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anhydri des by 946tk cat al ysts conprising vanadi um oxi de, titanium dioxide
and antinony oxi de The present invention relates to a process for preparing

al dehydes, carboxylic acids 5 and/or carboxylic anhydrides, in which a gaseous
stream conpr i SPMa%oﬁbp%bhﬁes,hdﬁgB%@% b@@i aﬁwo@cgs@&(yﬁ@aaa 'aﬁhﬂﬂid@?lb?(ﬁ?{éda%fﬁ 4
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exot hermi c. Ldgﬁrl’y flgﬁr}}ﬁ’é’rea’t‘iﬂ'@%??‘rﬁ amg{gmrqg(yﬁ%&hyg%@ssgreipﬁe%ﬁegh t he

t enper at ur'® i SNyl by ikalehitin geRehpesediion chpranmaticdwdlopgronpedch 29 occur .
These hot spotiEngeme orimeort mxyetnndphtpaleeadbiuens osdwbnaél 2 AéG-t ot al conbusti on
of t Be starti gf?%ﬂﬁ%ﬁwbét]%@fe) Irﬂa?;jib@dfr@éﬁa%i) mfféblygﬁﬁéﬁmﬁéé&ﬁﬁgjfgﬁ S }Nni ;:h
can be separ 3 ahbi gl HE sleAffe!haRAAY ANE bRl id) 147 5a hhdrygel f 2
all. Furthermr “a8ove @ certain h o, tenperature, t C At st “can be
Nt ever s iy dezge o0 BapE SR AT E AN R SR el IR IRESCT { has
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t he cat al yst bedadiwrtdxidenand téggumctioice. cat al yst being | ocated toward the gas
inlet! and the nore active catal yst being located toward the gas outlet. 30
EP-A 1 063 222 510368 oRidREAEESHohQY cREBEMiE NScANERBLIAuraMsshS A& ol as
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catal ysts i s 3epsamd fodrh dte teaciar pratuc onlyfwithhgre atediffiontyaiidt phdsphemusecont ent s.

US- A 4, 356, 112hst@herthif bt § iR terAReraitvd, and catagstdanasatifrBdtyiblyiahges. t he t her mal
stability and selectivity of catalysts for preparing phthalic anhydride. The

best phthalic .. anhydrid ields are obtaine ing_a twg-zone arrangenent

havi ng o cat allpaPaie prdentiSalile BLRRPORALER. YD Sl B BRR b IARIS T

3:97: 0. 5: 0. 2: Grange saplysisipd differigg agihify in #gs ooy bekeVilbig desstachne

V205: T! 02: Nb2@stab20beiTs Agasigdosard thg gey inet and e Mok dctige icatalysbbejeg tnedtedone.
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 or 96.48 g of ammonium
metavanadate and 37.50 ¢ 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 yields are obtained using a two-zone arrangement having a catalyst of the

40  composition V,0s:TiO2:Nb;05:P;05:Cs,0:8b,05 = 3:97:0.5:0.2:0.4:2.5 in the first zone
and one having the composition V,05:TiO2:NbyO5:P,05:Cs,0:8b,0; =
3:97:0.5:0.2:0.4:1.0 in the second zone.

DE 198 39 001 teaches the use of coated catalysts for the gas-phase oxidation of
45  hydrocarbons which comprise vanadium oxide, titanium dioxide and antimony oxide
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cat al yst zonesPfwWid-8h have a higher activity but a |lower selectivity. Overall,
the yield of deS| red product therefore decreases wth increasing tine of
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V205, to antinony, calculated as Sb203, in the first catalyst is from3.5:1 to
5:1, preferablWehaenfddngiHattios odjebt it aclOvdd byhaprdeesnfor pepdrinbatdeydesper rati o
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4.5:1.

30 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
high hydrocarbon loadings in the gas stream, to an unsatisfactory total yield.

35 The catalytically active composition of the second catalyst preferably also comprises at
least vanadium oxide, titanium dioxide and antimony oxide and the ratio of vanadium,
calculated as V,0s, to antimony, calculated as Sb;0Q3, in the second catalyst is, in
particular, less than or equal to the corresponding ratio in the first catalyst.

40  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
also comprises vanadium oxide and titanium dioxide.
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generally from 5 to 50 m*/g, preferably from 8 to 28 m%g. The titanium dioxide used in

30  atleast 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
area titanium dioxide having a BET surface area of advantageously from 10 to 70 m%g,

35 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.
Use is generally made of antimony trioxide having a mean particle size (maximum of
45  the particle size distribution) of from 0.1 to 10 um. The source of antimony oxide used
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cat al ysts has an eneou em cal conposition. As inert
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i n particul ar majerigdis genesalyl ronperooh AslypbliagdecusThepsi apateridls déserdoppbsneciaiat eri al
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met hods knovmgpgr(% and a length of from 4 to 7 mm.

30 Theindividual iayers 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 aquecus dispersion, of vinyl acetate-
vinyl laurate, vinyl acetate-acrylate, styrene-acrylate, vinyl acetate-maleate, vinyl
35 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 compaosition.
If the catalytically active compasition is applied to the support without organic binders,
coating temperatures above 150°C are advantageous. When the abovementioned
40 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
adheres well to the support, so that transport and installation of the catalyst are made

45  easier.
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In a preferre ' : e e LNy i i.i.h three
cat al yst zongrso, ﬁgbgﬁg@g %@?ﬁg@é&ﬁ %2&’? %plﬁgerv%ansgélg%ln@%@?)t Pg)%t}-t(c\(})dﬂaé\ré%g’p fe first
zone is the z&W&¥e | ocated farthest upstreamin the flow direction of the gas
stream): 5 forandiiee palagge toold% py wmggt eiditamuisijoxige. grafergblyde thevanadaneposi ti on,
based on the trotdificatian saysty,a BEEserfadd area at fromes wdfm&yt i on conprises: from6
to 11% by q4ei ght of vanadi um pentoxide, 10 from 1.2 to 3% by wei ght of
antinmony trioxide, EEQE And-to 1 % by weight of an alkali (calculated as alkali

metal)), in particglar sl um, .oxide, and the hal ance to, 100% i ght, .of
[Tt ant um di ox98Y i pGireonH e finasln HRH FEAbF totel NS GTETBIER sur f ace
area of from SCi\¢ GURASUPN CPTFEPS't he second zone: from 7 to 12% by wei ght of
active conposiftomodio b3¥dry weightind varadiym pantakiget , where this active conposition
conpr i ses20f r b0 to3%Ie kighweif ghtimoiy tiakiad] um pent oxi de, 20 from 0 to 3% by
wei ght of ant ipnny td @.M?&‘b)gﬁeilgfﬂ&rﬂnoallt:ﬂi (aibdfafdd M4eiidhtm@bn) 3R pahitlal céGahcul at ed
as al kali net %&?de in particular cesium

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

25  modification, having a BET surface area of from 10 to 40 m%g;

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

30 from 5 to 30% by weight of vanadium pentoxide,
from 0 to 3% by weight of antimony trioxide,

) from 0 to 0.3% by weight of an alkali {calculated as alkali metali), in particular cesium

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

35 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 and third zones is preferably
120-200:50-100:50-100.

40
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
located farthest upstream in the flow direction of the gas stream):

45  for the first zone:
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oxi de, from O.fedmBdo0.140bpyeigbt ghianadiuphesphxadeys pent oxi de (calcul ated as P) 35
and the bal anceyh g, 2109 by Wik bt agfmdryttastigen di oxi de, preferably in the

anatase i {464/ 0B ¢ ﬁ%gwe@rgoﬁgi Rl gc%fcﬁaa@goess Qe FRMNLR 4G G The

ratio of the vo rres occu second and zones

preferably 129%00: 50- 100: 50- 100. 40 In a preferred enbodi nent of the process
of the presentandivefaiasse (@ 100% byiveight af Ytariumiprde. preferabitiaitisaratasve t he

fol | owi ng conposdifi¢ation( hvrgea BEF suifase azarnd fios 5 le3@ o, | ocated fart hest
upstreamin the flow direction of the gas strean): 45 for the first zone:
0000?546111\2{613 b AR sLediy g&@ by wei ght of active corrp05| tion, based on the thot a:c
cat al yst eret on ¢ rises: m6t ight o
vanadi um pento t319? \%e|§ﬁtto'¥pa§ {:/0%958 %qsegrﬂn th%ﬁtg}al[qal rét ?om 0.1
to 1 % by wei G}%'V%FO'HHO%W%aqqurﬁaFcul ated as alkali netal), in partl cul ar

cesi um oxi de,fraand te Re% weigkt af yan@bgmipgnisxidght of titani um di oxi de,
preferably in fidmeOanavaseweighdeffantaonp trioxideyi ng a BET surface area of from5 to

30 n2/g; 1§ fafnt be téa@/pawé@ﬁeof érféméla (chRuARY® dWalNi B8faI) Oh FAfldUIAR cEQEmOS! 1 on,
based on the to l I catal yst, vvhere th active conposition conprises: from4

to 15% b vvel nadi u |de from ht of antinon
L e ey Bl YADER, MR B e LEAT Do Ly L EY B 01 of 2t oy
nmetal), in pardnddhe g@Ia@t{.ﬁsiou}QO" by welght of titanium dioxide, preferably in the anatase
modification, having a BET surface area of from 10 to 35 m%g;
20
for the third zone:
from 7 to 10% by weight of active composition, based on the total catalyst, where this
active composition comprises:
from 5 to 13% by weight of vanadium pentoxide,
25 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,
from O 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
30  modification, having a BET surface area of from 15 to 40 m%/g;

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

35 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 F)
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 mzfg.

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

if desired, a downstream finishing reactor as described, for example, in
45 DE-A 198 07 018 or DE-A 20 05 969 A can also be provided for the preparation of



oxide, fromO 60%8 by wei ght of phosphorus pentoxide (cal culated as P) and
t he bal ance to 8§/0 y wei ght of titaniumdioxide, preferably in the anatase
nodi fication, having a BET surface area of from 10 to 35 n2/g; 20 for the third
zone: from 7 to 10% by wei ght of active conposition, based on the total

cat al yst, ere this tive conpositiqgn conprises: 5 to, 13% wei ght of
vanadi um pent thplic an%&ri‘dpoﬁf‘ ngﬁ)’%%sﬁz;r\'/\gﬁ FACSF 'Sa‘?{? ﬁrBr%atcﬂaé’ﬂ %J%‘y”q:"f"bm 0to
0. 4% by wei ghteven higherptinty tavdhe Geiatvebrfdie lskeane. metal ), in particul ar cesium
oxide, fromO to 0.4% by wei ght of phosphorus pentoxide (cal culated as P) and
the bal ance t orHkQ8edag oMeghres@it invehton igrulhtix indiganecpdlebraha Lay-p'hasé Bﬂdﬂi@at ase
30 nodificati Qﬁ'arcﬂﬁéﬂc”@s é %@ro%ﬂfﬂo%%u E@béﬂzeﬁéoﬂé% Bé’s o prﬁtﬂé eh

fourth zone: from%t %{tQYa z% e\g Qo qd? g ase'g on the tota
catal yst, wher® t'Hi ? 4¢ %@g Raxale, 55%10?%% ! AFIEYE 30% by vei ght
of vanadi um péﬁ‘f‘b%dﬁé €.9f Mgleipaniyd ’3‘3/% A RES Q'Fﬁydﬂfje aﬁﬁnizﬁ‘ﬁr%‘?‘dtf‘r‘ﬂd&(ﬂi@m? #&m 0. 05
to 0.4% by weidgithydfdeHbe pretess Imﬁlmrbreise&afcwr@ua@dg@cha)ic ankydride fioad @&nce to
100% by wei ghtxylehe hti/@nnaphtdalexd.de, preferably in the anatase nodification,
having a BET surface area of from 15 to 50 nR2/g. 40 The ratio of the vol unes

occupi ed by t r. any

80- 160: 20- 60: %’ %’%Béﬂiogﬁq@% %@ qg;‘%d“ l‘!"}’{a rESelih, %ée%‘% gf'reactor s
described, for"ETRHGIed oM he0BEdR 19 Big rgac @Tée@PerBE"ﬁ SHEFHNRIBEY RGEAR %4l so be
pr ovi ded f or ts%ﬂpﬁltép%ndath%?ﬁ@pn%@mgqqovpr tisheatalypicheshprgaered én thimeakat al yst
used in this reaptraturesoferkeaiiaion 30Cat4rlDiG pro@vabigfram 320uved20i@aed activity
than the aqat alpggicufly bf'&eﬂaﬁﬁtfroh@l}m tol4D°Or LS §a ﬁﬁ@@s@é%ﬁ@@ﬁerhl@lﬁ’é}ﬁ ipon i's

sui tabl e in gener f
o8I0 oL R A R el AWl e

suc
durene (1,2,4 ?Bfranethylbenzene) to carboxyllc aci ds and/or carboxylic
anhydrides, e.g. maleic anhydride, phthalic anhydride, benzoic acid and/or
pyromel litic Toeaedvjicnigde pagyes qyeotheswtdlyst seganieally ardducad bl imixinga gaseyivehi ng
pht hal i ¢ aohydomgasdsrmoedular 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
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 0 to
25 10 mol%, of water vapor and from 0 fo 50 mot%, preferably from 0 to 1 mol%, of
carbon dicxide, 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,
preferably from 60 to 120 g per standard m®, of the aromatic hydrocarbon to be
oxidized.
30
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,
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
35 temperature without division into temperature regions.

The invention is illustrated by the accompanying figure and the following examples. In
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

40 downstream is designated as the bottom zone. One or more middle zones may be
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
300 um at a resolution of 62 channels. The measurement time was 2 scans. Evaluation
was carried out by the Frauenhofer method.

45



xyl ene and/ or @ﬁg&%ene. 10 For this purpose, the catalysts are introduced
i nto reaction ich are thernostated fromthe outside to the reaction
tenperature, for exanple by neans of salt nelts, and the reaction gas is
passed over the catal yst bed prepared in thgs way at tenperatures of generally
from300 to 450C, preferably from 320 to 420C and 15 particul arl?/ preferably
from 340 to 40GC! SARWsA Rjat sk dpe veipug) bme fen thy caialysispl exapgles Tsarkhe:
preferably frdm gaBlityandexsndjeates thedauanstyad besledareratgd isf thg eatalyst kgnesr om 750 to
5000 W The r eslohvirgnthgdisst 2ase adlatveas tHaetat guaitysof heatgeneral |y produced by

m xing a gas which 20 conprises nol ecul ar oxygen and may further conprise
appropri atg r@g%%ﬁ m)derators and/ or diluents such as steam carbon di oxide
and/ or nitrogen th aromati ¢ hydrocarbon to be oxidi zed, where the gas
conpri sing nol ecul ar oxygen generally conprises from1l to 100 nol % preferably
from2 to 50 fstdysAhad ggampleul @crgrdingrtetheripssntinventiam: to 30 nol % of oxygen,
fromO to 30 nol% preferably fromO to 25 10 nol % of water vapor and fromO
to 50 nol % pigheratey fromO to 1 mol % of carbon dioxide, balance nitrogen.
To produceg the reactlon gas the gas conprising nolecular oxygen is generally

m xed W|thfr t st anda as, ref frome60 to
120 g per stagg1 ,a%gfe gﬁg E‘E’f%ﬁ%?fe@'h 8}@' E%Io%g o?gnﬂl%seégéﬁ % CHBT s
possi bl e for ?Wﬁn 6} frd e Nflsoh8 9 9iSbe@y drPYMUTE thegpastide sge distdduiapat yst bed
present in the.36aqacxarah0.dohefCs.00; whrerusperateddn 560 dil fof deienized watsriaod

t enper at ur es, stivét foh 16 abukke 5aghuf avedussistspdreion €5@AP dueidhtPedroes fioawimg

i:f?lr 2&903? ;taQ@tEl'éSand Vil BIURRE WERd Yubskh 6er9|§%d@@@?@th@‘étﬁ En‘%é?&w O kP é’hs*ﬂﬁ\
tenperature r eaggﬁﬁ%ﬁn{y %&ﬁr%?ﬂyé@g%ﬁ@%@ﬁg E e tsn at égbgéé)ﬂﬂé%gagﬁ gure
and the fol | o8fiReER 4HI08D O FROS (i éufp). 8¥leral iagiaten Jepop B at ed
farthest upst fieaeternERReL K IBWTHE wekahit thhéfcoﬁﬂ*ﬂé} Ofg@;tJV%Wréa@ﬁ'ﬁ'@ appledwased as the

upper zone, abd% biethe adtal wsightzanee firostetdachtdlgatt hest 40 downstream i s desi gnat ed
as the bopgom zone. One or nore mddl e zones may be present between these. The

particl & si 2ol %*Qﬁt'@é"ﬁ'myﬁ%f’% b “%ﬁggg@z% %’%% '*Sﬁq“at a

resol ution of ¥ cﬂa 8Fr55 G%H%bwsg
carried out b§f ¢hdViP=elathé?®r = bt hod. 45 0000054611 8

25 Middie zone:

26.6 g of anatase (BET surface area = 9 m?/g), 79.9 g of anatase (BET surface area =
20 m*/g), 7.55 g of V,Qs, 1.89 g of Sb,0 and 0.14 g of Cs,CO; were suspended in
550 mi of deionized water and stirred for 15 hours. 55 g of an aqueous dispersion (50%
30 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.
35
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 Sh,03, 0.09% by weight
of Cs.

40  Bottom zone:

17.4 g of anatase (BET surface area = 9 m%g), 69.6 g of anatase (BET surface area =
27 m¥g), 21.7 g of V.05 and 1.5 g of NH,H,PO, were suspended in 550 m! of
deionized water and stirred for 15 hours. 55 g of an aqueous dispersion (50% by

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



Fig. 1 shows 3‘)(13\'08& of stability index versus time for the catal ysts of
exanples 1 an 161 st abi | i ty index indicates the quantity of heat generated
in the catalyst zones following the first zone relative to the total quantity
of heat. 5 Exanples Catal yst bed exanple 1 gaccording to the pr esent
invention): Upper zone; 10 29.8 g of anatase (BET surface area = 9 n2/g), 69.6
g of anatase (HBEFENSAT Jbe SH?R%‘S'O@OVW“Q eqUP”iYQPPerd\PJ(ﬁPFaYlF'EBtOgW@ﬁ Bp203

(maxi mum of t Isbaped steelite bodies (diagnedibasilicatenin the f@6 gmngaiitix @.x446 thnofECs 2 CO3
wer e suspended % ID)SHEk weighf oftBé ebatrR b weties camsbsit®hidpbrst 8¢ 918 boMesetab0 g of
an aqueous di SREIRIPhe(PHBaRjsght) derived fromvinyl 15 acetate and vinyl
laurate wepe subsequently added to this suspension. The suspension was
subsequent 'y plied by s to,. 1200 of sh ed steatite bodies (nmagnesi um
silicate) int 8°PEﬂJ¥HCé¥y$ ty §° poRtion %F’PA' fin t &W&%ﬁpftﬁeén%ffeérca%'ﬂa@ﬁ@?h X
internal di afeP&s forgmiours. 20.0°%0py wWeight @BV ¢ht 067 % heweight ¢fify of acti ve
conposition applied was 8.0% of the total weight of the finished catalyst. 20

The cat al yt| C@xbbﬁ fch ¥db@ndé{ﬁ§&95| tion applied in this way conprised, after
cal ci natl 8 or 4 hours, 6.8% by wei ght of V205, 1.7% by wei ght of

Sh203, 0 %@I/a ht of Cs. (VZQS Sh233 ratio = 4). 25 Mddle zone: 26.6 g
of anatase (B §[ﬁ ce area = 9 nRlg), 79.9 g of anatase (BET surface area =
20 n2/g), 7.55 g of V205, 1.89 g of Sh2CG3 and 0.14 g O Cs2CO3 were suspended
in 550 m of Zdﬁg)di aredassaBET aunfdce biaared ni’y), 656 ko asatass (BEDbudaceareesus

di spersi on ( 508m#y)by. 1webiaho);, 2ierg ofexb,bf orahiml of deehatile 3R didtiiltiohar ate were
subsequenyby addathf thd dug ga e O 8f sulBEndSRBEB ARy BRnRURREMISH! ¥ app! i ed
by sprayl ng to P 95 Pour Q naq SoUSdis 'OU\/E gy Lf'p')dset tﬁ yr? t he

f or mlof rlngs o7y i E[?)‘? Q? P2 (‘ﬁ‘egl ok ﬁ ¥ active
conposition ap Pt@oﬁf\ﬁa\én%’aw/atemr%uqs(?ﬂa?ﬂﬂv\ﬁéﬁdsﬂﬂo s sysecriion. ShesusaeRtigst . 35
The cat al yti cafb pubgaqueaticargied by ispraylg e i18e0 o of shansdmisetite bpdies uagresive

cal ci nati on asilicat0f theford dioays (7 07 4% doyn, \BE xgbix iDf. Wi20keight.of thebgoateg oht  of
Sb203, 0.89% Q?z’tn)é’%og'mosm@ﬁ abBliedAPaEO b INtEORRA| mﬂe?grﬂogtr@ffln@éE@H%%ﬁBET surface
area = 9 mZ/g , 69.6 g of anatase (BET surface area = /g), 21.7 g O V20

? (r;(rj iSShgu(r)fs %l%tg&%céﬁra; fpgg egcgﬁ%d Eﬂpg?%:ﬂlﬂq%lé%agf%%p?lgleg a?tey\%é[gl{wat?onndatsu rred
400°C for 4 hours, 6.8% by weight of V,Os, 2. % by weight of Sb,Q,, 0.33% by weight
of Cs. (V205.Sb203 ratio = 3)
25

Middle zone:

26.6 g of anatase (BET surface area = 9 m¥/g), 79.9 g of anatase (BET surface area =
20 mzlg), 7.55 g of V05, 1.89 g of Sb,O; and 0.14 g of Cs,CO; were suspended in
30 550 mi of 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 8.7% of the total
35  weight of the finished catalyst.

The catalytically active composition applied in this way comprised, after calcination at
400°C for 4 hours, 6.4% by weight of V.05, 1.7% by weight of Sb,03, 0.09% by weight
of Cs.

40
Bottoem zone:

17.4 g of anatase (BET surface area = 9 m?/g), 69.6 g of anatase (BET surface area =
27 m?lg), 21.7 g of V,Os and 1.5 g of NH,H,PO, were suspended in 550 ml of
45  deionized water and stirred for 15 hours. 55 g of an aqueous dispersion {(50% by



45 wei ght) derj vﬁ gqm vinyl acetate and vinyl |aurate were subsequently added

to this 0000054895401 suspensi on. The suspensi on was subsequently applied by

spraying to 1200 g of shaped steatite bodies (nagnesiumsilicate) in the form

of rings (7 x 7x 4 mMm EDx L x ID). Themeight of the coating of active

conposition applied was 9.0% of the total ght of the finished catalyst. 5

The cat al yti catgightheerivee fioghynyiaceigie %rwpwméépqr@iemrg SHPSEAHBRIHr added, todhis er

cal ci nati on atsus@@GRN dhe 4usmaEmsE) V2B, S0Yseuenty ghliedfby\EpetyingDlo3rtgyofwei ght  of

P. Exanpl e 2 (saepghstesits bodied (mblgmssiung elieate Pif.the orof ofaings ase 7(BEMns ED ace ar ea
= 9 n2/g), 69. 6@ thé"W@Fgﬁﬁ&‘ tﬁ@ga-atﬁm@rJf%€ﬁ/e36&ﬁposmogcépﬁﬁécﬁbas 5 O%Sftﬂfe 80>, 2.3

g of Sb2035( rr%‘?gsqﬁ%}g @%eg%%iyﬁ#e size distribution at 6 pm and 0.46 ¢

of Cs2CO3 were of deionized water and stl rred for 15
hours. 50 g of an aqueous dispersion (50% by wei ght) derived from vinyl

acet ate and viliglcataddicalieaciie omppYERURINIEY INibisatiat eonepilsed saftgsealsination The
suspensi on  WaS0XLIfis elchwrind, [20. (8P bl weihhbyf 8029138 howdighilofg®.of shaped steatite
bodi es (rragne5| um silicate) in the formof rings (7 x 7 x 4 mm EDXx L x ID).
The wei gh [ lied was 8. 0% of the

t ot al welté @f%ﬁ%??ﬁ?%ﬁg 32% Efn%s% ”&}8%&6””3@' (ﬁ:laﬁl y active conposition
applied in th| S way conpri sed, after calcination at 400C for 4 hours, 6.8% by
wei ght of V20OPPSr 2:Mehy  wei ght of Sb203, 0.33% by weight of Cs. (V206: Sh2G3
ratio = 3). 25 Mddle zone: 26.6 g of anatase (BET surface area = 9 nR/g), 79.9
g of anat ase @BET 5wﬁaa§@ ([@BEFasuRac@ Brea gnY/gl. b8 g FanMaes (BET 80rfgecddred2203 and

gslﬁogrgf §82 %%ar\g@q,ob a;ggzgg a%ﬂo%b%ﬁk@s%ﬁ%fm ﬂp&h atlwr;];f' for
u"v 980 S <& "&ew &déé‘“ﬁﬁﬂ% %'On'éaifs'@'ﬁeg. 3 rhe

acet dt e and VI

suspensi on wa$ "é‘ii:b@é daéRtsy 4 g5 @Ed’q rHEN (P 1?@@’9@Wder‘é’ﬁ§fféﬁ’ W¥atite
bodi es (magnegtetatesind \da Eurate V\terﬁasut@ﬁcrumﬂyradﬁg@ tq thisxsuppgnsiommhheEDsgension | D) .
The wei ght of wabeubsEjuenty afpliad by gpragingpos 200 grf apgpddedeatits badigd/rodgrtdsint ot al
35 wei ght 20f &ieaté) iRitsdRAMCALRALY 81 x 7 kEMERER YL ixa). I Theafdih it G RREHG ioPN

oP e ot "vobEe R RREASE et aBB B A o eyt étgygws 6. 49 by

The catalytically active composition applied in this way comprised, after calcination at
400°C for 4 hours, 7.1% by weight of V,0s, 1.8% by weight of Sh,0;, 0.36% by weight
25  of Cs. (V,05:8b,0; ratio = 4).



40 Bottom zone; 410 gsg}of anatase (BET surface area = 9 n2/g), 69.6 g of

anat ase (BET sPP9%9P&6%tea = 27 np/g), 21.7 9 of V205 and 1.5 g of NHAH2PO4
wer e suspended in 550 mM of 45 deionized water and stirred for 15 hours. 55 g
of an aqueous dispersion (50% by 0000054611440 weight) derived from vinyl
acetate and vinyl laurate were subsequently added to this suspension. The
suspensi on vvasMéjtS*E?s@ﬂ?thly applied by spraying to 1200 g of shaped steatite
bodi es (magnesiumsilicate) in the formof rings (7 x 7 x 4 nmm EDx L x ID).
The wei ght of 2he gadahanrge MBERGLIfa® reapuBint/gRT4eigbf achtues(BE1080rhice tdhea £ ot al

I5nwtelh Iggt ng 2 her k) smsgfo@%@ Y g ofrtészd'gaér@m’ ?S%k C¥, @S 5 wyr%rs@ea@f%dtmgso ap:ol Ih ted
% /néxgé’)f'd%%l%e% &%Er %’rg fbloﬂ') ﬁ& §of§r§aq §[§%%d§1 0 (é’O % I?)Y]\E 9

of V205, 0.379 r
present i nvent‘i"’?ﬂé? JFOQ(‘W\’@'& &ny ﬂ‘értag's‘@e(al'sﬁ‘:"?s 8 %‘?‘g@ thisg np/q),
69.8 g of anatBSeEPET mrﬁJﬁ@@W‘a&SU sqoentiy@pgled by pravieg bW 400 g of

Sb203 (maxi nmunstaibet steafiter hddidse reignesidinsdilicate) i i faim of2irdS (Prg7 anadnf, BB xg of

Cs2CC8 wer e suspendede mlgﬁﬁafme c@fanﬁbebm;wdom@@ lied Wit Bes, bpthelibtahour s.

50 g of aWan%é%gﬁtd?'tr?@ﬁﬁiéﬁe%‘ﬁ o by wei ght) derl ved fromvinyl acetate and
nt

vi nyl | aurat e subseque ded to this suspension. The suspension was
subsequent|ly applied by sprayi ng to 1200 g of shaped steatite bodies (nmagnesium
20 silicate) 'BF ¢rdalyligally aftivieicogwoption appligd4n g wapcemprised, piter cai@natisnght of

t he coating of400aGtfonehawapbiidtiyoreigtpdfiveQs ek’ &y 9aight of Be-Q0026%ky whighdf t he
finished catalgfgls. The catalytically active conposition applied in this way
conpri sed,qzafter calcination at 400C for 4 hours, 7.1 % by wei ght of V205,

1. 8%. by vvel ghtM@pl %%8% 0.36% by weight 25 of Cs. (V205:Sb2Q3 ratio = 4).
0000054611 11 dfe€°Fone 1: 24.6 g of anatase (BET surface area = 9 n2/g),
74.5 g of anatase (BET surface area = 27 n@/g), 7.8 g of V205, 2.6 g of Sb203
and 0.35 g of Xs®goBaneipee QiEheurinsa arer S501/9). f#.5af ofrsiataseABE T\eatese arsd St i r r ed

for 15 hours. ZOmfgp7.GamohduBolS glofsHnOsiaad 0(1B0Y/0hPs, 06, glrd sdgrended if 3%0m vi ny|

acetate ang Viflyds dle%fzéﬂQvét‘ﬁr&dlss\ﬁhééwel@tﬁdm@@@@oftéh dduledus 814BHRARHI (90% bi;hte t

suspensi on wa eatite
p Eﬁwziﬁﬂ% ﬁ@ﬂﬂ %ﬁ@@%@é&@ﬂﬁﬂﬂﬁ&&\ﬁé_}ég%&ugﬁ tré? B%ittﬁ % 1D).

bodi
e voi Gntont Surbeien TS Slsredsion s hRet et ARG shraing Fihe tota

shaped steatlte odies {magnesium silicate) in the form of rings (7x7 x4 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,0s, 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?/g), 21.9 g of V,0s, and 1.5 g of NH,H,PO, were suspended in 550 mi of
35 deionized water and stirred for 15 hours. 55 g of an agueous 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,0s, 0.38% by weight of P,
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of shaped steatite bodies (magnesiumsilicate) in the formof rings (7 x 7 x 4

mm ED x L x THe)catalftealyeagive compbitore aglied dn miswaytmﬁprmaﬂpﬂﬁértdamaappbt ed was

8. 0% of the tofodbc Y MRIrgh 1 RTbytiggHtioh vsDE S LabaMMRIht oﬂbezdga@@b%tb ight active
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bed exanple 4
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38% by wei ght of P. 0000054611 12 Catal yst

conparison): Upper zone: 5 29.3 g of anatase (BET surface area

jde)e zanaflase (BET surface area = 20 n2/g), 7.8 g of V205, 2.6 g
2.36 pm and 0.49 g of

Cs2CO8 wene suameydeshdtised@E THurfate drdz0nb2eth)Wad 61y dRdatast (BEEduffade dreakours.
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25

30

35

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
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;, 0.26% by weight

of Cs.
Middle zone 2:

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 V,Os, 2.6 g of Sb,05 and 0.13 g of Cs,CO; were suspended in §50
mi 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
weight of the finished catalyst.



acetate and vi %iool gg@ate were subsequently added to this suspension. The
suspension 10 é equently applied by spraying to 1200 g of shaped steatite
bodi es (rmagnesium silicate) in the formof rings (7 x 7 x 4 mm ED x L x ID).
The wei ght of the coating of active conposigi on applied was 8.0% of the total

wei ght of the | she ata st cat al |1y active osition applied
'n this way ﬁgaf; Safcall pBecmnaion gpigd I 55 by ESrarised URr it atprogtpy
wei ght of v2054 PCA9% hfovisi Gite i wesROF, V-0 F545e0Y weigkfraf Sb@@a.©s10°/@W®@I$l§2c13
ratio = Mddl® zone 1: 20 24.6 g of anatase (BET surface area = 9 n2/g),
74.5 g of anat ase (BET surface area = 27 nR/g), 7.8 g of V205, 2.6 g of Sbh2(3
and 0.35 g f yere suspended in 550 ml of deionized water and stirred

for 15 hours. 50 g o? an aqueous di spersion (50% by wei ght) derlved from vi nyl
acetate and vi n%/ | aurate were subsequentl%yadded to this ensi on. The

suspensi on was s%Es@&ﬂ@Wﬁ?@%ﬁﬁPﬁ%@ 92 St BYPh %9 szwt@seo(fs 55%6@6935'( eatite
bodi es (magnes2umi/gh.|d1chg of Vids artde! . § grahNgt.HeP geeresugp@ndeddn GaP nBDfx L x 1 D).
The wei ght of ddieniznkategand staedd fee1s pomesss § oharpplé®rd drdorDf509f by he total
vei ght of {dge \Lé@me@ﬁbe%aﬁ@ﬁ %EA ackBfle 6A4 @hyﬁlé&a@{é Mer@%fuby@mf‘eﬂﬂpgéaéd fartn.@ppl i ed

in this way co i o by
wei ght of V205S Beiﬁﬂ%gj%?;fn%o \g%sz%@se@u%!y/g d%s:g?ﬂray' OCLZQUOI\ﬁ 8él e zone 2:
35 24.8 g of alEPgeét (qEgnes'wa sicale)py e forﬁhog"@sd? Xdrat 8B FBET
surface area 3 x#i) Fﬁa¢g/)9|9h?08thg coptinppgfmctige GOFQDQﬁItICEBlﬂ:lD’Be@WdSG0f/30§tf‘6ft0?a‘32003
wer e suspendedreightihhe fiistadid chealgsti zed water and stirred for 15 hours. 50 g of

an aqueousi i spersi on (50% by weight) derived fromvinyl acetate and vinyl

'53322; 56;75[5 w aﬂe%@nlﬂpes&.q% @H%@ 8 0 W%"ﬁse%ugﬁt?r{%lcgﬁh&%%t
(magnesi um si I‘fb@a{:% O%rgreﬂ(i#%%y&‘fe' ¥ 0)? Dx L x ID). The

wei ght of the coating of active conposition appli ed was 8. 0% of the total
wei ght of t he GatalystHed exatr@leyst . 0000054611 13 The catalytically active
conpositi@p applied in this way conprised, after calcination at 400C for 4
hours, 7.1 %Wpdé?'k&*ﬂat: of V205, 2.4% by wei ght of Sb203, 0.10% by wei ght of
Cs. 5 Bottom zone: 17.2 g of anatase (BET surface area = 9 n2/g), 69.1 g of

anatase (BET surface area = 7 /9), 21. V205 and 5 of NH4H2PO4
Nere suspendedhd SEBTITSBE G BRe i naiE/ PS8 aratrop SPELSUlBER S1eo6s g of
an aqueous di Q@gngg)oﬁ § HORN 483, 1.9 g of Sb,0O; {maximum of the particle size distribution at
25 7.42 um) 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 viny!
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 V05, 1.8% by weight of Sb,O,, 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,0; and 0.35 g of Cs,CO; were suspended in 550
40 mi 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.



10 wei ght) de;&r?bﬁg lé1$m vinyl acetate and vinyl |aurate were subsequently added
to this susp 64 he suspensi on was subsequently applied by spraying to
1200 g of shaped steatite bodies (nagnesiumsilicate) in the formof rings (7
X 7x4mm EDx L x ID). The weight of tRg coating of active conposition
applied was 8. 0% of the total weight of the finished catalyst. 15 The
catalytically active conposition applied in this way conprised, after

cal ci nati on atThe4aatyticelty active gpmpogitiorpepmigdvkethithvay Comprised, aitg8sdinatimpiaght of

P. Catal yst begosXxspl toups, 7. 20 dyppeght20Ne0s, 29493 by waligranasesh, ( BBY. byweighe ar ea
=9 nk/g), 69.8cg of anatase (BET surface area = 20 nR/g), 7.8 g of V205, 1.9
g of Sb2035( maxi mum of the particle size distribution at 25 7.42 pn) and 0.49 g
of Cs2CC3 V\ersﬂ.é(ﬂspend din 550 M of deionized water and stirred for 15
hours. 50 g of"&4h€&gUe6us di spersion (50% by wei ght) derived from vinyl

acetate and vinyl laurate were subsequently added to this suspension. The
suspensi on w24, Sgybtapiast (BF Tapplface drday= Spny)i T Stgoof Ed@tsg (BET shepedasheat i t e
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The wei ghty00f oR¢ ACBALEN Gkl aid sHGLA 167 1GORBAS bbIOR ARRLEE: HBGedioh 186, thne

total weight the r1nished catalyst. The cat act|lve, C Ssition
applied in t hESRASTNRBTPICH aPeiare ane WivhJaLr i Were Sugssalely SHdRg o IS 7. 1 96 by
wei ght of V20BUSPENSIbYNGBYSNsieR wasSchseqyestyppRlieddy grtayingitod2008f\M ddl e zone
1: 24.6 g of shapakdc{tBEDOdias {raggnesileasiticae n/ting formf Bings 6F x dAmxat mee EIBET
surface area % x D7, THY @@ight/ofGh@cadting20 activéd. dntposftiodag ik dangs §03bofghetotéls 2CO38
vere suspgpded,cidht apfe fhinBY cafalydei oni zed water and stirred for 15 hours. 50 g
of an aqueous dispersion (50% by weight) derived fromvinyl acetate and vi nyl

| aurate were bsequent dded to this suspension. The suspension _was
cabsotuenty IBBRRENIBYNAAES FmPeioR AR et BTt AR T ES CRlG ARG ot
(magnesi um si FPEA By diheuthé. o brnefght phyDs( 2.4% by weighheh SIE0:X0.10%byIvightThe
wei ght of theotOating of active conmposition applied was 8. 0% of the total 45
wei ght of oyhe finished catal yst. 0000054611 14 The catalytically active

conposi tion apphisd hg this way conprised, after calcination at 400C for 4
hours, 7.1 % by wei ght" of V205, 2.4% by wei ght of Sb203, 0.26% by wei ght of

Cs.
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.05, 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 subseguently 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
30  weight of the finished catalyst.

The catalyticaily 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 caoled 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



5 Mddle zone 2: 24.8 g of anatase (BET surface area = 9 n2/g), 74.5 g of

anat ase (BET d%0P8461drea = 27 n/g), 7.8 g of V205, 2.6 g of Sb203 and 0.13 g
of Cs2CO3 were suspended in 550 10 nml of deionized water and stirred for 15
hours. 50 g of an aqueous dispersion (50% g wei ght) derived fromvinyl acetate
and vinyl laurate were subsequently added to this suspension. The suspension
was subsequentim {hedppleibstpvwhyrergmbiginedy("PO viekdigs gaids by s1@ap etirkihalm antwdidali es
(rmagnesi um si lobtates) pérn O0hp@irts dy mash of ipngso-kylexe)? x 4 mm ED x L x ID). The

wei ght of the coating of active conposition applied was 8.0% of the total 15
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inthis way conprised, after calCination at 400C for 4 hours, 7.1 % by wei ght
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of V205, 274%_by wei ght of Sb20Q3, 0.10% by wei ght of Cs. 2
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27 n2/g), 21. dolpwirfg WR0Bst zanel relatiedo dfe Nk BRI ofereat. duis lefidediby theFelowihg of 25
dei oni zed wat eguatigh: stirred for 15 hours. 55 g of an aqueous dispersion (50% by
wei ght) derived fromvinyl acetate and vinyl |aurate were subsequently added to
this suspgnsion. The suspensi qu I lLied by spraying to 1200 g
of shape 8steati te bodies (rrlg’g?nae i_u%?g‘PﬁiQ'c'a?'g§1 ?%Q{Jﬁéf rmof rings (7 x 7 x 4
mm ED x L x ID). The weight of the coating of active conposition applied was
8. 0% of the t aihgre A0 dei Yht - ofs thaéntegrateshaiga gader the tempriatucerbed Peigbigurye act i ve
conposi ti on apphi eatalyststzonss wey AQORPH seds thaf deerespatdingnateador e catd)@C for 4
hours, 20. 0% by, lo@dWing theVid90z0n@. B8 tePyhet@lUgNbedheifht cBBve(@inddashy et ests: The

tests were-cartj i I -

i nternal ?gi aoBt{aZ%i(?#}pé%tﬂn t%ﬁ%ﬁ&%&t%gﬁ%ﬁ@%d%ﬁ%& fa(@?ﬁesill-eﬁw5 %{agtlﬁ[égar@}fsrtlto
whi ch the caf§ RRIONG WS WRETALUR'S o 5 had been introduced starting with the
bottom zone 40 catalyst. To record a tenperature profile, the reactor was
equi pped wi t hFig. 1tshewmacwaplagsathdiche ootd of Hetavdverdustiee foritbe satalyses dfengt h of
the reactor. &hampleheramacditaa beaeeh aeatsetllenyuangtieadfnehasmergobad exiner nal

di aneter of 2s88Bnd%hnd tAFRBAGHS JHRED oPdr tAE beliPSMinY i BOi@H in*R9rdlest andard nB

of o-xylene ( . I 99 were passed through the tube fromthe top
downwar d. The%%@@fﬁ??gtshgsﬁiééﬁnég]gegl%005461l 15 in the table bel ow were

obtai ned (" PATytialel1d" is parts by mass of phthalic anhydride
able 1:

Example 1 Example 2 Example 3 Example 4 Example 5
Bed
length [em] | 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



obt ai ned per 100 parts by mass of pure o-xylene). Determ nation of the
stability indé¥w055#ﬂé stability index S(stab) indicates the quantity of heat
generated in the catal yst zones following the first zone relative to the total
quantity of heat. It is defined by the fol l4gw ng equation: 10
S(stab)=A(2+3+...)/A(1 +2+43+....) where A(1 + 2 + 3 + ....) is the integrated
area under th&anepasieparhexarmrie 1vdihghemplg v and gramgple ouithexate 4sheysaid A(2 + 3
+ ....) is thdigeryeksandioh@iredeehdnausirnghe catatysi yaing the ve®s:Bold.oatingctdrdingi r st
zone. The tenpeit plegeh el eRBbrINLhS HFsY Sorted ToRSiIrkYn BeexBon® B alithekampiedb ot ti ng
the tenper at UsRolehrl Fhile Y IESRE0Obizb faﬁﬁefmﬁig@ﬁy@ﬁmdwy ;ggﬁﬂ&n g%l tion

of the thegrnocouyple., FIg. 1 shows a conparison ots o stab) versus
time for the @gﬁgﬁé@gg of exanples 1 and 2. It can be seen that snaller

quantities of heat are evolved in the 20 second and third catal yst zones over
the period of time in question in exanple 1 according to the present
invention. Table 1. Exanple 1 Exanple 2 Exanple 3 Exanple 4 Exanple 5 Bed

| ength [cm{ 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 mi Tinme of 60 60 43 44 42 operation
[d] Salt bath 360 361 354 353 350 tenp. C Hot spot 440 435 440 437 444 tenp.
in upper zone C Phthalide 0.01 0.04 0,02 0.04 0.07 [%Dby wei ht PAyield
114.2 112.4 113.5 113.0 112.7 25



0000054611 16 Conparison of exanple 1 with exanple 2 and exanple 3 with
exanpl e 4 shows that higher yields are obtai ned when using a catal yst having
the V20b6: Sb2Q3 ratio according to the present invention in the first zone.
Conmparison of exanple 3 with exanple 5 stiows the influence of the particle
size of the antinony trioxide used for producing the 5 first catalyst. 17 W
claim 1. A process for preparing phthalic anhydride, in which a gaseous stream
conprising an ay@amm:c hydrocarbon, selected from o-xyl ene and/ or napht hal ene

5 and a gas conprising nol ecul ar oxygen is passed at el evated tenperature over

a bed of a firat calpadcdsd foPgrepaiing pRthaldiadhydride, rmdmau@gsﬁeoas srAnd catal yst

havi ng a hi gher a@behirdsh tonf) st ream of
the first at al ystv%n t'ﬁe flowkg ectlon’ @ %Zﬁa}s%ﬁ%dﬂ?&gwtmﬁe@el n the
catal yti cal |Cﬁy act P H:zm 2 W@é | east
vanadi um oxi de, oatbp#aha Wtﬂ!‘%'ﬁ'ﬂ‘llm upaf dseeand catalysthaving 8of

vanadi um cal cul at e@nmmmmmummawmmmaﬁbmﬁm the first
catal yst from 3.5: Lathstdn e ow difectibh BN GadodSsirearm | wWikdei Wv wherein the
rati o of vanadlumt _ant i no :1to 4.5:1. 15
3. A process as cl & @mp%&&&%}é#%ﬁ%@sg% 'nt i nony oxi de
used for tWe firsttapiymdiqride and aptiany ogpe and ‘Hﬁﬁ”ﬁﬂﬁ‘{i’“ﬁ‘%xm‘m ng a mean
particle size of sz@th)aallm@wyscﬁwla@dasstOpn@ﬂ’@s‘gstap@taiywrnﬁtﬁﬁﬁtaﬁhb':bf t he
precedi ng cl ains, wherein the gaseous streamis additionally passed over a bed

of athird and, if desired, fourth Catalyst |ocated downstream of the second
catalyst. 5, A process as clained in any of the preceding clains, wherein the

catal ytically 225 mﬁ@\s@aﬁaﬂm@mtclaW1afheaehanmﬁ@maﬁﬁ@hm&wnﬁ@ﬁmmes at | east
vanadi um oxi de, tg. ggpdg,l, th@pg@ntl nony oxide and the ratio of vanadi um
to antinony.,in the sec catalyst I's less than or equal to the corresponding
ratio in tH& first catlyst. 6. A process as clained in any of theﬂﬁrecedl ng

claims, wherei® t HePPEAHPHGRIHRI MiGAIM B Q&Mﬂéh"a’tcﬂ%?[@"ﬁ?@f%ruﬂ is from 30
to 150 g per st andartte fiist aafalygtis particulate antimony trioxide having a mean particle size of

from 0.510 5 pm.

20 4. A process as daimed in any of the preceding claims, whergin the gaseous
stream is additionally passed over a bed of a third and, if desired, fourth catalyst
located downstream of the second calalyst.

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 loading of the
30 gaseous aramatic hydrocarbon is from 30 to 150 g per slandard m® of gas.



