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-oxi dation of acrolein into acrylic acid Jhe present invention relates to a

process for partially oxidizing acrolein to acrylic acid 5 in the gas phase
under heterogeneous catalysis by conducting a starting reaction gas mxture
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25  suitable, for example, as adhesives.

In addition to molecular oxygen and the reactants, the starting reaction gas mixture
contains inert gas in order to keep the reaction gas outside the explosion range, among
other reasons.

30
One objective of such a heterogeneously catalyzed partial gas phase oxidation of
acrolein to acrylic acid is to achieve a very high yield Y** of acrylic acid (this is the
number of moles of acrolein converted to acrylic acid, based on the number of moles of
acrolein used) on single pass of the reaction gas mixture through the reaction stage

35 under otherwise predefined boundary conditions.

A further objective of such a heterogeneously catalyzed partial gas phase oxidation of
acrolein to acrylic acid is to achieve a very high space-time yield (STY**) of acrylic acid
(in a continuous procedure, this is the total amount of acrylic acid obtained per hour

40  and per liter of volume of the fixed catalyst bed used).
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25  which conditions a larger and under which conditions a smaller temperature dif'ference
should be used.

EP-A 1106598 also leaves completely open the definition of the temperature of a
reaction zone or a temperature zone.
30
in contrast, the remaining prior art documents define the temperature of a reaction
zone as the temperature of the fixed catalyst bed disposed in the reaction zone when
performing the process in the absence of a chemical reaction. When this temperature
is not constant within the reaction zone, the term temperature of a reaction zone refers
35 to the (numerical) mean of the temperature of the fixed catalyst bed along the reaction
zone. It is essential that the individual reaction zones are heated substantially
independentiy of one another, so that one reaction zone always corresponds to one
temperature zone. The above definition of the temperature of a reaction zone also
applies in this document.
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a way that reaction zone extends to an i , )
25 to acrylic acid in the gas phase under heterogeneous catalysis by conducting a starting
reaction gas mixture which comprises acrolein, molecular oxygen and at least one inert
gas containing at least 20% by volume of molecular nitrogen and contains the
molecular oxygen and the acrolein in a molar O,:C;H,0 ratio of > 0.5 in one reaction
stage over a fixed catalyst bed which is arranged in two spatially successive reaction
30 zones A B, the temperature of reaction zone A being a temperature in the range from
230 to 320°C and the temperature of reaction zone B likewise being a temperature in
the range from 230 to 320°C, whose active composition is at least one multimetal oxide
comprising the elements Mo and V, in such a way that reaction zone A extends to an
acrolein conversion of from 45 to 85 mol% and, on single pass of the starting reaction
35 gas mixture through the overall fixed catalyst bed, the acrolein conversion is > 80 mol%
and the selectivity of acrylic acid formation, based on acrolein converted, is > 80 mol%,
the chronological sequence in which the starting reaction gas mixture flows through the
reaction zones corresponding to the alphabetic sequence of the reaction zones,
wherein
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> 70 1 {STP) of acrolein/I-h and < 135 1 (STP) of acrolein/I-h or > 70 | (STP) of
25 acrolein/l-h and < 140 | (STP) of acrolein/l-h, or > 80 | (STP) of acrolein/l-h and < 130 |
(STP) of acrolein/l-h, or > 90 | (STP) of acrolein/I-h, and < 125 | (STP) of acrolein/I-h, or
> 100 | (STP) of acrolein/i-h and < 1201 (STP) of acroleinfl-h, or > 105 | (STP) of
acroleinfl-h and < 115 | (STP) of acrolein/I-h.

30 It will be appreciated that the process according to the invention can also be applied
when the hourly space velocity of acrolein contained in the reaction gas mixture on the
fixed catalyst bed is < 70 | (STP) of acrolein{l-h and/or the volume-specific activity of the
fixed catalyst bed is constant. However, the operation of a multizone arrangement at
such low reactant loadings would hardly be economic.

35
When performing the process according to the invention, the differences T™&* — Tmax8
required in accordance with the invention are normally attained when, on the one hand,
both the temperature of reaction zone A and the temperature of reaction zone B are in
the range from 230 to 320°C and, on the other hand, the difference between the
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Typically, this ratio will be at values of < 3. Accordl ng to the invention,
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f f | bed
L OThe cota g{e'eﬁegn?gnsﬂ%e% =30 T Gho gt 8t o1 208 riie, PRE R i, a@t vention
are all of tHeg«eniKeyen 28Bimal%e dheselpetivisn of acriic acidformatinnaviigenerait b8 oxi de

conpri sing M 9anfol¥%, oBSb R nsal%, ibdeenty b9 RbIN 00X bE thdMRica-YFt molysan be taken,
for exanmple, from USA 3 775 474, US—A 73954855, TUS-A 3893951 and US-A

4339355. Also particularly suitable are the nultinmetal oxide conpositions of
EP 25  According to the invention, the molar O.:acrolein ratio in the starting reaction gas

mixture has to be > 0.5. It is frequently at values of > 1. Typically, this ratio will be at
values of < 3. According to the invention, the molar O,:acrolein ratio in the starting
reaction gas mixture will be from 1 to 2 or from 1 to 1.5.

30 Useful catalysts for the fixed catalyst bed of the catalytic gas phase oxidation of
acrolein according to the invention are all of those whose active composition is at least
one multimetal oxide comprising Mo and V. Such suitable multimetal oxide catalysts
can be taken, for example, from US-A 3 775 474, US-A 3954855, US-A 3893851 and
US-A 4339355. Also particularly suitable are the multimetal oxide compositions of EP—

35 A 427508, DE-A 2909671, DE-C 3151805, DE-B 2626887, DE—A 4302991, EP—

A 700893, EP-A 714700 and DE-A 19736105 and also DE-A 10046928.

Also suitable in this context are the exemplary embodiments of EP-A 714700 and also
of DE-A 19736105.



35 A 427508,PAOE30R 2909671, DE-C 3151805, DE-B 2626887, DE-A 4302991, EP- A
700893, EP-A 714700 and DE -A 19736105 argl al so DE-A 10046928. Also suitable
in this context are the exenplary enbodi nents of EP-A 714700 and al so of
DE- A 19736105. PF 54307 6 A multiplicity of the nmultinetal oxide active
conposi t i onA switipkdity @f thermultimetal sede adtivel aoriposiions sditablechsaimpliRed batagsof DE- A
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X1 = W No, famgulay and/or Ce, 10 X2 = Cu, Ni, Co, Fe, WMnh and/or Zn, X3 = Sb
and/or BI, X4 = one or nore alkali netals, X5 = one or nore alkaline earth
met al s, =S /\],x 2 r)@/)@rx I a=from1lto 6, b =from0.2 to 4,
c—from 5 to ?12 Jdﬁ‘)@omo to " 46%@20 e= fromOto 2, f =fromOto 4, ¢

= fromO to 40 and n = a nunber which is determ ned by the val ency and
frequency ofwhene thel vanebles arenddfiied as fidiowshan oxygen. 25 Enbodi nents anong t he
active multinetal oxides |V which are preferred according to the invention

Vari ables oGl LT PBIRILS, [ V: 130 X oW N, andior & X2 = Cu N,
Co, and/@r PE&= OB Ni; & FeXMn=andiorand/ or K, X5 = Ca, Sr and/or Ba,

X3 = Sb and/or Bi,
X* = one or more alkali metals,
X5 = one or more alkaline earth metals,
X® = Si, Al, Ti and/or Zr,

15
a= from1to6,

= from0.2to 4,
from 0.5 to 18,

d= from 0 to 40,

20 e= fromOto2,
f= fromOto 4,
g= from0to40and
n = anumber which is determined by the valency and frequency of the elements in IV

other than oxygen.

25
Embodiments among the active multimetal oxides IV which are preferred according to
the invention are those which are encompassed by the following definitions of the
variables of the general formula 1V:

30 X'= W, Nb, and/or Cr,
X?= Cu, Ni, Co, and/or Fe,
X®= 8b,
X*= Na and/or K,
X% = Ca, Srand/or Ba,

35 X%= Si, Al and/or Ti,

a= from1.5to5,

b= from0.5to2,

c= from05to03,
40 d= fromOto2,



35 X5 = Si, PES430Td/or Ti, a =froml1l.5to5 b =from0.5to0 2, c = from
-0.5to 3, 40 d= fromO to 2, PF 54307 7 ¢g= fromO to 0.2, f =fromO to 1
and n = a nunber which is determ ned by the val ency and frequency of the
elements in IV other than oxygen. 5 However, nultinetal oxides IV which are
very particuwarlfyorpoed @Rred according to the invention are t hose of the
general for a b, Y2¢c V5f Y69, On, 10 where Y Wand/or No, Y2
= Cu and/orqﬂJJ fr\éé\/@é@\/%&g and/or Sr, Y6 = Si and/or Al gh from2 to
4, b = frdht1aymbes whigh ig determinghby theyvalencyrand Traayangy of @e'srrrsntswbvno to
8 and n' = a nurdber thdn atyges. det ermi ned by the val ency and frequency of the
el ementsgn V other than oxygen 25 The nul ti rret al oxide conpositions (IV)

whi ch are syi t abl e accordjn t I nvention obt ai nabl e .in a manner
nown per S IORRIET aRaFAral e aien HesRIN A SaBy b Bleen ACRpAN 10¥80 30 1 1
principle, nmranruomeawlthose didhagenarel foom@adi ti ons, in particular those of the
general fornmula IV, suitable for the catalysts of the fixed catal yst bed
can be prepared \ilﬁ znggﬁ nner y obtaining a very intinmate, preferably

finely divi ded df "ng
10

where

Y' = W and/or Nb,

Y? = Cu and/or Ni,
15 Y°= Caand/or Sr,

Y® = Sjandlor Al

a' = from2to4,
b'= from1to 1.5
20 c¢'= from1to3,
f= from0to05
g = fromOto8and
n'= anumber which is determined by the valency and frequency of the elements in V
other than oxygen. -
25
The multimetal oxide compositions (V) which are suitable according to the invention
are obtainable in a manner known per se, for example disclosed in DE-A 4335973 or
in EP-A 714700.

30 In principle, multimetal oxide active compositions, in particular those of the general
formula IV, suitable for the catalysts of the fixed catalyst bed can be preparedin a
simple manner by obtaining a very intimate, preferably finely divided dry mixture having
a composition corresponding to their stoichiometry from suitable sources of their
elemental constituents and calcining it at temperatures of from 350 to 600°C. The

35 calcination may be carried out either under inert gas or under an oxidative atmosphere,
for example air (mixture of inert gas and oxygen), and also under a reducing
atmosphere (for example mixtures of inert gas and reducing gases such as H,, NH;,
CO, methane and/or acrolein or the reducing gases mentioned themselves). The
calcination time can be from a few minutes to a few hours and typicaily reduces with

40 temperature. Useful sources for the elemental constituents of the muitimetal oxide



a conpositi oPF 8430%sponding to their stoichionetry from suitable sources of
-their elenental constituents and cal ci nigg It at tenperatures of from 350
to 600C. The 35 calcination nay be carried out either under inert gas or
under an oxidative atnosphere, for exanple air (m xture of inert gas and
oxygen), andadive gompdsitiond |Vaskiedenttosetormsqings vhidhQire a¥eady sxidsdndrgs of
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froma few nPREFEE & 8X¥8New hours and typical ly reduces with 40 tenperature.
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ried, a ryi roce i S ref erabl. ect e ray-dryin e
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mul tinetal oietesakivairiied Pyosrray-drvingiheiagueets mbse abexittaepg@tweapf Temnul a

20 1V, are gemealshycused in the fixed catal yst bed not in powder form but

rat her shaped to certain catal yst geonetries, and the shaping may be

effected before or after the final «calcination. For exangl e, unsupported

cat al ysts cahhdespitiag multinetal iderronposiiens. friparticdar thage efdbe generakipeRylai on or

its unc a:mﬂc NG afe gerierslI9 used 8 ifikéd catllystdseaipat in fgvded fdrie br!d'eﬂ'@ef el&hpbalttglgjyst

geonetry (fo t s - |

addi 1 on of - SerETE P BeokblGR: BRPINsnEShS Hil I ot RS ot i le 1A 20,

and/ or shapi FRICINAOS; EPrART Pl YNFYRRRFBH ErlglyStefantbe IeR¥ea &om the ppmaY fermy
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25 addition of assistants, for example graphite or stearic acid as lubricants and/or shaping
assistants and reinforcing agents such as microfibers of glass, asbestos, silicon
carbide or potassium titanate. Examples of suitable unsupported catalyst geometries
are solid cylinders or holiow cylinders having an external diameter and a length of from
2 to 10 mm. In the case of the hollow cylinders, a wall thickness of from 1 to 3 mm is
30 advantageous. it will be appreciated that the supported catalyst may also have

spherical geometry and the spherical diameter may be from 2 to 10 mm.

It will be appreciated that the pulverulent active composition or its pulverulent precursor
composition which is yet to be calcined can also be shaped by applying to preshaped

35 inert catalyst supports. The coating of the support bodies to prepare the coated
catalysts is generally performed in a suitable rotatable vessel, as disclosed, for
example, by DE-A 2909671, EP-A 293859 or from EP-A 714700.

To coat the support bodies, the powder composition to be applied is advantageousiy
40 . moistened and is dried again after appilication, for example by means of hot air. The



2 to 10 mm In the case of the hollow cylinders, a wall thickness of from1
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active oxi dqcceppasituizogs to be 20 applied to the surface of the support

body is adapted to the desired coating thickness (cf. EP--A 714 700).

Advant ageous nul tinetal oxide active conpositions to be used for the

cat al ysts ofAdvaatagepyscuiimetal pxide pelivesgompesitions tpsousead; fanihe eptalysts efdher al

formul a VI Zfxel GhialyEl sed\sPe also compositions of the general formula Vi

25
[DhEl, (V)

where the variables are defined as follows:

30 D = MoyVeZ'wZieZ%2 2% 25Oy
E = Z,CusH:Op,
Z' = W, Nb, Ta, Crand/or Ce,
Z2 = Cu Ni, Co, Fe, Mn and/or Zn,
Z> = SbandlorBi,
35 Z* = Li,Na, K Rb, CsandforH
Z® = Mg, Ca, Srandfor Ba,
Z® = Si Al Tiand/or Zr,
Z’ = Mo, W,V, Nband/or Ta, preferably Mo and/or W

40 a" = from 110 8,



where the vaPF 8#3a% are defined as follows: M12Va' Zi e'Z2c' Z' dZ4de, Z$r
+Z69'p,1 Z'12CUh H'4v'. W Nb, Ta, O ang/or Ce, Cu, Ni, Co, Fe, M and/or
Zn, Sb and/or Bi, Li, Na, K, Ro, Cs and/or H My, Ca, Sr and/or Ba, Si, A,
Ti and/or Zr, Mo, W V, Nbo and/or Ta, preferably Mo and/or W40 a" = from1l
to 8, PF 54307 18 b"frdmomte.52 to 5, c¢" = fromO to 23, d" = fromO to 50,
e" = fromO o0 2. 5 fomotbpgmO0 to 5 g¢g" =fromO to 50, h" =from4 to
30, i" =fromO to %0 aBé X" YY" = nunbers which are deternined by the

val ency and ‘FreqUen PB R 10 elements in VI other than oxygen and p,q =
nunbers ot heg" t han ZeroOwhdse p/q ratio is from160:1 to 1:1, 15 and which
are obtaifnabpe by sepghateby preforming a multinmetal oxide conposition E
Z712Cun-H, O (E) _in fi nﬁl Sﬁi vided form (starting conposition 1) and
subsequent | y97 ncdr pdfa? r]‘lé he preformed solid starting conposition 1 into
an aqueous skl ut Fon,fram4dgdBous suspension or into a finely divided dry

m xture of spurces oforhb9ceberBnts M, V, Z1, 72, 20 Z3, Z4, Z5, Z6 which

conpri ses the abovenentioned. el e ts in,the stoichiometry D

NbIoVazL., 22F 230 - DS IRGIR s Grernipes Ry MR Fro eaeTsl F e desi r ed
p:q rati® drying tHhdemguisduy! ethethaeowrgestanday 25 result, and cal ci ning
the resul tingqdry presmtieobtheptRatseid WRostp/l e4Ras &b 859; Pfo f:1.0m 250 to 600C
to give the desired catal yst geonetry before or after drying.

and which are obtainable by separately preforming a multimetal oxide composition E
15 Z71ZCuh-Hi-ny (E)

in finely divided form (starting composition 1) and subsequently incorporating the

preformed solid starting composition 1 into an aqueous solution, an agueous

suspension or into a finely divided dry mixture of sources of the elements Mo, V, Z, 7%,
20 Z° Z' Z°, Z° which comprises the abovementioned elements in the stoichiometry D

MoV, Z'wZoeZ e Z'e 2Ly (D)

(starting composition 2} in the desired p:q ratio, drying the aqueous mixture which may
25  result, and calcining the resulting dry precursor composition at temperatures of from
250 to 600°C to give the desired catalyst geometry before or after drying.

Preference is given to the multimetal oxide compositions VI in which the preformed

solid starting composition 1 is incorporated into an aqueous starting composition 2 at a
30 temperature of <70°C. A detailed description of the preparation of multimetal oxide Vi

catalysts is contained, for example, in EP-A 668104, DE-A 19736105,

DE-A 10046928, DE-A 19740493 and DE-A 19528646. .

With regard to the shaping, the statements made for the multimetal oxide IV catalysts
35 apply to the multimetal oxide VI catalysts.

Further suitable multimetal oxide compositions for the catalysts of the fixed catalyst bed
are those of DE-A 19815281, in particular all exemplary embodiments from this
document. With regard to the shaping, the same applies as was stated above.
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prepar ed accBEfARYSHrasemaerded ghors fRneHgastien stageRccrrdingde fpbiavention are
fracti on of &0pfeditpbledorghe regatibn etdge actdrding b theanwmtion addn évemthingdsmm x 4 mm
support. 15 r wWhRAY react 4 ) ccordi ng
to the inveﬁ%ﬁ?ﬁ%ﬁgﬁ??@ﬂ%%ﬁ?g tﬁgcﬁé{agg’ta?gﬁ r@?a }mﬁccg?‘%ﬁﬁ to the
i nventi on WHENEEREAIGMRISH ¢ RSN xdatgmabdiagietash ?W@'@U%‘ﬁb?’g SBRRIOPGI &AM ch i s
changed 200 Zlsmbexugednimthe readtiamatagecadoerdirgg todhainsepiorsin ittenfgtrh ok thent er nal
di aneter). T&ﬁegﬂgﬁdg,ﬁjr@h?&ﬂe@%tm}ihwed can 20 al so be used in the
i ng

reacti on stage accor o the inventTon in the formof the corresponding
unsupported catal yst rings. To prepare the fixed catalyst bed in the process
accor di ng t ora prepamtiesfixagicatalyst bed irpthe pirddess accardiog dmthg inveatisidided cat al yst

bodi es havi ngstibR t8RBE BRIt ShdPebicatiiistbodidd ARiMPthR HpbMprisRTRQRMbIaPBXigE ©l se
subst ant2|5al la}é:ti\bé) ggrﬁggs?t%%sor%\s)étslﬂtbgtsangglly%%%%gngﬁs%inSutres of shaped catalyst
bodies having multimetal oxide active composition and shaped bodies (shaped diluent
bodies) behaving substantially inertly with regard to the heterogeneously catalyzed
partial gas phase oxidation and having no multimetal oxide active composition. Useful
materials for such inert shaped bodies include in principle all of those which are also
30  suitable as support material for coated catalysts suitable according to the invention.
Useful such materials include, for example, porous or nonporous aluminum oxide,
siIiE:on dioxide, thorium dioxide, zirconium dioxide, silicon carbide, silicates such as
magnesium silicate or aluminum silicate or the steatite already mentioned above (e.g.
Steatit C-220 from CeramTec).
35
The geometry of such inert shaped diluent bodies may in principle be as desired. In
other words, they may, for example, be spheres, polygons, solid cylinders or else rings.
According to the invention, the inert shaped diluent bodies selected will preferably be
those whose geometry corresponds to that of the shaped catalyst bodies to be diluted

40 by them.
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al so possi bl e, reasin ive
conposi tion $haped caislyst befl sohal"ﬂ@ highss 6tive %&m%PSEGH@BWPthéBﬁF@?V‘S? WBMe active
conposi t2%Hn agtipe compasitimsttheinsdlegsachn be diluted in the course of the active composition

preparation by, for example, incorporating inert, diluting materials such as hard-fired
silica into the dry mixture of the starting compounds to be calcined. Different amounts
of diluting material added lead automatically to different activities. The more diluting
material is added, the lower the resulting activity will be. A similar effect can also be

30 achieved, for example, in mixtures of unsupported catalysts and of coated catalysts
(having identical active composition) by varying the mixing ratio in an appropriate
manner. It will be appreciated that the variants described can also be used in
combination.

35 ltis of course also possible to use mixtures of catalysts having chemically different
active compositions and, as a consequence of these different compositions, having
different activities for the fixed catalyst bed. These mixtures may in turn be diluted in
inert diluent bodies.



catal yst bodBF 54307 in a m xture of coated catal ysts having the sane geonetry
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conposition contents. Alternatively, the 25 active conpositions thenselves
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downst r eam oifstepd of anvedprsat al yst bed may be di sposed beds consisting

excl u5| veI y of inert material (for exanple only fixed diluent bodies) (in
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cat al yst ave “mui t al

oxi de” act i ve7 Eﬁhﬁ@éﬂml"cﬁﬁ’m eﬂ?é“@lﬁ’&’ﬁ&ie’di lengthtx ipterab diameder) pothespbentcaért bed
can have t hegsamerygeemgithy dametdrel 48-5shmped cat al yst bodies used in the

fi xed catal yst bed. However, the geonetry of the shaped diluent bodi es used
for the inert bed can also be different to the abovenentioned geonetry of
the shaped cAtwRrdiag tafbginventian thefixed,sptalyst Berd in the Procers aecording tShRul ar) . 15
Fr equent2gy, mh@wtlshmnméfdmmly etucigred akdwlloswg diin tHerfiwt dileztisn bthe rédutioanasi| ar
geonetry 7 xﬁ_l .mmx 4 nm (external dianeter x length x internal dianeter)
or the spheric geonetry having the dianeter d = 4-5 mm According to the
I nvention, the fixed catalyst bed in the process according to the 20

I nventi on i sFipstebarlefyty oftroradOuo 60%a prefferbblgimm 10 td%0% | rowredirefecdhilyoinornf20t he

reaction gasy, 45X had Rost preferably from 25 to 35% (i.e., for example, to a length of from 0.70

25 to 1.50 m, preferably from 0.90 to 1.20 m), each of the total length of the fixed bed
catalyst bed, a homogeneous mixture or two (having decreasing dilution) successive
homogeneous mixtures of shaped catalyst bodies and shaped diluent bodies (both
preferably having substantially the same geometry), in which the proportion by weight
of shaped diluent bodies (the mass densities of shaped catalyst bodies and of shaped

30 diluent bodies generally differing only slightly) is normally from 10 to 50% by weight,
preferably from 20 to 45% by weight and more preferably from 25 to 35% by weight.
According to the invention, this first zone is then advantageously foliowed to the end of
the length of the fixed catalyst bed (i.e., for example, to a length of from 2.00 to 3.00 m,
preferably from 2.50 to 3.00 m} by either a bed of the shaped catalyst bodies diluted

35 only to a slighter extent (than in the first zone) or, most preferably, an unaccompanied
bed of the same shaped catalyst bodies which have also been used in the first zone.

The -aforementioned applies in particular when the shaped catalyst bodies used in the
fixed catalyst bed are coated catalyst rings or coated catalyst spheres (in particular
40 those which are listed in this document as preferred). For the purposes of the
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advant ageous manneér from an application point of view, the reaction stage of
the process according to the invention is carried out in a two-zone tube
bundl e rafactlomthesisvordie gtihielsaoplestonareen tipg tixed catdst hed %ObO BOHR] inEEOHNEBRS;
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25 the invention.

In other words, in the simplest manner, for example, a salt bath A flows around that
section of the tubes (reaction zone A) in which acrolein is oxidatively converted (on
single pass) until a conversion value in the range from 45 to 85 mol%, (preferably from

30 50 to 85 mol%, more preferably from 60 to 85 mol%]) is achieved and a salt bath B
flows around the section of the tube (reaction zone B) in which the acrolein is
subsequently oxidatively converted (on single pass) until a conversion value of at least
90 mol% is achieved (if required, the reaction zones A, B to be used in accordance with
the invention can be followed by further reaction zones which are maintained at

35 individual temperatures).

It is advantageous from an application point of view if the reaction stage of the process
according to the invention includes no further reaction zones. In other words, the salt
bath B advantageously flows around the sections of the tubes in which acrolein is

40 subsequently oxidatively converted (on single pass) up to a conversion value of



accordi ng topgBazgmvention. 20 In other words, in the sinplest manner, the
fixed catalyst bed to be used in accordag| e wth the invention (possibly
wi t h downstream and/ or upstream i nert be s%) is disposed in the netal tubes
of a tube bundle reactor and two spatially separated heating nedia,
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reaction gas, m xtur | ow, ng through'the react]on tubes.
appr eci at ed 'PH%Jf”,d'Wais%‘ﬁ'BBFragm{r\ﬁ/i"gt?usﬁg‘bﬁ%‘@ﬂ'ﬁ on, cocurrent flow may be
applied in reaction zone A and countercurrent flow in reaction zone B (or

vice vergd) . Tydical | th@kafali8t Rbes RIBRY leaBRM SafeSocotdingMolthe PReRiUN iR @t €d t hat
a transvers_eJl ow ianeci) _Super i mpos d on thaer par al_l LIJr f Ifrow Pfr.lih ala
Tel ts rel at | 9EIETRGe Puecang fube Bl tageiors Sregmatutaclurg et sl End ar
reacti on zonwpicalty havata walkthickogssi of fram 1 toad rino M hes irdermal dismpten iksganerallyt ube
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25 least 60%, or at least 75%, or at least 90%, of the length of the zone. Any remaining
length is optionally occupied by an inert bed. It is advantageous from an application
point of view for the number of catalyst tubes accommodated in the tube bundle vessel
to be at least 5 000, preferably at least 10 000. Frequently, the number of catalyst
tubes accommodated in the reaction vessel is from 15 000 to 30 000. Tube bundle
30 reactors having a number of catalyst tubes above 40 000 are usually exceptional.
Within the vessel, the catalyst tubes are normally homogeneously distributed
(preferably 6 equidistant adjacent tubes per catalyst tube), and the distribution is
advantageously selected in such a way that the distance between the central internal
axes of immediately adjacent catalyst tubes (the catalyst tube pitch) is from 35 to
35 45 mm (cf., for example, EP-R 468290).

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

40 also alloys of different metals. |



| ongi t udi nal PE648G7N t hrough the catal yst tube bundle. 20 Typically, the
catal yst tubes for the reaction stage accgrding to the invention in the
af orenenti oned two-zone tube bundle reactors are manufactured fromferritic
steel and typically have a wall thickness of from1l to 3 nm Their internal
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I n gener rementioned flow arrangenents in the two-zone
tube bundle reactors of the reaction stage according to the invention, the
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from 260 to 21806e confiprst apddseribédian EMAEIBRI0N8, the entrance tenperature of
t he heat exchange nmediuminto reaction zone Bis |likewise in the range from
230 to 280C, _but at the same tine normally, in accordance with the
i nventi ofe f FOMPRCERS 3G5odingye the inventinn naRRally usss acgyleip M@tﬁJhé}ﬁslt&?el)C and 5 3C,
bel ow t he entistainee by eatadtiayas phade dxicatibe af prepete g gemerdi, tha acrolein-

containing reaction gases of this propene oxidation are used without intermediate

purification, which is why the starting reaction gas mixture according to the invention

can also contain small amounts of, for example, unconverted propene or of by-products

30 of propene oxidation. Normally, the oxygen required for the acrolein oxidation also has

to be added to the product gas mixture of the propene oxidation.

Advantageously, such a catalytic oxidation of the propene to acrolein in the gas phase
preceding the process according to the invention is carried out in a similar manner to
35 the process according to the invention, in such a way that a starting reaction gas
mixture which comprises propene, molecular oxygen and at least one inert gas, and
contains the molecular oxygen and the propene in a molar O, : CsHg ratioof2 1 is
conducted in one reaction stage over a fixed catalyst bed which is arranged in two
spatially successive reaction zones A’, B', the temperature of reaction zone A’ being a
40 temperature in the range from 290 to 380°C and the temperature of reaction zone B’



15 entering pPe&agemon zone A It is pointed out once again at this juncture
.that, for an inplenentation of the reacti stage of the process according
to the invention, it is possible to use in particular the two-zone tube
bundl e reactor type described in DE-B 2201528 whi ch includes the 20
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30 of propene oXl| en reqU|r acrolein

oxi dati on al so hi® staring,eeagtiongas pixtuie 'Sp-‘rg LS T§a s prorens/kofdired patalyplopene
oxi dati o} Advanbed) ¢busidy, 9GUETPa ot propénd/i af fied catblysirbeaf1-hi;he propene to
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? 1lis 1§onduct ed in one reaction stage over a fixed catal yst bed which is
arranged'in two spatially successive reaction zones A, B, the tenperature
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a) the hourl y,$paee velocity on the fixed catalyst bed of the propene
contained in the starting reaction gas mxture is < 160 1 (STP) of

propenel | of fixed catalyst 10 bed 1-h and a 901 (STP) of propenell of
fixed cat al y$prdyed tabe hdvanfageiogs when the kquelyispace ealedityionthe fixecheatalystded

cat al ystodedofithe b%eﬁé euhtdine@ & halstfHing RActidregd! hikfurd &S> 90 K{gTPg opver the
fixed catal ygrtopgﬁae B Snd <t1E§ | (é:ﬁ-ﬂsorf %I%tpegéfi h no?‘rae%qis‘?lr-") of propene/l-h and
< 150 | (STP) of propene/l-h, or 2 110 | (STP) of propene/l-h and < 145 | (STP) of
propene/l-h, or 2 120 | (STP) of propene/l-h and = 140 | (STP) of propene/l-h or 2 125 |
(STP) of propene/l-h and = 135 | (STP) of propene/|-h.
30
When performing the process, the differences T™* — T™¥ required are normally
attained when, on the one hand, 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
35 temperature of reaction zone A’ (Ta), i.e. Te-Ta, is s0°Cand 2-10°C, or<0°C and 2 -
5°C, or frequently < 0°C and 2 -3°C.

In other words, when carrying out the process according to the invention, two two-zone
tube bundle reactors can be connected in series or combined to a four-zone tube
40 bundle reactor, as described, for example, in WO 01/36364, and the propene oxidation
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reaction zone A (TA.), i.e. TB - TA,, is s 0C and 10C ors 0C and ; - 5C,
or frequently < 0Cagnd 2- -3C..ln o r_words, i ng out

o ocess. accdh TGRS CHEOT A RIS (e ige s e BN ATRES FORAPGRES an
be connect edoitime sam ioéthedengtisdfi the dncamknédimbe bondle redtord0 bundl e reactor, as
descri bed, for exanple, in WO 01/36364, and the propene oxidation PP 54307

18 can b ried out in the fi ne por nd the acgrolein

oxi Gt ofF ac D RIPRET et m i ne S ar 0P S et b MR 2B 560 fon. 1 ¢ ne
second case, pragedinthide precgss gcensding te thednvepter halcfonexampladbe atvaties #f al yst
beds 5 for ﬁé}ﬁztttms%aﬁ,c\tdmﬂe Feqpestly fhki’ﬁ\/e\t@ﬂZ%Sbmltﬁﬁ‘e ion o @i 8% @yl nert bed

can al so be Wm ropene oxidation stage can al so
be a one-zon® %EDQ‘%S&H]V\&&CIHC %8 ?aéﬁ&u%ezepar ate or conbined in an
appropriate manner w th the subsequent acrolein 10 oxidation stage. In the
case of aponb¥Fragqhéram, théipeodee@ﬁté&eaﬁ lu’feeprbe@sstac@ardtngheshe Avemy wileBe& arried

cor r esponds o,y G & Bfopa8loRfgenifert GO ThcRbing et ARITHS o i R PAd ©
reaction gas mixture of 1:(1.0 to 3.0):(5 to 25}, preferably 1:(1.4 to 2.3):(10 to 15). In
general, at least 20% of the volume of the inert gas will consist of molecular nitrogen.
However, it may also consist of 2 30% by volume, or 2 40% by volume, or 2 50% by

25 volume, or 2 60% by volume, or =2 70% by volume, or = 80% by volume, or 2 90% by
volume, or 2 95% by volume, of molecular nitrogen (in this document, inert diluent
gases are generally those of which less than 5%, preferably less than 2%, is converted
on single pass through the particular reaction stage; in addition to molecular nitrogen,
these are, for example, gases such as propane, ethane, methane, pentane, butane,

30 CO, CO, steam and/or noble gases). Of course, the inert diluent gas in the process
preceding the process according to the invention may also consist of up to 50 mol%, or
up to 75 mol% and more, of propane. Another constituent of the diluent gas may also
be cycle gas, as remains after the removal of the acrylic acid from the product gas
mixture of the process according to the invention.

35
Useful catalysts for such a catalyst propene oxidation in the gas phase are in particular
those of EP-A 15565, EP-A 575897, DE-A 19746210 and DE-A 19855913.

The acrolein content in the starting reaction gas mixture for the process according to
40 the invention may, for example, be at values of from 3 to 15% by volume, frequently



15 The propepe5430n ent in the starting reaction gas mxture for the reaction
stage preceding the process according tqgthe invention may, for exanple, be
at values of from4 to 15% by vol une, frequently fromb5 to 12% by vol une,
or from5 to 8% by volune (based in each case on the total volune). 20
Frequently, frdre 400 a0%ssy wiasedr fagmtshte 8% by esloamagbagediingatiocddecon the @bl on
will be carrj )out at a propene: oxygen: inert gases (including stean)

vol ume ratiodm ?he starting reaction gas mxture of 1:(1.0 to 3.0):(5 to
25), preferably 1: (1.4 to 2.3):(10 to 15). In general, at |east 20% of the
vol ume of thlére'qumtly thaprodess acamding to thie immEnéon Willrbendarriadyeut.at akavelsty:, it may

al so con et sRANPiRYr me PAticf (@Q )Q*eé’é?llt e sty r'égc/c}ﬁy > vol une,
R e g

or 2:60% 0% by
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diluent gases are generally those of which less than 5% preferably |ess
than 2% 1is H&Déf\?err @ﬂm b@%p%fé&&t@d %Fﬁmetd?éc%é%céé}ema% tHeGHHtioh @é@éi’s%eﬁage

in addition to, no are ases such
propane, et hRHEr mﬁét"'ﬁ%’h@cm'ﬁ ’&ﬂﬁh sﬁﬁ Eersﬁlwat'%@?éﬁi gB"r??%Wd?me noble
gases). 1 cstartiog readien paemixtutielofidnf0. Ytest. Bx(2tSe JF)ddess12)pr ecedi ng t he
process according to the invention may al so consist of up to 50 nol % or up

to 75 nol % apd nor.e, . of an t he stituent of the u

b 5o b cyol s tsz8h ARl RRR 0 68 BRkinfelilEhide EMepRliote 7t e 2 b %8 omy

t he product @f&@lsqadwutaee@fs ashrctige cempesitansdeidng fxedcatalysthedet theoprocss
Usef ul cat al y&brdihdto theemtionat al yst propene oxidation in the gas phase are
in partigular those of EPA 15565, EP-A 575897, DE-A 19746210 and DE-A
19855913." The acrolein content in the starting reaction gas mxture for the
process accof@pPagmests which e adyariageds assgrdingde thsdanpntion aba twe-zoeg twbs of
from 3 to 15Bgrieye neaktontsr afpreppmerartal Bﬁdﬁib%(&adépfbb@dmgltﬂe&eé&%l%}ag‘ém ume or

froms to B%dbdfl Wike (RBREH dah 1RAEHERRGMNR cbnkBbline YLD

Frequently, cesS accor I NV arrl ed out at an
acrol ei n: 5°Q55ﬁ95"é‘ﬂ°" thtﬂﬁﬁPnsrtWéT‘?" EAnsbe 8% GWF'P%@ ingthe ptildy pyofe|arpieations n t he
starti ng20 ea203 th27as, 2002119r2780f arid 202 1D273).2 pOinttbe PQ)T: {pplitadioBO) , preferably

of 11 (110 3petfebol@13f)pdTerezAdles LOSYRPog/ M) | be appreci at ed that

the process according t e 1nvention can also be” performed at an

acrol ein: oxygen: steam others volune ratio (1 (STP)) present in the 10
starting reaCéafatysttyghss:m xture of 1: (0.9 to 1.3):(2.5to 3.5):(10 to 12). It
i s enphasized at this point that the multinetal oxide conpositions of DE-A

10261186,_are al so va ous as conpositions for the fixed
cat al ystz%ed gter gh%t?rbg Bert] géﬁubes errlhc steel;
dimensions of the catalyst tubes: length, for example, 3 500 mm;

external diameter, for example, 30 mm;
wall thickness, for example, 2 mm;

30 number of catalyst tubes in the tube bundle: for example, 30 000, or 28 000, or 32 000,
or 34 00Q: in addition up to 10 thermal tubes (as described in EP-A 873 783 and
EP-A 12 70 065) which are charged in the same way as the catalyst tubes (in a spiral
manner rotating from the very outside toward the inside), for example of the same
length and wall thickness but having an external diameter of, for example, 33.4 mm

35 and a centered thermowell of external diameter, for example, 8 mm and wall thickness
of, for example, 1 mm;

reactor (same material as the catalyst tubes):

40  cylindrical vessel of internal diameter 6 000 — 8 000 mm;



accordi ng t oPEB430thventi on. 15 Enbodi nents which are advant ageous accordi ng
.to the invention of a two-zone tube bundjge reactor for a propene parti al

oxi dation stage preceding the reaction stage according to the invention can
have the followi ng construction (the detailed configuration of the
construction can be as described in the utility nodel applications 20 202 19

pCT] Ebo2/ 14153 O ST M Bty b g 4 LB 3FoA B8, fog

material of TAB catal yst tubes: ferritic steel; dimensions of the cat al yst
tubes: length, for exanple, 3 500 mMm external di aneter, for exanple, 30

mm  wal l5 théﬁmiﬁ@%rraf‘iﬁéd f63BehGle, for %mﬁ@mﬁt\’\mrceﬂﬁal‘%"&%@é yst tubes in the
tube bundl e: for éxanprle, 000, or 28 000, or 32 000, or 34 000; in

addition up to 10 thermnal tubes (as described in EP-A 873 783 and EP-A 12 70
065) whi ch adiemetesofjthe fiee aehtralsspace:ayexaspidnd -3 §60 mpuliersxéimpiea spi r al

nmanner 1ot atﬂQGOHnﬁ”BthﬂJO\/rﬁr'hYoWB@GH\?nto?WO@ rﬁrheoﬂi‘@ﬂ)(ﬁﬁﬁ)n of 0208%apbe Of the
same Iengt IT thickness but having an external dianeter of, for

exanpl e, %f% 'and a centered thermowel | of external dianeter, for
exanpl e, 1(8 mm and wal |t hi ckness of, for exanple, 1 mm reactor (sarre

material as ﬁ&ﬁaﬂ?h@hwéénéou@eéthl SEHODE Mlskribib® @ th aseedunafe BTHqﬁfdib?éntdl arreter

the type. 1. 48H9orpfd gte?f%%%%xﬁ&i@ﬁt Qiaﬁﬁ%%%ﬁma%eqﬁu%%%n%k %%%ustéf e
bundl e, for eicRrperarsiionftheeentrahinieinal epyes ef immeiwd@f«‘em@t&w besht r al

space: for exmnps mm, ¥orl0HQRmple23® o, BM36 nerh, eHEAME ol4200h, rm44<anim1 400 mm or
1 600 mmgor 1 800 mnm or 2 000 nm or 2 200 mm or 2 400 nm); 10 nornally

honbgeneous cat a@){st tube distributjon in the tube bundle Léa?e egw di st ant
adj acent t ub®§ catdlyst bgs e sqaypRs) andsealadyntanir ends iacatalst tubedaies (UPPghgl e,
cat al yst t ubplatesiand howerqibsieseachhavingt dithickaeds; &r examelenal 100xe2000fim) enebdi at el y

%‘1{ agrenz Zcf‘ntn%éﬁsét Aﬁéfﬁ%‘t)e ndsinto & RodiMoink'o MEAERES wificHMas S inBBfdiMe OF 40
starting reaction gas mixture; a separating plate of thickness 20 - 100 mm disposed, for

20 example, at half the catalyst tube length, divides the reactor space symmetrically into
two reaction zones (temperature zones) A’ (upper zone) and B’ (lower zone); each
reaction zone is divided into 2 equidistant longitudinal sections by deflecting plates;

the deflecting plate preferably has annular geometry; the catalyst tubes are

25 advantageously secured and sealed at the separating plate; they are not secured and
sealed at the deflecting plates, so that the transverse flow rate of the salt melts within
one zone is very constant;

each zone is provided with salt melt as a heat carrier by its own salt pump; the feed of
30 the salt melt is, for exampie, below the deflecting plate and the withdrawal is, for
example, above the deflecting plate;

a substream is, for example, removed from both salt melt circuits and cooled, for

example, in one ¢olumn or two separate indirect heat exchangers (steam generation);
35

in the first case, the cooled salt melt stream is divided, combined with the particular

residual stream and pressurized by the particular pump into the appropriate annular

channel which divides the salt melt over the circumference of the vessel,



the catal ystPFBW8B7 are secured and seal ed by their ends in catal yst tube

. plates (upper plates and |ower plates eagh having a thickness, for exanple,
of 100 - 200 m and open at their upper ends into a hood joined to the
vessel which has an inlet for the starting reaction gas mxture; a

separ ati ng pihatsalt efeltirbacHes disstube bundl@%rﬁﬂgtdif&p@ﬁww dispssedOn ereoi@ptter at hal f

the catalyst jakl eth!aﬂBﬂHéWorCHx‘é rF%&Jﬁ@ﬁ‘&&fonﬁgﬂ%etuﬁé(ggﬁl%;i cally into two

reaction zones (tenperature zo eé zone | ower zone); each
reaction zone is divided into 2 equidistant |ongitudinal sections by
def | ecti ng pinataek zond)¢helsdil raelt flovgs ploane ther aftayst lbeshasictated Ibatheydefleetiory; t he

catal yst 4 ubggteafs? e2ampidVd gggﬁéey secured and seal ed at the separating
pl ate; they are not secured an seal ed at the deflecting plates, so that

the transverse flowrate of the salt nmelts within one zone is very
constant; each zone is provi ded -fionhtheadutsideeintvaeds a heat carrier by its own

salt punp; the feed of 30 the sa3ldm fRliksidsouthard;exampl e, bel ow the
deflecting plate and the withdrawal is, for exanple, above the deflecting

plate; a substreamis, for exanple, removed from both salt nmelt circuits and
cool ed, fhr thexalpied, floims toreegle 8 wandevomounted sepaddbecirqutifereoce hittae vesashanger s

(st eam gener gid &dlibcts 3P tHeerid ¥ ehtt SéneCiA%d. anhlRr @@aﬂn%ﬂdlgeésted@éand&hé PRIBtdrS
di vi ded, comhin articul ar eam and. pressurized by

the parti cur BPS et b BF REPR i et T sy BRRERBIGRT ch ol v des ¢ he

salt nelt over the circunference of the vessel; PF 54307 21 the salt nelt

reaches the thahaitiands eonducddront bettorh ROy titioE @ &ch dedctidhezongact or | acket ;
the flowds, for exanple, in a radial direction to the tube bundle; in each

zone, the salt nelt flows around the catal yst tubes as dictated by the
defl ection Bhgreackon gas mixiuspinaxes Wetrﬁ%Ctg"leﬁ%E%Ct'o'T $139% PeROTY09 L2 P8 i nwar d,
- from the iins¢rtionatbuenperafide bifew dagreesrhighef thamshd sultthegihemtraMcaedow mount ed

around e ClohURlA9 ik ehol $o5 EneA bl Heredtichfcsith i seach zone

in an annul ar anne er to be

aroun
punped in a éﬁ"ia@tﬂgf-‘oil%i’?fﬁ?qs]@ % $RRef3te FHPCBRIE! WB'Chﬂ%%é”@SFthﬁEWPSV%a"&S duct ed
from bot 2&m this reagtot torfoung B2@°*&cto 2804 tpreferabhyfeom P30 Thi 2604Ct | on gas m xture
| eaves the reactor of t he reacti on stage according to the inventi on at a

tenperature rees hi e S bat h entrance erature of
Lhe 1 1ot 1 obes BHerceger s Genara anoed cabRw Rl HRa ks DRIe e N Ralh o | o
consists of tubes of ferritic steel. Stainless steel sheet metal spirals which may be
partly or fully wound are advantageously introduced into the interior of the tubes of the
25  aftercooler, in order to improve the heat transfer.

Salt melt;

The salt melt used may be a mixture of 53% by weight of potassium nitrate, 40% by
30  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

salt pumped by circulation in the reaction zones may be approx. 10 600 m®h per zone.

Flow control:

35
The starting reaction gas mixture advantageously flows from top to bottom through the
reactor, while the sait melts having different temperatures of the individual zones are
advantageously conveyed from bottom to top;

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



advant ageouPFys430pl ed in a separate aftercooler which is connected
downstream of 20 this reactor to from 2295: to 280C, preferably from 240C to
260C. The aftercooler is generally flangéd on bel ow the | ower tube plate and
normal |y consists of tubes of ferritic steel. Stainless steel sheet netal
spirals which may be partly or fully wound are advant ageously introduced

into the ints%r'-é)r{ of th Hj§os f the 25 aftercooler, in order to inprove
C 1: %Ré ﬁ‘ﬂ

t he heat trans"er. Sal t 17 The salt nelt used may be a mi xture of 53% by
wei ght of potassi um ni t Figatite ringsiphgeomgnnemMght 7dPmsofirmimexterpalidiarastar 7% by
wei ght of sodi um ni trat &ngthot interealadiamete? asespralivdinalyebeaf t er cool er

advant aggously use a salt nmelt of the sanme conposition; the amunt of salt
punped by circulation in the reaction zones nmay be approx. 10 000 nB/h per
zone. Flow O6REGLE: 35 'ERENSYAY TN ng reaction gas nixture advant ageously
flows fromtop to bottonatalysiehgingd dfea horeageneous mixtlire of B8%ta] weightldf s havi ng

different tenperatures gfaf erin'%;gtgi:%g_é ngzfé}ﬁ?qﬁg,%etgppveyed

Sthé e R
frombottomto top; 40 Cat S ané/%ﬁ, 3%ﬁxb§m fromtop to

ermal. tu charge
botton), for exanple: PENg *f‘teZQgt‘?'aI@etiﬁ aggggF}%W‘l’.e'ghE‘%dt” UBRPTiER st eati t e
ri ngs ofi0geonetry 7 nmm xgat@lyetfrom 4ection(Ext ernal diameter x length x internal
dianeter) as a prelimnary bed. Section 2: length 140 cm catal yst charge of
a honopgeneoys {gxﬁ_ure oI 30% wei ght of steatite rings of geonmetry 5 mm x
3 M x 2 m*n#@ eY'nal  di®¥ “" Jength x internal dianeter) and 70% by
wei ght of unsupported catalybicharge efrarwelar {omnBx 3Bt 2mnB= ektemgl Hiat@derc m

cat altyst fhgrge ?f ;innukaéngﬁﬁ;ﬁﬂfbﬁhaﬁdi?ﬂﬁbﬁér?ud%ﬁbﬁor@&tc?iél?dta@é&?ﬁé% fxDlEe/rlgth
X inter i ameter) unsuppgrt.e cording . to... -
100469575 st of ohi onet 1y EM RSV 3 Eeges, ER RO whts 1 s
KO.080,J 1) Confi gurati BA@i209ss5e1®+ 28neCklidbe bundl e reactor for the

acrol ein reaction stage

Configurations of a two-zone tube bundie reactor for the acrolein reaction stage
according to the invention which are advantageous in accordance with the invention
20 can be designed as follows:

Everything as in the two-zone tube bundle reactor for the propene reaction stage.
However, the thickness of the upper and lower catalyst tube plate is frequently 100 -
200 mm, for example 110 mm, or 130 mm, or 150 mm, or 170 mm, or 190 mm.
25
The aftercooler is dispensed with; instead, the lower openings of the catalyst tubes
open into a hood which is connected to the container at the lower end and has an
outlet for the product gas mixture; the upper reaction zone is zone A and the lower
reaction zone is zone B. Between the outlet “aftercooler’ and the inlet “reactor for the
30 reaction stage according to the invention” is advantageously a means for feeding
compressed air.

The catalyst tube and thermal tube charge (from top to bottom) can, for exampie, be as
follows:
35
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.

40  Section 2: length 80 cm



accordi ng t PR 84807nventi on whi ch are advant ageous in accordance with the
invention 20 can be designed as followsip325 Everything as in the two-zone
tube bundl e reactor for the propene reaction stage. However, the thickness
of the upper and | ower catalyst tube plate is frequently 100 - 200 nm for
exanpl e 110 nm or 130 matalyst ctidzge ofia homogdetizomsmiturel FBOMNbY Waightdft er cool er

s dispensed with; NSt gathid fifsldt4BEmERPRINAS Hhond 18 i@ ysheRr xopen

into a hood which is conne ai has an
outlet for the product é%@'?rf%’tt?ﬁ“@ '?’H@te[}p%’@rnforvégﬁﬂe@i‘tQg%t?dsca}ﬂﬁ% RMand

the lower reaction zoneettorzdbne B. Between the outlet "aftercooler” and the
inlet "rgactor for the 30 reaction stage according to the invention” is
advant ageous)l y.a pgeans for feeding conpressed air. 35 The catal yst tube and
t her mal tubeé%ﬂg?gE (fré?ﬂgfrbg(??@ bottom can, for exanple, be as follows:
Section 1: length 20 cmcatalyst bma;geph@;bombggwnﬁtrmyurﬁ ohA0% Ty weight of nm

(external diameter x | egtite fin s'HfEé&ﬂbt vm&esmnau&nrar(ehbmbmwe@d 40

Section 2: length 90 cm PF 5 ioah
of |30% by vei ght of ot ST TRRBLIBReGa S8 b et B AP Fell et

di aneterfOx | ength x i ntsée¥rml4.di amet er) and 70% by wei ght of coated catal yst
from section 4. 5 10 15 Section 3: length 50 cm catal yst charge of a

honbgeneous 1 e of ght of steatite rings of geonetry 7 mmx 3
nm x 4 mm (eﬂ%&ﬁgl di arr%l er)(?(ﬁ{\@'lln x internal diameter) and 80% by

wei ght of coated cat al yﬁtﬁﬁéﬁﬁ‘a@%@ ?'&m"&t’ (7 e < oAMY* 4|mm gtaxterng déﬁﬁ‘%taf al yst
charge of annul ar (7 nmmxxieBgthm iktefnaiiameter} esanad catalysrdcedrding togngddnative

I nternalygdi ameter) coat sl YFHE ACHRIABO (SAREREH: Md, YEW, ,Cu,.0,).

Alternatively, the propene stage catalyst tube and thermal tube charge (from bottom to
top) can also have the following appearance:

20  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 300 cm
25 catalyst charge of annular (5§ mm x 3 mm x 2 mm = external diameter
x length x internal diameter) unsupported catalyst according to
example 1 of DE-A 10046957 (stoichiometry: [Bi,W,0q x 2ZWQs]gs®
[M012C0s 6Fe2.64Si1 50Ka.0505d1)-

30 The acrolein stage catalyst tube and thermal tube charge can also have the following
appearance (from top to bottom}):

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



exanpl e 5 ofpADB4710046928 (stoichionetry: M12V3W. 2Cu2. 40X) .

Al ternatively, the propene stage catal ysr24tube and thermal tube charge (from
bottomto top) can also have the foll owng appearance: 20 Section 1: length
50 cmsteatite rings of geonetry 7 mx 7 mm x 4 mm (external dianeter Xx

length x internal di ametength @sntémBl @hinBieRadng 1386 by dRighe st dodfesataipitglof 300
cm cat al yst charge of annular, (5 mMmx 3 mm x 2 nm = external dianmeter x

length x internal di amett8FY°thsupported catal yst according to exanple 1 of
DE- A 10046957 (stoichionetry: [Bi 2W® x 2W3] 0. s

[ Mbi 2Cos. 6Fe2. 94Si 1s9Ko. 080<]|§:1Lé. 30 The acrol ein stage catal yst tube and
thermal tube®H8 de can 'eNXBH1PAGB the fol l owing appearance (fromtop to

bottom: 535 Section 1 Icamxshcﬁé}%@m@imi(mnﬁ krIOANOL 4 GAR ERdetnd] dBeter MM X
4 mm (external diameter th x.internal é}ary bed.

l.en i ter) as relim
Seoti on ot Mangth 140 ersendti berEphEY oty IR asaar b FrerRs st o, by
wei ght of steatite ringxaaplegreefifi+y1004aP28 (skrichiometsy: e (\aXeCualO:di anet er
x PF 54307 24 length x internal dianmeter) and 75% by wei ght of coated

| f i . i | | f
I e
di anet er'? cddE-éd1A046857%can se be tRARFEHSYpr eparative exanple 5 of DE-A

10046928 (stoichionetry: M12V3WL. 2Cu2.40)1). In all of the propene charges
menti oned, the r f YL £55l00 WA 7 can
al so be repl ce(ngq %éfy@?éé)aﬁ:g&g@?ﬁ%ﬁ%%ég%Iﬁng_ tégeesx(grf{)?aé%g%t?g%) el‘:)%éb%l%g"@% or
a catal yst to becppregarewith His exampie) sxeeptiaViRg the actvs sapPesitinecept havi ng
the active conpddotNigsZribd.BNP65Kn20e2BD BRD,, 0ooe5Ko. 0eOX * 10 S102; 15
15
b) example No. 3 of DE-A 19855913 as an unsupported hollow cylinder catalyst of

geometry Smm x3 mm x2 mmor 5 mm x2 mm x 2 mm;

¢}  unsupported multimetal oxide [l catalyst according to example 1 of
20 DE-A 19746210;

d) “one of the coated catalysts 1, 2 and 3 of DE-A 10063162, except applied in the
same coating thickness to support rings of geometry 5 mm x 3 mm x 1.5 mm, or
7mmx3mmx1.5mm.

25 _

e) a coated catalyst according to the implementation examples of DE-A 19815281,
except applied in the same coating thickness to support rings of geometry
7 mm x 3 mm x 4 mm, or 8 mm x 6 mm x 4 mm (always external diameter x
length x internal diameter).

30
In the above list, the support material used is preferably steatite from CeramTec
(C220).

In al! the abovementioned acrolein stage charges according to the invention, the
35 coated catalyst can be replaced in accordance with preparative example 5 of
DE-A 10046928:

a) coated catalyst S1 or S7 from DE-A 4442346 having an active composition
content of 27% by weight and a coating thickness of 230 pm;



b) exanpl e Nerk 580 DE-A 19855913 as an unsupported holl ow cylinder catal yst
of geonetry 5 mMfmx 3 mmx 2 nmor 5 nMMXxs2 Mm X 2 mm c) unsupported
mul ti metal oxide Il catalyst according to exanple 1 of 20 DE-A 19746210; 25
30 d) -one of the coated catalysts 1, 2 and 3 of DE-A 10063162, except
applied in the =conted catalysiaccbidaigrteszamplesppdrdf DE-AJS80528)coxaept gp@iedm x 3

mmx 1.5 mm or to%ﬂ'ﬁ;})&?ﬂﬁq&]o[g%@g\?negg?%% fmat R4 ¥ih haﬁﬁﬁ%qia@gvet rhdiition

i npl ement ati on exappl e 9815281, except applied 1n the sane
coating thicknes@”i%tgf?pq%m’“ﬁ' s of geometry 7 nmx 3 nmx 4 mm or 8 mm x
6 mMmm x 4 nmm (al ways external diameter X length x internal diameter). In the
above lisgg, &he gapROdtalfdhalingbighasie abvelddgsiiBh ¥ SfoRRldnidtryf r om Cer anlec

Hvention. the  OeSalEBl L M Bet: porirdistning BRE AR pi "
preparative exangvingmanoictivepompasitorogsngnt af 2@% &y evkighit 2pplied tc8heor S7 from

DE- A 4442346 havigagemBnisiled VemfOOD Afrh k40Hm seppsent of 27% by wei ght and a
coating thickness of 230 pm PF 54307 25 b) a coated catal yst according to

exanples 1 to 5 of DE-A 19815281, except applied to support rings of

geonet r y107 nisoerdingria the mvemtionathenfixed satedyst bed fos nsorrppensnoxidatinn stfgednd20% by
Wtei ghL ;9 f)thé@iﬁé@dat@l@&tﬂie)ﬂ&brthé\ébfﬁbirbgﬂbﬂﬁin%t@g?éédc@rmqﬁé triventiodf are : A
stol cnionetr , (S | 0 -

19736105 andicRLEbaitly theile SR R A e o BRI NG00 o
to the abovefEHIg. dirstMateral that thedeparatyre siffspeiice betweesctbe hapting RYNtt he

i nvention, tmeaxifuxesf toateacliot gdedixduoe in the ipdho@gen eeapXion adnedariittag paibdar t he

fixed caal yt%hpgﬁurte%rf tetea Hn@oﬁ%%\?mﬂéjaﬁlf%éyho?tgﬁ&%daé‘oeﬁr gtiliagerﬁ?efrétt}?e

i nvention are ant age&u oft sgg[s.%oect ed 1n suc é (Tor exanple
by dil ution HifeRNCG §usUAYATG, requepty it "G e thip terprararedifiprence
di fference betpraferablytsenaiicBorn sagetpoéasbns,nbedqﬁmd@ﬁtmySEbecEmeiam sglestediiktaure in
the indi vi dugbnf&aRbWA Ber MRIERSKiIRE iR teldtHordxampld BMRKSN Witk 8F the
reacti on zone a;grfene{.na}lﬂ_{[\T/1 tdoe@.not hexcee% ?&C TE'tS tle er atture d.|.f.I¥er ence is
usual |y s70CS¥RL RSEE PEefRd I SEhEvanBat thy pep 1"55?%%'@95% e eqFt Y #hce

20 defined in EP-A 1106598 is £9°C, or £7°C, or £5°C, or <3°C.

Aftercooler and reactor for the acrolein reaction stage are connected by a connecting
tube whose length is less than 25 m.

25 The reactor arrangement described and all other reactor arrangements and charges
with fixed bed catalyst described in this document can also be operated at high
propene or acrolein loadings, as described in the documents WO 01/36364, DE-A
19027624, DE-A 19948248, DE-A 19948523, DE-A 19948241, DE-A 19910506, DE-A
10302715 and EP-A 1106598.

30
The reaction zones A’, B’; or A, B can preferably have the temperatures recommended
in this document, although in such a way that the second reaction zone in each case, in
accordance with the teaching of the abovementioned documents, has a higher
temperature than the first reaction zone in each case. The heating point temperature in

35 the second reaction zone in each case is preferably always below that of the first
reaction zone in each case.

However, the acrolein loadings according to the invention in the procedure according to
the invention result in an increased selectivity of acrylic acid formation relative to the
40 procedure recommended for high acrolein loadings.



i s preferablPF 84887 . For safety reasons, these fixed catal yst beds are al so
selected in a manner known per se to thgge skilled in the art (for exanple
by dilution with, for exanple, inert material) in such a way that the
peak-to-salt-tenperature sensitivity as 20 defined in EP-A 1106598 is s9C,
or s7C, or <5C, or s3C. Aftercooler and reactor for the acrolein reaction

stage are CqppRalad éhgcésbrcr}?}{%gétiga%xaﬁwﬁ %Wnéﬁﬁ Bisb$h the%eadii@n 25 m 25

The reactor arrange n n ) ~reactor arrangenents and
Char gea. wi (HAPSBRTHEIP dHS VLIS SD2ERT BIUEN] Ao EHIEMEHET BIHPd e b
oper at ed at Hodgh in thegoesiein seaddion stagecah alsti begeplaead besphdribaldshaped Hiduent

docurent § WoRiLk 3 herﬁa%téhaﬁba%% boé@séa@ﬁﬂéﬁgq%di@rcﬁnkqgﬁm?&ndm'A
19948241, DE-A 1991 DE: A" "103

0506 A 271 P- 06598.. 30 T ti
onedZa" pEgh o ACRve comion ORI ALV ARG 2E IR LS usRRrRaR, O
t hi s docunerie 204 byhweight).i Thestetemantvglating ta openatianeat dvigh acseleinileadingsrie then each

case, in acHRyE aBEMeMts fetdiR€itd earity.ng of the aboverentioned docunents, has
a higher tenperature than the first reaction zone in each case. The heating

point tenperature in 35 the second reaction zone in each case is preferably
al ways B&l oviexamplesgandiapeparatiye examalesi on zone in each case. However, the
acrol ein | oadings according to the invention in the procedure according to

the inventiop r ' | NCr I V] i i mat i on
ol ative t o & REcK pb DuATte8f BEBRRT AR ob it welutiples £ i telrd "o
54307 26 In quetékagrmneéem 368epneadalse athamm! debeadexiernal diamsiera¥@mal so in
t he Ireact ﬁr ceftaréhgane riiddiebite rédwoﬁnmltdre&hemedhélltﬂmﬁerhﬁdﬁcmscaaﬂriﬂe thg
annul ar a - t. [ : St al so be
Fopl aced by a8 uakifhe vaoirB e bedehalofhe SR OB AR, T00, 02,
bodi es ( eactFRBEA{EM oRitaoREBASINOYS5 nm and having an active conposition
content of from10 to 30% by weight, frequently from10 to 20% by wei ght).

The stat emerdgdighqati ng qu peg af on at high acrolein |oadings in the above
docurert 1SS 142 e i o TR TR B

reaction tube (V2A steel®
i nternal20 di aneter 26 migngtienditernaBdiameter) asmalpmiimomagy bérbr nal t ube (ext ernal
dianeter 4 mm) centered in the mddle of the reaction tube to receive a
thermal ele ng \/\/Q_ich cin ?r? &5 used to determne the tenperature in the
reaction tubPYORE its NONBIFBngth) was charged fromtop to bottom as
foll ows: 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
25 length x internal diameter) and 70% by weight of coated catalyst from
section 4.

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

Section 4: length 190 cm
35 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;,V3W; 2Cu, 40,).



20 25 30 35 Section 1: length 20 cmsteatite rings of geonetry 7 nmx 7 nm X
4 mm (ext er ik 54B0&neter x length x internal dianeter) as a preliminary bed.
Section 2: length 90 cm catal yst charge @f a honpbgeneous m xture of 30% by
wei ght of steatite rings of geonmetry 7 mmx 3 mm x 4 mm (external dianeter
x length x internal dianeter) and 70% by wei ght of coated catal yst from
section 4. Séetfirgiri78.cm feorytdp Blottemoseraltyermostatied by ofeaas lvbasgiéhatbus m xt ure

of 20% by wugmedcni co@ﬁ&é&r‘rérﬂ THé”'éb%oﬁ(ﬂ 195 8RB therMasittdd By meafls B 68t er nal
di aneter x ter) and 80% by wei ght of coated catal yst

from sectléjr??nng pgggfedbn C%m??r‘éwetnlr%relgo cm cat al yst charge of annular (7 nmm X

3 mmx 4 mm = external dianeter x length x internal dianeter) coated
cat al yst sacapgsihHage oRidptie@par ati ve exanple 5 of DE-A 10046928
(stoichionetry: Mp12V3WL. 2Cu2.400 PF 54307 27 The first 175 cmfromtop to

bottom were thernostatted by neans of a salt bath A punp
count er cur r e, abpMerdegriond f'fﬁ??ﬁ%?ﬁ?'%\étﬁﬁe Wae FﬁB@‘t@t‘?'éGh@f?eMHsa arting sal t
bat h B punpedadtion gas migueLoftienfollowingasmpbsitien, @xd dad loading Bhe trebove- descr i bed

first reacti ﬁé}n@tsﬁﬂﬁs\%"}ﬂ?hecn%'af:ﬁdﬁutﬂlﬂéln%reChagn’reQEd with a starting reaction gas

m xture of t ng conposi tion, the | oading and the
therm)stQttlng of the reaction tube were varied: 10 5.5% by vol une of
acrol ein, 0.3% by5.5% hywelufie pf apalaie, 6. 0% by vol une of nol ecul ar oxygen,

0. 4% by voI ume of ey, Qyﬁ:oﬂ:n@é’/%@(roﬂéﬂéﬂﬁe of CQ2,
6.0% by volume of molecular oxygen,
0.4% by volume of CO,
15 0.8% by volume of CO,,
9.0% by volume of water, and
78.0% by volume of nitrogen.

The reaction gas mixture flowed through a reaction tube from top to bottom.

20
The pressure at the entrance to the reaction tube varied between 1.6 and 2.1 bar as a
function of the acrolein hourly space velocity.

A small sample was taken from the product gas mixture at the reaction tube exit for gas
25 chromatography analysis. At the end of reaction zone A, there was likewise an analysis
point.

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

TaTs, are the temperatures of the sailt baths circulated by pumping in the reaction
zones A and B.

35 Ca is the acrolein conversion at the end of reaction zone A in moi%.
Cas is the acrolein conversion at the end of reaction zone B in mol%.
gt is the selectivity of acrylic acid formation in the product gas mixture, based

on converted acrolein, in mol%.
40



9. 0% by vol Ppre54807Wat er, and 78.0% by vol une of nitrogen. The reaction gas
m xture fl owed through a reaction tube f&gmtop to bottom 20 The pressure
at the entrance to the reaction tube varied between 1.6 and 2.1 bar as a
function of the acrolein hourly space velocity. A small sanple was taken
from the prouett TYRarerthet higesttenigieatuRasiithereatlidreg@xixtdre witdingeaction

chromat ogr aphy analy n%sﬁnq‘%‘ d of reaction zone A, there was |ikew se
an anal ysis point. e resul ts achieved as a function of the sel ected
hourly space velocities and the selected salt bath tenperatures are shown
by the fol |l cwabteg table (the letter E in 30 brackets neans exanple and the

| etter Cgin brackets neans conparative exanple). TA, TB are the tenperatures
of the salt bat-hs circulated by_punpingt-nt-he reac and B. 35
CAA i s the AFYEBINUBNVEMsi on|B tHd end|bf re nmol % CAB is
t he acrol ei spacevelogiyon gt the{end qf reag¢tion zone B in nbl% 9AA is the
sel ectivity pérpgeyl ic acid fofmatign in ﬂ he prioduct {gas nj xtureg, based on
converted & Fa—innpl % 40 PE 54307 P8 Topix A Tromxs S hi ghest
tenperature 106 he react ?tﬁanszqﬁ xt @pg wlﬂﬁ n r38a7cti89r3 zptel A and Bin C
Tabl e 5 Acr{ol0g8i(B) hour |y |[2§2ace|259 oqidlg TATET me/Baex CADELABS 49.4 STP) /1 h) 106

E 26026030?1%%?%“.799.39 4 OB A5 26232598422 7584 89908 95 104
Ecg 25726228529164 099, 39 15 tzg?g?%m%@;m R'CQQC gg;éﬁ 4#%7
(C) 2572782789246, 399. 39283 PF 07303 |287 |788 |99.3 (95.8
147 (C) 257 278 |278 |310 |61.3 |99.3 {950




29 W cl ai m pg 543@r ocess for partially oxidizing acrolein to acrylic acid in
. the gas phase under heterogeneous cat alzyési s by conducting a starting
reaction gas mxture which 5 conprises acrol ein, nolecular oxygen and at

| east one inert gas containing at |east 20% by vol une of nol ecul ar nitrogen
and cont ai nswehdgimpl ecul ar oxygen and the acrolein in a nolar 02: C3H40
ratio of > 0.5 in one reaction stage over a fixed catalyst bed which is
arranged in two spatially successive reaction zones A B, the tenperature of
reaction zoné A Bdrerpsa fardapiality exizingracifiein taAguliq aciginitbe g8 phape3sdier and t he
]Eerrperature of r netetdgeneameatdlydis kpvorriichiey A stattinge8Raion gak Wiigturewiibie lrangeoI
rom 230 ¢ 0 320C i LS | . oxi de
conpr i si ) the of SIS et ingRURERLNLER ahd afbay TR ndH foe SBAAARELE
extends to an acle@Fledde By NQWMSi I mARCcUlar pilogsn @pd gentaisdhaimglecHiar eX¥9§Ne  pass
of the starting aedtie amigain amdan®.C,Ougtio vhredSuenas redctivestagabadrysst bed,
15 the acrolein g ' | 9 AT ; LC acid
formati on, baseg%&gﬁ!sgl%g{j ﬁlh?gﬁggﬁ?t#daiﬁ@éggﬁ%ﬁ%ﬁgfq&%ﬂ?ﬂ&eﬁ%ﬁg %He:scal
sequence in whi chB.ihrtegipgratinef reaction seneAaLeinga tsrweratggdn the '80gm ehe
reacti onizones c280 es3fXidiang the enipeeataiepdiamstion zemgBdkewisobeinh @ temaeta- on
zones, wherein 2Qugl b eafiRiifdny 250 #F5204€! Mhbdelackle bhRpBGHAH Eiaicagrial ned in

the starting react|on as, mxture on the f d catal yst, bed 1 s s 145 |
(STP) of acrol o MUtREtaltsdeFompdsinn Jas cig@apisMoiasd Yomsupasmasihaleasion ni
of fixed cat al ystorsed ektentl§ ta dreacroleinmeenygreionfaf froeicts teid8Symalfe @ik ohisicete

catal yst bed is ghid@ihd QBRINGMEactibn lgBs miaure tRREER i oVePafixeBRefIysbédie Tl ow
directiopn. of the,reacti.o d ariJ‘d C)

n_gas _.m xtu over . the fixed catalyst.
The di £ 105 once ThEAe o bafibrsPh i £56 il andahe pgrciEty SERRUE R B At
whi ch the reacti basagen adraleinreoniertedaisih PG moffe. the gbronolegicehsequengriintwhichhi gh
30 est tenperat uiR stafing Reashiort §ad MEtUre A6kS o @RFthEIréddibR zBRss ddrteBpshdiRact i on

Tomd - rnad i s S OEIRAE Seln G R Rl e el S G T

wherein the difference rna, - TaxBis , 3C ands 60C. 4. A process as
clainmed 2 clai mjl, tidasgiyspabe velbtityestame scrodmxddntairdtbikBhé statingCeactidnand <_

40C. 127/2003 M/ BeigQ2,ie(reIPthe fixed catalyst bed is < 145 | (STP) of acrolein/l of fixed
catalyst bed-h and > 70 | (STP) of acrolein/l of fixed catalyst bed-h,

b} the volume-specific activity of the fixed catalyst bed is either constant or in-
25 creases at least once in the flow direction of the reaction gas mixture over
the fixed catalyst bed, and

¢) the difference T™* — T™® formed from the highest temperature 7™
which the reaction gas mixture has within the reaction zone A and the high-
30 est temperature T™® which the reaction gas mixture has within reaction
zone B, is > 0°C.

2. Aprocess as claimed in claim 1, wherein the difference T™* - T"® js 2 0°C

and £ 75°C.
35
3. A process as claimed in claim 1, wherein the difference T™* — T™€ s > 3°C
and < 60°C.
4. Aprocess as claimed in claim 1, wherein the difference T™* — T™® s 2 5°C
40 and < 40°C.

127/2003 Mr/Bei 02.27.2003



PF 54307 30 PF 5480pr ocess as clainmed in any of clainms 1 to 4, wherein the
hourly space velocity of the acrolein ggntained in the starting reaction
gas mxture on the fixed catalyst bed 1s z 70 I (STP) of acrolein/lh ands
140 | (STP) of acrolein/1h_ 5 6. A process as claimed in any of clains 1 to
4, wherein tshe hoprdcgssaaciaimedlinany f chimst T Awherdh hediiiqispask valodithef

tarti ti i _ ' . ' TP) of
acrol ei n/1h and 2 S9N éi@%lﬁ?f?E'ft‘%%%%rﬁ"@%fﬁ%f’d%%'ﬂuﬁefgeE%sf&gsQeiay%ned) in
any of clainms 1 ke is2z 7Ry éP EP)Ofaseoleied haed &ofBd$PTRIRf asfoleinbht he fi xed

catal yst bed is at |east one nultinetal oxide active conposition of the

eneral fzormul a . ! 4 i re
Goren e, 507 R AN i PSSl PO s sy i of
and/or zn, X3 =hegctoiin sentgined bythg stadingfeagtonaasanixiure,pn thedixgr satalst = one
or nore al kal i nebezkis eI80ES TP 5of acKieir/| Biand Al 130Ti(SERf@crokein/lBO g n from 1l to

6, fromO0.2to 4, fromO0.5to0 18, fromO to 40, fromO to 2, fromO to
4, fromO to 40, and a nunmber which s determ ned hy the val ency and

{1 equency of/-t heh BACRLAT SAGILP 2PKAHCIBRFGLIS 5 RS dhe 36t GRmBSsiian ¢f ai e
i n any dfd cl ai nsthé fiked Fatalystdrediis at leestvok imstinnglatdfideadive icompysiti@bofdhe t he
fixed catalyst etdIfSRARAY at least once in the flow direction of the
reac- tion gas xture over the fixed catal yst bed.

Mo12vax1szcxadX4eX5fxsgon (V)
15 where the variables are defined as follows:

X' = W, Nb, Ta, Cr and/or Ce,
X2 = Cu, Ni, Co, Fe, Mn and/or Zn,

X* = Sb and/or Bi,
20 X* = one or more alkali metals,
X® = one or more alkaiine earth metals,
X® = Si, Al, Ti and/or Zr,
a = from1t06,
25 b = from 0.2 to 4,
¢ = from 0.5to 18,
d = from O to 40,
e = fromOto2,
f = from0Oto4,
30 g = from 0O to 40, and
n = a number which is determined by the valency and frequency of the ele-

ments other than oxygen in IV.

8. A process as claimed in any of claims 1 to 7, wherein the volume-specific activity
35 of the fixed catalyst bed increases at least once in the flow direction of the reac-
tion gas mixture over the fixed catalyst bed.



