PF 56055 1 Use of titaniumdioxide mxtures for producing catalysts
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area of > 100 m?g is particularly swtable while the components alone would not be
suitable.

EP-A 522 871 describes a relationship between the BET surface area of the titanium

25 dioxide and the catalyst activity. According to this document, the catalyst activity is iow
when titanium dioxide having BET surface areas of less than 10 m/g is used. When
titanium dioxide having a BET surface area of greater than 60 m?/g is used, the life of
the catalyst is reduced and the phthalic anhydride yield decreases sharply. Preference
is given to BET surface areas of from 15 to 40 m/g.

30
To improve the phthalic anhydride yield and the starting behavior of the catalysts, a
change has been made in recent years to the use of activity-structured catalysts. The
individual catalyst zones are structured so that the activity of the individual zones
generally increases from the reactor inlet to the reactor outlet.

35

For example, EP-A 985 648 describes the preparation of phthalic anhydride by catalytic
gas-phase oxidation of o-xylene and/or naphthalene using a catalyst system which is
structured so that the porosity of the catalyst and thus the activity increases
pseudocontinuously from the reactor inlet to the reactor outlet. The porosity is defined

40 as the free volume between the coated shaped bodies of the bed in the reaction tube.
In the examples, the specific surface area of the active components was altered by



pseudocontinuously fromthe reactor inlet to the reactor outlet. The

por osi t PFi5808%f i ned 40 as the free vol une between the coated shaped bodi es
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the invention to provide catal ysts having inproved properties, especially

i n respect of the yield, In particular, oxidatig atal ysts, especially
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the main réaction zone migrates ever deeper into the catalyst bed, i.e. the o-xylene or
naphthalene feed is to an increasing extent reacted only in the subsequent less
25  selective zones. The consequences are reduced phthalic anhydride yields and an
increased concentration of by-products or unreacted starting materials. To avoid
migration of the main reaction zone into the subsequent zones, the salt bath
temperature can be continually increased. However, as the period of operation of the
catalysts increases, this measure, too, leads to a reduction in the phthalic anhydride

30  vyield.

It was therefore an object of the invention to provide catalysts having improved
properties, especially in respect of the yield. In particular, oxidation catalysts, especially
phthalic anhydride catalysts, having improved activity, selectivity and yield should be

35 provided. A further cbject was to find oxidation catalysts which when used in an
activity-structured multizone catalyst system combine the advantages of this with those
of a long life and high selectivity of the first catalyst zones.

It has surprisingly been found that titanium dioxide(s) A in the anatase modification

40  which has/have a BET surface area of greater than 15 m%g and a hydrogen uptake for
the reduction of Ti** to Ti** of from 5 to 20 umol/m? in admixture with one or more
further titanium dioxide(s) B in the anatase modification which has/have a BET surface
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upper catalyst zones, in particular in the uppermost catalyst zone, nearest the reactor
inlet.

For the purposes of the present invention, an activity-structured catalyst system is a
30 system comprising different catalyst zones, with the activity of the catalysts changing
from one zone to the next zone. in general, preference is given to catalyst systems
whose activity increases essentially continuously from the reactor inlet to the reactor
outlet. However, it is also possible to use one or more catalyst zones which are located
upstream or in intermediate positions and have a higher activity than the subsequent
35 zones.

When the titanium dioxide mixture used according to the invention is used in a
multizone catalyst system, it is advantageous to employ a ratio of titanium dioxide(s) A
to titanium dioxide(s) B of from 0.8:1 to 3:1, in particular from 1:1 to 2.5:1, in the

40  uppermost zone. Titanium dioxide mixtures or pure titanium dioxides in the anatase
modification can be used in the further zones. When titanium dioxide mixtures are
used, the ratio of A to B in the next lower zone is advantageously from 2:1 to 5:1.
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in which the catalytically active conposition has been ‘applied in the
Oxidic supported catalysts are suitable as catalysts. To prepare phthalic anhydride by
gas-phase oxidation of o-xylene or naphthalene or mixtures thereof, use is usually
made of spherical, annular or shell-like supports comprising a silicate, silicon carbide,
30 porcelain, aluminum oxide, magnesium oxide, tin dioxide, rutile, aluminum silicate,
magnesium silicate {steatite), zirconium silicate or cerium silicate or mixtures thereof.
Coated catalysts in which the catalytically active composition has been applied in the
form of a shell to the support have been found to be particularly useful. Vanadium
pentoxide is preferably employed as catalytically active constituent. Furthermore, the
35 catalytically active composition can further comprise small amounts of many other
oxidic compounds which act as promoters to influence the activity and seiectivity of the
catalyst, for example by reducing or increasing its activity. Such promoters are, for
example, the alkali metal oxides, thallium{l) oxide, aluminum oxide, zirconium oxide,
iron oxide, nickel oxide, cobalt oxide, manganese oxide, tin oxide, silver oxide, copper
40 oxide, chromium oxide, molybdenum oxide, fungsten oxide, iridium oxide, tantalum
oxide, niobium oxide, arsenic oxide, antimony oxide, cerium oxide and phosphorus
pentoxide. The alkali metal oxides act, for example, as promoters which reduce the
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In a preferred embodiment, the catalyst in the first, uppermost zone comprises, on
support material, from 5 to 12% by weight, based on the total catalyst, of active
composition comprising from 3 to 20% by weight of V,0s, from 0 to 4% by weight of

30 Sby0s from 0 to 0.5% by weight of P, from 0.1 to 1.5% by weight of alkali (calculated
as alkali metal) and a mixture of titanium dioxide(s} A in the anatase modification which
has/have a BET surface area of greater than 15 m%g and a hydrogen uptake for the
reduction of Ti** to Ti** of from 5 to 20 pmol/m? and titanium dioxide(s) B in the anatase
modification which has/have a BET surface area of less than or equal to 15 m%g and a

35 hydrogen uptake for the reduction of Ti** to Ti** of from 0.6 to 7 umol/m?® as balance.

It is usual to employ multizone catalyst systems in which the less active catalyst is
arranged in the fixed bed so that the reaction gas comes into contact with this catalyst
first and only subsequently comes into contact with the more active catalyst in the

40 second zone. If appropriate, catalyst zones which are located upstream or in
intermediate positions and have a higher activity than the subsequent catalyst zone
can be used. The reaction gas then comes into contact with the even more active
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inlet): fre®aYno¥de0y by wei ght, based on the total catalyst, of active
conposi t i oand,e8Malange &g100% opweidh, alihidordyf ivahight diotide(@nad then (cal cul ated as

V205) 15 0 .30 | i tyi0xi 40 1 %D

wei %t of éﬁﬁg%ﬁ(rgbﬁflg%(?gﬁym@Igel(}yhaagfegla%%“' %te 2 r%z?éi: ﬂga%fﬁghalsa]? I&cesi umy
oxide, andanda hyepasrteptake footw sductiongh ™ B T Haf e %ﬁl 2Q wraelmnaef oxi de(s) A
in the angtapiam dokid(E RN the anbiae mMtiFichavewiicBhds/Atvd ABETaUFacodf greater

than 15 mzél%a r?%%,s%@%gﬁo&@égéﬁg% Rd 3Pa hPErob O upERL i ¥ reQlictibnbs O Ti 3+ of
Ti*

from5 to )
to Ti*" of from 0.6 to 7 umol/m
25 - for the second, middle zone {zone b)):
from 7 to 12% by weight, based on the total catalyst, of active composition
comprising:

from 5 to 13% by weight of vanadium (calculated as V,05)
from 0 to 3% by weight of antimony trioxide

30 from 0 to 0.4% by weight of an alkali (calculated as alkali metal), in particular
cesium oxide,
from 0 to 0.4% by weight of phosphorus pentoxide (calculated as P)
and, as balance to 100% by weight titanium dioxide in the anatase modification, if
appropriate as in zone a)

35
- for the third, bottommost zone (zone ¢) nearest the reactor outlet):
from 8 to 12% by weight, based on the total catalyst, of active composition
comprising:
from 5 to 30% by weight of vanadium (calculated as V;0s)
40 from 0 to 3% by weight of antimony trioxide

from 0 to 0.3% by weight an alkali (calculated as alkali metal), in particular cesium
oxide



titanium dioxide(s) B in the anatase nodification which has/have a BET
surface area of less than or equal to 15 nR/g and a hydrogen uptake for the
reduct iBR98PSS Ti4' to Ti3+ of from0.6 to 7 nol/n2 25 - for the second,

m ddl e zone (zone b)): from7 to 12% by wei ght, based on the total catalyst,
of active conposition conprising: fgom5 to 13% by wei ght of vanadi um

(cal cul ated as VZQS%] from0O to 3% by weight of antinony trioxide 30 fromO
to 0.4% by MRE1 AP &P 48mbravright Of(%‘amelﬁ%‘t@%deaQCREiP'iatWeqsaﬂ in particul ar
cesi um oxi ded, éisrlnmar&etto 100%%ybiyeigietitigartiun tiorhie siphpartictigp énthe>dndeasecal cul at ed

as P) and, n?o%nfﬁ?h f g%ﬁ%"/&shx MR ght titaniumdioxide in the anatase
IOIO

m)dlflcatlon ate as In zone a) 35 for the third, bottommobst
zone (zone c) nearest the reactor outlet): from8 to 12% by wei ght, based on
t he 1 otlala pafealedsmbodfimert bf ae atleagidsurtzooa catalyspsystsmghe tatalysts Have30% by

wei ght tggfd@ é%p(o%ﬁi bgul ated as V205) 40 fromO to 3% by wei ght of
antinony trioxid romO to 0.3%by weight an alkali (calculated as alkali
metal), in particular cesium oxide PF 56055 7 from0.05 to 0.4% by wei ght

of phos—phofmﬁhepﬁnstmdec{eor(eca)lrmakﬁwub ragct®) inketid, as bal ance to 100% by wei ght

titani um digy A 10op bPWefdh?Lﬂa%d bﬂtﬁeht%taﬁeé’thﬁaeof Sa0s Ebrﬁﬁéélﬁﬁh i f appropriate
zone a). 5 In a preferred enbodinent of an at |east four-zone catal yst

sysft em thé&° B'E'%{”g/sts have the follow ng conposition: - for the first zone
(zone a) né&amekto t1¥eby weighbef Vankdiuin (caicalater as0/:0806 by wei ght, based on the

total catafipsio tad% BG ekt GPEMPSrlyitAikidel0 conmprising: from6 to 11 % by
rioxi de 1 PBMD! 114 e f&%p%}?@h Erehinted Rl Bl R ol el
metal ), i ncpHy¥mioxidear ceS| um oxi de, 15 and, as baI ance to 100% by wei ght, a
m xur e of &nd, agiberRnee &x1 084 BY whighf) atrhRture of titanium dioxide(s) A in the

anatase modification which has/have a BET surface area of greater than 15 m?/g

and a hydrogen uptake for the reduction of Ti** to Ti** of from 5 to 20 pmol/m?

and titanium dioxide(s) B in the anatase modification which has/have a BET

surface area of less than or equal to 15 m?%/g and a hydrogen uptake for the

20 reduction of Ti*" to Ti** of from 0.6 to 7 pmol/m?

- for the second zone {zone b1)):

from 7 to 12% by weight, based on the total catalyst, of active composition
comprising:

25 from 4 to 15% by weight of vanadium (calculated as V;0s)
from O to 3% by weight of antimony trioxide
from 0.1 to 1% by weight of an alkali (calculated as alkali metal), in particular
cesium oxide
from O to 0.4% by weight of phosphorus pentoxide (calculated as P)

30 and, as balance to 100% by weight, titanium dioxide in the anatase modification,
if appropriate as in zone a)

- for the third zone (zone b2)):

from 7 to 12% by weight, based on the total catalyst, of active composition

35 comprising:
from 5 to 15% by weight of vanadium (calculated as V,0s)
from 0 to 3% by weight of antimony trioxide
from 0 to 0.4% by weight of an alkali (calculated as alkali metal), in particutar
cesium oxide

40 from O to 0.4% by weight of phosphorus pentoxide (calculated as P)
and, as balance to 100% by weight, titanium dioxide in the anatase modification,
if appropriate as in zone a)



anat ase_nodification which has/have a BET surface area of greater than 15
n2/ g %5@5@drogen uptake for the reduction of Tii4 to Ti3 of from5 to
20 nol/n2 and titaniumdioxide(s) B in the anatase nodification which

has/ have a BET surface area of |lessgthan or equal to 15 n2/g and a hydrogen
upt ake for the 20 reduction of Ti44 to Ti3+ of fromO0.6 to 7 nol/nm2 - for
the second zone (zone bl)): from7 to 12% by wei ght, based on the total

catal yst, ofbr fetfourth £MENEGHd &)aTears® Y resttogoutkd: from 4 to 15% by wei ght of

vanadi um ( I V205 iy 0 Welgls tinmony trioxide
fromO0.1 to A)léﬁéq\g/\%i %e'éﬁ' Ea)t?\segl %a% }9 t(%tgla‘%c(gd?%‘t% RS %%WQ%REhet al), in
particul ar PSR oxi de from 0 to 0.4% by wei ght of phosphorus pentoxi de
(calscul at edfraas SR) 36% Bwkeiglatf bahadhae (talculfid@by,.0gi ght, titani um dioxide in

t he anat asefrémgitg';%a%)ﬁggy}tbgffanmghfmogﬁge as in zone a) - for the third zone
rom. 7t 0

(zone b2)): o y wWel %P ased on the total catalyst, of active
conposi t i orfloMB.084a8r4% Py yeight ghpnospRorys pepioxide (¢ateuiaied 98RAdi um (cal cul at ed
as V205) famamadbhlandtob\00Nebytighf, titamiumrdioyide lin thei zthatase omodificatio). 4% by
wei ght of qp%q';d(sg&]aite 55@%;}{3% ed as alkali netal), in particular cesium

0

oxi de 40 fro to 0. I ght of phosphorus pentoxide (cal cul ated as P)
and, as bal ance to 100% by wei ght, titaniumdioxide in the anatase
nodi f i dageweral, thef catgiyat apnesad)eb 8is b2 randdore) aiin RS0 &0 Bor&ist of fuarort he fourt h

zone (zphe theé??ﬁE@ﬁw}érR@di%%afén% a@k‘ér{té‘ééduslgrr@% itdrhekiale ]Eé‘la%i ght, based on

t he total Cah%%ﬁ/ﬂ, of active conposition onprising: 5 from5 to 30% by
wei ght SBFPOFHAYT um (cal cul ated as V205) fromO to 3% by wei ght of antinony
trioxide fromO0.05 to 0.4% by wei ght of phosphorus pentoxide (calculated as
P) JSPddnééaobéT' rﬁlﬂlgﬁlytdéliﬁ@ﬁ% Bynededrahy varldub 2BialySisdit xaise pbdiiti@ foranat ase
rodi T %%gtlmoo%bntir{uoug R’gﬁgﬁcgnl c?fttﬁe %osne;snanzdoar}"eefﬁe)ctivejﬁp uniform increase in the

activity to be obtained by provision of a zone comprising a mixture of the successive

catalysts at the transition from one zone to the next zone.

20 To carry out the reaction, the catalysts are introduced zonewise into the tubes of a
shell-and-tube reactor. The reaction gas is passed over the catalyst bed obtained in
this way at salt bath temperatures of generally from 300 to 450°C, preferably from 320
to 420°C and particularly preferably from 340 to 400°C. The various catalyst beds can,
however, also be thermostated to different temperatures.

25
The bed length of the first catalyst zone preferably makes up from > 20 to 80% of the
total catalyst fill height in the reactor. The bed height of the first two or the first three
catalyst zones advantageously makes up from > 60 to 95% of the total catalyst fili
height. If appropriate, one or more catalyst zones which preferably make up less than

30 20% of the total catalyst fill height can be located upstream of the abovementioned first
catalyst zone. Typical reactors have a fill height of from 250 cm to 350 cm. The catalyst
zones can also, if appropriate, be distributed over a piurality of reactors,

The reaction gas fed to the catalyst (starting gas mixture) is generally produced by

35 mixing a gas which comprises molecular oxygen and can further comprise, in addition
to oxygen, suitable reaction moderators such as nitrogen and/or diluents such as
steam and/or carbon dioxide with the o-xylene or naphthalene to be oxidized. The
reaction gas generally comprises from 1 to 100 mol%, preferably from 2 to 50 mol%
and particularly preferably from 10 to 30 mol%, of oxygen. In general, the reaction gas

40 s laden with from 5 to 140 g, preferably from 60 to 120 g and particularly preferably
from 80 to 120 g, of o-xylene and/or naphthalene per standard m?® of gas.



In general, the catal yst zones a), bl), b2) and/or c) can al so each con5|st
of tv$;ég @Pre zones. These internedi ate zones advant ageously have

i nter af E%atalyst conpositions. 15 Instead of nutually delineated zones
of the various catalysts, it is also possible for a pseudocontinuous
transition of the zones and an effecgively uniformincrease in the activity
to be oFtalned bg ErOVISIon of a zone conBr|S|ng a mxture of the successive
cat al yst €esiied; fownsiream iniing 'sAcI9nas Jeirebed foHEemP® Bone. 20 To carry out
t he r ed2E4A0188 @@ Sart RE-PSI0S0969 ¢ant alswlbe pabvided dovi tbe praphcetivheft ubes of a

shel | '%éh%ﬁhﬁcﬁ@fétﬂﬁe 91888 hbRNs GATelaBlyRASRAC Rfh S BGe AloRt VSt bed

obt ai ned._in bath tenperatures of generally from300 to
450C, ﬁ%@Y%PE@I P%ﬁ%ﬂéﬁﬁmﬁﬁﬁ ZPPBC and particularly preferably from 340 to

4006. The various catal yst beds can, however, also be thernostated to

di ffererde 66%1”&5?5 8f tHE Rivention HAV8 tﬁ’@gd\la‘% rbf(’rﬁ\prtob@d bifsrinafad aftygt zone

pref erabl t st fill height in
the redaP vem?ﬂ@%@ﬁ&fﬂ%ﬂ%ﬁl&h@}'%m@wﬁg?W@Beapd@ﬁaﬁtﬁ@%ﬂ% fide catalyst
zones ddPafstandasdst’y makes up from > 60 to 95%of the total catalyst fill
height. If appropriate, one or nore catal yst zones which preferably nmake up
| ess than 30 20% of the total catalyst fill height can be | ocated upstream
of the abovenentioned first catalyst zone. Typical reactors have a fil

hei ght of from 250 cmto 350 cm The catal yst zones can also, if
appropriate, be distributed over a plurality of reactors. The reaction gas
fed to the catalyst (starting gas mxture) is generally produced by 35

m xi ng a gas which conprises nol ecul ar oxygen and can further conprise, in
addition to oxygen, suitable reaction noderators such as nitrogen and/or

di luents such as steam and/or carbon dioxide with the o-xylene or
napht hal ene to be oxidized. The reaction gas generally conprises from1l to
100 nol % preferably from2 to 50 nol % and particularly preferably from 10
to 30 nol % of oxygen. In general, the reaction gas 40 is laden with fromb5
to 140 g, preferably from60 to 120 g and particularly preferably from 80
to 120 g, of o-xylene and/or naphthal ene per standard nB of gas. PF 56055 9
| f desired, a downstream finishing reactor as described, for exanple, in
DE-A 198 07 018 or DE-A 20 05 969 can al so be provided for the preparation
of phthalic anhydride. The catal yst used here is preferably a catal yst
which is even nore active than the catalyst of the last zone. 5 The

catal ysts of the invention have the advantage of inproved performance. This



I nprovenent is also found at high | oadings wth o-xyl ene and/ or napht hal ene,
e.g. IRfO5€P%% andard nB. PF 56055 10 Exanples A Production of the
catalysts 5 A 1 Production of the catalyst system 1l according to the

i nvention (4-zone catalyst systen) 1gpper zone (a) 29.3 g of anatase (BET
SA: 7 n2/g, H2 uptake: 4.9 nol/nR), of anatase 10 (BET SA: 20 n®/g,
H2 upt dk@mplesy ol /nR), 7.8 g of V205, 1. 9 g of Sb203, 0.49 g of Cs2C3B
were suspended in 550 m of deionized water and stirred for 18 hours. 50 g
of organic C rising a copolymer of vinyl acetate and vinyl laurate
in the f'orm oPgﬁg'ogﬁgﬁtqﬂiﬂ i by wei ght aqueous di spersion were added to
this suspension. The suspension obtained was subsequently sprayed onto 1200
g ofs steat ifreddioe e teltat ﬁts*étérﬁalté&:oidhgttb%é Pushtdh rings having an

ext er nal d|$ Egﬁat%(t ength of 7 nrmand a wall thickness of 1.5 nm
and dried f’ the shell applied was 8% of the total weight of
the finished catal yst The catal ytically active conposition applied in this
way cor‘qvpeSEﬁh& % by wei ght of vanadium (cal cul ated as V205), 1.8% by

vei ght 4 I e t of ce m
(Ca?cul at e@g&g{%g ((a?%ﬁl§ 721{&10 hat ?%%Q@eqi)%gﬂéﬂ?ﬂrg&g%%Sﬁaggme BETS!sﬂrface
ar d8 of(BERSATI20mYa, sttuiptakens. 7 18na@/miR 7c8 g 0pYeds, HiddHivfeSteOnd 4Dapf24. 6 g of

anat asecd,G6] wels stp@ﬂde |nH%Olhﬁﬁo@@@non&e@w@@r/aﬁ@)stlrr&ﬂfo‘é19 h@fjrsaB@ fb‘ig Zg gEET
g

of - castst e RiRiEing & dondBiete Bl viny et AN feB PRl LR (07 ae
hour s. 590 gfrasmth bsryalﬁht:aqyeﬁu&ﬁilsg@rﬁpmmrﬁQd@ed:t@ﬁ@s@mer@fonﬂh@| acet ate and
vinyl  lsaseriston obtdifed Wes suteqaenthyGlrajet @Rt 1200Y viaitdiite @sagpeuRInti spersi on
vere a%ﬁl@&eiﬁl téggo?ms&?lﬂggﬁbﬁﬂg an E%err?a‘l’ﬁﬁﬁ%?%g%’f‘?%aé {éﬂgth"@% rﬁHmbeﬁw%q“e”t ly

spraye ont m of rings

havi ng 2@ @i@lclé'ﬁﬁ’ﬁélo diama and fo9d7 Weght efifae phelkappiigghwand® of thal | t hi ckness
of 1.5 totm wasightdsf ittedfinisHee caedlgitt of the shell applied was 8% of the total

i ght t b t
\;\.ﬁii)?l o Iec%%bﬁ{(n&él%&“@gc&ﬁbﬁﬂfﬁ%pﬁ?@mqﬁ%%va?(/ doﬁﬁnln'sé(d Aqbj dzgw%) Bﬁly :I\I(e?r]gh ¢ of
vanadi YA'§ %‘&Pé‘éﬂ‘%&'éﬂd 88 g5 B/Qb!avyg'spt %@1”5’?‘?9”36&3@5"3&‘?9( sbcal cul ated as
Sh2aR) ,0.3B.°£6§>/o~bgghV\/eﬁ @Istunotcatwmmmas( Cs)l afier atleidation LG0T feeronedwmblici nat i on at

450C T ahe @i diPtke afddfofBhd TRYMiAGR A€ 8mAdle T102 m xture was

Upper middle zone (b1)
24.6 g of anatase (BET SA: 7 m?/g, H, uptake: 4.9 pmol/m?), 74.5 g of anatase

25 (BET SA: 20 m%g, H, uptake: 7.7 umol/m?), 7.8 g of V,0s, 2.6 g of Sby0s, 0.35 g of
Cs,CO; were suspended in 550 ml of deionized water and stirred for 18 hours. 50 g of
organic binder comprising a copolymer of vinyl acetate and vinyl laurate in the form of a
50% strength by weight aqueous dispersion were added to this suspension. The
suspension obtained was subseqguently sprayed onto 1200 g of steatite (magnesium

30 silicate) in the form of rings having an external diameter of 7 mm, a iength of 7 mm and
a wall thickness of 1.5 mm and dried. The weight of the shell applied was 8% of the
total weight of the finished catalyst.
The catalytically active composition applied in this way, i.e. the catalyst shell,
comprised 7.1% by weight of vanadium (caiculated as V.0s), 2.4% by weight of

35 antimony (calculated as Sb,03), 0.26% by weight of cesium (calcutated as Cs) after
calcination at 450°C for one hour. The BET surface area of the TiO, mixture was
16.4 m?/g.

Lower middle zone (b2)

40 24.8 g of anatase (BET SA: 7 m%/g, H, uptake: 4.9 umol/m?), 74.5 g of anatase
(BET SA: 20 m%g, H, uptake: 7.7 umol/m?), 7.8 g of V,0s, 2.6 g of Sb,03, 0.13 g of
Cs,CO, were suspended in 550 ml of deionized water and stirred for 18 hours. 50 g of



16. 4 nQ/g. Lower m ddle zone (b2) 40 24.8 g of anatase (BET SA: 7 nR/g, H2
upt ake: PB580%D| / nR), 74.5 g of anatase (BET SA: 20 n2fg, H2 uptake: 7.7
nmol/m), 7.8 g of V205, 2.6 g of Sb203, 0.13 g of Cs2CO3 were suspended in
550 m of deionized water and stirr for 18 hours. 50 g of PF 56055 11
organi ¢ bi nder conprising a copolyner of vinyl acetate and vinyl laurate in
t he f orergaric Hinds0geraRIisNgA opejymericf Minylbanetase and visgdawatern e formdfied to this

S?Spfhfif)@,@strgﬂﬁh _b§%%p§§@uew@b%@%BQMMJs efdisrayhe onto 12|00 g of
Ssteatite nesit.um .Sl L1 C (& LN e rm LN Vi N an. externa

G aret s sBPRSSh abiton Job RGN oht) 1e8 A 0rb 1200 4 B eaRE LBS RS o1 3
dried. shiratardn tetforsT ot ingsdiaving ansptereal diametenafgtmmaa length of 7 e gtd  of t he
fi niss[meaiwﬁmtrﬁdkyiéés of iN® meebid uﬁéq:.ahgw?ea%ﬂ3V@ecsnapaﬁ¢mea?\msm@gfmd' i(n Ithi Is ;/vaé
I.e. ri se . o by weig of vanadi um (cal cul ate
as vzo?f;,;?%@}g/%‘tth%ﬁﬁ%%d %a?%mi mony (cal cul ated as Sb2C8), 0.10% by wei ght
of cesi U ¢atalvticglnadive gempssitien appliedon tif wakh 4ei bA catelysbs@llf or one hour. The
BET surdorgeisad €2 by WerhflofGRnatikinueaiciaied akov,0:)12(4% bpakightozone (c) 17.2 g

75 Sa Gifchy ?‘ﬁ@éta%?gﬁ'é%’g& {0 8 {feianf oP g oyt s @sfendt 2 B8 40
wer'®  SGRgRatigeat #v0°550r eRe baurgBieRE T sHowd e shiediPr Mbdire #@s18 hours. 55 g

of orgaté.4mBignder conprising a copol ymer of vinyl acetate and vinyl laurate
in the formof a 50% strength by weight aqueous dispersion were added to
this s%nsi on. The suspension obtained was subsequently sprayed onto 1200
g of st M #&"erfehnesi um silicate) in the 20 form of rings having an

ext er nal7.2lg afetataseoBET S0 7 m/geHgbitakd: 48 pmokmd), 60.0aldf andtase BEEs of 1.5 nm
an ried.n-1 i 0 h I ' 89 L al  wei ght of
Thas] n|§§r?gdﬂ§%(\tq§l Lgke: 5r%té Pg“aﬁq’ﬁf bﬁgﬂ)@\%g)é\t’\?\?? S, WE ol fed in this
way, i .sispendeddmpal (il ef daienized watshand stistedfor tﬁ)betﬁ?-r%eg aiRrgayic 3@93& um

(]E:al cul shsising a\6pblymed oAl ietard gttt viy Iau?ﬁemhm&ﬁdil?f u‘&aﬁ@%lsﬁuh?{heﬁ as 8)2
after .nat (g - 0 : : a of the Ti

m xt ur gt@m“g%&gdqgg%% %é%ggaﬁ %%Bedét}ge?gﬁq%? ;ﬁgﬁgg?'%ssﬁgéﬁﬁnren 2 according to
the i nRRINhwag sbsgRgentlysarayed oalpstofg staghiraimaghpaiupzfiicate) in the

20 form of rings having an external diameter of 7 mm, a length of 7 mm and a wall
thickness of 1.5 mm and dried. The weight of the shell appiied was 8% of the total
weight of the finished catalyst.

The catalytically active composition applied in this way, i.e. the catalyst shell,
comprised 20.00% by weight of vanadium (calculated as V,0s), 0.38% by weight of

25 phosphorus {(caiculated as P) after calcination at 450°C for one hour. The BET surface
area of the TiQ, mixture was 20.9 m?%q.

A.2 Production of the catalyst system 2 according to the invention
(3-zone catalyst system)
30
Upper zone (a)
34.3 g of anatase (BET SA: 7 m?/g, H, uptake: 4.9 pmolim?), 63.6 g of anatase (BET
SA: 20 m%qg, H, uptake: 7.7 pmol/m?), 7.74 g of V,0s, 2.58 g of Sb,0;, 0.48 g of
Cs,CO; were suspended in 650 ml of deionized water and stirred for 15 hours. 50 g of
35 an aqueous dispersion {50% by weight) of vinyl acetate and vinyl laurate were
subsequently added to this suspension. The suspension was subsequently applied to
1200 g of shaped steatite bodies (magnesium silicate) in the form of rings
(7 x 7 x4 mm, ED x L x ID) by spraying. The weight of the shell of active composition
applied was 8% of the total weight of the finished catalyst.
40  The cataiytically active composition applied in this way comprised 7.1% by weight of
V.05, 2.4% by weight of Sb,05, 0.36% by weight of Cs after calcination at 400°C for 4
hours. The BET surface area was 14.7 m%g.



34.3 g of anatase (BET SA: 7 nR/g, H2 uptake: 4.9 nol/nR), 63.6 g of anatase
(BET I 5685%0/ g, H2 uptake: 7.7 nol/nR), 7.74 g of V205, 2.58 g of Sb203,
0.48 g of Cs2CO3 were suspended in 650 mM of deionized water and stirred
for 15 hours. 50 g of 35 an aqueous 4gi spersion (50% by weight) of vinyl
acetate and vinyl laurate were subsequently added to this suspension. The
suspensi on was subsequently applied to 1200 g of shaped steatite bodies

( magnesiigalesidneqat e) in the form of rings (7-x 7 x4 mm EDXx L x ID) by

thet orat® g atitesy e oh Frtct: uen Ul KRofR 87 b g SRR IBEF 17 o7
conposi $AcdY ladgl It eeptake: fBilsioelin e gt ¢ Qfaﬂz% 2.3%90f SkhePglit10g of V205, 2. 4% by

wei ght ©f,CBhRde stp?eﬁ%@m &5l ANt defon=8d datetranaatifbd fri18hodts. 48QGrf or 4
hour s. The BET PF 605 12 M ddI e zone (b) 24.6

ur
g of an%ﬂ %%L@O("%E‘Fpgﬁ‘onfg@%d ijfgg’vé[ﬁ 991{315 g of anatase (BET
SA: 27 svbsequently agdetkle:this sugpemsionnthe suspeasien waswmquen@mp@h@d tsh203, 0. 10
9 of 5 Q@a@&mbw aﬁéﬂnelbd@uds(rﬁa@{&num sifdatéhah &d foaH onBigy and stirred for 15

hours.. (55 By Gl Dwgmgg,aehﬁwSlrgggg@%ﬁﬁ%\sﬁa%}tgcg Fhidgeet ate and

V|nyI Iaura suspensi e suspensi on

waslOs ulPRPHe- Wes §%qfihe E@'M@'QMQ%@‘?@“WB%E@BE& steatite bod| es (nagnesi um

sili ﬁatme datalytivallf @dfthbe)mlbbfitMm 4pbiisd th thiswaynaontidised 18.6% bPwelght Spr ﬁyl ng. IThe

WEI g t 0 tehV () U e tota
\%Pst 8/ élﬂm (ff% (.'):1 8.10% /”%ﬁlbghf& C%&te@@?llcln%g?ﬁlf‘gtzm?o%?érsé tion

appl i ed‘qufﬁtﬁp§sﬂ;a§}1r@6?rﬁfqas“@f wei ght of V205, 2.6% by wei ght of

Sb203, 0.10% by wei ght of Cs after caI cination at 400C for 4 hours. The BET
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The catalytically active composition applied in this way comprised 20.0% by weight of
25  V,0s, 0.4% by weight of P after calcination at 400°C for 4 hours. The BET surface area
was 24.2 m/g.

A.3 Production of the comparative catalyst system 3
(3-zone catalyst system)
30
Upper zone (a)
46.0 g of anatase (BET SA: 9 m%g, H; uptake: 0.4 pmol/m?), 51.9 g of anatase (BET
SA: 27 m?g, H, uptake: 16.1 umol/m?), 7.74 g of V,0s, 2.58 g of Sb,0;, 0.44 g of
Cs,CO; were suspended in 650 ml of deionized water and stirred for 15 hours. 50 g of
35 an aqueous dispersion (50% by weight} of vinyl acetate and viny! laurate were
subsequently added to this suspension. The suspension was subsequently applied to
1200 g of shaped steatite bodies (magnesium silicate) in the form of rings
(7 x 7 x 4 mm, external diameter (ED) x length (L) x internal diameter (ID)) by spraying.
The welght of the shell of active composition applied was 8% of the total weight of the
40  finished catalyst.



was 24. ngg% A. 3 Production of the conparative catal yst system3 (3-zone
cat al ys'? m 30 Upper zone (a) 46.0 g of anatase (BET SA: 9 nR/g, H2
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catqgl ytvzefgl d. X%at?/[\hd@nt%@ B we.ﬂﬁ@cnpém@;? ForWHotird\ehe BETNUERE afda 5% by

wei ght of B% 4% by wei ght ter calcination at 400C for 4
hours. %! Qurface area was 21.3 n2/g. Bottom zone (c) 24.6 g of
anatase (BET SA: 9 n2/g, H2 uptake: 0.4 nol/nR), 73.7 g of anatase (BET 20
SA: 30 pBHiosh zdrié (Bpt ake: 2.8 ol /n2), 25.0 g of V205, 1.7 g of NHAH2PO4 were

Zduooudi i fo%?aim IS ISVE: st O ByPI it 8 LARaTRUAET aurate wer &
s ul2de q B 30yn%g] dediptake: 2.8 umolim?), 25.0 g of vzos, 1.7 g of NH,H,PO, were
suspended in 550 ml of deionized water and stirred for 15 hours. 62 g of an aqueous
dispersion {50% by weight) of viny! acetate and vinyl laurate were subsequently added
to this suspension. The suspension was subsequently applied to 1200 g of shaped
steatite bodies (magnesium silicate) in the form of rings (7 x 7 x 4 mm, ED x L x ID) by
25 spraying. The weight of the shell of active composition applied was 9% of the total
weight of the finished catalyst.
The catalytically active composition applied in this way comprised 20.0% by weight of
V,0s, 0.4% by weight of P after calcination at 400°C for 4 hours. The BET surface area
was 19.9 m%/g.
30
A.4 Production of the comparative catalyst system 4
(3-zone catalyst system)

Upper zone (a)

35 34.3 g of anatase (BET SA: 9 m%g, H, uptake: 0.4 pmol/m?), 63.6 g of anatase (BET
SA: 20 m?/g, H, uptake: 1.5 umol/m?), 7.74 g of V.05, 2.58 g of Sb,05, 0.48 g of
Cs,CO; were suspended in 650 ml of deionized water and stirred for 15 hours. 50 g of
an aqueous dispersion (50% by weight) of vinyl acetate and vinyl laurate were
subsequently added to this suspension. The suspension was subsequently applied to

40 1200 g of shaped steatite bodies (magnesium sificate) in the form of rings
(7x 7 x4 mm, ED x L x ID) by spraying. The weight of the shell of active composition
applied was 8% of the total weight of the finished catalyst.



to thls suspensi on. The suspension was subsequently applied to 1200 g of
shaped PEPBI3 t e bodies (magnesiumsilicate) in the formof rings (7 x 7 x 4
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conposi tion applied was 9% of the tqual weight of the finished catalyst.
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shaped steatite bodies (magnesiumsilicate) in the formof rings (7 x 7 x 4
mm EDB@ﬁbn-xzdn@)cpy spray| ng. The wei ght of the shell of active conposition
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17 cf s%ersmn (50% by weight) of vinyl acetate and vinyl laurate were subsequently added
to this suspension. The suspension was subsequently applied to 1200 g of shaped
steatite bodies (magnesium silicate) in the form of rings (7 x 7 x 4 mm, ED x L x ID) by
25  spraying. The weight of the shell of active composition applied was 10% of the total
weight of the finished catalyst.
The catalytically active composition applied in this way comprised 20.0% by weight of
V.05, 0.4% by weight of P after calcination at 400°C for 4 hours. The BET surface area
was 24.8 m?/g.
30
A.5 Production of the comparative catalyst system 5 as described in
WO 2004/103944 (catalyst 2)
(4-zone catalyst system)

35  Upper zone (1)
29.27 g of anatase (TiOz-1, BET SA: 9 m%g, H, uptake: 0.4 umol/m?), 69.80 g of
anatase (TiO-2, BET SA: 20 m%g, H, uptake: 1.5 umol/m?), 7.83 g of vanadium
pentoxide, 2.61 g of antimony oxide, 0.49 g of cesium carbonate were suspended In
650 ml of deionized water and stirred for 18 hours to achieve homogeneous dispersion.

40 50 g of organic binder comprisihg a copolymer of vinyl acetate and vinyl laurate in the
form of a 50% strength by weight aqueous dispersion were added to this suspension.
The resulting suspension was subsequently sprayed onto 1200 g of steatite



Botton1zone“é§) 28.7 g of anatase (BET SA: 9 nR/g, H2 uptake: 0.4 nol/nR),
86.2 ¢ BF 5§ ase (BET 20 SA: 30 n2/g, H2 uptake: 2.8 snol/nR), 29.2 g of
V206, 2.0 g of NHAH2PO4 were suspended in 650 m of deionized water and
stirred for 15 hours. 60 g of an aqugous di spersion (50% by wei ght) of
vinyl acetate and vinyl laurate were subsequently added to this suspension.
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(calculated as Sbh,03), 0.26% by weight of cesium (calculated as Cs), 22.60% by

weight of titanium dioxide (TiO,-1) and 67.79% by weight of titanium dioxide (TiO;-2)

after calcination at 450°C for one hour.

25 Middie zone (b2}
24.82 g of anatase (TiOz-1, BET SA: 9 m%g, H, uptake: 0.4 umol/m?), 74.46 g of
anatase (TiO,-2, BET SA: 20 m%g, H; uptake: 1.5 pmol/m?), 7.82 g of vanadium
pentoxide, 2.60 g of antimony oxide, 0.135 g of cesium carbonate were suspended in
650 ml of deionized water and stirred for 18 hours to achieve homogeneous dispersion.
50 g of organic binder comprising a copolymer of vinyl acetate and vinyl laurate in the
form of a 50% strength by weight aqueous 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, (ED) x (L) x (D)) and dried.
The weight of the shell applied was 8% of the total weight of the finished catalyst. The
catalytically active composition applied in this way, i.e. the catalyst shell, comprised
7.12% by weight of vanadium (calculated as V;0s), 2.37% by weight of antimony
(calculated as Sh,05), 0.10% by weight of cesium (calculated as Cs), 22.60% by
weight of titanium dioxide (TiO,-1) and 67.79% by weight of titanium dioxide (TiO:-2}
after calcination at 450°C for one hour.
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Sb233), 0.10% by wei ght of cesium (cal culated a 60% by wei ght of
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after calcination at 450C for one hour. PF 56055 16 Bottom zone (c) 17.23 ¢
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15 K/min to a final temperature of 1373 K in a stream of Hy/He {10% of H, in He, flow:
25 30 standard ml/min). The hydrogen consumption was determined by means of gas
chromatography (thermal conductivity detector) and subsequently normalized to the

amount used/surface area of the sample.

30 C  Oxidation of o-xylene to phthalic anhydride

C.1  3-zone catalyst

From the bottom upward, 0.70 m of the catalyst of the bottom zone (¢}, 0.60 m of the

catalyst of the middle zone (b) and 1.50 m of the catalyst of the upper zone (a) were
35 introduced into an iron tube having a length of 3.85 m and an internal diameter of

25 mm. To regulate the temperature, the iron tube was surrounded by a salt melt, and

a 2 mm thermocouple sheath having an installed withdrawable element was provided

for measurement of the catalyst temperature. 4 standard m*h of air laden with from 0

to 100 g/standard m® of 98.5% strength by weight o-xylene were passed through the
40  tube from the top downward. At 60-100 g of o-xylene/standard m®, the results

summarized in table 2 were obtained ("PA yield" is the amount of PA obtained in

percent by weight, based on 100% pure o-xylene).



suspensi on _obt ai ned was subsequently sprayed onto 1200 g of steatite
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and dried. The weight of 10 the shell applied was 8% of the total weight of
the finished catalyst. The catalytigglly active conposition applied in this
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(cal cul ated as V205), 0.38% by wei ght of phosphorus (calculated as P),
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to phthagTc anhydride Hot&pstZemserstatedl yst From the bottom upward, 0.70 m of
t he catugyst of the bot%?fg}zg{ée (c), 0.60 mof the catalyst of the mddle
zone (b) and 1.50 m of € catal yst of the upper zone (a) were 35

i ntroduz®W into an iroPatfsh hepergiuae | ength of 3.85 mand an internal

di arfet PHDT 25 mMm To Pegndliaée the tenperature, the iron tube was surrounded
by a-sgfg nelt, and ap%tmwgwmgoupl e sheath having an installed

w t hdr awabl e el enent was provided for neasurenent of the catalyst
tenperature. 4 standard nB/h of air laden with fromO to 100 g/standard n8
of 98.5% strength by wei ght o-xylene were passed through the 40 tube from
the top downward. At 60-100 g of o-xylene/standard n8, the results
summarized in table 2 were obtained ("PA yield" is the anount of PA obtained
in percent by weight, based on 100% pure o-xylene). PF 56055 17 C. 2 4-zone
catal yst Fromthe bottom upward, 0.70 mof the catalyst of the bottom zone
(c), 0.70 mof the <catalyst of the mddle zone 2 (b2), 0.50 mof the
catalyst of the mddle zone 1 (bl) and 5 1.30 mof the catal yst of the
upper zone (a) were introduced into an iron tube having a



| ength of 3.85 mand an internal
exper i N H6Q%bs
activation are summuari zed in table 1.

after

were used: HST Hot Spot Tenperature
15 PHD Pht hal i de PA Pht halic Anhydri

'

catalytic tests of the.-4-zone catal ysts

syst emfabky $:t RdBuks 6%alcﬁﬁanoyt
70, 130, 50, 70,

[C] 36

362 360

70 70 7

0-
Uz [ C]

|§l’§§t§6‘l' the 4&%% legt
| oadi ng

Xyl ene

439 447 44

di aneter of 25 mm O herw se,
carried out as indicated in C 1. The experinental
10 The foll owi ng abbreviations
UZ Upper Zone SBT Salt Bath Tenperature
e PF 56055 18 Table 1: Results of the

t he
results

Cat al yst Catal yst Conparative

fes
PHD 0.0

0 100 100

[cmM 130, 50, 70, 130, 50,
[ g/ standard nB] SBT
0.03 0.02 [% by weight]

PA yie
cataly

d 114.6 114.

tic tests of

ICatalgsts |

%at3lystei gh

L dyetefy ZONE spstbal VSt S < cat&hy

Cprparpdive

gptal ys

2: Results of the
Conpar ati ve Conparative

system 2 catal yst catal yst system 3 sy<%)ﬁsmq_g5 |l engths [cm 150, 70, 60
150, 6 70140, 80, 60 _o- Xyl ene | aadi /0. 60 [g/standard nB8] SBT [(C]
360 35p3®ﬂsngth5ncnwz 136] 5039, 416,3045!3 70PHt3® 5027@. P3 0. 05 [ % by wei ght]
70 70 70

o-Xylene loading |80 100 100

[g/standard m®] |

SBT [*C] 365 362 360

HST UZ [°C] 439 447 440

PHD 0.03 0.03 0.02

[% by weight]

PA yield 114.6 114.1 113.5

[% by weight]

Tabie 2: Results of the catalytic tests of the 3-zone catalysts

Catalyst Comparative | Comparative
system 2 catalyst catalyst
system 3 system 4
Bed lengths [cm] | 150, 70, 80 | 150, 60, 70 140, 80, 60
o-Xylene loading |70 70 60
[g/standard m?]
SBT [°C] 360 356 375
HST UZ[°C) 438 461 433
PHD 0.02 0.03 0.05
[% by weight]
PA yield 113.5 111.5 112
[% by weight]




PA yield 113.5 111.5 112 [%by weight] PF 56055 19 Cainms 1. The use of
one or RHrES "iﬁtanl um di oxi de(s) A in the anatase nodification which

has/ have a BET surface area of greater than 15 n2/g and a hydrogen upt ake
for 5 the reduction of Ti4+ to Ti3ygof from5 to 20 mol/n2 in adm xture
with one or nore further titaniumdioxide(s) B in the anatase nodification
whi ch hel@fMave a BET surface area of less than or equal to 15 n2/g and a
hydr ogen uptake for the reduction of Ti4+ to Ti3+ of from0.6 to 7 nol/nR2

f or prgfumme ﬁ@é@# to?moigtlémlu g.ogggg ﬁgf?{r@aﬂuésg rﬁ&ﬂfmfé‘g uofmrei n Ahas a

BET surtace ar ea of accor claim 1,
wherein A hESRERAR éHﬁ%FﬁtaéR% Featep iha (?d’ﬂt’? BH a(gydrp,ggqup %’+ of froms
to B nol / nhe raduclion ThE*Uedi*aotiemistg 20¢Lm/m2rm admishee eiith oBe h:asncme BET

5 has a hycrnner it bidesih PG anctped “‘%d@gﬁ'@“‘?ﬂﬁg hnaR AR om0 6 1o
5 smol / nR. %U"Paf'ﬁ ‘%’s@ %ﬁ%ﬁ?‘ﬂ%@q%tod%mr{gfn RIVEEIGSN PtakRfRNIN@ oxi de(s) A

and titani ursductiopdf T¢{ &) Ti difremu&edo ¥ pl/maféreproducingaratdlysts.1 to 6:1. 25 7.
The use of titanium di oxi de m xtures according to any of clains | to 6 for
producing oxidation catalysts for the synthesis of aldehydes, carboxylic
acis Zand/ U ¥&raseingdo &ley dr waersin A hagp BRJswirigre araaAlifiom 6 i de ni xtures
according te0mAy. of claims 1 to 6 for 30 producing oxidation catalysts for
t he synt hesi S of pht haI ic anhydri de. 9. The use of titanium di oxi de m xtures
accordinpg t y of clainms 1t for i ng cat sts which are present
' the DippeineiShecamaing EA ! ybeem DB Bavocata peke & dieifougrio. A

cat al yst f oof TjiY ep@ mfgjrophﬁttai?pmalﬁh&dn de which conprises, on support
matgrial, from5 to 15% by wei ght, based on the total catalyst, of active

co 05|t|o wherei n. the actlve conmposi ti rlsesfrom to 30% b
weimém &i@f}’sef%%‘?ﬁd'”@ tp glai,! bvh%s{rng%ﬁaw %%Jﬁﬁgc? P& B o8 4199% by W8|yght

of P, fromtﬁmfigl 5% by 40 wei ght of alkali (calculated as alkali netal) and
titani um di oxi de m xtures

5. The use according fo claim 1, wherein B has a hydrogen uptake for the reduction
20 of Ti* to Ti** of from 0.6 to 5 umol/m?,

6. The use according to claim 1, wherein titanium dioxide(s) A and titanium
dioxide(s) B are used in a ratio of from 0.5:1 to 6:1.

25 7.  The use of titanium dioxide mixtures according to any of claims 1 to 6 for
producing oxidation catalysts for the synthesis of aldehydes, carboxyfic acids
and/or carboxylic anhydrides.

8.  The use of titanium dioxide mixtures according to any of claims 1 to 6 for
30 producing oxidation catalysts for the synthesis of phthalic anhydride.

9.  The use of titanium dioxide mixtures according to any of claims 1 to 6 for
producing catalysts which are present in the upper zone of an activity-structured
catalyst system.

35

10. A catalyst for preparing phthalic anhydride which comprises, on support material,
from 5 to 15% by weight, based on the total catalyst, of active composition,
wherein the active composition comprises from 3 to 30% by weight of V05, from
0 to 4% by weight of Sb,0,, from 0 to 1.0% by weight of P, from 0 to 1.5% by

40 weight of alkali (calculated as alkali metal) and titanium dioxide mixtures
according to any of claims 1 to 6 as balance.



accordilgkg) Oémy of claims 1 to 6 as bal ance. PF 56055 20 11. A catal yst
system %Q? I ng at | east two superposed catal yst zones, wherein a

catal yst according to claim10 is used in the upper zone. 12. The catal yst
system according to claim 11, conprigging at |east three superposed 5 zones,
wherein a) the catal yst of the upper zone nearest the reactor inlet

conpri sks, dRAAYELSEM ARSI at leash orsyrerarsedisptast genes. WheEH 3n the total

cat al yst, ofatalgsttaceerdingrip okirh |10ns useten gheuppee zared. i ve conposi ti on conpri ses
from6 to 10 11 % by wei ght of V205, fromO to 3% by wei ght of Sb203, from
0.1 to 1, %hy ight of alkali .(calcylated as nmetal) and titanium
i oxi dela s el S mteo RS T Stahos (b TR Altkee) e next
| owsr act i vzoneatwihgrsin conpri ses, on support material, from7 to 12% 15 by
wei ght, based on the total catalyst, of active corrposition wherein the

active conposi t,jon ses fromb5 to o b t of .V205, fromO to 3%
by vl ght. o) SUROPEIVOT IS Jhpeh e A o i feReibr BIet FpGrsss, 310, 406 by  wei ght
of alkali (cal <summrtema@gahfrnmmtom@f/a y waigtt, biesechdruthedpiaktatelysthot he anat ase
form if appr Oﬁbﬂl\@@nnﬁﬁaslttﬂnWelﬂ)the aawb%bam@gnor?@orﬁbnéelaeroﬁeﬂo | ower

Co ol by vl gt BB Vg Hopfhys Ry g fBoTit Rl o BB o O
erein the ac L) | t of V206,
wh h elght ebaﬂpails(p@lpwﬁteémliaéé@emg ans ttapi WB@%G?"‘IWéFGQh

fromO to 3% bycysiighto ahy Sldds 1fio Brasbalincko 0. 4% by 25 weight of P, fromO
to 0.3%by weight of alkali (calculated as alkali rretal) and titanium
dioxide in anatase form if appropriate as in zone a), as balance. 13. The

catal yst syt etheRaxblowengciivs calalyshrarpisstpet SiRRgridnateEalsiomduP '€iber posed
30 150nes, wher ey weight,ttaced at #eytstal cdtalybic oliygbies campesitenmwdstein the r eact or

inl et conprisegg; @%r@égiﬂfa’ﬁbo is!1ftim 548 948 by t\r&bnﬁg%{g W?rb%t based on the

Coror <ot Lt RGeS RO SHABGRSUR A 55FD 6 66 By ot o

Sb203, from 0. teight 4f Bkdiy(calndaigh tas alkatiineddl) afd ttboivadiexddam thekal i netal ) and
titani um di oxi Qﬁatg},é(fdﬁhei$a @qgtglag% i&,eaéjyasotfja@g@l ms 1 to 6 as bal ance, bl)
t h%Onext | ower active cat a conprises, ‘on support material, from7 to 12%
c)  the next iower catalyst nearest the reactor outlet comprises, on support
material, from 8 to 12% by weight, based on the total catalyst, of active
composition, wherein the active composition comprises from 5 to 30% by
weight of V,0s, from 0 to 3% by weight of Sb,O3, from 0.05 to 0.4% by
25 weight of P, from 0 to 0.3% by weight of alkali {calculated as alkali metal)
and titanium dioxide in anatase form, if appropriate as in zone a), as
balance.

13. The catalyst system according to claim 11 comprising at least four superposed
30 zones, wherein

a) the catalyst of the upper zone nearest the reactor inlet comprises, on
support material, from 7 to 10% by weight, based on the total catalyst, of
active composition, wherein the active compasition comprises from 6 to

35 11% by weight of V,0s, from 0 to 3% by weight of Sb,03, from 0.1 to 1% by
weight of alkali (calculated as alkali metal) and titanium dioxide mixtures
. according to any of claims 1 to 6 as balance,

b1) the next lower active catalyst comprises, on support material, from 7 to 12%
40 by weight, based on the total catalyst, of active composition, wherein the
active composition comprises from 4 to 15% by weight of V>0s, from O to
3% by weight of Sb,O3, from 0.1 to 1% by weight of alkali {caiculated as



40 by \X;E':I%%qss based on the total catal yst, of active conposition, wherein
the active conposition conprises from4 to 15% by wei ght of V205, fromO to
3% by wei ght of Sb203, from 0.1 to 290 by wei ght of alkali (calculated as PF
56055 21 al kal

4% b and. tjtani um di oxi de
in the anat as@'lk?'b'mr%%n) fro &p‘ﬁ%@'@’eé%htoxp ﬂﬁ')"um loxidg Qﬁb% b2) the next
| ower active canaiesastorroohpprroesate eﬁirslmlp(ﬂ)tamml@rqeal from7 to 12% 5 by
wei ght, based on the total catalyst, of actl ve conposition, wherein the

active co i of, V20 mO to 3%
by wei ght s%f%%xf@?@%%?ga@?v”lf%é& R B8R 2ip 108 s
al k8l net aI) by weight bﬁéed)om%ettgtamt@mt ctvvgﬁ@mpwtm wher@irbwede in anat ase
form if appropdgtivelcempasititn Z@ﬁ;ﬁ'ls’é)s,fro&ﬁs hﬁimwwel@mt@)v;cbgeframmol ower

catal yst near o8, G hA35 <810 OHbh ) | PRRI, iont Y aRUPROIdimgRAET 1 21 (7Om 8

to 12% by weig conposition,
wherein the ac@i‘@‘émétﬁﬁpfﬁgmtqtérﬁ)‘be#ﬁweﬁgof @ﬁﬂ@twnsdwﬁymamtgm of V205,

fromO to 3% biermeif ghgropiiat®&a tBzonkera)nadbdlandsp 0. 4% by 15 wei ght of P and
titgniumdioxide in anatase form if appropriate as in zone a), as balance.
14. "A process for pr epar| ng pht halic anhydri de by gas-phase oxi dation of
xyl ene, n&pht g eaxbloyer patalyplnegresh fedspctpnoytied ﬁ‘éfF‘PUS&?dQ’t‘ B¥RPAeact or,
wher ei n xyl ene mat&ial iephd tel 226 &y eveight Xaseed sn thetoéo tatalydt, af getiveconpr i si ng
mol ecul ar Oxygé&naés?tud?%ﬁ@%u%% cﬁv&@&rﬁéd&ﬁfon% hgéé‘tgorh%t(i'sébfﬁwo or a
catal yst systema cofr\9I gy rfs 8;
welg 05, from Oto 3% by welg (o) sz 3, from 0510 0.4% by
15 weight of P and titanium dioxide in anatase form, if appropriate as in zone

a), as balance.

14. A process for preparing phthalic anhydride by gas-phase oxidation of xylene,
naphthalene or mixtures thereof in a shell-and-tube reactor, wherein xylene,
20 naphthalene or mixtures thereof and a gas comprising molecular oxygen are
passed over a catalyst according to claim 10 or a catalyst system according to
any of claims 11 to 13.



