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I-hert carri ewwapoosocesal ytically active material that i sPCamH2004/008896cupon
and contains transition nmetal oxides. or g precatalyst. Said (pre)catalyst

i s obtained by processing the inert carrier wth an agueous suspension o r
solution of the Transition netal oxides or the precursor conpounds thereof.
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of an a-olefin and a vinyl-Cl-C4-carboxyl ate. the vinyl-Cl-C4carboxyl ate

content of which amounts to at | east 1,,2 nole percent. WO 2005/ 011862
PCT/ EP2004/ 008596 1 Catal yst for gas phase oxidations 5 The present

I nvention relates to a catal yst for gas-phase oxidations, which conprises
an i nert Supibbe presaot inverdivalrglaties & b gatatyst foe gapphassi axidatioos mhichstamaprises
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anhydri des aP@dppRYar eatbe Qj§'f“?3idé'p?§/” 09 thercatalysit j ¢ gas- phase oxi dation of
aromat i c1hydrocarbons such as benzene, the xylenes, naphthal ene, toluene or

durene in fi Kadyeathoxgiecciisandr ehborylic\anbiidrides aven frelpaiedl indwdtrially @y gatakn thi s
vay, it is pRaeghé-Bhide SRIAA6R of hdnaBl RAYioBarbBRSSRINCasHdrBendRh&kleriahydr i de,
naphthalene, toluene or durene in fixed-bed reactors, preferably shell- and-tube reac-
tors. In this way, it is possible to obtain, for example, benzoic acid, maleic anhydride,
15  phthalic anhydride, isophthalic acid, terephthalic acid or pyromellitic anhydride. In gen-
eral, a mixture of a gas comprising molecular oxygen, for example air, and the starting
material to be oxidized is passed through a large number of tubes which are arranged
in a reactor and in which a bed of at least one catalyst is present. To regulate the tem-
perature, the tubes are surrounded by a heat transfer medium, for example a salt melt.
20
Catalysts which have been found useful for these oxidation reactions are coated cata-
lysts in which the catalytically active composition is applied in the form of a shell to an
inert support material such as steatite. The catalytically active constituents of the cata-
lytically active composition of these coated catalysts are generally titanium dioxide (in
25 the form of its anatase modification) together with vanadium pentoxide. Furthermore,
smalt amounts of many other oxidic compounds which act as promoters to influence
the activity and selectivity of the catalyst can be present in the catalytically active com-
position.

30 To produce such coated catalysts, a solution or suspension of the constituents of the
active composition and/or their precursor compounds comprising an aqueous and/or
organic solvent is sprayed onto the support material at elevated temperature until the
desired proportion of active composition, based on the total weight of the catalyst, has
been reached.

35
To improve the quality of the coating, it has become standard practice in industry to
add 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, to the suspension. In addition, the addition of binder has the advan-

40 tage that the active composition adheres well to the support, so that transport and in-
stallation of the catalyst are made easier.

In the thermal treatment at from > 200 to 500°C, the binder is removed from the applied
layer by thermal decomposition and/or combustion. The thermal treatment is usually
45 carried out in situ in the oxidation reactor.
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We have now found that the monomer composition of the polymeric binder has a sig-
nificant influence on the activity of the coated catalyst obtained.
35
The present invention provides a catalyst for gas-phase oxidations, which comprises
an inert support and a catalytically active composition comprising transition metal ox-
ides applied thereto, or a precatalyst for the catalyst, where the (pre)catalyst is obtain-
able by treatment of the inert support with an aqueous suspension solution of the tran-
40  sition metal oxides or their precursor compounds, which further comprises a binder
dispersion, where the binder is a copolymer of an a-olefin and a vinyl C,-C,-
carboxylate whose vinyl C,-C,-carboxylate content is at least 62 mol%, preferably from
63 to 95 mol%.

45 The reasons for the influence of the binder on the activity of the catalyst obtained are
not completely clear. Catalysts for gas-phase oxidations comprise redox-active transi-
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35 ides or their precursor compounds in the solution or suspension is generally from 20 to

50% by weight.

In the caicined state, the catalytically active composition preferably comprises, based
on the total amount of catalytically active composition, from 1 to 40% by weight of va-

40 nadium 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 phospho-
rus compound, calculated as P, and up to 10% by weight of antimony oxide, calculated
as Sb203.

45
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anhydrides, for example quartz (SiO;), porcelain, magnesium oxide, tin dioxide, silicon
carbide, rutile, alumina (Al;O,), aluminum silicate, steatite (magnesium silicate), zirco-
nium silicate, cerium silicate or mixtures of these support materials. The support mate-
rial is generally nonporous. The expression “nonporous” in this context means “non-
40 porous except for technically ineffective amounts of pores”, since a small number of
pores may be technically unavoidable in a support material which should ideally com-
prise no pores. As advantageous support materials, particular emphasis should be
given to steatite and silicon carbide. The shape of the support material is generalily not
critical for the precatalysts and coated catalysts of the present invention. For example,
45  catalyst supports in the form of spheres, rings, pellets, spirals, tubes, extrudates or
granules can be usad. The dimensions of these catalyst supports correspond to those
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For this purpose, the catalysts produced according to the present invention are in-
stalled in reaction tubes which are thermostatted from the outside to the reaction tem-
40 perature, for exampie by means of salt melts, and the reaction gas is passed over the
catalyst bed prepared in this way at generally from 300 to 450°C, preferably from 320
to 420°C and particularly preferably from 340 to 400°C, and a gauge pressure of gen-
erally from 0.1 to 2.5 bar, preferably from 0.3 to 1.5 bar, at a space velocity of generally
from 750 to 5000 h™".
45
The reaction gas supplied to the catalyst is generally produced by mixing a gas which



t.0 500C, the binder is removed fromthe applied | ayer by thernal
deconposition and/or combustion. The thermal treatnent is preferably
carried out in situ in the gas- 20 phase 8xidation reactor. In preferred
enbodi nents, the catal ysts of the present invention display, after thernal
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conprises from30 to 80 nol % of the total <catalyst volume, is generally
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preferably faiolr-kéneléitaihpitahsterdnd in particular from2 to 8C higher,

35 Ina preferred embodiment of a three-zone catalyst system, the catalysts have the fol-
lowing compositions:

- for the first, uppermost zone (zone a)):
from 7 to 10% by weight of active composition, based on the total catalyst, where
40 this active compaosition comprises:
from 6 to 11% by weight of vanadium (calculated as V;Os)
from 0 to 3% by weight of antimony trioxide,
from 0.1 to 1% by weight of an alkali (calculated as alkali metal), in particular ce-
sium oxide,



t.han the reaction zone nearest the gas outlet. As an alternative, the

gas- phase oxida- tion can also be carried_out at one reaction tenperature
wi thout division into tenpera- 20 ture zohes. Regardl ess of the tenperature
structuring, it has been found to be particularly advan- tageous for

catal ysts whi ch gfikiffurh BiokRBiin tHeadratas! Modifdatidh hivi le@g SUMaRE Gfda grat ure of
their active co os%p%r:g{zf) ﬁ%ﬁ’#sed in 6°h§ abovenentT oned reacti on zones of
the cata 25 |yst™fka™® 9 AGELe 400% byyeighte enpl oyed, the catal yst
used in the first reaction zone, i.e. the reaction zone nearest the inlet
for the reacti oforgBé sedtdd, middhs 2dnst(zénedB)i Vity which is sonewhat |ower than

zone neardet tnaonL OTFPEY weidht SRR RAN R FL RaB R AT IE st eFaphLENGRE ¢ he
t enperat ure set thiRGCMe compositing campaeshart of the aromati c hydrocar bon
present in 30 tieem 5 entd% oy visight oSvarRakinetartulaf@Kkagoyi el d in the first
zone. Preferencq so ¢ @rb(b?vpe- ilpgﬁ ) %8 five-zonesycat al yst systens, in
particualr t hr ee~ a% :ytgyry-zéﬁgoca?arﬁ @f_‘"gﬁs?'ens. 35 1n a ﬁr,efer.red

embodi ment of afﬁom%éa9-64@%\&?@?\5@@%%9&'%‘#@ a8 kel sredalh iy eartipidarrcst -

| ow ng cthposi t isiumsoxide,f or the first, uppernost zone (zone a)): from7 to

10%Dby vei ght ol i/6 4908PREGH ABnobiRA% il kaiclladdaabyst, where 40

this active conmposlition co rom ) ) of vanadi um

(cal cul at6d as FIASIETT dioxGeds MeAplAsganosifcaten. & ARPHRRAk 79 B2008 3 @om 0. 1
to 1% by wei ght bafanae tcal 0% by peightul at ed as al kali netal), in particular ce-
siumoxide, 7 and titaniumdioxide in the anatase nodification having a BET

surface ea of _ from. 15 nP/ g _as bal ance to 100% by wei ght, for the
second, hiddle {‘?Héegpﬁ%né° f!‘g%lgf‘%fﬁ%etc 12% by wei ght of active

conposi tion, badwh &te 128 by sweight ohactive sompagitiers based en thettotabcatalyptowhedeon
conprises: fromthis aetivbXéniBositieh @bmpadesyanadi um (cal cul ated as V205) fromO
to 3% by wei ght t r1,0X] % wei ght of an al kali
(cal cul ated as é'f%baﬂb ?Q{g%)\n?‘eléhgé%gaﬁﬁd%nﬂga'%g%_eéiﬁs%?% oxide, fromO to

0. 4% by wei ght d&emphésPhdyoreightof artiraenytéaxide] ated as P) and titani um

di oxi de 2t the #oat s BubY wWeight afran dlkalidpncaed at alkab metaly, anpartigularace-

bal ance to 100%8%}9%h ht, 15 - for the third, bottomrost zone (zone c)):
from8 to 12% by wel ofoacti ve composition, based on the total catalyst,
where this act i@ @gﬁ‘b‘bgi"t/? Brweighiefirhespharygpemioide (atpiisjedias Ght of

vanadi um ( cal culaat¢ithritsn W@ie, infpadioulr irothd Znbiaseven aglificatidn, dfrtpprapnigtet as ioxi de
20 fromO to O. %%@X),‘&%ic?‘gmncmo %bcﬁlbbqjeiighﬁ,cal culated as alkali netal), in

parti cul % ce- SIum oxi

In a preferred embodiment of a four-zone catalyst system, the catalysts have the fol-
lowing compositions:

- for the first zone (zone a)):

30 from 7 to 10% by weight of active composition, based on the total catalyst, where
this active composition comprises:
from 6 to 11% by weight of vanadium (calculated as V.,0Os),
from 0 to 3% by weight of antimony trioxide,
from 0.1 to 1% by weight of an alkali (calculated as alkali metal), in particular ce-

35 sium oxide,
and titanium dioxide in the anatase modification having a BET surface area of
from 5 to 15 m?/g as balance to 100% by weight,

- for the second zone (zone b1)):
40 from 7 to 12% by weight of active composition, based on the total catalyst, where
this active composition comprises:



from0.05 to 0.4% by wei ght of phosphorus pentoxide (calculated as P) and
titaniumdioxide, in particular in the anatase nodification, if appropriate
as in zone a), as balance to 100% by weight, 25 In a preferred enbodi nent
of a four-zone catal yst system the catalysts have the fol- | ow ng

conposi tions: - fié aithaséy tﬁyﬁ\heiﬁﬁﬂﬁ‘véﬁéﬁ?@ni‘ééléul@t@d%&%@?},tO 10% by wei ght of

active conpositi on_t tot.al catalyst, where  this active
conposition conpf? 583;8[%??%&%'9 §°fff '%OBXI "R&I95nt " of vanadi um (cal cul ated as

V205), from 0 tfeemé&ihe Webymweight oban allkk@ingalckiated ascalkaliroetal. in padicalys bs

wei ght of an al kellirn okigle| cul ated as al kali nmetal), in particular ce- 35 sium
oxi de, a titang L @%do, LA 1LEl ' | a BET surface
area of rE51Ejrom S%ng%ﬁf\éy& @ngr@[eb%@é’%g% B)&B%%ﬁ{l‘a@@% (%? t he second
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the total catal yisdlancettert@0%thy weigttf i ve conposition conprises: 8 from4 to

15% by wei ght of vanadium (cal cul ated as V205), fromO to 3% by wei ght of
antinmony tri oxi to 1% by weight of an alkali (calculated as

e, fromO.1
al kali netal), ﬁﬂ”ﬂﬁlﬂi'ﬁd&ﬂnﬁr&%—b%):um oxide, 5 fromO to 0.4% by wei ght of
phosphori@s pent okerd& t¢ d atchy weiglat adisiciRe cmthdsitibanbased dndbe thealicatalyise wieed ase
nodi fication, ifhARREAPEIADSItRR dohpFieee @), as balance to 100% by wei ght,
for the third zope %ﬁoqﬁ° bqu)‘% Hlo from.7 to éﬁ%g\é \(ﬁ)ght of active
conposi tion, bas&"8i° ¢A% Ryoteipntaf vapsdiym (Galiled 8 VaOgct | ve conpositi on
conprises: fromfeom @ ta8%% byweighiftantimonntrididem (cal cul ated as V206), fromO
to 3% by wei ght fdm anb 0mE¥y Weighkbéh alkdiP@hlulafedbsPRaDmeBl IR balicudical kal |
(cal cul a'\t;.?:d as 34"5 I gi matalg, in particular ce- 15 siumoxide, fromO to
0. 4% by ight o 'ﬁﬁ’ gShor us pentoxide (calculated as P) and titanium
di oxi de in the dfun&ade 0t by weight efphospherpp pepieride icaleilated ok a), as
bal ance to 100%4nd twehightdioxdde in theandtis: modifitdlion iR aprapitee @ Iri zdned) & t 0 12%

by wei ght of acty t] . hased on the total catalyst, where this
active corrpositi%a\r{lﬁgg(r%rgﬁlegdésdy%'%% 5 to 30% by wei ght of vanadi um

(cal cul ated as V205), fromO to 3 % by weight of antinony trioxide, 25 from
0. 05 t o 20. 4% by foethgfduridfzopb gapiean)us pent oxi de (cal cul ated as P) and

;ist ani um di oxi degdf) 8484 2 BsiGht B efiveCiniitioh b3R8 0RRRE B cafalysh WiRRE 2) .
this active composition comprises:
from 5 to 30% by weight of vanadium (calculated as V,0s),
from O to 3 % by weight of antimony trioxide,
25 from 0.05 to 0.4% by weight of phosphorus pentoxide {calculated as P)
and titanium dioxide in the anatase modification, if appropriate as in zone a), as
balance to 100% by weight.

in general, the catalyst zones a), b), ¢) and/or d) can also be arranged so that they
30 consist of two or more subzones. These intermediate zones advantageously have in-
termediate catalyst compositions.

Instead of delineated zones of the various catalysts, it is also possible to achieve a
pseudocontinuous transition of the zones and an effectively uniform increase in the

35 activity by using a mixture of the successive catalysts at the transition from one zone to
the next zone.

The bed length of the first catalyst zone preferably makes up more than 30 - 80% of the
total catalyst fill height in the reactor. The bed height of the first two or first three cata-
40 lyst zones advantageously makes up more than 60 — 95% of the total catalyst fill



bal ance to 100% by weight. In general, the catal yst zones a), b), c) and/or
d) can also be arranged so that they 30 consist of two or nore subzones.
These internedi ate zones advantageously hgve in- ternediate catalyst
conpositions. Instead of delineated zones of the various catalysts, it is
al so possible to achieve a pseudocontinuous transition of the zones and an
ef fectivel y beightoTypical ceamtere have & Hilt h&ghiasftiow 250 &y tdISEMEMAaTRE ¥tdlyet @het he

successi Ve CalNS fadfodrife, %waﬁm&&&&gyggm%ﬁ%%cro% the next zone. The
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reacti on zomebe ddlestteam wpction zmesriathisftrese zone(s), thegmajor pare of the startirgact | on
zone(s) are hydib&irbdiddxidized!td theusied bRaaicraRedu@AndRPREsrmebialddl §6 tHagse
zone(s), t heth%%%nta g‘ of%e E ?lg&"s%‘f tHeWles dé]g q{\féﬁ%rpé’r@#aﬁicgﬁig e?vggntt.ﬂ e

desired idatjqn [ internediates, so t vant ages of
t he cat a?@ tﬁq g%gr |ﬁ%qtﬁ?ﬁ? are particularly evident in the 20

first stage or the first and second stages. The invention is illustrated by
the follow ng exanples. 25 A Production of catalysts Upper zone catal ysts
R1.1 to Rl.4TRelingéntipnaé iliLstraed byrtrd folldviley éRnipiesir f ace area 9 n2/g), 64.33 ¢
of titaniumdioxide (BET 30 surface area 20 nR/g), 7.82 g of vanadi um
pent oxi d 2 6 i oxi de and 0.444 g of cesium carbonate were
suspended i n B'gﬁgtﬁﬁron%%é%?ézed water and the mxture was stirred for 18
hours. The binders indicated in Table 1 below were added to this

suspensi on. Ypeerggsp catalysts Rbil 40 Rd# was subsequently sprayed onto 1200 g of
steatite (magnesiumsilicate) in the formof rings (7 x 7 x 4 mm external

di aneter, 353& smgtdr trta'nmﬁ're&lﬁﬁihe ({Bmhﬁ‘é&e @@QQ%W@%4 39§ oniasitim mbxra@m@ppl i ed
coating y@s &% é]ﬁ? é“zsébag of At Oéld-g

l e the

catal yticall

cal ci nation é’tﬁg e?%ymfcggarunﬁ%u‘?’?g 5?'3’1 ﬁ qs I"r? qro \}%a‘?ﬁ ﬁrrr“im 8I cuI at ed
as V205), 2. W“/@B‘SPSV%'FQMO’ noREs: FBﬂ)P "(dééﬁ ‘Bﬁ'Fﬁtte éf‘li%b'%ﬂ WWG*??Q?B)’P

this suspension. The suspension obtained was subsequently sprayed onto 1200 g of
steatite (magnesium silicate) in the form of rings (7 x 7 x 4 mm, external diameter,

35 length, internal diameter) and dried. The weight of the applied coating was 8.0% of the
total weight of the finished catalyst. The catalytically active composition applied in this
way comprised, after calcination at 400°C for four hours, 7.12% by weight of vanadium
(calculated as V,Os), 2.37 % by weight of antimony (calculated as Sb,0;), 0.33% by
weight of cesium (calculated as Cs) and 90.1% by weight of titanium dioxide.

40

Table 1

Cat. Binder Amount of
(molar comonomer ratio) binder [g]




wei ght of cesium (calculated as Cs) and 90.1 % by wei ght of titanium

di oxi de. 40 Table i Cat. | Binder | Am)untooof (nol ar conmononer ratio)

bi nder [g] 10 R1l.1Vinyl acetate-ethyl ene pol ymer 25 (63:37) R1.2Vinyl

acet at e- et hyl ene-copol yner25 (67:33) Rl.3*Vinyl acet ate-ethyl ene-copol yner 25

60: 40 R1. 4* 'Wifr OXEl rwybgtg{e_ ﬂene( %i‘ﬁér'} \éa )z—garrpi es W ddl e zone cat al yst

R2: 5 34.32 of tift I OoXI area: 9 n2/g), 102.90 g of
titani um di g ' de— Surface -area 20 nR/g) 11. 0_g of vanadi um pent oxi de,
2.30 g of anRo@i um leacﬁﬂ@g%hﬂmmmmeﬁ 632-’9 of anti nmony oxi de and 0.19
g of cesium|carbondi(@7:8Br e sus- pended in 650/m of watdr and the mixture

was stirred|kem+18 Wgcetgﬁ.&hﬂéné}g‘gﬁwn@er bi pgler consi §ting of a copol yner

of vinyl ac¢tate and Ol I aurate in the formof a 50%10 strength by

. . (edady Al o - -
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was subsequE H"\/ Sp Al S eat 4¢=Lm=mm= fumsilicate) in the

formof ri n@tsomﬂaratwb E«amnm external di anet er, Iength I nternal dianeter)
and dried. The weight of the applied coating was 10.0% of the total weight

of the finisipgneairl atdlyst Rpe cata- lytically active conmposition applied in
this way corrprl sed, after calcination at 400C for 15 four hours, 7.12% by

wei ght of cal cuI a V205 0. 40% or us
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grﬂé g)enpﬁ4 gﬁb'?g&f co\ﬁ@@ﬁrﬂj ol wgr Qacé ?él'al% \%yl .HEH m( of a 50%
stirred 1r Srenglihyypgnt @%S' e Bl 8y R en i T sl ol e
of vinyl aceta$ éu%ﬁ?SU%tWﬁpraVSH@ntqﬂﬂ%g P aﬁt%ﬂe—(r@@r@wm $li in Byefrdn oh 50%
strength by uegsyftx Dk 4pemséxdernaktiametgd denpth,dntemasdisinepashandriedThbe weigbtnsi on
obt ai ned wasofsthé applieeirdoatingwasye0%ooftine total Mdight of thetfinihbl eatalyey Tae icuta-
silicate) inyfigybefive &i‘mﬂdsﬁi@ﬁ apfliet ﬁ this 4va mBrdeRf Bﬂér Qlcma@lﬁﬁta?ﬁao%efﬁgt h, .
of the tH 3*5‘5‘ %%f?a*“ gt %ﬁ% 4? BPUIGS SR bR >0 O 3%
conposi ti on ?"é‘ﬁ ?‘HC ‘ﬁFg §\£ ?’y%%g t 9f arlfmony) (E?Iﬁ‘é‘?ﬁe r?saﬁb2§@)oc f or
four hours, @40%byweight alseenm (salculated @ rs) @pa B8S1 % yiweightafditaniura dieses by

wei ght of phdephorus (calculated as P) and 78 63 % by wei ght of titanium
di oxi de. 35

20 Lower zone catalyst R3:

24.56 g of titanium dioxide (BET surface area: 9 m?/g), 73.67 g of titanium dioxide (BET
surface area: 30 m%/g), 24.99 g of vanadium pentoxide and 1.71 g of ammonium dihy-
drogenphosphate were suspended in 650 ml of water and the mixture was stirred for

25 18 hours. 58.6 g of organic binder consisting of a copolymer of vinyl acetate and ethyl-
ene {molar ratio = 63:37) in the form of a 50% strength by weight dispersion were
added to this suspension. The suspension obtained was subsequently sprayed onto
1200 g of steatite (magnesium silicate) in the form of rings (7 x 7 x 4 mm, external di-
ameter, length, internal diameter) and dried. The weight of the applied coating was

30 9.3% of the total weight of the finished catalyst. The catalytically active composition
applied in this way comprised, after calcination at 400°C for four hours, 19.81% by
weight of vanadium (calculated as V,05), 0.45% by weight of phosphorus (calculated
as P) and 78.63 % by weight of titanium dioxide.

35
B. Catalyst test of the catalysts R1.1 to R1.4 by means of temperature-programmed
reduction (TPR)



B. Catalyst test of the catalysts RI.1 to Rl.4 by nmeans of

t enper at ure-programred reduction (TPR) Jl;} The tenperat ure-programed
reduction was carried out by heating the sanple in a stream of
hydrogen/inert gas at a constant tenperature increase per unit tinme. An ap-

parat us whos,eGamsbiatifbip %grmﬁqehaamueﬁvge%anree%%%ﬁe& o'tRE Shmaiady Bl ker

o 1 1y eestesngn G ot i

SPRREP bcisap< el t=m§ i o)
323- 335] waRSgiuB Whose,eonstinetion was kased onitae propesals of Monthyad Baiker DA Meen t wo
gl ass wal | pWerdis A Raiker) Temprratu-Regrammigd Retibetian. Patametas Sensitviteandn a
ceram ¢ tubeEsdtinratiac ef Kihbtic Pataaieyers”, yaGathl. 83119833 323- 335) eds ased Obe shor 4
hours while mééweﬂagnaalredtdsra)fée& bé&ebétwaen texgasswal pra ¥ 428 D)-shhBed\§la8s

tcgfr'r ! gg}a{ Br Eg?‘rﬁ'eqT %é‘é?e&{n arﬁcé‘rﬁ dt %e O‘rh& \Daé erQ b e”t
nmeasured in 4'€ dtaﬁelD &@@%‘g@%ﬁ?ﬁ@g@“ ropght etH %W‘ﬁ?‘cﬁ%&m&?'ﬁed at
intervals of 2 s. A stream of hydrogen/argon containing 4.2% of hydrogen
was passiéd tAften agdlinghthedampleewas heatey at al heafing remptof N0 Kimint from afmbignétevas
determ ned Iperaartd afinaptehiperdtode of @REKC The shiyiprabmperbburt Was nidusutdian @al

conduct i Vi t y&@idR6h ésl’i@afth%ﬁalsé'?éﬁ{e%d%d’?% C&Beaz@mfe?@é@&f 8 Qtr&#or O

Cu(0). The n erat ure.
The total ”ég'fo%%ﬁ@%‘f csoﬁﬂ%éé)ﬁa‘%aﬁ&%v it asied Hdgordle i wbs TR
det er ni ned HifO9eHt M i thg pHaapwas gpter tperoghcanpctivity detec

[ ol / g]%i orof. b thsirme cardugiyity gatestORwaa @ahtsateé bmn®n§ sl rpdua!lomoi Cy@a
*Conpar at i veo Bu@pTies hiiiogen ¢drspmptidn was rdcopdedhal d funetinyaf térdperatiire. Utleur ed

bed with tMo@aﬂabmhnm&esv@fthé?ﬂenwaﬂatuﬁahteml Eﬁé?ﬁhé@%a@%fe‘ﬁmn'é@%ﬁﬂe- 1.30 m
of the catalrgf?ﬁ 2 and 1.50 mof the catalyst RL.1 or Rl.4 were introduced
into an iro qbe having a length of 3.3 mand an |nternal di ane- ter of 25
nm To reqgul ate the tenperature, the iron tube was surrounded by a salt

nelt, &% a 2 nmthernocoupl e sheath containing a novabl e thernocoupl e was
enpl oyed forableedsuring the catal yst tenperature. 4.0 standard nB/h of air

| aden with about 40 g 35 of 99. 3% by wei ght pure o-xyl ene per standard n8

wer e passedb(t;aﬂroug Pﬁhéu Fygbn tdp downwards. The results shown in
gi ql

Tabl e 3 bel pw were s parts by wei ght of phthalic
anhydri de opt ai ned g ﬁﬁ'ﬁ@ ar Ht of pure o- xylene.

R1.1 0.89

R1.2 0.89 4.6

R1.3* 1.31 8.7

R1.4" 1.17 6

*Comparative Examples
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C. Preparation of phthalic anhydride (structured bed with two catalyst zones of R1 and
R2)

30  From the bottom upward, 1.30 m of the catalyst R2 and 1.50 m of the catalyst R1.1 or
R1.4 were introduced into an iron tube having a length of 3.3 m and an internal diame-
ter of 25 mm. To regulate the temperature, the iron tube was surrounded by a salt melt,
and a 2 mm thermocouple sheath containing a movable thermocouple was employed
for measuring the catalyst temperature. 4.0 standard m®h of air laden with about 40 g

35  of 99.3% by weight pure o-xylene per standard m® were passed through the tube from
the top downwards. The results shown in Table 3 below were obtained. “PA yield" is
parts by weight of phthalic anhydride obtained per 100 parts by weight of pure o-
Xylene.



12 Table 3 Cat.Rl.1/R2R1. 41R2 Loadi ng [g/standard nB4637 Salt bath
tenperature [ OC] 400400 Hot spot tenperature in 464432 upper zone C Average
PA yi el d106. 6104. 3 Resi dual o-xylene [% bV 0.010.01 weight] Phthalide % by
wei ght]0.110.80 5 It can be seen that a higher PA yield and better product
quality are obtained when us- ing the catalyst R .1 according to the present
I nvention. 10 D. Preparation of phthalic anhydride (structured bed with
three catal yst zones of Rl, R2 and R3) Fromthe bottom upward, 0.70 m of
the catal yst T&e 30. 60 mof the catalyst R2 and 1.50 mof the catalyst RL. 1
were introduced into an iron tube having a length of 3.85 mand 15 an

i nternal di a&g{er Of. 25 mm To r,ﬂ@.“l'}ﬁie tlne T enper af ngmi‘lrﬁ I'Ton tube yas

sur- roundeg ;Lna amh 2—Tmrthernocoupt¢ yheath contar g4

Uy, . d l.dl

movabl e t hefk® 0 &%4 ir e.
4.0 standar Sapathdemperature BEdn 1993 h about 70 g of 9408% by wei ght pure|
o-xyl ene pen Het spudtembertumeine  passed through the tyks2 fromthe top
downwar ds. Thgndr@sHe f°g)shown in|Table 4 below 20 wgre obtained. Table 4
Cat.R1.1 /R% TG, T o7 Staniar g 1870 Satt—bath rature [ ~CI 365 fHot
spot tenper 4 r gEA dug,per zci(?eé]‘% Aver-age—PA—y-el iﬁgﬁﬂesi tgat—oe—xyl ene
[% by < 0. 01RgEAd#opvENedz e |98y wei ght]0. 01 25&9-9@/ 119 WD 2005/ 011862
PCT/ EP2004/ o8B W claim 1. A catalyst for gas-phase oxidati ons,

conpri si ng dPhihakdd [% bppeightjand |a1¢at al yti - 0.80

5

It can be seen that a higher PA yield and better product quality are obtained when us-
ing the catalyst R1.1 according to the present invention.

10  D. Preparation of phthalic anhydride (structured bed with three catalyst zones of R1,
R2 and R3)

From the bottom upward, 0.70 m of the catalyst R3, 0.60 m of the catalyst R2 and 1.50

m of the catalyst R1.1 were introduced into an iron tube having a length of 3.85 m and
15  aninternal diameter of 25 mm. To regulate the temperature, the iron tube was sur-

rounded by a salt melt, and a 2 mm thermocouple sheath containing a movable ther-

mocouple was employed for measuring the catalyst temperature. 4.0 standard m*h of

air laden with about 70 g of 99.3% by weight pure o-xylene per standard m* were

passed through the tube from the top downwards. The results shown in Table 4 below
20 were obtained.

Table 4

Cat R1.1/R2/R3

Loading [g/standard m°] 70
Salt bath temperature [°C] | 365

Hot spot temperature in 432
upper zone [°C]

Average PA yield 112.5
Residual o-xylene [% by <0.01
weight]

Phthalide [% by weight] 0.01

25

1191119



cally activeywopposipiigs2 conprising transition netal oxidegTgmbbsdosdwy et o,
or a 5 precatalyst for this, obtainable by treating an inert support with an

aqueous sus- pension or solution of the transition nmetal oxides or their
precursor conpounds, wherein the suspension conprises a binder dispersion
and the bi ndgye ¢gigimg co- polynmer of an a-olefin and a vinyl-C2-C4-carboxyl ate
whose vinyl C2-C4- carboxylate content is at |east 62 nol% 10 2. The

catal yst according to claim1, wherein the vinyl C2-C4-carboxyl ate copol yner
IS a vinyl adetatecataiysilforrgas-phase dkidatiomsatonsirisingcar iden gupmorcarad acatalytvher ei n
the vinyl acetatea waag{oﬁtimﬂdﬁsin&raﬁbmaﬁmemyalxiaegebane@ theRed, YrEr . 4.

' ‘éiﬂ%aﬁ‘n%ﬁﬁ%?‘f@f%

The catal yst acc : -

copol ymary conprigére‘s rsgfr%: tg t | érﬁ%%@%{?te%gﬁ"n% ?%ﬁggﬁ?o 30
mol % of et hyl - eRE >IpOSoR ol e lraisition melpl gXifes o) M PasURH LOBIPHA ng
clai ms, wherein Whgreiathe spspensiqnconiprises @ bindep dgpension ang ihe bigder Basr 1 to
40% by wei ght of polymedolan osxiefie, anda dnw-Q 4G exdirkaxylpOshosendnil Ca1G.60 t o 99% by
wei ght of titani gambdikpatedentebbisct leakesl mo!%.Ti O2., based on the total anount
of the cagalytically active conposition. 25 6. The catal yst according to

claimb5, whegein ' t f r,C S up
o’ 1% by el gnt O seaBsf pbekd oluf | el fRERI A CRo SRS ORRE o1
of a phosphorus &MWBYIRFEIAUSFRAIVALY as P, and up to 10% by weight of

anti nony oxide, calcul ated as Sbh203, based on the total ambunt of 30 the
cat al yti cal | §. aclThe eatalyspacdotdinmto daim/2, wheoshs thef vimyl peetptar dopglyaled shardeth;

car boxyl kg aci ds ymReiityl sctRex¥pbligmanhy- drides, which conprises bringing a
gaseous stream conprising an aromati c hy- drocarbon and a gas conpri sing

| | | nt tact .with tal yst ., 35 di t f clai '
110 6 at ol Bvat J4° callEl aggang to ciamc wheisla thevng-yylgelre ol metne oi n
the catal yst is pPOAUeSITqm63te (0 mobmohvinygasetateyppdfrom 4 to 30 mal% qf eBwkss

according to claene7 or 8, wherein o-xylene or naphthal ene or a m xture of
o- Xyl ene2gnd napht hal ene is used as aromati c hydrocarbon and is oxi- dized

to phthalic gnhy¢ri gfalyst according to any of the preceding claims, wherein the catalytically

active composition comprises from 1 to 40% by weight of vanadium oxide, calcu-
lated as V,0s, and from 60 to 99% by weight of titanium dioxide, calculated as
TiO.., based on the total amount of the catalytically active composition.

25

6.  The catalyst according to claim 5, wherein the catalytically active composition

further comprises 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,0;, based on the total amount of

30 the catalytically active composition.

7. A process for preparing aldehydes, carboxylic acids and/or carboxylic anhy-
drides, which comprises bringing a gaseous stream comprising an aromatic hy-
drocarbon and a gas comprising molecular oxygen into contact with a catalyst

35 according to any of claims 1 to 6 at elevated temperature.

8. The process according to claim 7, wherein the catalyst is produced in situ from a
precatalyst.

40 9., The process according to claim 7 or 8, wherein o-xylene or naphthalene or a
mixture of o-xylene and naphthalene is used as aromatic hydrocarbon and is oxi-
dized to phthalic anhydride.





