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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 support rings by spraying on in 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 agueous oxalic acid solution
and stirred together with promoters. TiO,, prepared from titanium sulfate by the suifate
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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;0s particles have a diameter of
20 um or less and at least 95% by volume of the V,Os particles have a diameter of
30 pm or less.

- 40
Preference is given to at least 90% by volume of the V.05 particles having a diameter
of 15 um or less and at least 95% by volume of the V,05 particles having a diameter of
20 pum or iess.

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>O; particles have a
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vanadium oxide, calculated as V,0s, and from 60 to 99% by weight of titanium dioxide,

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

by weight of a cesium compound, calculated 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;0;. '

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, nickel 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.
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correspon se o0 atalyst supports custonmarily used
produci ng coated catal ysts for the gas-phase partial oxidation of
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havi ngofthe esbesmé@itiofled BRIntdterodlements, 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 generaily
aqueous, e.g. water itself or an aqueous mixture with a water-miscible organic solvent
40 such as methanol, ethanol, isopropanol, formamide and the like.

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

45 commercially available as aqueous 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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35 The catalysts of the invention are generally suitable for the gas-phase oxidation of
aromatic Ce¢-C1o-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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25 The thickness of the layer of catalytically active conposition is
generally from0.02 to 0.2 mm preferably fromO0.05 to 0.15 nm The
proportion of active conposition in the catalyst is usually fzqn:]ﬁ fﬂ%
25% by wei ght, nostly from7 to 15% by weight. 30 As a result

thermal treatment of the resulting mecatalyst at tenperatures of from
> 200 to 500"C, the binder is driven off fromthe applied |ayer by

t her maengfalbofim st ?00%5%6/96?%@8%:[@? Poxie 11nhean AR ARacetvelositneht i s

pr ef er gehsrabyuirornd§04e600¢ h'situ in the gas- phase oxidation reactor. 35
The catal ysts of the invention are generally suitable for the
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oxygendgiven grusingfrom th@edwlwzdmefcataluszaysgema in pertigulef threse andr omatic

hydr oc foupebtné catblgsiosyistbnied per standard M3 of gas. 15 It has been
foggd to be particularly advantageous to use catalysts which differ in

t he| r | cal makeup of their active
conposi ﬁgkﬁeﬁ ﬁg%g%/tg%)gt gf?ﬂéWﬁ]a%égﬁlﬁ "reacti onpzones are
enpl oyed, the catalyst used in the first reaction zone, i.e. the
react i Meagyemept oftbe pattislersige disributidnovas ersried avttusing aybschpnadice abl y
has a sizemanabteilto2®Yin¢ad megéiremant rangé frotni s td 860 gratat hysdolyticesént i n
t hgp s egPRAakRAS oA dUeihe measurement, the V.05 sample was suspended in water

and circulated by pumping through the measurement cell. The measurement time was

2 scans. Evaluation was carried out by the Fraunhofer method.

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,0s, 3.549 kg of Sh,03, 0.805 kg of cesium carbonate
were suspended in 519.035 kg of deionized water and stirred to achieve a
homogeneous distribution. The V,Os had the following volume-based particle size

40  distribution: 10% < 0.58 pum; 20% < 0.87 um; 30% < 1.20 pm; 40% < 1.61 pm; 50%
<2.21 um; 60% < 3.26 um; 70% < 5.52 pm; 80% < 9.46 pm; 90% < 14.92 um; 95%
<19.51 um; 99.9% < 169.33 um. 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



20 i.e. the reaction zone closest to the gas outlet. In general, the
reaction is controlled by neans of the tenperature settings ?c) thﬂtZﬂ[}ﬁ
the major part of the aromatic hydrocarbon present in the re i

gas is reacted in maximumyield in the first zone. Preference is

given to using fromthree- to five-zone catal yst systens, in

par ti cintematdipmeter)zand driedin 2 fvidizeddied| opetinggrnasatys. CaatMpevasmasied on i s
I I'l ust vat sidetnpetaheed of 30207 sk sisflowbtsotemdnt of the particle
size distribution was carried out using a Frisch particle SI zer
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surfac k O‘ V205, 3.549 kg of Sb203, 0.805
kg §ussp?e{51§1%8;nraég%gtger@em%%§ éuspené’ed in 519.035 kg of deionized

wafl r and stirred to achieve a honogeneous distribution. The V205 had
t he fofoBREMRivesramBleFased particle size 40 distribution: 10% ~ 0. 58
|.Lm 20% ~ 0.87 I.Lm 30%W!~ 1.20 Itm 40%~ 1.61 Rm 50% ~: 2.21
gm  60¥EmpR. 2Rad r?éhteﬁ%ng \@Cﬁzlalnamtheﬁﬁ%mng véﬁn@&asga%rﬂcﬂe‘lsrﬁ Rm
95% 5 gikfibvion: t1@5‘[’/ G%O/r? 28 < Do P Q@ﬁ“aﬁ H{ %@W

of ”Stfﬁqwnﬁfﬁ‘ﬁ a%?%%'vébéa"e%@é%ﬁ'}% Jgp%?{s%% g of

the su§#Sms WA b d onto 150 kg of steatite rings 45
(magnesium sil i cat e) havi ng di nensions of 7 x 7 x 4 nm (external

di anmet Ahabysubefgietcaxalﬁtslcaluhe&eomwa mdltaémalpr@boaﬁmmr\bzoendthdmcm ina
f | ui d' é&ﬁ QﬁﬁorP&%SS‘/Jba h’t‘t%ﬁn £8atd 1 MG V4168 of ‘P#Q%aéy weight,

%%/ %bé%lurt “rS’Wor%erq’s%QeEOfo ek\(z %ySI s of

q?é&@s%mfgn afrodin & > s o
heti ved aling wﬁceﬁr%aag P8 SHBNEES NavMadhe Preserbadelsal cul at od
t heor espmiantsvtbwrrwnt ei2Qsfin tmrﬁeISnglthadat@thwecr@mﬁﬁMQ tehkgs 7.12%
by weight. There was a m ssing amount of 0.27% (absolute). To

conpensfk @bb eddnfpleEov Basthduisk @gvgdaf,ehm@ 4 BEffRUGRRARtE §z&nd  produce
Ca&é‘ yﬁ&ﬁ.bﬁ%ﬂ%ﬁé?ﬁp %gsﬁdﬁ%ﬁcé/ﬁ\ %g%ﬁrgdt he amount of V205 in

suspensi on I ncrease g. 10 Conparative
exarrpl e 2 Exanpl e 1 was repeated using V205 having the foll ow ng
vol ume- based particle size distribution: 104~ 0.62 gm 20% ~ 0.93
l.Lm 30%!~ 1.25 Itm 40%!~ 1.63 gm "50%



.15 :~2.10 gm 60~ 2.76 ~Lrn; 70% ~ 3.84 gm 80% ~ 6.27 gm 90% 5;
# 24.24 ~Lrn; 95% s 46.58 [Lm 99.9%:!~ 300 gm Analysis of tHel jUL 28 -
catal ysts calcined at 400" C indicgted a proportion of V205 in the
active conposition of 5.55% by weight. Conpared to the theoretical
value of 7. 12% by weight, 20 there was a m ssing anount of 1.57%
(absolGaiEs. To conpensate for the V205 | oss during the coating
procedure and produce -catal ysts having the prescribed V205 contents,
t he anmount -of V205 in ,the suspension had to he |ncreased by 3. 134 kg.
The adove ASaFRASIET gﬁﬂh\?’?%ﬁtcafaﬁ@?t?égaﬁfﬁ%@ PRgNPUEY R ned particle
si ze 25 disyspansion il iQmanskViQs pastickasts appliedrte @ubddizetbinarsuprort equi r ed.
2 § JUL 29%ereiChblenst S0%\bpvolaresof ey ViDquelitidiexphavecatiatigtdr of 20 um

gas- phase opidsdahH @b east %%‘By%luﬁqe FUBL IO PaHiOlbs Rha BRFheYer LT
particles 39?&!@@?"9%%0' to a flfuidized inert support, 5 wherein at |east
90% by vol e V205 particles have a dianeter of 20 larn or

| ess and at | east 95% by vol une of the V205 particles have a dianeter
of 302 i mTbe preess agcorging tp claire d swhereloratilerst £8%dyavainme ofdhenels at

| agst  90%phpticleslHave acdiarhéter ¥2{Hum ) lgvarandct kashes® by diuanebfthe of 15

| am or | espogggmelgs W8S h dmnetBYof s ier Risst he V205 particles have a

di aneter of gmor less. 3. The process according to claiml or 2,
wherein at_| east 50% bx_ volume of the V205 ~|Eartiocl es have a di ameter
of nore t HAR PRGesRACading terglaimy 1 9f dsWhereluatdedy SPe ihyelgre eftiens 1 to
3, wher ei ¥2Ohpaidiclepbave adigngtenefmoredhan 2 886 at | east one cesium
pHesphorus and/or antinony source. 5. The process according to any of
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V205, andc{)]ﬁ@ﬂ%%soétﬁ %a%gé%'o %}e/%v@i gﬁ?sﬂ&?’)@%gwl%ﬁ'ﬁ?@gﬁ er,écal cul ated as
Ti 02 25 6. The process according to claimb5, wherein the catalytically
act i v&. corfpesproress agegrdingsto any e fhesrreceding elainss whaeein Begatalylicali of
c&0al yt i catlive conposdiocaepysises om 1 topl0toby wiighy ofmaingtiiimodxide, cesi um
conpound, céRligtddedsdGisakd fromiBoite 90% Wwwghg&ftti_tammm@id&tué@ pAelibEd
conpound,ggaﬂ-@ul ated as P, and up to 10% by wei ght of antinony oxide,

a

cal cul at ed as-8p203. -

25 6. The process according to claim 5, wherein the catalytically active composition
further comprises, based on the total amount of catalytically active composition,
up to 1% by weight of a cesium compound, calculated as Cs, up to 1% by weight
of a phosphorus compound, calculated as P, and up to 10% by weight of
antimony oxide, calculated as Sb,0s;.



