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pur pose The present invention relates to a process for preparing
phthalic .5 anhydride by catal ytic gas-phase oxidation of o-xylene or
napht hal ene or o-xyl ene/ napht hal ene m xtures using a gas conpri sing
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The compos1tlon of the catalytically active composition plays a
decisive role for the catalytic properties of these PA catalysts.
Virtually all PA catalysts employed nowadays have a catalytically
active composition comprising the components titanium dioxide,

25 generally in the anatase modification, "and vanadium pentoxide.
Since PA catalysts whose catalytically active composition
consists of these base components alone give economically
unsatisfactory results in respect of conversion, yield and
selectivity owing to secondary reactions such as the formation of

30 phthalide of the formula

.

maleic anhydride, benzoic acid and citraconic anhydride of the
formula

)
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-45 or total combustion and are also not satisfactory in respect of
long-term activity and selectivity, the efforts made in the prior
art have been directed at improving these catalysts in respect of
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art have been directed at inproving these catalysts in respect of
0050/-47788 2 their activity,
selectivity, yield and the quality of tfge PA  product produced therevvi th
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conposi ti on bg-Apps i£d 62@ describes catalysts for preparing PA, whose

30 catalytically active composition comprises from 60 to 99% by
weight of titanium dioxide (anatase), from 1 to 40% by weight of
vanadium pentoxide and from 0.1 to 10% by weight of rubidium and
antimony in an atomic ratio Rb:Sb of from 1:2.5 to 1:30. The
anatase used can, according to this document, have an internal

35 surface area of from 5 to 50 m2/g, preferably from 5 to 20 m2?/g;
according to an example, anatase having an internal surface area
of 11 m2/g is used.

EP-A 21 325 relates to coated catalysts for preparing PA, whose
40 catalytically active composition comprises from 60 to 99% by
weight of anatase, from 1 to 40% by weight of wvanadium pentoxide
and, based on the total amount of Ti0O; and V05, up to 2% by
weight of phosphorus and up to 1.5% by weight of rubidium and/or
cesium where the catalytically active composition is applied to
45 the support in two layers, the inner layer of which contains from
0.2 to 2% by weight of phosphorus but no rubidium or cesium and
- the outer layer of which contains from 0 to 0.2% by weight of
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45 the-support in two layers, the inner |layer of which contains from 0.2
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requi res a hsphvextu | ay for nmonitoring and control. A further
di sadvant age of these catalysts is that, owing to their inconplete
0-xyl ene ganﬁgéﬁiég1progress in catalyst development, the catalysts and
catalyst systems known and available at present for the
preparation of phthalic anhydride still have a series of
disadvantages. The initial PA yield achievable with a fresh
catalyst is about 80 mol%, but even in the first year of
35 operation a significant drop in yield has to be accepted. For
quality reasons, the phthalic anhydride initially obtained as
crude product has to be subjected to a chemical treatment before
it can be processed by distillation to give a pure product of the
quality required nowadays. Owing to their great sensitivity to
40 temperature, pressure and loading fluctuations, reliable use of
these catalysts in large-scale operation requires a high outlay
for monitoring and control. A further disadvantage of these
catalysts is that, owing to their incomplete o-xylene conversion
and the formation of under-oxidized or over-oxidized by-products,
45 they result in odor problems and o-xylene and benzene emissions
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and the formation of under-oxidized or over-oxidized by-products, 45 they
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is used in the presence or absence of a coated catalyst,
30 differing therefrom, for the catalytic gas-phase oxidation of
o-xylene or naphthalene or o-xylene/naphthalene mixtures and, in
the presence of such a second catalyst, the latter is used in a
combined bed with the catalyst of the above composition in the
reactor.
35
We have found that this object is achieved in particular by a
process for preparing phthalic anhydride by catalytic gas-phase
oxidation of o-xylene or naphthalene or o-xylene/naphthalene
mixtures with a gas comprising molecular oxygen over a coated
40 catalyst comprising an inert, nonporous support material on which
a catalytically active composition comprising titanium dioxide
and vanadium pentoxide is applied in layer form, wherein the
coated catalyst used in a first reaction zone nearest the gas
inlet into the reactor is one whose catalytically active
45 composition comprises from 3 to 6% by weight of vanadium
pentoxide, calculated as V05, from 0.3 to 0.5% by weight of a
cesium compound, calculated as Cs, and the remainder to 100% by
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45 conpesition conprises from3 to 6% by weight of vanadium pentoxide,
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froms0 to Ol%bluéﬁ)éJ%%y that the first catalyst is nearest the gas inlet
for the feed gas stream into the reactor, while the second
catalyst is nearest the gas outlet for the reaction gases from
the reactor. Since the reaction of the aromatic hydrocarbons
35 takes place in the catalyst bed, the section of the reaction tube
or tubes filled with the catalysts in question is also referred
" to as the reaction zone and the sections of the reaction zone
filled with the first and second catalysts are also referred to
as the first and second reaction zones respectively. Depending on
40 the type of PA catalysts used according to the present invention,
the proportion by volume of said reaction zone occupied by the
first reaction zone can be from 25 to 75% by volume, preferably
from 50 to 70% by volume.

45 In the first reaction zone, use is advantageously made according -
to the present invention of a coated catalyst which comprises an
inert, nonporous support material which is heat-resistant under
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45 | n the first reaction zone, use is advantageously made according to
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wei ght and ae ar T From Jé) vi\-'/el e 35
Cotal ve gl 5?4 g° S pr 890 HESR thS‘f'?%nj  $l1cgte

"fini shed aPﬁ-’F?%Jfa’-“r'e?éPE‘l’c‘%' t‘%?é‘WEﬁH? ?b’-’rﬁ‘@ EéFB% Jet rut\MJrPcﬂrh‘ét‘éa‘Hé’en

coated with The suppantt meseriakcin rhecoapalyat msed aecpysbing tpythe
heat - t r eat edptesen\iavienpton uis Qreferpblydsteatittke For atadbjinigcalitly et i ve

conponent s i BafalPeisca1Qat abyive Aomposttive, 4heC UPHOLO IMatRId allOcaR MOk
organi ¢ auxi Liakhfs, HaveCehd! sitdpe o' BFHEEEO cylinders, spirals or rings,
30 preference being given to using a support in the form of rings as
described in DE-A 25 10 994. In the finished catalyst, the
catalytically active composition generally makes up a proportion
‘of from 8 to 12% by weight, preferably from 9 to 11% by weight
and particularly preferably from 9.5 to 10.5% by weight, of the
35 total weight of the catalyst. In the present application, the
term “finished catalyst” refers to the ready-to-use catalyst
which has been coated with the catalytically active composition
and possibly heat-treated to convert precursor compounds of the
catalytically active components into these catalytically active
40 components and to remove organic auxiliaries for catalyst
production. :

To produce the catalyst to be employed according to the present
invention, the titanium dioxide used is in the anatase

45 modification and generally has a BET surface area of from 13 to
28 m?/g, particularly preferably from 19 to 21 m2?2/g, and a
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To produce the catalyst to be enployed according to the present
I nvention, the titaniumdioxide used is in the anatase 45 nodification and
generally has a BET surface area of from13 to 28 r’r{err]/g, particularly
preferably from 19.t 005 4778
7  particleB&" éc%‘? %’éne?gﬁelg)?l‘??%lm’f)%f? 28 A M oPE ?feerraqu by
to 0.8 [err]h°® ° 8THR- cat al yst to be used accordl ng to the present
invention in the 5 second reaction zone is different fromthe catal yst. of
the first riecC chbalyoihneo Ber used| atcqrddhgr eocche prgseeh imvertiiog an the

catalyst g %é&&ﬂdsﬁéﬁé‘@ldrﬁ%hboﬂs Zoivredlaserfon Al cadklys@We the first
conposition §ﬁszoxﬁéi F'E%r@.g & Ctap{}tel%ler\éﬁbgqs Qjclvtegeto ‘?r S W ekl Vst

active corrp03|t| niLn ni ner bl omltolA)by
wel ght, pr o7 erbiifs PREFRG rteacwaymw e AP HAC AL AT YR of or abl y
from3 to 8%IPPRELGHED SHMPTifghadPaRfichOM Bk?d"eotaéarﬂ@&saiﬂe ddeno5,
general |y froatdlybi¢@bih\actiwei gompogiitdonr ab| the rfimighed Gatadyskei ght and
particul ariy genetal®yabtom fir @ Q0% by Mdiyhvpi préferablanfromiy texiddeby

cal cul ated 15,:e?t§h§bﬁﬁér ﬂﬁ%ﬁharﬂ?%@dér&bﬁ&oﬂ&n%ltbosﬂ Byowwighei, 0BE,
preferably frop ke Rl AU bbbt 1y il 67601 Yoo gy
0.1to aﬁ ces| um 8@ I U ouri cal cul ated
as Cs or él’sBr Igr?’f‘o w %% ] ‘Oe’ﬁ '\%P@ﬁ)"eu arl¥ef er abl y
from 0. 05 to M%%B?lmé@ﬂ Oaite pHhrky C‘Tﬂialhl"-y 29 %WXbP?“\a?orﬁa(}cE ped

0. 25% by wth gist Sbefs.,a genesphby uEramo@pdlinte 0.3% bycweaghtl, preferahky chrament
of a phosphorgi9sc@sPoLIE by welight amdigintitularDplprdfarablasffdom Di.0ceot he
form (conpound 8% by *OIHAY nc.l;%) al BedMUinf RunliP6r PARSTHIMI S o BORMN G aQbulated
conpounds added g%nga k] xsge,%paqgt eQn| 3/GY GPHETENy AT,

f hed 25 cata St t abl
fi)pl gx?dl zi n&’%‘zﬁfﬁ Py fr°“h>9dt°gcﬁ?b%‘r%% dwﬁé%'ﬁga'%i; ﬂ)g‘i1 '%/}ﬁ' di fs:‘Jlar?nge

fromthe ad®wmreferabhpofian dnlnky QidRP by weddhtn Ctﬁné’L e8PRPTUE COMBRYBNe,
for 30 exanplealeuflhtédiad R.ofMier contdnt afairl phosphratusl gpompownd ciat &hest s
as descri bed,cdtanyexai®l ealdulabbdfa P AGiR68, th- FordBqcéddfound doE- A 25 47

624, DE-A 29 c%?h ﬁ ds Ep‘tf‘wlﬁ.% 28he Zﬁﬁisﬁbh%% §0c3rﬂ'5_bund oPEe E%furﬁﬁ% Qddeq EP- A
on

922 871, EP-Aipdd 8Z§ta st 4%Eu 1s/z;e éﬁ%.qgﬁtﬁé 13 051.
35 The j nfOrma e support eri al
titani um d?%)ﬁad:élﬂ’ﬁtbés the cat aI ytically active corrposi tion and

the proportion by wei ght of the catal ytically active conposition in the
total catal yQf giouese} nothesr eaphiysts auitebdé fomre awitddizing adamattiggeously
to be used aap@irdicagbdws tdirl haviih§S& donposdbionndiffdriagf Eram taabooa zone
al so applies ddngoB¢tion Gidyilaisb BEVESUAGRORREYséCoME réardiss Cadrl ,NGokO t he
present 36r@ﬁ%ﬂbhgnwi£htfgicﬁeggﬂﬂe£é¥gﬁlyoQvé?f&ble catalysts or catalysts
as described, for example, in DE-A 25 46 268, EP-A 286 448,
DE-A 25 47 624, DE-A 29 48 163, EP-A 163 231, DE-A 28 30 765,
DE-A 17 69 998, EP-A 522 871, EP-A 539 878, EP-A 447 267,
DE-A 30 45 624 or DE-A 40 13 051.
35
The information regarding the support material, the type of
titanium dioxide to be used for the catalytically active
composition and the proportion by weight of the catalytically
active composition in the total catalyst given in the explanation
40 of the catalyst advantageously to be used according to the
present invention in the first reaction zone also applies to the
catalyst advantageously to be used according to the present
invention in the second reaction zone.

45 In accordance with the above statements on the composition of the
catalyst preferably to be used in the second reaction zone,
antimony may be present or absent in this catalyst. The antimony
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45 |n accordance with the above statements on the conposition of the
catalyst preferably to be used in the second reaction zone, antimony may
be present or absent in this catalyst. Tge antinony 0050/ 47788
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conponent s pr&%@t&&twne nﬁnc%au&h%wémeaetlve conposi tion to the
support, for exanple as described in 20 DE-A 25 10 994 by sprayl ng a mx

conprlsmgthe co ents of the catalylcall actlvec ositi nor
their precur S ggﬁ@!ﬁ\ advagtageoyrlys H5h % %‘H’e‘é’t €8°°F @n’)“?‘
from 100 t35 43@Eent] invendiion ipybhe| g ﬁe&ca&bamvrfgle&r GAP W cProduses: F-Ea?l y
active conposidnnen whiclanisalcoovertimml gert setbe applydng tbe¢ eratallythyically
net hods ot heradtige 26mséHiddiiondoreghe Predpbbe atompburidsaopaske- | i ke nmass
compri si ng tzf'atalgﬁi‘f:él 'a%acllk,x 86hp &%:&%”PQQS@&@ 9 thiebht A PCHa29Y
conpounds an ' sQ aUX.I tgstﬁ? bys opr tIOQ t(@(_r.:| ‘%e}_bggpggrt

i T

i ao‘i""ﬁ “are
o r ooar 2P RE-Br g8 4 goy SBrayrg %F@gsgw Eﬁd‘gaﬁg‘ CSW‘?‘E%’?%B e

r epr epar
Eat gl y'? i cal waa@lwgcebl:mmnvg apmperities prpk PFeCuUrseh FAMAYRAEo t he
support mat erdrto, thg. suppartc prehegteld urfiorwekample, tordEikbmah®Urito ¢H08C, for
sol vent bei ng ¥eini HicddthagCaamOrhe capRByeicHl 19U acEgvé heorpaatitign
process to aigf ssadbésam&% wethe PP ﬁl&émlpwhﬁaaﬁddém&t than
FS)lrJléfsg?ggln; %péll ! %y a p§5 C@J.ocﬂ Qa%t ' Oﬁa@lt:e 140 Q[&gr{ql s ng the
conposi tion, 8kl Ytl& ]a} Nasker: 9°’5‘g?’?%’é: CBHth%‘HE ?rﬁlcufﬁgg c%?moﬁcﬁ)g\é Sopnd

t heir pr emﬁuﬁbmm fororatadumt PreAuehicnd diomtde ERBPOCoxiePesing®d
salts, nitratemstighedrim or by- eppbicatiainesf sapdoiext ebich has been
hydr ogencar bgjraipeepased {5y £ Torhgfdamgbs s Wprayesr fiddzécdrgling ampd empetises or
as conpl exg§, tﬂéDQaﬁéﬁf%&é%fii Q%R 3L Scdtfponen® s ChYd AR ItRRE rCpRRE Gy and
al so any aUXIAAﬁ% h%ésuégdkﬁe support material, eg. in a coating drum, with a
small amount of a solvent being sprayed into the coating
apparatus during the coating process to aid the adhesion of the
powder to the preheated support, subsequent drying and possibly
35 calcination at up to 450°C, preferably up to 400°C.

To prepare the mix or the paste-like composition, the
catalytically active components of the catalyst or their
precursor compounds, for example in the form of their oxides,
40 salts, nitrates, C;-Cjp-carboxylates, carbonates,
hydrogencarbonates, sulfates, hydrogensulfates, halides or
phosphates or as complexes, for example as oxalate or
acetylacetone complexes, and also any auxiliaries used for
catalyst production are dissolved, or if an individual material
45 is not soluble, suspended in a solvent. Solvents or suspension
media which can be used are water or organic liquids or mixtures
of water with these liquids. Preference is given to using water
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catal yst production are dissolved, or if an individual material 45 is not
sol.ubl e, suspended in a solvent. Solvents or suspension medi a whi ch can
be used are water or organic |liquids or 9m xtures of water with these
liquids. PreferQRes i HansRebfe Usithd o\‘i’?hﬁiq 1iquid8y OHer8&he mixing
S el el LR 800 Xatel Ak Ln A Ao 101 e WG Rt "o #8 0 Opue a1 O OF
wat er / or gani & |3U| ds géne arty n critita ibut referen%%tl $n gy to
usi ng those BEEYEFENGH ftsuﬂégfﬁo%éﬁ%nﬁgtgﬁse MLEEFmpEF R By e g%% of
wat er . As oo gare (PencgRtdby weighly @fcwatergi ven to usi ng wat er-sol ubl e
solvents s&h as Cferr]-C[err]-al cohols, water-soluble ethers, eg.
t etr ahydr of updnorgaR¥@NE Ride] hytefareplogc ot giver iyl usihgrwvaterwabdubldel ubl e
am des, eg. f.QnUBAL &6 udW WkOb] 49081 cdRols MRidL-RYbI bl @AneRE, e%.
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the mx ovagErecluhde agddes, L% FOIFEMiYr PSP 0d/ or tenporary 15
activity dempi-mgthytpyrrolidongoer thdi-siimssbekiommanidep ek SRtarnFoALPLS "t he
term bi nder rsefi€okides ! @ dihetlhyl esulifioglideer manently or tenporarily

" inproves the adhesi on of the individual particles of the catalytically

active 20 conpa§hthpRe Oled:N@aRh PELY SHOdUREREH PidH @aRObe { AU +31@hEGhIx
and/or to the Sugggrt terial a 1 %’SS O%Opé nfloel{n%r\éhhﬁglgp@&g)orarysed
for produci n§*t B& 3’['361{%5,1’@5?0 be USET 8ecbrdTng to the present

i nvent i on ¥ &SANYBY sAAMRINI, 298Pt ene gl ycol , propyl ene gl ycol ,

butyl ene gl ycols or glycerol or am des such as formam de, 25

NN- di net hyl f srorahdepuipdsed efhyhé gramende inventyde,dithet yefworinimdegerefers
acetam de, pwqd @l kdBBEarte whibhNBéiwdruatng bdOotémporarilpeimproveothef or mer

s used herel palkebn! 9 AL 1Ay fackP PaAR98140 IR clYaTpEitaIdly Bctopee
change, for exanple bg

vapqri zation or _deco ri at
treatment $+Q SPERERATE IEffé‘p%hecBfﬁ?%ﬁocfalﬁogpgg?%%%ﬁaegﬁ TdJ)%ié(’j’]ie@ aHE%#}Q heir
precursor corfi{edsto thefguppezt ’B‘El‘l"‘"‘r"n‘é‘]t'h§XB¥'Bh?&tqfo?f"B$elee‘§'t’tf§'t &gn ©e
catal yst, thesed fornptoducing the eatalmstsompobe tusad grcarding & thet ure
which is 35 gliwsead fneendival are polyals sacboaposthylenet glydvlh propydene
former has bepR,R9dedutitidddd giyeols skt GlyeRroPose dniidesr sudlli £8) formamidep
used 11t Ngg Y 4 @S the Ohy  HEaRAREN || GO sBERamid, ~~ €xanpl e, polyols
ol

h
such as gl ycer ol ymer s ,such aS. cel ) | cel | ul ,
cel | ul osg gceq'&{‘glg?f’ggg?‘ifﬁml ’aﬁ?%%é:“?ﬂ;cﬁ% §§gﬁﬁl%§°a |t?;’¥ agsd, ut g?? aric acid
or lactic acilﬂtm%hYéPgér%ﬁ%'such_as mel am ne or am des such as urea.
The type and amount of the auxiliaries to be added generally depends on
the chem cal The aexmopoté formiert e usédihexiedahEyencia descoibest tgubstehcehe
coated 30 which, by means of a volume change, for example by vaporization
or decomposition during the heat treatment to generate the
catalytically active metal oxides from their precursor compounds,
effects, during the production of the coated catalyst, the
formation in the active composition of a pore structure which is
35 changed from that in an active composition to which no pore
former has been added during its production. Pore formers which
can be used in the process of the present invention are, for
example, polyols such as glycerol or polymers such as cellulose,
methylcellulose, cellulose acetate or starch, or acids such as
40 oxalic acid, tartaric acid or lactic acid, or else amines such as
melamine or amides such as urea. The type and amount of the
auxiliaries to be added generally depends on the chemical
composition of the catalytically active composition of the coated
catalyst in question and the starting materials used and is
45 advantageously optimized in a preliminary experiment for the
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catal yst in question and the starting naterlals used and is 45

advant ageously optim zed in a prellnrnary experinent for the
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fromO to 10%&%&1\&@1&% Pfe ftlalyVapai 300 to 400D ahdoat Oa t gadly/pirgssure

\rlflt ;Jgeenpref eg@ aa\r,ekrﬁh 1, Oeddn B%b¥o Vol 8iBar, profefa5130ErémOBi sleto rasRbALET
9 g? '?rao &E’%&tﬁ {ecaﬁy %%egengﬁasl r#)'?f‘ioﬁr ?ﬁ@t & stwdr pear,bon to be

oxi di zed i as cofrprising ecular oxygen in an
anount of generally 40 from 40 g to 140 per standard err
preferably frBm e®acsion gag fpd)ép the Yﬁf'e?‘?]g‘?ﬁe YaRg© ‘é‘ﬁgﬁm arly

preferably fromiwi8@ a gas ddmprsiog volecitkatr oxFged, @Irefgrably aippe which
gas- phase oxigkd ican eofipaisenicagealgl gxgerc duti ellsowuitiabledFessiiar nore

" zones, prejgradierdtdPsZehéfor Hilhbatsadwdy ds Bedam, carbon dioxide and/or
nitrogen, with the aromatic hydrocarbon to be oxidized; the gas
comprising molecular oxygen can comprise generally from 1 to 100%
by volume, preferably from 2 to 50% by volume and particularly
preferably from 10 to 30% by volume, of oxygen, from 0 to 30% by

35 volume, preferably from 0 to 10% by volume, of water vapor and
also from 0 to 50% by volume, preferably from 0 to 1% by volume,
of carbon dioxide, remainder nitrogen. To produce the reaction
gas, the aromatic hydrocarbon to be oxidized is introduced into
the gas comprising molecular oxygen in an amount of generally

40 from 40 g to 140 g per standard m3 of gas, preferably from 60 to
120 g per standard m3 of gas and partlcularly preferably from 80
to 115 g per standard m® of gas.

The gas-phase oxidation can advantageously be carried out with
45 two or more zones, preferably two zones, of the catalyst bed

present in the reaction tube being thermostated to different

reaction temperatures, for which purpose it is possible to use,
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present. in the reaction tube being thernDstated to different reaction
t enperatures, for which purpose it is possible to use, 0050/ 47788
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have a I elpdefeebhlgi mpatecoriotuallon complehely atitihy saxphun eidlid dh the

reaction zonesiiat 2ed€tyon @¥néanadi um oxi de content conpared with ot her
catalysts of the prior art. 30 Exanpl es In all exanples of cat al yst

production, the BET surfa ar ea S er m ned, t he .net h

Brunauer et®a e ?r°ﬁﬁ§sc?é%hesgfes%'bt i wgpsy A~ ey n ef by
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of vanadyl 0x%ﬁ§9ﬁ%°nZZBEF qﬁ:acggrnn+ow vanadlum oxide content compa
other catalysts of the prior art.

30 Examples:

In all examples of catalyst production, the BET surface area was
determined by the method of Brunauer et al, J. Am. Chem. Soc. 60
(1938), 309.

35
Example 1l: Production of the catalyst I

700 g of steatite rings having an external diameter of 8 mm, a
length of 6 mm and a wall thickness of 1.5 mm were heated to 160°C
40 in a coating drum and sprayed with a suspension of 400 g of
anatase (analysis: Ti: 59.5% by weight; S: 0.18% by'weight;
P: 0.08% by weight; Nb: 0.32% by weight; K: 0.007% by weight;
Na: 0.04% by weight; Fe: 0.002% by weight; Zr: 0.003% by weight;
Pb: 0.003% by weight; W: 0.02% by weight) having a BET surface
45 area of 21 m?/g, 30.7 g of vanadyl oxalate, 2.60 g of cesium
sulfate, 618 g of water and 128 g of formamide until the weight
of the layer applied corresponded to 10.5% of the total weight of
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sulfate, 618 g of water and 128 g of formanide until the weight of the
| ayer- applied corresponded to 10.5% of the total weight of 0050/ 47788
12 the finished catalyst. The catal ytiqa@al ly active conposition appl i ed
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by wei ght ceS| um (cal cul ated as Cs) 0.2% by wei ght of phosphorus
(cal cul ate P) and 95. 4% by f tl% m di oxi de. 40 Exanpl e
4: Catal yst a‘llﬁgt &YF first reaction zone and
t he catal yst used in the second reactlon zone was catalyst Il whose 45

catal ytical | y70cigi o sbealuidiet rdnghakpving ol esherrplk idigmeter of 8 mm, a
length of 6 mm and a wall thickness of 1.5 mm were heated to 160°C

30 in a coating drum and sprayed with a suspension of 400 g of
anatase having a BET surface area of 21 m?/g, 30.7 g of vanadyl
oxalate, 3.33 g of ammonium hydrogen phosphate, 2.60 g of cesium
sulfate, 618 g of water and 128 g of formamide until the weight
of the layer applied corresponded to 10.5% of the total weight of

35 the finished catalyst. The catalytically active composition
applied in this way, ie. the catalyst shell, contained 4.0% by
weight of vanadium (calculated as V;05), 0.2% by weight of cesium
(calculated as Cs), 0.2% by weight of phosphorus (calculated as
P) and 95.4% by weight of titanium dioxide.

40
Example 4: Catalyst system A .

Catalyst I was used in the first reaction zone and the catalyst '
used in the second reaction zone was catalyst II whose
45 catalytically active composition had the following chemical
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wek ght, based on the weight of the catalytically active conposition in
the finished catal yst: 5 13 Cat al yst |
ggtgl?fé{g:r]cdﬁggﬁltlon in percent by weight, b&sdH on thg weight of the/:°
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aci d (0. 5%%%%!&?@%‘3““&%15&?‘? 56% bSahR) )Wahéh cHhe heghi ef
anhydr i deéowmnma;ml)so remove- anpunt of PA formed was 435 g/h,
correspon ‘hg to a PAyield of 83.5 nol % based on 100% pure o-xyl ene.

The crude PA1gRNdapsEestd Guppoitt bendiateld of GPBinaScabl fihgs HavwiagkeHeup in

a 2-stage  MGEHUNLAL S§ 'nlnl %h@&hﬂ‘ﬂt ! 'ho‘:Hm 8&9@&?&951 AAmbt L PP YUnd s e at ment
to give a pure PA:L Vi par i 9% according to GC. The nelt
col or number &S efrrl%m%l G £0 )(APHA) and t he heat col or nunber (90

m nut es at2§50[erre] C) was from 10 to 20 (APHA).
m3/h of air were passed from the top downward through the

reaction tube, with the o-xylene loading being 95 g/m3 of air. The
purity of the o-xylene was 98.2%. At a salt bath temperature of
350°C, the hot spot temperature in the catalyst bed reached from
430 to 440°C. The hot spot was located at a depth of from about 40
to 60 cm in the first reaction zone.

30

The organic constituents of the reaction gas leaving the reaction
tube comprised 95.8% by weight of phthalic anhydride. Significant
by-products were maleic anhydride (3.2% by weight), benzoic acid
(0.51% by weight), phthalide (0.07 by weight) and citraconic
anhydride (0.34% by weight).

35

The amount of PA formed was 435 g/h, corresponding to a PA yield
of 83.5 mol% based on 100%-pure o-xylene. The crude PA condensed
from the reaction gas was able to be worked up in a 2-stage
vacuum distillation without problems and without pretreatment, to
give a pure PA having a purity of 99.9% according to GC. The melt
color number was from 5 to 10 (APHA) and the heat color number

a5 {90 minutes at 250°C) was from 10 to 20 (APHA).

40
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purity of th

o JO. 47U I—\_L [<8 O(J.I G._L IT LTIIP L1 G._FUI <
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spot was | ocdtRhesphorusie@®h of frpm about 60 to 70 cmlin the 0.2jrst

reacti on zZonggreainder OU9U/ 47788 Anatase Anatase

The lower part of a steel reaction tube having a length of 3.5 m
25 and an internal diameter of 25 mm was charged with catalyst III
and the part above that wasicharged with catalyst I. The fill
height of the catalyst IIXI was 130 cm and that of the catalyst I
was 170 cm. The upper 40 cm of the reaction tube at the gas inlet
was empty.
30
The reaction tube was thermostated using a liquid heat transfer
medium (salt bath) via which the heat of reactlon was also
removed.

35 The catalyst support consisted of cylindrical rings having the
dimensions 6.5 mm (height), 7 mm (external diameter) and 4 mm
(internal diameter).

4 m3/h of air were passed from the top downward through the

40 reaction tube. The o-xylene loading of the air was 85 g/m3 and the
purity of the o-xylene was 98.2%. At a salt bath temperature of
355¢C, the hot spot temperature reached from 435 to 445°C. The hot
spot was located at a depth of from about 60 to 70 cm in the

first reaction zone.
45
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15, The organic constituents of the reaction gas |eaving the reaction
tube conprised 95.9% by wei ght of phthalic anhydride. Significant
- by~products were mal ei c anhydride (2.87%sy weight), benzoic acid (0.49%

by wei ght), Dmé;aclgég%;‘véo S0 100 MRL98E ) )N 4Bl 1 BH OPAS 1Ra320Y ﬁéjer%a 3pil0
by wei ght). 8 ﬁ'.o‘f r %or cor nding to.g PA yield o
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reaction gas WeaPTadueteovere lieds aphydride (2r§d42 Ry wedghtdy dPeR39icaErdf
W t hout pr obl efrst%indywivehglt ) pmbitthedident0418% byi veighirle and phatrarprdcpurity
of 99. 9% acsoashyiride EC.35%cywielightyol or nunber of the pure product was
from5 to 10 (APHA), and the heat col or nunber (90 m nutes at 250[err] Q)

was 20 (APHA) 3o Tniecha S d FAhka! DA IBRAAING' 8 I %Al Qiedd spnths, the

PA yield was.s he envi r t1cal

mat)éri al's o- xg‘?te%émalﬁd B@ﬁg‘grfg’ 1008rRUTT X3! ef‘ﬁ’c%y a\‘SFepgo e i ons

to those desckreedhenreacteigas wasRlR tivPeororked hdentrAtFAaRe in t he

wast e gas Wasvacym distaétiatiormheridhout hproblems 284 with®® pretr&dtment té0

45 give pure PA having a purity of 99.9% according to GC. The melt
color number of the pure product was from 5 to 10 (APHA), and the

heat color number (90 minutes at 250°C) was 20 (APHA).

15 After the catalyst had been operating for 10 months, the PA yield
was still 82.8 mol$%.

The environmentally problematical materials o-xylene and benzene
were present in comparable concentrations to those described in

20 Example 4. Reduction of the concentrations in the waste gas was
not necessary here either.

25

30

35

40
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0050/ 47.788 16 We claim- 1. A
protess for preparing phthalic anhydride by cat alytic 5 gas- phase
oxidation of o-xylene or naphthalene or ;¢ o- xyl ene/ napht hal ene
mxtures with a gas conprising nol ecul ar '~ oxygen over a coated
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0 to 10% b¥Owei ghtd dFtheaFeRRBAY - oxi de, caI culated as Sh[err]err],
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cat I
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30 the outlet for the reaction gases from the reactor is one
whose catalytically active composition comprises from 1 to
10% by weight of vanadium pentoxide, calculated as V05, from
0 to 10% by weight of antimony oxide, calculated as Sb,03,
from 0.01 to 0.3% by weight of a cesium and/or rubidium

35 compound, calculated as Cs or Rb, from 0.01 to 0.3% by weight
of a phosphorus compound, calculated as P, and the remainder
to 100% by weight of titanium dioxide in the anatase
modification.

40 3. A catalyst comprising a thin layer of catalytically active
components applied in the form of a shell to a nonporous
support material, wherein the catalytically active
composition comprises from 3 to 6% by weight of vanadium
pentoxide, calculated as V;05, from 0.3 to 0.5% by weight of a

45 cesium compound, calculated as Cs, and the remainder to 100%
by weight of titanium dioxide in the anatase modification.
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