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30 To produce such coated catalysts, a solution or suspension of the constituents of the
active composition and/or their precursor compounds comprising an aqueous and/or
organic solvent is sprayed onto the support material at elevated temperature until the
desired proportion of active composition, based on the total weight of the catalyst, has
been reached.

35
To improve the quality of the coating, it has become standard practice in industry to
add organic binders, preferably copolymers, advantageously in the form of an aqueous
dispersion, of vinyl acetate-vinyl laurate, vinyl acetate-acrylate, styrene-acrylate or vinyl
acetate-ethylene, to the suspension. In addition, the addition of binder has the advan-

40 tage that the active composition adheres well to the support, so that transport and in-
stallation of the catalyst are made easier.

In the thermal treatment at from > 200 to 500°C, the binder is removed from the applied
layer by thermal decomposition and/or combustion. The thermal treatment is usually
45 carried out in situ in the oxidation reactor.
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respect of the gas-phase oxidation to be catalyzed.

We have now found that the monomer composition of the polymeric binder has a sig-
nificant influence on the activity of the coated catalyst obtained.
35
The present invention provides a catalyst for gas-phase oxidations, which comprises
an inert support and a catalytically active composition comprising transition metal ox-
ides applied thereto, or a precatalyst for the catalyst, where the (pre)catalyst is obtain-
able by treatment of the inert support with an aqueous suspension solution of the tran-
40  sition metal oxides or their precursor compounds, which further comprises a binder
dispersion, where the binder is a copolymer of an a-olefin and a vinyl C,-C,-
carboxylate whose vinyl C,-C,-carboxylate content is at least 62 mol%, preferably from
63 to 95 mol%.

45 The reasons for the influence of the binder on the activity of the catalyst obtained are
not completely clear. Catalysts for gas-phase oxidations comprise redox-active transi-
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based on the weight of the solution or suspension of the transition metal oxides or their

precursor compounds. The content of dissolved and/or suspended transition metal ox-

35 ides or their precursor compounds in the solution or suspension is generally from 20 to
50% by weight.

In the caicined state, the catalytically active composition preferably comprises, based
on the total amount of catalytically active composition, from 1 to 40% by weight of va-

40 nadium oxide, calculated as V,0s, and from 60 to 99% by weight of titanium dioxide,
calculated as TiO,. The catalytically active composition can further comprise up to 1%
by weight of a cesium compound, calculated as Cs, up to 1% by weight of a phospho-
rus compound, calculated as P, and up to 10% by weight of antimony oxide, calculated
as Sb203.

45
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40 porous except for technically ineffective amounts of pores”, since a small number of
pores may be technically unavoidable in a support material which should ideally com-
prise no pores. As advantageous support materials, particular emphasis should be
given to steatite and silicon carbide. The shape of the support material is generalily not
critical for the precatalysts and coated catalysts of the present invention. For example,
45  catalyst supports in the form of spheres, rings, pellets, spirals, tubes, extrudates or
granules can be usad. The dimensions of these catalyst supports correspond to those



of the catal yst supports customarily used for producing coated catal ysts for
t he gas- phase partial oxidation of arona%i ¢ hydrocarbons. Preference is
given to steatite in the formof spheres¥having a dianeter of from3 to 6
nmor rings having an external di- ameter of from5 to 9 nmand a Iength of

from3t08 ation of
the indivi duah @gta Y\@*dpoh g%tg@é@y%?é o(?g} ?\gtegaca?%laey}?sgfgﬁmga% any
met hods knowh Eb"@r °§'d t'° aroypaln hygrasd '?.PL“F @f%P”%elEﬁé’ﬁElt%ﬁt?aBtﬁt"b

support in @r@@éﬁphﬁjeaha\rwg)a digmatena] iam hied s of fings having assetemaldii n a

fl ui di zed beameted oJoerniSrtg Sohmtdne aclangthyod fromudptodd tnmaaricha ial thicknebsy of foah Ny
active compoi2ziman IS generally carried out at coating tenperatures of from
20 to 500C, with coating being able to be <carried out in the coating

appar at us under at r ressure or .under.r essur at i ng i's
general |y ca:ij BP" ﬁéanaﬁdf'? Wﬁtv F'SY%’SG © 33&%341%;?19?'%16 arnf-:-g °i’go I n
particul ar a?"Sf MEtRoAS SAOWRR RéFiea £ @ BY FBfa!'Qe@luﬂk%”saorr%@B?'?s’W qrrréthsrsaea%r yst
obt ai ned i n nta eoating doen pycaatiog it a sodutionldr puspensiconn a flu@ed bed. 500C, t he
bi nder isorenoved fromthe applied | ayer by thermal deconposition and/or
conbust i on. Fhguidd WA Eathl SHUBBE with trrtre.ttéwéahyaa%rcb%oa%n Isrge'ﬁEeFdﬂ in the

gas- 20 phasg, Gtk ﬂgttét%gaf@(eﬁt%raftur@sg : { £ 2R sBAROUHERL G bdif AL H et S ©f

th t
ombust | on. oFSTRG Ot i C4Al3Y BEBATALS THEL PEGPSIE PressEre.or L&t&*ﬁ&reﬁaceq on at

400C for foubressures§oating is-genasalyaasieceut of froadSCn 280°%C, srafermplydiond20 teanadi um
25 (nol ©5 H25QE; inpErticadar\ah frahi raomperapenature to 1208Ccat al yst), preferably |ess
than 5.0 nol/nmol of vanadi um when they are heated from25 to 923 Kin a

hydr ogen- congg bsréélﬁt f?ﬁé Er%@%\tgﬁft mmeaﬁ%h.swy sgatté/a?ééth‘éfr %rl}%t%ﬁ?ﬁ%o

i nvention ar urta
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| ene or dur efRd/pne 02“9955% JredReT) reRimeshiE)Pr ?fS'a(’?&’rWﬁq oW i gitus thmngasr

car boxyl 2@ anhaswdaug@rea@ttg mal ei ¢ anhydri de, phthalic anhydride, benzoic
acid and/or pyronellitic dianhydride. 35 In particular, the novel coated
catal ysts malspriferrd@erbddfndris, Wbeﬂéﬂ st8 oPiHg Prbdent Mvehtibn cﬁ Bftb thbAtal

sel ectivity a&gmé/ %Itrgn aﬂdfopgorﬂ L?SQ%H% gu%rb erﬂ f‘ﬁé‘éﬁ Garfte X % f‘:lft Ocralélrm S

th -
PP i n CUSRRCAND G Tas RO, &l B canispmpten et IGes 1R854 e raatos.vaea e he

react i on2? enimq ohHe gelmel ofvapadivrapsesenbip the salalysy. rmaferabieless thaarkd0 t he

reacti on gasmofmpbefsadadivier wheretheg arahgated fren 28 te$26 ddini anhytdnogenvaoympaising
general |y freoweas®ofihert4a9C, preferably from 320 to 420C and particularly
preferably from 340 to 400C, and a gauge pressure of gen- erally fromO lto

2.5 bar, pre a f generally

rom 750_to. S Wstae?ﬁﬁr@%e@mvsa cre obe P BARE < P ot O

general | §0 pr%h@éﬁo'ﬂ?t'%pxpwd‘ roFAELQR)iSERN as benzene, the xylenes, toluene naphtha-
lene or durene (1,2,4,5-tetramethylbenzene) to carboxylic acids and/or carboxylic an-
hydrides, e.g. maleic anhydride, phthalic anhydride, benzoic acid and/or pyromellitic

dianhydride.

35 In particular, the novel coated catalysts make it possible to achieve a significant in-
crease in the selectivity and yield in the preparation of phthalic anhydride.

For this purpose, the catalysts produced according to the present invention are in-
stalled in reaction tubes which are thermostatted from the outside to the reaction tem-
40 perature, for exampie by means of salt melts, and the reaction gas is passed over the
catalyst bed prepared in this way at generally from 300 to 450°C, preferably from 320
to 420°C and particularly preferably from 340 to 400°C, and a gauge pressure of gen-
erally from 0.1 to 2.5 bar, preferably from 0.3 to 1.5 bar, at a space velocity of generally
from 750 to 5000 h™".
45
The reaction gas supplied to the catalyst is generally produced by mixing a gas which



6 conprises nol ecul ar oxygen and may, in addition to oxygen, further
conprise suitable reaction noderators ang/or diluents such as steam carbon
di oxi de and/or nitrogen with the aromati € hydrocarbon to be oxidized, with
the gas conprising nol ecul ar oxygen generally being able to conprise froml

10 to 30 8}9‘“543%5%'*”‘* Rl iy ﬂe@%’* TR et ?%f%%ynf){%m
of water vap'E?ta FHO()S? e 'Wﬁl’t%suﬁtﬁ é?é'teé , GaPPE Hoyideng/or pfogen with

car bon di oxi e, armatemlwrcmas hasdtebe orislizadowii thetgas qompsisingingjeculartcxaems com
prising nol egenesallytoejrgeable o cremmriselfioy 1 tatzdimel®, préfecably3eorg 2tto 50mibly of t he
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Preference is given to using three- to five-zone catalyst systems, in particualr three-
and four-zone catalyst systems.

35 Ina preferred embodiment of a three-zone catalyst system, the catalysts have the fol-
lowing compositions:

- for the first, uppermost zone (zone a)):
from 7 to 10% by weight of active composition, based on the total catalyst, where
40 this active compaosition comprises:
from 6 to 11% by weight of vanadium (calculated as V;Os)
from 0 to 3% by weight of antimony trioxide,
from 0.1 to 1% by weight of an alkali (calculated as alkali metal), in particular ce-
sium oxide,



sium oxide, 7 and titaniumdioxide in the anatase nodification having a BET
surface area of from5 to 15 n2/g as bal gnce to 100% by wei ght, for the
second, mddl e zone (zone b)): 5 from7 tb 12% by wei ght of active
conposition, based on the total catalyst, where this active conposition

conprises: fromaagtifanhRiR¥ideh Helardtass HGHHicARbA ﬁé\hﬁ/@lg%teq%nﬁl%cé/%%)of fromQ
to 3% by wei ght of ﬁ]tﬁm% tr'a?pXI d(rf, é@?m 0 t% 0. 4% by wel ght of an al kali
(cal cul ated as APRLP{C IRf0)as halpnss fe 10Q% by waldht1 5 si um oxide, fromo to
0.4% by wei ght of phosphorus pentoxide (cal culated as P) and titanium

di oxi de in the asgah@sscomdimiddiedtdrienzond byxppropriate as in zone a), as

bal ance t©o 100% ' , o f I, ot t St n zone c)):
from8 to§12% boﬁ%m g @%Py%qh\}g?é%%%gwfn%ﬁ?n,%gg%cgo% ettﬁé??%?l&?t’ gﬁ?r | yst,
where this act ithié aelberesnosdian cempriseses: from 5 to 30% by wei ght of

vanadi um ( cal culfratres teas3% 2 Weight bpvaradiuen GHidalateragiopf antinony tri oxi de

20 fromO to O. ?'foéﬁpdtd’@d{gﬁ“r'%%t%?aﬁﬁfﬁ%ﬁfoﬁ'éﬁﬁéc”' ated as alkali metal), in

particular ce- sium oXx]de n O, ) y wei ght of phosphaorus
pent oxi de (cal cdiogt @& 44%Hyy weight of g alkakh(ealeulatad as alkal matals in earticyarn age
anat ase tidi fi caiunoaxidef appropriate as in zone a), as balance to 100% by

weight, 25 In a ' = system the
catal ysts have tfrﬁh?.ﬂ(g@ﬁ?oowgﬂht?? kg%ﬁo&gﬁ&?ﬁéﬁﬁ? %gfa?éldya}%?)zone zone a)):
30 from 7 to L0RBYANTHOGR Inihe Anetass rsiicalion, | appeeRiials ey AZoe ahias
cat al yst, wher e batahice taatQ0% by e@ighbsi ti on conprises: from6 to 11 % by wei ght
of vanadi um (cal cul ated as V205), fromO to 3% by wei ght of anti nony

trioxide,_.from 93} tﬂ" (V%bﬁ/ﬁnwei%ht of an alkali (calculated as al kal i _
metal ), Ih partiQUPa g, PoURMmoe £08G {200€ ¢y tit ani um di oxi de in the anatase
nmodi fi cati on haiony8 to B by wefight of agtive compositiembasedon hertpfahcatalystawherse t o

100% by wei ght, this betivetddmpoeiion domphgest zone bl)): 40 from 7 to 12% by wei ght

of active compogii o, sBR%5%eith bhfarahil (Rl VIG5 e thi's active

conposition conpri ses: ‘ _ o
from O to 3% by weight of antimony trioxide

20 from 0 to 0.3% by weight of an alkali (calculated as alkali metal), in particular ce-
sium oxide
from 0.05 to 0.4% by weight of phosphorus pentoxide (calculated as P)
and titanium dioxide, in particular in the anatase modification, if appropriate as in
zone a), as balance to 100% by weight,
25
In a preferred embodiment of a four-zone catalyst system, the catalysts have the fol-
lowing compositions:

- for the first zone (zone a)):

30 from 7 to 10% by weight of active composition, based on the total catalyst, where
this active composition comprises:
from 6 to 11% by weight of vanadium (calculated as V.,0Os),
from 0 to 3% by weight of antimony trioxide,
from 0.1 to 1% by weight of an alkali (calculated as alkali metal), in particular ce-

35 sium oxide,
and titanium dioxide in the anatase modification having a BET surface area of
from 5 to 15 m?/g as balance to 100% by weight,

- for the second zone (zone b1)):
40 from 7 to 12% by weight of active composition, based on the total catalyst, where
this active composition comprises:



from4 to 15% by wei ght of vanadi um (cal cul ated as V205), fromO to 3% by
wei ght of antinony trioxide, fromO.1 to 1% by wei ght of an al kali
(calculated as alkali nmetal), in particular ce- siumoxide, 5 fromO to 0.4%
by wei ght of phosphorus pentoxide (calculated as P) and titani um di oxide in

L he a_naL ase rmditfidrﬁattbqa% Wwéﬂiﬁt@%iﬁd@ni‘%&&?ﬁé@@?\/t?bs)igos/ bba' a_”CﬁttOf 100%
y wei ght, for I one. ne.. " rom 0 o by weight o
active conposi ti%‘ﬁ?bgggg’dg%ﬂggé&t 'QP&HP&WM , Where this active

conposi ti on conpfas sl tof% Ry weiabt aban alialiishlghiatasfaswalkalidnetal) (i adichiat eet as
V236), from O tgud%xiag, wei ght of antinony trioxide, fromO to 0.4% by

wei ght ofz an al kﬂ};h Gsal i L)l i r ce- 15 sium
oxi de, fr50m 0Oto 2‘% g&%?@%h@f ‘%1?%@%’8%%'?‘8@8 &%’@‘Z"‘_‘%‘!&%E& ated as P)
and titanium di &ﬂddéa'i"\‘\%tq'@" Riheanatass mpdifieation, If ApPrapiiate geintwea), @ zone
a), as bal ance SalarideQéotDg%visyivedight, 20 - for the fourth zone (zone c)): from
8 to 12% by wei ght of active conposition, based on the total catal yst, where
this active conposition conprises; fromb5 to 30% by wei ght of vanadi um

(cal cul at ed “as \o01B¢ thirdzons (#MEPA) 05 by wei ght of antinmony trioxide, 25 from
0. 05 to 10 4% by fren Gho 128% pheaiphicf astiyecstmpasitien (lzasled whabe thtal cafdlysh mthere

titani um di oxi depishdliiecAnFdRRR doRifirikégation, if appropriate as in zone a),
as bal ance to 1f00(V Bg Wi ht. |n %eneJ_aI, t he c ta&y t zones a), b), c)
and/ or d) can al 5‘5"98- | °atg(gv§%|9'§td’ft A? "ffnéiﬂ'mgﬁegaﬁ Péi)' of two or nore
subzones. These from todti kit weigbthof antisheantridyideus! y have in- ternediate

catal yst conmposifdr@0%e 0!4% bf adight ofidH aRARCERuIGRIIGS Malilh&aly 3h baHRuBAER! VST S,
it is al1 0 possi bl %% achi eve a pseudocontinuous transition of the zones
and an effective V%L?het)rminc_rease inthe 35 activity by using a mixture of
t he successive dimlyeP4%by weight piphoisphards periaxide écaletated as Pl he next zone.

The bed | engt h odnd thaniliinrdidxidkaih athe/ atatZse @ odifietioh b hypropkRs abih Fonet) d8n 30 -

80% of the tot ﬁﬁ% o fll ). ei ght in the reactor. The bed height of the
first two or fi rsE}| rqiégaégtdg‘&edaﬁyst zones advant ageously nakes up nore

than 60 - 95%of the total catalyst fill 9 height. Typical reactors have a
fill heigght -of fforthe Eafthaonegzdae®)cm The catal yst zones can also, if

appropri ate, be giskhi : RN I -
dg\a/nsf reamfinis |n?1r8t,ar) zg%?%rﬁégﬁtég?g#%%&&%gr%’eiag"r%gfog,tﬁ? tnolt%lgg%ﬁ)%% 5
018 or DE-A 20 05ISRSYVECMPRSUOAFOMANHET 1y provided for the preparation of

phthalic an from 5 to 30% by weight of vanadium (calculated as V,0s),
from O to 3 % by weight of antimony trioxide,
25 from 0.05 to 0.4% by weight of phosphorus pentoxide {calculated as P)

and titanium dioxide in the anatase modification, if appropriate as in zone a), as
balance to 100% by weight.

in general, the catalyst zones a), b), ¢) and/or d) can also be arranged so that they
30 consist of two or more subzones. These intermediate zones advantageously have in-
termediate catalyst compositions.

Instead of delineated zones of the various catalysts, it is also possible to achieve a
pseudocontinuous transition of the zones and an effectively uniform increase in the

35 activity by using a mixture of the successive catalysts at the transition from one zone to
the next zone.

The bed length of the first catalyst zone preferably makes up more than 30 - 80% of the
total catalyst fill height in the reactor. The bed height of the first two or first three cata-
40 lyst zones advantageously makes up more than 60 — 95% of the total catalyst fill



hydri de. The catal yst used is preferably a catalyst which is even nore
active than the catalyst of the last zone. |If the preparation of PAis
carried out using the catalysts of the prgsent invention and a 10 plurality
of reaction zones in which different catalysts are present, the novel coated
catalysts can be used in all reaction zones. However, considerable

advant ages olmght Typic nddatore haye otk hsight sfaong23Eemitd gshemaThe esalstlongs when

coated catal y. %@Jpﬂgpr'a&gb%?{%{@t%ﬂ@\%‘?%tphfrgiﬁ?%? .Fe%@} ALe used in only one

of the reactlon zon exanple 'the first reaction
zone, or in the first two reaction zones and coated 15 catal ysts produced in
a convent i ontidesiegy, adewesiptzny Ecishing réeetor @aswiendcribgdr feaekarople, indeA. 19807 hot
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and/ or i nt ercatalysitafdhe lgst 20nat t he advantages of the catal ysts of the
present invention are particularly evident in the 20 first stage or the
first and seggnd sta . Jhe. inven n t r.at b follown
exanpl o, o6 T PrEpRAR P éc%%&%@%@%& eAtay iR o e Fé??%f ivgoR iy
34.64 g W tP'PEi#HWlHW%ﬁQ’dRF dengsgrwhighy ditferentgatalysts age/ pypsers4hggoyel gpatedt ani um

di oxi de ( BETcat3@sts cah beeised aeal2@actiphgpned. Heveyenfconsiderdbleradpantages aer 2. 60 g
of antinony @aﬂvémlmdpr@cééh@s@aﬁbeﬁ@ﬁiwm seHid@aadven Whieh codeaatfgtd accoh N
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obt ai ned vvasl:'esc“lejl (J%reex %{B R}Q’ﬂ)ﬁ %ﬁﬁ'dnéﬁrs? Wogrfegg q}nz:;éga c% ﬁ]
si | i cat e]® i nCRtASE HFRAUGEd 1 "6"?' WQVET p@y&«dem b remay %’B | engt h,

i nternal di apenesr Theihet sppt tempemrtaresupreyating in the dird peactien zerr{s) a1g higher thand of
the total waithétowhstidaen felantichmmhesan #iyttese Thre(shttad majoc part yf the tstarking

fcgmrmﬁ iot Ir on béarbor 8 oxldized tMVﬂ')é Se3ired ogiagtiondirb&lict aAdRF drineBiatls, 49Hat L or

u urs,

wei ght o% ant i ja%(gﬁ{g élfbf(élﬁé c? l %s&ﬁ%lﬂ@ﬁr@\@ﬁ:cﬁ% ﬂg}ewgégtﬁﬂ%@ Y
(cal cul & Qed §P%§§ f?tf 6B of titani um di oxi de. 40 Table i Cat.

| Binder | Amount of (nolar cormnorrer rati o) binder [g] 10 R1.1Vinyl

acet at e- et hyl ene copol yner25 (63:37) RLl.2Vinyl acetate-ethyl ene-copol yner25
(67:33) RI1. 3Thé imyentmas ALstratéd b} thacfollawing ¥xames.60: 40

R1. 4* Hydr oxet hyl cel | ul ose4

25  A. Production of catalysts
Upper zone catalysts R1.1 to R1.4

34.64 g of titanium dioxide (BET surface area 9 m?/g), 64.33 g of titanium dioxide (BET

30 surface area 20 m%/g), 7.82 g of vanadium pentoxide, 2.60 g of antimony oxide and
0.444 g of cesium carbonate were suspended in 650 ml of deionized water and the
mixture was stirred for 18 hours. The binders indicated in Table 1 below 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, external diameter,

35 length, internal diameter) and dried. The weight of the applied coating 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 four hours, 7.12% by weight of vanadium
(calculated as V,Os), 2.37 % by weight of antimony (calculated as Sb,0;), 0.33% by
weight of cesium (calculated as Cs) and 90.1% by weight of titanium dioxide.

40

Table 1

Cat. Binder Amount of
(molar comonomer ratio) binder [g]




*Conpar ati ve Exanples Mddle zone catalyst R2: 5 34.32 g of titanium dioxide
(BET surface area: 9 n2/g), 102.90 g of t{' ani um di oxi de (BET surface area
20 n2/g), 11.0 g of vanadi um pentoxide, 230 g of anmoni um di hy-

dr ogenphosphate, 3.66 g of antinony oxide and 0.19 g of cesium carbonate

were sus- pe¢aged 1N T e m re was |stirred for 18
hours. 50 g g?‘e'orga \f?ﬂag%tﬁ%eerm@%ﬁ%?@%?yﬁ%&of {aﬁ;gpol yner| of vinyl acetate
and vinyl | aurate Hy 80 form of a 500 10 str ngth-by wei ght di spersion were
added to thiB12uspefany acetaigecthylepmenialymeasbt aj 22d was Subsequently sprayed
onto 1200 g|of stedi(67:83( magnesium silicate) In the formof rings (7 x 7 x
4 mm externgh 3di aMBLQ) acdtafRéthylendlb&idiherdi ai®s er) and |dried. The wei ght

[ 10.0

of the applied coat 684 S . 0% of the total |weight of {the finished
catal yst. The—eataT1¥ytrcal IP]' act+ve—conposttion—apptied in this way
conpri sed, 14 canvdrexyethyicaiulogsnc for 15 fbfr hour 7.12% by wei ght of

vanadi um ( cat@arhparaiivedexaog®e® , 0. 40% by wei ght of phosphorus (cal cul ated as
P), 2.37% by weight of antinony (calculated as Sb203), 0.10% by wei ght of
cesi um (cal cpifiesbrzscatalyst ®2d 88. 91% by wei ght of titaniumdiox- ide. 20
Lower zone catalyst R3: 24.56 g of titaniumdioxide (BET surface area: 9

ne/g), 73.67 f titani um di,oxi ET surfage area: 3Q.nm2/q),. 24.99 g of
vangzji um %en?‘ggggé’tfﬂf?ﬁ'“ﬂ g']i’x' eﬁgﬁ W%.W%h%ggﬂﬂﬁéﬁ%ﬁdmﬂs °
suspended i n{BH0syffaceregad@m/ghd 1tthe ohyapadive prMoxds, 2 plammenive didiar s .
58. 6 g of ordagecpHuisplbde, 366 giof antirgomyf oxidecanubl.§9rgrof césivinrcglbonatet were sasd
ethyl - ene (panded in 850 Ml of RatePdnd he rhikird Wags@rtedfob P8hElirs 5 Bf Srgatiei ght

di spersi on g ger c%ﬂgﬁﬁn &ééﬁfé[ﬁéﬂafﬁﬁ Yeetald éMﬁﬂﬁ’éﬂﬁé@’?n Bt of'a $8% .
subsequept | y _spr g4, QL0 1 or - § edattlt.e maghesi ym si lcate) .l n the

f or m of ng§"¥”ﬂﬂi YRRt disperaiop g’Ph%? 1o 117 sgPe F'8H-gthﬁ_sqsﬁfﬁ??{b biginstle er )
and dried. THas fhssarenty sPrryedspta LeP0Defisterjite\daagngsymelicate)imthefaimapl wei ght
of the finistiegs (Fat Ak ¢m, Siternakdiameter,dendtly, intetmal diametgsbaric driad. Thepleightl i n
this way conpftheagplicafdoatingabs 10.8% efih@tota Mlight of thedinishbe datalystl Th8 Lath: by

wei ght of vagaehiny Befverd o%?ti%oﬂa Blied4A Mis wa ééﬁ?hé’ed{‘%ﬂ&*fﬁald?ﬁat@ﬁ%@@@@%r
(catcut w9 watusls Pl Yo AN Glodgde L VD GHiAy il G 2 v
reduction (TBHEP %ﬁ,@a'%%\ﬁ%ﬁa Tn 30 Y MRG0T PRI GRICHAEE A8 5888 out by
heati ng t he S4RM by weight of sesiva{ralculpted @sden And 889 18aby weight ¢fditanivmdiox-
tenperature idecrease per unit tine. An ap- paratus whose construction was
based on the proposals of Monti and Balker [D.AM Mnti, A Balker,

" Tenper ajgir e Bragr ﬁg]gsgl gyction. Parametric Sensitivity and 5 Estimation
of Ki netlﬁc Pararretoers , y%e %at al. 83 (1983) 323- 335] was used. The sam

ples were ingtalled as a | oose bed between two,glass _wall plugs in a
U-shaped gl a$%56 g titanipedioxige HE haurfacsted @ NP 78 &7 ghefditaniye diaxide{BET The
cat al yst wassyrfacetarga: 88Im%q), 24.99 g of vanadium pentoxide and 1.71 g of ammonium dihy-
drogenphosphate were suspended in 650 ml of water and the mixture was stirred for
25 18 hours. 58.6 g of organic binder consisting of a copolymer of vinyl acetate and ethyl-
ene {molar ratio = 63:37) in the form of a 50% strength by weight 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, external di-
ameter, length, internal diameter) and dried. The weight of the applied coating was
30 9.3% of the total weight of the finished catalyst. The catalytically active composition
applied in this way comprised, after calcination at 400°C for four hours, 19.81% by
weight of vanadium (calculated as V,05), 0.45% by weight of phosphorus (calculated
as P) and 78.63 % by weight of titanium dioxide.

35
B. Catalyst test of the catalysts R1.1 to R1.4 by means of temperature-programmed
reduction (TPR) '
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Table 2

Cat. H. consump- | H, consump-
tion [mmol/g] |tion [mol/mol

of V]

R1.1 0.89 4.6

R1.2 0.89 4.6

R1.3* 1.31 6.7

R1.4* 1.17 6

*Comparative Examples
25

C. Preparation of phthalic anhydride (structured bed with two catalyst zones of R1 and
R2)

30  From the bottom upward, 1.30 m of the catalyst R2 and 1.50 m of the catalyst R1.1 or
R1.4 were introduced into an iron tube having a length of 3.3 m and an internal diame-
ter of 25 mm. To regulate the temperature, the iron tube was surrounded by a salt melt,
and a 2 mm thermocouple sheath containing a movable thermocouple was employed
for measuring the catalyst temperature. 4.0 standard m®h of air laden with about 40 g

35  of 99.3% by weight pure o-xylene per standard m® were passed through the tube from
the top downwards. The results shown in Table 3 below were obtained. “PA yield" is
parts by weight of phthalic anhydride obtained per 100 parts by weight of pure o-
Xylene.
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D. Preparation of phthalic anhydride (structured bed with three catalyst zones of R1,

R2 and R3)

From the bottom upward, 0.70 m of the catalyst R3, 0.60 m of the catalyst R2 and 1.50
m of the catalyst R1.1 were introduced into an iron tube having a length of 3.85 m and

15  aninternal diameter of 25 mm. To regulate the temperature, the iron tube was sur-
rounded by a salt melt, and a 2 mm thermocouple sheath containing a movable ther-
mocouple was employed for measuring the catalyst temperature. 4.0 standard m*h of
air laden with about 70 g of 99.3% by weight pure o-xylene per standard m* were
passed through the tube from the top downwards. The results shown in Table 4 below

20 were obtained.

Table 4

Cat. R1.1/R2/R3
Loading [g/standard m°] 70

Salt bath temperature [°C] | 365

Hot spot temperature in 432

upper zone [°C]

Average PA yield 112.5
Residual o-xylene [% by <0.01
weight]

Phthalide [% by weight] 0.01

25
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pol ymer of ag@200%01186and a vi nyl - C2- C4- car boxyl at e whosgecyigpoo4aos#ss
carboxyl ate content is at least 62 nol% 10 2. The catal yst according to
claim1, wherein the vinyl C2-C4-carboxylate copolyner is a vinyl acetate
copolynmer. 3. The catal yst according to claim2, wherein the vinyl acetate
copol ynmer i sywahelgitid- 15 yl ene-vinyl acetate copolyner. 4. The catal yst
according to claim3, wherein the ethyl ene-vinyl acetate copol yner
conprises from63 to 70 nol % of vinyl acetate and from 37 to 30 nol % of

et hyl - ene. 20 5A Chtalystftrajagqihase oxidatiang, tamn@isingadn inért sppmreshda cathigti-ns,
wherein the cat akyiy solivé YompéditiorcdripeMyi tidndifiol ATk ioxRies hpaBdkhéret 8Pa by
wei ght  of g vanadi W o for fias, taiﬁé’&iﬁ_g@éatl Qi @r‘i‘guﬂr{]oﬁ’t'w arf Q%x%%%gc}fs-""e' ght
of titanium dioxide .ocarl CE“FO'[ ed yas L2 a%sea%son I:E e tota mount . of the
catal ytical |y acPPUHCRSLgiion;of the transion-petal oxidgs O thell RIBFUTPY FOMPORNdS. m 5,
wherei n the cat aMerehihe,suseensien casmRiises aibinder gigpersion ang iy Pioder isg o 1% by
wei ght of a cesi palymenpbamd-olefial andlaanimd-Ca<L Carboxylate whase tigyl Weilght of a
phosphor us conpogathoxyateCoheheid atfealt 62mdI%p to 10% by wei ght of antinony
oxi de, capcul ated as Sb203, based on the total anount of 30 the

catal ytical |y actd |t A : f L d

car boxylic agi dst_ﬁéﬁ?%%gg%ﬁ@ﬁ Pccz%'ﬁ@yw h%??q@gjse ﬁéﬁ%%’?‘%@wy@gs%&%rng a
gaseous stream cEhpYingiasgtalge ic hy- drocarbon and a gas conpri sing

nol ecul ar oxygen into contact with a catal yst 35 according to any of clains
1 to 6 at el 8vat tietcetayst atoording . cldiime2, wheoshs theadnyd adetatg dopolymer iv ah ethher ei n

the catakyst is plepenfgfaddlateicbpolfmem a precatalyst. 40 9.. The process
according to claim7 or 8, wherein o-xylene or naphthal ene or a m xture of

O Xy e And DI DSt heboHiSg o Tait & Wekin N LRTAL IR Sk cSBlyma 22
comprises from 63 to 70 mol% of vinyl acetate and from 37 to 30 mol% of ethyl-

ene.
20
5.  The catalyst according to any of the preceding claims, wherein the catalytically
active composition comprises from 1 to 40% by weight of vanadium oxide, calcu-
lated as V,0s, and from 60 to 99% by weight of titanium dioxide, calculated as

TiO.., based on the total amount of the catalytically active composition.
25
6.  The catalyst according to claim 5, wherein the catalytically active composition
further comprises up to 1% by weight of a cesium compound, calculated as Cs,
up to 1% by weight of a phosphorus compound, calculated as P, and up to 10%
by weight of antimony oxide, calculated as Sb,0;, based on the total amount of
30 the catalytically active composition.

7. A process for preparing aldehydes, carboxylic acids and/or carboxylic anhy-
drides, which comprises bringing a gaseous stream comprising an aromatic hy-
drocarbon and a gas comprising molecular oxygen into contact with a catalyst

35 according to any of claims 1 to 6 at elevated temperature.

8. The process according to claim 7, wherein the catalyst is produced in situ from a
precatalyst.

40 9., The process according to claim 7 or 8, wherein o-xylene or naphthalene or a
mixture of o-xylene and naphthalene is used as aromatic hydrocarbon and is oxi-
dized to phthalic anhydride.



