PF 58934 1 pPsguz@ss for preparing a catalyst consisting of a support body
*and a catalytically active conposition applied on the surface of the
support body 5 Description The present invention relates to a process for
_preparing a catalyst (a coated catal ystl) consisting of a support body and a
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det eri or at @pemidal BEgRRt. t 0 be able to operate the fixed catal yst bed, whose
manuf acfure and exchange 40 are conparatively inconvenient and costly, for
as Iong as possible in a reactor charged with it in spite of this, attenpts
are made i rhereolarpreportien of he ctament Mecin thetotal @meynpefaticdements other than

oxygen in the catalytically active multielement oxide compoasition is generally from 5 to
95 mol%, frequently from 10 to 90 mol% and in many cases from 15 to 85 mol% or
from 20 to 80 mol%. The molar ratio of Mo present in the catalytically active

25  multielement oxide composition to V present in the catalytically active multielement
oxide composition, Mo/V, is typically from 15:1 to 1:1, frequently from 12:1 to 2:1.

Catalysts of the above-described type are suitable in particular for the catalysis of the
heterogeneously catalyzed partial gas phase oxidation of acrolein to acrylic acid.

30
DE-A 10350822 and DE-A 102004025445 disclose that such a process for
heterogeneously catalyzed gas phase partial oxidation of acrolein to acrylic acid can be
conducted essentially continuously over prolonged periods over one and the same
fixed catalyst bed.

35

However, the fixed catalyst bed loses quality in the course of the operating time. In
particular, its activity deteriorates.

In order to be able to operate the fixed catalyst bed, whose manufacture and exchange

40  are comparatively inconvenient and costly, for as long as possible in a reactor charged
with it in spite of this, attempts are made in the prior art to counteract the aging process
of the fixed catalyst bed in 2 wide variety of different ways.
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of the fix ? 4l yst bed in a wide variety of different ways. PF 58934 2
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comparatively costly and inconvenient and entails an interruption in the partial oxidation
of acrolein to acrylic acid.

DE-A 102004025445 proposes, as a process for long-term operation of the
30  heterogeneously catalyzed partial gas phase oxidation of acrolein to acrylic acid,
counteracting the deactivation of the fixed catalyst bed by increasingly raising the
working pressure in the gas phase with increasing operating time of the fixed catalyst
bed. A disadvantage of this procedure is that, with increasing working pressure,
increased compression outputs are required in the heterogeneously catalyzed partial
35 gas phase oxidation.

EP-A 614872 recommends prolonging the lifetime of the fixed catalyst bed by, after an
operating time of the fixed catalyst bed of several years, which is accompanied by
increases in the temperature thereof of from 15°C to 30°C and more, interrupting the
40  process for partial oxidation, and, at elevated temperature of the fixed catalyst bed,
conducting a regeneration gas mixture composed of oxygen, steam and inert gas
through it and then continuing the partial oxidation (in this connection, inert gases in a
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It was therefore an object of the present invention to provide a process which is
suitable for preventatively counteracting a deactivation of coated catalysts whose
active composition is a finely divided multielement oxide which comprises Mo and V
and is applied to a support body in the course of a heterogeneously catalyzed partial

30  gas phase oxidation of acrolein to acrylic acid (i.e. of delaying the onset of
deactivation).

The object is achieved by a process for preparing a catalyst consisting of a support
body and a catalytically active composition applied on the surface of the support body,

35 in which the active composition is attached to the surface of the support body with the
aid of a binder, wherein the active composition is a finely divided mixture of

- at least one finely divided multielement oxide comprising the elements Mo and V

40 and
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Examples of finely divided substances S other than an oxide of molybdenum which are

25  suitable in accordance with the invention include ammonium molybdate [(NH4)2MoQ4)
and the ammonium potymolybdates, such as ammonium heptamolybdate tetrahydrate
[(NH4)sM07024 ¢ 4 H20]. An alternative example is molybdenum oxide hydrate
(MoO3  xH20). However, it is also possible to use molybdenum hydroxides as such
substances S.

30
However, the elevated temperature and the molecular oxygen can also act on the
substance S other than a molybdenum oxide actually through the heterogenecusly
catalyzed partial oxidation of acrolein to acrylic acid itself. In this case, the molybdenum
oxide is formed actually during the performance of the heterogeneously catalyzed

35  partial oxidation of acrolein to acrylic acid using coated catalysts prepared in
accordance with the invention.

However, preference will be given in accordance with the invention to using, as the

finely divided substance S, an oxide (e.g. MoQz) of molybdenum (in this document, this
40 s understood to mean a substance which consists only of Mo and O to an extent of

= 98% by weight, preferably to an extent of 2 99% by weight and more preferably to an
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(especially MoOs) that, when the coated catalyst (same support body, same coating
thickness, same particle size of the finely divided composition applied to the support) is
prepared using solely molybdenum oxide (especially MoOs) as the "active composition”
30 under the conditions under which, in the case of use of a coated catalyst which has
been prepared using solely the finely divided multielement oxide comprising the
elements Mo and V as the active compaosition, an acrolein conversion of from 95 to
100 mol% (based on single pass of the reaction gas mixture through the fixed catalyst
bed charged otherwise identically with the particular coated catalyst) is achieved, only
35  an acrolein conversion of £ 10 mol%, preferably of £ 5§ mol% and very particularly of
< 2 mol% or of £ 1 mol% is achieved.

The granularity (particie diameter and particie diameter distribution) of the finely divided

substance S is, advantageously in accordance with the invention, identical to that of the
40 finely divided multielement oxide comprising the elements Mo and V (this enables

particutarly homogeneous mixing with the finely divided multielement oxide). This is
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of 2 75%, of the total volume of all particles is < 800 um, advantageously < 600 um,

more advantageously < 400 ym or £ 300 pm and most advantageously < 200 pum or

<100 pm.

30  In general, the granularity of the finely divided substance S to be used in accordance
with the invention (especially when it is a molybdenum oxide (e.g. MoO3) in processes
according to the invention should be such that d, of 2 50%, preferably of = 75%, of the
total volume of all particles is 2 0.1 um, frequently 2 0.5 um and in many cases = 1 ym.

35 In other words, useful finely divided substances S (especially molybdenum oxides (e.g.
MoQz)) for the process according to the invention are especially those for which
0.1 um = dsp < 800 pm, advantageously 0.5 pm < dso < 600 um, preferably
0.75 pm < dsp < 400 pm (or < 300 umy), more preferably 1 pm < dso < 200 um
(or = 100 pm).

40
In principle, in the process according to the invention, the granularity of the finely
divided substance S (especially in the case of a molybdenum oxide (e.g. MoQs) is
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treat ment fﬁgh,%ﬁ@g‘ed‘gjbs%n@@@ |rﬁb| -1 mﬁm se having a tenperature
of 350g8converts it to .I f he gfrbanu r|ty df the" Mo can be adjusted as

requir by appropriate grl ndl ng and screening. In a correspondi ng manner,
it is alsolpesstibkea rolyadpuge oxide Q. $4nk) buitabiard the dinaly elividdd $Ubstavbe3 as
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25  For this purpose, it is possible to proceed, for example, from ammonium
heptamolybdate tetrahydrate [(NH4)sM07O24 » 4 H2Q). For example, thermal treatment
at 350°C for 3 hours in an airstream likewise having a temperature of 350°C converts it
to MoQOs. The granularity of the MoO3 can be adjusted as required by appropriate
grinding and screening. In a corresponding manner, it is also possible to adjust the

30  specific surface area of the MoO; as desired. With increasing duration of the thermal
treatment and/or increase in the temperature of the thermal treatment (on completion of
MoQO; formation under inert gas or under molecular oxygen-comprising gas
atmosphere (e.g. air)), the specific surface area decreases.

35  On completion of formation of the MoO3 at 350°C, thermal treatment at from 550 to
850°C for from 4 to 8 hours in an airstream having an appropriate temperature is
generally sufficient to suppress the specific surface area Ow of the MoO3 to a value of
<2 malg.

40  However, it will be appreciated that molybdenum oxides suitable as the finely divided
substance S for the process according to the invention may also be purchased
commercially.
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practice, tAkdrPisslies dhesedagiva @am&tegﬁrﬁtmmr@ﬁw@arb%ﬁnotﬁém@%tfar@@cﬂnpw aW )

exanpl e, bymiximgxiringarp partieley apaahglomesmtandh 2pg basBeaihehabpiropige anot her in
t he appr opr*&hmg(uéﬁﬂyayg (weight) ratio. 20 In general, the

af orement i ionally has the foll owi ng extraneous constituent
speci fi<Cat i lggengial &epRiaseniienghimoOs rAditionally hasrhsfolRyiga extranegute s 4 ppm by
wei ght, Pb dongtitppmhspycifiedtioht, A 5 4 ppm by weight, C 5 2 ppm by wei ght,

Na <8 ppm by weight,
K < 29 ppm by weight,
25 Fe <4 ppm by weight,
Pb <1 ppm by weight,
Al < 4 ppm by weight,
Cr =2 ppm by weight,
Ca £ 2ppm by weight,
30 Cu <2 ppm by weight,
Mg <5 ppm by weight,
Ni =2 ppm by weight,
Si =5 ppm by weight,
Sn =1 ppm by weight, and
35 Ti £ 2 ppm by weight.

However, it will be appreciated that it is also possible in accordance with the invention
to use MoQOs3 from the Climax Molybdenum Marketing Corporation of the commercial
type "POS".

40



Ca 5 2 ppmgdy wght 30 Cu s 2 ppmby weight, M 5 5 ppmby weight, N 5
"2 ppm by wei 9151 < 5 ppmby weight, Sri < 1 ppmby weight, and 35 Ti
5 2 ppm by weight. However, it will be appreciated that it is also possible
~in accordance with the invention to usegMG3 fromthe i max Mol ybdenum
Mar ket i ng orat.i o of the c y 40 PF 58934 9
At or nat Dy BT ReY dBrarbreds AlY elahia oo (Bes R dmPsess sespia e
accor di ng tinventien mayadas heoldo@afroml H.€. Beart) OB833610rBesla. (tratenake: D- 38615
Gosl ar (trag}@y&agﬁ,m Tridaby pglenum Trioxide I"). This has a specific surface

Q hor i se. D1 GABEERLIS T %5%?%5%%@8& f awa/ﬁci@%wopf?ﬁm b feQH SRkl by

Starck Bas qugfé foll owi ng extraneous component specification: 10 NH4 :5 0.01
% by weight, A <_ 10 ppmby weight, Ca 5 5 ppm by weight, Co 5 10 ppm by

wei ght, Cng 15 pm by
wei oht |k Lhepis SRR BociSl e in s Stesn i BEF (enlfRo Hom p & Sidig Bafry

wei ght, 20 thgfoﬂowmg q@bﬁﬂwwwent sNeciicat®nppm by wei ght, P 5 10 ppm by
weight, Pb 10 ppmby weight, Si 5 10 ppm by weight, 25 Sn 5 10 ppm by

weight,qq Ti <_ 5 ppm by wei ght \y, - < 6019 by weight,
Al =10 ppm by weight,
Ca < 5ppm by weight,
Co =10 ppm by weight,
Cr =5 ppm by weight,
15 Cu =5 ppm by weight,
Fe =10 ppm by weight,
K < B0 ppm by weight,
Mg <5 ppm by weight,
Mn =10 ppm by weight,
20 Na =20 ppm by weight,
Ni =5 ppm by weight,
P < 10 ppm by weight,
Pb <10 ppm by weight,
Si < 10 ppm by weight,
25 Sn =10 ppm by weight,
Ti < 5 ppm by weight,
V < 10 ppm by weight,
Zn =10 ppm by weight, and
Zr =10 ppm by weight.
30
The accompanying particle diameter distribution is shown by Figure 2. In this figure, the
abscissa shows the diameters [um] on a logarithmic scale. The ordinate shows the
volume fraction of the MoQO; which has the particular diameter or a smaller diameter.

35  The MoOs; particles of the MoQa from H.C. Starck are likewise agglomerates of primary
particles. Unlike the MoQs particles of the MoOs from Climax, the primary particles are,
however, highly cohesive, which is why the action of, for example, ultrasound cannot
bring about decomposition to the primary particles.

40 1t will be appreciated that it is also possible in accordance with the invention to use
molybdenum trioxides of the "lI" types from H.C. Starck.



V 5 10 ppm by weight, Zn 5 10 ppm by weight, and Zr <_ 10 ppm by wei ght. 30
The acconpqﬁysﬁgbparticl e dianeter distribution is shown by Figure 2. In
“this figure absci ssa shows the dianmeters [pm on a logarithm c scale.
The ordinate shows the volune fraction of the MoG3 which has the particul ar
. dianeter or a smaller dianeter. 35 The M3 particles of the MbO3 fromH C.
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for the pr-ocreammgcm'@lrrda:al@dmtrteb¢Ch|rm)$BBlﬁ%lby weMﬁt ®lo- Cﬁﬁﬁﬂ 8lnixly; (lsrael),

purity > 98%%? %’5 n%yg%go R)ElwelPﬁbe em cazfga (Texas, USA),
Y

65. 76% by wei Jﬁ I ndust ries (China),
66. 6% by wei LE’ SJE‘IFPE/)@PU”WZI% élby EvEIdH: Qv EI RBIMENS; purity 2 99%
by wei ght O\Ammcmmﬁw ttuangshanimy Keddoar@Zinc Mirk (Chirapasurity purity z 99. 7% by

wei ght , 4 = Jg @?%22659we|gh AB M) bwb?gtﬂprgé’l—g r;%;guﬁp ng Lead and Zinc M ne

g:glhi %I)y Bu\rll &%'I'&f‘ @th—}‘ é%@%mf ggr PPVYQ%'S 9 eriy gﬁ§/° by"g%g@tﬁ\ﬁ‘/on&//e?gh;

Mo, OM = 2.50n2/35 migef ul finely divided multi eI ement oxi des conprising the
el emrents Mo and V include all 15 nul t | eI enment oxi de conpositions known in

herolel ot o) %%WHP@ e Mafigleedt oy salferla b SeEnia Mo cdfohBib oo al de
conposi 1t orsuitielsmentexide smpositiods showDIB- the DO OhCE 46 cmb%qsmcmgzmgmz A

10350822, Uﬁeﬁaﬂ@ﬂ&é@,ﬁ%ﬁ%?ﬁcm%ﬂw Eapacfy!lzjaﬁﬁoo DE- A 102004025445, WD
2004/ 108267, WD 2004/ 108284 and all ~docunents cited in the aforenenti oned

prior art docurrent s. Particularly preferred nultielenent oxides conprising
M and V f othesh@rpingesiaiaideomdltisgment oxide compesilians comnsisingdMearelddr y

enbodi Ib Iment SDE%WDU@PMBAIW)WO 9@'_1 Fosnmpeea hbasdsz}@&@%ééd@@%@rs It is also
PSS, 02, LRSI ol be A RPRRAbL ;D Sho it PRl DB S ot S
V which ar ocuments cited in the aforementloned prior art documents Particularly preferred
multielement oxides comprising Mo and V for the process according to the invention
are the exemplary embodiments (especiaily Working Example 1) of WO 2004/108267.
It is also possible to employ all preparation processes disclosed in these documents for
25  the preparation of multielement oxide compositions comprising Mo and V which are
suitable in accordance with the invention. It is equally possible to use the coated
catalysts obtainable in accordance with the invention to configure the fixed catalyst bed
in all processes for heterogeneously catalyzed partial gas phase oxidation of acrolein
to acrylic acid disclosed in the aforementioned documents. Useful support bodies for
30 the process according to the invention are in principle all support bodies recommended
in the aforementioned documents.

The molar proportion of the element Mo in the total amount of alt elements other than
oxygen in the finely divided multielement oxides comprising Mo and V which are

35 suitable in accordance with the invention is generally from 5 to 95 mol%, frequently
from 10 to 90 mol% and in many cases from 15 to 85 mol% or from 20 to 80 mol%. The
molar ratio of Mo to V in the finely divided multielement oxide compositions comprising
Mo and V which are suitable for the process according to the invention is generally
from 15:1 to 1:1, frequently from 12:1 to 2:1.

40
In addition to Mo, V and O, finely divided multielement oxides suitable in accordance
with the invention frequently also comprise at least one of the elements Nb and W. In
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and WO
- steam and/or inert gas as the remainder,

where the NH; content of the atmosphere passes through a maximum which is below
30  20% by volume during the thermal treatment.

Some multielement oxide compositions comprising Mo and V which are favorabie in
accordance with the invention satisfy the following general stoichiometry |

35 MoO12VaXTpX2CX 33X 4 X5X 8,05 (),

in which the variables are each defined as follows:

X' = W, Nb, Ta, Cr and/or Ce,
40 X2 = Cu, Ni, Co, Fe, Mn and/or Zn,
X3 = Sband/orBi,

X4 = one or more alkali metals (Li, Na, K, Rb, Cs) and/or H,



* which the

95/11081), I{ng %r mal treatnent is effected such that the gas atnosphere in
? treatnent is effected conprises - at all tinmes fromO0.5

to 4% by volunme of 02, 25 - averaged over the overall duration of the

_thermal treatnment, from1l to 8% by volumg of NH3, and - steam and/or inert

as as the yenai nder, where t n t nosphere passes through
g maxi mum vihi cH- |s°rl?éTr6Wre§5(ag’Cﬁ’/8’%1 W&} aﬁn&% %@eﬁaﬁe thgrmal treat ment.
Sonme mul ti eXfenent IxAldEi aralipradi tions conprising Mo and V which are favorable
in accordapce M thtdie invention satisfy the follow ng general

st oi chi orretry I_35 5/?1 VaXf bX20X3dX4eX5f X690 (1) in which the variables
are each d i néd as Tows: Xf =W No, Ta, C and/or Ce, 40 X2 = Cu, N,
Co, Fe, Svh @and/r (e, 18, X@feraﬁboaﬁmb"tﬁr, Bi, X4 = one or nore alkali netals
(Li, Na, Kde,_Csotoaggmlor H, PF 58934 12 X5 = one or nore al kaline earth
nmetal s (M, . ? X6 =S, A, Ti and/or Zr, a=1to6, b=0.2to
4, 5¢ =0 ?ol‘SOpﬁ0 erably05t018 d =0to 40, e = o2, f = O0Oto 4,
g = Oto 40 and 1@ 4% a nunber which is deternined by the val ency and
frequency of the ej@wys in | other than oxygen. Armng the fi nely di vi ded

mul ti el oxi de sitions, (1).sui Ie in accor dance

i nvent |1£)edr;req'§)ref ere%'i@r%) WL de&a %“mﬁﬁ b[yg ¢ gy, Wcﬁm%’ﬁ"?%%%%?lem”é% are
within 15 the follnbmhﬁgthaar@gmen X1 =W No and/or Cr, X2 = Cu, Ni, Co
and/or Fe, X3 = Sh, 20 X4 = Na and/or K, X5 = Ca, Sr and/or Ba,

Among the finely divided multielement oxide compositions (1) suitable in accordance
with the invention, preference is given in turn to those in which the variables are within
15  the following ranges:

X' = W, Nband/or Cr,
X2 = Cu, Ni, Co and/or Fe,
X3 = 8b,
20 X* = Naand/ork,
X5 = Ca, Srandfor Ba,
X8 = S8i, Al andfor Ti,
a = 25105,
b = 05to2,
25 ¢ = 05t03,
d = Qto2,
e = 0t00.2,
f = 0to1,
g = (to15and
30 n = anumber which is determined by the valency and frequency of the elements
in t other than oxygen.
Very particularly preferred multielement oxide active compositions suitable in
accordance with the invention satisfy the general stoichiometry ||
35
Mo 12VaX1pX2:X5:X8,0n (11
in which the variables are each defined as foliows:
40 X' = W and/or Nb,
X2 = Cuand/or Ni,

x5

Co and/or Sr,



X6 = Si, Al%a?gg%r Ti, a=25to5 b=0.5to02, 25c¢c=0.5t0 3, d-=
o2, e = 00.2, f =0Qo0l1, g=0to 15 and 30 n = a nunber which is
determ ned by the val ency and frequency of the elenments in | other than
_oxygen. Very particularly preferred nul tigel ement oxi de active conpositions
suitable in, accorgdan tth the invention satisfy the general stoichionetry
Il 35 MD12Vax b'XZJﬁé'f‘%’é& (11) in which the variables are each defined as
follows: 40 X==3Mboahdl/or No, X2 = Cu and/or Ni, X5 = Co and/or Sr, PF
58934 13 X6 =5 qpd/er Al, a=31to 45 b=1tol5 c=075to0 25,
5f =0to 0.5_¢g 5@2#)58 and n = a nunber which is determ ned by the
val ency ancffre_queonc %t the elements in Il other than oxygen. 10 For the
prepar adi of of SudhtofQ.kel y di vided nul tiel ement oxi de conpositions and ot her
finely divigled anulgfoed #ent oxi de conpositions suitable in accordance with

the invent]on,_the rting materials . ar s already stat in a nner
known per sne, _su%%%\g@eréjvcm c'g?efeémgle?ibﬁéﬁ%ﬁﬂﬁ%ﬂrﬂf@)%r%‘f’e??ye&gq‘%ﬁ@me&‘&a
constituents of tHell@&kartkan oXyges.i el ement oxi de conposition other than
oxygen in the particular stoichionmetric ratio 15 desired in the nultiel enent

o e SR e Pl B Bl S R Ao bl Al
treat nent . el dddet@siigiement pede gompesiiansiseitaig ineaccordapee wrunds whi ch
can be conwartien, the sxtindasateyalbass, a8 Giready steRafiniambmterkhewepees®f oxygen.
I'n addi tiony {gnbRBrces (starting compounds) of the elemental constituents of the desired
multielement oxide composition other than oxygen in the particular stoichiometric ratio
15 desired in the multielement oxide composition, and a very intimate, preferably finely
divided, dry mixture is obtained therefrom and is then subjected to the thermal
treatment. The sources may already either be oxides or be compounds which can be
converted to oxides by heating, at ieast in the presence of oxygen. In addition to the
oxides, useful starting compounds are therefore in particular halides, nitrates, formates,
20  oxalates, acetates, carbonates or hydroxides.

Suitable starting compounds of Mo, V, W and Nb are also their oxo compounds
(molybdates, vanadates, tungstates and niobates) and the acids derived therefrom.
Oxygen-containing sources are likewise favorable.

25
A content in the intimate dry mixture of ammonium ions, which is advantageous as
described above, can be realized in a simple manner by incorporating an appropriate
amount of ammonium jons into the intimate dry mixture. Appropriately, the ammonium
ions can be introduced into the intimate dry mixture by, for example, using the

30  corresponding ammonium oxometalates as sources of the elements Mo, V, W or Nb.
Examples thereof are ammonium metaniobate, ammonium metavanadate, ammonium
heptamolybdate tetrahydrate and ammonium paratungstate heptahydrate. it will be
appreciated that it is also possible to incorporate ammonium suppliers such as
NH4NOs3, or NH4CI, or ammonium acetate, or ammonium carbonate, or ammonium

35 hydrogencarbonate, or NHsOH, or NH4CHO:, or ammonium oxalate, into the intimate
dry mixture to be treated thermally irrespective of the starting compounds required as
sources of the multielement oxide composition constituents.

The intimate mixing of the starting compounds can in principle be effected in dry or in
40  wet form.
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25 The materials of the support bodies are preferably chemically inert, i.e. they essentially
do not intervene in the course of the gas phase partial oxidation which is catalyzed by
the coated catalysts prepared in accordance with the invention.

The support bodies may be of regular or irregular shape, preference being given to

30  regularly shaped support bodies with marked surface roughness, for example spheres,
cylinders or hollow cylinders with a grit layer. Their longest dimension is generally from
110 10 mm.
The support materials may be porous or honporous. The support material is preferably
nonporous (total volume of the pores based on the volume of the support body

35 advantageously £ 1% by volume).

An increased surface roughness of the support body generally causes an increased
adhesion strength of the applied coating of finely divided active composition.

40  The surface roughness Rz of the support body is preferably in the range from 30 to
100 um, preferably from 50 to 70 pm (determined to DIN 4768 sheet 1 with a "Hommel
Tester for DIN-ISO surface area parameters” from Hommelwerke). Particular
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The (coating) thickness Da of the active composition applied to the support body in the
process according to the invention is generally appropriately from 10 to 1000 pm.
Especially in the case of annular support bodies, from 10 to 500 um are preferred, from

30 100 to 500 uym more preferred and from 200 to 300 or from 150 to 250 pm most
preferred.

The granularity (fineness) of the finely divided multielement oxide comprising Mo and V
is of course, in the same way as the granularity of the finely divided substance S,

35 appropriately from an application point of view, adjusted to the desired coating
thickness Da. All statements made with regard to the longest dimension dy. of the finely
divided substance S therefore apply correspondingly to the longest dimension d. of the
finely divided multielement oxide comprising Mo and V.

40  For the preferred range of a coating thickness Da of from 100 to 500 pm, suitable
multielement oxides are in particular those finely divided multielement oxides
comprising Mo and V of which 2 50%, preferably = 75%, of the total volume of alll
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carboxylic acids such as propionic acid, oxalic acid, malonic acid, glutaric acid or

maleic acid, amino alcohols such as ethanolamine or diethanolamine, and mono- or

polyfunctional organic amides such as formamide. Suitable organic binder promoters

soluble in water, in an organic liquid or in a mixture of water and an organic liquid are,

30 for example, monosaccharides and oligosaccharides such as glucose, fructose,

sucrose and/or lactose.

Particularly advantageously, the liquid binder used is a solution consisting of from 20 to
90% by weight of water and from 10 to 80% by weight of an organic compound. The

35 organic proportion in the aforementioned liquid binders is preferably from 10 to 50% by
weight and more preferably from 20 to 30% by weight.

Preference is generally given to those organic binders or binder fractions whose boiling
point or sublimation temperature at standard pressure (1 atm) is = 100°C, preferably
40 2 150°C. Most preferably, the bailing point or sublimation point of such organic binders
or binder fractions at standard pressure is simultaneously below the highest
(calcination) temperature employed in the course of the preparation of the finely divided
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to the binder-moistened support material (applied to its surface) by rolling the

moistened support material in the finely divided active composition.

To achieve the desired coating thickness, the above-described process is

30  advantageously repeated periodically. In other words, the base-coated support body
then forms the support boady which, in the next period, is to be first moistened and then

coated by contact with dry finely divided active compaosition.

For performance of the process according to the invention on the industrial scale, it is
35 therefore advisable advantageously to employ the process principie disclosed in
DE-A 2909671, except preferably using the binder recommended in EP-A 714700.

In other words, the support bodies to be coated are charged into a preferably inclined
(the angle of inclination is generally from 30 to 80°) rotating vessel (for example rotary
40  pan or coating drum). The rotating vessel conducts the especially spherical or
cylindrical, in particular hollow cylindrical, support bodies under two metering devices
arranged in succession at a particular distance. The first of the two metering devices
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liquid phase as such is visually apparent on the support surface. When the support

body surface is too moist, the finely divided active composition agglomerates to form

separate agglomerates, instead of attaching to the surface. More detailed information

30 on this subject can be found in DE-A 2909671,

One advantage of the above-described process consists in the fact that the removal of
the liquid binder used can be undertaken in a controlled manner, for example by
evaporation and/or sublimation. In the simplest case, this can be effected by the action
35 of hot gases of appropriate temperature (for example from 50 to 200°C, frequently from
100 to 160°C). However, the action of hot gases, following the teaching of
DE-A 102005010645, can also bring about only partial drying. The final drying can then
be effected, for example, in the reactor for the relevant partial oxidation itself (of
course, subsequent drying up to full drying could also be effected in a drying oven of
40  any kind (for exampie in a belt dryer)). In principle, the temperature acting in the course
of drying, advantageously in accordance with the invention, should not be above the
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Preferably, M' = Te and M2 = Nb, Ta, W and/or Ti. Preferably, M2 = Nb.

The stoichiometric coefficient b is advantageously from 0.1 to 0.8. In a corresponding
manner, the preferred range for the stoichiometric coefficient ¢ is from 0.01 to 1 or from
35 0.05t0 0.4, and favorable values for d are from 0.01 to 1 or from 0.1 to 0.6.

It is particularly favorable when the stoichiometric coefficients b, ¢ and d are
simuitaneously within the aforementioned preferred ranges.

40  The aforementioned is especially true when the active composition, with regard to its
elements other than oxygen, consists of an aforementioned element combination.
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conbi nat i O,plffractometer tube voltage 4 kV tube current: 40mA, aperture V20 (variable),

collimator V20 (variable), secondary monochromator aperture (0.1 mm), detector
aperture (0.6 mm), measuring interval (20) : 0.02¢, measuring time per step: 2.4 s,
20  detector: scintillation counting tube)).

The half-height width of these reflections may be very small or else very marked.

Particularly suitable aforementioned multielement oxide compositions for the process

25 according to the invention are those multielement oxide compositions whose X-ray
diffractogram, in addition fo the reflections h and i, has a reflection k whose peak
location is at 28.2 £ 0.5° (k).

Among the latter, for an inventive use, preference is given in turn to those in which the

30 reflection h has the highest intensity within the X-ray diffractogram and has a half-
height width of at most 0.5°, and the process according to the invention is most
preferably suitable for those in which the half-height width of the refiection i and of the
reflection k is simultaneously in each case < 1¢, and the intensity Pk of the refiection k
and the intensity P; of the reflection i satisfy the relationship 0.2 < R < 0.85, better 0.3 <

35 R <0.85, preferably 0.4 <R < 0.85, more preferably 0.65 <R < 0.85, even more
preferably 0.67 < R < 0.75 and most preferably R = 0.70 to 0.75 or R = 0.72, in which R
is the intensity ratio defined by the formula

R = P/(Pi+Py).

40
The aforementioned X-ray diffractograms preferably do not have a reflection whose
maximum is at 20 = 50 £ 0.3°.
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whose are present as a pure i phase. When the multielement oxide composition also

comprises a k phase, its X-ray diffractogram comprises, as well as those mentioned

25 above, further reflections whose peak locations are at the following reflection angles
(20): 36.2 + 0.4° (m) and 50 £ 0.4° (the terms "i and k phase" are used in this
document as laid down in DE-A 10122027 and DE-A 10119933).

If the intensity 100 is assigned to the reflection h, it is favorable when the reflections i, |,
30 m,n,o,p, qonthe same intensity scale have the following intensities:

5 to 95, frequently 5 to 80, in some cases 10 to 60;
1to 30;

1 to 40;

1 1o 40;

1 to 30;

1to 30 and

5 to 60.

35

40T o0 3 3 7

40  When the X-ray diffractogram comprises additional reflections from those mentioned
above, the half-height width thereof is generally < 1o,
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40 Whenst he X-ray diffractogram conprises additional reflections fromthose
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reactor having one or more temperature zones, as described, for exampie, in
EP-A 700714, EP-A 700 893, DE-A 19910508, DE-A 19948523, DE-A 19910508,
DE-A 19948241, DE-C 2830765, DE-C 2513405, US-A 3147084, DE-A 2201528,
20  EP-A 383224 and DE-A 2903218.

The solid catalyst charge is disposed in the metal tubes (catalyst tubes) of the tube
bundle reactor, and the heating medium/media is/are conducted around the metal
tubes (in the case of more than one temperature zone, a corresponding number of

25  spatially separate heating media are conducted around the metal tubes). The heating
medium is generally a salt melt. The reaction mixture is conducted through the catalyst
tubes.

The fixed bed catalyst charge may consist only of catalysts obtainable in accordance
30  with the invention, but also of such catalysts diluted with inert shaped bodies. The inert
shaped bodies used may, for example, be the shaped support bodies (support bodies)
used to prepare inventive coated catalysts. Upstream of and/or beyond the fixed bed
catalyst charge may be disposed a pure inert shaped body bed (such pure inert shaped
body beds are normally not included in the calculation of the loading of the fixed
35 catalyst bed with reaction gas or with a reaction gas component).

The catalyst tubes are typically manufactured from ferritic steel and typically have a
wall thickness of from 1 to 3 mm. Their internal diameter is generally from 20 to 30 mm,
frequently from 21 to 26 mm. Their length is appropriately from 2 to 4 m.

40
Appropriately from an application point of view, the number of catalyst tubes
accommodated in the tube bundle vessel is at least 5000, preferably at least 10 000.
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steel and t ave a
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length is apereimatsdcficldcavityoftife fixdt cafdlyst bed will generally be configured such
25 thatit increases in flow direction of the reaction gas.
This can be realized in a simple manner, for example, by configuring the degree of
dilution of the fixed catalyst bed with inert shaped bodies such that it decreases in flow
direction of the reaction gas.

30 Otherwise, the heterogeneously catalyzed partial oxidation with coated catalysts
obtainable in accordance with the invention can be performed in all aspects as detailed
by DE-A 10350822. The acrolein content in the reaction gas input mixture may, for
example, be at values of from 3 or 6 to 15% by volume, frequently from 4 or 6 to 10%
by volume, or from 5 to 8% by volume (based in each case on the total volume).

35
The molar ratio of Ozacrolein in the reaction gas input mixture will normally be 2 1.
Typically, this ratic will be at values of < 3. In many cases, the heterogeneously
catalyzed acrolein partial oxidation to acrylic acid will be performed with an
acrolein : oxygen : steam : inert gas volume ratio (I (STP)) present in the reaction gas

40  input mixture of 1: (110 3): (0 to 20} : (3 to 30), preferably of 1: (1 to 3) : (0.5 to 10) ;
(7 to 10).



Appr opri ate,; é%:%m an application point of view, the nunber of catalyst
" tubes acco d in the tube bundle vessel is at |east 5000, preferably
at least 10 000. PF 58934 23 Frequently, the nunber of catalyst tubes
~accomodated in the reactor vessel is fraam 15 000 to 40 000. Tube bundl e

reactors h er of ca y bes. above 50 000 are usually

except i Onaﬁ){se{;ﬁtupﬁrﬂélwea{g,%sggéqc JIE CEE';l KR thoplgrases, Ropaiienging)e. arranged in
honopgeneousnethane,idutearecand({qmpehtanali s, @aotaqmajscse dinienhgagbbiara mgturabgts per 5
catal yst twhertmavuaﬁtga@aﬂvﬂm aa;mwamgrdf?te%bmé?hm Ealeﬁﬁ%a"s@ )Sbnap that the

separation cen a\laﬁaxe \d/ L catalyst t ubes
(the so- Ca|rp@%tloggergpeggureﬁgesucblat erogcgnerqug%ogga Y254 25 peftial oxidatiogy anpl e,
EP- B 468290re typiqadly in halramdeyfrdra 260 &bB&0° Begeneraltyffwtg&ﬁm%mﬂ fetintiyse of

mel ts of saldms 288 ¢@sC ot@roﬁpﬁﬁt%'%@b?'?H@\k&km@%@s%ﬁt&@n%%éllfﬁomqqg' um

nitrite angg r sodiumnitrate, or of low nelti metal s such as sodi um
mercury an ?toys of different metals. Charging of catalyst tubes in tube
bundl e reactors with catal ysts obtainable in accordance with the i nvention

;;s ggvant a?ﬂ@@crbl@m%h?ér@fébﬁtgas‘gg%lsﬁ f bé&é%fhﬂw@aet.oril&srrﬁaﬁtét gt%f ate
2150 | TFﬁPB Cﬁ%%ék Q%‘lésotyP'C?'g‘r"rD§9$r"¥°i/°v %?quze%%“@s(@qi‘ﬁ%n R, m’t‘ﬂY °§f8%> "
(STP)/1.h, %99zmb°@| (STP)/I h, or > 220 | (STP)/I| h, or 2240 | (STP)/I h.

It wll be appreC| at ed that such a cat al yst charge i s al so advant ageous at
| ower (e. 915 P)/1h)

acrolein | oag’upl1 ary, té%s)grp egear?@t’%qt'ont’ Od&%t]'g)g%—m ular Ge?tﬁa %Ef%ali/%@“&‘éﬁ | yst

char ge wi | |SONRiG \BeyUpppE bodgand p catsitirallyractive copposition @pied o the sorfaee250 |
(STP)/ 115 Tdighe/ St Carid s cisihdiars ihappfoprie, fHé@t’el?’tﬁ:‘aN y&bveReppaktibn
general ly bo%r%?%?h@ﬁﬁﬁ%eﬁ%?tu ezgf that it increases in flow direction of the

reacti on gas an be realized in a sinpl e manner, for exanple, by
configuring the degree of dilution of the fixed catalyst bed with inert

shaped bodi-es sii¢dust b findly dieidee anfieldmertiofide cdpaisihg @k 8bmkht Measdhon gas.
30 O herw se, the heterogeneously catalyzed partial oxidation with coated
catalysts obtainable in accordance with the invention can be perforned in
al | asr?@ct s det ai | ed by DE- A 10350822. The acrolein content in the
reaction gas input mxture may, for exanple, be at values of from3 or 6 to

15% by vol une, étﬁ@é‘s‘t‘%ﬂe n¥ely Eﬂmeé s%stgn s %Pl%%te?*oﬁth%ﬁo%%onsrsﬂﬂ% 21 ¢ O 8% by

vol une (based in, (Q

02:acrolein in® &HYW”B'@saWdr%GPmHPW%r@ malygdeRemiean yhisk ap opde Of
Typi cal | y, t hi smplgbdenum islfolreedaindeatheas:tioh obeldvatéd temmpyatcasssd mbleeular
het er oggneousl yoyygen,

Coated catalysts of the inventive type are suitable especially in heterogeneously
catalyzed partial oxidations of acrolein to acrylic acid through an increased lifetime. In
principle, they are, though, also suitable as catalysts for all other heterogeneously

30 catalyzed partial oxidations detailed in EP-A 714700, DE-A 10350822 and
WO 2004/108267, as catalysts with prolonged lifetime.

Catalysts obtainable by processes of the present invention are suitable especially for
all partial oxidation and regeneration processes described in US 2006/0161019
35 (especially for the partial oxidations of acrolein to acrylic acid described there).

Example and Comparative Example

1. Comparative Example
40

As described in Working Example 1 of WO 2004/108267, a muitielement oxide
composition of stoichiometry Mo12VsW12Cu2+0« was prepared.



catal yzed 36#8&@34!1 partial oxidation to acrylic acid will be perfornmed with
an acrolein : "0Xygen : steam: inert gas volune ratio (I (STP)) present in
the reaction gas 40 input mxture of 1 : (1to 3 : (0to 20) : (3 to 30),
_preferably of 1 : (1 to 3) : (0.5 to 10)25 (7 to 10). PF 58934 24 Useful

i nert diluent gases include N2, CO2, CO, noble gases, propane, ethane,

net hane, butane and/or pentane (i.e., each as a sole diluent gas or in a

m xture w tThe readtitgeataliytically dctivgenultigaseot oxide Wwasgroiund &y imaanefof ailidgex ot her

i nert dil uedtbsig@massifii@ mill @EES00 MirdrB TRBbRIWE-BHird Asdselrd) th8h e aRRREOUS] Y
catal yzed aqc{r.ﬁlqel n (?art . al cgm}dat | o@p C'?-S are t%{)l CP| Iéml n .t ragge from 200
to 380C, gel¥Pey PSS Sy € BapEe PAGREARIPUI SIRWYB RYIressc or from
245 to 265C. The working pressure is normally from1l to 3 bar. The acrolein

conver si on, gpaeass O1thé ghaing paasr, 8k it BRarhSia e AEFIAY 18700, WhubPE@peR the 10
fixed catalys ljb%dt st |ca,|I Z 9@ | % fre ent@(;! 98 nol % and i n many
cases Z. 9 °r9:56f80 XPWaiﬂl }r’ 'P%‘e 989 s?W'é%BW”PE%?WS |4r{erlnudes In particular
(coat ed) cdf’al $xdanmhistaatitecoddd é’prrdierarrsmqmithabwmceandgme@aﬁab‘lq)ogﬁ;?wm,ldy |
active commeshd:i"ste 763 @ lsdsEhigsiet) W Eie A y, and al so
bi nders,4 f _aﬁtfiﬁb Ir;t):ftl%yt.i all I zatctérie\?tgacéc?e gsléi}étﬁn?\'ﬁed bei n g finely
i i dedt O (EXRAE 5! Ep-4 DEAfR) MotideR o e Aclyéfis SHIRRE) & 78 PG S

conpri si ng Waer anedh by waight atiglycerglo The ctiveaompeaition eprient afdhereshiinged

s ]ybst ance Sccméfde@aiiﬂytté WeE) idwever, AuBorteesiothé gﬂ)rﬂﬁlent%}eﬁlgﬁalﬂble@i,y]?denu (rjn and
of conpoun n | N, OXi enum i.s_forne

under rr}[)he %‘%&%@fﬁ?é\’,%@hf @?ﬁ%@?@pﬁf‘8taiﬁ’8'gﬁ£&e%‘85§¢ 50 a%%?ja{ﬁ. Coat ed
catal ysts ofomRgsitionl dhe avantitsipye ratieoinawdgnped biggecwas agustad epertisgetebous| y
cat al yz1esg P@?W?@r, the fuénier o@mgqﬁalsamt,oésadiescﬁﬁecai?rsxbh@@sn bffebfeaugl tgyas

i ncrease ° . , . |

catal ysts fdore ﬁatgg%tdhg}jt rﬁgﬂegﬁogtehﬁeergﬁmsﬁilfor%g-ggtdgﬁ 'ﬁg%b'@éé?"? ?QL?L%QZ%N I ons

det ai | ed i rf® EPTRErAlvVE eRRtedpataly i Bhyas thusebtalme004/ 108267, as catal ysts
with prolonged lifetinme. Catalysts obtainable by processes of the present
invention ae sg*érﬁx[gée especially for all partial oxidation and

regenerati on processes described in US 2006/ 0161019 35 (especially for the

parti al?%xi dati ons of acrolein to acrylic acid described there). Exanple
and Conpar afhevoedungivas &s irGhapamatratiee ExanpleeHowéver, the ground

Mo12V3W1.2Cu2 .40, powder (400 g) was admixed with, based on the weight of the
ground Mo12VsW12Cu2404 powder, 15% by weight of finely divided MoQO; (60 g) (MoO3
("Molybdenum Trioxide [") from H. C. Starck, Mo content = 66.6% by weight,

25 Owm =1 m?g, particle diameter distribution corresponding to Figure 2).

Finally, the mixture was mixed homogeneously in a GT 550 Muitimixer from Rotor Lips
AG, CH-3661 Uetendorf, at level 8 over a period of 1 minute. The resulting finely
divided mixture was used analogously to the comparative example to prepare an

30 annular coated catalyst. However, the coating content was selected at 22.33% by
weight (based on the total weight of support body and coating). The quantitative ratio of
powder and binder was adjusted correspondingly. A working example coated catalyst
WC1 was obtained. '

3B 3 Testing of coated catalysts CC1 and WC1

The coated catalysts were each tested as follows in a model catalyst tube fiowed
around by a salt bath (mixture of 53% by weight of potassium nitrate, 40% by weight of
sodium nitrite and 7% by weight of sodium nitrate):
40
Model catalyst tube:  V2A steel, wall thickness 2 mm, internal diameter 26 mm, a
centered thermowell (for accommodating a thermoelement) of



As descri be‘gFFE%éber king Exanmple 1 of WD 2004/ 108267, a multiel ement oxide
" conposition o oi chionmetry Moi 2V3WL. 2Cu2, 40x was prepared. PF 58934 25
The resulting catalytically active nmultiel enent oxi de was ground by neans of
. a biplex crossflowclassifying mll (B®g500) (from Hosokawa-Al pi ne

Augsburg) to give a finely diuvi gf;d gowder whi ch had_the particle dianeter
di stribution shown in Fi gur&ignalgigpetesd mmdpbe eagly F@-powder, as in
Exanpl e S1 of EP-A 714700, Aftena meliminprydred of ierdite20 Cendf érenaingdi(steatiier 7 nm

length 3 nm internal dia o/ : - 4 from
Ceram Tec wth a surface ggé@ggg‘e‘?sgmé(; m?-.),g‘tgé fl&tmgnrr@m@%tdé%%ﬁﬁgg 7 x 3 X

. o namne: .
4 poros beschichtet") were éQeéjd’.‘"“]A%“H’g%r@rqf%@é’ byweightsefdhppartigdlans p- A
714700, &% he bi nder was an awpaéslcatapdt@nd 0%y Weightyf anellghinedfshaped er and

25% by wei ght of glycerol. ms?&tstééﬁtecg@p@%éﬁérﬁm LRRY o, |ten@hrser%mt'n9
coated catal ysts was, howev.e%, ”c]' contrast t'ﬂqt e agrerreﬁtl one ,Exan|pI e S1,
sel ected at 20% by wei ght ('BE5IFPELH TBYal NaREXGKPY 6M 18 By GHrectiriyergnd
active conposition). The oghengad with the padicular obatpd wetalystindindilutee formas

adj usted proportionately. 15 However, the further drying was not, as
descri bed in Exanpl e Sl‘teffﬁccﬁ]@gfi a tray. oven ah 250C, but rather in a
Menmer t ' or CEHEFIONRAS gL bR 80%@%'2%??”95&8' Yhpar ati ve coated
catal yst CCl was thus obtained. 2. Exanple 20 The procedure was as in the
conparative exanple. However, adrbigindr oungss, Myl2\@t. 2CU2. 40" powder (400 g)
was adm xed wi th, based on th§ wei ght g?\%?&%’ round Moi 2V3WL. 2Cu2. 40X
powder, 15% by wei ght of finely divided VP eg) (MoG3 (" Mol ybdenum
Trioxide I") fromH C. StarchzOM cont@®f%byselues by wei ght, 25 OM = 1
n2/g, particle dianeter distrgcbution cars®apaRiinty to Figure 2). Finally,
the m xture was m xed honobge @usl y in Oagcgé %5 Mul tim xer from Rotor Lips
AG CH 3661 Uetendorf, at |evér’s over a Yi*68"8t 1 minute. The resulting
finely divided mxture was wdicassl ododisiby vobimehe conparative exanple to

prepare an 30 annul ar coated ;ﬁa—agﬁéw@t. d-weveblumdnd adthd @neiied lip thas
selected at 22.33% by weight (based onl&gzeb)}ﬁé&h V\gzieght of support body and
coating). The quantitative ratio of powdét ’a ci Pnder was adj ust ed
corresg)@ndi ngly. A working exanpl e coated catal yst Wl was obtained. 35 3.
Testing of TreadceoleinddadinsdithEfleddulalybed naseainashch abed JsIG! (BFPgsBach

e o of 0 B Ar/E ek baL ol b OVSof by B b
reaction gas component is understood to mean the amount of reaction gas or of
reaction gas component in standard liters (= | (STP); the volume in liters that the
25  corresponding amount of reaction gas or reaction gas component would take up under
standard conditions, i.e. at 25°C and 1 bar) which is conducted through one liter of
fixed catalyst bed per hour).

The temperature of the sait bath was in each case adjusted such that the conversion of

30  acrolein, based on a single pass of the reaction gas mixture through the fixed catalyst
bed, was 99.6 mol% (the initial salt bath temperature required for this purpose,
irrespective of the coated catalyst used, was 261°C). The inlet temperature of the
reaction gas mixture was adjusted to the particular salt bath temperature.

35  When coated catalyst WC1 was used, no increase in the salt bath temperature was
required for this purpose over a run time of 58 days. The selectivity of acrylic acid
formation over the entire run time was 94.8 mol%.

When coated catalyst CC1 was used, an increase in the salt bath temperature of 1°C
40  was required even over a run time of 54 days in order to balance out the accompanying
catalyst deactivation and to maintain the acrolein conversion of 99.6 mol%.



sodiumnitrite and 7% by wei ght of sodiumnitrate): 40 Mddel catalyst tube:
V2A steel, pakhgihi ckness 2 mm internal dianeter 26 nm a centered
“thermowel | (for accommobdating a thernoel enent) of PF 58934 26 external
diameter 4 nm tube |length 320 cm After a prelimnary bed of |length 20 cm
.of inert rings (steatite C 220, 7 x 3 X7 m), the first 100 cmin flow

direction charged, with a m xtur 70% by weight of the particular 5
coat ed cat gﬁéf&“ﬁ@%%@é%mlcﬁ‘ﬂ%n BP' %{ﬁ%ﬁﬁg ?”ﬁéMar%}hbr?@@T' 5 dRficerorgted
steati te CinR0hg psasentrepplicktmnelyditeraturayeférencst hiVigh negprd toriheabalendintomdcer 4
mm) . The nexachifid, B0merbut lcadhdls el deRtivRd fomRRp@-En M IdntibR8rddaddsifdl! ar

coat ed cat I il r 10 The regction gas xt ure had the

f ol | owi ng gt ééaﬁ-[ ﬁhﬁgéf%g%ﬁoaglgﬁﬁg ?naﬂ%erlgy%q Wnﬂ\{vﬁ% ?ngﬁ ,he@fpqu@}f by vol une,
H2O 10. 8% HRIRS| eafebe parforined gifisvsrily fies) thesvaycEsciabspegifivdlyhesein. acryl i c
acid 0.4% by vol une, propylene 0.3% by volune and, as the remai nder up to
100% by volune, N2. 20 The acrolein |oading of the fixed catal yst bed was
set in each case to 901 (STP)/I.h (the loading of a fixed catal yst bed
catalyzing a reaction step with reaction gas or with a reaction gas
conponent is understood to nean the anmount of reaction gas or of reaction

gas conponent in standard liters (=1 (STP); the volunme in liters that the
25 correspondi ng anount of reaction gas or reaction gas conponent woul d take
up under standard conditions, i.e. at 25C and 1 bar) which is conducted

through one liter of fixed catalyst bed per hour). The tenperature of the
salt bath was in each case adjusted such that the conversion of 30
acrolein, based on a single pass of the reaction gas m xture through the
fixed catalyst bed, was 99.6 nol% (the initial salt bath tenperature
required for this purpose, irrespective of the coated catal yst used, was 261
C). The inlet tenperature of the reaction gas mxture was adjusted to the
particular salt bath tenperature. 35 Wien coated catal yst WC1 was used, no
increase in the salt bath tenperature was



required folg ga%g pur pose over a run tinme of 58 days. The selectivity of
acrylic acioF mation over the entire run tinme was 94.8 nol % Wen coated
catal yst CCl was used, an increase in the salt bath tenperature of 1 C 40
.was required even over a run time of 54gdays in order to bal ance out the
acconpanyi ng . catal yst deactivation and to maintain the acrol ein conversion
of 99.6 mol'Yf#"™BF 58934 27 US Provisional Patent Application No. 60/829419,
filed March 1, 2007, is incorporated into the present application by

| terature fef ek Redss M bioafifgaatast BonsRRRY OFE BLbAFELay S REDLAGR CAY e OuS

changes and deviations fromth resent |nvention are SI bl (
therefore be as%%ﬁ%&o?’ﬁﬁﬁ't'qrh%oﬂ(ﬁﬁggﬂ?'?eo?ﬂr}a\ﬁﬁtomrﬁ %UHBO%E@%@ hchdhaptivaded 5
cl ai ns, 5can be @emdasitivads attdched entheysuffacawftthe sueporidestyrwithettle sjpesfiaf | cal |y

herein. PF 5893ndd} whérinRe Activd d?)lrnftgﬁﬁiﬁn {4 ﬁr%l?%ﬂeﬂgnii’tu%fal yst consi sting

of a support body and a catal ytica active conposition applied on the

surface of the support body, in which the active 5 conposition is attached
to the surface ofattleast soppoely divaidy miltidiernbat aidd aimmisinigrbe elemsnésr Mon t he
active conpositioghdg a finely divided m xture of - at |east one finely

di vi ded1 nmul ti el ement oxide conprising the elements Mo and V 10 and - at

| east orQe finely divided substance S selected fromthe group consisting of
oxi des of nol ybalhum and of conpounds of nol ybdenum from which an 15 oxi de
of nol ybdenumis forned under the action of elevated tenperature and

nmol ecul ar oxygen. 2. The pracess, accprding.to clai.m 1l wherein the finely

di vi ded subst ance™ e"i‘%"”%/ﬁ@%Y lieq su 5”???%58@!935@5? e oY R,CE iSRG ?‘t or 2,
wher ei n t he speci $¥idessafmcigsienrmangivif ebmpeobredsfaf medlybdgnuindesh whishtannce S is a

0.1 nR/1g and <_ Soxidd & mdlybddhaniie esraes inheePth@idabor 6f @8Vated tefdpidtirelard© 3,
wherein the partbﬁéﬁcaégﬁhgr d50 25 of the finely divided substance S is

> 1 pmand s 20 n'process according to any of clains 1 to 4,
wherein the active conposition is applied to the surface of the support

body in a IayerThdprekasRcoididgto®alfQ, BeredOBemifkly divided substance S is
MoQs.
20
3. The process according to claim 1 or 2, wherein the specific surface area Oy of
the finely divided substance S is 2 0.1 m?/g and < 5 m2/g.

4, The process according to any of claims 1 to 3, wherein the particle diameter dso
25 of the finely divided substance S is = 1 um and < 200 um.

5. The process according to any of claims 1 to 4, wherein the active composition is
applied to the surface of the support body in a layer thickness of from 100 to
300 pm.
30
6. The process according to any of claims 1 to 5, wherein the active composition,
based on the total amount of finely divided multielement oxide comprising Mo
and V, comprises 2 1 and < 30% by weight of finely divided substance S.

35 7.  The process according to any of claims 1 to 6, wherein the binder is a solution
composed of from 20 to 90% by weight of water and from 10 to 80% by weight of
an organic compound.

8. A catalyst obtainable by a process according to any of claims 1 to 7.
40
9. A catalyst which consists of a support body and a catalytically active composition
applied to the surface of the support body, and also binders if appropriate, the
catalytically active composition being a finely divided mixture of



30 6. The pppggg@ according to any of clains 1 to 5 wherein the active

" conposi tion, ased on the total amount of finely divided nultiel enment oxide
conprising Mo and V, conprises a 1 and 5 30% by wei ght of finely divided
.substance S. 35 7. The process according@go any of clains 1 to 6, wherein
the binder is a solution conposed of from20 to 90% by wei ght of water and
from1l0 to 80% by wei ght of an organic conpound. 8. A catal yst obtainable
by a process accobideagf ane fiasly difided ralitielementoxide cerGprsingihe &fehgras Mohi ch
consists of a suppgegly body and a catal ytically active conposition applied
to the surface of the support body, and also binders if appropriate, the
catalytically active conposition being a finely divided m xture of PF 58934
29 - atSleast amk finely divided nultielement oxide conprising the el ements
Mo and V5 and - at |least one finely divided substance S selected fromthe

group consi sting i f,.mol ybdenum and, o 0 unds of nol ybdenum

from which an bxggga%;&n%gﬁz?@évﬁ%ﬂyﬁugs{ggp?rgcfe{ﬁqgeéﬁrqqﬁg"ea%rPPBﬁoraﬁ‘s%géﬁat ed

tenperature and @¥demPlepolybdenoryguhof componngs ueeigbdentimhiorambidreously

catal yzed partial ogias opPfiasBdsenting &l fb@feddlindds el Aition o¥9 SlePaby tdrfpergiufe apher €i n
or 9.

t he cat,pd yst is am%?écﬁ'a)‘%;(yg%ﬁ?or ding to claim38

10. A process for heterogeneously catalyzed partial gas phase oxidation of acrolein
to acrylic acid, wherein the catalyst is a catalyst according to claim 8 or 9.



