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toward the gas outlet.

30 EP-A 1063 222 discloses a process for preparing phthalic anhydride by gas-phase
oxidation over three or more catalyst zones. Catalysts are prepared from a slurry
comprising, besides titanium dioxide and subordinate components, 121.86 g of
ammonium metavanadate and 37.89 g of antimony trioxide and 96.48 g of ammonium
metavanadate and 37.50 g of antimony trioxide. The activity of the catalysts is

35 controlled by variation of the cesium and phosphorus contents.

US-A 4,356,112 states that the concomitant use of antimony improves the thermal
stability and selectivity of catalysts for preparing phthalic anhydride. The best phthalic
anhydride vields are obtained using a two-zone arrangement having a catalyst of the

40 composition V,05:TiO2:Nb,05:P205:Cs,0:8b,053 = 3:97:0.5:0.2:0.4:2.5 in the first zone
and one having the composition V,05:TiO2:Nb,05:P205:Cs,0:Sb,05 =
3:97:0.5:0.2:0.4:1.0 in the second zone.
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composition of the first catalyst comprises at least vanadium oxide, tltamum dioxide
and antimony oxide and the ratio of vanadium, calculated as V,0s, to antimony,
calculated as Sb,0s, in the first catalyst is from 3.5:1 to 5:1, preferably from 3.8:1 to

30 4.5:1.

It has been found that a lower ratio of vanadium to antimony than that indicated for the

first catalyst leads to rapid aging of the catalyst and to the reaction being shifted into

the downstream catalyst zones. A higher ratio than that indicated leads, particularly at
35  high hydrocarbon loadings in the gas stream, to an unsatisfactory total yield.

The catalytically active compaosition of the second catalyst preferably also comprises at
least vanadium oxide, titanium dioxide and antimony oxide and the ratio of vanadium,
calculated as V.05, to antimony, calculated as Sb,O,, in the second catalyst is, in

40 particular, less than or equal to the corresponding ratio in the first catalyst.

Preference is given to a process in which the gaseous stream is additionally passed

over a bed of a third and if desired fourth catalyst located downstream of the second

catalyst. In general, the catalytically active composition of the third and fourth catalyst
45 also comprises vanadium oxide and titanium dioxide.
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The titanium dioxide is usually employed in the anatase form. Its BET surface area is

30 generally from 5 to 50 m%/g, preferably from 8 to 28 m%g. The titanium dioxide used in
at least one catalyst zone preferably comprises a mixture of titanium dioxides of
differing BET surface areas. This mixture of titanium dioxide types comprises, for
example, a low surface area titanium dioxide having a BET surface area of
advantageously from 5 to 15 m?/g, in particular from 5 to 10 m?/g, and a higher surface

35 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 types of titanium dioxide mentioned. Such mixtures in which low surface area TiO,
is present have the advantage that the BET surface area does not change over the life
of the catalyst. This ensures a high stability of the activity, i.e. a longer catalyst life.

40
Particularly useful vanadium sources are vanadium pentoxide and ammonium
metavanadate.

Suitable antimony sources are various antimony oxides, in particular antimony trioxide.
45 Use is generally made of antimony trioxide having a mean particle size {maximum of
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Er gfgg;pgoﬁ eaétsmaﬁg W3 fr rcId?.:IEm Q%aﬁa%a | {)Pﬂfet% Héé‘.é gaﬁlkp&lﬁtl n?‘f ﬁg?te'sc
havi ng a of AIRVAE "BEEenS riblehens b b kg eqfe i ne o fgfheresc 1 Gy
from5 to having a diameter of from 3 to 6 mm or rings havmg an e ernal diameter of from 5

9 mm and a length of from 4 to 7 mm.

30 '

The individual layers of the coated catalyst can be applied by any methods known per

se, e.g. by spraying solutions or suspensions onto the supports in a coating drum or

coating with a solution or suspension in a fluidized bed. Organic binders, preferably

copolymers, advantageously in the form of an aqueous dispersion, of vinyl acetate-

35 vinyl laurate, vinyl acetate-acrylate, styrene-acrylate, vinyl acetate-maleate, vinyl
acetate-ethylene, and hydroxyethylcellulose can be added to the catalytically active
composition. It is advantageous to use amounts of binder of from 3 to 20% by weight,
based on the solids content of the solution of the constituents of the active composition.

If the catalytically active composition is applied to the support without organic binders,

40 coating temperatures above 150°C are advantageous. When the abovementioned
binders are added, useable coating temperatures are, depending on the binder
employed, in the range from 50 to 450°C. The binders applied burn out within a short
time after installation of the catalyst in the reactor and start-up of the reactor.

Furthermore, the addition of binder has the advantage that the active composition



9 mand a length of from4 to 7 mm 30 The individual |ayers of the coated
catal yst can be applied by any nmethods known per se, e.g. by spraying

sol utions or suspensions onto the supports in a coating drumor coating
with a solution or suspension in a fluidized bed. O ganic binders, ,
preferably copolyners, advantageously indthe form of an aqueous di spersion,

of vinyl ac ' e ' te- -acryl ate,
vi nyl acet at?ée@%%sggef"\g,b %\¥lél sn'{ﬂ%gl:tg%:oe gﬁéé%#) H@%ﬁﬁﬁ"ﬁﬁﬁgﬁ{’/@bg@%ﬁﬁ@&% ose
can be added® "t he catalytically active conposition. It is advantageous to
use anounts of binder of from3 to 20% by wei ght, based on the solids
content of tlha wefetred embodimenéofctba prodess of the pfesehtinaartionavithdhpesiatalysh. | f
the cat al?_yt | ZoRk$ thé@ 6athNSts HAVE @5 folléWing Eompediticitiwherd he fisdt g@ﬁé {s thé kbt "
organi ¢ bin I O S . advant ageous. en

t he abovemﬂ?ﬁ%%%ﬂhggn g?%aéﬁgmgé@gg{'ﬁégea@{ge é%%ﬁréraiégnﬂferrperatures are,
dependi ng on the binder enployed, in the range from50 to 450C. The bi nders
appl i ed bur fobiie Gt ZANe a short time after installation of the catalyst in
t he react or feoml74¢ 40%-hyweidhttaf activeanimpositior, basbe prmbhestotal batalydt] whesenthisf

bi nder h@s th@vaedppéstm doRsdrisesie active conposition 5 adheres well to the

suppor 0 fm%ftaw;}wr%% o i g’ﬁﬁtb%e,"f the catalyst are made -
easl er. n r I, e nt. O e, process o e resen I nventi on
o h three Jom i 23599 by Haight SFmymdny intric P

. ¢ _ s have the follow ,ng] conposition
(where the fiTaeP- 1A% by weight ofanealkalidcalpated asafalimelal in BANCHIAT G454 | ow
directi on ofoxidee gas stream): for the first zone: from7 to 10% by wei ght of

active c@pagidithe balahése 00% by weigat 6fltitarir lditkide, plesdrably i the ahBtaget i ve

conposi ti on Loitdiss havh BT 50rdck SR ¥ tsh hL 28f nadi um pent oxi de, from
1.2 to 3% by wel ghlt ofava ﬁmrmny t#oi{%dé,%%mg)g. {nthgE)l 1% by wei ght of an

al kali (calcul ated as, al kali netal), in particular cesium oxide, 15 and the
bal ance to TOUDLISFCMI W€ of titani um di oxide, preferably in the anatase
nodi f i cat i orfronhZue hg%byRreighiof astive compmsitionfhasad onthe ©tal satalyst, Wberea this second
zone: fraom 7active ¢Gpdmitionadopiprised: acti ve conposition, based on the total
catal yst, Wipgng5ithh 3% pAvaightiof Qak4diRA pehtoRBe CONPri ses: from 5 to 13% by
wei ght of Vaf%qb'fgh%ew»ﬁé(ibﬁtebf anIiﬁBﬁQ Qio&iae,g’% by wei ght of antinony tri oxide,

from 0O to 0.4% by weight of an alkali (calculated as alkali metal), in particular cesium

oxide,

25 from 0 to 0.4% by weight of phosphorus pentoxide {calculated as P)
and the balance to 100% by weight of titanium dioxide, preferably in the anatase
modification, having a BET surface area of from 10 to 40 m%g;

for the third zone:
30 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,
from 0 to 3% by weight of antimony trioxide,
from O to 0.3% by weight of an alkali (calculated as alkali metal), in particular cesium
35 oxide,
from 0.05 to 0.4% by weight of phosphorus pentoxide (calculated as P)
and the balance to 100% by weight of titanium dioxide, preferably in the anatase
modification, having a BET surface area of from 15 to 50 m%/g.

40 The ratio of the volumes occupied by the first, second and third zones is preferably
120-200:50-100:50-100.

In a preferred embodiment of the process of the present invention with four catalyst
zones, the catalysts have the following composition (where the first zone is the zone
45 located farthest upstream in the flow direction of the gas stream):



fromO to 0.4% by weight of an alkali (calculated as alkali nmetal), in
particul ar cesium oxide, 25 fromO to 0.4% by wei ght of phosphorus

pent oxi de (cal cul ated as P) and the bal ance to 100% by wei ght of titanium
di oxi de, preferably in the anatase nodification, having a BET surface area
of from10 to 40 nR/g; for the third zone® . 30 from8 to 12% by wei ght of
active conposition, based on the total catalyst, where this active
conpositi on £ es: fromb5 to 30% by wei ght of vanadi um pent oxi de, from
0 to 3% by \/\/8 E‘Etﬂ' #OR%t i rony trioxide, fromO0 to 0.3% b ?ht of an

al kali (cal dtamadde 18% by wejght Qﬂaswewomn?smmha?eﬂ &P t'@%@i‘ﬂﬁ?ta@é sherethis r om

0. 05 to 0. 4%dbye eenpositionf coprispsior us pent oxi de (cal cul ated as P) and the

bal ance ts MGy 1M lghleigiit of vhsatiwmpehtexidde, preferably in the anatase
rmdlflcatlonfo,ﬁq\gte%%bﬁﬁ&gﬁ%ﬁﬁﬁlﬁoﬁy%xﬂf from 15 to 50 nR2lg. 40 The ratio
of the volu CQ n hi r.d,zon referably
120- 200: 50- 16 8O- 1205 ¥H¥§E‘B&e§"e?'§%b‘°§‘§5'8§% ré'{‘aifm?tﬁ'é 'BP%@'&E@ BT
present inve¥de%n with four catal yst zones, the catalysts have the

fol | owi ng coanudbée balance tehtl08e bhweloht efttitarniure ‘diaxiden preferably inithel anetased f ar t hest

upstreamg n mbd@fi¢dtion khvirged BET soffadddregasfromnmaargom¥g;f or the first zone:
from7 to 10% by wei ght of active conposition, based on the total catalyst,

where this C@JIVG 4?0 1t|on corrprises 5 from6 to 11 % by wei ght of
vanadi um pen bXaeon . 1.1.2 to 3% %ﬂ antinony trioxide, fromO.1
o 15 by vl G TGP 19% M WIS Y BGiNR ARRGSS, BASRA O IO FalANRL SELS 4R ar
cesi um oxi d@tnvan@npwimmnf@eso 100% by wei ght of titanium di oxi de,
pref er ablyy ifrorh Beo a8%tmoweighit®f vadhdium pendRridehavi ng a BET surface area of
from5 to 30rdiRbde 3bPhy WEBhES ERfiftoRPIRxidEr oM 7 to 10% by wei ght of active

conposi t i 0“%@??%"@/ B\P%fgﬂgéﬂ ancé\i:ﬂlt (Y)ﬁl*:ula%ezf Sl et ?@% 8&ﬁucﬁ|§@&?ﬂﬂﬁ' on

conpri ses romi4 vana Ium pen to 3%
by wei ght of° |m)n¥tr|OX|de fromOltol%b wei ght of an al kali
(cal cul at ed feain §itR 814% Rywsight of phosaharke aerapme@mwated as P)

20 and the balance to 100% by weight of titanium dioxide, preferably in the anatase

modification, having a BET surface area of from 10 to 35 m%g;

for the third zone:
from 7 to 10% by weight of active composition, based on the total catalyst, where this
25  active composition comprises:
from 5 to 13% 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 cesium
oxide,
30 from 0to 0.4% by welght of phosphorus pentoxide (calculated as P)
and the balance to 100% by weight of titanium dioxide, preferably in the anatase
modification, having a BET surface area of from 15 to 40 m%g;

for the fourth zone;:

35 from 8 to 12% by weight of active composition, based on the total catalyst, where this
active composition comprises:
from 10 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)

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

The ratio of the volumes occupied by the first, second, third and fourth zones is
preferably 80-160:20-60:30-100:40-90.
45



oxi.de, fromO to 0.4% by wei ght of phosphorus pentoxide (calculated as P) 20
and the bal ance to 100% by wei ght of titaniumdioxide, preferably in the
anatase nodification, having a BET surface area of from 10 to 35 nRlg; for
the third zone: from7 to 10% by wei ght of active conposition, based on the
total catalyst, where this 25 active conposition conprises: from5 to 13%

by wei ght Oflf&@s@@ﬁié‘@%;%g}wegmms ind fe E?oPaég%‘?ﬂaQ f&Pé)&FH i ant i mony
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wei ght - of  aGi{ e  CAIRP el dr@lknt P‘rﬁvéﬁnﬁb{ﬂg shﬁ%ééﬁt ne%?ﬁltﬁ(é@as\;%ﬁax‘&%&ién
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by wei ght oforgiesnerdfhStrtiamethyikenzene)do catoyyligacids ang/of sarbowichal ance to

100% by wei ¢nhydridesi ¢.gninaleicindwdrids, ppthafie aciyldyide,rbenbeic acatasléor pyodidiliticat | on,
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occupi ed by ird and four zones is preferably

80- 160: 20- Gd&%efggﬁzgag%ﬁ8§@e7 | f desired, a downstream finishing reactor

as described, for exanple, in DE-A 198 07 018 or DE-A 20 05 969 A can al so

be provi ded 5N RWPEFR A% satplyRisGre inyepwuecad iptodRaglionitekes wiieh 8% al yst used in

t hi s react orthergsiatécdiramithe autside 4 thetreactioniemperatuse.dar énaginde byoteans of t han

t he cat alsystsatifmdlispandipie réantion gas i wassed oesrshe tathlyst fdgsrepdred irvibid wanati S
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durene (1, Z, ne enzen k rcarboxylic
Cnhydri dos, 18 2.5 bar pelRratin om0 A5 TBihehdnes Sadke 4PIoaB, oliaens I o T0dAd) or

pyronel |'iti B008d'di anhydri de. The process is particularly useful for
prepari g pht hali c anhydride from o-

The reaction gas passed over the catalyst is generally produced by mixing a gas which
comprises molecular oxygen and may further comprise appropriate reaction
moderators and/or diluents such as steam, carbon dioxide and/or nitrogen with the
aromatic hydrocarbon to be oxidized, where the gas comprising molecular oxygen
25 generally comprises from 1 to 100 mol%, preferably from 2 to 50 mol% and particularly
preferably from 10 to 30 mol%, of oxygen, from 0 to 30 mol%, preferably from O to
10 mol%, of water vapor and from 0 to 50 mol%, preferably from 0 to 1 mol%, of
carbon dioxide, balance nitrogen. To produce the reaction gas, the gas comprising
molecular oxygen is.generally mixed with from 30 g to 150 g per standard m® of gas,
30 preferably from 60 to 120 g per standard m®, of the aromatic hydrocarbon to be
oxidized.

it is possible for two or more regions, preferably two regions, of the catalyst bed
present in the reaction tube to be thermostated to different reaction temperatures,

35 which can be achieved using, for example, reactors having separate salt baths.
Alternatively, the gas-phase oxidation can also be carried out at a single reaction
temperature without division into temperature regions.

The invention is illustrated by the accompanying figure and the foliowing examples. In
40 the examples, the catalyst zone located farthest upstream in the flow direction of the
gas stream is designated as the upper zone, and the catalyst zone located farthest
downstream is designated as the bottom zone. One or more middie zones may he
present between these. The particle size of the antimony trioxide was measured by
means of a Fritsch particle sizer “Analysette 22" in the measuring range from 0.3 to



xyl ene and/ or napht hal ene. For this purpose, the catalysts are introduced
into reaction tubes which are thernostated fromthe outside to the reaction
tenperature, for exanple by neans of 15 salt nelts, and the reaction gas is
passed over the catalyst bed prepared in this way at tenperatures of
generally from 300 to 450C, preferably fr®m 320 to 420C and particul arl y
referably f u

P Y 1400 Mrd8Pa [Roftd @‘Qﬁuggg Fre H{e Sutdfnentt mélg«?%aécké{s fE’vgf“aﬁoriL

2.5 bar, pre erab? g a space velocCit general ly
from 750 to W ‘%/ﬂl %%yﬁ%gﬁaggﬁ'?qfﬁrﬁngggdpassed over the cat aI yst is
general ly produced by m xing a gas which conprises nol ecul ar oxygen and may
further conprig.sleshamsraopiet citstabiliaintdexversutiroe fardhe catalystsof dkaroplas 4 apd@h as
steam carbane duaammmmddueateﬂtﬁermntyv«afhbattdmeraaéwmhe gatllysr amagsbon to be

oxi di zed, Whgkdw @ﬁ‘egﬁfg%ﬁlét%tht’%w% t,rﬁ?qmgp 25 general ly conpri ses

fromlto 10 1% pre rom 2 % and particularly
preferably from 10 to 30 m)l% of oxygen, fromO to 30 nol % preferably from
0 to 10 nol %X@PPekat er vapor and fromO to 50 mol % preferably fromO to 1
nol % of carbon di oxi de, bal ance nitrogen. To produce the reaction gas, the
gas conpio SiCealystedaixhmpleok iegeording.tg ersprabént invertsh)wi th from 30 g to 150 ¢
per standard n8 of gas, 30 preferably from60 to 120 g per standard nB, of
the aromati @éﬁj%‘% rbon to be oxidized. It is possible for two or nore
regi ons, pre yeatwo regions, of the catalyst bed present in the
reaction tube to be thernostated to different reaction te eratures, 35
whi ch can be&9%&apbaralases(Bi], suriaee aream? 01/0) B8 010k anatase (PETepuriage @resnt t
bat hs. 14l t e0nat/gy &l1yg oft Vi©sgh8 gif BbeOoimalirhirarof derpatide sike distibutieslaput at a
singl e react3 ggumb aﬁ@emetgttsf@ omuﬁe stbeﬁdmnIssb%atoeaasmawwaterraeaons The
| nvent i on 'Sstnlrrg Hcfr%ar?o%%% ‘&88 e{?&oﬁ £h41 B @J&@g‘i)*hf‘en(:g& #r{?PNJ}g

P O¢ upst r eam

exanpl es.

in the flow3afe %gntﬁ}qngﬁﬁﬁ'ﬂtg Esg?ﬁf-’@gﬁ{‘ saqﬁég m!ﬁ%‘ffpﬁgs'?'?re , and
t he cat al ystwasonbsequently appligditysprayinidariPP eathshapadstegiite bedies ng@slb'mtom
zone. QOB orsilivateg imthd dbren afaimgs (Tray xobmnp reeteend! diaaieterenlengibsenteiag particl e

size of the cﬁé}hét@pmkleqm?]dmewasgmwmer@@nﬁyoféaﬁaélsomboﬁtudﬂa édhwaarticle
si zer "Anal ygsga%toept otal efg ﬁ'%e @ﬁHEﬁé@cété\?&e from0.3 to 8 300 pmat a

resol uti on ot annel's. measurenent tine was 2 scans. Evaluation was
carried out by the Frauenhofer nmethod. Fig. 1 shows a plot of stability
i ndex ver sush e Gatalytically adive gempgsitian %‘?F"'Sﬁé{‘rﬁb!sé&aﬂc%'sﬁd after calginatiolhat i t vy
i ndex i &8 caA068C fored hpuns t6.8% byfwelighiof Yehed Jleby waighhef StaOal 0/33% by meeight
of Cs. (V205:Sb,0; ratio = 4).

Middle zone:

30 26.6 g of anatase (BET surface area = 9 m%/g), 79.9 g of anatase (BET surface area =
20 m?/q), 7.55 g of V,0s, 1.89 g of Sb,Os and 0.14 g of Cs,CO; were suspended in
550 ml of deionized water and stirred for 15 hours. 55 g of an aqueous dispersion (50%
by weight) derived from viny! acetate and vinyl laurate were subsequently added to this
suspension. The suspension was subsequently applied by spraying to 1200 g of

35 shaped steatite bodies (magnesium silicate) in the form of rings (7 x 7 x 4 mm, ED x
L x ID). The weight of the coating of active composition applied was 8.7% of the total
weight of the finished catalyst.

The catalytically active composition applied in this way comprised, after calcination at
40  400°C for 4 hours, 6.4% by weight of V,0s5, 1.7% by weight of Sb,0,, 0.09% by weight
of Cs.

Bottom zone:



following the first zone relative to the total quantity of heat. Exanples
10 .Catal yst bed exanple 1 (according to the present invention): Upper zone:
29.8 g of anatase (BET surface area = 9 n2/ g), 69.6 g of anatase (BET
surface area = 15 20 nk/g), 7.1 g of V205, 1.8 g of Sb203 (nmaxi mum of the
particle size distribution at 2.36 pm) and 0. 46 g of Cs2CO3 were suspended
in 550 ml of deionized water and stirred®for 15 hours. 50 g of an aqueous

S'N'e sper s ngqhﬁozf/ BYa é Tds%waxsgrefawm# ﬁwydg 6 Sgﬁéﬁ‘étﬁi_é"gﬁtwwﬁ& e‘aﬂ e ,
appl i ed by %r'ﬁyg)ng ‘lfyéB’s @F%ﬁgﬁg%@ Qétwefees%&%f'g%d %ﬁqum 20
silicate) i rfeignzedyyateraind stif 9“‘{"7 5>J‘°Pr§< gRhanaauePYAisRETaIRB{* % Y| engt h x

i nternal di aveighd) derizBd from vinyl B):etatﬁmdmmxl;rauraie wene suhrenbenflysfddad td this

conposi t i5on sappéristh. Wﬁswﬁ:eﬁ%’ioﬂfwa%mbtﬁ@htlw\@mmbﬁ befspidyigftonizethgadf cat al yst .
The catal yt 'sfﬁabédstesﬁtb\sed.eewm %&s‘ﬂi‘sﬁéﬁ? nﬁ‘@hé Rrrhide gy LCPRAthHEHp ,af t er

of Shaos, 6 SuRITS ekl g o e oBlog it e e G i 8™

26.6 g of arNRIg @ theensogr ca@lyshrea = 9 n2/g), 79.9 g of anatase (BET
surface area 20 nR/g), 7.55 g of V205 1.89 g of SbZCB and 0.14 g of Cs2CO3
wer e susigendr@ dataiyifetilydctiob cdmposiiigreabpliad ér thsneayséoniprisddf after taicihatisrsat 55 g

of an aqueougoet SR IRjurs) mﬁﬁ%ymé bwgds, gsrimgdndigmnare. nyl acetate and
vinyl laurate were subsequent y added to this sSuspénsion. The suspension

was subsequ tly applied spraying to 1200 g of 35 shaped steatite bodies
( magnesi um r%%ﬁgfcq"wa{'ﬁ ¥ormof rings (7 x 7x 4mm EDx L x ID). The
wei ght of the coating of active composition applied was 8. 7% of the total
wei ght of t Hépder morshed catal yst. The catal ytically active conposition
applied in this vvay conprised, after cal cination at 40 400C for 4 hours,

gof;’/"oﬁ]yz‘gﬁ'e é( ése Eﬁ"@t@éc&‘%i rﬁ;%%ée)é% o?a%a%& &E\ Sagéa
Z o\ 0en2s B3 spi0y 32(1“3?" G ot fiesartiie sige skibulion 2l oo oy

anat ase (BE‘IZOS'U/
were suspendedd H) 80P o CsdePoWetasstspardad in 560 liof deignized weterghdr s. 55 g
of an a@@eouwssirred SgreliSdioors. 58 Qoflan aqueousdispetsion aY% by eweight)derived fromtvinyhnd
vinyl | aur atgetts endsuhﬁwetet\we sdpsubAtly ddded To HiS HRIPRhEION. THRSUSPERAGIST ON
was SUbseqU%f dnfifl appi FHP/%F g 112?:? cﬂ sHépeoséiéé%ﬁé'E &u@étrhég?me%ﬂ{ es
(magnesi um s |hcza{“f-3€i1 e'fcru]rmt nng ('an t{h'lrrllg% X L% IE)) xI'he welght of the coating of

active composition applied was 8.0% of the total weight of the finished catalyst.

25
The catalytically active composition applied in this way comprised, after calcination at
400°C for 4 hours, 6.8% by weight of V,0s, 2.2% by weight of Sb,03, 0.33% by weight

of Cs. (V;05:8b,0; ratio = 3).
30 Middle zone:

26.6 g of anatase (BET surface area = 8 m%g), 79.9 g of anatase (BET surface area =
20 m?/g), 7.55 g of V,0s, 1.89 g of Sb,0; and 0.14 g of Cs,CO; were suspended in
550 ml of deionized water and stirred for 15 hours. 55 g of an aqueous dispersion (50%
35 by weight) derived from vinyl acetate and vinyl laurate were subsequently added to this
suspension. The suspension was subsequently applied by spraying 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). The weight of the coating of active composition applied was 8.7% of the total
weight of the finished catalyst.
40
The catalytically active composition applied in this way comprised, after calcination at
400°C for 4 hours, 6.4% by weight of V,0s, 1.7% by weight of Sb,0;, 0.09% by weight
of Cs.

45 Bottom zone:



L x. ID). The weight of the coating of active conposition applied was 9. 0% of
the total weight of the finished catalyst. 10 The catalytically active
conposition applied in this way conprised, after calcination at 400C for 4
hours, 20.0% by wei ght of V205, 0.37% by wei ght of P. Exanple 2 ,
(conparison): 15 Upper zone: 29.8 g of arf#tase (BET surface area = 9 nRlg),
69.6 g of anatase (BET surface area = 20 nRlg), 7.1 g of V205, 2.3 g of

G208 wer e Lo B bbb acaprenT S Beb A et aanso B! bifata area 218
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L x 1D). e G prayiie N 8. 0%
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conposi ti on lappP) e weighhpkthagoatingAS activencompasition @gprigdwes $A%ef thattd for 4

hours, 6. 8% Wegighteof dfie firashed2@tslysR. 2% by wei ght of Sb203, 0.33% by wei ght of
Cs. (V20fg Sb203 ratio = 3). 30 Mddle zone: 26.6 g of anatase (BET surface

area = 9 nllgl. . Q& gitibf ik HEEwaY EdmbrisedOatter tBkcinafiorat 9 ©f
205, 1 o0 gl e ot

35 by weight) derived fromvinyl acetate and vinyl |aurate were subsequently
added t o t hi Gatalysipsheiaoiple J(aecoutiqgetodhe preserst isventiemjuent | y appl i ed by
sprayi ngtg o 1200 g of shaped steatite bodies (nmagnesiumsilicate) in the
form of ringﬁp;g(-*]rzﬁng: X4 mm EDx L x ID). The weight of the coating of
active conposition applied was 8. 7% of the total weight of the finished
catal yst. 40 The cat al %%i cally active conposition applied in this vvag/_
conpri sed, af¥-é@ Aangiade (Bihsuface s Pop _’91)’ ﬁ%ﬁtgs‘?faﬂ?’t@%_@'zﬂé?’&ﬁe ¥4 7205,
1. 7% by wei g2t md). 329 8f VM:009gIef Shed gmaxinysm ok themrtidia sizerdistsibetionat 17. 4 g
of anat aze (BEE ur)ahd0sidey 6-Cs;CO,Wotg suspefidéd B 550 s ideipniz6Bvaterantdace ar ea
:f 2(71 n219) , stitred forh HHhouY2 G gaéf%ngaqilegu@His%ﬁiggﬁb/o‘b?rvﬁb@ﬂf@é‘rWS@'ohﬁviﬁﬁo m
?50% g;on' Ze5cetab Sha MG 150ratd e’ UbseieNfy Addedd tils SlisEhs B AR SusheRESh ' On

was subsequently applied by spraying to 1200 g of shaped steatite bodies (magnesium

silicate) in the form of rings {7 x 7 x4 mm, ED x L x ID). The weight of the coating of

25 active composition applied was 8.0% of the total weight of the finished catalyst.

The catalytically active composition applied in this way comprised, after calcination at
400°C for 4 hours, 7.1% by weight of V.05, 1.8% by weight of Sb,05, 0.36% by weight
of Cs. (V205:Sb203 ratio = 4)

30



5 weight) derived fromvinyl acetate and vinyl |aurate were subsequently
added to this suspension. The suspensi on was subsequently applied by
spraying to 1200 g of shaped steatite bodies (nagnesiumsilicate) in the
formof rings (7 x 7 x 4 mm EDx L x ID). The weight of the coating of
active conposition applied was 9.0% of thH total weight of the finished

cat al yst. il' te ytlcally active conposition applied in this way
conpri sed, M er calci'nation at 400C for 4 hours, 20.0% by wei ght of V205,
0.37% by wei ght of P. Catal yst bed exarrpl accord| ng to the present

i nvention): g 469 @nat@éﬁéBE’ggurfﬁcg apea aﬁdﬂé@)e'/é BETofAnatage ¢BEF surfacecarge £q) |

69.8 g of anar aé/g) (TBEG of Vs 86 giokBh,0; aR0 OrEBIgdf CLOD;gvené sWG@biddd B §H00f

Sb2Q3 ( megi nphbdeidriifedimdtbl SndEstRledSor 5Shdir® W0 PO aH actiéods dRperdith (80W bY- 49 ¢

of Cs2C38 W%gugﬁﬂﬁeﬁv%%m gﬁé&eiﬂte gh 8‘5&9 @%&%ﬁ %B%@cfu@ntlf Jefdetg tﬁ.g’f 15
Y 20, hé

h 50
acetate and SHSRENSIOn, The sy WE%%% B4 Jsrraing G290 B on  The

suspensi on &t@pegﬁtﬁ@@wwmgpewu siigatep inetpe fRym & ringe (7 ¥ 7of ;E@jx
steatite bodL @dD]. Thgmeight of theicoatira) af)active tdrapdsitiomapplied wgs 80% of the xotdl mm ED

X L x 1Djg Taeighedrdhé fiflshdd@ataigat i ng of 25 active conposition applied was
8. 0% of the tot aI vvel ght of the fini shed cat aI yst. The catalytically active

conp05|t|on thls wa fter calcinati 4OOC for 4
ours: 7. 1" od B caiEvtcaly piG Ao B aniksiin Tt Wy SR, oRSBlansiaR . o
Cs. (v205 b8 crfam aours@%w weaigi} of @s. 6 by wejght gf §b@a. aaﬁ%a@ewwm
surface areaofC® nRlg), 74.5 g of anatase (BET surface area = 27 nRlg), 7.8
g of V209 2.6 g of Sb203 and 0.35 g of Cs2CO3 were suspended in 550 5 m of
dei oni zed wayﬁa@ygiégjrred for 15 hours. 50 g of an aqueous dispersion (50%
by weight) derived fromvinyl acetate and vinyl laurate were subsequently
added to this suspen5|on The suspensi on, was, subsequent |

lied b
spraying to 448@ ¢f apptase ﬁ%}ﬁ”'ﬁc@eﬁr £3 & WPl &4 &8 r?é‘é‘ﬁ?m(é'l:-]' Fﬁﬁ@‘“@) an P% =t he
form of ring&7 (7 Ig>), 778 g of VoRda, 2160y of $b.0; DY 0. TBraeoffes o were suspepded inrrplof
active cRorposil bf detorigeal water avsstitred¥or0f5 hdues. 50t bf arﬂéuueeugbtsp@rfsnohneo%lbyl shed
gghg'r Yited Th?«ef%ﬁf)?bﬁ&é@f?d& gm?FédeYaQée) 3&@9?@' I%ur‘afb \?E%’Q'?Sje y/lﬁégi ?g&&?g t!;l)lf V205,
spepsi wa sedler by sprayif f

2. 4% by vei géﬁapeﬂ sig;l‘atlte ﬁé@esﬁ’(ﬁ%&g&um s%rcate) in the orm of rings (7 x 7 x 4 mm, ED x

L x iD). The weight of the coating of active composition applied was 8.0% of the total

25 weight of the finished catalyst.

The catalytically active composition applied in this way comprised, after calcination at
400°C for 4 hours, 7.1% by weight of V.05, 2.4% by weight of Sb,0;, 0.10% by weight
of Cs.

30
Bottom zone:

17.2 g of anatase (BET surface area = 9 m%g), 69.1 g of anatase (BET surface area =
27 m#lg), 21.9 g of V.05, and 1.5 g of NH,H,PO, were suspended in 550 ml of
35 deionized water and stirred for 15 hours. 55 g of an aqueous dispersion (50% by
weight) derived from vinyl acetate and vinyl laurate were subsequently added to this
suspension. The suspension was subsequently applied by spraying 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). The weight of the coating of active composition applied was 8.0% of the total
40 weight of the finished catalyst.

The catalytically active composition applied in this way comprised, after calcination at
400°C for 4 hours, 20.0% by weight of V.05, 0.38% by weight of P.



15 M ddl e zone 2: 24.8 g of anatase (BET surface area = 9 nRlg), 74.5 g of
anat ase (BET surface area 27 nRlg), 7.8 g of V206, 2.6 g of Sb203 and 0. 13
g of Cs2CC8 were suspended in 550 20 m of deionized water and stirred for
15 hours. 50 g of an aqueous dispersion (50% by weight) derived from vinyl
acetate and vinyl |aurate were subsequentl2zy added to this suspension. The
suspensi on spraying to 1200 g of shaped
steatite b03¢%§®%ﬁ§gne5| #¥gﬁﬁﬂ%§§§? inthe formof rings (7 x 7 x 4 mm ED
x L x D). The weight of the coating of active conposition applied was 8. 0%
of the totaIUpmﬂzﬁé$ght of the finished catalyst. The catalytically active
conposition applied in this way conprised, after calcination at 400C for 4

hours, 7-51%@y3wahéta§é B@ﬁ&:rfa%e%%dwgw/ hgo.8g &%a%se@aéﬂ%mcevmeﬂht of
Cs. 30 Bott% 5}9

26 grﬁ mat df % 468 siz 9 1 g of
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wer e susE)end%a"L’Jl"H1 288 04 8i 5%??3!3&?‘&" d“'sqfl Flogige ours.
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vi nyl | aur at acefate and uingldquuatﬁWgreaﬂdeehueotly added te titip suspension. TThe suspprsian on

was Subsfyuenhd §u&ﬁ§bérﬁl§ find © 112‘4‘)@% & sﬂiapecsaeme b%H@QKmh@né%ﬁﬁh es
(rragnesi Um Siiid ek The
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weron o kR ﬁé@wﬂt e e ot

applied in this way conprised, after calcination at 400C for 4 hours, 20.0%
by wei ght of The2GBalylicaBBastive omipgbnﬂom’apﬂedl@tiﬂsmay gahpriised, aftexrgplcanation at

( conpar i #n) 40090H61 4 AOWS, 7. 9%2H. vaeugmir vacnauas,e b? Riighs bf SRR, BBER ? v9eugm/ 9)

69.8 g of angt@s Urdigees)jar ea = 20 nR21lg .8 g O V205,
Sb203 (maxi mum o?v %-Bzg taf“clc? si ze d| stribution at 2.36 pm and O. 49 g O

Cs2CB were sus&nznded in 550 mM of deionized water and stirred for 15
hours. 50 g 0&&Jeous di spersion (50% by wei ght) derived from vinyl
acetate and vinyl laurate were subsequently added to this suspension. The

suspensizin 194 8@l anitase (BET syfaeppiréed Oy*/@PT 48 ignd ahatase (BE D sofacelmeed
steatite bodyearf Wgéf WD, Sield Gf@é,tﬁm hﬁd b8 d 618,00, Weldsuspénded/inss6é ™  ED
K L 1D) Theoiel iled ol P LRl 2 E B0 tFor i RdRbld BEpéfBhi(E8b 1S 8- 0%
of thetotal'Wel w |l S (? 3{
g erived from vinyl acetate and vinyllaurate were subsequently added to this
suspension. The suspension was subsequently applied by spraying to 1200 g of
25 shaped steatite bodies (magnesium silicate) in the form of rings (7 x 7 x4 mm, ED x
L x ID). The weight of the coating of active composition applied was 8.0% of the total
weight of the finished catalyst.

The catalytically active composition applied in this way comprised, after calcination at
30  400°C for 4 hours, 7.1% by weight of V205, 2.4% by weight of Sb,03, 0.26% by weight
of Cs.

Middle zone 2:

35 24.8 g of anatase (BET surface area = 9 m?/g), 74.5 g of anatase (BET surface area =
27 m?/g), 7.8 g of V05, 2.6 g of Sb,0; and 0.13 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
weight) derived from vinyl acetate and vinyl laurate were subsequently added to this
suspension. The suspension was subsequently applied by spraying to 1200 g of

40 shaped steatite bodies (magnesium silicate) in the form of rings (7 x 7 x 4 mm, ED x
L x ID). The weight of the coating of active composition applied was 8.0% of the total
weight of the finished catalyst.



The catalytically active conposition applied in this way conprised, after
calcination at 15 400C for 4 hours, 7.1 % by wei ght of V205, 2.4% by wei ght
of Sb203, 0.36% by wei ght of Cs. (V205:Sb2Q3 ratio = 3). Mddle zone 1: 20
24.6 g of anatase (BET surface area = 9 nRlg), 74.5 g of anatase (BET
surface area = 27 n2/g), 7.8 g of V205, 2.6 g of Sb203 and 0.35 g of Cs2CO3
were suspended in 550 m of deionized wat%er and stirred for 15 hours. 50 g
of aln ?queotnshesi&:mwc‘aiwact(@(agﬁmmitiwbgdsne):ltiﬁlgﬁé Waflchrhpied Bitér REHBbE afnd

Vi ny aur a r W 0 o, i on
was subseque‘@0 fgrpf;ﬁﬁg’qﬁﬁ%sd r"‘;fff,} ngﬁt\%@ifgo/%Syﬁé@ﬁgiﬁg%édaggéatii t% IEtodi es
(nagnesiums?l'%ate) in the formof rings (7 x 7 x 4 M EDx L x ID). The
wei ght of the coating of active conposition applied was 8.0% of the total
wei ght of5 t hBottarmizeteed catal yst. The catal ytically active conposition
applied in this way conprised, after calcination at 30 400C for 4 hours,

7. 1% by wei g o ffézgése ?Bl'fl’f/%mac\é@r L $2§2§§&$ &'3?\9%’5@58@’?' &tﬁéceﬁg Cs.
M ddl e zone Z2; i anat.ase ( acé\-’l area = 4.% of
anat ase (BE U‘rlg)i ‘9219 85995331%9 EE‘VH Ve §9gpendsd in o'?‘?gbZOB a%d
0.13 g of Csoxienizegowatesarghelitrsfor 15 Bos. §7 9 Bk amequsers disprarstosr(S8kdYst i rr ed
for 15 htlur sweigbt)getiveddromyingacetatié spedvipyldauraeosers subsegjughtly) adtiedito s f r om
vinyl acet at suspafsiym. Mhe dugperisich was Subsefsayyapplied opeslitgtot 1206 g gfuspensi on.
steatito bodi o ‘Zg%é“mi *@“H%"@Q@“'S?‘@a‘?é‘"* ot f*‘.@S\s’?“’g £ Pl 0,2 00
steat 1o b0 o 5%?%\?% coais i gelve HondlBhappled Wb i Eirtins. 6 o
of the tot al weighi Yfiie tpishadcaalyfitshed catal yst. 13 The catal ytically active
conposi t1®n applied in this way conprised, after calcination at 400C for 4
hours, 7.1 9% teycatelyiidally abtivédmpogitidfapplieden ¢hs waf cohphiskd, Bitdrtidnatioeiaght  of

GCs. 5 BOttOnlé’(PC%riﬁo@rsQZO?(ﬁ%@_yﬁ&é@ﬂofagj ,@!gsf’@sﬁwéf%ﬁofng n21lg), 69.1 g of
anat ase (BET surface area = 27 n2/g), 21.9 g of V2 and 1.5 g of NHAH2PO4

wer e suspendéd in 55(8 m_of _ deionized water and stirred for 15 hours. 55 g
of an aqueous?@Yshag ?’@H’Fﬁ%é% by 10 wei ght) derived fromvinyl acetate and

vinyl |afftate were subsequently added to this suspension. The suspension
was subsequedpperzapel i ed by spraying to 1200 g of shaped steatite bodies
(rmagnesiumsilicate) in the formof rings (7 x 7 x 4 mm EDx L x ID). The

wei ght of t hgg §QalrlafGa8L (BEF 5)Fack YRS o hIy), 888'd GdnitRe TBPYsade el At Al

20 m?/g), 7.8 g of V,0s, 1.9 g of Sb,0; (maximum of the particle size distribution at

25 7.42 pm) and 0.49 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 weight) derived from vinyl
acetate and vinyl laurate were subsequently added to this suspension. The suspension
was subsequently applied by spraying 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). The weight of the coating of

30 active composition applied was 8.0% of the total weight of the finished catalyst.

The catalytically active composition applied in this way comprised, after calcination at
400°C for 4 hours, 7.1% by weight of V,05, 1.8% by weight of Sb,05, 0.36% by weight
of Cs.

35
Middle zone 1:

24.6 g of anatase (BET surface area = 9 m%/g), 74.5 g of anatase (BET surface area =

27 m?/g), 7.8 g of V,0s, 2.6 g of Sb,03 and 0.35 g of Cs,CO; were suspended in 550
40 ml of deionized water and stirred for 15 hours. 50 g of an aqueous dispersion {50% by

weight) derived from vinyl acetate and vinyl laurate were subsequently added to this

suspension. The suspension was subsequently applied by spraying 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). The weight of the coating of active composition applied was 8.0% of the total
45  weight of the finished catalyst.



wei-ght of the finished catalyst. 15 The catalytically active conposition
applied in this way conprised, after calcination at 400C for 4 hours, 20.0%
by wei ght of V205, 0.38% by weight of P. Catal yst bed exanple 5: 20 Upper
zone: 29.3 g of anatase (BET surface area = 9 nR2/g), 69.8 g of anatase (BET
surface area = 20 nR/g), 7.8 g of V205, 14.9 g of Sb203 (maxi num of the
particle size distribution at 25 7.42 pm and 0.49 g of Cs2COB mere
suspended | hour s.

550 red of
aqueous di sp a(t)am/ttcg&y,/a }YB@WBH?W'U@?RWQH‘ V‘fso‘?ﬁm r'segc%[eéf:@‘ EP "f'tnyl
| aurat e wer e Ba by qraight ohVOs d e be weigh qfrﬁbzg’@s%%ﬁ]élbdrwe’%s
subsequently:f&bpl I ed by spraying to 1200 g of shaped steatite bodies

(magnesi Bm silicate) in the formof rings (7 x 7 x 4 mm EDx L x ID). The
wei ght of thgyg ? ﬁg of 30 active conposition applied was 8.0% of the total
wei ght of the tinished catalyst. The catalytically active conposition
applied in this way conprised, after calcination at 400C for 4 hours, 7.1 %
by wei ght of24Bgef anatass (BF T &irgee ama 'S%EO@ o-309f ayataes (FRT sufaceareass

M ddl e zone 27 mg), 8. &g of VAl a2.6 geof GBED: and 0.43 @ oi CseC O weresugpended. iB 580 of

anat ase 10BETmsafdenized water aid stitédjor 18.hMues. 60 gﬂ@ﬁaqae&glwerﬁﬁi(‘éﬁ%bﬁl 0.35

%50L0$§COG w&igit 8é+ﬁ1@8@r%?rﬂwh ﬂg@é@té‘&wd‘@ fauf'fb QRiré 86 éttd {h(r)sfndvr ﬁ;l

acetate and sﬂ?‘gﬂg S'&aﬁ%qggég‘? %%‘%Si‘ é; FR‘/% '88%/?3% ﬁ)ﬂ'@ é’g | on The

suspensi on ViePed, Pesdgn V°a§ |Eh e &f 1ig(7 -61" Rafe

steatite bodie) 'ﬁhgwetghu the maimg@)‘ actwetqwmprogmnn appltadnmsitt?%mfm&tomlmn ED

x L x | OB Teghtef e finidhetilvatatysit i ng of active conposition applied was 8. 0%
of the total 45 weight of the finished catalyst. 14 The catal ytically

active co Q BrbB s ‘grr c i ' 400C
o R R T,

n2lg), 74.59 anat ase (BET surface area = 27 n2/g), 7.8 g of V205, 2.6 g
of Sb2030and 0 13 g of Cs2CO3 were suspended in 550
Bottom zone:

17.2 g of anatase (BET surface area = 9 m?/g), 69.1 g of anatase (BET surface area =
27 m¥g), 21.9 g of V.0s, and 1.5 g of NH,:H.PO, were suspended in 550 ml of
25 deionized water and stirred for 15 hours. 55 g of an aqueous dispersion (50% by
weight) derived from vinyl acetate and vinyl laurate were subsequently added to this
suspension. The suspension was subsequently applied by spraying to 1200 g of
shaped steatite bodies (magnesium silicate) in the form of rings (7 x 7 x4 mm, ED x
L x ID). The weight of the coating of active composition applied was 8.0% of the total
30  weight of the finished catalyst.

The catalytically active composition applied in this way comprised, after calcination at
400°C for 4 hours, 20.0% by weight of V,0s, 0.38% by weight of P.

35 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 and into which the
catalysts of examples 1 to 5 had been introduced starting with the bottom zone

40 catalyst. To record a temperature profile, the reactor was equipped with a
thermocouple which could be moved over the entire length of the reactor. The
thermocouple was located in a sheath having an external diameter of 2 mm.
4.0 standard m*h of air laden with 80 or 100 g/standard m? of o-xylene (purity at least
98.5%) were passed through the tube from the top downward. The results summarized



10 mM of deionized water and stirred for 15 hours. 50 g of an aqueous

di spersion (50% by weight) derived fromvinyl acetate and vinyl l|aurate
were subsequently added to this suspension. The suspension was subsequently
applied by spraying to 1200 g of shaped steatite bodi es (nagnesium
silicate) in the formof rings (7 x 7 x 45nm ED x L x 1D). The wei ght of

the coating iRinAable\RIcPWERtAIRL APRIIEH ¥BanSo a8l of fifndiRldhhyarkR Wi Nt

oftheflnls @ i ecataf '%'Ef‘g e conposition applied in
this way corPPiREuPeartdP &S’Wé“ﬁ?&ﬁ HeYSH0C for 4 hours, 7.1 %by wei ght
of V205, 2.4% by Viei ght of Sb203, 0.10% by weight of Cs. 20 Bottom zone:
17. 2 g of arPeteswingtRRf the stakilityindex = 9 nR1g), 69.1 g of anatase (BET
surface @rea = 27 nRlg), 21.9 g of V205, and 1.5 g of NHAH2ZPO4 were

suspended i rwamtymde?f% Qﬁbﬂﬁﬂléétg ﬁ@%fﬁ%ét %deﬁeraft&fm%ﬁe BAAHFySt zones 9 Of

an aqueous er nd vinyl
aurat e Weré‘f Lehdn 3@ %E%%taf“‘?s% qgﬂﬁﬁvewae i et Fofblhae
subsequent | 28N ed by spraying to 1200 g of shaped steatite bodies
(rmagnesiumsilicate) in the formof rings (7 x 7 x 4 nm EDx L x ID). The
wei ght ofp the coating of act3(stabrommsidt+ ONAapPPRI+€s+wag 8. 0% of the total
30 weight of the finished catal yst The catalytically active conposition

applied int Lis 20. 0%
oy wei gt o SR AT s 08 e B et & ggﬁ%g«%’lpg}! iRl Blafebftlie fo: o
onr i ed ot qATEtalgis Anesnd A a& -+ e CoGreSRoRNG;AreA dorthe CABEhal

di amet er of @Bewfﬁllawwgmf@bmr@mbqtermatuwb%d height duatercaareesiinb® which t he
cat al yst1$ ofobtainepbeplotting thebtehperdierenistarminedusadesrisasf thethenwnddouplacadainst om

zone 40 cat qhy%s,t,a;pofrtﬁgg{eﬁnacg@m)er ature profile, the reactor was equi pped
with a therrmcoup e which could be noved over the entire length of the

t I heat h,.h I
ot of TSR RS of BB a o S AL R e PR 1 o
n8 of o-xyl ex@mpast and Atlt saneha seepghatogmaller quariitiecef heat aggryotved inthee from
the t op 2owrsesonl affththird eatalyst zonesrower theghelibd pftimé én queistien inedxampleet e obt ai ned

("PA yield" dczoRitigitd tihy preeerst iplenfidii.hal i ¢ anhydride obtained per 100 parts
by mass of pure o-xylene). Determ nation of the stability index 5 The
stability |nga§)>|< ,'Fi(stab) i ndicates the quantity of heat generated in the
catal yst zon .

Example 1 Example 2 Example 3 Example 4 Example 5
Bed
length fem] [170, 70, 70 170,70, 70 130, 50, 80, 60 | 130, 50, 80, 60 | 130, 50, 80, 60
Loading 80 80 100 100 100
[g/standard
m’]
Time of 60 60 43 44 42
operation
[d]
Salt bath 360 361 354 353 350
temp. [°C]
Hot spot 440 435 440 437 444
temp. in
upper zone
[°’C]
Phthalide 0.01 0.04 0.02 0.04 0.07
[% by
weight]
PA yield 114.2 112.4 113.5 113.0 112.7

25



followng the first zone relative to the total quantity of heat. It is
defined by the following equation: 10 S(stab)=A(2+3+...)/A(1 +2+3+....)
where A(1 + 2 +3 + ....) is the integrated area under the tenperature-bed
hei ght curve of all catalysts zones and A(2 + 3 + ....) is the
corresponding area for the catalyst zond8 following the first zone. The

t enper at ur e- [ e
e e Lﬂﬁﬁpé?%b%%e%&‘ﬁa{&moe?éﬁ!ﬁw %%gﬁ? &fﬁn?ﬁé@ﬁvﬂ@ade)@ pgﬂ#mhw & o of
the.« hor mocdIEHeE iR e SHaltEiingR usids gl ipir f Pt %5% sUs
tinme for théOHﬁ%[P dnvgptiondipd T"é&z%’eaﬁan'@a”"ﬂ" feramelestwith exaerle Rl | er
quantities chowethe iaﬂteer@e@lf U@Cpaf'fllﬂlQ pize phthe @ptimanyhivxidriused ftpaddusingtomes
over thesperfirsidatallyst.i me i n question in exanple | according to the present
invention. Table 1: Exanpl e | Exanple 2Exanpl e 3Exanpl e 4Exanple 5 Bed | ength
cm70, 70, 70170, 70, 70130, 50, 80, 60130, 50, 80, 60130, 50, 80, 60

Loadi ng8080100100100 [g/standard m Ti me of 6060434442 operation d Salt

bat h360361354353350 tenp. [OCI Not spot440435440437444 tenp. in upper zone C
Pht hal i de0. 010. 040. 020. 040. 07 [ % by wei ght] PA

yi el d114.2112. 4113.5113. 0112. 7 25 16 Conparison of exanple 1 with exanple 2
and exanple 3 with exanple 4 shows that higher yields are obtai ned when
using a catal yst having the V205: Sb203 rati o accordi ng



to.the present invention in the first zone. Conparison of exanple 3 wth

exanple 5 shevwohA03e4d | uence of the particle size of tig J0vaMoesEfH oxi de
used for producing the 5 first catalyst. WO 2004/ 103943 PCI/ EP2004/ 005510

W claim 1. A process for preparing al dehydes, carboxylic acids and/or
carboxylic anhy- drides, in which a gaseous stream conprising an aronatic
hydr ocar bon W@a@&la#n5 gas conprisi ng nol ecul ar oxygen is passed at el evated
tenperature over a bed of a first catalyst and a bed which is nade up of a

second cat altyst Aprocess far prhbglmjalaehyidas toarkidxgiic adids énidhsttcaclmxaicyaﬁhyand is
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claim1 or 2, V\/hmnmasltlbhef thedrstcatalyshoompriseg abldadievanadidm dxide, titeamivnn dioix-
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catal ytically v the second catal yst conprises at
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process as cl ai nfgam Op tardurof t he precedi ng cl ai ms, wherein the |oading of
the gaseous aromatic hydrocarbon is from30 to 150 g per standard n8 of

gas. 20 4. A process as claimed in any of the preceding claims, wherein the gaseous

stream is additionally passed over a bed of a third and, if desired, fourth catalyst
located downstream of the second catalyst.

5. A process as claimed in any of the preceding claims, wherein the catalytically

25 active composition of the second catalyst comprises at least vanadium oxide,
titanium dioxide and antimony oxide and the ratio of vanadium to antimony in the
second catalyst is less than or equal to the corresponding ratio in the first catlyst.

6. A process as claimed in any of the preceding claims, wherein the aromatic
30 hydrocarbon used is o-xylene and/or naphthalene and the product produced is
phthalic anhydride.

7. A process as claimed in any of the preceding claims, wherein the loading of the
gaseous aromatic hydrocarbon is from 30 to 150 g per standard m® of gas.



