PF 54608 1 Method for producing phthalic anhydride The present invention
relates top ?53'89@953 for preparing phthalic anhydride by catalytic

gas- phase oxidation of xylene and/or naphthal ene by means of a gas
conprising 5 nol ecular oxygen in a fixed bed using at |east three catal ysts
whi ch are arranged above one another it zones and whose activity increases
from zone mtr?o%"'fsr@r{)f?ﬁ@lﬁdﬁ'gnt Qﬁ:sanhg#ﬁfe end to the gas outlet end and to whose
core of support naterral Payer catalytically active netal oxides has
been applied. 10 Phthalic anhydride is prepared industrially by catalytic
gas- phase aké qieetsiennnménnon x@ldatesto a procesgpiot prebearieg phthalivednhydrivé-tyldaealytieact or s.
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though, by-products such as quinones are also oxidized further.

There are many possible ways of structuring the activity. In the following discussion of
30 the prior art, particular attention will be paid to the last catalyst zone, in particular its
phosphorus and vanadium contents and the ratio of these (calculated as V,0s to P).
Despite many variations of these pairs of values in the prior art, there is still a need for
optimization in respect of the activity and selectivity of the last catalyst zone.

35 DE-A 198 23 262 describes a process for preparing phthalic anhydride using three
coated catalysts arranged above one another in zones, with the catalyst activity
increasing from zone to zone from the gas inlet end to the gas outlet end and being
controlled via the amount of active composition applied and doping with alkali. In the
examples, phosphorus is used in the second and third zones. Vanadium pentoxide is



2 wused in an anmount of less than 10% by weight in the |ast zone, and the
rati o of V@Q;S%&da Pis 37. EP-A 985 648 descri bes the preparation of

pht hal i ¢ anhydrl ge by catal ytic gas-phase 5 oxidation of o-xylene and/or
napht hal ene using a catal yst systemwhich is structured so that the
"porosity" of the catalyst and thus the2activity increases
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the bed i nRiE87reaction tube. In the exanples, the structuring of the
activity is achieved by arranging at |least three different catal ysts in 10
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the amount of active composition on the support ring, the amount of alkali dopant in the
25 active composition and the fill height of the individual catalyst zones in the reaction
tube. The examples describe catalyst systems in which phosphorus is present in all
zones and the last zone contains from 0.1 to 0.4% by weight of phosphorus and about
5% by weight of vanadium (calculated as V,0s) and has a ratio of V05 to P of from 14
to 40.
30
The increase in activity can accordingly be achieved by means of the following
measures or combinations thereof:

(1) by means of a continual increase in the phosphorus content,
35 (2) by means of a continual increase in the active composition content,
(3) by means of a continual decrease in the alkali content,
(4) by means of a continual decrease in the empty space between the individual
catalysts,
(5) by means of a continual decrease in the content of inert materials or
40 (6) by means of a continual increase in the temperature



3 fromthe upper zone (gas inlet) to the |lower zone (gas outlet). The
activity of all catalysts decreases as a result of aging processes over
ttheir 5 operadepg |ife. This occurs particularly in the nmain reaction zone
(upper zone), since the tenperatures are highest there. As the period of
operation of the catalyst increases, the nmain reaction zone mgrates ever
deeper into the catalyst bed. As a resuBt, intermediates and by-products
can no |l onger be reacted conpletely, since the nmain reaction zone is then
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25 and unreacted o-xylene. Improvements have been able to be achieved in the amount
of PHD present (for example in DE-A-198 23 262). However, there continues to be a
need for optimization with regard to general by-product formation, especially in respect
of ADCA, since traces of these compounds lead to a yellow coloration of the phthalic
anhydride. in addition, a reduction in the amount of these by-products would simplify

30 the work-up of the crude phthalic anhydride.

It is an object of the present invention to provide a process for preparing phthalic
anhydride which despite a high loading gives phthalic anhydride having an improved
product quality at the same or better yield. Apart from the reduction in the total by-

35 product content, the amount of by-produced ADCA in particular should be reduced at
the same or better yield.

We have found that, surprisingly, this object is achieved by a process for preparing
phthalic anhydride by catalytic gas-phase oxidation of xylene and/or naphthalene by
40 means of a gas comprising molecular oxygen in a fixed bed using at least three



catal ysts which are arranged above one another in zones and whose activity
I:ncr eases PFﬁﬂgb one to zone fromthe gas inlet end to the gas outlet end
and to whose core of support material a |layer of catalytically active netal
oxi des has been applied, wherein only the |ast catal yst zone conpri ses
phosphorus, at |east 10% by wei ght of vanadium5 (cal cul ated as V205) based

on the acti I 1] I LS present in the .last zone and
The ratt o, BEYERTARG b HeRaed fioyB 2B hBlbet B B0RS S whilsd Alivity Biteaf b an'S5.
The upper Bamzaopgto zenedcom the gasdalebgndindiagpars eilet epdandiiorwhasetcotnefost

cat alh %/SE Zemm)lorﬂ:ﬁatﬁl‘iﬂfalqéa@éﬂoy citafyticallp hevRnstaboxiday IRRtbeeh abgmﬁﬁ\ahaﬂéirill % by
wei g ca e b n yst,

o ef or abl y 42 BR Gt 73S Eotbte BRoBiHone aFIBERID% b Belght Bnfdiu, Y0y 4o
by wei gt . (caialatedias () hassd anibe agtive comnasiion of hecatalysh isgresambintheess t han
40% of t heldsbzarle araittht yatio of Yanddasn @ngildiedas wlds) IopiRssphomus fogreaterthan, t he
bed | engt hS?f the last zone is less than 30% particularly preferably | ess
than 25% of the total bed length of all zones. The m nimum bed | ength of
this zone is generally 16% The bed I ength of the first catal yst zone (upper
zonte_) I N aThe npper caddiyst z?iesafrefregbﬂmqspbémsafﬂadaﬁab@t&)mmoétrcﬁtﬂy_%?zdr@ 60% in
particyhar o

react o'rﬂ.) Tﬁééf%ggéﬁgi?t@%g%hoﬁ%seéﬁnﬁ%?’E%’%ﬁ%“glr/;elﬁ g‘rﬂg[qhk tcﬁa&élé"'%%é ?)r%%gdw to
55% pr ef ePRYISAtVE FOMBOsitPnRIdhe eatalysteprefarably Issa than Pt by weigiHeincase of a
4-zone capaitigelar Soratabout 0.0ktouppRbyamightadvant ageousl y makes up from 27 to
55% in particular from32 to 47% of the total bed height in the reactor,

t he upper njddle 25 zone advant ageousl y. makes up fr 5 t0 22% preferably
from8 to %e/(?vegfensﬁbofgm éﬁtc WtﬁgP"gﬁthgféFﬂ?M Iges ﬁ‘@ﬂéﬁ%‘i’fd@ﬁ E’taﬁﬁqﬁ@ﬁ)&?‘

advant d4§eobet jengtikdsall zpnés; dmpaticudar3Brhbedriengtact the ldsheorie i less2haro3@e% of t he
total bed Bﬁﬂiﬁﬂl‘arh{ preferSiy fls¥ anZsH98 Sof S kol BEd féﬁgth%f%il fzbhé%. i@‘ﬁ?ﬂﬂl‘ﬁhuﬁ]{ of

plurality of rea rs Lf” desired I ical reactors have a el g
from2.5 t&"%.‘%g %éﬁg;o%lsgﬁgeqag% g‘ﬁbottommst catal yst zone preferably
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25 zone 1 advantageously makes up from 5 to 22%, preferably from 8 to 18%, of the total
bed height, and the lower middie zone 2 advantageously makes up from 8 to 35%, in
particular from 12 to 30%, of the total bed height. The catalyst zones can also be
distributed over a plurality of reactors if desired. Typical reactors have a fill height of
from 2.5 to 3.4 meters.
30
The last, bottommost catalyst zone preferably comprises more than 15% by weight of
vanadium (calculated as V.Qs) based on the active composition of the catalyst, in
particular from 18 to 22% by weight.

35 The ratio of vanadium (calculated as V,0s) to phosphorus (calculated as P) in the last
catalyst zone is advantageously about 40 and greater than 40, preferably from 45 to
100, particularly preferably from 50 to 70.

The alkali content of the active composition advantageously decreases from the
40 uppermost catalyst zone to the middie zones. It is advantageous for no alkali to be



I s advantageously less than 1.1 % by wei ght of alkali (calculated as al kali
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is preferably inthe range from0.1 to 0.8% by weight of alkali. In the
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25 a) the least active catalyst comprises, on a nonporous and/or porous support
material, from 7 to 10% by weight, based on the total catalyst, of active
composition comprising from 6 to 11% by weight of V,0s, from 0 to 3% by
weight of Sb,03, 0% by weight of P, from 0.1 to 1.1% by weight of alkali
(calculated as alkali metal) and TiO. in anatase form as balance,

30
b) the next most active catalyst comprises, on a nonporous and/or porous support
material, from 7 to 12% by weight, based on the total catalyst, of active
composition comprising from 5 to 13% by weight of V.05, from 0 to 3% by weight
of Sb,03, 0% by weight of P, from 0 to 0.4% by weight of alkali (calculated as
35 alkali metal) and TiO, in anatase form as balance,

¢) and the most active catalyst comprises, on a nonporous and/or porous support
material, from 8 to 12% by weight, based on the total catalyst, of active
composition comprising from 10 to 30% by weight of V»Os, from 0 to 3% by



The titanium di oxide in anatase formwhich is used advantageously has a BET
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catal yst, appécionée)iPthedsp@rioheey conprising from5 to 15% by wei ght of
V205, fromO to 3% by weight of Sb203, 0% by weight of P, fromO to 0.4% by

wei ght of alkali (calculated as alkali nmetal) and Ti Q2 in anatase form as
bal ance, c)n ameefelied apbediment @ fedrzanpsatalyshpyYsieBs, on a nonporous and/ or
por ous 1gupport 35 material, from8 to 12% by wei ght, based on the total

From b to 3o by "495‘%'@@?4‘%2%%5’9%%8%9‘0““89%3%9 pifer pAELPYRRO", O 200
0.1 %by wei ghtm%‘?”a [y to %é’d}"%‘ﬂ"éopaﬁ d gnihe 1°t g’ﬁﬁ"“l’?oz i n anat ase
form as bal ancepmpOsitiort tomprising feons 6 thé1 %dygreight of ¥,0s rfmg\ @ 63% by aighit kal |

metal . PF 5460%f§r LOKE dightor o ffsmotptoum%w\&ﬁgmto%msn |@ichigfy gones. I n

general_. the ca or c), c¢an also be
arrang@d so th @ Cﬁf‘%%&ﬁ%ﬁ%‘%‘?éﬂ% e or nore zones. These

I ntermedi ate zones pref erably have internediate catalyst conpositions. In
pl ace of d%? Nt Rkt ARUEAtRE &ﬁ@sygmﬂ%%scﬁﬁhaﬁé@u@am%ﬂﬁﬁrﬁubﬁwus

LSt L o O 748 T8t e s on 5 ol ek Begse ' " he

composition comprising from 4 to 15% by weight of V,Os, from 0 to 3% by weight
25 of Sb.0,, 0% by weight of P, from 0.1 to 1% by weight of alkali (calculated as
alkali metal) and TiO; in anatase form as balance,

b2) the next most active catalyst comprises, on a nonporous and/or porous support
material, from 7 to 12% by weight, based on the total catalyst, of active
30 composition comprising from 5 to 15% by weight of V05, from 0 to 3% by weight
of Sb,03, 0% by weight of P, from 0 to 0.4% by weight of alkali (calculated as
alkali metal) and TiO, in anatase form as balance,

c) and the most active catalyst comprises, on a nonporous and/or porous support
35 material, from 8 to 12% by weight, based on the total catalyst, of active
composition comprising from 10 to 30% by weight of V,0s, from 0 to 3% by
weight of Sb,O;, from 0 to 0.43% by weight of P, from 0 to 0.1% by weight of
alkali (calculated as alkali metal) and TiO; in anatase form as balance,

40  with preference being given to using cesium as alkali metal.



10 obtained by the transition fromone zone to the next zone bei ng nmade up
of a zone '§ti ng of a mxture of the successive catalysts. xidic
supported catalysts are suitable as catal ysts. To prepare phthalic anhydride
by gas-phase oxidation of o-xylene or naphthal ene or m xtures thereof, use
I.s generally 15 made of spherical, annufar or dish-shaped supports
conprising a silicate, silicon carbide, porcelain, alumnum oxide,

magnesi um oxi de, tin dioxide, rutile, alumnum silicate, magnesiumsilicate
(steatite) Prefeiepemisugives tpiusiag &oy theaertp fiwe gonescat e or mi xtures t her eof .
Coated catalysts in which the catalytically active conposition has been
applied i 0, I t r I5tHeS |t abl e.
The. act ve oo lsalayB 2008, o bra) BT, SRR cfcBnBRoerny sdtidl

cat al yt 5ca|ea9h aldhemeopgits pF MPe‘?ftquﬁ zgpes- tThese mtetsmpﬁlamqmﬁﬁ areé&raala have

Fur t her nor interiiegliat@ tathlyit odalpoyitigd. i ve conposition can conprise smnall

anounts of many ot her oxidic conpounds which act as pronoters to influence

t he act|V|ty and sel ectivity of the catalyst, for exanple by reducing or

i ncr easi ng I piace gicdalipeated zesesiof eorasious satalvats, ?8?9‘@%9&5!“@0”% frensifioRal i et al
oxi des, t héohn zomelt) zone aiel arleffertivaly oniforeinhaeasezin tisoadtivity cafi also bé r on oxi de,

ni ckel 18x1 deraiAiihe £4) If'ogfmgﬁé‘gcg%ta%ﬁ(%ﬁéﬁéiaﬁé’?&ﬁ%ﬂﬁgﬁ%go)‘gzoﬂé"de

copper OXi m um OX en X Iridium
oxi de, tantcﬁ'PﬁﬁP"Sﬂféémx‘HT"dﬁl“ﬂﬂﬁ%@P%ﬁéve eata¥tsc oxi de, antinony oxide, cerium
oxi de and phosphorus pentoxi de. The al kali netal oxides act, for exarrpl e,

as pronot ero%d{@&@%oﬁ@%ﬂﬁg g&t@ %réﬂgﬁ ftaWe %ﬁ (%@Q%étg Gﬁoﬁ Garb ?ﬁth%ﬁ% Qﬁﬁ dﬁﬂ% by 3 - t he

Furt hernore era ){ van ous
formof an gaga 'Qﬂt'%@ %‘i’%‘ﬁ 8'f naphinA e%t"%! I8 h?‘leof HB% b?tQ?"e(ﬂ Myl
acet at d5acmddetof splsdricale amulam:rydishtwapad syppoes ebmpesing b ailitate, silicopl

acet at e- et l@fﬂb?d?ae Po&e@.nabraﬁl.rnwaﬂaé/%g%em &;qbs %in didk ebﬁ,ltlfbdgﬁlg'uﬁ@nt he

catal ytica from wei ght ,

lve CO It
o o s st mhaesiiR B (SIS RN LB SIS LB CA AT X8, he
active 35 therpafsCoated c4talysia iy which 1hg catblytidady active dompgsitiem hawbesn applied gani c

25% g;s ?3 F}rﬂflﬁg%rhpﬁfh sHell ﬁﬁﬁ&u&a&t ére p‘?a%utudr& sultbié. aq;n}lca&w&g@rqgos%n;;/?ng

C ompor 2b.s BeerermBl o BGeeyAnadyTumitdn & Claleicalty AN sotumisrt i aiiin nder o
are added, ta menlumacbmde:<Eatthergwqr%rtb@catalthyac@e cofgesitidn sgn oompm bi nder
used, in t@mammmfsrdfma‘as} otr@réﬁei@cﬁ%oené’s]wﬁléh Z&Qis prJrhSteﬂQtohhm%bé appl i ed

burn out wt hi nd start-up

o Bacos o ey Sieci ot Simbet b srdthpR hurbrid s ¢iideig
advant age ahtiMtyt Sechaqromoters areniop example, the lalkal sefal (oxides, thalbum(!ubcpma., so that

E Lans DQBE %%l?dgﬁbﬂlhbaimceﬁiumfoﬁdbewoﬁéklaé Mﬁékeﬁéﬁd&%@@al?@ﬁd@rmar@aﬁ@séa][ ry out
A
fi xed bed M%mtoxmelndwah@wea tardalymrexidsy, pipbipiohexdde, @rsenicordides @eRY t hi s
cat al yst apgide deriumbidoariHogpldri® pentoxide. The alkali metal oxides act, for
example, as promoters which reduce the activity and increase the selectivity.
30 Furthermore, organic binders, preferably copolymers, advantageously in the form of an
aqueous dispersion, of vinyl acetate-vinyl laurate, vinyl acetate-acrylate, styrene-
acrylate, vinyl acetate-maleate, vinyl acetate-ethylene, and also hydroxyethylceliulose
can be added to the catalytically active composition in amounts of from 3 to 20% by
weight, based on the solids content of the solution of the constituents of the active
35 composition (EP-A 744 214). Preference is given to using organic binders as described
in DE-A 198 24 532. If the catalytically active composition is applied to the support
without organic binders, coating temperatures above 150°C are advantageous. When
the abovementioned binders are added, the usable coating temperatures are,
depending on the binder used, in the range from 50 to 450°C (DE-A 21 06 796). The
40 binders applied burn out within a short time after installation of the catalyst and start-up



into contact with the next nost active catalyst in the follow ng zone. The
reaction g s ?sequently cones into contact with the still nore active
cat al yst zones he catalysts 10 of differing activity can be thernostated
to the same tenperature or to different tenperatures. The reaction gas is
general |y passed over the resulting catdl yst bed at from 300 to 450C,

pref er abl y f am, 320, ﬁ'ﬂe%@gﬂ:?rfngpegﬂ'ﬁd&(iﬁé ot SEERARIOLLERILEAR Lo 400, A

15 gauge press P/ rom0.3 to
1.5 bar, |§0"@8%'H<Pﬂ 6‘3’&5‘%‘{“ %B@ISUPHQG spthebtranspegiang instalighioneidhey from 750
to 5000 h- Latalystareenadd easicgas supplied to the catalyst (starting gas

m xture) is generally produced by mxing a gas which conprises nol ecul ar
oxygen and may further conprise suitable 20 reaction npoderators such as

ni trogeR and@GTy@ut thedeactioncthe satalysisame yareredin zpees inte the tubhesiohaghell-ti on to
oxygen w t lantihabesreactat.i Thehaadt actavematalysbisipesitisnet indlde fidducbegiosd thatdhgr i si ng

nol ecul ar &9.?5& ly from
2 to 50 m)lqé/?((giﬁg Hgﬁsﬂf&?}ﬁ@% Int re erg’gﬁtﬁl‘gf ?%{bn}i%é?‘f’% mst{%}lé}m?%%en from
0 to 30 miMoyg V@P‘atgﬁye @W‘@%@M‘%FW%@ OWNIAONGa PR re3REPT94m 0 to 50
mol % 25 prsabsafcmbhtyy ¢anees iftotcontachwitiishecttill cmrdactive icatalyse zories! Eneeatalysts ogen.
To produce ; ' LS nis
generalqpy lot(gg@‘eﬁﬁﬁnﬁﬁﬁltf%ﬂ]@%@egﬁ&t%éé%f?lg% (%F'% tﬁ@pg@gﬁgp %?%ﬁﬁggﬁ?ar bon to be
oxi di zed pd?MB¥EETd nB8 of gas, in particular with from 60 to 120 g of the
aromatic hydrocar bon to be oxidized per standard nB8 of gas. 30 In general,

haoht ha enchelr8adieh gat s qiferdif phsitis dvaP iEbAlirRratalft bbi1 3t fork o6 fs ANt or
D e 5B Berlorabtara 350 B 440°C aB0 BatiEH AL brelaiaRy fiom-34d BRI X 1 b 400
to 47035 arghuggbresauretnd gemerallysrornfd tor2. Zbarepretdraldly fromt0.3 tme.Sdat,d$ yst system
L I's_advanioanaysdisy 888, THeabadaUeiociyls BN 750RSs0gAR" 410C. 1 1

desired, a downsir eam finishing reactor as is described, for exanple, in
DE-A 198 07 018 or DE-A 20 05 969 can be provided for t he preparation of
pht hal i ¢ PAM®46a8iop gaashgnliet detheTatalysh{taring gasmikture) isigieperally prodleryl r eact or
i s prefer ayymiing @n@%%&(rﬂ*ﬁcﬂ'@ﬁhﬁi&e@ﬁnoléﬁ\é%ﬁo@g@ﬁ%d%@éy futther dofbfisé B@iiabﬁ the
botto st éo 25 "ﬁq on di re;gagg B&% %; er?(f‘l‘ 1o nﬁt(ggt i,on l%h'rtnhehl c a‘r:}J dride can
be pr el edeTon $PPpRh 2RSS St s pEAM, acts, in
parti cul ar dipxiderip agde om tommgﬁm with thecmamatieihydsegargn torhe oxidizad. Abe BAgh
| oadi ngs Widohpfisiy hmletufin kgfena@h§érrfipeomplsdirampl ©S100 mel%, paterablyon of
the catal y%nto?n 2 to 50 mol% and particularly preferably from 10 to 30 mol%, of oxygen, from 0 to
30 mol%, preferably from 0 to 10 mol%, of water vapor and from 0 to 50 mol%,
25 preferably from 0 to 1 moi%, of carbon dioxide, balance nitrogen. To produce the
reaction gas, the gas comprising molecular oxygen is generally loaded with from 30 g
to 150 g of the aromatic hydrocarbon to be oxidized per standard m® of gas, in
particular with from 60 to 120 g of the aromatic hydrocarbon to be oxidized per
standard m® of gas.
30
In general, the reaction is carried out so that the major part of the o-xylene and/or
naphthalene present in the reaction gas is reacted in the first reaction zone.

The hot spot temperature of the uppermost zone is preferably from 400 to 470°C, and -
35 inthe middle zone or zones of a multizone catalyst system it is advantageously less
than 420°C, in particular less than 410°C.

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



A.1 Production of catalyst 1 (3-zone catalyst) 15 Upper zone (a) 35.32 g of
anat ase (TinﬂZSJGOB BET surface area = 9 n2/g), 65.58 g of anatase (Ti O2-2,
BET surface area = 20 nRlg), 7.97 g of vanadi um pentoxi de, 2.65 g of
antinony oxide, 0.45 g of cesium carbonate were suspended in 650 m of

dei oni zed water and stirred for 18 hou®s to achieve hormgeneous di spersi on.

50 f ' d
iyt 1 aur SPRVGR: TS baralitls8l sty dhiie o OB s BBl Lo 6N A8, <10,
wer e added av8n highsr aclivibethan #hat offthe b@ﬁ@’ﬁﬁ\%ﬁ %Sﬁ'eobt ai ned was subsequently
sprayed onto 1200 g of steatite (magnesmm silicate) in the formof rings

(7 x 7 x 4 I LAkl er (I1D))
and " of ga. AR lebrep iAo prball; nelsle o pepaRlfe hﬁ’d*@@@%m of
the fi nPshdthclow Gpeeentratian Q%bib&rpﬁ“‘j}h'ﬁﬁﬁ'["?u'ﬂb@ VoY sEthaEaunt rf\ BRdd in
this way, ibeazoyl R4, evdredtyhigh leddihds wittoomylesednd/dr daphthiajensei ght of vanadi um
(cal cul ated as V205), 2.37% by weight of antinony (calculated as Sbh203),
0.33% by wei ght of cesium (calculated as Cs), 31.54% by weight of titanium
di oxi de (Ti02-1) and 58.56% by wei ght of titaniumdioxide (TIO2-2) after
cal ci nati orexamplsOC for one hour. 30 Mddle zone (b) 24.16 g of anatase

(Ti Q@- L4 BET surface area = 9 nRlg), 72.48 g of anatase (T102-2, BET

surface area = of vanadi um pent oxi de, 2.57 g of antinony
trioxide, 1?’88L€ﬂt'°ﬁgéﬁh8ﬁf’@£\/§%onate wer e suspended in 650 ml of deionized
water and 35 stirred for 18 hours to achieve honbgeneous di spersion. 60 g of

organi ¢ bi ndeprodiRlSH sftdatilysth (8 26PN of vinyl acetate and vinyl laurate
in the form of r% 50% Stai%él’]gtl’(] t%y wel gp{ta aqueous di spersion were added to

this suspension. The suspension obtained was subsequently sprayed onto 1200
g of stlSat iYppef rE@$i um silicate) in the formof rings (7 x 7 x 4 mm (ED)

x (L) x (I @5)3 296 dheadsd 17 BEW%Ha@éaFeB&Qhﬁb ﬁigrﬂa% s8ATicL0% of the

b Shene SBECkulRE i A REG S ¢ baqaﬁ@nz‘é&%ni?ééﬁ o S R 1006

by wei ght &45/9951@&&}1'@ cgrbanate M@reawsmnd@cblaﬁsoznlsﬁfwbplzmh@tﬂr aod stimed mony

E) cal cul aE ed?nafe OB achfévé(i}n%ﬂ;gend&h@fﬁpeﬁorﬁgﬁl A @uﬂﬂhdﬁr%nﬁ&;r@s&fa 22.23%
wei Q anli um

di oxi d&o( TG Eg'gﬁ‘%pb%ﬁég (Brang Usiiaftasd fitng fiim ol 2050 SELE plwolaht 0 (c)

22.07 g of agHgessdisgersionpwere gidedde tissuspapgion.d he suspeyjsiorgehtaigedywas anat ase

(Ti02-2, RBibsedirchBEsprayeriorito 22000¢ dbsteat?8 (Adgrshim viacae) intheprh okiggs 1. 93 ¢

of anmoni ury &t oy 45 R ASRARASRARIS: (285 5 IGHP Rkl GaMhellr (B 4%l dlazed vt et

and stirre
The weight of the shell applied was 8% of the total weight of the finished catalyst. The

25 catalytically active composition applied in this way, i.e. the catalyst shell, comprised
7.12% by weight of vanadium (calculated as V,05), 2.37% by weight of antimony
(calculated as Sb,C3), 0.33% by weight of cesium (calculated as Cs), 31.54% by
weight of titanium dioxide (TiO»-1) and 58.56% by weight of titanium dioxide (TiO2-2)
after calcination at 450°C for one hour.

30
Middie zone (b)

24.16 g of anatase (TiO,-1, BET surface area = 9 m?/g), 72.48 g of anatase (TiO2-2,
BET surface area = 20 m%g), 7.74 g of vanadium pentoxide, 2.57 g of antimony
trioxide, 0.13 g of cesium carbonate were suspended in 650 mi of deionized water and

35 stirred for 18 hours to achieve homogeneous dispersion. 60 g of organic binder
consisting of a copolymer of vinyl acetate and vinyl laurate in the form of a 50%
strength by weight aqueous dispersion were added to this suspension. The suspension
obtained was subsequently sprayed onto 1200 g of steatite (magnesium silicate) in the
form of rings (7 x 7 x 4 mm, {(ED) x (L) x (ID)) and dried. The weight of the shell applied

40 was 10% of the total weight of the finished catalyst. The catalytically active composition



10 hours to achi eve honbgeneous di spersion. 50 g of organic binder

consi st ng copol ymer of vinyl acetate and vinyl laurate in the form of
a 50% strengt%ﬁby wei ght aqueous di spersion were added to this suspension.
The suspensi on obtai ned was subsequently sprayed onto 1200 g of steatite
(magnesiumsilicate) in the formof ringg (7 x 7 x 4 mm (ED) x (L) x (1D))

the 11 shehPdfilEhadiic, 1 %‘%ﬂs@%ﬁf&%ﬁ&y@ e@/??ﬁ 'sﬁtaﬂ%fs‘gf Pt hi's
way, i.e. t(%c%teﬁaweos)h%w% Wd’f&l@ht%a" SO0y BIp Uﬁ?@ﬂg’ﬁt baPs)v 819

(1 ga;gg/l gt edveight ol2ésim (dildiERedys Cs), gmzswbyah@igntrmmtmm(mabmub@Tueg-wsndP]Z

titani (:med:%g(&gg b)?I?‘ @Et@hé@n&gtoga g?'%g)%ﬁeﬁalg%%?@%{ or one our. 28 A 2.

Product Pon of cat al yst 2 (4-zone catal yst) Upper zone (a) 29.27 g of anatase
(Ti02-1, BEBmuzdraac(e) area = 9 nRlg), 69.80 g of anatase (Ti02-2, 25 BET

surface ar ti nony
oxi de, ?307%?‘ cesl urg-| ar ba@ﬁm\}/ﬁ\%‘%@?ﬁ@ﬂ@&%ﬁ ﬁe%%%an%#sg (?g)éf%m zed

wat er and HETytece A 1 87 ALY G ehyasgdiumpRIYRNINS D34 SHAMBPYHM 50 g of

or gani ¢ bi ndifedragenphasphaig weere suspeoded inB50 mif of deloyized wetertandaticted fonyB | aur at e

In_the 4por Hofs 8 a?ﬂ?é%é ﬁ&rﬁﬂ%déoﬁé’ d‘é’?ér%h S%B‘P%ﬁnﬂ biider Ebrﬁ'!;tﬂ‘}g Hfgadded to

t hi s suspensi on. on o bsequen pra ed onto
1200 g of SORAYMERON (WEHE@?%" |VF’WU§F@}9 infhe Fﬂéme;larﬁoc{f st,rmg&gby VeIt 7 x 4 nm
(ED) x (L) aqu(ada@ds;mnsiomiwemhdd‘éﬂéotbm siiEpension. H’élessluebénsmpdbtmded/\nas 8% of the
total wei g%bg quehfly iﬂrayeﬂw% ﬁféteaﬂ@ﬁnggﬁe%m g.ﬁ@ét @%osmion
applied in S elT, .c res ght of
vanadi um (c,(élx Lff?af"g% (Eb)xv-z)dg(j‘bﬁ?” ‘?'g)‘o“"i)ﬁ'ﬁ& g{;'paﬁl?? ?8 ed as
Sh2C3) ,150. 3bkesatsl weight bt theflinisbed catalySts The adteiyticelly dctie m)posmanacpﬁddynv\el ght
?fT . B Izt g;n ;][fh@'v@y' fl;-eItrﬁle;_dt:z{?%yét)shéln‘ioﬁr%rléeﬁf/MW%VWv&%ht%? vaﬂ.atofﬂnhw €1 61 g
of anat ase\;ﬁﬁbé%%g/ ﬁtrc%é’ggs'glpé%f' &agﬁ"ﬁ%@ SP)?% ZQJA}VM“-'@H&F g@@” i 02- 2,
40 BET surfcbmdea(rT&z-H and 6209034 by wegiht of ttbanlwaldmiderhﬁﬁbra)@itedealcnuatmag of
antimony oxsgec fdfone4e@8 11 0.35 g of cesium carbonate were suspended in
650 m of de| on| zed water and stirred for 18 hours to achi eve honbgeneous
di sper si-on. g of organic binder consisting of a copolynmer of vinyl
acetate andl\%ﬁ’f?duqﬂan eatalypl 2 Wezoneromialtstla 50% strength by wei ght  aqueous

di spersion were added to this suspension. The suspension obtained was 5
subsequent Idsp%p%gyee@)]ont 0 1200 g of steati te (magnesium silicate) in the

formof rin (L) x and dried. The wei ght of
the shell agp’#?‘ eef avﬁaseﬂ&z- ﬁ%& &Utﬁf[ﬂ§$ aggigHhm 29% 690 g phansatase @Kadyst . The
cat al ytascalBBT a@rdce @rexaR0#i%lg) onsRgpF vathdium pentoxide, 2.61 g of antimony oxide,
0.49 g of cesium carbonate were suspended in 650 ml of deionized water and stirred
for 18 hours to achieve homogeneous dispersion. 50 g of organic binder consisting of a
copolymer of vinyl acetate and vinyl laurate in the form of a 50% strength by weight
aqueous dispersion were added to this suspension. The suspension obtained was
30 subsequently sprayed onto 1200 g of steatite (magnesium silicate) in the form of rings
(7 x 7 x4 mm, (ED) x (L) x (ID)) and dried. The weight of the shell applied was 8% of
the total weight of the finished catalyst. The catalytically active composition applied in
this way, i.e. the catalyst shell, comprised 7.12% by weight of vanadium {calculated as
V205), 2.37% by weight of antimony (calculated as Sb,03), 0.36% by weight of cesium
35 (calculated as Cs), 27.20% by weight of titanium dioxide (TiO,-1) and 63.46% by
weight of titanium dioxide (TiO,-2) after calcination at 450°C for one hour.

Middle zone 1 (b1)
24.61 g of anatase (TiO,-1, BET surface area = 9 m%/gq), 74.46 g of anatase (Ti0O,-2,
40 BET surface area = 21 m%/g), 7.82 g of vanadium pentoxide, 2.60 g of antimony oxide,



this way, i.e. the catalyst shell, conprised 7.12% by wei ght of vanadi um
(-cal cul at egh 60¥205) , 2.37% by wei ght of antinony (cal cul ated as Sb203),

0. 26% by wei ght of cesium 10 (cal culated as Cs), 22.60% by wei ght of
titani um di oxide (TiO2-1) and 67.79% by wei ght of titanium di oxide (TiO02-2)
after calcination at 450C for one hour.14M ddl e zone 2 (b2) 24 82 g of
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ant i mony ofrdé hougs t&?:ayhlgve) oraegemw&atswﬁ@neS%p orgasisdinderconsisise ofd of
dei oni zed ‘oapdymamf vitlyl dicetdte ah@ vinglalraieris theofoft lbf & 6e%rpglIsoMsigti sper si on.
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active comb¥EMaY.de- tismatalest shell. cpmarispg/.14% 8v“te!9@ ehyanagigm @ﬁl@P ted c'ﬁ‘rrprl sed
7.12% by vv&ﬂg@ht 2.87 % yneeightrof Gotirhony (aaleula@ﬂ as\&)6)), 026%7%\b@19hﬁjfgb$lumf

ant i m) 3 | cul ated as
cs), ?fi&}%té‘”ﬁcﬁ‘?e%‘” Ao UL LB 11105 X BHTE7 S0 el gt o
titam um d| 8 tg“'é'? di‘ax'dﬁ(t b aﬁﬂ@TFPA‘E'F@W“aﬁM%GUOFSPeBﬂ@ hour. Lower zone
(c) 17.23 g of anatase (Ti2-1, BET surface area = 9 n2/g), 69.09 g of

anat ase ( Tiidgi€ zone ( surface area = 27 nRlg), 21.97 g of vanadi um

pent oxi de, i hydr ogenphosphate were suspe in 650 m
of dei oni z@é B\%&%@"am BP gthéP% eﬁ'ﬁggggm?g) ggﬁﬁ&/@ %@6??532&5@35
di sper 460n BEJ(suface amaga?i o’/g), 7B g obvemadiuimpentdxide, 2@8gpofyamtimooy oxidey |
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Lower zone (c)
17.23 g of anatase (TiO-1, BET surface area = 9 m%/g), 69.09 g of anatase (T|02—2

30 BET surface area = 27 m?/g), 21.97 g of vanadium pentoxide, 1.55 g of ammonium
dihydrogenphosphate were suspended in 650 ml of deionized water and stirred for 18
hours to achieve homogeneous dispersion. 50 g of organic binder consisting of a
copolymer of vinyl acetate and vinyl laurate in the form of a 50% strength by weight
aqueous dispersion were added to this suspension. The suspension obtained was

35 subsequently sprayed onto 1200 g of steatite (magnesium silicate) in the form of rings
(7 x 7 x 4 mm, (ED) x (L) x {ID)) and dried. The weight of the shell applied was 8% of
the total weight of the finished catalyst. The catalytically active composition applied in
this way, i.e. the catalyst shell, comprised 20.0% by weight of vanadium (calculated as
V,0s), 0.38% by weight of phosphorus (calculated as P), 15.73% by weight of titanium
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active conposition applied in this way, i.e. the catalyst shell, conprised
7.12% Db V\eéia:?ht of vanadi u%al culated as V206), 2.37% by wei ght of

ant i m)n3¥;’ ( &ed-Rirdictian gEcatplyetd) (P-dopgd apigdle ganeyhd-zeme etalystim Copaparetivecul at ed as
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zone (b) 34,32 g of anatase (Ti2-1, BET surface area = 9 nRlg), 102.90 g of
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were suspended in 650 ml of deionized water and stirred for 18 hours to achieve
homogeneous dispersion. 52 g of organic binder consisting of a copolymer of vinyl
acetate and vinyl laurate in the form of a 50% strength by weight aqueous dispersion
30 were added to this suspension. The suspension obtained was subsequently sprayed
onto 1200 g of steatite (magnesium silicate) in the form of rings (7 X 7 x 4 mm, (ED) x
{L) x (ID)) and dried. The weight of the shell applied was 10% of the total weight of the
finished catalyst. The catalytically active composition applied in this way, i.e. the
catalyst shell, comprised 7.12% by weight of vanadiumn (calculated as V,0s), 2.37% by
35 weight of antimony (calculated as Sb,0s), 0.40% by weight of phosphorus (calculated
as P), 0.10% by weight of cesium (calculated as Cs), 22.23% by weight of titanium
dioxide (TiO,-1) and 66.68% by weight of titanium dioxide (TiO,-2) after calcination at
450°C for one hour.



(7 x7x 4 mm (ED x (L) x (ID)) and dried. The weight of the shell applied
was 10% of pkOs4gpg total weight of the finished catalyst. The catalytically
active conposition applied in this way, i.e. the catalyst shell, conprised
20. 0% by wei ght of vanadi um (cal cul ated as V205), 0.37% by wei ght of
phosphorus (cal cul ated as P), 15.73% by13wei ght of titanium dioxide (Ti Q2-1)
and 62. 90% Ry, e r%t'@ of titaniumdioxide (Ti02-3) after calcination at 450C
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one houdb. 35 Mddle zone (b) 34.32 g of anatase (Ti02-1, BET surface area =
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of vanadi um g of anti m)ny trioxide, 2.30 g of anmroni um di
hydr ogen pﬁ8§}5’ﬁ?{ gegﬁad"é ? g of cesium carbonate 40 were suspended in 650

m of deionized water and stirred for 18 hours to achieve PF 54608 14
hom)geneousu phefERieslapn. 52 g of organic binder consisting of a copolyner of
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t he form of1.29 gefarimoiiurh dihyéiregenph&dphate, 9.47lg ofcebium) darbdifhtslverd. The wei ght
of the s helshsﬁe?ﬁleh %db‘g&aﬁﬁl Jf%éio%zeb%té én?il stifd %ﬁ Bq{ouwt% achieve
homogeneous dispersion. 50 g of organic binder consisting of a copolymer of vinyl
25 acetate and vinyl laurate in the form of a 50% strength by weight aqueous dispersion
were added to this suspension. The suspension obtained was subsequently sprayed
onto 1200 g of steatite {(magnesium silicate) in the form of rings (7 x 7 x 4 mm, (ED) x
(L) x (D)) and dried. The weight of the shell applied was 8% of the total weight of the
finished catalyst. The catalytically active composition applied in this way, i.e. the
30 catalyst shell, comprised 7.12% by weight of vanadium (calculated as V,0s), 2.37% by
weight of antimony (calculated as Sh,03), 0.30% by weight of phosphorus {(calculated
as P), 0.33% by weight of cesium (calculated as Cs), 31.54% by weight of titanium
dioxide (TiO2~1) and 58.56% by weight of titanium dioxide (TiO,-2) after calcination at
450°C for one hour.
35
Middle zone (b)
34.32 g of anatase (TiO»-1, BET surface area = 9 m?%/g), 102.90 g of anatase (TiO,-2,
BET surface area = 20 m?g), 10.99 g of vanadium pentoxide, 3.66 g of antimony
trioxide, 2.30 g of ammonium dihydrogenphosphate and 0.19 g of cesium carbonate
40 were suspended in 650 ml of deionized water and stirred for 18 hours to achieve



finished catal yst. The catalytically active conposition applied in this way,
i~e. the egisdeggt shell, conprised 7.12% by wei ght of vanadi um (cal cul ated
as V205), 2.37% by weight of antinony (cal cul ated as Sb203), 0.40% by

wei ght of phosphorus (calculated as P), 0.10% by wei ght of cesium
(calculated as Cs), 22.23% by wei ght of14itani um 10 di oxide (Ti 02-1) and
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A.5. Production of catalyst 5 (7.12% by weight of V,0s in zone (c), V.05 /P = 19.2 -
3-zone catalyst — comparative example 3)
30
Upper zone (a)
35.32 g of anatase (TiO,-1, BET surface area = 9 m?%/g), 65.58 g of anatase (Ti0,-2,
BET surface area = 20 m?g), 7.97 g of vanadium pentoxide, 2.65 g of antimony oxide,
0.45 g of cesium carbonate were suspended in 650 ml of deionized water and stirred
35 for 18 hours to achieve homogeneous dispersion. 50 g of organic hinder consisting of a
copolymer of vinyl acetate and vinyl laurate in the form of a 50% strength by weight
aqueous dispersion were added to this suspension. The suspension obtained was
subsequently sprayed onto 1200 g of steatite (magnesium silicate) in the form of rings
(7 x7 x4 mm, (ED) x {L) x (ID)) and dried. The weight of the shell applied was 8% of
40 the total weight of the finished catalyst. The catalytically active composition applied in



wei ght of titaniumdioxide (Ti02-2) after calcination at 450C for one hour.

5 Mddle Z?’?—'%&B% 24.16 g of anatase (Ti02-1, BET surface area = 9 n2lg),
72.48 g of anatase (Ti02-2, BET surface area = 20 nRlg), 7.74 g of vanadi um
pent oxi de, 2.57 g of antinony trioxide, 0.13 g of cesium carbonate were
suspended in 650 m of deionized water #d 10 stirred for 18 hours to
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titani #B] dioxide (Ti02-3) after calcination at 35 450C for one hour. A6
Productmon of catalyst 6 (11.5% by wei ght of V205 in zone (c), V2051 P =
31.1 - 3-zeAweeZAW(Gst - conparative exanple 4) 40 Upper zone (a) PF 54608
16 35.32 g of anatase (Ti2-1, BET surface area = 9 nRlg), 65.58 g of
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25 dihydrogenphoshate were suspended in 650 mi of deionized water and stirred for
18 hours to achieve homogeneous dispersion. 50 g of organic binder consisting of a
copolymer of vinyl acetate and vinyl laurate in the form of a 50% strength by weight
aqueous dispersion were added to this suspension. The suspension obtained was
subsequently sprayed onto 1200 g of steatite (magnesiui‘n silicate) in the form of rings

30 (7x7 x4 mm, (ED)x{L)x (ID)) and dried. The weight of the shell applied was 10% of
the total weight of the finished catalyst. The catalytically active composition applied in
this way, i.e. the catalyst shell, comprised 7.12% by weight of vanadium (calculated as
V,0s5), 0.37% by weight of phosphorus (calculated as P), 15.73% by weight of titanium
dioxide (TiO,-1) and 62.90% by weight of titanium dioxide (TiO,-3) after calcination at

35 450°C for one hour. -

A.6 Production of catalyst 6 (11.5% by weight of V>Os in zone {c), V.05 /P = 31.1 -
3-zone catalyst — comparative example 4)

40  Upper zone {a)
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was 10% of the total weight of the finis cata yst. The catalytically
active conposition 25 applied in this way, i.e. the catal yst shell,
conpri ¢éd Middleztne (ki ght of vanadium (cal cul ated as V205), 2. 37% by wei ght
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form of ri Mgs 10¥eohthe total weight of &s)flm@heﬁ):atﬁlm e caﬁahmaallywtwqﬁ@nmmﬂt of
t he lsh?BI i'applieded thiewvay Q% tie calélﬁt'&;h?labomms;idt? .94% tlyavdigtio archdiumb al %/slt tThe
catal ytica atal ys
i Lol e EOTPESt o B ke i .o P2 o
wesght of cesium (calculated as Cs), 22.23% by weight of titanium dioxide (TiO2-1) and
66.68% by weight of titanium dioxide (TiO,-2) after calcination at 450°C for one hour.

30 Lower zone (c)
34.00 g of anatase (TiOz-1, BET surface area = 9 m?g), 88.28 g of anatase (Ti0,-3,
BET surface area = 27 m?/g), 16.14 g of vanadium pentoxide, 1.93 g of ammonium
dihydrogenphoshate were suspended in 650 ml of deionized water and stirred for
18 hours to achieve homogeneous dispersion. 50 g of organic binder consisting of a
35 copolymer of vinyl acetate and vinyl laurate in the form of a 50% strength by weight
aqueous dispersion were added fo this suspension. The suspension obtained was
subsequently sprayed onto 1200 g of steatite (magnesium silicate) in the form of rings
(7 x7 x4 mm, (ED) x (L) x (ID)) and dried. The weight of the shell applied was 10% of
the total weight of the finished catalyst. The catalytically active composition applied in
40 this way, i.e. the catalyst shell, comprised 11.50% by weight of vanadium (calculated



as V205), 0.37% by wei ght of phosphorus (cal culated as P), 15.73% by wei ght
of titaniumdioxide (Ti02-1) and 62.90% by wei ght of titanium di oxide

(Ti 02-3) ablpedqgogal ci nation at 450C for one hour. 5 B Oxidation of o-xylene
to PA B.1 3-zone catalyst Fromthe bottom upward, 0.70 m of the catal yst of
the |l ower zone (c), 0.60 mof the 10 catalyst of the mddle zone (b) and
1.50 mof the catal yst of the upper zon®¥ (a) were each introduced into a

3625831 L 83% gf@ W/ozfg n%?t &rbHOQEJ a{ca%h%@fﬁpptw%g%@pwggﬁ Ofl ron t ube
Q2]

B U O o Yosis B 52 S0SHY aighio! Biatie SOREe (UR-ThMERd damn was

enpl oyed f calcimatsruat 45§° Ci‘.lfmooathawst tenperature. 4 standard nB of air having
| oadi ngs 15 of 98.5% by wei ght pure o-xylene of fromO to 100 g/standard nB
wer e pagsed through the tube per hour fromthe top dowward. After a
runni ng¥time of 10-14 days, the introduction of o-xylene was interrupted
and t he catBaDyidationas oewfensdalPA0 t he following conditions for a period of 72
hours: salt bath tenperature (SBT) of 410C, air flow = 2 standard nB8/h. At
an o-xyl en%ﬁ gadl nga [y 60- 100 g/standard nB8, the results summarized 20 in
Tables 1 a t8lehi ned (" PA yield" is the amobunt of PA obtained in

per cent by Framthghivottooagpeard0. l@ oR6fioe eatalystydf dmelpweBzahedcy 6168 maf tleyst From

the bot bomcaﬁw@fthanﬁ&hié&me (bbﬁnd:@ts@'rﬂéﬁhefcatta téﬂH@n B 28né Q’w&eﬂo m of
the 25 cat al t he

Gl s ongadh nypiuceiind e £85 ri6es m‘@aﬁ*&vvg@nﬁem@'awséro Tretnr e

each i nt r odrao éube wasosuwrognésd by & salymelt toreguilatethedemperatune, |amt16a21m|m di anet er of
25 mm O h%ﬁéﬂnwentd&ﬁtammgeé tﬂaﬁﬂbcdwe mem b&ﬂd be'Wiovad ub%ﬂu%&vﬁdvdsn B. 1. 30

The ol | owPHIPGIBA A aL tRaBtst Lhodidy 3 SaH i ﬁf@v SREo8d00h7 upper
zone MA5mi @fP&5%eweigt nmwignﬁefmorteaeﬂ ioéstansiard e werespassad thraugh bat h
t enper at ur gne thBe Pebhdilttias the g iova s, Aiter aRdndihg biakiof 18718)Y<, dke Benzoyl - PA
4-benzoyl ph&t%%h&?onaé?r&y)gﬁeng%as interrupted and the catalyst was exposed to the following

conditions for a period of 72 hours: salt bath temperature (SBT) of 410°C, air flow = 2

standard m*h. At an o-xylene loading of 60-100 g/standard m®, the results summarized

20 in Tables 1 and 2 were obtained ("PA yield" is the amount of PA obtained in percent by
weight, based on 100% pure o-xylene).

B.2 4-zone catalyst
From the bottom upward, 0.70 m of the catalyst of the lower zone (c}, 0.70 m of the

25 catalyst of the middle zone 2 (b2), 0.50 m of the catalyst of the middle zone 1 (b1) and
1.30 m of the catalyst of the upper zone (a) were each introduced into a 3.85 m long
iron tube having an intemal diameter of 25 mm. Otherwise, the experiment was carried
out as indicated in B.1.

30 The experimental results after activation are summarized in Tables 1 and 2.

The following abbreviations were used:

HST hot spot temperature
35 Uz upper zone

MZ middie zone

LZ jower zone

ROG reaction outlet gas

SBT salt bath temperature

40 PHD phthalide
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PA phthalic anhydride
Benzoyl-PA 4-benzoylphthalic anhydride

ADCA anthraquinonedicarboxylic anhydride
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dp -~'.1C Co ~a{NE V -0 04nb, OOCL CLCLO OO ~UNWNMmM' C7r " CL
3 F-Cw CL%EMD 2= PF 54608 21 PF 54608 22 Conposition of the catalysts
(%= %by weig Catal yst 1 Gatal ytUnhf zoneM ddl ezone Active conposition

81010 [9% Ti02-1, 31.5422.2315.73

22

Composition of the catalysts (% = % by weight)

Catalyst 1

Active composition

[%]

TiO-1, 31.54 22.23 15.73

9 m/g [%]

TiOz-2, 58.56 66.68 -

20 m?g [%)]

TiOz-3, - - 62.90

27 m2g [%]

V205 [%] 7.12 712 20.0

Sb,0; [%] 237 2.37 -

Cs [%] 0.33 0.10 R

P [%] - - 0.37

Catalyst 2

Active composition [%] 8 8 |

TiO,-1, 27.20 22.60 22.60 156.73

9 m2/g [%]

TiO,-2, 63.46 67.79 57.79 -

20 m?/g [%]

TiO,-3, - - - 62.90

07 m2g [%]

V.05 [%)] 7.12 7.12 712 0.0
b203 [%] 2.37 2.37 2.37 -

Cs [%] 0.33 0.25 0.10 N

P [%] B B B 0.37




9 nm2/g [94 TiO02-2, 58.5666.68- 20n2/g[¥ TiR-3, -62.90 27 nm2/g [ V205
[947.127. 13}}(};4@0§b2m [942.372.37 Cs [%40.330.10- P[%-0.37 5 Catal yst 2
~zo e:" flier. one 1lzone 2'r zp 7 ctive conposition [%} iQ2-1,
7.202.602.6015.73 nm2/g [9A4 102-2, 3.467.797.79 0 n2/g [94 i02-3, 2.90
7m1g[ %4 205 [947.12.12.120.0 b2O3 [94 2387.37.37 s [%.33.25.10 P [%4 .37 PF

54608 23 C@af’élg)%?% ?{;omﬁﬂ 1%@/’% exanpl e Cat al yst Upper zoneM ddl e MreLower

zone Active-conp. Ti02-1, 31 5422 23] 573 9 nlg {4
Catalyst: i - [Upperzone : ‘JLower zone -
Actlve composmon I8 10
[%]

TiO2-1, 31.54 22.23 15.73
9 m%g [%]

TiO2-2, 58.56 66.68 -

20 m?/g [%)

Ti0,-3, - - 62.90
27 m?lg [%)

V505 [%] 712 7.12 20.0
Sbo0; [%] 2.37 2.37 -

Cs [%} 0.33 0.10 -

P [%] - 0.40 0.37

5 Catalyst4 Comparatlve example

Actlve composition 8 . 0 10
[%]

TiOz-1, 31.54 22.23 15.73
9 m¥g [%)

TiOz-2, 58.56 66.68 -

20 m?/g [%)

TiOs-3, - - 62.9
27 m?lg [%]

V05 [%] 7.12 7.12 20.0
Sb,03 [%} 2.37 2.37 -

Cs [%] 0.33 0.10 -

P [%] 0.30 0.40 0.37




Ti 02-2, 58.5666.68- 20 nRlg [A4 TiOR-3, --62.90 27 nm2lg [AY V20b
[47 127. 18R G4B085P2CB [%2 372.37- Cs [%40.330.10- P [%0.400.37 5 Catal yst
4 - Conparative exanple Catalyst: h : _Upper zone .M ddl e zoneLower zone
Active conposition 81010 [9%4 Ti O2-1, 31.5422.2315. 73 9 n2lg [%4 Ti 02-2,
58.5666. 68- 20 nRlg [94 Ti02-3, -62.9 ZA n2/g [Y4 V206 [%7 127.1220.0 Sb203

[%4 2. 372. 3§ata&§tg4&p At bl O 300. 400. 37 PE 54608 24 Catal yst 5 -
2 /st on

Conpar at i \ Z .xone tiliddiezane Y v: dower zane
Active corfsa@elong1010" 7] Hpperzope: 505, ‘2 gMidldieszope pf: g [ o Lowepzone: o
58. 5666. 63Active composition 8 10 10

[%]

TiOz-1, 31.54 22.23 15.73

9 m?/g [%]

TiOx-2, 58.56 66.68 -

20 m?/g [%]

TiO.-3, - - 62.90

27 m#lg [%]

V205 [%] 7.12 7.12 7.12

Sb;0; [%] 2.37 2.37 -

Cs [%] 0.33 0.10 -

P [%] - - 0.37

5 Catalyst 6 — Comparative example

‘Actl;/e composition 8 B 10 - 1_0— -
[%]

TiO--1, 31.54 22.23 15.73
9 m?/g [%)]

TiO2-2, 58.56 66.68 -

20 m?/g [%)

TiO-3, - - 62.90
27 m?ig %]

V205 [%] 7.12 7.12 11.50
Sb, 03 [%] 2.37 2.37 -

Cs [%] 0.33 0.10 -

P [%]} - - 0.37




20 m2/g [94 TiO2-3, --62.90 27 nk/g [Y9 V205 [ 7.127.127.12 Sh2(3
[ 94 2. 372. 3pF k460g?4 0- 330. 10- P [%4--0.37 5 Catalyst 6 - Conparative exanple
Cat al yst ; Upper zoneM ddl eLower Active conposition 81010 [% Ti 02-1,
31.5422.2315.73 9 n2/g [9A4 Ti 02-2, 58.5666.68 20 n2/g [X4 Ti 02-3, -62.90 27
n2/g [A4 V205 [947.127.1211.50 Sb203 [9%@%. 372.37- Cs [%40.330.10- P
[%4--0.37 RgeoRR8 25 W claim 1. A process for preparing phthalic
anhydri de by catal ytic gas-phase oxidation of xylene and/or naphthal ene by
means of a gas conprising nol ecul ar oxygen in a 5 fixed bed using at |east
t hr ee cat altyst sA ptucess far prepariepiahalizizmhedridec yeoatdlftiergasrphaze ogidatimncbfwhos e
activity increaghseldnafd: AahRhAIend B ebhoBi 4 s {1 gas
outlet end andxft 0 ?nase,rco?% o?nsuéggrtgmat, Eslg?ﬁ% SII aqgheol‘éo ac%?’%‘%ﬁ/t i,égal |y
active metal oxPgddefysingatieastinreesqtalyyiRyich apaanaed abgyg oneangthesdn zone
conpri ses phosEunesgnd shosecadctivityl iDRtcageseorg lzbne fo zanedoinuthe(gaalindetl sddd  as
V205) 10 basedn@@at Beyetehl URd EPRRGSS dord bRFetiéHaRhYser bcabiiRaNf i n the
| ast zone and thg ragtl 0 '(c)!f vanadi um (E Pf%ﬂpgt e?aﬁ VZO%rt?ﬁgggm)rus i's
greater than ggactive metal oxides has been applied, wherein only the last catalyst zone
comprises phosphorus, at least 10% by weight of vanadium (calculated as V,05)
10 based on the active composition of the catalyst is present in the last zone and

the ratic of vanadium (calculated as V.0s) to phosphorus is greater than 35.

2.  The process according to claim 1, wherein the bed length of the last catalyst
zone is not more than 40% of the total bed length of all zones.
15
3.  The process according to claim 1, wherein the bed length of the last catalyst
zone is not more than 25% of the total bed length of all zones.

4.  The process according to any of claims 1 to 3, wherein the ratic of vanadium
20 (calculated as V20s) to phosphorus in the last catalyst zone is from 40 to 100.

5.  The process according to any of claims 1 to 4, wherein the last catalyst zone
comprises at least 15% by weight of vanadium (calculated as V,0s) based on the
active composition of the catalyst.

25

6. The process according to any of claims 1 to 5, wherein the last catalyst zone
comprises from 18 to 22% by weight of vanadium (calculated as V,0s) based on
the active composition of the catalyst.

30 7. The process according to any of claims 1 to 6, wherein the first catalyst zone
comprises less than 1.1% by weight of alkali (calculated as alkali metal) based
on the active composition of the catalyst.

8. The process according to any of claims 1 to 7, wherein the first catalyst zone has

35 an alkali content of from 0.1 to 0.8% by weight of alkali (calculated as alkali
metal) based on the active composition and the middle catalyst zone(s) has/have

an alkali content of from 0.05 to 0.6% by weight (calculated as alkali metal).

9. The process according to any of claims 1 to 8, wherein cesium is used as alkaii
40 metal additive.



2. The process according to claim1, wherein the bed |l ength of the |ast
catalyst zone is not nore than 40% of the total bed length of all zones. 15
3. The propgsgggcording to claim1l, wherein the bed length of the |ast
catalyst zone is not nore than 25% of the total bed length of all zones. 4.
The process according to any of clainms 1 to 3, wherein the ratio of vanadi um
20 (cal cul ated as V205) to phosphorus i26 the | ast catal yst zone is from 40
to 100. 5. The process according to any of clainms 1 to 4, wherein the | ast
catal yst z r| ses at Ieast 1 of va adl um cal cul ated as
V205) baseg 'f"f'l@ 0CE$s FGFATYNMLIS 1f°r1§“@‘é?feé” {helastegtalyst 39ne o ocess
according to anympflsasliessrﬂ;arl1?/ccb35we|ghmfehusmbmsl ast catal yst zone conprises
from18 to 22% by wei ght of vanadi um (cal cul ated as V205) based on t he

active ¢o sitjon of the c yst. 30. 7., Th roces y of
e e 5 10T, ThRBrogRss farardig Glanyel Gp 1 Fofie Whatphedtie’ pelasderen S 1% by
wei ght of al kathe gativé compositibrds framkata 50mtrgl ) based on the active
conposition of the catalyst. 8. The process according to any of clains | to

7 whereln irst catal al kal.i .content of  fromO.1 to
0. 8% by weigne TBF PReRS: fopldia Gy s 1. Wefein peesttat ol e, | ve
conposi ti on andomhesitiiroblsed cattbé total masaof the mydhaXmm ano 4%y waightt ent  of
from 045 to 0. 6% by wei ght (cal culated as alkali metal). 9. The process
according to a ai ns erein c m i s, used as alkali 40
metal addi t vewﬁﬁmgﬂ%ﬂﬂ%cc%jl am&% EEO ﬁ&vx‘PEﬁ'?\ ® o0 any of clains 1 to
9, wherein the ah&n;aqwmnadtpertbomn@mdmmtmt gidbe Dbtbghqamwddd%muom tglss of
phosphorus. 5 ifan 7H¥pnpr ocess according to any of clainms 1 to 10, wherein
the BET surface area of the active conpositionis from5 to 50 nR2lg. 12.
The process according to any of clainms | to 11, wherein the proportion of
active conposition based on the total mass of the catalyst is from3 to 15%
by weight. 10 13. The process according to any of clainms 1 to 12, wherein
t he ant hraqui nonedi carboxylic acid content of the phthalic anhydride
product is less than 75 ppm



