PF 54609 1 Catal yst systens for preparing phthalic anhydride The present
i nvention r fp&&0%X o catal yst systems for preparing phthalic anhydride by 5
gas- phase oxi dation of o-xylene and/ or naphthal ene, and also to a process
for prepar- ing phthalic anhydride using fhe catal yst systens. Phthalic
anhydride is prepared industrially by catal ytic gas-phase oxidation of

o- xyl ene orCaialybl gyslesricfor prepamng phithalictanbydmdeact ors. The starting nateri al
is a mxture of a gas 10 conprising nol ecul ar oxygen, for exanple air, and
t he o-xyl ene and/or naphthal ene to be oxidized. The m xture is passed
through a multiplicity of tubes arranged in a reactor shel | - and-t ube
reactor), i nlhgprepert inveatier relates wcatalyt sysamaligrqrepasingbéslic annydride bent
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activity in . N : t i the | ess active catal ysts
general ly be‘ﬁﬁgﬁﬁ‘g%?%@aﬁ%‘\%\g%ﬁé ﬁecgg%gstfggt%ﬁﬁét end in the first, uppernost

catal yst zone and the nore active catalysts being |o- cated toward the gas
outl et end iphthiir drivgtirideiepepareBitiustAsig hysdataliteyasiihase BRidationeof oexyddHees t he
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use of two cid atiyiséd. Zveasixiuesispassed theougha raaitipiicity bttibed Beangieltih wereactor
conmposi t | O”S(tsﬂénf-éﬁci-tdbﬁ r{a&ﬁbrg, it MRkRY b%%?‘e%%?br&%étgpﬁ'is Br"éfc,Q'ﬁ? @'ri‘e? 123 275
one cataly t syst em e act a S

describes a two-z Ivities are ructure via the

amount of acY8aie IRASHEEPTE HRBA rafdice i RGRRISHAAIVAS of HEerigAFtYIbOP ZaaRked
dopants in tihehd catatysifbeal With thene¢sactive eptalystisyenerdilp demgtivosteCiompasineigas ( cf .
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1 063 22 catal yst ste avin or. nore zones are and the ac-
Livicy of t HESHIWAAi oo qle. 418 ia theupstyBotcrtes! Ealabskecoe DHoERROVES | 1

t he active cenablgsdbé actoity of the catalysh sysiémar theveactoniodsi rhatohedto theosappbr t
ring, the anpunia@bnal kali dopant in the active conposition and the fill

hei ght of the individual catalyst zones in 35 the reaction tube. WO

98/ 17608 describes structuring of the activity by neans of a differing

por osi t y2G n Verydiffenent oays ohinateasing 2lumadivityl havepmrensiesyribes! idéid pren agsfarhe free
vol une betwegpnidie coated shaped bodies of the bed in the reaction tube.

DE-A-22 38 067 describes the use of two catalyst zones having differing activities. The
active compositions differ in their content of potassium ions.

25
DE-A-198 23 275 describes a two-zone catalyst system. The activities are structured
via the amount of active composition on the support and via the amount of added
dopants in the form of alkali metal compounds in the active composition {(cf. German
patent application No. 10206989.1 of February 19, 2002).

30

In EP-A 1 063 222, catalyst systems having three or more zones are used and the ac-

tivity of the individual zones is altered via the amount of phosphorus in the active com-

position, the amount of active composition on the support ring, the amount of alkali

dopant in the active composition and the fill height of the individual catalyst zones in
35 the reaction tube. -

WO 98/17608 describes structuring of the activity by means of a differing porosity in
the various catalyst zones. The porosity is defined asthe free volume between the

" coated shaped bodies of the bed in the reaction tube.

40 '



40 PF 54609 2  In the individual catalyst zones, titaniumdioxide in the
anat ase modi PFE489%n is the main constituent of the active conposi tion of

t he phthalic anhydride catal ysts, and serves to support the catalytically
active and sel ective vanadi um pent oxi de cgnponents and other netal oxides.
5 DE-A 21 06 796 descri bes the preparation of supported catalysts for the
oxi dati on of intge ingjvidyal ?Qﬁalﬁﬁtqﬁ’ﬁﬁﬁs ditgnirp gigdse inthe apatase madifiegtion s Hismreeioxi de
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be presen In a rati o rom am of

Ti . 1 nt&daingi FRAIRROD ?19‘? PP eab ST vthtth N HARRAFBR de
hydrate i n aalbe¢ not bEfing3suitable. described in DE-A 22 38 067. A problem
associated with these mxtures of titaniumdioxide with titanium dioxide hy-

25 drates is se .in the BET rface. areas of xt ures_over
Che 1 e ot “ERASTEERLLAER ibEd Riudis o S S BioRE TouRh &l e T StieE Pt ¢ he
BET surface o tofl 1tiig ariditdaniurmdiakidexiydeatehaving e Bl surase asget dfvnerg than

Accor di ngs t 0140inSg®P8 WIRIAG ratfolts oAt /BYSSB:1activity when 30 using titanium
di oxi de havi ng BE‘(I1 surface areas of |less than 10 n2lg is |low. Wen tita-

ni um di oxi de having a BET surface area of greater than 60 n2/g is used, the
life of the Fetheamgr, ainixuesioiddanivndiadresgiavingla BEhawjane atea of feord 7decr eases

greatly. Pref eﬁé@aﬂth tanign\tidkidechyiFdte dlihg @B ET Safacelaréd 63100 by #Qier2/ g. 35

In multizone t r f the I

cat al yst zonegﬁgg %ﬁé i@%?ﬁsefﬂgctﬁg%ﬁ%ﬁﬁ#m]p g%%\sﬁ% taavf"i)g@t ra%’s‘jt he
cat al yst 2&geomiidtachmased @h a aramd Ti®=gi on of the first highly selective
zone decr easpsadd@val a rauens tigdniung diokide wath tikdleurd @icide hydrate in a ratio of 3:1 is

described in DE-A 22 38 067.

A problem associated with these mixtures of titanium dioxide with titanium dioxide hy-
25 drates is the decrease in the BET surface areas of these mixtures over the life of the
catalyst.

EP-A 522 871 describes a relationship between the BET surface area of the titanium
dioxide and the catalyst activity According to this document, the catalyst activity when

30 using titanium dioxide having BET surface areas of less than 10 m%g is low. When tita-
nium 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 greatly. Preference is
given to BET surface areas of from 15 to 40 m?/g.

35 In multizone catalyst systems, the decrease in activity of the first catalyst zone has an
adverse effect on the life of the catalyst. As the catalyst ages, the conversion in the
region of the first highly selective zone decreases. Over the operating life of the cata-
lyst, the main reaction zone migrates ever deeper into the catalyst bed, i.e. the
o-xylene or naphthalene feed is increasingly reacted only in the subsequent less seiec-

40 tive zones. The consequences are reduced phthalic anhydride yields and an increased



| yst, the main reaction zone mgrates ever deeper into the catal yst bed,
i.e. the o- ?ﬁl 489 or napht hal ene feed is increasingly reacted only in the
subsequent | ess selec 40 tive zones. The consequences are reduced phthalic
anhydride yields and an increased PF 54609 3 concentration of by-products
or unreacted starting materials. To avoid mgration of the main reaction
zone into t heoNSERERLIANCbY-PERRMSTS rimreastad $ating Mmalgrals TarayoidAnigriion ef ther eased
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| ower the yF‘@P%P%ta'SSﬁ?Wa?ItP@ rgAusteniiy e Rithalie 2ahyANgR Yiedhdi ng i ncreases the
m gr at i ons of the main reaction zone deeper into the catal yst bed. However,
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this object is achieved by a catalyst systemwhich conprises at |east three

catal yst zongss yhbsBctdf &@ﬁré?é?ﬂﬁﬂfeﬁmt% rf?ékﬁd@@%d&%s foi pFéb%nﬁ Wﬁﬁﬁwhﬂﬁaﬁwbe

and whose cata cfivit ses fro zone e active
conposi tion 5@5%6‘%%:% cie glte §Wf%g g8 B@}}' 8%‘%9 'P(?Ygg‘ﬁf ‘tJFhaBﬁ(QQP e in the
anat ase nodi fualit, i-enp DatmgiaéWﬁh taH@Nuohtl@hdmmrtﬂaerﬁxfﬁdﬁ\e(rmyret thetdperalipp difenefst

zone hasi9 B @tHifsiER tab8amplovéd.om 5 to 30 nRlg, (ii) in the middle zone or
zones has a BET surface area of from10 to 40 n2/g and 25 (iii) in the

bott om nost zone has a BET surface area of from15 to 50 n2lg, wth the

provi so t hat Wenraveggunsi thattbis abieshisgchiened by agatalyst ayséam adishcommsisepglr nost
zone is | essmbbtanretehﬁtea’»ﬁhsmeg‘maw afecdrarigeti ABoYd drananthaliHedeadtbnttiiee M ddl e

bot tom st Sunapes e gfgcﬁ“tv a6t 3L WSS B Eorbolln
di oxi de #% t ARMBAIE§ITEMy Bhio H% Py meight plitenamiexide inthe agatperemodifigitpr: hat
pht hal i ¢ anhw#edethethe aitaninen glogjdar ed advant a- geously using the catal yst

system of the present invention. 35 The catal yst system preferably consists
of fromthree to fjve zones, in particular four zones. |In the case of a

t hr ee- zone cél al {Pdhe sprerEest 1908 Masp BEF puitacearea obffom kdo SRS,

(i)  in the middle zone or zones has a BET surface area of from 10 to 40 m%g and
25 (i) in the bottom-most zone has a BET surface area of from 15 to 50 m%/g,

with the proviso that the BET surface area of the titanium dioxide in the uppermost
zone is less than the BET surface area of the titanium dioxide in the middle zone or
zones and the BET surface area of the titanium dioxide in the bottom-most zone is

30 greater than the BET surface area of the titanium dioxide in the middle zone or zones.

Furthermore, it has been found that phthalic anhydride can be prepared advanta-
geously using the catalyst system of the present invention.

35 The catalyst system preferably consists of from three to five zones, in particular four
zones. In the case of a three-zone catalyst system, the BET surface area of the tita-
nium dioxides in the anatase modification which are used obeys the following relation-
ship:

40 BETzone(i) < BETzone(ii) < BETzone(iii):



ni um di oxi des _in the anatase nodification which are used obeys the foll ow ng
relation- shPp:54809 BETzone(i) < BETzone(ii) < BETzone(iii) PE 54609 4 in the
case of a four-zone catal yst system BETzone(i) < BETzone(iia) 5
BETzone(iib) < BETzone(iii) 5 and in the gase of a five-zone catal yst
system BETzone(i) < BETzone(iia) <_ BETzone(iib) <_ BETzone(iic) <
BETzone(iii) 10 Preference is given to the titaniumdioxide (i) in the

upper nost  zoimahé axseNef AfoBEIormlttalgs spstem: of from7 to 25 nR/g, (ii) in the
m ddl e zone or zones having a BET surface area of from10 to 35 nR2/g and 15
(iti) 1n the bottomnost zone having a BET surface area of from 15 to 45
n2/g. In a fBEl=zone BEftatopst BRsiam <t BETsdetiani um di oxi de of the upper

m ddl e zope (iia) has, for exanple, a BET surface area of from 10 to 35

n2/ g, in par Eriuﬂﬁltﬁ% F};{)ef@ajfﬂfe%g%‘fa[sﬁff#?g@t&ﬂg the titani um di oxi de of the

| ower m ddl e"zone has “a e area of from 20 15 to 40 nRlg, in
particular from1l5 to 35 n2/g. In a five-zone catal yst system the titanium

di oxi de of tReTUPRS: BETYGLE ZBET(LhAX BE‘}SMQ(“C[ Qr ngg;g}qig_e, a BET surface area
of from10 to 35 nR/g, in particular from10 to 30 n2/g, the mddle mddle
zone (iib) has a BET surface area of from10 to 40 n2/g, in particular 25
from 10 1 3Brefgregee iraivenie theotitenium diedi¢e zone (iic) has a BET surface area
of from1l5 to 40 n2/g, in particular from15 to 38 n2/g. The titanium

di oxi d d.in at t t f i f i Xt
of 11 Lant am i oxPdas ERBoTRRFyTRIBIS .« SRTSUHE FEAG o MBS e B 01 5
titani um di ofi) deindbe gri¢iirzonaphrrongesavinga BElaiase area fffosutd b mr/ea

titani um di oahtle having a BET sur- face area of advantageously from5 to 15

n2/ g, ingparticu K i r f r titani um
di oxi de %gvi h@ a’ngg%gé%g%%?éc}%a 0 a%l\%gitsggg%gu%:%é off rﬁgm %%g 4?’ o 70 nRlg, in
particular from1l5 to 50 n2/g. In particular, the titani um di oxi de used

c_onsi sts of _ trhafdunaone d:aial'ystraydﬁeux itr_ujetitgmianhe:ﬁqxinmoﬁ tbaeﬂper&ﬁidd]erzpae €ich) has,t h_e
ow surface oF e””‘??'%éﬁfﬁé%%*’?ﬁﬁs'dﬂééﬁﬁ%L%ngf? BB R e o
hos the - adyand BtaTium st ne Guea iod esneubihasc BEF s eces of Kam

oper ati ng0| i & t®40 tivg, in particular from 15 to 35 m%/g.

In a five-zone catalyst system, the titanium dioxide of the upper middle zone (iia) has,
for example, a BET surface area of from 10 to 35 m?/g, in particular from 10 to 30 m%g,
the middle middle zone (iib) has a BET surface area of from 10 to 40 m?/g, in particular

25  from 10 to 35 m%/g, and the lower middle zone (jic) has a BET surface area of from 15
to 40 m?/g, in particular from 15 to 38 m%g.

The titanium dioxide used in at least one catalyst zone preferably consists of a mixture
of titanium dioxides having different BET surface areas. This mixture of titanium dioxide
30 grades comprises, for example, a low surface area titanium dioxide having a BET sur-
face area of advantageously from 5 to 15 m?/g, in particular from 5 to 10 m?/g, and a
higher surface area titanium dioxide having a BET surface area of advantageously from
10 to 70 m?/g, in particular from 15 to 50 m?/g. In particular, the titanium dioxide used
consists of the two titanium dioxide grades mentioned.
35
Compared to the titanium oxide hydrates described in the prior art and their mixtures
with low surface area TiO;, the mixture used according to the present invention has the
advantage that the BET surface area does not change over the operating life of the
catalyst of the present invention. A high stability of the activity, i.e. a longer operating
40 life of the catalyst, is thus ensured.



catal yst of the gresent invention. A high stability of the activity, i.e. a
| onger oper aPF$46090 |ife of the catalyst, is thus ensured. PF 54609 5 The
titani um di oxi de used advant ageously consists of a mxture of a titanium

di oxi de having a BET surface area of fro@m5 to 15 n2/g and a titanium

di oxi de having a BET surface area of from15 to 50 n2/g in a ratio of 5 (i)
froml1l:1.5to 1:3 in the uppernost zone (iia) from1l:2 to 1:4 in the upper

m ddl e zone fhé bt)anfurro@ibi:da ubed adventageBudif eonaisie bf aidlie of anearand d|c(xidei ) from

1:3 to 1:5 iR Jhe: |
cat al yst zone@_{l‘rge I'S a a%a 93?3@%"‘ %9)131@0/8%3@%‘89“%%!?{'1 oé q%e upper
m ddl e catal § acf(ﬂﬁ%a?lff%{‘)”f’ Hodp aratis®l cm that of the |ower middie
catal yst Zone (iib) is from 30 to 100 cm and that of the bottom nost

catal yst zon (| l,rb)n1§5t5r1qm\%g Fﬁ oné® OXidic supported catalysts are
i |c anhydride by gas-phase oxidation

sui tabl e as g al par e
of o-xyl ene E%’Hﬂh%\ Oeﬁé "bﬁ?‘erﬂpf?? ec?Pé‘feeof use is generally rmade of
spheri cal , afiiyl fomair2. dltsh4sha‘[mldweummdtetmnecamnrl sing a silicate, silicon

car- bide, p@fcekghn.:3 & HEidHERbAemosBBResi um oxi de, tin dioxide, rutile,

al um numsilT1 20 cate, magnesiumsilicate (stt.;atite), zirconiumsilicate
or ceriunrsilicate or a m xture thereof. Coated catalysts in which the
cat al yti cal | yhabed \esgthosfpios uppeomoblscatglydtizene (ihis akdeantageauslyffrean 8hisd 16Q ont he

igggm ugﬁ;/eltl'%?ﬁfr‘tg%gz%gr rhijdleealayst &slléli,n gb % f*b'f'@ﬁ@'io 60 B8, matahué lo%lr w%dnfgt Iove
nmany ot her oﬁ?taﬁét @8&3&)%&”&#&8@@?%@%‘38&% ér}f%n PWP fFZﬂ'X%t ZPHg&i KBivity

and se 25 | efpinAlitp Sgfcm.he catal yst, for exanple by reducing or increasing
its actiygty, can be pre- sent in the catalytically active conpositions.

Such pronote t

al um Ir[:um oXi ?,; ISR 8[)8&1 8&&3&?{18%@ é“'{(a%\éo%ﬁ %E%I? eﬁr %gare pm gj‘g“{: % ”ﬁ%cf”dg)éQ | de
manganese 0x Ha%PhﬁﬁerP’@ﬁét'Qé of gyleae ObR@RfEha@@p‘h’éﬂ'XM?%@efe@ﬁ usaiveenesalyde,
mol ybdenum oxiade of sptiegishiec anmuarde dish-shdipads oppaie, cofrpribiab ansiliexied silican ¢pi um

o do. “PEE, forBbileal A TBANe, Madsi AEBHUT Rt AR AP ARRANGR 4f-

pentOX|de ters
decr ease 2P he caler MpaRssium gilicaie (elgatde). gisconium é'@?"’?t@ Of Wr'%ﬁ'i'%? RDR MXtHiegani ¢

bi nders, pr etreredi] Goateq obtalystssn whithamnd eatalgtisdily activet dbenposition is applied in the
form of a shell to the support have been found to be particularly useful. The catalytically
active constituent is preferably vanadium pentoxide. Furthermore, small amounts of
many other oxidic compounds which act as promoters to influence the activity and se-
25  lectivity of the catalyst, for example by reducing or increasing its activity, can be pre-
sent in the catalytically active compositions. Such promoters are, for example, alkali
metal oxides, thallium{l) oxide, aluminum oxide, zirconium oxide, iron oxide, nickel ox-
ide, cobalt oxide, manganese oxide, tin oxide, silver oxide, copper oxide, chromium
oxide, molybdenum oxide, tungsten oxide, iridium oxide, tantalum oxide, niobium oxide,
30 arsenic oxide, antimony oxide, cerium oxide and phosphorus pentoxide. Alkali metal
oxides act, for example, as promoters which decrease the activity and increase the
selectivity. Furthermore, organic binders, preferably copolymers, advantageously in the
form of an aqueous dispersion of vinyl acetate-vinyl laurate, vinyl acetate-acrylate, sty-
rene-acrylate, vinyl acetate-maleate, vinyl acetate-ethylene, and also hydroxyethylcel-
35 lulose can be added to the catalytically active composition, with amounts of binder
ranging from 3 to 20% by weight, based on the solids content of the solution of the
constituents of the active compasition, having been used (EP-A 744 214). Preference
is given to using organic binders as described in DE-A 198 24 532. If the catalytically
active composition is applied to the support without organic binders, coating tempera-
40 tures above 150°C are advantageous. When the abovementioned binders are added,



form of an aqueous dispersion of vinyl acetate-vinyl laurate, vinyl

acet at e- acr yPE®460%ty- rene-acrylate, vinyl acetate-naleate, vinyl

acet at e-et hyl ene, and al so hydroxyethyl cel 35 | ul ose can be added to the
catalytically active conposition, with anmgunts of binder ranging from3 to
20% by weight, based on the solids content of the solution of the
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450C (DE-A 21 06 796). The binders applied burn out within a short tine
after installation of the catalyst and start-up of the reactor. The
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t he aronati CB%W?%@PWQWPBC bdresarbery per stendasd BYidard n8 of gas, in
particular from 60 to 120 g of aromatic hydrocarbon per standard nB8. In
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di fforent teARIEeal b9 EalalySts ofﬁéfew%e'%tivshcahge ﬂse"aa%tg%%ﬂ ae Seme t%P%?faWé%l
cat al yst bedosato difnentatipetatuoes. 300 to 450C, preferably from 320 to 420C and
particul ggly preferably from 340 to 400C. A
The reaction gas is passed over the prepared catalyst bed at generally from 300 to
450°C, preferably from 320 to 420°C and particularly preferably from 340 to 400°C. A
gauge pressure of generally from 0.1 to 2.5 bar, preferably from 0.3 to 1.5 bar, is ad-
vantageously used. The space velocity is generally from 750 to 5000 h™".

30
The hot spot temperature of the uppermost zone is preferably from 400 to 470°C; in
particular, the maximum temperature is below 450°C. In the middle zone or zones of a
muitizone catalyst system, the hot spot temperature is advantageously less than
420°C, in particular ess than 410°C.

35

In a preferred embodiment of a three-zone catalyst system, the catalysts have, for ex-
ample, the following compositions:

- for the first, uppermost zone (zone (i)):



gauge pressure of generally fromO.1 to 2.5 bar, preferably from0.3 to 1.5
bar, is ad- Bﬁﬁﬁﬁﬁgousl y used. The space velocity is generally from 750 to
5000 h-1. 30 The hot spot tenperature of the uppernost zone is preferably

from400 to 470C, in parti cuI ar, the maxkmum tenperature is bel ow 450C. In

the m ddl e zone or zones of rrultl zone catal yst system the hot spot
temperature is ati9ArttadoauRy ‘9’3'98*5%“ acHymcompasition;haspd ppithe tota catalyst. Mﬁ'&f? 410C.
35 In a pref err ethisadioe compbsitidn coriftises- zone catal yst system the catal ysts

have, for ex- , | | i for the first, uppernost
zone (zone (i ))nﬁéﬁet&hag/ gng@uﬂ&%&ﬁ%%%m}% ght of active conposition
based on the t ot &ML BY welghtplantimony tigddeye conpositi on conprises: from

6 to 11 % by wei fybrn (of tw%dn@mamrpeﬁamaikdle(calcmawnébalbalBMetmjo inved agtiulan foe-
antimony tri oxi dgumﬁ,xfdeom 0.1 to 1% by weight of an alkali (calculated as

alkali netal), in ul ar ., Sl um oxi de, and, as bal ance to %
wei ght, titaniunf tb&‘ga“Fﬂtq ﬁ@o /aﬁ tﬁB"Eﬂ”‘F’f‘éj&’c"i‘C@d“ “T‘Pd?/’?aﬁﬁsednggégwé'ﬁpf ace
area of fromb5 tba\ml; aBEg,sutface arfearoffrbm Stciho?/gm ddl e zone (zone (ii)):

from?7 to 12% by wei ght of active conposition based on the total catalyst,

wher e S actiye, conpositi rises..fromb5 to 13% by wei ght of
vanadi un11¢.’)enf oxi P& the r%ﬂ??) ‘?@QQ&OB 3\’?9 of antinmony trioxide, 15 fromO

to 0.4% by wei ghfromf7 tarl 25 k)aWBightdlaDtWeactHﬂpmioal beakd omheatojal catalyptamhieraul ar
ce- sium oxide, {HPsBtetdm oé}ﬂ{grbéb isgbt of phosphor us pentoxide (calcul ated
as P) and, as babran ) @54}'8 ﬁ v¥ev ﬁ ‘iu t|t m di oxi de in the anatase
nodi fication ha P'Héeg %W?'P b Vapray rSlpr‘f1 ©10 to 40 m2lg, 20 for the
third, bottom no§emAbiae¥ byweight pf gntimony dimx@le; o 12% by wei ght of active
conposi t 1®n basefoMd toltes% tlyaleigraopbly Skali asiuRited &8 SkaCike, BQRARSidricen
conprises. sium 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
having a BET surface area of from 10 to 40 m*g,
20
- for the third, bottom-most zone (zone (iii)):
from 8 to 12% by weight of active composition based on the total catalyst, where
this active composition comprises:
from 5 to 30% by weight of vanadium pentoxide
25 from 0 to 3% by weight of antimony trioxide,
from O to 0.3% by weight of an alkali (calculated as alkali metatl), in particular ce-
sium oxide,
from 0.05 to 0.4% by weight of phosphorus pentoxide (calculated as P)
and, as baiance to 100% by weight, titanium dioxide, in particular in the anatase
30 modification having a BET surface area of from 15 to 50 m%/g.

In a preferred embodiment of a four-zone catalyst system, the catalysts have, for ex-
ample, the following compositions:



from5 to 30%&_% Hgai ght of vanadi um pentoxide 25 fromO to 3% by wei ght of
anti nony trioxi @, fromO to 0.3% by weight of an al kali (cal cul ated as

al kali metal), in particular ce- siumoxide, fromO0.05 to 0.4% by wei ght of
phosphorus pentoxide (calculated as P) ang, as bal ance to 100% by wei ght,
titaniumdioxide, in particular jn the anatase 30 nodification having a BET
surface area” of fpf%fffgzpae el In a preferred enbodi ment of a four-zone
cat al yst syst em frairhd tod0¥ lpstveightfectifeocorepositanyilased bhéhd totdl oatialygt, where

conposi tions: PRyaACRIe Bompbiiord fendriskst zone (zone (i)): from 7 to 10% by
wei ght of acti ve, coggosli@i on b.aﬁec} on t.he tof?f)t(l catal yst, where this active
conposi ti on conplPB&0 1 oy welg t‘li’@@%‘%}”’\ﬂéeﬁ d§f vanadi um pent oxi de, 5
fromO0 td 3% by femn@He 36§ baweighbofyartimoox tribxjdef rom 0. 1 to 1% by wei ght of an

al kal i (cal cul atgshast @l 108l waRjrtb) an BRaPRalcuRMPEs HRall BLIAM AXpafRularBE. as
bal ance to 100% $§@m&§ght , titaniumdioxide in the anatase nodification
e 2]

having a BET sur a of from5 to 30 nR2lg, 10 - for the second zone
(zone (iia)): frend AsthalanzeddyO0geibyhreigt. Haniumaiaxidepiodhe aomaseasedifiestionhe

total catalyst, waeh$¢a BET surReé o FHBROSI BOM*Gonprises: from4 to 15% by
wei ght 010 vanadi um pentoxide, 15 fromO to 3% by wei ght of anti nony

trioxide; " fromO0.1 to 1 %by weight of an alkali (calculated as al kal i
metal ), in parti®nthersesgnd zongizene @) from 0 to 0.4% by wei ght of phosphorus
pent oxi de (cal cufreh@doa2% )y wsidht Gachad eompsositon 12684 bl tivetogintatalybt afktem

dioxide in the t.as: LEd.eat | .20 having a BET surface area of from 10
to 35 nklg, - fg{rﬁﬁt%zlg?ﬁyrﬂhgéz'@t& orﬁ'ég'(i ib)): from7 to 12% by wei ght of

active conpositiBemydeda oy waight fivanadivmpepiaxidenhere this active
conposi t1®n conpfrorsdésto 325by weighboft antifrinify oxidel ght of vanadi um pent oxi de,

from 0.1 to 1% by weight of an alkali (calculated as alkali metal), in particular ce-

sium 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
20 having a BET surface area of from 10 to 35 m%/g,

- for the third zone {zone (iib)):

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

25 from 5 to 15% by weight of vanadium pentoxide,
from 0 to 3% by weight of antimony trioxide,
from 0 to 0.4% by weight of an alkali {calculated as alkali metal), in particular ce-
sium oxide,
from 0 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
having a BET surface area of from 15 to 40 m?/g,

- for the fourth zone (zone {iii)):

from 8 to 12% by weight of active composition based on the total catalyst, where
35 this active composition comprises:

from 5 to 30% by weight of vanadium pentoxide,

from 0 to 3% by weight of antimony trioxide,

from 0.05 to 0.4% by weight of phosphorus pentoxide (calculated as P)

and, as balance to 100% by weight, titanium dioxide in the anatase modification
40 having a BET surface area of from 15 tc 50 m?/g.



fromO to 3% Py gﬁ&ght of antinmony trioxide, fromO to 0.4% by wei ght of an
al kali (cal c% 204809 as al kal i nmetal), in particular ce- siumoxide, fromO to
0. 4% by wei ght of phosphorus pentoxide (cal cul ated as P) 30 and, as bal ance
to 100% by wei ght, titaniumdioxide in thg anatase nodification having a
BET surface grea of om 15 t n%lg, - for the fourth zone zoneo((a?i 1i)):

I

. f ) 40 |
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to 100% by egﬁ?ﬁﬁyséf’ i'?th?87%6xi de in the anatase nodification 40 having a
BET su_rfa&e area of from15 to 50 n2lg. PF 54609 9 |f desired, a downstream
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aresult.of a nore uniformdistribution of the heat of the reaction over the

cat al yst "bed. Thus, the maxi rum hot spot tenperature is decreased and the
phthal i ¢ anf)nelicianRydede cembe peerpras acgewting iRithe preaeritiayantiag in 2oByisst oduct
concentrati oasd wilﬁ_ldahdtdmbhttat&)!nb)odbj/-d&)d@emirhﬂrﬁﬁtﬂ]&ihﬂﬁli&@,@_édhﬂ@ig?@-iyf@e
present | nve |.ONn ;
by- pr oduct, ?ha/gg?étqhéﬁlézyre%ﬁ?hﬁ'?Odee?gg‘\gﬁgnfwz;? %ﬁﬁ%ﬁ?ﬁ;ﬁéﬁn gﬁ'téj_'ﬂa%aﬁ gF high
napht hal ene PRAdi Vﬁ{?ﬁ'“%dﬂ"‘E%{é%?@dftpaﬁ]oéﬁ‘et%oeféé ofjinetiaReat MVARIONaHY at hi gh
space vellbci phtbalidelsuheenttdtion ¢onatiHighen thanfC.05% by medgrs sbaskd bh ehtiraéis anty-
i nvention, tReyelS phthalide concentration is not higher than 0.05% by
wei ght, based on phthalic anhy- dride. Exanples: 20 Catalyst 1. 4 zones
Upper zone (i)

Examples:

20  Catalyst 1: 4 zones

Upper zone (i)
29.3 g of anatase (BET surface area = 9 m%g), 69.8 g of anatase (BET surface area =
20 m%g), 7.8 g of V.0s, 1.9 g of Sb,03, 0.49 g of Cs,CO; were suspended in 550 ml of
25 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 the suspension.
The suspension was subsequently applied to 1200 g of shaped steatite bodies (mag-
nesium 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 weight of the shell of active composition ap-
30 plied was 8% of the total weight of the finished catalyst.
The catalyticaily active composition applied in this way contained 7.1% by weight of
V,0s, 1.8% by weight of Sb.0,, 0.36% by weight of Cs after calcination at 400°C for 4
hours.
The BET surface area of the TiO, mixture was 16.7 m%/g.
35
Upper middle zone (iia)
24.6 g of anatase (BET surface area = 9 m%/g), 74.5 g of anatase (BET surface area =
27 m?lg), 7.8 g of V,0s, 2.6 g of Sby04, 0.35 g of Cs,CO; were suspended in 550 ml of
deionized water and stirred for 15 hours. 50 g of an aqueous dispersion (50% by
40  weight) of vinyl acetate and vinyl laurate were subsequently added to the suspension.



29.3 g of anatase (BET surface area = 9 n2lg), 69.8 g of anatase (BET
surface areglpi::54€[§§5rr21g), 7.8 g of V205, 1.9 g of Sb203, 0.49 g of Cs2CC3
were suspended”i 50 m of 25 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 the sumpensi on. The suspension was

subsequent | Y1 lied.to 1200 ha it od|

silicate) inf EE%SPS?W%W’I? PRYE 9"@ ap%ﬁe%?o #} %es?'ﬁﬁ? 8‘135{@%89'96

| ength (L) xnesium gifigaie) iditkerera ot (ing §7 »Y xdgnay ERg L XiHe) Respgating (T nenreelgmel |

of active cmmsﬁemﬂ adve3bbniddsaidn \wpplidtwas 8%he thedlotl warjngbit thefinkshéd f i ni shed
catal yst. g%lal ytically active conposition applied in this way contained
7. 1% by vvel V205, 1.8% by wei ght of Sb2C3, 0.36% by wei ght of Cs
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m xture was \Lfs/2 ALy waghtUf(8Onz8% by wveight bf @3 afldr. dalgnatibn anad@Sefof BET
surface areah i n2lg), 74.5 g of anat ase (BET surface area = 27 nRlg), 7.8
g of V205, g of Sb203, 0,35 of were suspended in 550 nm of

dei oni zed vva'f*éer ’5ﬁéu'§@qerqr§€|°f5'p21@"tHEﬁJ‘W§s 2L Wy/%f an aqueous di spersion (50%
by 40 weight) of vinyl acetate and vinyl |aurate were subsequently added to
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The BET surface area of TiO, mixture was 22.5 m%g.

Lower zone (iii)

25 17.2 g of anatase (BET surface area = 9 m%/g), 69.1 g of anatase (BET surface area =
27 m?qg), 21.9 g of V,0s, 1.5 g of NH,H,PO, were suspended in 550 ml of deionized
water and stirred for 15 hours. 55 g of an aqueous dispersion (50% by weight) of vinyl
acetate and vinyl laurate were subsequently added to the suspension. The suspension
was subsequently applied to 1200 g of shaped steatite bodies {(magnesium silicate) in

30 the formof rings (7 x 7 x4 mm, ED x L x ID) by spraying. The weight of the shell of
active composition applied was 8.0% of the total weight of the finished catalyst.

The catalytically active composition applied in this way contained 20.0% by weight of
V,0s, 0.38% by weight of P after calcination at 400°C for 4 hours.
The BET surface area of TiO, mixture was 23.4 m%g.

35

Catalyst 2: 4 zones



of the shell of active conposition applied was 8% of the total weight of the
finished a]ge)‘gép The catal ytically active conposition applied in this way
cont ai ned 7 ? wei ght of 20 V205, 2.4% by wei ght of Sb203, 0.10% by
wei ght of Cs after calcination at 400C for 4 hours. The BET surface area of
. T102 mxture was 22.5 nRl1g. Lower zone (i44) 25 17.2 g of anatase (BET
surface are 9 le , 69.1 g of anatase (BET surface area = 27 nRlg),
21.9 g O aH%perfogeg of NHAH2PO4 were suspended in 550 nml of deionized
water and stirred for 15 hours. 55 g of an aqueous dispersion (50% by

wei ght) of vidgly of apetasé @Blafﬂduﬁacﬂ}dreé awrra’t/g ), 888y SuheeRueBET suaaeestebe t he
suspensi on. 56‘%@23%@%& Qrbsé:‘l"féf% g%bﬁ}%@ﬁioeﬂer%%u%ﬁ&%iﬁ%séPrﬁ‘BPd

steatite bodies
ED x L x 5D) d%?“ é‘iﬁ’r‘é{%eh@” ?*Hée%éfiﬁ O‘t'j’ﬁ $he ok pAUGSUS déﬁPﬂS\Fé‘ Qr@p%\él tion

appl i ed was W®eight)of vihjlacttahndwing idurate were sﬁb:mq:mbmty axifed |ty e subpension.
catal yti cal 'ggggﬁggxéﬁs.gﬁwae%usg '&e gd k1308 Fo 8&’%%1%6&%8 Q. Qwét;by

wei ght of cal on at

nours. The PRSP SligeiS) GHBRIGHR OFI0ES H % dAMTASDIRL X IRbaGPranNE- Tt Washt: 4
zones PF 546®f9héshd-;lmfactnze)mmnmos)tloﬁ&pﬁhgj whs a‘%alfatwto@&m'élgmbfmreémahea =9
nm2lg), 6958 Qatgléstanat ase (BET surface area = 20 nRlg), 7.8 g of V205, 1.9 ¢
of Sb203, 0. ended i oni zed water
ond stirred 16 CASVIY SoneapnsR R SaqGI0 e EPaRRd (bR Rl ght) o
vi nyl acet at ¥Qund.8% hyWelgﬁU@fﬁtand} 86% by veaighd of Cy afiddesdcinationtad 460 pondi on.
The suspensi g, rvas subsequently applied to 1200 g of shaped steatite bodies

(mag- nesiu |nth rin 7 x4 mm EDXx L x ID by
sprayi ng. Tﬂtﬁ?@% %‘)3% it AEAS QWOW g\imérgtv?‘?feq(ecoﬁbém tion applied was 8% of
t he total>weight of the finished 10 catal yst. The catalytically active
conposition 'ppérlrﬁﬂd{brtohél(ﬁ‘a)my contained 7.1 % by wei ght of V205, 1.8% by

0
oLt O ot f IR e e PR AR 16 HRRLAD AL ARG Sl
20m /g) 7.8 g of V.05, 2.6 g of Sh,04, 0.35 g of Cs,CO; were suspended in 550 ml of
deionized water and stirred for 15 hours. 50 g of an aqueous dispersion (50% by

20 weight) of vinyl acetate and vinyl laurate were subsequently added to the suspension.
The suspension was subseqguently applied to 1200 g of shaped steatite bodies (mag-
nesium silicate) in the form of rings (7 x 7 x 4 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.

25 The catalytically active composition applied in this way contained 7.1% by weight of
V;0s, 2.4% by weight of Sb,0,, 0.26% by weight of Cs after calcination at 400°C for 4
hours.

The BET surface area of TiO, mixture was 17.3 m?/g.

30 Lower middle zone (iib)
24.8 g of anatase (BET surface area = 9 m%g), 74.5 g of anatase (BET surface area =
20 m?/g), 7.8 g of V,0s, 2.6 g of Sh,03, 0.13 g of Cs,CO; were suspended in 550 mi of
deionized water and stirrec for 15 hours. 50 g of an aqueous dispersion (50% by
weight) of vinyl acetate and vinyl laurate were subsequently added to the suspension.

35 The suspension was subsequently applied to 1200 g of shaped steatite bodies (mag-
nesium silicate) in the form of rings (7 x 7 x 4 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.



Upper m ddl e_zaone ii ia) 24.6 g of anatase (BET surface area = 9 nRlg), 74.5
g of anat asepfééffo urface area 20 n2/g), 7.8 g of V205, 2.6 g of Sb203,
0.35 g of Cs2CB were suspended in 550 mM of deionized water and stirred
for 15 hours. 50 g of an aqueous di spersifin (50% by 20 wei ght) of vinyl
acetate and vinyl |aurate were subsequently added to the suspension. The
suspensi on wiRke GRIBNEcAIEAEYVE copmositian ABPIEsigD this wey seripibad 4 t@/agv weighdaf es
(rmag- nesi unvgdd Ra&s by weight ofeSH,. Ok, M. 03% by masght 6f € aftar caldimatioR@t A00°Cxfol B) by
spraying. Th ight of the shell of active conposition applied was 8% of

folE
the total wergh f the finished catalys 25 The catalytically active
conmposi ti on Igepﬁﬁgauffﬂce[qﬁeg %&26@?@5‘? Wé%%“??f“@“%-by wei gh%/ of V¥05, 2. 4% by
wei ght of5 Sh@@r 0n268h by wei ght of Cs after calcination at 400C for 4
hours. The f frfald i 7 . L giddl e
zone (iib) g? %?Lgfgfﬁ%ﬁgtm Qlﬁﬁag?%e%)gﬁ 19,893 g aﬁé’{é%)é QB%Q%H et ase
( BET surface 5%%)’— 1‘%%0{3%) L ﬂ%‘ﬁﬂ*‘ﬂﬁﬁ@?lﬁ'g@ %S@ead%f?%%%@,o Sg'fﬁ'zagd
Cs2CO3 wer e walepand etiradfos 59 hadrsofS g abamaiuesus wispersiam(@0%t by weidht) of ving
Ty |t ot R o ere B eatly pided 189 Sherhslh e SB Ao
was Y subs g@] uelies $ULss F?@@%B Pﬁ‘lz%oﬁggp& °f§ﬁa‘b%‘§5‘§%1‘§§5 95585 E)'BW &S i“@hﬁg‘?‘ﬁ%ég i um
si li cate) i ntheriern efringsf(7 KiTngd M, 5O x L IP) kinspepng. Theweibht ¢fthe phelyafng. The
vei gm ]gftth bﬁiv_@fa_@lnlpogﬁo:asmimeew@@ragoafmb@%tam@mtaﬁtwmli%%tam total
wei o LSk " )
corrgosi tion i%é Félgli@cl%ﬂy? ﬁtﬁ}seaéwa 035'853?@% "}.ﬁ%/oxgg C@Z‘%@ﬁgbg% é%wgf@%wﬁ% by
wei ght of Sb'%%: 038%0ony weiohiedf dhaftesicalcinagien at 4Q0aEdpithbeWa at 400C for 4

hours. The Bife BETfsafdgcedrea odTiChirikiurd whsiRB 4welg.17. 3 n21g. 5 Lower zone
(iii) 17.2 g of anatase (BET surface area = 9 nRlg), 69.1 g of anatase (BET

surface area = 27 _nRlg), 21.9 g of V205, 1.5 g of NHAH2PO4 were suspended
in 550 ml of Ca@yshAErnefdednraiaivesxammia) for 15 hours. 55 g of an aqueous
di spersion (50% by weight) of vinyl acetate and vinyl |aurate were
subsequent |y gggrezqm%% t he suspension. The suspension 10 was subsequently
applied to 13 g.o %haped steatite bodies (magnesiumsilicate) in the

form of £9ng9% ¢ o anatese (BR] siface areg =2B)MYg). £5rSfi\als TR E hePeftie O ¢ he

shel | of of Cs,CO; were suspended in 550 mi of deionized water and stirred for 15 hours. 50 g
of an aqueous dispersion (50% by weight) of vinyt acetate and viny! laurate were sub-
sequently added to the suspersion. 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
25 x L xID) by spraying. The weight of the shell of active composition applied was 8% of
the total weight of the finished catalyst.
The BET surface area of the TiO, mixture was 20.1 m?/g.

Upper middle zone (iia)

30 99.3 g of anatase (BET surface area = 20 m?%qg), 7.8 g of V,0Os, 2.6 g of Sb,03, 0.35 g
of Cs,C0; were suspended in 550 mi of deionized water and stirred for 15 hours. 50 g
of an aqueous dispersion (50% by weight) of vinyl acetate and viny! laurate were sub-
sequently added to the 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

35 xL xID) by spraying. The weight of the shell of active composition applied was 8% of
the total weight of the finished catalyst.

The BET surface area of the TiO, mixture was 20.0 m%g.



active conposition applied was 8% of the total weight of the finished

cat al yst. Thfg 32%@ ytically active conposition applied in this way contai ned
20:0% by wei gff-"l V205, 0.38% by weight of P after calcination at 400C for
4 hours. 15 The BET surface area of Ti 02 m xture was 23.4 nRlg. Catal yst 3:
4 zones (conparative exanple) Upper zone 43 ) 20 99.5 g of anatase (BET
surface area = 20 g%l%ﬁ é ;3 g of V205, 1.9 g of Sb203, 0.49 g of Cs2CC3
wer e suspende'srigde 2e §P) dei oni zed water and stirred for 15 hours. 50 g
of an aqueou’®.@dgspenatasn(BEDSGrtazewrdayh 2P nifg)v7.Ayl of 466t & g @h8bydn9113lgaur at e

were sub- seguantby waddakpbRdddiR s30TRINALBRIzed DRt URRRASEPR WBFoGMPEGgUENt | Y
applied to 1200 qgl of 3.ha ed %I%_S%/a%’l te.q_&dlfes gmaeg esi Hm S| | i c§t e%} L he
form of ringd AAdequs dsersion £50% by ywejahY qrgnvhgoetale 2of ViV alSRP BRI ¢ he
shel | of Zactseguenhngsisiedite the suspensien. As saspersiontwas subseduenty ghirliegflot he

L :Ogi; h%ddg?; ﬂi(it@gi s(h_Ebgd Bgatigtﬁoﬁaa@qmg@@simgmbae ‘”QE?J ﬂrmgd#rriﬁ?ye\aS_ZOi)lmnE é)g-
7.8 g of vzo(g,z’eg. & 'Bh“ofk'Ds’ghogp)%B?§§F;§ﬂagf&c§%’é%fh@? ah@&isﬁwﬁicmpﬁm@% M of
dei oni zed wagrnliedwas $t4 ehtbe tataweightipbthedinished gatadsst.an aqueous di spersi on
(50% by wei ghtig BET suifand aras et Bi0s nadre/vay 20 Bawfiat e were sub- sequently added
to the swpenm on. The suspension was subsequently applied to 1200 g of
shaped steatite bodies (magnesiumsilicate) in the formof rings (7 x 7 x 4
nm ED 35 x Lowerizppe G} spraying. The weight of the shell of active

conposi ti on gqplictdnarase BEDSurfdcberént 2b miry)odt.9 gfof Vho;, 151§ shH, eI yst .
middl e zone Ty LopGg g 280 T drudirtsalf et QufbdVor & nilps Y oy SO0EC
V205, 2.6 g %“%H%G@Peré’.ofé% °wammﬁs‘"%?%e@@s%‘é’ﬁd%'aPF?t%B’Gr%“bé?'

dei oni zeth waqlmntlaadd@i torthe dudpensibb. mﬁpeﬁ@orgwastumqaqu@camli@ﬂ ®pRA0Sigon

( gg%ab%/ Wf'hg&ts}waﬁéd YtBittk bBARE Fh8gredtlinY si¥dte) iﬂlt'r'ti)e%?m\%ﬁﬁ SH Jlﬁx %gﬂr’ﬁ?ﬂb'xg 0
LI T o e bk A ML R e et
4 nmm ED x Ltotal Welghbyf thefinghedcatalgst. wei ght of the shell of active

conposi ti on TRPRET 8dr¥@sSar8doPihel O, Mdldk wiRIQY m@f. the finished catal yst.
The BET fdlrface area of Ti2 m xture was 20.3 nRl1lg. 10

Catalytic tests:

The tests were carried out in a reactor which had a length of 3.85 m and an internal

diameter of 25 mm and was cooled by means of a salt bath. To record a temperature
25  profile, the reactor was equipped with a thermocouple which could be moved over the

entire length of the reactor. The thermocouple was kept in a sheath having an external

diameter of 2 mm. 4 standard m® of air laden with from 0 to 100 g of o-xylene (at least

98.5% pure) per standard m® were passed through the tube hourly. This gave the re-

sults summarized below {"PA yield" refers to PA obtained in percent by weight, based
30 on 100% pure o-xylene).
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The following abbreviations were used:

HST UZ
SBT
PHD

PA

hot spot temperature in the upper zone
salt bath temperature

phthalide

phthalic anhydride



PA yiel d113.5113. 7111.3 [% by weight] The foll owi ng abbreviati ons were used:
5 HST UZ hotPESBE0 enperature in the upper zone SBT salt bath tenperature
PHD pht hal i de PA phthalic anhydride PF 54609 15 We claim 1. A catalyst
system for preparing phthalic anhydride, ghich conprises at |east three
catal yst zones which are arranged above one another in the reaction tube and
5 whose cat a‘?’\ﬂ,esfta'@'ctl vity increases fromzone to zone and whose active
conposition conprises from70 to 99% by wei ght of titaniumdioxide in the

anat ase nodi

zone has a iET%g%drt 3 Syg@@;ﬁtﬁr#gﬁ?ﬁt @ﬁtﬁﬂlcé’%‘ h% %5“ &On&prﬁs‘gg]%hgm%g?e zone
or zones has a CB@YSEECP’TQ&(?@"H} ¥g Hranged abave ang Qm‘”?@lfbt eghactionitybe and t he
bottom nost zomhobasatalyBctivity hamases #amabné tororkaridovtiddendtlige covnpdsitione

proviso that t Q@n’ﬁﬁgessf'rﬁﬂg ZE‘?‘O @Q%%ﬂelgﬂ%ﬁda Rif 4Ltk RindSin! {5553 dﬁfb@ﬁérﬁms'[

15 zonelsless thetltanlum 1oxide in
m ddl e zone or WEHIR theiianiue digxides yr f ace area of the titani umdioxide in the
bottom nost zone is greater than the BET surface area of the titanium

di oxide in the 5’ ddlh‘?hé rffbst ZonB saQéE‘lzsurféc%aatr@é ¥tta éﬁ)ﬁé 96}1‘?@”‘3' aimed in
d

claim1, wher e| zones are ese um di oxi de
in the ufper I e'”il?ﬁ]@ Zoo{’eéE'F %[I' ”8?9 P"re@rﬂftfr?ﬁ' {Q)togg) ’Pr%nﬂg and

that in the Iovver nadtdl e zone has a BET surface area of from15 to 40 nRlg,

with the provisgg thgtnd B@u&&ﬁ&vﬁémsaa BET%BrféébearEhfoﬁﬂerﬁ‘SC{b%'nQ%' n the
upper mddle zone is less than or equal to the BET surface area in the | ower

m ddle 25 zone. 3. A catalyst systemas clained in claim1 or 2, wherein

the titani um diwidi the provise thhtthe BETosweface ardayefthe tiiariucotieiide i tbé upperimostir e of

titani umgli oxi demehalks thadithé BETHurBE area Wi RCRalRaFoxidDin the middle zone or
zones and the BET surface area of the titanium dioxide in the bottom-most zone is
greater than the BET surface area of the titanium dioxide in the middle zone or

Zones.

20 2. A catalyst system as claimed in claim 1, wherein two middle zones (ii) are present
and the titanium dioxide in the upper middle zone has a BET surface area of from
10 to 35 m%/g and that in the lower middle zone has a BET surface area of from 15
to 40 m?g, with the proviso that the BET surface area of the titanium dioxide in the
upper middle zone is less than or equal to the BET surface area in the lower middie
25 zone.

3. A catalyst system as claimed in claim 1 or 2, wherein the titanium dioxide in at least
one catalyst zone consists of a mixture of titanium dioxides having different BET
surface areas.

30
4. A catalyst system as claimed in claim 3, wherein the mixture comprises a titanium
dioxide having a BET surface area of from 5 to 15 m?/g and a titanium dioxide
having a BET surface area of from 15 to 50 m?/g in a ratio of
35 (i) from 1:1.5 to 1:3 in the uppermost zone,

(ilm) from 1:2 to 1:4 in the upper middie zone,
(iib)  from 1:2.5 to 1:4 in the lower middie zone and
(i)  from 1:3 to 1:5 in the bottom-most zone.

40



4. A catalyst systemas clainmed in claim3, wherein the m xture conprises a
titani um diBRi%480%havi ng a BET surface area of from5 to 15 nRlg and a
titani um di oxi de having a BET surface area of from1l5 to 50 nRlg in a ratio
of 35 (i) from1:1.5 to 1:3 ;n the uppernpst zone, (iia) from1l:2 to 1:4 in
t he upper m ddl e zone, (J ib) from1l:2.5to 1:4 in the |ower mddle zone and
(iii) from 153 A ertalyst syptefhas ¢aimesin gby of daims. 1 oot mhemiB i@ el lemgth A cat al yst
systemas clained in any of clains 1 to 4, wherein the bed length (i) of the
upper nost cat al.yst I I f the upper mddle
catal yst zone i(g fr@%ﬂgabﬁ%%gp%aﬁngygzgﬁ?%%cﬂ] BP&%HE%\%@I‘ m ddl e catal yst zone
is from30 to 160 cohtBpyPPeimidglesatalysszens isbormedio @4¢mi yst zone is from 40
to 90 cm56. A(iimt abithe lowes hiddlasatalyat z00@ i$ fromB0 t0f100Ici 8®d 1 to 5 which

conprises thr eq-ly) fg%ﬁ%ﬁ‘%&"%’ﬁ??ata‘wﬁﬂe% ]ar?wgo)totglaeqng_east active catal yst

conprises from y welg ased on total catal yst, of active
conposition conprising from6 to 11 % by weight of V205, fromO to 3% by

wei ght of Sbga03 cdtalgen Ystent as dlaidbenyin wey ghtlaiofs tdokavhich compdsdsahed as al kal i
netal ) and Ti O LBrRB&d Ssfes! @héfelfavi ng a BET surface 15 area of froms5 to
30 nRlg 3 bal ance "on support material, (ii) the next nore active catal yst
conprises“from?7 to 12% by wei ght, based on the total catalyst, of active
conposi ti on corfpri sthededst antive datalyisd ¢olprisesifgim 7 tofl 0%2Q5yveifhtopas@dtom tB&6 by

T e s e e e
BET surface area of eg?%ﬁf"f(d(ttoodv&g‘gﬁ’@f%'t 8€%§3aﬁ%%o%t° %g}ﬂ&'ﬂg%ﬁgi ??l'al ,
(iii) the nost acti {relcylated gssalkajonplal)swd Ti@pmagatase fxon havingsd BRT subased on

the 25 gotal catal y&h.of Bbm®Bld 308m¥§ BB Baiaht®Bn SaPAYH Hbfkaaf rom 5 to 30% by
wei ght of V205, fromO to 3% by wei ght of Sb203, from0.05 to 0.4% by wei ght

of P, fromO to 0.3% by weight of alkali (calculated as alkali netal) and
T102 in anat ad® f ofmnextmate ctivEratalyst earepriges Hoax 7 for Biir by weight baged gnas
bal ance on suppor t theabtar tadlyst, of active composition comprising from 5 to 13% by weight

of V,0s, from 0 to 3% by weight of Sb;0O;, from 0 to 0.4% by weight of P,

20 from 0 to 0.4% by weight of alkali (calculated as alkali metal) and TiQO, in
anatase form having a BET surface area of from 10 to 40 m%/g as balance on
support material,

(iii)  the most active catalyst comprises from 8 to 12% by weight, based on the
25 total catalyst, of active composition comprising from 5 to 30% by weight of
V205, from 0 to 3% by weight of Sb,03, from 0.05 to 0.4% by weight of P,
from 0 to 0.3% by weight of alkali {calculated as alkali metal) and TiO;in
anatase form having a BET surface area of from 15 to 50 m%/g as balance on
support material.
30
7. A catalyst system as claimed in any of claims 1 to 5 which has four superposed
zones, wherein

(i) the least active catalyst comprises from 7 to 10% by weight, based on the
35 total catalyst, of active composition comprising from 6 to 11% by weight of
V05, from 0 to 3% by weight of Sb,O3, from 0.1 to 1% by weight of alkali
(calculated as alkali metal) and TiO; in anatase form having a BET surface
area of from 5 to 30 m?/g as balance on support material,



30 7. A catalyst systemas clainmed in any of clains 1 to 5 which has four
super posed #Eg@ wherein (i) the least active catalyst conprises from?7 to
10% by wei ght", ed on the 35 total catalyst, of active conposition
conprising from6 to 11% by wei ght of V205, fromO to 3% by wei ght of Sb203,
from0.1 to 1 %by weight of alkali (calqqul ated as al kali metal ) and T102
in anatase formhaving a BET surface area of from5 to n2lg as bal ance
on support nat dig) g the g?"t%%'@@cﬁv}e Ca(‘?'V%{)COf‘WéIS‘?FeEE‘Pm@Péza(‘CW \7@'%*&3?%%@"
conprises from 7 tdhdR¥6iwataest ghitactiveasetposition kemposiag froatbloyti’ bpiveatiti ve

conposi ti on conpri fr 9 orf t o by
e o 280908 SdeRgof G 1d @/%&Qght\wvsg . fr@Fn V21 Hﬁm ?rétdd?gsﬁ}éal Y 1

from a

metal), fromO to (%6 qBVd\ﬁélaé?ﬂﬁr%‘%ltal\ﬁﬁ'abﬁ % &ygegHg?fji @”‘? 'rorh'haw ng a
BET surfdce area ofanatasefdn bevigba BEIgsuafscbammfé'oumo wUiSpoi/y asbeencabn
(iib) the next nor %u@?gﬁw@t&@]al yst conprises from7 to 12% by wei ght, based
on the total catalys of active conposition conprising from5 to 15% by
wei ght 10 of V205, fromO to 3% by wei ght of Sb203, from O to 0.4% by wei ght
of al kali (ca(ii@ml dhedexdamerelastive eatalyst)contprises Moma 10.12% by weighighasasforP and
gl I02 In anatase f?hé‘ltﬂﬁ\t'am}ys@ @E&Mdcnmn@h%t@mgﬁ?ﬁé ﬂmn15t5tot15°/:19y% Bt as

al ance suppor ac o i ses
from8 to 12% by vve?fy{)s’ f@i%" §ﬁ° tfyh\% 'g%tr}ﬁﬁm@%{rﬁ %Oeo g? bé’c %Oggﬁ?ﬁ'ﬂm tion
conprising from 5 t{galgdgtegyasadialjimeetal, fropp B0 014F/0hy peight R ayd Wngﬂnt of

Sb203, from 0. 05 t carfatab¥ibim wevigtha BET durfadsl arehi dPiroh afta sy ke balahsy bAg a
BET surface area of %ég% L 50 nRlg as bal ance on support nmaterial. 20
8. A process for preparing pathal i ¢ anhydride by gas-phase oxidation of

xyl ene, naphthal ene or m xtures thereof in a shell-and-tube reactor,
wher ei n 1She st @nt i nge nioat activalcatatysecqragised flowed ta1 2% balwesght heskamnalse ¢l ai med

in any of claims 1 g, Zata!yst, of active composition comprising from 5 to 30% by weight of
V505, from 0 to 3% by weight of Sb,O3, from 0.05 to 0.4% by weight of P and
TiO, in anatase form having a BET surface area of from 15 to 50 m%g as
balance on support material.
20
8. A process for preparing phthalic anhydride by gas-phase oxidation of xylene,
naphthalene or mixtures thereof in a shell-and-tube reactor, wherein the starting
materials are passed over a catalyst system as claimed in any of claims 1 to 7.



