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REPLACEMENT “SHEE 1 : Preparation of a cataﬁyst consi s?t |zng 0] a/ carrier and

A catalytically active oxide material applied to the surface of the carrier
5 The present invention relates to a process for the preparation of a
catal yst which consists of.'a carrier and a catalytically active oxide
material applied to the surface of the carrier, in which the carrier is
first noisterkxépairehiom cfilkeshtelYstygodsiatingwifdaléahiiedernd & | ayer
(coat) of actcatalgxidelnptatiiak osiddmatcboial fppppedeed the thefsdy foxcenef
t he noi st ened.Gafjeker by bringing it into contact with dry, finely divided,
active oxidg material, and the adhesive liquid is then renoved fromthe :
noi stened cart.ier coat ctive oxide material Lﬁf resent
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CatalytlcaJIyaeﬁﬁ?ﬁ&&s%XWQﬁ9hnﬁP@$¥%ﬂs &ﬁpﬁi@iFﬁ@?rtﬁédsinqﬁﬁééyéicilﬂy'@&ﬁFV%r
and whi ch ar eoxdgliel metlexialc @appéiled atmlthet syrfamd pé the asxerief, sirclvhdeht ed
catal ysts. 20Hd cagrgeneisltiysknonstehatl widllah ¥ehsdiom cabui®add i1egaigan
often 10 binder), a layer (coat) of active oxide material is then bound
(applied) to the surface of the moistened carrier by bringing it
into contact with dry, finely divided, active oxide material, and
the adhesive liquid is then removed from the moistened carrier
coated with active oxide material.
15 - _
The present invention furthermore relates to catalysts which
consist of a carrier and a catalytically active oxide material
applied to the surface of the carrier and which are defined as
coated catalysts, and to the use of such coated catalysts.
20 : .
" It is generally known that oxidative chemical reactions can often
advantageously be carried out in the gas phase over catalytically
active oxides. Thus, DE-A 23 51 151 relates to the catalytic
oxidatioh,_ammoxidation and oxidative dehydrogenation of olefins
25 of 3 to S5 carbon atoms over a catalytically active oxide material
in the gas phase. Embodiments are, for example, the conversion of
butadiene to maleic anhydride, of propene to acrolein, of
acrolein to acrylic acid, of propene to acrylonitrile and of
2-butene to butadiene. DE-A 16 42 921 and DE-A 21 06 796 describe
30 the catalytic gas phase oxidation of aromatic and unsatured
hydrocarbons, naphthalene, o—xylene, benzene or n—butene to
carboxylic acids or anhydrides thereof. Embodiments are, for
example, the conversion of o-xylene to phthalic anhydride and of
butadiene to maleic anhydride. DE-A 25 26 238 discloses that
35 acrylic acid or methacrylic acid can be produced by catalytic
gas-phase oxidation of acrolein or methacrolein over
catalytically active oxide materials. DE-A 20 25 430 relates to
the catalytic gas-phase oxidation of indanes to, for example,
anthraquinone. In addition to oxygen, the catalytically active
40 oxide material may contain only one other element or more than
one other element (multielement oxide materials).

~ Catalytically active oxide materials which comprise more than one
metallic element, in particular more than one transition metal,
45 are particularly frequently used. In this case, the term
multimetal oxide materials is used. Usually, multi-element oxide
materials arg_ggg_fifgif physical mixtures of oxides of the
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transition mdrjund the contact tubes remove the process heat (cf. for example
15 DE-A 44 31 957 and DE-A 44 31 949).

Fixed beds comprising finely divided, pulverulent, catalytically
active oxide material are not very suitable for carrying out
catalytic gas-phase oxidations since they are not usually capable

20 of withstanding industrial loading with starting reaction gas
mixture without hydraulic transport.

This means that the catalytically active oxide material is
usually converted into moldings whose length is tailored to the

25 internal diameter of the contact tube and is as a rule a few
millimeters.

US-A 4 366 093 generally recommends hollow cylinders (rings) as
the preferred geometry of such moldings. The height and external

30 diameter should be from 3 to 6 mm and the wall thickness from 1
to 1.5 mm. The only shaping methods considered by US-A 4 366 093
are pelletizing or extrusion to give unsupported catalysts (the
total hollow cylinder consists of catalytically active material
which may be diluted with finely divided, inert material) or

35 impregnation of carrier rings to give support catalysts. The
disadvantage of annular unsupported catalysts having a wall
thickness of < 1.5 mm is that the mechanical stability during
introduction into the contact tube is not COmpletely
satisfactory. The disadvantage of supported catalysts is that

40 they are limited to those oxidic active materials which can be
formed from solutions. In addition, a single impregnation results
only in slight absorption of active materials.

US-A 4 438 217 and US-A 4 522 671 recommend unsupported catalyst
45 rings which have an external diameter of from 3 to 10 mm, an

internal diameter which is from 0.1 to 0.7 times the external

diameter and a height which is from 0.5 to 2 times the external
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US-A 4 537 874 likewise recommends catalyst beds comprising
unsupported catalyst rings based on multimetal oxides containing
molybdenum as the main component for the preparation of
15 a,p-monoethylenically unsaturated aldehydes by gas-phase catalytic
oxidation. The wall thickness of the hollow cylinders is 2 mm in
~all examples.

Annular coated catalysts help to resolve the contradiction which

20 exists in the case of unsupported catalyst rings between required
mechanical stability (increasing wall thickness) on the one hand
and limitation of the diffusion distance out of the reaction zone
(decreasing wall thickness) on the other hand, while maintaining
the otherwise particularly advantageous ring geometry. The

25 mechanical stability is ensured by the annular carrier, and the
catalytically active oxide material can be applied in the desired
layer thickness to the ring surface.

However, a very general problem in the case of coated catalysts
30 is their production on an industrial scale, ie. they are to be
prepared on an industrial scale in such a way that

- they have the layer thickness required with regard to the
catalyst activity,

35 _
- the catalytically active coat adheres satisfactorily in the
required thickness to the surface of the carrier,
- the coat thickness shows very slight fluctuations over the
40 surface of a carrier,
- - the coat thickness shows very slight fluctuations over the
surface of different carriers,
45
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DE-A 20 25 430 discloses that coated catalysts based on .

15 catalytically active oxide materials can be prepared by applying
the catalytically active material to the carrier by the plasma
spray or flame spray method. The disadvantage with regard to the
suitability of this method is that at least one main component
must be fusible at the working temperature of the flame spray or

20 plasma burner. Another disadvantage of this method is that the
size of the specific catalytically active surface area is as a
rule unsatisfactory. All embodiments of DE-A 20 25 430 are
spherical coated catalysts. As a comparative example,
DE-A 20 25 430 includes a process for the preparation of

25 spherical coated catalysts, in which an aqueous solution
containing oxalic acid and the catalytically active oxide
material in dissolved form is sprayed onto hot carrier spheres.
The disadvantage of this procedure is that it can be used only in
the case of catalytically active oxide materials which are

30 soluble in water. In addition, it leads to irregular coat
thickness and unsatisfactory coat adhesion owing to the abrupt
evaporation of the solvent at the surface of the hot carrier
sphere. This procedure, too, results in not inconsiderable losses
of active material.

35 :

DE-A 16 42 921 relates to the preparation of spherical oxidic

coated catalysts by spraying a liquid containing the oxidic

active material in dissolved or suspended form onto hot spherical

carriers. DE-A 16 42 921 recommends water or an organic solvent,

40 such as alcohol or formamide, as a solvent or suspending medium.
Here too, the disadvantages include the fact that the water or
solvent is evaporated virtually all at once as soon as the
sprayed material comes into. contact with the hot carrier, thus
reducing the adhesive strength of the coat.

45
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form. This applies in particular to spraying onto heated
carriers. Even the recommended concomitant use of an aqueous
polymer emulsion as a binder cannot remedy these disadvantages;
rather, the presence of a polymer emulsion complicates the
15 coating operation through film formation processes which are
difficult to control. Although German Published Application
DE-AS 21 06 796 also mentions cylinders as useful carriers, the
embodiments do not include any corresponding examples.

20 DE-A 26 26 887 attempts to reduce the disadvantages of
DE-A-21 06 796 by carrying out spraying of the aqueous suspension
onto carrier spheres which are only at from 25 to 80°C. According
to DE-A 29 09 671, page 5, column 10, this procedure may however

~result in the sprayed carrier elements sticking together. In

25 order to increase the adhesive strength of the oxidic
catalytically active coat to the surface of the carrier,
DE-A 26 26 887 recommends the incorporation of inorganic hydroxy
salts in the aqueous suspension to be sprayed on, which salts
hydrolyze in aqueous solution to hydroxides and, after completion

30 of the coated catalyst, form catalytically inert components of
catalytically active oxide materials. However, the disadvantage
of this measure is that it requires dilution of the oxidic active
material. DE-A 26 26 887 also mentions rings and cylinders as
possible carriers, but the examples as a whole are limited to

35 spherical coated catalysts.

DE-A 29 09 670 corresponds essentially to DE-A 26 26 887.
According to the description of DE-A 29 09 670, mixtures of water
and alcohol may also be used as the suspending medium. After the
40 suspension of the catalytically active oxide material has been
sprayed on, the moisture content is eliminated by passing over
hot air. The embodiments of DE-A 29 09 670 also include annular
coated catalysts. However, only water is used as the suspending
medium in all embodiments. The disadvantage of the procedure of
45 DE-A 29 09 670 is the tendency of the sprayed moldings to
agglomerate, as already mentioned with reference to
DE-A 26 26 887. Furthermore, in the case of the annular coated
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surface of a @ddeined are then calcined and the catalyst precursor layer is
converted into active oxide. The disadvantage of this procedure
is that the resulting coated catalysts have relatively irregular
coat thickness. Furthermore, the adhesion of the coat to the
15 carrier surface is unsatisfactory since the calcination of the
catalyst precursor material generally releases in an uncontrolled
manner gaseous compounds which cause loosening of the structure.

EP—A 286 448 and EP-A 37 492 recommend the preparation of coated
20 catalysts by the spray process described above or by the process
of GB-1 331 423, with the disadvantages stated above.

EP-B 293 859 discloses a process for the preparation of spherical
coated catalysts by using a centrifugal-flow coating apparatus.

25 This procedure leads to particularly uniformly worked coat
thicknesses, both over the individual sphere surface and over
different sphere surfaces. However, the disadvantage of the
procedure of EP-B 293 859 is that it recommends coating the
carrier spheres not directly with the catalytically active oxide

30 material but with a precursor material thereof. The latter is
converted into the former by subsequent combustion (calcination)
at elevated temperatures (a few hundred degrees Celsius). As a
rule, the calcination is accompanied by spontaneous, ie. more or
less uncontrolled, thermal decompositions of components present

35 in the precursor material to give gaseous products which, on the
one hand, result in the formation of special pore distributions
and a large specific catalytically active surface area (up to
15 m2/g) but on the other hand reduce the adhesion of the
catalytically active coat to the surface of the carrier.

40 Calcination after coating is also disadvantageous in that spoilt
batches may be produced during calcination (for example in the
case of an incorrect calcination atmosphere). Working up thereof
is substantially more complicated when coating has already been
carried out. EP-B 293 859 mentions water, alcohol and acetone as

45 binders, in addition to ammonium nitrate, graphite and starch.
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dlsadvantageeﬂ@Jdeﬁgga{ éﬂ%ttbﬁé achievable coat thickness is limited by the
binder absorptivity of the carrier, since the binding of the
10 total pulverulent oxide material to be taken up is dependent on
this amount of binder taken up by the carrier. A further
disadvantage of the method is that the degree of moistening of
the particular surface layer during the coating process varies
continuously, ie. the base layer comes into contact with the
15 moisture of the uncoated carrier. The moisture then has to
migrate initially through the base layer to the surface thereof
in order to be able to bind further active material, etc.
Consequently, an onion-like shell structure is obtained, the
adhesion of successive layers to one another being particularly
20 unsatisfactory. As a rule, the application of pressure causes the
individual layers to peel away one after another. In all
embodiments, the sole binder used is water.

~ DE-A 29 09 671 attempts to reduce the disadvantages of the

25 procedure described there by introducing the spherical carriers
into an inclined rotating turntable. The rotating turntable
passes the spherical carriers periodically through two metering
apparatuses arranged one after the other at a certain distance.
The first of the two metering apparatuses corresponds to a nozzle

30 through which the carrier spheres are sprayéd with water and
moistened in a controlled manner. The second metering apparatus
is located outside the atomization cone of the water sprayed in
and serves for feeding in the finely divided oxidic active
material (for example via an oscillating conveyor). The carrier

35 spheres moistened in a controlled manner take up the added
catalyst powder, which is compacted to a cohesive coat on the
outer surface of the carrier spheres as a result of the rolling
movement. The carrier sphere provided in this manner with the
base coat passes as, so to speak, fresh carrier once again

40 through the spray nozzle in the course of the subsequent
rotation, is moistened in the same controlled manner to enable it
to take up a further layer of finely divided oxidic active
material in the course of further movement, etc. The coat
thickness can be adiusted essentially in a controlled manner by

45 the method described. Furthermore, the homogeneity of the coat
structure is improved. By passing in hot air, the water used as
the binder can be finally removed. A further advantage of the
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recommends w&RERLIBEiGA 19t §ahive Sidenpaterial which is applied to the
surface of the carrier, which process does not have the
disadvantages of the prior art processes and is suitable in
15 particular for the preparation of annular oxidic coated
catalysts. The latter are particularly advantageous compared to
spherical coated catalysts of identical active mateiral, coat
thickness and volume-specific activity in that they produce a
smaller pressure drop along the fixed bed, ie. smaller partial
20 pressures of the gaseous reactants build up at a given reactor
loading (the amount of reaction mixture fed to the reactor per
unit time). The result of this is that the hot spot which usually
passes along the individual contact tube in the direction of flow
during exothermic catalytic fixed-bed gas-phase oxidations has a
25 reduced amplitude. This has an advantageous effect on the life of
the oxidic active material used. A further advantage of annular
coated catalysts over those having a spherical shape is that the
temperature behavior of the tube-bundle reactor is less sensitive
to fluctuations in the inlet temperature of the thermostating
30 medium surrounding the contact tube. If, for example, this inlet
temperature accidentally increases by one degree, the hot spot
temperatures in the contact tubes usually increase by more than
one degree. In annular coated catalysts (assuming identical
active materials, coat thicknesses and volume-specific activity),
35 however, this additional increase is smaller. )

We have found that this object is achieved by a process for the
preparation of a catalyst which consists of a carrier and a
catalytically active oxide material applied to the surface of the

40 carrier, in which the carrier is first moistened with a liquid
binder, a layer of active oxide material is then bound to the
surface of the moistened carrier by bringing it into contact with
dry, finely divided, active oxide material, and the liquid binder
is then removed from the moistened carrier coated with active

45 oxide material, wherein 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 whose boiling point or
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coat. 45 REEL WEVENT Sethhdr £t uble- At 25cnb3pR84ic Qreaspeadsl essgntisal |y to
DE-A 16 42 924, 1€0%sPbréfétatlly bNEkoUES TABNGF GHn1cARbLEES: Jet the M Gfd
limted o cabaadd G b¥ G6Ld Weclthify T Ghidl Mol £OPIHe 2RI e HIN Y
of a vanadiu 6|toar]5|0umm§e oxl de. - g 6 § dlé oigls Lhe
preparation_ofctht¥d P& 5t YA 1¥, PERTRARY SRR AR toudPerkitynyedeht he
catalyticalﬁy active oxidic material onto the agitated carriers. This
procedur e hasPaheicudarlsi suthableagesamic despondrcs afiovke froyvellh@igpidyi ng on
of aqueous 10bsndert iaresmenstririicngnd o 19kver tc asidanecn@t &dHAlsS bicKi&sol ved
form Thi's apglihgfere) gRgedl CUl,ArphPartdidM|, N9, O HkaBRAI 6 or glycerol,
monobasic or polybasic organic carboxylic acids, such as
10 propionic acid, oxalic acid, malonic acid, glutaric acid or
maleic acid, amino alcohols, such as ethanolamine or
diethanolamine, monofunctional or polyfunctional organic amides,
such as formamide, and monosaccharides and oligosaccharides, such
as glucose, fructose, sucrose or lactose. Preferred organic
15 components are those whose boiling point or sublimation
temperature at atmospheric pressure is below the calcination
temperature used for producing catalytically active oxide
material, or which decompose into gaseous components in the
presence of oxygen on the catalytically active oxide material
20 below this calcination temperature. The calcination temperature
is usually < 500°C, frequently < 400°C and in many cases < 300°C.
According to the invention, liquid binders whose boiling point at
atmospheric pressure is above 100°C, preferably above 150°C, are
particularly advantageous.
25
The advantageousness of the novel process in contrast to the use
of pure water as the binder is believed to be due to, inter alia,
the fact that the novel liquid binders are better capable of
wetting both the fineiy divided oxidic active materials and the
30 carriers.

The materials of the carriers are preferably chemically inert,
ie. they do not essentially intervene in the course of the
gas~phase oxidation which is catalyzed by the coated catalsyts
35 prepared according to the invention. According to the invention,
particularly suitable materials for the carriers are alumina,
silica, silates, such as clay, kaolin, steatite, pumice, aluminum
silicate and magnesium silicate, silicon carbide, zirkonium
dioxide and thorium dioxide.
40 _
The surface of the carrier is advantageously rough since
increased surface roughness generally results in greater adhesion
of the applied coat to the oxidic active material. The surface
roughness R; of the carrier is preferably from 40 to 200 um,
45 particularly preferably from 40 to 100 um (determined according =o
DIN 4768 sheet 1 using a Hommel tester for DIN-ISO surface
. parameters from Hommelwerke). The carrier materials may be porous
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emul sion as a binder cannot renmedy these di sadvantages; rather, the
presence of a pol yner enul sion conplicates the 15 coating operation through
filmformati on processes which are difflOult to control. Although Gernman

Publ i shed tAEerl adhporodd:- &geZéalt%ieZ:%aaéﬁpaln%t bP@&f&ﬂleSﬁﬁoﬁﬁléﬁ(%Hél
carriers, ObL € €
JoLIedorHrasIe oty HELUAE, UedObh RO IR gaBLS. <D

DE- A 26 26 887 _atteppt's to Teduce th vant ages’ of
carrying out ?ﬁféyf g of t he aqueous suspension onto carrier spheres which
are only at from25 to [err]. According to DE-A 29 09 671, page 5, columm
10, this prodayufesiigd vepmebriesofl the mqmesprmdmamne:pm amhasle
sti cki ng t og&blrethe InoRA prdessd .0 Thedr ehareyddie dpadmsione ist aengtduief sbe
gg;dl c catal yt h@aibmnﬁchbgﬁvépatsdhgrbgeoﬁ tHyflaﬁeepé tﬁegg?tﬁisé@n t %1%%2032
reconmen C

suspensi on tgg%gﬂgﬁ#gyg%% §9£§§ﬂ*ﬁ LlP?éqﬁp&rolyze in aqueous solution to
hydr oxi des and, after conpletion 30 of the coated catal yst form
catal yti cald i F¥HindesnthanenisedRs: SREF {4 altheinciengshoks mreferabiyl s.
However, t he fdiopadviemtidgamoand Hikeireaxtermals diapeten preferalsly dirbmt 4 oro of
the oxidic aaoi we. Nkt aheabas®oArafigdf il walls othiRikne88S1is i Nigkharflore
cylinders asuBQasipl&rdaphil t8' 6 mlUbakbEATR! Se A RAVARAEL A @aki-ibigd tO

have a length of from 3 to 6 mm, an external diameter from 4 to

15 8 mm and a wall thickness of from 1 to 2 mm. Rings having the
geometry 7 mm X 3 mm x 4 mm (external diameter x length x
internal diameter) are very particularly preferred.

The thickness of the catalytically active oxide material applied
20 according to the invention to the carrier is advantageously as a
rule from 10 to 1000 um. Particularly in the case of annular
carriers, from 10 to 500 um are preferred, particularly preferably
from 100 to 500 um, very particularly preferably from 200 to
300 um.
25
The fineness of the catalytically active oxide material to be
applied to the surface of the carrier is of course adapted to the
desired coat thickness. For the preferred range of a coat
thickness from 100 to 500 um, active material powders in which 50%
30 of the powder particles pass through a sieve having a mesh size
of from 1 to 10 -um and which contain less than 1% of particles
having a longest dimension of more than 50 pm are particularly
suitable. As a rule, the distribution of the longest dimensions
of the powder particles corresponds to a Gaussian distribution as
35 a result of the production.

In order to obtain the desired coat thickness, the novel process
is advantageously repeated periodically, ie. the carrier provided
with the base coat then forms the carrier first to be moistened

40 and then to be coated by bringing it into contact with the dry,
finely divided oxidic active material in the subsequent period
according to the invention, etc.

45
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35 spherical BRSE Afctiengesellseraht o9 0940760 or r esp®rlis @A8RAEFALPY (o
DE-A 26 26 887. According to the description of DE-A 29 09 670, m xtures of
wat er and al cohol may al so be used as the suspending nedium After the 40
suspension of the catalytically active @4 de nmaterial has been sprayed on,
t he noi sture morirder tSs cddidy BatethdynopasShrecadscbnhah BidustEhel egdyd, ment s

of DE-A 29 096743 ghePefdtd Wdeismid alo Geat Btk GRLRLYSSrindlWe¥eisAYbd
d. fm" di el
o the. Zr(‘iiidlur?e 2378 BN, OB 4B B, fave L TASRL T Hlinger M fLSL DL 20°

nmol di ngs: to a"ﬁfgq merate, as already rrentloned with reference to DE-A 26 26
887. FurthePnore, in the case of the annul ar coated 6. catal ysts, the

resul ting spebi fthds patvedduriecakthy cetriiegsstw ftacecated afe tiherodatedfinawi de
material is genplederyblypsiaidiihadt ofhe atBid BLintidnseidi 4% b8 @ RAI1RCEEsmf OF

the preparatigp «of 99° ﬁ@lﬁ:ra't‘iﬁlz %E@lﬁe‘fof‘fcﬁd e‘iﬁtnﬁié(sé Sturwﬂﬁﬁfé rbra'&oggyff us

suspenS| on or SC}| U&,bon 1.s f.or med riorg ca recursors a or q_anl
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articular s erlcal or cy11 drical, espec1ally ho low

cylindrical, through two metering apparatuses arranged a certain
distance apart. The first of the two metering apparatuses
advantageously corresponds to a nozzle through which the carriers
rolling in the rotating turntable are sprayed with the liquid

15 binder to be used according to the invention and are moistened in
a controlled manner. The second metering apparatus is located
outside the atomization cone of the liquid binder sprayed in and
serves to feed in the finely divided oxidic active material (for
example via an oscillating conveyor). The carrier spheres

20 moistened in a controlled manner take up the supplied catalyst
powder, which is compacted to a cohesive coat by the rolling
movement on the outer surface of the cylindrical or spherical
carriers (such compacting movement does not take place in the
inner circle of a hollow cylindrical carrier and said circle

25 therefore remains essentially uncoated).

If required, the carrier provided with a base coat in this manner
once again travels past the spray nozzle in the course of the
subsequent rotation is moistened in a controlled manner in order

30 to be able to take up a further layer of finely divided oxidic
active material. in the course of further movement, etc.
(intermediate drying is as a rule not necessary). The liquid
binder used according to the invention can be removed, for
example, by finally supplying heat, for example by the action of

35 hot gases, such as N; or air. A particular advantage of the
embodiment, described above, of the novel process is that coated
catalysts having coats consisting of layers of two or more
different active oxidic materials can be prepared in one
operation. It is noteworthy that the novel process results in

40 completely satisfactory adhesion both of the successive layers to
one another and of the base layer to the surface of the carrier.
This also applies in the case of annular carriers.

For the embodiment, described above, of the novel process, it is
45 essential that moistening of the carrier surface to be coated is

carried out in a controlled manner. In short, this means that the
___EEEEEEE_EEEEEEE-iS advantageously moistened in such a way that it
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or solution and the liquid conponents are renpved by 10 evaporati on with
‘occasional stirring. The coated carriers thus obtained are then cal ci ned
and the catal yst precursor  layer is con¥@rted into active oxide. The

di sadvant age cohthbhs Jdsereddr eiqeid bdhdeheburesol Liqeid phked aatsighstis have
relatively i rdia%ﬂ%%lé‘%ﬂ thii ckheRs shYtide! T ene tdi Adhesipradd ilsheogoat

tothe 15 carbigh, sthdahgens &f@f&#fcaesf%e%tc%ﬂgeaémec%&%@%@gl h the

catal yst pr e BT EGe erial ,_Unco manner
gaseous conmpRIFASTRRREF FQugeve f§ BF91METBERR AR ?a 88 448 and
EP- A 37 495 rasconhedentfe theepariadeonDekatbhtiad thbs aspeFst a7 \34vee 4Pr ay
process descmEbad2abd®e&7dr. by the process of GB-1 331 423, with the

di sadvant ages stated above. EP-B 293 859 di scloses a process for the
preparation CAn %absﬁt &Oeh@%&?&lauééésmmhag Ene eAhhi f ra@dvall ow

coati ng appar@gui %f% 1nsde9 %&I&jhg ﬁpg{lpﬁyl a'&bﬁti"ﬁifﬁ maﬁngprked

coat thicknes oVer.

re_sir

di f ferent %Q)tfé"rreeﬁﬁ"?%&é’éf eF‘BR%Vetrmnt ﬁﬁ iﬁ’f‘% Ot gﬂ?)r%’gg’&ﬁlsé of

EP- B 293 ‘859 dasey hghis (caredenatfrrtadobYi h@etwlear% é‘rotsﬁﬁﬁ?%sa‘h@t“ directly
with the cat alppropalate aeperatureld £3equenely £ropus0 ia A58° @ edioweyer,
materi al ther@ef acthén |d het gssananr brlly i efifect hprdnimimarpydsyireeqdbat

conbustion (calhghnaty MY can then be carried out, for example, in a drying
15 oven of any type (for example a belt dryer). The temperature used
should not be above the calcination temperature employed for the
preparation of the oxidic active material.

Surprisingly, it has been found that many of the polar organic

20 binder components decompose on oxidic materials at elevated
temperatures (which are below the abovementioned calcination
temperature) and in the presence of atmospheric oxygen to give
gaseous components, such as formic acid, H;0, CO; or CO.
Surprisingly, this is not as a rule accompanied by a reduction in

25 the adhesion of the oxidic coat to the surface of the carrier. On
the other hand, an increase in the specific surface area of the
oxidic active material is not achieved. This has made it possible
for the first time to provide, for various oxidic active
materials, annular coated catalysts which are completely

30 satisfactory both with regard to the adhesive strength of the
oxidic coat and with regard to the specific catalytic active
surface area of the oxidic active material present in the coat.

In this publication, data with respect to the specific surface

35 area A (m?/g) relate to determinations according to DIN 66131
(determination of the specific surface area of solids by gas
adsorption (N;) according to Brunauer-Emmet-Teller (BET)).
Usually, they are carried out by first determining the surface
area for the uncoated carrier and then that for the coated

40 catalyst. The difference then gives the desired value for the
oxidic active material of the coat. In many cases, the oxidic
active material of the coat is diluted with finely divided,
catalytically inert oxide (frequently oxides of Si, Al, Zr and/or
Ti depending on the gas-phase reaction). Where the term specific

45 surface area of the oxidic active material is used in this
publication, this means the value of A excluding the contribution
of this inert diluent. Since these inert diluents are generally
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calcination is acconpani ed by spontaneous, ie. nore or |ess uncontroll ed,
t hermal deconpositions of conponents present 35 in the precursor nateri al
to gi ve gaseous products which, on the dki® hand, result in the formati on of

spefci al pore dﬂ&éc:.Idwfshﬁﬁslﬁ)rﬁixeafbaégﬁizﬁﬂ@bﬁfgtf@; alybi cohd PirAtlibMeto f

surface area e o

the catal yti cglifg( &elgugi%g& arfé ﬁgo%ﬂ{ J:g;%%i ?%e degg#ﬁ%é&@géga%%&%gt i on
a

after coating’is 8ot TN Bgtches may be
produced during caIC|nat|on (for exanple in the case of an incorrect

cal ci nati on5at nDspgE£) -subbaki Nsraid osNehE Bodts -S WagEass | atday ofiDERe
conpl i cated when coating has al ready been carri ednent.dBEReBta93 859

mentions water, al cohol and acetone as 45 binder&pntainnﬂﬁﬂm @het coa@nmoni um
nitrate, graphite and stagpgha; mag3-be -3 956

377 and DE-A 235 151 disclose a process for the | ; rica
oxi de coated catalysts, in which the carrier spha%§%22ﬁ£C%?F§ n%%?s ened

with water 18r anot her I|qU|d such as petroleun1et er, as a binder. The

catal ytically
Ie. A is the spec1fic catalytic active surface area.

By suitable choice of liquid binder to be used according to the

15 invention, it is possible, independently of the type of
catalytically active oxidic material, to use the novel process to
produce spherical and annular coated catalysts (in the coat
thickness range described) whose A value is regularly from 20 to
30 m?/g. These values are unusually high for annular oxidic coated

20 catalysts and are known in prior art processes at most for oxidic
active materials having a high phosphorus content and of the
hetero polyvacid type (Keggin structure type).

A measure of the adhesive strength of the oxidic coat is the
25 following turntable abrasion test, on which all adhesive strength
data in this publication is based.

At room temperature, a suitable turntable (angle of inclination
45°) of polished V2A stainless steel (300 mm diameter, 100 mm edge

30 height, no baffles) is filled to 30% of its volume with coated
catalysts and rotated for 5 minutes at a speed of 35 revolutions
per minute. The abraded active material produced is weighed. When
the result is divided by the total amount of oxidic active
material present on the coated catalysts introduced and

35 multiplied by 100, the abrasion Ab in % is obtained.

Regardless of the type of catalytically active oxidic material,
and even at the abovementioned high A values, the novel process
as a rule gives spherical or annular coated catalysts whose Ab

40 value is < 10, in general 5, % by weight and, when the liquid
binders stated in this publication as being partlcularly
preferred are used, even < 0.5% by weight.

45
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5 active oxi aBe matAktl ?%S?Jh ?\c%%%'fl ed t93°t7qu9 bi ndergh%i‘ S?%ﬁ%é4§%+?l er by

rolling the noist carrier in the pulverulent catalytically active oxide
material. The di sadvantage of this procedure is that the achi evabl e coat
thickness is limted by the binder absorlﬂ’tlw ty of the carrier, since the
bi ndi ng of the Bhouddabe mtaredusdenthisk pddnpatlerti aﬂ.ltnrmssalseapﬂpin she
dependent on rddied abavivg @f hhadedriideanwith kildhe aetiveematdrial thidFore

di sadvant age gfg trlgﬁo{}gi hﬁd the ﬁ_if\k id BAndesr £& YrrBRLSd &N ROrfie A room

particul ar surf r | ating process varies continuously,
le. the base @%?acg%(rgs(le' 5B§ont act S)Wlth the 15 noi sture of the uncoated

carrier. Th® noisture then has to mgrate initially through the base |ayer
to the surfadkn teséenbial featyse ob the apvel tnrosesd isirthad, Avstead wdteri al ,
etc. Consequeprdcoprsan matexrialli kehe hsltlalgticalily ect $velhddidiedpatdrreiaadhssi on
of successi vesdchy8ESapPL e tan@ﬁélafarb@eag RsY ttheUppéparatd olNsAtdaif@ct ory.
fs arule fheapghhcaiial g %reaﬂ%easn;ahﬁefnatacmduak s@Yilay Lo peel
away one a{% 3'—[3-% uddled tmg ég & [ USE |s wat er .
DE-A 29 09 bunds r8u Phicainy E%%’f%"ﬁ ST FdddurB
descri bed t hei® B¢ P‘ﬁ?l’%%lth St??e“?dﬁér?c‘éqrycétf‘ iB3te, prg Sﬁal?]r%lflﬁéély
rotating turrdisdided dne migtarengvhighdgbthepsubdscted toplkal tiraticm ehds s
peri odi cal | y tthreaghrédw aomtverted) into finely divided form by milling. As is

generally known, all that is important is that the sources are

15 either already oxides or are compounds which can be converted
into oxides by heating, at least in the presence of oxygen. In
addition to the oxides, suitable starting compounds are therefore
in particular halides, nitrates, formates, oxalates, acetates,
carbonates and hydroxides. ' '

20 :

The thorough mixing of the starting compounds can be carried out

in the dry or wet form. If it is effected in dry form, the

starting compounds are advantageously used as finely divided
powders and, after_mixing and if required compression molding,

25 are subjected to calcination. However, thorough mixing is
preferably effected in wet form. The starting compounds are
usually mixed with one -another in the form of an aqueous solution
or suspension. The aqueous material is then dried and thereafter
calcined. The drying process is preferably carried out by spray

30 drying. The resulting pbwder frequently proves to be too finely
divided for direct further processing. In these cases, it may be
kneaded with the addition of water. The resulting kneaded
material is then subjected to calcination and thereafter milled
to give finely divided oxidic active material.

35 _

The calcination conditions are known per se for the various

possible oxidic active materials to a person skilled in the art.

The novel process is advantageous in the case of multimetal oxide
40 materials containin Mo and V or Mo, Fe and Bi.

The novel process proves particularly advantageous in the case of
active multimetal oxides which are to be applied as a coat and
are of the general stoichiometry I

45
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of the two netering apparatuses corresponds to a nozzl e 30 through which
the carrier spheres are sprayed with water and noistened in a controlled
manner. The second netering apparatus isl8 ocated outside the atom zation

cone of the water, sprayed. M&ﬁﬂgﬁﬁg@y@ﬁ&p@fé)f eed{]gg in the finely divided
oxi diic active material (for exartplcedveafaﬁ sci | I'dt'i ng conveyor). The

carrier 35 spheres noi stened in a controlled manner take up the added

cat al yst powder which is conpacted to a cohesive coat on the outer surface
of the carrieVf %’p%eres as a result of the rolling novenent. The carrier
sphere provﬁded in this manner with the base coat passes as, so to speak,
~fresh carri erxbnces dgaiNb,40at Itowgld/bheCs,pray nozzle in the course of the

subsequent rogati o&,cd,S NIDI gbenrd MA aﬁ@/&am control |l ed manner to enabl e
it to take upga f%téj,eranld gieerf f| nel y di vi ded oxidic active material in
{

t he course of_jur tc at _thickness can be adjusted
essentlallx lr'*g %%n%trolefagge mBrezéLliaﬁ.é {I 0 descri bed. Furt her nore,
t he honpge @e&y ofS tae 1e88¢ %’{‘? t?&'t [EP’éel%l]ﬁ%Pﬁv%FthBﬁ‘epé & ng in hot air,

a

t he water sig i .bPhdeFi and/BE FFnally renoved. A further advantage of
t he is from 1 to 6,

is from 0.2 to 4,
is from 0.5 to 18,
is from 0 to 40,

is from 0 to 2,

is from 0 to 4,

is from 0 to 40 and

is a number which is determined by the valency and frequency
20 of the elements differing from oxygen in I.

15

SQ MO QO e

The preparation of the active multimetal oxides I including the

calcination conditions, are described in DE-A 43 35 973.

DE-A 43 35 973 also discloses preferred embodiments within the
25 active multimetal oxides I. These include, for example, those _

multimetal oxides I which are covered by the following meanings

of the variables of the general formula I:

X! is W, Nb and/or Cr,
30 X2 is Cu, Ni, Co and/or Fe,

X3 1is Sb,

X4 is Na and/or K,

X5 is Ca, Sr and/or Ba,
is si, Al and/or Ti,
is from 2.5 to 5,
is from 0.5 to 2,
is from 0.5 to 3,
is from 0 to 2,
is from 0 to 0.2,
is from 0 to 1,
is from 0 to 15 and

is a number which is determined by the wvalency and frequency
of the elements differing from oxygen in I.

>
o

35

40

sTa e a0 O o

45 However, very particularly preferred multimetal oxides I are
those of the general formula I’
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material can be such that it is conpletely taken up during the coating so
that no | osses of active material occur, However, a disadvantage of the
procedure described is that the sole usd6of 5 water as the binder does not
produce conpl etely sati sf agd,gvx1agdixegéqp of the Goqt to the surface of the
carrier sphere. In addition, the spéc¥fic active surface of the resulting
oxidic active material coat is in general not conpletely satisfactory'. 10
It is an obj ec&e of the present invention to provide a process for the

preparation of "4 %at al yst, consisting of a carrier .and a catalytically

active oxi d® material which is applied to the surface of.-the carrier, which
process does ¥ot imVeapfiéodiNndvant ages of the prior art processes and is
suitable in 1 patd icaubad/domit,he preparati on of annul ar oxidic coated
catalysts. Thes | afd @¥a ahg/@ardd,cul arly advant ageous conpared to spherical.
coated catal ygts gf gidgﬁay&pllective mateiral, coat thickness and
volune-spegéflc activity In t ét t hey produce a snaller pressure drop al ong
the fixed PEP ietS SFRM 2rtPaditral 20 pressures of the gaseous reactants
build up at & gi vigh f¥@8ctof® ITo@ei ng (the anpunt of reaction mixture fed to
the reactor per is from 0.75 to 2.5,

f is from 0 to 0.5,

g is from 0 to 8 and
15 n is a number which is determined by the valency and frequency
of the elements differing from oxygen in I’. '

Coated catalysts prepared according to the invention with the
active multimetal oxides I are particularly suitable for the

20 preparation of acrylic acid from acrolein by gas-phase.catalytic
oxidation. This is true in particular for spherical or annular
coated catalysts, especially when they have the characteristics
(geometry, coat thickness, etc.) described in this publication as
being preferred. The general reaction conditions for the

25 gas-phase catalytic oxidation of acrolein to acrylic acid are
likewise described in DE-A 43 35 973.

The novel process is also suitable in the csae of active
multimetal oxides as used for the catalytic gas-phase oxidation

30 of methacrolein to methacrylic acid and are described in, for
example, DE-A 40 22 212.

The novel process furthermore proves suitable in the case of
active multimetal oxides which are to be applied as a coat and
35 are of the general stoichiometry II

Moj2Bi FepXl X2X3X40, (I1)
c def ’

40 where

X! is nickel and/or cobalt,

X2 is thallium, an alkali metal and/or an alkaline earth metal,

X3 1is phosphorus, arsenic, boron, antimony, tin, cerium, lead,
45 niobium and/or tungsten, '

X4 is silicon, aluminum, titanium and/or zirconium,

a is from 0.5 to 5,

1)
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.along. the individual contact tube in the direction of flow during
exotherm c catal ytic fixed-bed gas-phase oxidations has a 25 reduced
anpl i tude. This has an advantageous effddt on the life of the oxidic active
materi al usedc A fsirfidoer 0Oalvard 8ge of annul ar coated catal ysts over those
havi ng a sphe¢i cals Hrape3i sotigt the tenperature behavior of the

t ube-bundl e rgacty d,%m §S§2SENS,tive to fluctuations in the inlet
tenperature of thg tg}%hps%gté ng 30 medi um surroundi ng the contact tube.
If, for exarrp?e, Jﬁﬂ S nlel” t€nmperature accidentally increases by one
degree, the’hbt skﬁnfﬁﬂngeF%t &84 n the contact tubes usually increase by
nmore than onetdegk®ead nupbenmiish dsadeterodingdyky heavelieneyy andefirpaegncy
active material s,ofadie ehemndmess S4€fanthy droneesysm fincIactivity), 35
however, this additional increase is smaller. W have found that this

obj ect is achiygyedeBYrae PSP Sct Ne 8 tPREPAT ¥1QBsOF 1 2 164 Bk é%p‘%ﬁ cd

consists of .a rriéer_and a. taFtlgrlg']l act1ve oxrd r led to
t he surfacioo?é:f% aiéoﬁa??rfadé‘r%?q’ﬁyvﬁﬁecﬁegﬁﬁlc%ea‘i/ﬁneﬁhi'lg ‘ﬂf?étb I'stened with
a liquid binder, a layer of active oxide material is then bound to the
surface of tHeoahsidscanetlvets prepangd Mmacegiing ito theolrvantden with they,
finely divi deabtiaet mudtimettdl orfides all azpdpédheidulguly diitddilei fot hdre
renmoved fromphearaicsbRNEH acolbehi nt pdopéid) KBICHh¥Sphase catalytic
15 oxidation. This is true in particular for spherical or annular
coated catalysts, especially when they have the characteristics
(geometry, coat thickness, etc.) described in this publication as
being preferred. The general reaction conditions for the
gas-phase catalytic oxidation of propene to acrolein are likewise
20 described in DE-A 40 23 239 and in DE-A 44 31 957.

The abovementioned coated catalysts comprising the active
multimetal oxides II are, however, also suitable for the
-preparaiion of methacrolein from tert-butanol, isobutane,

25 isobutene or tert-butyl methyl ether by gas-phase catalytic
oxidation. The general reaction conditions for this catalytic
gas-phase oxidation are described in, for example, DE-A 40 23 239
and DE-A 43 35 172.

30 The novel process is also suitable in the case of the active
oxide materials. of DE-A 44 05 514.

However, the novel process is of course suitabl_e very generally
for the preparation of coated catalysts based on active oxide
35 materials, in particular for the catalytic gas-phase oxidations
mentioned in this publication in connection with the evaluation
of the prior art. This is also true when the oxidic active
material comprises only one other element in addition to oxygen.

40 The advantages of the novel process are in particular
- the fact that the coat thickness canlbe varied,
- a high adhesive strength of the oxidic active material in

45 combination with a completely satisfactory specific surface
area thereof, :
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45 oxide matertal, 1éarnéeset]'h clh I d bi n%ler used |sOazsolot?tsioo/r‘f'i con5| sting

of from20 to 90@6by wei ght of mater and from 10 to 80% by wei ght of an
organi ¢ conpound whose boiling point or 9 sublinmation tenperature at
at nospheric pressure (1 atm is > [err]lﬁreferably > [err]. The organic
content of the |ggeatebihmhogeneibe afssbearemnldiing coat Hariicknessikath ever
preferably from kfiet subfhcepaft onelcarryepr afidrovery the sucFaceoo80difidrent
weight. 5 ParticuyhachyrsWidsabl e organic components of the novel liquid
bi nder are nonohydric and pol yhydric organic al cohol s, such as ethyl ene

gl ycol, 1,4-butane exanedi r, nonohasi ¢ or pol ybasic
organi ¢ carboxyl i égééﬁ%tdréfué’ﬁ)éa‘ét ﬁfoﬁp %Fﬁ{m% §Pdp N a%&l c acid, nalonic
acid, glutaric acid or naleic acid, am no al cohols, such as et hanol ami ne or
di et hanol am r‘th,isrrimoﬁmtihopartinulpgl of Laronilgmataxnignsi-c ani des, such as

formam de, and nonosacchari des and ol i gosaccharides, such as gl ucose,

fructose, sughQagi18¢ |actose. Preferred organic 15 conponents are those
whose b0|Ii&g poi nt or sublimation

a) Preparation ‘of catalytically active oxide materials
A: Catalytically active oxide material Moj;ViW;, oCuz 40n

15 190 g of copper (II) acetate monohydrate were dissolved in
2700 g of water to give a solution I. 860 g of ammonium
heptamolybdate tetrahydrate, 143 g of ammonium
metavanadate and 126 g of ammonium paratungstate
heptahydrate were dissolved in succession in 5500 g of

20 : water at 95°C to give a solution II. The solution I was
then stirred all at once into the solution II and the
aqueous mixture was spray-dried at an outlet temperature

- of 110°C. The spray powder was then kneaded with 0.15 kg
‘of water per kg of powder.

25
The catalyst precursor thus obtained was calcined in a
through-circulation oven fed with an oxygen/nitrogen
mixture. The oxygen content was adjusted so that the O3
content at the outlet of the through-circulation oven was

30 1.5% by volume. In the calcination, the kneaded material

' was first heated to 300°C at a rate of 10 K/min and then
kept at this temperature for 6 hours. It was then heated
to 400°C at a rate of 10 K/min, and this temperature was
maintained for a further hour. In order to realize a

35 certain ammonia content of the calcination atmosphere,
the oven loading L (g of catalyst precursor per 1l of
internal volume of the through-circulation oven), the
inlet volume flow IF (1/h (S.T.P.)) of the
oxygen/nitrogen mixture and the residence time R (sec) of

40 the oxygen/nitrogen feed (ratio of internal volume of the
through-circulation oven to the volume flow of the
oxygen/nitrogen mixture fed in) were chosen as follows:

L: 250 g/1;

45 IF: 80 1/h (S.T.P.);
' R: 135 sec.
is-Sheet Has Been R laced : e
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tenperature a% rmsﬁh 9% pressure is b?aflgwst he cal c? natlooonsq/e‘lrrsp‘le]F%ture

used for produm ng catal ytically active oxide materi al, or which deconpose
into gaseous conponents in the presence 8f oxygen on the cat al ytically
active oxide material 20 bel ow this cal ¢Pnation tenperature. The

cal ci nati on tenperat The throsghaidiyculieier overqusft had] anrintesAdli HoHemsy

cases < [err]. Accor@fng Lo THee catvénéd watalliygical ly adelse wiedeerilbdi vasg

Bglr ?.t Cﬁlt aglt ;m;gc;lt C Mi1933UES d $1ﬁEded11nQQe@ pOwEEES fslbbs%oﬂbéhée ph2@i€ledr e
s NexGR

contrast to the use %%O%F‘é?%at x gs E#;@%?‘% ﬁgﬁ g sﬁnifglvlte o éq 1pEeC§§tS%d

inter alia,®the fact W55t St%% 8I PRI td'oﬂlﬁ eésrtaree eﬁj aid E@g{f %

wetting both the finahichi W@iefd‘eo%PBﬁ!%Stacﬁli"\?éshﬁ?é? Fprehhpn

carriers. The mat er | dlessothémeldcarriers are preferably cheni cal ly inert,
ie. they do not essentially intervene in the course of the gas-phase

oxi dation which i$, ¢ e tod qedhat syt
tot t he : an(gt i on. BSACE:iEor 3?‘%89?%"}12 Fﬁeegncﬁio% paér;%lllaguﬁg% ngélttag 5i&<i9Q4bgl "
material s

r the carrlers il
kaolin, steatite, pu eg 8? %%FFI czﬁtét%%s'??é‘& un?s‘ﬂkllcéte ay, i con
car bide, zirkonium nlckel(II) acetate tetrahydrate were dissolved in 2786
of water to give a solution I. 860 g of ammonium
heptamolybdate tetrahydrate, 143 g of ammonium
15 metavanadate and 126 g of ammonium paratungstate
heptahydrate were dissolved in 5500 g of water at 95°C to
give a solution II. The solution I was then stirred all
at once into the solution II and the aqueous mixture was
spray-dried at an outlet temperature of 110°C. The spray
20 powder was then kneaded with 0.15 kg of water per kg of
powder. The kneaded material was heated in an air-fed
rotary tubular 0ven to 400°C in the course of 3 hours and
then calcined at 400°C for 5 hours. The calcined,
catalytlcally active material was then milled to a finely
25 divided powder, 50% of the particles of said powder
passing through a sieve of mesh size from 1 to 10 um and
the proportion of particles of said powder which have a
longest dimension of more than 50 pum being less than 1%.

30 b) Preparation of coated catalysts

. VS1:28 kg of annular carriers (7 mm external diameter, 3 mm
length, 4 mm internal diameter, steatite, having a
surface roughness R; of 45 um and a total pore volume of

35 < 1% by volume, based on the volume of the carriers,
producer: Hoechst Ceramtec, Germany) were introduced into
a coating pan (angle of inclination 90°, Hicoater from
Lodige, Germany) having an internal volume of 200 1. The
coating pan was then rotated at 16 fpm. 2000 g of water

40 was sprayed onto the carriers via a nozzle in the course
of 25 minutes. 10.35 kg of the catalytically active oxide
powders alA) were metered in continuously and
simultaneously in the same period by means of an
oscillating conveyor outside the spray cone of the

45 ' atomizer nozzle. During coating, the powder fed in was

completely absorbed onto the surface of the carriers, and

no agglomeration of the finely divided oxidic active
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advant ageousl y rough since increased surface roughness generally results in

greater adhesion of the applied coat to_fhe oxidic active material. The
surface roughness Rz of the carrier is % eferably from40 to 200 [err], 45
particul arly preferamppgefiamwid tbsddied.cAftex ddteceminef] tdvraddibgon @Dl N
4768 sheet 1 using apbegeelarddEstesrf dotDalirl SO s10°takss PACMIELRES &Hé)m

- Hommel werke) . The cagph€in g8l S2 0T nd@eBO4 O WS sgee&oof]-@ mD OBPRS

‘The carrier material s pig goakzéxu@&%wguaghotra HQLHTE 050 <, 3 1% by

vol une, based on the voI eoneifies of

the carriers are in 5F?E%9ﬂﬁ§¥'?ﬁ té&ﬁ??”?gﬁg v@Frpr%ﬁz T#ARt rif%ngest
dimension is as a r uPBRRFMCPated 1CakAhYSHEwetke PropRstien Gf eyidheiarativen
particul ar hol | ow cymaheeis], waseZb%éﬁemabb#tuim&easonhehexﬂamaérweﬂihdf
cylinders are used agheagddterthickhéss wasngsh 4+ Soopaf st Yver the surface
of one carrier and over the surface of different
10 carriers.

S1l: As for VS1, but 2000 g of an aqueoﬁs'solution consisting
of 75% by weight of H;0 and 25% by weight of glycerol
were used instead of 2000 g of water. The resulting

15 annular coated catalysts had the same content of oxidic
active material as SV1 but the range of fluctuation of
the coat thickness was 230 *+ 25 pm,

S2: As for vSl1l, but 2000 g of an aqueous solution consisting
20 of 75% by weight of H;0 and 25% by weight of propionic
" acid were used instead of 2000 g of water. The resulting
annular coated catalysts had the same content of oxidic
_active material as SV1 but the range of fluctuation of
the coat thickness was 230 x 30 um.
25 _

S83: As for VS1l, but 2000 g of an agqueous solution consisting
of 75% by weight of H;0 and 25% by weight of formamide
were used instead of 2000 g of water. The resulting

_ annular coated catalysts had the same content of oxidic
30 active material as SV1 but the range of fluctuation of
the coat thickness was 230 x+ 30 pum.

S4: As for VS1, but 2000 g of an aqueous solution consisting
of 75% by weight of H;0 and 25% by weight of ethylene
35 . glycol were used instead of 2000 g of water. The
resulting annular coated catalysts had the same content
of oxidic active material as SV1 but the range of
fluctuation of the coat thickness was 230 + 25 pm.

40 . 85: As for V81, but 2000 g of an aqueous solution consisting
of 75% by weight of H;0 and 25% by weight of
1,4-butanediol were used instead of 2000 g of water. The
resulting annular coated catalysts had the same content
of oxidic active material as SV1 but the range of

45 ‘fluctuation of the coat thickness was 230 + 30 pm.
/ ) .
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from2 to 10 BASF rﬁ“f’h % ]ésr%tf'ﬁftdi arre?«%wspef erabl?/'%‘r 09795104%5*_300 nmm

the case of r| ngs, the vvaII th| ckness is furthernore usually from1l to 4
nmm Particularly preferred annular carriers have a length of. from3 to 6
mm an external diameter from4 to 15 82km and a wall thickness of from1
to 2 mm Rings h&fi:ndst fergédhetbuy 200Nk oF am agueows ekt eiomalcodsaseimy X
l ength x internal di aferes)byprweightyopaH,0i 6hdazsy byt eéegiteds The thi ckness
of the catalytically 13¢lh¥gaiedidq WBEENIgHa aﬂeté&ﬂ 0%02666% <Bfng,after
i nvention to the car rfe%ﬁll:g {i%\fﬁ]ﬂ&gge@&?ééé ggt 8‘ ro% n%e err]
Parti cul arl in the ¢ r
preferred, darticul a?y ’f‘éraé’ﬁllyef‘}’%rrﬁrf@é Bgrt icularly
preferably from 200 tfdugbeatiqn pf bhe gRaty |"—héﬁ1§3%ssof"a§h 3¢ ddytmeal |y
active oxide material to be applied to the surface of the carrier is of
course adapted t@7:hasdesrrer, tRat iAStdddesS10 35 Kghes prd Jatadyt segELf a
§8aéft[‘hék§§35eir821 é‘%ﬂg %5;?;;[ ?ﬁ%% gﬁe”@f‘ aéVS?’Bn@W%ﬁ“%Pfgf‘g : rom

a § t g i F g as used

g

1 to 10: mand which ongest
;’éﬁf ARYL-8r p%ﬂa(tleéuf:

a r.ers

icle Vi N
di nensi on of nore t hdRSB Fivals; PQ‘BI@" ng COREPnY he
di stribution of the P8ng8idigiagsi¥popaterial as S1 but the range of
fluctuation of the coat thickness was likewise

230 £ 25 pm.
15
VS2:As for S1, but 2000 g of ethylene glycol were used
instead of 2000 g of water. Separate carriers coated with
active material were not obtained. Instead, multiple
elements strongly adhering to one another were formed.
20

VS3: Example 1b) of DE-A 29 09 670 was repeated.
c) Determination of the specific, catalytically active surface
area A (m2/g) and of the abrasion Ab (%) of coated catalysts
25 from b)

Table 1 below contains the values determined for A and Ab.

Table 1
30
Coated catalyst A (m2/qg) Ab (%)
VS1 17.5 > 10
s1 23.2 0.1
35 s2 17.5 0.3 -
S3 - 17.4 0.2
S4 ~ 23.7 0.1
S5 _ 24.3 0.3
40 S6 28.5 0.2
S7 23.0 0.2
Vs3 17.4 0.1
45
This Sheet Has Been Ry THIS SHEET HAS BEEN
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of the powder particl Jégnggﬁfesf)grﬁ?igtto a 0u75650| an di s?rlzbutopgglgg‘lég a

result of the production. In order to obtain the desired coat thickness,

t he novel process is advantageously repﬁﬁ%ed periodically, ie. the carrier
provided with the base coat then forns carrier first to be noistened 40
and then to b® coBreqessgy fpri the myeparabion odnaerylid wieidhfrem crbileéh by

di vi ded oxi di ¢ acydsreohameecaidlytdict bridathiomquent period according to the

i nvention, etc. 45 REPLACEMENT SHEET 11 In order to carry out the novel
process on an i ndsd Idoake§CR4Ga1ysts! §si MAILES" G AlMI32Bh L CHIGWENEn 2
. process prigciple discl | ugE-A 9, 67 -%ut to .a novel | 1°qui d

5 mcg%ets.l.e rc%ﬁggc]:th r\-t = suggmg'l e% %yt% es%lé:r Plggﬁ

bi nder instéad of sTprocedure, 's to be coated are
i ntroduced into a preferably inclined (the angle of inclination is as a
rule from30 to [Redg) coptact fipbeonVad raipfiess exkaedl. e2amm wallabhéciness,
coating 25 mm internal diameter; 1.5 1 of the model contact tube were

filled with the particular coated catalyst. The reaction
10 mixture had the following starting composition:

5% by volume of acrolein,

7% by volume of oxygen,

10% by volume of steam and
15 78% by volume of nitrogen.

The model contact tube was loaded with 3600 1/h (S.T.P.) of

starting reaction gas mixture. The temperature of the salt

bath was adjusted so that an acrolein conversion of 99 mol%
20 resulted after a single pass.

The salt bath temperature T required for this and the
selectivity S of the acrylic acid formation are shown in
- Table 2 below.

25
Table 2
Coated catalyst T [°C] S [mol%]
30 used
vsl 267 95.2
S1 ' 263 95.3
35
40
45
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pan). The rothtsiFnékch}rﬁna?ens&np?acshsaéfé:the g&lo?lsgrs mh?c%‘a?gs%‘lﬁﬁlo

parti-cul ar spherical or cylindrical, especially hollow cylimdricat,through
two netering apparatuses arranged a certain distance apart u
the two netering apparatuses advant ageod y corresponds tc““l]imlulm‘ ml m%
which the carriers rolling in the rotating turntable are spragedtwi®h

liquid 15 bi wdeclaimbe used according to the invention and are noi ;tened I n
a controlled manner. The second netering appar at us is located outside the

atom zation gone, o% 65@54 |fgg| gh%)e&%glar Qadlys rves %loﬁr%el,dslql no]E

finely divided OXI | C actlv exa an. o
conve%or) SThe cr FrEFLSD § <'Z?j:arjré’l i@ﬁ c‘b’Fﬂtq'eoF“Iaéﬁr%ﬁ@Plﬂ-ﬁﬂe up
the supplied cat&Pyste p%%ééﬁ’e ohithe Férﬁbﬁ*ﬁ)aéﬂevhi-@'l dheoRasrier deatibgtt he
rol ling novenent mohsténedbuich aurifaudd binddm aylayeir iafalacoive phdidiecal
carriers (such ceapecidingshmenensvundoes Y sh@k&c@'&CthnméMéﬂ&er circle
of a hollow cylipggt £ BEiﬁélr'ﬁj“CitsilhE’o CdJn‘EE‘étzvﬁléﬂ" §f Ofih,ee '10§ded,

nC

TnoThi s miner oRREide deidk felean,  ig (Gle 1oy P RINGRE 1L sheh aBpered

C
t he subsequent r 3T|%PF F‘?lﬁﬁ?‘éﬁ‘ir‘r{éar?‘ﬁré’%ﬁ?r%’r?%&%ﬂﬁe‘?x’rq‘? geseriab t o
be able to take Wpere¥ntheeligpidbinfer|yrad igi 3i srldtdrndeensiatiing adteri al
in the course of £fomtdertonBlenmniweight.of water and from 10 to 80% by
weight of an organic compound whose boiling point or
15 sublimation temperature at atmospheric pressure (1 atm) is

> 100°C.

2. A process as claimed in claim 1, wherein the liquid binder
contains from 10 to 50% by weight of the organic compound.

20 . _ :
3. A process as claimed in claim 1, wherein the liquid binder
contains from 20 to 30% by weight of the organic compound.

4., A process as claimed in claim 1, wherein the organic compound
25 is at least one compound selected from the group consisting
of monohydric and polvhydric alcohols, monobasic and
polybasic organic carboxylic acids, amino alcohols,
monofunctional and polyfunctional organic amides,
monosaccharides and oligosaccharides.
30
5. A process as claimed in claim 1, wherein the organic compound
-is at least one compound selected from the group consisting
of ethylene glycol, 1,4-butanediol, 1,6-hexanediol, glycerol,
propionic acid, oxalic acid, malonic acid, glutaric acid,
35 maleic acid, ethanolamine, diethanolamine, formamide,
glucose, fructose, sucrose and lactose.

6. A process as claimed in claim 1, wherein the boiling point of

the 1liquid binder at atmospheric pressure (1 atm) is > 150°C.
40 '

7. A process as claimed in claim 1, wherein the carrier consists
of alumina, silica, clay, kaolin, steatite, pumice, aluminum
silicate, magnesium silicate, silicon carbide, zirconium
dioxide or thorium dioxide.

45
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(intermediate drying is as a rule not necessary). The [iquid binder used

according to the invention can be renoved, for exanple, by finally

suppl ying heat, for exanple by the acti of 35 hot gases, such as N2 or
air. A particular advantage of the _enbodi'nment, described above, of the
novel process8is A PFOCEEE: #¥ FALBLYsIT HAHNY. CHareiBokle STY5HGC6f | ayers of
two or nore differanghnassiRe ofxthé ccannieri 4p sfran 40etpreih®d i n one
operation. It is noteworthy that the novel process results in 40 conpletely

satistactor ye!?.d{‘?)isiﬁ%‘%eggﬁpaé)fclta]tiﬁegUﬁ‘?%l%.!i&ﬁel! AWRIfe1h0t RO CLARAL beLuR boOf

e sur . carsrj er arpg% Al e case
of annul ara%arri e$%9 p%gst%geté%ngélﬁ%%‘f,lgdgs%?rkgéioggggé, Oédf%g E%%/el '
process, it is 45V0IEEnPEFhe A THBF stening of the carrier surface to be
coated is carried out in a controlled nmanner. In short, this nmeans that the
carrier surfapk ixs padeassagealslipedoistandd Ln veriein g ldrgestt 12

contai ns adsor bedginietididnbbndale BHErex liis0girem phase 18Smalch is observabl e

on the caryjer surface. If the carrier surface is too noist, the finely

divided catal yfl Cflplr)cl)c%gtslgse c )é.ligngdrrP ec&'a%ln 1, wherein the carrier used
comprises spheres.

12. A process as claimed in claim 1, wherein the carrier used
15 comprises hollow cylinders.

13. A process as claimed in claim 12, wherein the hollow
cylinders have a length of from 2 to 10 mm, an external
diameter of from 4 to 10 mm and a wall thickness of from 1 to

20 4 mm.

14. A process as claimed in claim 12, wherein the hollow
cylinders have a length of from 3 to 6 mm, an external
diameter of from 4 to 8 mm and a wall thickness of from 1 to

25 2 mm.

15. A process as claimed in claim 1, wherein the coat thickness
of the catalytically active oxide material applied to the
surface of the carrier is from 10 to 1000 um.

30 ‘
: 16. A process as claimed in claim 1, wherein the coat thickness

‘of the catalytically active oxide material applied to the

surface of the carrier is from 100 to 500 um.

35 17. A process for the preparation of a catalyst which consists of
a carrier and a catalytically active oxide material applied
to the surface of the carrier, wherein a process as claimed
in any of claims 1 to 16 is repeated periodically, ie. the
carrier provided with the basecoat forms the carrier to be

40 - moistened in the subsequent period and then to be coated by
contact with dry, finely divided, oxidic active material,
etc. '

18. A process as claimed in claim 17, wherein the carriers to be
45 coated are introduced into a rotating container which passes
the carriers periodically through two successive meterin
apparatuses, the first of which sprays the ligquid binder or:o

\
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aggl oner at es %o glj\L/ket see%%er%?]él%% foi?n::rat gs 0|7r§s9t ead of b%1 n%ogolqusor%ed onto
the surface. Details in this respect are given in DE-A 29 09 671. An

advant age of the novel process is that %Be final renoval of the liquid

bi nder used can be carried out in a controll ed manner, 10 for exanple by
evapor ati on and/ drhesgBrrhexs gellingtire thenpptatingcontainer @md bbe etdaanded
by the action of dfowhdahesetsdrsainapips a@tiadyeitElpeaat ive dxideqnenetial riam

50 to [err]) Howemelelyt Bevfddd @8z@Af hot gases can only effect prelimnary
drying. The fi nal dry| ng can then be carrled out for exanple, in a drying

15 oven of any, ty, for exa bel t .dr, The te eratu e _us shoul d
ot “beabove Tre L AEERAS 1 ey r’rﬁﬁ?a’t‘hr"&"“é by tesh ThE EBRFLE O of

the oxidic activeGHver phaide gatgrial nf ¢ ™ t%f%%taﬂeéﬁlﬂ%mtﬁﬁaﬁnm a@yd

t he pol ar organi ¢/.20 bi nder conponents deconpose on oxidic materials at

el evated tenperatures (which are bel ow the abovenenti oned cal ci nat i on

tenper at ur e) And 4 'brbESsQrfsSQﬂQQmQ& £ aphe] ] Qvl'fé%)égﬁntﬁé) AitYey e
iU S S beatfi 50,

arule acconpanl are onin
the surface of tH¥%&frier. On the other hand, an increase in the specific
surface area of the oxidic active material is not achieved. This has nade
it possible 21. A coated catalyst consisting of a hollow cylindrical carrier

having a length of from 2 to 10 mm, an external diameter from

15 4 to 10 mm and a wall thickness of from 1 to 4 mm and a
catalytically active oxide material which is applied to the
outer surface of the carrier and is of the formula I

Molzvaxl x2 X3X4 X5 X60n (1),
20 de £9

where

X! is W, Nb, Ta, Cr or Ce,
25 X2 is Cu, Ni, Co, Fe, Mn or Zn,
X3 1is Sb or Bi,
X4 1is at least one or more alkali metals,
X5 1is at least one or more alkaline earth metals,
X6 is Si, al, Ti or Zr,

30 a is from 1 to 6,

b is from 0.2 to 4,

¢ is from 0.5 to 18,

d is from 0 to 40,

e is from 0 to 2,
35 £ is from 0 to 4,

g is from 0 to 40 and

n is a number which is determined by the valency and .

frequency of the elements in I which differ from oxygen,

40 the applied catalytically active oxide material

- being applied in a coat thickness of from 10 to 1000 um,

- and having a specific, catalytically active surface_area
45 of from 20 to 30 m2/g and :
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for the first tlsfremtﬂc:)lengesﬁlls?%?%arl ougs‘mc?xslo di c actpvé n‘gpgpflﬁﬁgmannul ar

coated catal ysts which are conpletely 30 satisfactory both with regard to
the adhesive strength of the oxidic coat,and with regard to the specific
catalytic active surface area of the oxi“ic active material present in the
coat. In this pubticaan @pragien of thlPespeefierablyhe Speerticutariace 35
area A (nR2/g) rel ate prefdetbly wal.isons be oadidihagih ocHd NuehtdBle abrasion
(determ nation of thesgqrecific surface area of solids by gas adsorption
(N2) according to Brunauer-Emet-Tel.l er (BET)) Usually, they are carai eﬂ
out by firs m._ni n rface area for coate carrier_and then
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val ue for the OX|Qﬁ§?¥¥§ﬂFV%3#ﬁﬁ§§PPaP oﬁcﬁq¥§1§oawhqu4nnﬁh9 etedystt heedxisdi ¢
active material of adsdedoertalysdi patelhimedhifickdim @lvi ded, catalytically
inert oxide (frequently oxides-of Si, A, Zr and/or Ti dependi ng on the
gats phaset reag‘,‘;f 1 Ql(‘)coa\é@@rSaEﬂ%(stteEg?l@%@cﬁ:nﬁ'nSf ]:ﬁ)‘irltaﬂ'cgy E %%rd' c
active matggi a [

excl udi ng t e con ‘th tio fer f?g Iéne 1§ in en%%géaih §gle ﬁjérfrom :
diluents are gene |H thlckness o rom 1 to 4 mm and a
catalytlcally active oxide material which is applled to the
outer surface of the carrier and is of the formula II

15 .MO12BiaFepXl X2X3X40, (1)
c d e £ ’

where

20 X1 is nickel or cobalt,
X2 is thallium, an alkali metal or an alkaline earth metal,
X3 is phosphorus, arsenic, boron, antimony, tin, cerium,

lead, niobium or tungsten, '

X¢ 'is silicon, aluminum, titanium or zirconium,

25 a is from 0.5 to 5,

b is from 0.01 to 3,

c is from 3 to 10,

d is from 0.02 to 2,

e is from 0 to 5,

£ is from 0 to 10 and

n is a number which is determined by the valency and

frequency of the elements in II which differ from oxygen,

30

the applied catalytically active oxide material
35 ' _
- being applied in a coat thickness of from 10 to 1000 um,

- and having a specific catalytic surface area of from 20
to 30 m?/g and
40 : _
- an abrasion of < 10, preferably < 5, particularly
preferably < 0.5, % by weight in the turntable abrasion
test.

45 24. A process for the preparation of acrolein or methacrolein by
gas-phase catalytic oxidation of propene or tert-butanol or
isobutane or isobutene or tert-butyl methyl ether, wherein
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surface area and the mass can be determ ned beforehand. A is obtai ned using
“the follow ng relationship: Total surface area of the coat - surface area
of the inert diluents A = contained i the coat Total nass of the coat -
Mass of the inerthédidasalystcosédiized toatde catalyse.asAdlsined Spediafiimc
catal ytic activepgurface area. By suitable choice of |iquid binder to be
used according to the 15 invention, it is possible i ndependently of the

type of catalytically active o |d|c materi al
produce sphefPcaft %ﬁ%a]é’rﬁ?upﬁﬁ 8"35%?% §°§eg§ JhQ?eQ? e%ngggér ange
descri bed) %oseuﬁe@a#%é'-hnesp%'%@tﬁ%ﬂ y2FPERRSRS 28 SIS dl ues are
unusual |y high for annular oxidic coated 20 catal ysts and are known in

prior art preeesaecsoftedatalpst wondiist g iofe anasrried andaei catalytighlly

phosphorus cont egg, ﬁ@é’ H1dehBabOiRI10 2Pl YOL it EuBesUIREQ Bf SthdlGattreetype) .
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turntable (angle of inclination [err]) of polished V2A stainless steel (300
mm ‘di amret er, 100 mm edge 30 height, no baffles) is filled to 30%of its
volunme with coated catalysts and rotated fo285 m nutes at a speed of 35
revol utions per mnute. The abraded active material produced is wei ghed.

When the resul i ﬁ’feﬁiir‘éitﬁgﬁi&’at@ﬁt%ﬁﬂije c%ﬁ@q 4BL 1R PR Obar iy ¥RaTRL €T | 2
present on the ¢ ; c dLp e
abrasion Ab in (ﬁsﬁ ltoztgglg%e %%elggrégless%ofg?gae t%?g’g“é? tc%tetg'ﬁeyﬁlﬁ }¢ o the
active oxidi ¢ met¥&F, and even at the abovementioned high A val ues, the
novel process #s a rule gives spherical or annular coated catal ysts whose

Ab 40 value is &bskFackn general 5, % by weight and, when the liquid
bi nders stated in this publication as being particularly preferred are

used, even < 0.5y W65 ONIhi O cons st d to_fsgob'%lq' iRe ﬁﬁ&tfcka@a\%}(pﬁéaﬂg} Wetive
thaft all pr ocess xs.t %p%al__gr{al'ie a3 ?Zd ctooattlh(rggsorf tlhe garriers th, oxXi'di C 4
act.ive materi al %elfdore ] pp_ -u ace o e <.:arr1er 8 prepare
10 by a process in which the carrier is first moistened with, as an
adhesive liquid, an aqueous solution of an organic substance
boiling at above 100°C at atmospheric pressure and a layer of
active oxide material is then bonded to the surface of the
moistened carrier by bringing it into contact with dry, finely
15 divided active oxide material and the adhesive liquid is then
removed from the moistened carrier coated with active oxide

material.
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the renpval of the liquid binder .are effected as a rule at room t grpEGRMENT Si
(ie. abput [err]) 5 An essential feature of the novel process is {fhat, 2 § MAR 1
i nstead of ‘precursor material, the'catalytically -active oxidic naj dpate - La 8.
such is applied to the carrier,, For. the prepadation of said materraf, Tt 15 ‘
usual to start in a manner - 0, suitable s urces of the
catalytically acEFeRaraxiW EQnﬁt%§) §n8°$%1jﬁﬂaﬁue RrotTiRs *Rbt2rial a
very intinmate, pceﬁ@¥¥ﬁﬂ%P1ﬂNnQF91Tﬁ\H&i@& H?§e¥ﬁ%&|épéli%ﬁl%91qh§ gueface of the
subj ected - to cal eanaiemn and, if required, converted.into finely divided '
formby mlling. As |s generally known, all . that is | mpor t ant is t hat the

sources are 15 ej j? aqMVQ%t£Bﬁ5f@1ae&§ E?Fﬁ%?ggésgw¥d¥1t igpara tion ot

SSSY?TLﬁdtL“Eﬁe‘%L?%i PP SRR RIS res%“%s%eﬂ%r iy sctive

particul ar- hal i %1 d?\l"hartétréél epHad &0 Rﬁl ﬁi@ceaéét e CargipBonta athiahd
hydr oxi des. 20 Thhetm:mfg‘n imi first ooishened aritimgncadipesings légunide(x drigudd
out in the dryoobin@éry oraniakbri {codt)ebEeaéeivd bxday hPEdRidlNesSEREN ivtind
conpounds are adyaptaaenusley tﬂée&iaf?ad(e' Be! ¥ndlind142EnBaVEE S 38y BEiffing it
m xing and | f reﬂHLéeékﬁsmy%reiéh‘H}y, thEQY divided, active oxide material, and

the adhesive liquid is then removed from the moistened carrier
coated with. active ox1de material

s

The present invention furthermore relates to catalysts which
consist of a carrier and a catalytically active oxide material
applied to the surface of the carrier and which are defined as
coated catalysts, and to the use of such coated catalysts.
20 - :
It is generally known that oxidative chemical reactions can often
advantageously be carried out in the gas phase over catalytically
active oxides. Thus, DE-A 23 51 151 relates to the catalytic
oxidation, ammoxidation and oxidative dehydrogenation of olefins
25 of 3 to § carbon atoms over a catalytically active oxide material
in the gas phase Embodiments are, for example, the conversion of
. ‘butadiene to maleic anhydride, of propene to acrolein, of
.acrolein to acrylic acid, of propene to acrylonitrile and of
2-butene to. butadiene. DE-A 16 42 921 and DE-A 21 06 796 describe
" 30 the catalytic,gas phase oxidation of aromatic and unsatured
~ hydrocarbons, naphthalene, o—xylene, benzene or n—butene to
.carboxylic ac1ds or anhydrides - thereof Embodiments are, for
example, the converSion of o-xylene to phthalic anhydride and of
butadiene to maleic anhydride. DE-A 25 26 238 discloses that
- 35 acrylic .acid or methacrylic acid can be produced by catalytic
gas-phase oxidation of acrolein or methacrolein over
catalytically active oxide materials. DE-A 20 25 430 relates to
the catalytic gas-phaseé oxidation of indanes to, for example,
anthraquinone. In addition to oxygen, the catalytically active
40 oxide material may contain only one other element or more than
one other element (multielement oxide materials). :

Catalytically active oxide materials which comprise more than one
metallic'element, in particular more than one transition metal,

45 are particularly frequently used. In this case, the térm
multimetal ox1de materials is used. Usually, multi-element oxide
materials are not simple physical mixtures of oxides of the
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25 are subjected to calcination. However, thorough mxing is

effected in wet form The startlng conpounds are usual ly m xg

anoiher in the formof an aqueous solution or suspension. Thg
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materi.al is then dried and thereafter, caQC|ned The drying pr
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naterial is then subjected to calcination and thereafter ml|

h%Fﬁg 55%W?ﬁ9ﬁ1 of water. The resultlng kneaded

ed to give .

finely divi deks axirsile, asté¢lvecatailytial gas3dhise onidatianisonreonaltieahouar en
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novel process ?ﬁ5$ﬁ§§ 55?
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mul ti metal oxides which are.to be applied as a coat and are of the general
stoichionetrqust45atalytic gas-phase_oxidations are highly exothermic and are

10 therefore advantageously carried out in practice in

multiple’

~contact tube ‘fixed-bed reactors ‘The contact tube length is
usually a few meters and the 1nterna1 diameter of the contact
tube is usually a few centimeters. Heat exchange media flow1ng

around the contact tubes remove the process’ heat {ct.
15 DE-A 44 31 957 and DE A 44 31 949).

.Fixed beds compr1s1ng finely d1v1ded, pulverulent, c
active oxlde material are not very suitable for carr
'catalytic_gas phase oxidations.51nce they ‘are not us

for example

atalytically
ying out
uwally capable’

20 of withstanding industrial_loading with starting reaction gas.

mixture-without hYdraulic-transport.

This means that the catalytically active oxide mater
usually converted. into moldings whose length is tail

25 internal diameter of the contact tube and is as a ru
millimeters.

 US-A 4 366 093 generally recommends hollow cylinders
- the preferred geometry of such moldings. The height

ial is
ored to the
le a few

{rings) as
and external

30 diameter should be from 3 to 6 mm and the wall thickness from 1

to 1.5 mm. The only shaping methods considered by US-
are pelletizing or extrusion to give unsupported .cat
total hollow ‘cylinder consists of catalytically acti
which may be diluted with finely divided, inert mate

-A 4 366 093
alysts (the
ve material
rial) or

35 impregnation of carrier rings to_give'support catalysts. The
disadvantage of annular unsupported catalysts having a wall

thickness of < 1.5 mm is that the mechanical stabili

ty during

- introduction into the contact tube is rniot completely
-satlsfactory. The disadvantage of- supported catalysts is that
40 they are limited to those oxidic active materials which can be
~ formed from solutions. In addition, a single 1mpregnation results.

‘only in slight absorption of active materials.

US-A 4 438 217 and US-a 4 522 671 recommend unsupported catalyst

45 rings which have an external diameter of from 3 to 1

0 mm, an

internal diameter which is from 0.1 to 0.7 times the external

diameter and a height which is from 0.5 to 2 times t

he external
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is Qu,. Ni, Co, Fe, M and/or Zn, X3- is Sb and/or Bi, X4 is jppsfeed 8

or hore al kal | metals, 10 [err] is at least one or nore al kdkbine—earfh :J
nmetals, [err] is Si, A, Ti and/or Zr, & is from1lto 6, b is fron10.2.

to 4, ¢ is ﬁi@tﬁé@eé el 18¢ B8sdh on ﬁuitﬂﬁ@@alt %x‘i@e econt'.'a'fifnr:'Lf-lH1 mofy
il B AT L L
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cal.ci nation céﬁ@%#%snecéﬁélﬁ%cﬁﬁa@éélﬁhr OE-"m 43 gengidered to be just
-5 poss1b1e as a lower limit of the wall thickness However, the

disadvantage of larger wall thicknesses is that they are
associated with an increase in the diffu51on distance ‘out of the
reaction zone, which promotes undesirable secondary reactions and
hence reduces the select1v1ty with respect to the desired

, 10hproduct.

" US-A 4 537 874 likewise recommends catalyst beds comprising
unsupported catalyst rings based on multimetal oxides containing
- molybdenum as the main component for the preparation of
- 15 a, ﬁ monoethylenlcally unsaturated aldehydes by gas-phase catalytic
' -ox1dation. The wall thickness of the hollow cylinders is 2 mm in
all examples. '

Annular COated_catalysts help to resolve the contradiction which

20 exists. in the case of unsupported catalyst rings between required
mechanlcal stability (increasing wall thickness) on the one hand
-and. limltation of the diffusion distance out of the reaction zone
(decreasing wall thickness) on the other hand, while maintaining
the otherwise particularly advantageous ring geometry. The

25 mechanical stabllity is ensured by the annular carrier, and the
catalytically active oxide material. can be applied 1n the deSLred
layer thickness to the r1ng surface.

However, a very general problem in the case of coated catalysts
30 is their production on-an industrial scale, ie. they are to be
prepared on an industrial scale in such a way that '

- ‘they have the layer_thickness'required with regard to the
: catalyst activity, . ' ' '
35 : '

- the catalytically active coat adheres satisfactorily in the
required thickness to the surface of the carrier, - :
-  the coat: thickness shows very slight fluctuations over the

40 surface of a carrier. '

- . the coat thickness shows very slight fluctuations over the
~surface of different carriers, '

45
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DE A 43 35 973 al so discloses preferred embodi ments within th BEPéscEMENTSHEET

mul,ti metal oxides |. These include, for exarrpl e, those nulti dﬁ?’éﬁ 199%
whi'ch are covered by the follow ng nmeanings of the variables - Dmﬁe E ...........

formula |: [err]. is W Nbo and/or O, 30 4err] is Cu, N, Co andgrorFe
[err] is Sh, -[errthe s$zé\laoﬂmﬁ/eosp8clﬁmr]cata$y£bcaﬂy acdioe firfadechiba |

Si, Al and/or Ti.pagéddon tHe 88 dnbt (¥ Thebactive Ma@@rad ié)satfsfactéry
fromO 5to -3, d sfrmnOto 2, e is fromO to 0.2, 40 f is fromO

to 1, g IS froan to 15 and n  is-a nunmber which is det er ni ned by the
valency and frequency of the .elenments_differing fron1oxygen in 1. 45
However ,- vely “par tREuPRFPYL [ﬂf-eFBFr%W‘-’fHﬂtthﬁePﬁPc%iﬁ deéssptiskaeisde of the
gener al fornula I ' '

o This applies in partlcular in the case of hollow cylindrical
carriers whose rolling behavior, in contrast to carrier spheres,
has a preferred direction and is responsible for the prior art

10 processes for the preparation of coated catalysts having.
catalytically actlve oxide materlals belng essentially 1limited to
spherical coated catalysts :

DE-A 20 25 430 discloses that coated catalysts based on

15 catalytically active oxide materials can be prepared by applying
the catalytically active material to the carrier by the plasma
spray or flame spray method. The disadvantage with regard to the
‘suitability of this method is that at least one main component
must be fusible at the working temperature of the flame spray or

20 plasma burner. Another disadvantage of this method is that the -
size of the specific catalytically active surface area is as a
rule unsatlsfactory All embodlments of DE-A 20 25 ‘430 are
spherical coated catalysts. As a comparative example,
DE-A.20 25 430 includes a process for the preparation of

25 spherical coated catalysts, in which an aqueous solution
containing'oxalic acid and the catalytically active oxide
material in dissolved form is sprayed onto hot carrier spheres.
The disadvantage of this procedure is that it can be used only in’
the case of catalytically active oxide materials which are '

30 soluble in water. In addition, it leads to irregular coat
thickness and unsatisfactory coat adhesion owing to the abrupt
evaporation of the solvent at the surface of the hot carrier
sphere. This procedure, too, results in not 1ncon51derable losses

of active material.

35 C S _ _ : |

DE-A 16 42 921 relates to the preparation of spherical oxidic
coated catalysts by spraying a liquid'containing the oxidic
active material in dissolved or suspended form onto hot spherical
carriers. DE-A 16 42 921 recommends water or an organic solvent,

40 such as alcohol'or formamide, as a solvent or suspending medium.
Here too, the disadvantages include the fact that the water or
solvent is evaporated virtually all at once as soon as the
sprayed material comes into contact with the hot carrier, thus.
reducing the adhesive strength of the coat.

45
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Ni, [err] is Caand/or Sr, [err] is Si and/or A, 10 a S ron13
4.5‘, b isfromlto 1.5 ¢ is fromQ 75 to 2.5, f is fr 85MAR19%
is fromO to 8 and 15 n i s a nunber ch is deternmined byt e valency

and frequenchEod 3hédlcP8AerPErennondsi agsentoinldyy yerDE A 16, 42092kd exatepityst s
prepar ed accohali nif tioclhdes rarentliagn cart hetshe Iacibvelsolltimiesal toxi des | are
particul arl ycatalpdilcalfigr aébﬁr&@:@aepaé@éfmwtvh@éﬁ Ydriz13¢ dsbERM £GROLEI N
by gas- phasea¢@§€#dﬂdﬁ7t9ta fﬁm‘ﬂlxedhhfldé true in particular for sphérical

or annular5

10

15

20

25

coat ed

catalysts, especi al'ly when they have t he characterlstlcs

DE-A 21 06 796 discloses the preparation of coated catalysts by
spraying aqueous suspens1ons of the catalytically active oxidic
material onto the agitated carriers This procedure has the same
disadvantages as described above for the spraying on of agqueous
solutions containing the oxidic active materials in dissolved
form. This applies in particular to spraying onto heated
carriers. Even the recommended concomitant use of an aqueous
polymer emulsion as a binder cannot remedy these disadvantages;
rather, the presence of a polymer_emu1s1on complicates the
coating operation through film formation processes which are
difficult to control. Although German Published Application

'DE-AS 21 06 796 also mentions cylinders as useful carriers, the

embodiments do not include any corresponding examples.

DE-A 26 26 887 attempts to reduce the disadvantages of _

DE-A 21 06 796 by carrying out spraying of the aqueous suspension
onto carrier spheres which are only at from 25 to 80°C. According
to DE-A 29 09 671, page 5, column 10, this procedure may however

" result in the sprayed carrier elements sticking together. In

order to increase the adhesive strength of the oxidic
catalytically active coat to the surface of the carrier,
DE-A 26 26 887 recommends the 1ncorporation of inorganic hydroxy

_ salts in the aqueous suspension to be sprayed on, which salts

30

35

40

45

hydrolyze in aqueous solution to hydrox1des and, after completion
of the coated catalyst, form catalytically inert components of
catalytically active. oxide materials However, the disadvantage
of this measure is that it requires dilution of the oxidic active

_material DE-A 26 26 887 also mentions rings and cylinders as
~possible carriers, but the examples as a whole are limited to

spherical coated catalysts.

DE-A 29 09 670-correSponds;essentially to DE-A 26 26'887. _
According to the description of DE-A 29 09 670, mixtures of water

‘and alcohol may also be used as the suspending medium. After the

suspension of the catalytically active oxide material has been
sprayed on, the moisture content is eliminated by passing over

"hot air. The embodiments of DE-A 29 09 670 also include annular

coated catalysts However, only water is used as the suspending
medium in all embodiments. The disadvantage of the procedure of
DE-A 29 09 670 is the tendency of the sprayed moldings to
agglomerate, as already mentioned w1th reference to

DE-A 26 26 887. Furthermore, in the case of the annular coated
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(geonetry, -coat - thickness, etc.) described in this publicatio BEPHAY ENTSHEET
pregferred. The general reaction conditions for the 25 gas-phage cat_al&tﬂ.-.MAR 19%
oxi dation of acrolein to acrylic acid are |ikew se descri bed Lnuﬁﬁfﬂ"wq"qqﬁ """""
973. The novel process is also suitablegn the csae of active nultinetal

oxi des as us I he cat I C. gas-phase oxj dation of thacraolein to
net hacrylic §gF%B%§%naFggdgé%&%%é -FR?°+%}°b£§%6ﬁ%51?§§%X'ﬁﬁggﬁeiifﬁafﬁe
novel  proces@®drthdhiforea f%éé§“§@iWéﬁ?%??%1%§h€e%%ﬁﬁikﬁ=u&é?F%ﬁﬁ@ﬁﬂoFNhetal
oxi des which are to be applied as a coat and 35 are of the general -

stoi chi onetrgBtl 33 rd234@ebheese t¥l ai procese|foandherprapaaiat ioX2f i S

thal I'ium 8nsph&eddalmeikiliiandddiedidadbkpdtde wBakkin B dlquedds duspension
phosphorus, gESehife: 01 8Neoffild B chtdhyHCHEUMrEA andoan ordldll UM

and/ or tungsten 4 1s.s con, -alu nyum and/ or zirconi u a
9 éﬁtant diose bo{{}ng pogLQLg@ atmospheEQC pressure is at q%ast

is fromo0.5 P8°5° . . , . _
150 C and which is soluble in water, carriers are added to said

suspension or solution and the liquid components are removed by

10 evaporation with occasional stirring. The coated carriers thus

~ obtained are then calcined and the catalyst precursor layer is
converted into active oxide. The disadvantage of this procedure
is that the resulting coated catalysts have relatively irregular
coat thickness. Furthermore, the adhesion of the coat to the

15 carrier surface is uhsatisfactory'éihce the calcination of the
catalyst precursor material_generally releases in an uncontrolled
‘manner gaseous compounds which cause loosening of the structure.

EP-A 286 448 and EP-A 37 492 recommend.the preparation of coated
20 catalysts by’the'spray'process"described above or by the process
of GB-1 331 423, with the disadvantages stated above. '

EP-B 293 859 discloses a process for the preparation of spherical-
coated catalysts by using a centrifugal-flow coating apparatus.

25 This procedure leads to particularly uniformly worked coat
thicknesses, both over the individual sphere surface and over
different sphere surfaces. However, the disadvantage of the
procedure of EP-B 293 859 is that it recommends coating the _
carrier spheres not directly with the catalytically active oxide

30 material but with a preéursor'material thereof. The latter is

' converted into the former by subsequent combustion (calcination)
at elevated temperatures (a few hundred degrees Celsius). As a
rule, the calcination is accompanied by spontaneous, ie. more or
less uncontrolled,.thérmal"décompositions;of_components present

35 in the precursor_material to give gaséous prbducts which, on the
one hand, result in the formation of special pore distributidns_

_and a large specific catalytically active surface area (up to

15 m2/g) but on the other hand reduce the adhesion of the
catalytically active coat to the surface of the carrier.

40 Calcination after coating is also disadvantageous in that spoilt
batches may be préducéd_during calcination (for example in the
case of an incorréct ¢a1cination_atmdsphere). Working up thereof
is substantially'more complicated when coating'has already been
carried out. EP-B 293 859 mentions water, alcohol and acetone as

45 binders, in addition to ammonium nitrate, graphite and starch.
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dlfferlng fromoxygen in Il. The 'prepare)tion'of active rrulti'rretal OXi d€es
I.l', including the 10 calc natlon condi ti ons are described_in DE-A 40 23

239. -Coat ed PRtAIAFLE B?gpa‘?%d’ éééo?m R4 DErRe23 ik GGACHPER 3 RFOLEEBve
nul timetal ofkdxidshel breparauian of sphericak Mrlidef cpatar cottapusts o which
acrol ei n frophrepaierbypyésesd arre fiasalndiistehbdoni tintwader ohi andtherr ue in:

particul ar fpfq@wersheal aerpmtearn c0d L0 a@ahabysdér. anBecheaiyt Ayt hey
have the chal aClal loghiae Spa SO0 1k cRORad1lGHNES S kinkeloREl 0 D 1N S

publicatio el n t he

gas- phase ca?aaﬁ/’t‘?rc%HpFa Hrb‘-ﬁ%’ﬁ B‘Pbg'én‘éaﬁr&eacﬁﬁl'leﬁn g‘&é{e kg’{}]\fsse 20
descri bed i ncoRltigal3yoactive oxidprmateriads Fhe dq’r?é'l"&%?@ﬁe?ﬁ tdHéd
coat ed cat al ysbcedinmepiissthat tthe achieeabid tdoatt bhickriabss Bl lamzet;edndwe\tbe
al so SU'tab'ﬁlﬂéertémsorpt1v1ty of the carrier, since the binding of the
' 10 total pulverulent oxide material to be taken up is dependent on
this amount of binder taken up by the carrier. A further
'dlsadvantage of the method is that the degree of moistening of
the partlcular surface layer during the coatlng process varies
.continuously, re the base layer comes 1nto_contact,w1th the
- 15 moisture of the uncoated carrier. The moisture then has to
migrate 1n1t1ally through the base layer to the surface thereof
in order to be able to bind further active material, etc
Consequently, an onion-like shell structure is obtained, the
adhesion of successive layers to one another being particularly
20 unsatlsfactory. As a rule, ‘the application of pressure causes the
1nd1v1dual layers to peel away one after another. In all
! - embodiments, the sole b1nder used is water.

. DE-A 29 09 671'attempts to reduce the disadvantages of the
! 25 procedure described there by introducing the spherical carriers
é ' ' 1nto an inclined rotatlng turntable. The rotating turntable
L '~ passes the spherical carrlers periodlcally through two metering
5 _ apparatuses arranged one after the other at a certain distance.
| The £irst of the two metering apparatuses corresponds to a nozzle
30 through which. the carrier spheres are sprayed with water and
moistened in a controlled manner. The second metering apparatus
'is located outside the atomization cone of the water sprayed in
and serves for feeding in the finely divided oxidic active
'material (for example via an oscillating conveyor). The carrier
35 spheres moistened in'a controlled manner take up the added '
' catalyst powder, which is compacted to a cohesive coat on the
outer surface of the carrier spheres as a result of the rolling
movement. The carrier sphere provided in this manner with the
. base coat passes as,'so to‘speak fresh carrier once again
40 through the spray nozzle in the course of the subsequent
rotation, is moistened 1n the same controlled manner to enable it
to take up a further layer of finely divided oxidic active
material in the course of further movement, etc. The coat
thickness can be adjusted essentially in a controlled manner by
45 the method described. Furthermore, the homogeneity of the coat
structure_is'improved. By passing in hot air, the water used as
the binder can he finally removed. A further advantage of the '
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tert- butyl nmethyl ether by .gas-phase catalytlc oxi dation. The qﬁg B‘MAR
reaction conditions for this catalytic gas-phase oxidation ar g OescflRag "
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actory.

10 It is an object of the present 1nvent10n to prov1de a process for
the preparation of a catalyst, consisting of a carrier and a
“catalytically active oxide material which is applied to the
surface of the carrier, which process does not have-the_
ddisadvantages of the.prior art processes and is suitable in
15 particular for the preparation of annular oxidic coated
catalysts. The latter are particularly advantageous'compared to
spherical coated catalysts of identical active mateiral, coat
thickness and vblume-specifie activity in that they produce a
smaller pressure drop along the fixed. bed, ie. smaller partial
_20 pressures of the gaseous reactants build up at a given reactor
loading (the amount of reaction mixture fed to the reactor per
unit time). The result of this_is'that the hot spot which usually
passes along the'individual contact tube in the direction of flow
during exothermic catalytic fixed-bed gas-phase oxidations has a
25 reduced amplitude. This has an advantageous effect on the life of
the oxidic active material used. A further advantage of annular
coated catalysts over those having a spherical shape is that the
temperature behavior of the tube-bundle reactor is less sensitive
to fluctuations in the inlet temperature of the thermostating
30 medium surroundlng the’ contact tube. ‘If, for example, this inlet
temperature acc1dentally increases by one degree, -the hot spot
temperatures in the contact tubes usually increase by more than
one degree. In annular coated catalysts (assuming identical
active materlals, coat - thlcknesses and volume-spec1fic activity),
35 however, this additional increase is smaller.

We have found that_this object is achieved by a process for the
preparation of a catalyst which consists of a carrier and a
catalytically active oxide material applied to the surface of the
40 carrier, in which the carrier is first moistened with a liquid
binder, a layer of active oxide material is then bound to the
surface*of_the moistened carrier by bringing it into contact with
dry, finely divided, active oxide material, and the liquid binder
is then removed from'the moistened carrier coated with active
45 oxide material, wherein the liquid binder used is a solution
 consisting of from 20 to 90% by welght of water and from 10 to
80% by weight of an_organlc compound whose boiling point or
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-~ greater honpgeneity of the resulting coat thickness both o

sur face of one carrjer and over the surface of different carri =r|ﬁtea5n(? 8 MAR m

satlsfactory output of the production process. This is true i npastienar
of annular carriers. Exanples 10 a) Pregarati-on of catal ytlcally active
oxi de materi al Cata tlcal I ve oxide material [err] :

190 g of copp® ihﬁﬁﬁftéSBtg d? t F-NRSP eHFEsQﬁ%ﬁﬁTren(é7@EWk)kﬁ wat er

to give a soluti®nCr. PB%"?P’E}Q?—W AnkdhiCimThe perganith¢ansenetofalnher atquid43 g
of ammoni um retrdean&dabe wsall h2eoygdifig srnrhieu inpertaiionn dst pief reighydomt e
wer e di ssol verb ito S0¢Cpast lar19588e o130t rom 20 to WOl €% By Wellghk .t O

give a soluglon 11: The solution' | was then stirred all at onfe I nto the
| ut Il t Was t.an_out] et

finiie'r‘;[‘ure PR HE Tl bR, SReBlati S B Surdtet Tisneg of

wat er per 9SEWAEE Mo Ea?%‘llﬂﬂ YHVEE LF soFgariGs 248eke kibd sHeh as

cal cined i n aﬁtth’.lenghgl:W%I at #ohu bared ifodd i 6 thewanedigenéniglyegenl,

monobasic or polyba51c organic carboxyllc acids, such as
10 propionic ac1d,_oxa11c acld malonic acid, glutaric acid or
maleic acid, amino alcohols, such as ethanolamine or
- diethanolamine, monofunctional or polyfunCtional organic amides,
such as formamide, and-: monosaccharldes and ollgosaccharides, -such
as glucose, fructose, sucrose or lactose. Preferred organic
15 components are those whose b0111ng point or sublimation _
temperature at atmospheric pressure is below the calcination
temperature used for producing catalytically active oxide
'materlal or which decompose into gaseous components in the
presence of oxygen on the catalytically active oxide material
20 below this calcination temperature. The calcination temperature
is usually 500°C, frequently < 400°C and in many cases < 300°c.
According to the invention, liquid binders whose boilingfpoint at
‘atmospheric pressure is above 100°C, preferably above 150°C, are’
particularly advantageous.
The adVantageoﬁsness of the novel process in contrast to the use
of pure water as the binder is believed to be due to, inter alia,
the fact that the novel 1iquid'binders are better capable of
wetting both the f1nely divided oxidic active materlals and the
30 carrlers.

‘The materials of the carriers are preferably chemically inert,
ie. they do not essentially intervene in the course of the
gas-phase oxidation which is catalyzed by the coated catalsyts

35 prepared according to the.invention. According to the invention,

particularly suitable materials for the carriers are alumina,
silica, silates, such as clay, kaolin, steatlte, pumice, aluminum
silicate and magne51um silicate, s111con carblde, zirkonium

.~ ‘dioxide and thorlum d10x1de
40 _ _ _

_ The surface of the;carrier,is advantageously rough since
increased surface_rbughneSs generally results in greater adhesion
of the applied coat to the oxidic active material. The surface
roughness R; of the carrier is preferably from 40 to 200 pm,

45 partlcularly preferably from 40 to 100 pum (determined according. to

DIN 4768 sheet 1 using a Hommel tester for DIN-ISO surface -
parameters from Hommelwerke)..The carrier materials may be porous

*



nixture. The oxygen content was adjusted so that the 02 cont HrRERAGEMENT SHEET

oytl et of the through-circulation oven was 30. : - 1.5% by VO|L2T'%MARB%
the cal ci nation, the kneaded material was first heated to [ER S R oY - Jeen
of 10 K/min and then kept at this tenpengture for 6 hours. | was then.

heated to [ery] nghpdré&id € g%fe E':Qrﬁé’% '?nat@?ggghl‘.f p&%@’@?&ﬁ‘i rr?on‘#%%gﬁ% «taa\: qed

f f h
cg:lt gnt u(r)]'E 1(:3[18 gg%c#]aﬁqr&ﬁ 3t s}f%evro& thebm %&8%60 ume, oft tEﬁt aI yst

precur sor peFaIerr} nternal vol une of the through-circulation oven), ‘the’
inlet volume flow IF (1/h (S. T.P.)) of the oxygen/nitrogen mxture and the
resi dence 15 mRyR3éStxdd afeot@tries of theheasxigranlitiet A dcapde( é@itébfg

i nternal vol ygg eﬁetﬁtﬁrélhb%easgl 212! 1 6HSE i AnElen VA WE A" e
oxygen/nltroqegoniﬁtﬁgeaﬁgggvé %ﬁﬁ; C% $§E€ ffﬁge?s, ¥§ pa;E&gu&gE hof&ow '

REPL ACENVENT gpqE-EPfderS. are pre erably sed as the carrier.

10 If cyllnders are used as carrlers, their length is preferably
from 2 to 10 mm and their external diameter preferably from 4 to
10 mm. In the case of rings, the wall thickness is furthermore
usually from 1 to 4 mm. Particularly preferred annular carriers
have a length of from 3 to 6 mm, an external diameter from 4 to

15 8 mm and a wall thickhess of from 1 to 2 mm. Rings having the
geometry 7 mm x 3 mm x 4 mm (external diameter_x'length X
internal diameter) are very particularly preferred.

' The thickness of the catalytically active oxide material applied
20 according to the invention to the carrier is advantageously as a
rule from 10 to 1000 um. Particularly in the case of annular.
~carriers, from 10 to 500 pm are preferred, particularly preferably
from 100 to 500 um, very partlcularly preferably from 200 to '
300 pm. '
25 | | __
The fineness of the cataiytically active oxide material to be
applied to the surface of the carrier is of course adapted to the
desired coat thickness. For the preferred range of a coat
thickness from 100 to 500 .um, active material powders in which 50%
30 of the powder particles pass through a sieve having a mesh size
of from 1 to 10’ ym and which contain less than 1% of particles
having a longest dimension of more than 50 pum are particularly
suitable. As a rule, the distrlbutlon of the longest dimensions
- of the powder particles corresponds to a Gaus51an ‘distribution as
35 a result of the production :

In order. to obtain the desired coat thickness, the novel process
is advantageously repeated periodically, ie. the carrier provided
with the base coat then forms the carrier first to be moistened

40 and then to be coated by bringing it into contact with the dry,
finely divided oxidic active material in the subsequent perlod
according to the 1nventlon, etc.

45



19 The through-cifculation oven used had an internal volune “EfﬁﬁcaﬂﬁyTs”EET
calcined catalytically active material was mlled to a finel gdtglﬂeﬂmm

powder, 50% of the particles of said powder passing through Ve Of T EOnT

1to 10 [err] . mesh size and1d proportion of particles of said
powder whi cﬁnhaddeheto aregeyt odt nems inmvedf pro¢esd banahOihdusdr 129 agaigﬁs

than 1% B: itCakathéiéfide/ aavibuel ®icl@saBt s igodeE! prifkitA% 49Ec1 -
copper (11) agebatg @@W%@flatﬁu@% %Jsega%o@éfkﬁ'qﬂhh)Ps’e‘&g%gtﬁsttgs n;gdrate
wer e dlssolveg Ln 27 water to give a solut ni um
heptanulybdﬁ? fétrahydrate 143 g of ammoni um 15 o netavanadate and
126 g of n|un1paratungstate hept ahydrate were di ssolved in 5500 g of

wat er at [erln] thésgpxecedugel uthercdnrieTsete daitdoatetl awe irteodstedr butal |

at once int @ peefssanvly dnclinaad( e angueoss moatmaelmslsrarsau- Qﬁi@dfladm'an

out | et terrp%roawr@oqf AcRBting T8 eARaY 28or examp e Rougsy E%b %gd
th 0.15 k d t t
an i feg Daf), MG 153 5&%& o gal’s‘&eh & SHFLASES | %ﬁagraﬁ%le
part1 ular sp erlca or in rlcal, espec1a11y hollow

cyllndrlcal through two meterinq apparatuses arranged a certain _
distance apart. The first of the two metering apparatuses
advantageously corresponds to a nozzle through which the carriers
'rolllng in the rotating turntable are sprayed with the liquid
15 binder to be used according to the invention and are moistened in
"a controlled manner. The second metering apparatus is located
outside the atomization cone of the liquid binder sprayed in and
. serves to feed in the finely divided oxidic active material (for
example via an oscillating conveyor). The carrier spheres
20 moistened in a controlled manner take up the supplied catalyst
' powder, which is compacted to a cohesive coat by the rolling
movement on the outer'surface~of the cylindrical or spherical
carriers (such compacting movement does not take place in the
inner circle of a hollow cylindrical carrier and said circle
25 therefore remains essentially'uncoated). '

If requlred, the carrler provided with a base coat in this manner_
once again travels past the spray nozzle in the course of the
) subsequent rotation is moistened in a controlled manner in order
30 to be able to take up a further layer of finely divided oxidic
~ active material in the course of further movement, etc.
(intermediate drying is as a rule not necessary). The liquid
pinder used according to the invention can be removed, for
example, by finally supplying heat, for example by the action of
35 hot gases, such as N, or air. A particular advantage of the
embodiment, described above, of the novel process is that coated
‘catalysts having coats consisting of layers of two or more
different active ‘oxidic materials can be prepared in one
operatlon. It is noteworthy that the novel process results in
" 40 completely satisfactory adhesion both of the successive layers to
one another and of the base layer to the surface of the carrier.
This also applies in the case of annular carriers.

For the embodlment, described above, of the novel process, it is
45 essential that moistenlng of the carrier surface to be coated is

~carried out in a controlled manner. In short, this means that the

carrier surface is advantageously moistened in such a way that it
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then calcined at 400 C for 5 hours. The cal ci ned, catal yticall]y act|¥
material was then mlled to a finely 25 - divided powdgr Dat&oo/(ﬁm

partlcl es of said powder passing through a sieve of nesh sizelfrom

[err] and the proportion of particles of2said powder which have a Iongest
di mensi on of cdAaA nEha8s&Fbd € Mikulei Hoh h P ion of
coat ed cat al y4si viBie2 %k%@fc;]%ag a% fcgc{ﬁuté&ﬁg\(ﬁ# ?agrx?%r na%gd&cﬁ?e 3
nm | engt h, 4 g j anet &f ea g gta§ Saft 5‘(\,Jéfar‘iﬁ|g}ﬁn§§§
[err] of 457 °e‘rsrt] Ra 1RtY| 13&98‘1\/‘6”}% faliy active oxige mategig}
vol une, baseRFLPMERAtes| tawiye spparate |a€9§°mpr©mscemstbleéc¢1&tbeﬁmlgam ec,
Gernany) veraisarbeddontd thy suzfecat iDaraias (Anghis &bspédtliﬁﬁlgm$eheﬁﬁ]

H coater frordpdioges &Inany) having an internal volume of 200 1. The .
coating pan was then rotated at 16 rpm 2000 g of water 40 “was:

sprayed ont riers,\via a_no in the cou of .25. m nutes. 10.35
kg 01}/ the c a\zivaggﬁ?/ o 1P IGYF eprp?cﬁﬁﬁérés &) R/Vé"?‘& fipal gfmayal of
cont i nuousl y* RinfAsr ¥864; foR e SRFELR W By angeRir gjfleghmanner,

osci | | ati ¥ founhespople lyiakapoiation anddomesdhlinetiod. In the siabdeszer
nozzl e. DuricupeGoahiagear e edtdeted asy |tmemaetmw£ehetyq@§wra&ednonto the

surface of téﬂbf&@&ih@ésteﬁﬁa4ature (frequently from 50 to 150°C). However,
: the actlon of hot gases can only effect preliminary drying. The
. final drylng can then be carried out, for example, 1n a drving
15 oven of any type. (for example a belt dryer) The temperature used
should not be above the calcination temperature employed for the
preparatlon of the oxidlc active material.

Surprisingly, it has been found'that'many of the polar organic
20 binder components decompose on oxidic materials at elevated
' temperatures (which are below the_abovementioned calcination
temperature) and in the presence of atmospheric oxygen to give
' gaseous components, such as formic acid, Hy0, CO; or co.
~ Surprisingly, this is not as a rule accompanied by a reduction in
25 the adhe51on of the oxidic coat to the surface of the carrier. On
the other hand, an increase in the specific surface area of the
ox1d1c active materlal is not achieved This has made it p0551b1e
for the first time to provide, for various oxldlc active
~ materials, annular coated catalysts which are completely
30 satisfactory both with regard to the adhesive strength of the -
oxidic coat and with regard to the specific catalytic active
surface area of the oxidic active material present in the coat.

In this publication, data with respect to the specific surface
35 area A (m?/g) relate to determinations according to DIN 66131
(determination of the specific surface area of solids by gas
adsorption (N3) according to Brunauer-Emmet-Teller (BET)).
Usually, they are carried out by first determining the surface
.area for the uncoated carrier and then that for the coated -
40 catalyst. The difference then gives the de51red value for the -
"~ oxidic active mater1a1 of the coat. In many cases, the oxidlc
active material of the coat is dlluted with finely div1ded,
_catalytically inert oxide (freqnently OXIdeS of si, Al, Zr and/or
Ti depending on the gas-phase reaction). Where the term speciflc
45 surface area of the oxidic active material is used in this
publication, this means the value of A excluding the contribution
of this inert diluent. Since these inert diluents are generally
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no aggl oneration of the finely divided oxidic active REPLA rwaLAcﬁ¥5NTSHEE1
20.material was observed. After the.end of the addition of po Qjat@ndZAR B%
water, hot air at 110 C was bl own intoqtshe coating pan for 20 fattes—af g "
speed of 2 was then continued for a further 2 hours at 250 Cin

as J&Eﬁ&t?% ‘%§IH@Ht Br GREHVEY) PERBRTaGIN. Ehet sRAtTEDWtEPRgtannul ar

coat ed cat alPpshs thepgurfagsorrpanansd the ARES ean e determinedvhefp7eharyd.

wei ght, basdéd isnobbeinest alsingi ghe . fdmmewangtrelauﬂdnsﬁspmas 230 + 50 [err],

bot h over the surface of one carrier and over the surface of different 10

carriers: §81: As for .VSL, -but ZOOOQE of an aqueous_sol ution consisting of
75% by wei ght of To&AL] SBRERCEArE Q| C@thry(?&FB?cj}fﬁ‘éaugédtPﬁstead of

2000 g of water. The resultlng 15 annuf23FTt g NESt al ysts had the

sane cont ent Xf= exe-e—aetiko—Ri-ait-al—as—oMi—bIERt R m.ﬁ_%ﬁ&. ctuation

of the coat thickness wasona@o:nags @ierhrﬂe coat - Mass of the inert -
‘diluents contained in

10 ' -. ' S the coat

Ie. A is the specific catalytic active surface area.

~ By suitable choice of liquid binder to be used according to the
-_15 invention.'it is possible, independently of the type of
' catalytically active oxidic material, to use the novel process to
. produce spherical and annular coated catalysts (in the coat
thickness range described) whose A value is regularly from 20 to
30 m2/g. These yalues are unusually_hlgh for annular oxidic coated
20 catalysts and are known in prior art processes at most for oxidic
- active materlals hav1ng a high phosphorus content and of the
‘hetero polyac1d type (Keggin structure type)

‘A measure of the adhesive strength of the oxidic coat is the
25 follow1ng turntable abrasion test, on Wthh all adhesive strength
data in this publlcatlon is based.

At room temperature, a suitable turntable (angle of inclination
45°) of polished V2A stainless steel (300 mm diameter, 100 mm edge

30 height, no baffles) is filied to 30% of its volume with coated
catalysts and rotated for 5 minutes at a speed of 35 revolutions
per minute. The abraded active material produced is weighed. When
the result is divided by the total amount of oxidic active

- material present on the coated catalysts introduced and
35 multiplied by 100, the abrasion Ab in % is obtained.

Regardless of the type of catalytically active oxidic material,
and even at the abovementioned high A values, the novel process
as a rule gives spherical or annular coated catalysts whose Ab '
40 value is < 10, in general 5, % by welght and, when the 11qu1d
binders stated in thls publication as being particularly
. preferred are used, even < 0.5% by weight.

45



S2: As for VS1, but 2000 g of an aqueous sol utlon consi sting 2BE‘PLACEMENT§¥"EET
75% by weight of [err] and .25% by wei ght of propionic acid
i nstead of 2000 g of water. The resulting annul ar coated cat

sanme content of oxidic active material 1@ SV1 but the range of fl uct uation
of the coat 1thistlsieasbéVastatdd &t 36h{L Polint 2BhsS: aﬁspfre&eé@]stfé 180PRe 9 oOf
an aqueous spivdhi 8Ba £l o Ichg Qargﬁ{‘“sb%i@?' SRiad oLEiLL 310 Bl ONt
of formam deth‘& S §_§§f P&%%g %1 %&m resu n annu
coated cat al il e Comnt OQF%I % r?@ﬁ‘erl al
as SV1 but tbr?@Pﬁéﬁ!jBr%f(’fQ'uéPB‘éFl%%cdf the coat thickness was 230 30 |
[err]. S4:5AS for VS1, but 2000, g of an .aqueous sol ution consisting of 75%
by wei ght ofar essknatal Zﬁianthyewaf gitte mbvel hyteress33s that, instkW@obrwere
used i nst eaCbrei:u%QQP b Qfrivatl et he T 192 WELL NP a@"t’i@haoxf@fé %t@?ﬁ?lyés s had

h co f C I a \/ ra
]E|5Ctsﬁgsl on ﬁg clg‘ﬁtlatqf} t% Ehg %%%3 {;°§5 %%’ Bgﬁ%tm gsaﬁg for VSI1,
but 2000 (5'1‘?l §ﬁlﬁﬁue’o'ijs"ssBFHF o'f'P AR sf"l’ln‘b %‘V&‘B?W”\’lvé?e&hlseo TPBrr] and
25% by wek gnguléﬁble4SMC@f$eeﬁthWaG§éaC¢h& @stiye, oxiobiqgmetendskrandrhe
' to produce from this material a very intimate, preferably finely
divided dry mixture, which is then subjected to calcination and,
if required, converted into finely divided form by milling. As is
: generally known, all that is important is that the sources are
15 either already oxides or are compounds which can be converted
into oxides by heating, at least in the presence of oxygen. In
addition to the oxides, suitable starting compounds are therefore
in particular halides, nitrates, formates, oxalates, acetates,
_ carbonates and hydroxides. ' : '

The thorough mixing of the starting compounds can be carried out

in the dry or wet form. If it is effected in dry form, the

Starting compounds are advantageously used as finely divided

powders and, after mixing and if required compression molding,

25 are subjected to ca1c1nation. However, thorough mixing is
preferably effected in wet form. The starting compounds are
usually mixed w1th one another in the form of an aqueous solution
or suspension. The_aqueous material is then dried and thereafter
calcined. The drying process is preferably carried out by spray

30 drying. The resulting powder frequently proves to be too finely
‘divided for direct further processing. In these cases, it may be
kneaded with the addition of water. The resulting kneaded
material is then subjected to calcination and thereafter milled
to give f1nely divided ox1dic active material.

35 :

The calcination conditions are known per se for the various

possible oxidic ‘active materials to a person skilled in the art.

The novel process is advantageous in the case of multimetal oxide
40_materials containin Mo and V or Mo, Fe and Bi.

The novel process proves particularly advantageous in the case of
active multimetal oxides which are to be applled as a coat and
are of the general stoichiometry I

- 45 :
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resul ti ng annul ar coated cat al ysts had the sane content of dic tdxﬁu
material as SV1 but -the range of 45 ' fluctuation of -h@upg ___________________ ﬁﬁﬁ_
t hi ckness was 230 + 30 [err]. - 21 REPLACEMENT SHEET S6: Ador=%Si

2000 g- of an aqueous solution consistihy of 75% by weight of [err] and 25@6
by wei ght of 1, 6-hexane shgst ead 2000 g of water. The
rgsult?ng annular coategugg?g?gggﬂﬁggﬁkb%% samg£ content 5 of
oxidic active nmaterial as . SV1 but the range of fluctuation of t he coat
t hi ckness was 230 + 25 [err] S7: As for S1, but instead of 10.35 kg of the
CatalytrcalY@e%&nlve oxi de powder aA) the correspondi ng anount of the 10
catal yticBlly active oxide powder aB) was used. The resulting annul ar
coated cat axyst s hwid NbheTaaner amd/ert cef oxidic active material as Sl but
t he range oizfiggugatmgn eb, the @@@hn&h&ﬁ%ﬂﬁss was Ilkemnse 230 + 25 [err]
15 X3 is sb and/or Bi,

X4 is at least one or more alkali metals,

10 X* 1is at least one or more alkaline earth metals,
X6 is si, Al, Ti and/or Zr, '

a is from 1 to 6,

b is from 0.2 to 4,

¢ is from 0.5 to 18,
15 4 is from 0 to 40,

e is from 0 to 2,

£ is from 0 to 4,

g is from 0 to 40 and

'n . is a number which is determined by the valency and frequency
20 of the elements differing from oxygen in I.

The preparation of the active multimetal oxides I including the
calcination conditions,_are described in DE-A 43 35 973.
DE-A 43 35 973 also discloses preferred embodiments within the

25 active multimetal oxides I. These include, for example, those
mult1metal oxides I which are covered by the follow1ng meanings
of the variables of the general formula I:

X! is w, Nb and/or_Cr,
30 X2 is Cu, Ni, Co and/or Fe,
X3 is sb, - : ' '
X4 is Na and/or K,
X5. is ca,. Sr and/or Ba,
is si, Al and/or Ti
is from 2.5 to 5,
is from 0.5 to 2,
is from 0.5 to 3, -
is from 0 to 2,
is from 0 to 0.2,
is from 0 to 1,
is'from_o to 15 and :
is a number which is: determined by the valency and frequency
of the elements differing from oxygen in I.

>
o

35

40
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45 However, very particularly preferred multimetal oxides I are _
those of the general formula I



' REPLAGEMENT SHEET
d of 2000

-Eﬁﬂkﬁgﬁ&dﬁﬁi§%¥i"

P et e et S et W I it S

VS2: As for Sl1, but 2000 g of ethylene glycol were used inst
wat er . Separate carriers coated with active material were n
I nstead, multiple el.enents strongly adhering to one another :

VS3: Exanple 1b) of DE-A 29 09 670 was rkpeated. c) Determination of the
specific, catalytically %IZV%(ISXU)IS%Q,,W ea A [glé,r and of the abrasion Ab

(9% of coated catal ysts 25 ¥romb) Table 1 I'dw cont ai ns t he val ues
deternmi.ned for A. and Ab. Table 1 30 COated cat al yst Alerr]
Ab (% VSL. _ - .17.5 . > 10 Sl -
23.2 where 0.1 35 S2 o 17.5
0.3 S3 5. 17. 4 : ¢ 0.2 84 - 23.7
0.1 S5 X! is W and/84.1o, ' - 0.3 40 S6

- 28.5 X2 is Cu aHdZoSMi, - : : 0.2 VS3
17.4 - X5 is Ca aﬁa}or Sr, : : - '

X6 is Si and/or Al,
10 a is from 3 to 4.5,
b is from 1 to 1.5,
¢ is from 0.75 to 2.5,
b4 is from 0 to 0.5,
g is from 0 to 8 and
n is a number which is determined by the valency and frequency

of the elements differing from oxygen in I,

15

Coated catalysts prepared according to the invention with the
_ active multimetal oxides I are particularly suitable for the -
.20 preparation of acrylic acid from acrolein by gas-phase catalytic
oxidation. This is true in partlcular for spherical or annular
coated catalysts, especially when they have the characteristics
(geometry, coat thlckness, etc.) described in this publication as
being preferred. The general reaction conditions for the
25 gas-phase catalytic oxidation of acrolein to acrylic acid are
likewise described in DE-A 43 35 973,

~ The novel process is also suitable in the csae of active
multimetal oxides as used for the catalytic gas-phase oxidation
. 30 of methacrolein to methacryllc acid and are described in, for
"example, DE-A 40 22 212. :

The novel process furthermore proves suitable in the case of
active multimetal oxides which are to be applied as a coat and
35 are of the general stoichlometry II

: MolzBi,Fegxl X2X3X40, (11)
) ' ' ¢c.d e £ ’

40 where

X!  is nickel and/or cobalt, _ _ : _

X2 is thallium, an alkali metal and/or an alkaline earth metal,

X3 is phosphorus, arsenlc, boron, antlmony, tin, cerium, lead,
45 ‘niobium and/or tungsten,

X4 is silicon, aluminum, titanium and/or zirconium,

a -.is from 0.5 to 5,



45 22 d) Process for the preparation of acrylic acid fr, n?%gkﬁﬁ
‘gas- phase catal ytic oxidation The coated catalysts VSl and
as follows in a5 - nodel contact tube surrounded by a sa :
cont act tube V2A stainless steel, 2 nm7all thickness, 25 mminterna
dianmeter; 1.5 1 £ gngfl %ptact tube were filled mnth the particul ar
coat ed cat alcyst r% regEgl . mxture had the folloew ng starting
conposi ti on: 596 croleln 7% by vol une of oxygen, 10% by

vol ume of st®amhfres 0.02 to 2'78%by vol ume of nitrogen. The nodel
contact tubee wasis dawadOwteh53600 1/h (S.T.P.) of starting reaction gas

m xture. Theftenperfaion 6 b idengal t bath was adjusted so that an acrol. ein

conversion q{ 99 s YutBer whid@syls tﬁgﬁé’ﬁﬁﬁfedab? Eﬂé%a%%%y IR& ﬁael,cfue?ﬁgfh
tlerrper_at l_” etr eéw'trheédeg.gﬁents' Sdl%@(eirg.ng from oxygen in II.

EMENBSHEET

The preparation of active multimetal_oxides_II, including the
10 calcination conditions, are described in DE-A 40 23 239.

‘Coated catalysts prepared according to the invention with the
active mult1meta1 ox1des 1I are particularly suitable for the
preparatlon of acroleln from propene by gas—phase catalytic

- 15 oxidation. This is true in partlcular for spherical or annular
coated catalysts, especxally when they have the characteristics
(geometry, coat thickness, etc.) described in this publication as
‘being preferred, The general reaction conditions for the

- - gas-phase catalytic oxidation of propene to acrolein are likewise
20 described in DE-A 40 23 239 and in DE-A 44 31 957. '

The abovementioned coated catalysts cohprising the active
multimetal oxides_II are, however, also suitable for the
. preparation of methacrolein from tert-butanol, iscbutane,
25 isobutene or tert-butyl methyl ether by gas-phase catalytic .
- .oxidation. The general reaction conditions for this catalytic
gas-phase oxldation are described in, for example, DE-A 40 23 239
and DE-A 43 35 172. .

.30 The novel process is also suitable in the case of the active
oxide materials. of DE-A 44 05 514.

. However, the novel process is of course suiteble very -generally
for the preparation of .coated catalysts based on active oxide
- 35 materlals, in particular for the catalytic gas-phase ox1dat10ns
' mentioned 1n thls publlcation in connection with the evaluation
~of the prior art. This is also true when the oxidlc active
materlal compriees only one other element in addltlon to oxygen.

40 The advantages,of thefnovel process are in particular
- the fact that the coat thickness can be varied,
- a high adhesive strength of the oxidic active material in.

45 - 'comblnatlon w1th a completely satisfactory speciflc surface
' area thereof,



select|V|ty S of the acrylic acid formation are shown in Tab “EP&&S%ME"E§HEET

267

Tabl e 2. Coat ed cat al yst o T [err] . ' S [no %eté‘sezq%%%@%

95.2 Si - - . 263

40 45 =~ REPLACEMENT SHEET 23 W clmlﬁaj_ A process for the preparation
of a catal yst. wnedterohsmegyenaitysof tha mulitehgaeéh@'tqﬁb&h%é%dﬁ’ el ve

oxide material enPlduedatbs bheorelicheelepladd@vedr Lh& sudsdcihbe! %f %”' 4
is first noi st e

|s then bound to the surtface of the. nnlstened

5

10

h_.a.liquird binder, a |ayer of active oxi nater

- satlsfactory output of the productlon process.

This is true in partiCular?of annular carriers.

‘Examples

" a) P:eparation of catalytically active oxide materials

15

20

25

30

- 35

40

A:

45

Cat_'alyticélly active oxide material Mo;jViWi,pCuz,.4Op

190 g of copper(iI) écetate monohydrate were dissolved in
2700 g of water to give a solutlon I. 860 g of ammonlum
heptamolybdate tetrahydrate, 143 g of ammoniium
metavanadate -and 126 g of ammonium paratungstate

.heptahydrate were dissolved in succession in 5500 g of
‘water at 95°C to give a solution II. The solution I was

then stirred all at once into the solution II and the

“aqueous mixture was spray-dried at an outlet temperature

of 110°C. - The spray ‘powder was then kneaded with 0.15 kg
of water per kg of powder.

The catalyst precursor_thus obtained was calcined in a
through—circulation oven fed with an oxygen/nitrogen
mixture. The oxygen content was adjusted so that the Oy
content at the outlet of the through-circulation oven was
1.5% by volume. In the calcination, the kneaded material
was first heated to 300°C at a rate of 10 K/min and then
kept at this temperature for 6 hours. It was then heated
to 400°C at a rate of 10 K/min, and this temperature was
maintained for a further hour. In order to realize a .
certain ammonia content of the calcination atmosphere,
the oven loading L (g of catalyst precursor per 1 of
internal volume'of'the through-circulation oven), the
inlet volume flow IF (1/h (S.T.P.)) of the
oxygen/nltroqen mlxture and the residence time R (sec) of
the oxyqen/nltrogen feed (ratio of internal volume of the
throuqh-01rcu1ation oven .to the volume flow of the
oxygen/nitrogen mixture fed in) were chosen as follows:

L: 250 g/1;
IF: - . 80 1/h (S.T.P.); .
R: . 135 sec.



carrier by bringing it into contact with dry, flnely di vi ded qErLAGEMEqrsggig
oxide material, and the liquid binder is then renoved fromt i sPeb

carrier coated with active oxide material, wherein the |iqui
is a solution consisting of- from20 to D!)%by wei ght of water and-from 10

to 80% by wei ght of e QiiFRGE-60FRIAE onhESEn Qﬂziéd Iaqdpahnim%r n%ii volume
Blrjglclers]zt agncf :Irrpmee(rja;t# e%:[g% E_(Ué er?iﬁ)feﬁs gﬁ?a( g% géotgagafﬁg fr%‘% 10
to 50% by weight of Th SnPcE Y s [y € PEEFLEIeS n

claim1, wherein theof ipfiddPEYARE PIIHNG; ErW%aZGl?HeS@%ﬁf;m\/\él gt 1ofun he
or gani c .cofpound. 4.mesh mizecand s mylomomrbion ok lpairtritleshel ejaidt pewdexjani c

conpound 25  is abthicAtiadoBRe Clumpeistdasnéneicd ofr ABYé NenGl GOPwR WSiry | NY
of monohydric and po] 4w @han @4cohols, nonobasi ¢ and pol ybasi c organic '
carboxylic acids, am no al cohols, nDnofunctlonaI and pol yfunctional organic
am des, nnnosaccharldes ang oltgosaccharldes A process as cl ai ned

inclaimil, wher®n ??ﬁ?%??d&ﬁ? éﬁﬁﬁﬂﬁnﬂxfgeeﬁaqﬁéaét %%@V@EHQSBthéeBQGted_

fromthe b?oup consi sting
_ 128 g of copper(II) acetate monohydrate and 81 g of

nlckel(II) acetate tetrahydrate were dissolved in 2700 g
‘of water to give a solution I. 860 g of ammonlum
heptamolybdate tetrahydrate, 143 g of ammonium
15 - metavanadate and 126 g of ammonium paratungstate :
-heptahydrate were. dissolved in 5500 g of water at 95°C to:
give a solution II. The solution I was then stirred all
at once into the solution II and the aqueous mixture was
Spray-dried.at'an outlet temperature of 110°C. The spray
20 powder was then kneaded with 0.15 kg of water per kg of
powder. The kneaded material was heated in an air-fed
rotary tubular oven to 400° 'C in the course of 3 hours and
then calcined at 400 C for 5 hours The calcined, '
. catalytlcally active material was then milled to a finely
25 _ ' divided_powder. 50% of the particles of said powder
: - passing through a sieve of mesh size from 1 to 10 pm and
the proportion of particles of said powder which have a
" " longest dimension of more than 50 um being less than 1%.

30 b) _Ereparation of coatedtcatalysts

VSl 28 kg of annular carriers (7 mm external diameter, 3 mm
length, 4 mm internal dlameter, steatite, hav1ng a '
~surface roughness R, of 45 pm and a total pore volume of
35 < 1% by volume, based on the volume of the carriers,
- producer: Hoechst Ceramtec, Germany) were introduced into
" a coating pan (angle of inclination 90°,Hicoater from
. Lodige, Germany) having an internal volume of 200 1. The
coating pan was then rotated at 16 rpm. 2000 g of water
40 ~ was sprayed onto the carriers via a nozzle in the course
of 25 minutes. 10.35 kg of the catalytically active oxide
powders aA) were metered in continuously and
'51mu1taneously in the same period by means of an
_ _ oscillating conveyor outside the spray cone of the
45 _ atomizer nozzle During coating, the powder fed in was
- ' completely absorbed onto the surface of the carriers, and
' no agglomeration of the finely divided oxidic active

.

............................
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of ethylene glycol, 1,4-butanediol, 1,6-hexanediol, glycerol ﬁﬁﬂh§CEMENTS _

agid, oxalic acid, malonic acid, glutaric acid, 35 °~ nalei
et hanol am ne, di et hanol am ne, formam de, glucose fructose, Buc ]
| actose. 6. A process as clained in c2@|n11 wherein the boiling point of

the 1iquid binder amatepbaphess obpeessd aftbratmd éd dfl%8eCaddd: ibn o
E.r ng:‘s 2|sa§I alk ggldl ipdwabal {adl,wa\tiagr efé@t tah@r %%L%S’fc %@ZP?’% Oofn ¢ WHina,
silicate, silicon cgbﬁi%ﬁé élrch’::'c?%l gpn?%%“%e?“a& t?% %‘ﬁr‘?\fd?oii?rgeebré’gng
REPLACENENT SHEET 2¥2§ then fontdmued for & fugther o A9urs afnes®ich ipna

surface r&ughness’ [értﬁ}'—l%almé’edar(tr@y oven))r gpden air.100 Eberieswlting
process as cl ai ned iannulatr nedatedwhetalystshe thet propudtiie of dxidic hhelperes

of the carrier is [eeatbrigh as/Q7ynBy waged, OBasé® of0ltu@BLotat RRIGRRNT er .
The coat thickness was 230 + 50 um, both over the surface
B of one carrier and over the surface of dlfferent
10 carriers.

' S1l: as for vsi, but 2000 g of an aqueous solution consisting
' of 75% by weight of Hy0 and 25%.by weight of glycerol
_ were used instead of 2000 g of water. The resulting
15 - ' annular coated catalysts had the same content of oxidic
~ active material as SV1 but the range of fluctuation of
the coat thlckness was 230 + 25 um.

S2: As for VS1; but 2000 g of an aqueous solution consisting
20 T of 75% by_Weight of H,0 and 25% by weight of propionic
acid were used instead of 2000 g of water. The resulting
annular coated catalysts had the same content of oxidic
active material as SV1 but the range of fluctuation of
the coat thickness was 230 + 30 pm. o
353: As for Vsi, but 2000 g of an aqueous solution consisting
of 75% by weight of H,0 and 25% by weight of formamide
. were used instead of 2000 g'of water. The resulting
annular coated catalysts had the same content of oxidic
- 30 active material as SV1 but the range of fluctuation of
the coat thlckness was 230 *+ 30 pm.

S4: as for Vvsi, but 2000 g of an aqueous solution con51st1ng
_ f of 75% by we1ght of Hzo and 25% by weight of ethylene
35 : glycol were.used instead of 2000 g of water. The
- ) resulting'ahnular coated catalysts had the same content
of oxidic active material as SV1 but the range of -
fluctuation of the coat thickness was 230 * 25 um.

40 §5: As for VSl but 2000 g of an aqueous solution consisting
of 75% by weight of H,0 and 25% by weight of
1,4-butanediol were used instead of 2000 g of water. The
resulting annular coated catalysts had the same content
of oxidic active material as SV1 but the range of

‘45 ' fluctuation of the coat thickness was 230 # 30 pm.



10. A process as cI aimed in claim1, wherein the Iongest di ng nBsrl_:%LnAc%M%%TSHEET |
carrier is from1 to 10 nmm 10 11. A process as clainmed in ¢ Fhan 1, ZA,BeMARr{S%
the carrier used conprises spheres A process as clai nedibipa-_¢claim 1T

wherein the carrier used 15 nB éa‘s hol | ow cyl i nders. 13. A pr process as
clai med. i n cl aSf¢ 128 4AEISh tbh‘é ABPP qIvoic pni adeeansh spdusivenepdsisitibgom 2
to 10 nm -an exter odl 76% detveright Of dip0land 25% oy aedgatvet | t hi ckness of

L rﬁm 1 toI 2oOI | ﬁlU’G*—h&:ﬂaneQimO&efﬁé BSed lialshREd | 6 PoRiomyles WhRLE &ntehef'
ol  ow cyl i nders r ro
from4 ty 8 rr?n and%ggujl %Ql?gégségg% tcgt%lgm %&deﬁ‘% QQYLQ.L$° E%%)‘?ocess
as clainmdd inclaif g ealc%ltvﬁe %%%“f atlh A sb“btf t[hﬁeré?ﬁ%l‘iﬁ ically
active oxide nater F&Pc‘é‘b?)‘lﬂr% of o thRecaal tRdekness (asc 280 &r2% diff-r om 10 to -
1000 [err]. 30 °16. A process as claimed in claim1, wherein the coat
‘thickness of. t Bg:casafytishl bytathsveadfdeonss aid dE aaalwﬁhﬁﬂﬂ:laewurface
of the carrier is EEQH%&IEkﬂde 599d£§riﬂ) the correspondlng amount of the
- 10 catalytzcally active oxide powder aB) was used. The
resultlng annular coated catalysts had the same content
of oxidic actlve mater1a1 as S1 but the range of
fluctuation of the coat thlckness was. 11kew1se

230 + 25 pm
15 -
'.VSZ -As for S1, but 2000 g of ethylene glycol were used
"~ instead of 2000 g of water. Separate carriers coated with
active material were not obtained. Instead, multiple
elements strongly adhering to one another were formed.

V'S3:Examp1e 1b) of 1:_)_E-A 29 09 670 was_'.repeated_.
c) Determination of the spec:.fic, catalytically active surface
R area A (m2/q) and of the abrasion Ab (%) of coated catalysts
25 from b) 3

Table 1 below contains the values dete_rmined for A and Ab.

Table 1

30
 Coated catalyst . A (m2/g) . _ Ab (%)
o vsiT 17.5 ' > 10
. s1 23.2 0.1
35 S s2 17.5 0.3
| 83 17.4 0.2
sS4 23.7 0.1
RS 24.3 0.3
40 ' s6 28.5 0.2
D L 23.0 0.2
VS3 17.4 0.1

45 -
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35 17. A process for the preparation of a catalyst which consi HA SHEET

carrier and a catalytically active oxide material ‘applied to t
the carrier, wherein-a process as clained in any of claims 1t
r epeat ed periodical ly, ie. the carrier2grovided with the basecoat forns the

carrier to B& 4@rocessmict ¢hedprepatas isnbseaentl jrebicod srsh t4:e0160nbSy

coat ed by contaqhswphieéhdataﬁyaft)bxﬂddtdeﬂ oxidic active material, etc.
18. A process as clainmed in.claim117, wherein the carriers to be 45

d t t r_ whi ch passes the carriers
ont o oncl vt L?gﬁéﬁgﬁtég %&?822%?‘%&% 88 ﬁ%nvg%fpeartéﬁaggsas i LovBsin A
whi ch spréys t hBORE TP URGEd ERPS RdF rounge DiEA\ESRt tSPEE: 25 the carriers -

rolling in the rotating container and the second of which nmeters in the
catal ytical |y ambier aotitdetmatbei ar2a Bthineéys dindededs fii Ma1a 18icknedPcess
as claimed in chifh lintdinne 81dde &3t 85t oY lphelhbhy e éaﬂt%%tn%ﬁé'v?éré s a

nul timet al OX'd?lff@ﬁEufyhngh&@bégtﬁcular coated catalyst The reaction
10 mlxture had the follow1ng startlng comp051tlon

5% by vdlume of acrolein,

7% by volume of oxygen, -

. 10% by volume of steam and
15 78% by volume of nitrogen.

~ The model contact tube was loaded with 3600 1/h (S.T.P.) of
startlng reaction gas mlxture The temperature of the salt
bath was adjusted so that an acrolein conversion of 99 mol%

20 resulted after a single pass.

The salt bath temperature T reQulred for this and the
select1v1ty S of the acry11c acid formatlon are shown in
Table 2 below '

25
Table 2
Coated catalyst . . T [°c] _ S [mol%]
30 used ' " _ '
' VSl o ' 267 - 95.2
Sl ' 263 : . 95.3
'35

40

45



V. 20. A proc ‘uu claim1, wherein the catalytifially 10
acti-ve oxide ﬁg ﬂ“ \‘“\m ml metal oxide containing M, Fg mhgl. QBMAR%

REPLACEMENTSHEET

coat ed cat al yst'xconsiist i"ng %of "a hol | ow cyli-ndrical carrier hiwsg-a-teongih

of from2 to 10 nm an external dianmete3from 15 4 to 10 mm and a wal |
thi ckness of from1 to 4 nmand a catalytically active. oxide material which
is applied twa chaifuter surface of the carrier and is of the fornula

[err] (I) mhere [err] is W Nb, Ta, O or Ce, 25 [err] is Cu,

Ni, Co, Fe, t, one qr

r rr s .at
al kali net alls [elprr te%§ é%r t&fsPrSR%rag? Or?t[n P& %I ?(aatiafw«?tegﬁfs‘ﬁh et tsxﬁg
Si.. A, TiSor z@ cggrier and g gakpiyticaldvpacpive axideompbenial applded | s
fron10.5 to 18, td thessurfage afothe, carriers fnowbich ¢he, carrier is first
' moistened with a liquid binder, a layer of active oxide

material is then bound to'the surface of the moistened
carrier by bringing it into contact with dry, finely divided,
10 - active oxide material, and the liquid binder is then removed
from the moistened carrier coated w1th active oxide material,
wherein 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 whose boiling point or
15 sublimation temperature at atmospheric pressure (1 atm) is
> 100°C. :

2. ' A process as claimed in claim 1, wherein the liquid binder .
contains from 10 to 50% by weight of the organic compound.

3. A process as claimed in claim 1, wherein the liquid binder
contains from 20 to 30% by weight of the organic compound.

4. A process as claimed in claim 1, wherein the organic compound
25 is at least one compound selected from thelgroup consisting
of monohydric and polyhydric alcohols, monobasic and
polybasic organic carboxylic acids, amino alcohols,
monofunctional and polyfunctional organic amides,
monosaccharides and oligosaccharides.
30 _ .
5. A process as claimed in claim 1, wherein the organic compound
is at least one compound'selected from'the group consisting
of ethylene glycol, 1,4- butanediol 1,6- hexanediol, glycerol,
propionic acid, oxalic acid, malonic acid, glutaric acid,
35 maleic acid, ethanolamine, diethanolamine, formamide,
' glucose, fructose, sucrose and lactose. “

6. A process as claimed in claim 1, wherein the b0111ng point of
5the liquid binder at atmospheric pressure (1 atm) is > 150 c.
- 40 _ _
7. A proceSs'as claimed in claim 1, wherein the carrier consists
of alumina, silica, clay, kaolin, steatite, pumice, aluminum
silicate, magnesium silicate, silicon carbide, zirconium
dioxide or thorium dioxide. '
. 45
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35 . f is fromO to 4, ¢ iIs fromO to 40 and n is an V\%EETHEET

determ ned by the val ency and frequency of the elenents in |
from oxygen, 40° the applied catalytically active oxide nat
applied in a coat thickness of from10 #4 1000 [err] and having a specific,
cat al yti cal | B.actA peosess axs: clledmed5in claim 1, ofhdreim 2Bet susfagd®/ g and

2 6 an abrasion Q'fouéhﬁ@ssmzef:)ﬂ&bé)/ca?r':_i,erpilétfﬁﬁ arl Yoptebdgimbl y < 0.5, %_
by weight in the turntable abrasion test. 5 22.. process for the

t f tal yi f ol
orerar o on'o S ¥Lgag g B BaioP e o LS Ul P S
A coated catal ystt ¥‘@oﬁ§¥§?| the Saﬁ{)}?’b\ﬂiscﬂ Fﬁo‘?Y 4 u@&rr?%’Fed_LCPn thehavi ng

a length from 2 wolumenef the eresiend dianmeter from4 to 10 nmand a wal |,
t hi ckness of from1 to 4 mmand a catal ytically active oxide rraterlal whi ch

i's applied tQoth%process as claimed in claim 1, wherein the longest
dimension of the carrier is from 1 to 10 mm.

.10 |
- 11. A process as claimed in claim 1, wherein the carrier used
‘comprises spheres.

12. A process as claimed in_claim 1, wherein the carrier used
15 " comprises hollow cylinders. '

13. A process as claimed in claim 12; wherein the hollow _
cylinders have a length of from 2 to 10 mm, an external
diameter of from 4 to 10 mm and a wall thickness of- from 1 to

20 4 mm.

14. A process as'claimed in claim 12, wherein the hollow
cylinders have a length of from 3 to 6 mm, an external
diameter of from 4 to 8 mm and a wall thickness of from 1 to

25 2 mm. ' ' ' ' '

15. A process as claimed in claim 1, wherein the coat thickness
of the catalytically active oxide material applled to the
surface of the carrier is from 10 to 1000 pm.

30 : _

 16. A process as claimed in claim 1, wherein the coat thickness
of the catalytically active oxide material applied to the
surface of the carrier is from 100 to 500 um. :

35 17. A process for the breparation of a catalyst which consists of
a carrier and a catalytically active oxide material applied’
to the surface of the carrier, wherein a process as claimed
in any of claims 1 to 16 is repeated periodically, ie. the
carrier provided with the basecoat forms the carrier to be

40 moistened in the subsequent period and then to be coated by
" contact with dry, finely divided, oxidic active material,
etc. '

- 18. A process as claimed in claim 17, wherein the carriers to be -
45 coated are introduced into a rotating container which passes
the carriers periodically through two successive metering

apparatuses, the first of which sprays the liquid binder onto
—_—

A I

v
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outer surface of the carrier and is of the formula Il 15
(11), where 20 X1 is nickel or cobalt, X2 1is thallium %g@ﬂ ____________________________
metal or an alkaline earth metal, [err] is phosphorus, arse on-—

antinony, tin, cerium | ead, nloblunlorzsungsten [err] is silicon,

-al um num t'ta“'EHE‘EAr%&EEQ”fbiﬁlﬁ%51n th@-roﬂa § 5086 é&ﬂé} §ndbthe'§§éaﬂwn

0.01 to 3, ¢ lgffrorg;i ?93}% i the 8al gt AR 305! Qtryd 8&‘%8?#?.%%?”‘63} the’

30 f is from
val ency and fre fiad EQQ§ﬁbnts |n I'l which differ from oxygen, the

applied catalytlcally active oxide material 35 -  being applied in a coat
t hi'ckness $f19r aanpfbdess1880c]aimed andctﬁunnng ahspein file catalyticaly face

area Of from 20 fo:3R beibe ﬁﬁEEr%ll is a multimetal oxide contalning Mo and
: V.. :

20. A process as claimed'in claim 1, wherein the cataliytically
10 ~active oxide material is a multimetal oxide contalnlng Mo, Fe
and Bi. . ' '

- 21. A coated catalyst conszstlng of a hollow cylindrical carrier
L having a length of from 2 to 10 mm, an external diameter from
15 4 to 10 mm and a wall thickness of from 1 to 4 mm and a

catalytically active oxide material which is applied to the
outer surface of_the carrier and is of the formula I

o Mo12VaX1X2X3X4X5X50n (D,
20 S _ cde £ 49

where

_ X!  is W, Nb, Ta, Cr or Ce,
25 X2 is Cu, Ni, Co, Fe, Mn or Zn,
X3 1is Sb or Bi,
X4 is at least one or more alkali metals,
X5 is at least one or more alkallne earth metals,
X6 is Si, Al, Ti or Zr,
is from' 1 to 6,
is from 0.2 to 4,
is from 0.5 to 18,
is from 0 to 40,
is from 0 to 2,
is from 0 to 4,
is from 0 to 40 and
- is a number which is determined by the valency and
frequency of the elements in I which differ from oxygen,

30

35
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40 the applied catalytically active oxide material
- being appliéd in a coat thickness of from 10 to 1000 um, -

- and having a'speéific, catalytically active surface area
45 . of from 20 to 30 m?/g and
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an abrasion of < 10, preferably < 5, particularly preferably
weight in the turntable abrasion test. 45 24. A process for
of : acrol ein or nmethacrol ein by gas-phase catal ytic oxidation :
tert-butanol or isobutane or-isobutene2®r tert-butyl methyl ether, wherein
27 the catal yst- useaniabrasdoat efl <dttsl psefasamlaiarsd pareciaivardy. 25. A
catal yst gas-phase pxéfaiaay RrOces% bYhRe ik tie taat ah¥slatle abr¥sfshi s
the product of a proggss as clainmed in claiml. 26. A coated catalyst
consisting of a carrier and a catalytically active oxide material applied

to the surface of the carrier, obtainable by a process as claimed in claim
1. 10 15 %02%5 Bprocess for the preparation of acrylic acid by gas-phase

catalytic oxidation of acrolein, wherein the catalyst used is
a coated catalyst as claimed in claim 21. :

| f%élécq%%m SHEET
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23. A coated catalyst consisting of a hollow cylindrical carrier
10 " having a_length from 2 to 10 mm, an external diameter from 4
to 10 mm and a wall thickness of from 1 to 4 mm and a
catalytically active oxide material which is applied to the:
outer surface of the carrier and is of the formula II

15 " Moj2BiFepX! X2X3%X40,

ctaats (I1),
where
.20 Xt is nickel or cobalt,

X2 is thallium, an alkali metal or an alkaline earth metal,
X3 is phosphorus, arsenic, boron, antimony, tin, cerium,
. lead, niobium or tungsten, '
X4 is silicon, aluminum, titanium or zirconium,
is from 0.5 to 5, '
- is from 0.01 to 3,
is from 3 to 10,
is from 0.02 to 2,
is from 0 to 5,
is from 0 to 10 and _ : _
is a number which is determined by the valency and _
frequency of the elements in II whicp differ from oxygen,

25

30

HmopaoUe

the applied catalytically active oxide material
35 ' ' o _
- . being applied in a coat thickness of from 10 to 1000 um,

- and having a specific catalytic surface area of from 20
to 30 m2/g and : o

40 ' _ :

- an abrasion of < 10, preferably < 5, particularly
preferably. < 0.5, % by weiqht in the turntable abrasion
test. ' '

45 24. A process for the preparation of - acrolein dr'methacrOlein by

gas-phase catalytic-oxidation of propene or tert-butanol or
isobutane or iscbutene or tert-butyl methyl ether, wherein
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o |
the catalyst used is a coated catalyst as claimed in claim
23, S i
A catalyst gas-phase oxidation process, wherein the catalyst:
used is the product of a process as claimed in claim 1.

A coated catalyst consisting of a carrier and a catalytically

active oxide material applied to the surface of . the carrler,
obtainable by a process as claimed in clalm 1. ' '

-
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- preparation of a catalyst consisting of a carrier and a

10

15

20

25

30

catalytically actlve oxide material applied to the surface of the
carrier

Abstract

A catalyst which consists of a carrier and a catalytically active
oxide material applied to the surface of the carrier is prepared

by a process in which the carrier’ is first moistened with, as an.

adhesive liquid, an aqueous solution of an organic substance
boiling at above 100°C at atmospheric pressure and a layer of

active oxide material is then bonded to the surface of the

moistened carrier by bringing it into contact with dry, finely
divided active oxide material and the adhesive liquid is then
removed from the moistened carrier coated with active oxide
material.
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