
of the product gasmperatuty ie theeangsdrohh2o( for380°C ead tHeoBmperag@reios reaotidri onal | y

reduced *?%{ hCOO' | ggné‘B%ké“%ESBHuhgra t%ﬁgr%ﬂﬁér}ﬂ(hgrraﬁg%eﬁém %é t&‘§§o°009ﬁd &H@éé y

added to e product gas m xt ure
starting reacti oﬁCB%?sCOH?B?PlE‘P% 'Szaté%ﬁf»bPP% F}ﬂ’ﬁ‘%?’(ﬂxgeﬁon"f%'ﬁ‘éﬁG'F%l?'e@ﬁg)@é\ﬂo and at
20 | east one | neiFe aydsBidnductoatay tial geddiion rodeca ekinds ioy/g propanel cormersaar ol ei n

Es'?aae gela?r : oﬁf‘ﬁﬁgiogl@tab%d?‘f/o anthé prdp%n@ egﬁrﬁbrégér%@r%h Bindle32s® Wo&g??tﬁé' on
sucgesm ve react | E%ﬂ'é%t be, &1 Bz %ﬁf@OV@ﬁ%ﬁ*&ﬂ&F@“@ﬁmyﬂ%ﬁﬂﬁ%ﬁfﬁgﬁém&e %el ng
temperatdbe in t I’fmn'taawgend alsenof 2@plict asiBRBFodndiantekaretopethat is 2Hloholfe dis | on
zone D | i kew se Rkghpdtatire of the product gas mixture leaving the first reaction stage is
optionally reduced by cooling and molecular oxygen and/or inert gas are
optionally added to the product gas mixture, and then the product gas mixture, as
a starting reaction gas mixture 2 comprising acrolein, molecular oxygen and at
20 least one inert gas and containing the molecular oxygen and the acrolein in a
molar O, : C;H,0 ratio of 2 0.5, is conducted in a second reaction stage over a
fixed catalyst bed 2 which is arranged in two spatially successive reaction zones
C, D, the temperature of reaction zone C being a temperature in the range from
230 to 320°C and the temperature of reaction zone D likewise being a
25 temperature in the range from 230 to 320°C, and whose active composition is at
least one multimetal oxide comprising the elements Mo and V, in such a way that
reaction zone C extends to an acrolein conversion of from 45 to 85 mol% and the
acrolein conversion on single pass through the fixed catalyst bed 2 is 2 90 mol%
and the selectivity of acrylic acid formation assessed over all reaction zones,
30 based on converted propene, is 2 80 mol%, the sequence in time in which the
reaction gas mixture flows through the reaction zones corresponding to the
alphabetic sequence of the reaction zones, wherein

a) the hourly space velocity of the propene contained in the starting reaction
35 gas mixture 1 on the fixed catalyst bed 1 is < 160 | (STP) of propene/t of
fixed catalyst bed 1 + h and = 90 | (STP) of propene/| of fixed catalyst bed 1
. h‘



25.t enper at ulg'g ig%he range from 230 to 320C, and whose active conposition
is at |east’ong | ti metal oxide conprising the elenents Mo and V, in such
a way that reaction zone C extends to an acrolein conversion of from45 to
85 nmol % and the acrolein conversion on gl e pass through the fixed

catal yst bed 2 is ? 90 | % and_the sel ectivi of acrylic_ acid formation
assessed over al E) reﬁ?ﬁ%{“?ﬁﬂ%@c V‘%&%fgae h’f?i‘é’w@tﬁ’éa 17 §ithsngonstantorgg

mol % the sequence i incréases ahleasti ange irhthe flowaliection ofake raaction gad iodwet hr ough
the reaction zones ceuéapParel fdall dele; al phabetic sequence of the reaction
zones, wherein a) the hourly space velocity of the propene contained in the
starting reaction 35 gas mxture 1 on the fixed catalyst bed 1 is < 160 I
(STP) of Propeneb¥ othediffergneaT 4ty T Do dormedrraanthehigest iesmryatee T dpenel f
of fixed catalyst beghih théreddlioPdaSmixidte had with réattieneofi® Acdridithe Alghkati ty of

the fixed catalyst b ' bRl t o] g S t . .once in
the flow direction o?%#éb?ée:ﬁi o) h'élgg%ntlg g%t[??neqasg@g@?et tﬁ%s \Q}?h)yjégeaagg na?(ipget bed
1; 5c) the differenBeiSB@&H - Tmax6, formed fromthe highest tenperature
Trtiai P which the reaction gas m xture has within reaction zone A and the
hi ghest enper ature I I - \ .M . g Ll 2action
zone B,1[ISS -e 0C 16h edS'%%ggﬁ%}uﬁ@&@%ﬁﬁnﬁfg@glgﬁoé{aﬁe %t'ﬁgﬁaa%%%f‘] Fbr?r cﬁ%ﬁt ai ned
in the starting reac@pdmixtyes? of thefixed satglyst brd 2 st HBIPY stamelaind of s < 145
| (STP) of acrol ein/ fixed cathlystehdd@ad byt 70¢ (STP) di aartkityt of fked c4tSIlBY) beaf 2
acroleinll of fixed ¢atalyst bed 2 h; 15 e) the volume-specific activity
of the fixed catalyst bed 2 increases at |east once in the flow direction
of the reaction gas m xture over the fixed catalyst bed 2; and f) the
different® Tna"ce} Theecdldroespecific antivitihef the fhexsdatalgstibed 2tincreadeseatteas0 whi ch
the reaction gas m XGHESINIAS vl diteBlidnSAMd RBcid Fasmiiife bIG thi Bhedatalyst
tenperature TrmaxD which .the reaction gas m xture has wthin reaction zone

D, is 0C 2. A procef5898s®9aimed in claim1, wherein the difference Tmaxa -
TmaxB is ?- 3C 25 and :5 70C. 3. A process as clainmed in claim1, wherein

the difference TRaxAtne différeRcd $m4° 288 ghched RiMrtheXtghest nicpaagesT®e cl ai med

[ n_any ofgclal ML tQ, 3 WHCLELR, Le Tk L Rog Wifin MENen z0hT TR the nigheC 2N
temperature T™® which the reaction gas mixture has within reaction zone

D, is 2 0°C.

2. A process as claimed in claim 1, wherein the difference T™ — T™® js 2 3°C
25 and s 70°C.

3. Aprocess as claimed in claim 1, wherein the difference T™* ~ T jg > 20°C
and £ 60°C.

30 4.  Aprocess as claimed in any of claims 1 to 3, wherein the difference T™*C — T™P
is 2 3°C and £ 60°C.

5. A process as claimed in any of claims 1 to 3, wherein the difference T™*— 7™
is 2 5°C and =< 40°C.
35
6. A process as claimed in any of claims 1 to 5, wherein the hourly space velocity of
the propene contained in the starting reaction gas mixture on the fixed catalyst
bed 1is 2 100 | (STP) of propene/t » h and < 150 | (STP) of propene/l « h.



5. ‘A processpi_:,sss&hgl med in any of clains 1 to 3, wherein the difference
Trmaxc- TmaxD 5C and 5 40C. 35 6. A process as clained in any of clains
1 to 5 wherein the hourly space velocity of the propene contained in the
starting reaction gas m xture on the fixeqiscatal yst bed 1 is ? 100 1 (STP)
of propenell _ h gnd <- 150 1
process as clai nétPPRESEAS %‘?'mgg y‘if gqu?eWQ?rﬁ'W‘EE%HBW?R?‘:?ﬂ&[?é'ty of

vel ocity of the phepropene comtained ih thﬁStangseamttonrggsmatota amthgdxedicatalyse on
the fixed catal yghd 1h§d 1110I|%sﬂ= Ja%r&pehe?fTPh 2Rl <PT4BNESTP) of phogimdnvh. 145 1
(STP) of propenell . A process as clained in any of clainms 1 to 7,
wherein the dlfference TB - TA between the tenperature of reaction zone B,
TB, and the Benpérpiroess asfclaimgdin any ofahrims A to Tawhersinthe diffeenegde< TOC. 9. A

Er ocess aﬁ cl ai W%Mébn&ﬁ&gi@ﬁp&ét@fd@ réaéti@n%oné_!l\_%eTQldgdttiﬁlteteﬂiﬁefrﬁﬂl%rtﬁ@eé@i?ﬂ' D 10
etween the tenpgr&g(w? (? I‘ﬁ?gé d@e and the terrperature 0

reaction zone C "~ 0C. 10. A process as clainmed in any
of clains 1 to 9, wherein the tenperature of reaction zone Ais from305 to
365C. 15 11. gA praogessssass diimettlanylofanimef t618awhreih the diferavrer®im, t he

tenmperatype of r ﬁa%@fée?x’}he fethige @fréoffrégépoﬁ szﬂé B ;?40a9d tﬁ@ ten‘?pefétBFZn GFtedtlion

clainmed in any 0 réaction
zone Cis from 239n¢ &. 3p0€= -18C ?X‘dpfrg&zss as clal ned in any of clains 1 to
12, wherein the tenperature of reaction zone Cis from260 to 280C. 25 14.

A process as 4| a'ﬂﬂ'&‘r@g "Bfanﬁ‘]fed% é‘r'wj‘%f dﬂaiﬁwg 14d 9, ng&reﬁi t'ﬂett fu'ré/ Sf reaction

conposi tion o %gg& ¢3 I's at ast one timetal oxide
active conpositi 59”%1‘”‘ '? %@ﬁ@ ornmula | M12Bi aFebX cX2dX3eX4f On (1) 30
where X11& nickel and/or cobalt, X2 = thallium an alkali nmetal and/or an

al kal i ne earyf, ”ﬁiﬁbceé’&&@ame@'lrﬁﬁny mm@qrtl’d% WRERFTHNE terRPEr8flre BIYELERIAY .
tin, cerium | ead angl o; %glrbq t3<38 C = silicon, alumnum titanium and/ or
zirconium a = f 78RF 6.'§ TP °

12. A process as claimed in any of claims 1 to 11, wherein the temperature of
20 reaction zone C is from 250 to 300°C.

13. A process as claimed in any of claims 1 to 12, wherein the temperature of
reaction zone C is from 260 to 280°C.

25 14, A process as claimed in any of claims 1 to 13, wherein the active composition of
the fixed catalyst bed 1 is at least one multimetal oxide active composition of the
general formula |

M01zBiaFebX1cx2dX3ex4fon (1)

30
where
X' = nickel andfor cobalt,
X? = thallium, an alkali metal and/or an alkaline earth metal,
35 X® = zinc, phosphorus, arsenic, boron, antimony, tin, cerium, lead and/or

tungsten,
X*= silicon, aluminum, titanium and/or zirconium,

a= from05to5,
40 b = from0.01to5,



40.b = from'_Q gizéo 5, PF 54282 46 ¢ = fromO to 10, d =fromOto 2, e =
fromO to 8, rf- %omo to 10 and 5 n = a nunber which is determ ned by the
val ency and frequency of the elenents other than oxygen in |I. 15. A process
as clainmed in any of claims 1 to 14, whergi n the active conposition of the
fixed catalyst bed 2 is at | east one nultinmetal oxide active conposition of
the 10 general f&7 nllPR 39 Wb12vax bX2cX3dX4eX5f X69n (1V) where the
vari abl es are deflineéromd fodd,l ows: 15 X = W Nb, Ta, C and/or Ce, X2 = Cu,
Ni, Co, Fe, M agdiofedphto g3 = Sb and/or Bi, X4 = one or nore alkali
metals, 20 X5 = gne or r@{ 0aIk line earth rretals X6 = Si, A, Ti and/or
Zr, a = from1 t ropy QLo 105 2to 4, 25 ¢c =from0.5to 18, d = from O
to 40, & = fronn(=t e rember whichimdeemyned bythe \Jatemyandérequbm@fﬂe n=a
nunber which is det ee@npek Mretthen vygRAGY.and frequency of the elenents
ot her than oxygen in |V.

15. A process as claimed in any of claims 1 to 14, wherein the active composition of

the fixed catalyst bed 2 is at least one multimetal oxide active composition of the
10 general formula |V

I\"‘012VEIXA| bxzcxsdx4ex5fxsgon (V)

where the variables are defined as follows:
15

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

X2 = Cu, Ni, Co, Fe, Mn and/or Zn,

X% = Sb and/or Bi,

X*= one or more alkali metals,
20 X®= one or more alkaline earth metals,

X8 = Si, Al, Ti andfor Zr,

= from 1t0 6,

= from 0.2 to 4,

from 0.5 to 18,

from O to 40,

from 0 to 2,

from O to 4,

from O to 40 and

a number which is determined by the valency and frequency of the
elements other than oxygenin IV.

25
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