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—d (87) Abstract: A methad for production of a catalyst for pas phase oaidations is disclosed. whereby u suspension of Ti0: and V.04
particles is applied 1o a fluidised inert support, whercin at least 90 vol, % of the V.05 pariicles have a d:amemx of 20 pim or less apd
= at least 95 vol. % of the V.0, particles have a diameter of 30 juen ot less. The defined particle size distribution of the V.0« permils
g a high coating efiiciency.
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g 30 um oder weniger anfweisen, Die definterte Teilchengrossenvericiiung desV,0. erlaubt eine hobe Beschichungseffizienz.



of catalytic gas-phase oxidation of aromatic hydrocarbons such as benzene,
the- xyl enespg gggunshgaeene, tol uene or durene in fixed-bed reactors. It is
possible to obtain, for exanple, benzoic acid, maleic anhydride, phthalic
anhydri de, isophthalic acid, terepht hallic acid or pyronel litic anhydride in
this way. In general, a mxture of an 15 oxygen-contai ni ng gas and the
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surrounded by a heat transfer medium for exanple a salt nelt. Catalysts
whi ch have rplind t o be useful for these oxidation reactions are coated
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material at elevated temperature until the desired proportion by overall weight of active
30 composition in the catalyst has been achieved.

DE-A 2550686 describes a process in which an aqueous solution comprising titanium
tetrachloride and a vanadium(1V) salt is applied to a support.

35 In the production method disclosed in DE-A 1442590, finely divided titanium dioxide in
the anatase modification is added to a solution of vanadyl oxalate, formamide and
water. The resulting slurry is applied to inert catalyst supports.

WO 00/12214 describes a production process in which a mixture of titanium dioxide,

40 vanadyl oxalate, an organic binder and, if appropriate, promoters is applied in a
shell-like manner in two concentric layers to inert suppont rings by spraying onin a
coating drum, coating in a fluidized bed or by powder coating.

EP-A 539878 describes the production of catalysts for preparing phthalic anhydride in
45 the gas phase. Ammonium metavanadate is dissolved in aqueous oxalic acid solution
and stirred together with promoters. TiO,, prepared from titanium sulfate by the sulfate



vanadi um so ~ad N ONe case, a soluble vanadium1V) conpound such as
10 vanadyl (%éﬁ?i@glggz%sed as vanadi um source. The reduction to vanadi un(lV)
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fluidized inert support, wherein at |east 90% by vol une of the V205
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|l ess and at Rrevide theseafalysts gbiginablgn thiewpos particl es having a di aneter of
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| ess, at | east 90% by vol une of 05 particles have a "dianmeter of 15 m

or less and gt |east 95% by volune of the V205 particles have a dianmeter of
20 m or | esslhe invention provides a catalyst for gas-phase oxidations which comprises an inert

support and, applied thereto, a catalytically active composition comprising from 1 to
40% by weight of vanadium oxide, calculated as V,0s, and from 60 to 99% by weight of

30 titanium dioxide, calculated as TiO,, and is obtainable by applying a suspension of TiO,
and V05 particles to the support, wherein at least 90% by volume of the V,0; particles
have a diameter of 20 um or less and at least 95% by volume of the V,0; particles
have a diameter of 30 um or less.

35 The invention additionally provides a process for producing a catalyst for gas-phase
oxidations, in which a suspension of TiO; and V.05 particles is applied to a fluidized
inert support, wherein at least 90% by volume of the V,O; particles have a diameter of
20 um or less and at least 95% by volume of the V,0; particles have a diameter of
30 um or iess.

40
Preference is given to at least 90% by volume of the V.Os particles having a diameter
of 15 um or less and at least 95% by volume of the V,0s particles having a diameter of
20 um or less.

45 In particularly preferred embodiments, at least 60% by volume of the V,0s particles
have a diameter of 4 um or less, at least 80% by volume of the V,0; particles have a



5 Preference is given to at | east 50% by vol unme of the V205 particles having
a dianeter @f offdgB4bP8n 2 gm The vol une-based D50 is preferably in the
range from2.0 to 2.5 gm The vol unme-based particle size distribution is,

for the purposes of the present patent 10 application, appropriately
determ ned by nmeans of laser light scatte¥ing and eval uati on by the
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and rubi di unﬁepﬁﬁhlgﬁﬁre ‘5@%* hbm(' ) oxide, alum num oxide, zirconium oxide,
i ron oxi de, nickel oxide, cobalt oxide, manganese oxide, tin oxide, silver

oxi de, copper oxide, chrom um oxide, nolybdenum oxi de, tungsten oxide,
iridium 45 okiefeatalytigaiivpetive sempesition ihe Grlsinpd statepretasally exmardsesabasedony
oxi de, c#ri uon theitotal amount of catalytically active composition, from 1 to 40% by weight of

vanadium oxide, calculated as V,0s, and from 60 to 89% by weight of titanium dioxide,

calculated as TiO.. The catalytically active composition can further comprise up to 1%

by weight of a cesium compound, calcuiated as Cs, up to 1% by weight of a

phosphorus compound, calculated as P, and up to 10% by weight of antimony oxide,

35 calculated as Sb,0s;.

Apart from the optional additives cesium and phosphorus, it is in principle possible for
small amounts of many other oxidic compounds which act as promoters to influence
the activity and selectivity of the catalyst, for example by reducing or increasing its

40  activity, to be present in the catalytically active composition. Examples of such
promoters are the alkali metal oxides, in particular the abovementioned cesium oxide
and also lithium, potassium and rubidium oxides, thallium(l) oxide, aluminum oxide,
zirconium oxide, iron oxide, nicke! oxide, cobalt oxide, manganese oxide, tin oxide,
silver oxide, copper oxide, chromium oxide, molybdenum oxide, tungsten oxide, iridium

45 oxide, tantalum oxide, niobium oxide, arsenic oxide, antimony oxide, cerium oxide.
From this group, use is generally made of cesium as promoter.



Fromthis gfweeodb%ﬁsti general ly made of cesium as pronoter. PF 0000054926
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in the process of the invention, the layer(s) of the coated catalyst is/are applied by
spraying a suspension of TiO, and V,0s, which may, if appropriate, comprise sources
of the abovementioned promoter elements, onto the fluidized support. Before the
35 coating procedure, the suspension is preferably stirred for a sufficiently long time, e.g.
from 2 to 30 hours, in particular from 12 to 25 hours, to break up agglomerates of the
suspended solids and to obtain a homogeneous suspension. The suspension typically
has a solids content of from 20 to 50% by weight. The suspension medium is generally
aqueous, e.g. water itself or an aqueous mixture with a water-miscible organic solvent
40 such as methanol, ethanol, isopropancl, formamide and the like.

In general, organic binders, preferably copolymers, advantageous!y in the form of an
aqueous dispersion, of vinyl acetate-vinyl laurate, vinyl acetate-acrylate, styrene-
acrylate or vinyl acetate-ethylene, are added to the suspension. The binders are

45 commercially available as agueous dispersions having a solids content of, for example,
from 35 to 65% by weight. The amount of such binder dispersions used is generally
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treatment is preferably carried out in situ in the gas-phase oxidation
reactor.30 As aresult of thermal treatment of the resulting precatalyst at temperatures of from

> 200 to 500°C, the binder is driven off from the applied layer by thermal
decomposition and/or combustion. The thermal treatment is preferably carried out
in situ in the gas-phase oxidation reactor.

35 The catalysts of the invention are generally suitable for the gas-phase oxidation of
aromatic Cg-Cqo-hydrocarbons such as benzene, the xylenes, toluene, naphthalene or
durene (1,2,4,5-tetramethylbenzene) to form carboxylic acids and/or carboxylic
anhydrides such as maleic anhydride, phthalic anhydride, benzoic acid and/or
pyromellitic anhydride.

40
For this purpose, the catalysts produced according to the invention are introduced into
reaction tubes which are thermostated to the reaction temperature from the outside, for
example by means of salt melts, and the reaction gas is passed over the prepared
catalyst bed at temperatures of generally from 300 to 450°C, preferably from 320 to

45 420°C and particularly preferably from 340 to 400°C, and a gauge pressure of
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gas is reactfeur-zanermajalyatfysiees.d in the first zone. Pr eference is given to
using frzanthree- to five-zone catal yst systens, in particular three- and

four-zone catid iMedntion $ ifidiratetPoy e foIRWRHY &@mples. | | | ustrated by the fol | ow ng
exanpl es. Measur errent of the particle size distribution was carried out
using a Fri Sl&eaé) rement o? the particle size distribution was carried out using a Frisch particle
sizer "Analysette 22" in the measurement range from 0.3 to 300 um at a resolution of
30 62 channels. To carry out the measurement, the V,Os sample was suspended in water
and circulated by pumping through the measurement cell. The measurement time was
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Example 1

35
54.227 kg of anatase (BET surface area = 9 m%/g), 126.517 kg of anatase (BET surface
area = 20 m%g), 14.195 kg of V,05, 3.549 kg of Sb,0,, 0.805 kg of cesium carbonate
were suspended in 519.035 kg of deionized water and stirred to achieve a
homogeneous distribution. The V,0; had the following volume-based particie size

40 distribution: 10% < 0.58 um; 20% < 0.87 um; 30% < 1.20 pm; 40% < 1.61 um; 50%
< 2.21 um; 60% < 3.26 pm; 70% < 5.52 pm; 80% < 9.46 pm; 90% < 14.92 um; 95%
<19.51 um; 99.9% < 169.33 pm. 80 kg of an organic binder comprising a copolymer of
vinyl acetate and vinyl laurate in the form of a 50% strength dispersion were added to
the suspension. 60 kg of the suspension were sprayed onto 150 kg of steatite rings

45 (magnesium silicate) having dimensions of 7 x 7 x 4 mm (external diameter x height x
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25 distribu It possible to reduce the anpbunt required. PF
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an inert support and, applied thereto,8a catalytically active conposition
conprising from1l to 40% by 5 wei ght of vanadi um oxi de, cal cul ated as V205,
and from 60 Céo 99% by weight of titaniumdioxide, calculated as Ti 2, and
I s obt ai nabl appl ying a suspension of TiQ2 and V205 particles to the
support, wherein at |east 90% by volune of the V205 particl es have a

di amet er of 420 articles
have a di arret er W lﬁ%ﬁ Q%h@&eb Bpngwclﬁyco rgg% Inert é'ﬁﬁ%r? d IoI aim1,
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amount of cat al to 1% by wei ght of a
cesium d@rrpound calculated as Cs, up to 1 %by wei ght of a phosphorus
conpound, ca&l culTheedtalyst &coeding top:laim 1l Odterdiy atleast80% by witmeohthedkOde,

cal cul ated as ShgfiBles havé\aRiPse6Sof 18P bPRYS Al aBle &2 108bYSY vdl@he 8ffhephase
oxi dations, in %Cparﬁc@?hé\#ésé’ﬂ Hatey 0@50}% igd V205 particles is applied

to a flui d| zed inert support ere| n a st 90% by vol une of the V206
partlcles have a dianmeter of 20 m or |ess and at |east 95% by volune of the

V205 partPi cies H'Q%‘a@'yét BEROFBNY rclaley 110rct. whesain ableadt SOy plaeSEtheccor di ng
to claimb5, wheMOnpaiticleshate 90iriejencd monethah 2. V205 particl es have a ‘
di anmeter of 15 mor |less and at |east 95% by volune of the V205 particles
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5. A process for producing a catalyst for gas-phase oxidations, in which a
25 suspension of TiO, and V,0Os particles is applied to a fluidized inert support,

wherein at least 90% by volume of the V.05 particles have a diameter of 20 um

or less and at least 95% by volume of the V.05 particles have a diameter of

30 pm or less. '

30 6. The process according to claim 5, wherein at least 90% by volume of the V,0s
particles have a diameter of 15 um or less and at least 95% by volume of the
V,0; particles have a diameter of 20 um or less.

7.  The process according to claim 5 or 8, wherein at ieast 50% by volume of the
35 V,0; particles have a diameter of more than 2 um.

8.  The process according to any of claims 5 to 7, wherein the suspension further
comprises at least one cesium, phosphorus and/or antimony source.

40 9 The use of the catalyst according to any of claims 1 to 4 for preparing phthalic
anhydride from o-xylene, naphthalene or mixtures thereof.



