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20 WO 00/27753 and WO 01/85337 describe multimetal oxides comprising silver oxide
and vanadium oxide and their use for the partial oxidation of aromatic hydrocarbons.

It is an object of the present invention to improve the yields achieved using these
catalysts without having an adverse effect on the selectivities.

25
We have found that this object is achieved by multimetal oxides of the formula I,

Aga.chMcV2od * e H,0, |
30 where
a isfrom0.3t01.9,
Q is an element selected from among P, As, Sb and Bi,
35
b isfromOto0.3,

M is a metal selected from among Nb, Ce, W, Mn, Ta, Pd, Pt, Ru and/or Rh,

40 ¢ isfrom 0.001 to 0.5, with the proviso that (a-c) = 0.1,
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The multimetal oxide of the present invention preferably has a crystal structure whose
X-ray diffraction pattern displays reflections at lattice plane spacings d of 15.23 + 0.6,

25 1216+04,10.68+ 0.3, 3.41+£0.04, 3.09+£0.04, 3.02 + 0.04,2.36 £ 0.04 and 1.80
0.04 A

In the present patent application, the X-ray reflections are reported in the form of the
jattice plane spacings d[A] which are independent of the wavelength of the X-rays used

30 and can be calculated from the measured diffraction angle by means of the Bragg
equation.

In the multimetal oxide of the formula |, the variable a is preferably from 0.5 to 1.0 and
particularty preferably from 0.6 to 0.9, the variable b is preferably from 0 to 0.1 and the
35 variable c is preferably from 0.005 to 0.2, in particular from 0.01 to G.1.

d is determined by the valence and abundance of the elements other than oxygen in
the muitimetal oxide of the formula |. The number e, which is a measure of the water
content, is preferably from 0 to 5.



with DIN 66 ' I s based on the "Recommendati ons 1984" of the

I nternati onai:%]q&q\ﬁﬂ% Pure and Applied Chem stry (1 UPAC) (cf. Pure & Appl.
Chem 57, 603 (1985)), 1is generally nore than | nRfg, preferably from3 to
250 n2/g, in particular from10 to 5 250 /g and particularly preferably
from20 to 80 nm2/g. As netals M preference is given to Nb, Ce, W M and
Ta, in parti ¢Dfgpefic wnck@readetergpedbyibeBETMethod aaf angasyredip asepriansgar e
the mul ti met akth ®INGS8S!30f whiah is Pasedtdndhe "Fkécthnem:la&stt 1to8ue of the |stesfatiosalon of
vanadi um pen | ] ; td i SR

sol uti on of gﬂ%g%?rrp%%@n%ﬁ%?%%g zénﬂéﬁa{ﬁwc@%‘ggg)eﬁ' lilwgrsf Fﬁ{lf a_pgggnrgggp%? g)t)he
sol ution of § EFRFINMPrethand mag. gigferably §omot tor3n0dni@de PrEisular romd0dessi bl e
to use pobar 260 géiy andsericedrly Sefelabisfrom@by@B8 m?fol yet hers or ami nes, e.g.
pyridine, or preferably water. As silver salt, 15 preference is given to
using silver nitrate, but the use of other soluble_silver salts, e.g.

si | ver acet afdmelals dbpreferense is givan 9Nk iGey ¥, Mn ard Tadn paicpiar £giacd Mib i bl e.
| f used, thewalcarGeis nogst pieferesti s Q from the group consisting of P, As, Sb
and Bi can be enployed in elemental formor as oxides or hydroxides.
However, they are 20 preferably used in the formof their soluble conpounds,
especi al 19 t%@ipfeRWﬁHﬁi rpultimetal Rydemel the inyeatans B uiual tooRsb asUSPenaitn R t hese,
particul ar pratsimnpentosidgi(Van) with thensoligianiot awilverrcospouhd and asplatiosf a
especial |yt BemBhi dr i hidle) SHLATEM M 4, 5 3pbRopraRie difioh o 4 cBpbliy &7 L1 Y
neutralized gr free acids O th,gse, el'enment's, e.g. phosphoric aci 8

hydr oar seni c GaéF§oIvapig ferdhisiraartion. hisiressibiete H5¢ RPIRY 08K SolvSisPNERSS 25

hydr ogenar sepalyels, pdiyedinerg enamiriespe gt psidined ohyrefesapnatmAdsiivessainnd al kal i
metal sl OgRAREASPRERR to AL AARAARAHPhe LK BHRPSALLIEUNS S21R

hydr ogenbi snlit hat es. ) ar preference js given to usling phosphorus
al one as el f¥ehpceipte; i 5B?ri°é3|8faé‘? of ﬂﬁ’?h Frigens JkewipRResIec aci d,
phosphorous acid, hypophosphorous acid, anmoni um phosphate or phosphoric

esters and egpREldhé ¥efont §pelém§icﬁﬁbﬂgﬁ%géo‘ﬁg%ﬁgﬁ§%;?FE@SA%F?%"B‘FC&T the
%

{
nmet al conponent It.1s usual  to choos: I e In the
ol vent b oube Emlpyplin SIEMBBIALaTE & 4p PaHES PrAYHEXe HEWEvSTo fayare o
mul ti net20 opdeferablpiused methe faseofithéinsautleé oompoundssespesiEliptteirtagarseer f or

exanpl e, t hejBefnitl WatBE-8SURE c3MpBaRdi0 MM oRk Bfesel Paridliihd (relefdndeli® gRERIAL €S, Of
the netal conponent

|t Preference i Lven, 1o Using the nitrates of the

o evant. ot ABTRHHEREONPISCRMBEHdR. BpasE Al e Ak Telal &l pmidi i srlse
nitrate. Theandhqarioulasithe partlypodralizedot fee atitly efrthesglemedts, elgepliasphoriond of
the metal 40,69"mARGerd 804, hydfodABRbARHCRE Smnfnfidh hgeBgEMHo¥piRaegar ri ed out
at room rrperda\t dre or, at, el evat eii tenperat Hrc«? TtLe reﬁct L on i ﬁ< ﬁen rally
carri ed t g¥ rpg%r%q§,§ pgenantimonates and hydrogenbismuthates and alkali metal

hydrogenphosphates, hydrogenarsenates, hydrogenantimonates and

hydrogenbismuthates. Very particular preference is given to using phosphorus alone as

element Q, in particular in the form of phosphoric acid, phosphorous acid,

hypophosphorous acid, ammonium phosphate or phosphoric esters and especially as

30 ammonium dihydrogenphosphate.

As salts of the metal component M, it is usual to choose ones which are soluble in the
solvent used. If water is used as solvent in the preparation of the multimetal oxides of
the present invention, it is possible to use, for example, the perchlorates or

35 carboxylates, in particular the acetates, of the metal component M. Preference is given
to using the nitrates of the relevant metal component M, in particular cerium nitrate or
manganese nitrate.

The reaction of the V,0O5 with the silver compound, the compound of the metal
40 component M and, if appropriate, Q can generally be carried out at room temperature
or at elevated temperature. The reaction is generally carried out at from 20 to 375°C,
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The novel multimetal oxide formed in this way can be isolated from the reaction mixture
and stored for further use. The multimetal oxide can be isolated, for example, by
filtering the suspension and drying the solid obtained, with drying being able to be
30 carried out both in conventional dryers and also in, for example, freeze dryers. Drying
of the multimetal oxide suspension obtained is particularly advantageously carried out
by means of spray drying. It can be advantageous to wash the multimetal oxide
obtained in the reaction to free it of salts before drying it. Spray drying is generally
carried out under atmospheric pressure or reduced pressure. The inlet temperature of
35 the drying gas, generally air, although it is of course also possible to use cther drying
gases such as nitrogen or argon, is selected according to the pressure employed and
the solvent used. The temperature at which the drying gas enters the spray dryer is
advantageously chosen so that the outlet temperature of the drying gas which has
been cooled by vaporization of the solvent does not exceed 200°C for any prolonged
40 time. In general, the outlet temperature of the drying gas is set to from 50 to 150°C,
preferably from 100 to 140°C. If storage of the multimetal oxide is not intended, the
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If the catalytically active layer further comprises additional components in addition to
the multimetal oxide of the formula |, these can be, for example, inert materials such as
silicon carbide or steatite, or else other known catalysts based on vanadium
oxide/anatase for the oxidation of aromatic hydrocarbons to aldehydes, carboxylic
30 acids and/or carboxylic anhydrides. The precatalyst preferably comprises from 5 to
25% by weight, based on the total weight of the precatalyst, of multimetal oxide.

As inert nonporous support material for the precatalysts and coated catalysts of the
present invention, it is possible to use virtually all support materials of the prior art as

35 are advantageously used in the production of coated catalysts for the oxidation of
aromatic hydrocarbons to aldehydes, carboxylic acids and/or carboxylic anhydrides, for
example quartz (Si0,), porceiain, magnesium oxide, tin dioxide, silicon carbide, rutile,
alumina (AlLO;), aluminum silicate, steatite (magnesium silicate), zirconium silicate,
cerium silicate or mixtures of these support materials. In the present context, the

40 expression “nonporous” should be taken to mean “nonporous except for technically
ineffective quantities of pores”, since a smail number of pores in a support material
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mul ti met al described in EP-A 744 214, organic binders, preferably copolymers, can be added in
dissolved form or advantageously in the form of an aqueous dispersion to the
suspension of the multimetal oxide of the present invention as is formed in its
preparation or a slurry of a powder of the dry multimetal oxide of the present invention
30 in water, an organic solvent such as a higher alcohol, a polyhydric aicohaol, e.g.
ethylene glycol, 1,4-butanediol or glycerol, dimethylformamide, dimethylacetamide,
dimethyl sulfoxide, N-methylpyrrolidone or a cyclic urea, e.g. N,N'-
dimethylethyleneurea or N,N'—dimethylpropyleneurea, or in mixtures of these organic
solvents with water, with a binder contents of from 10 to 20% by weight, based on the
35 solids content of the suspension or slurry of the multimetal oxide of the present
invention, generally being employed. Suitable binders are, for example, vinyl acetate-
vinyl laurate, vinyl acetate-acrylate, styrene-acrylate, vinyl acetate-maleate or vinyl
acetate-ethylene copolymers. If organic copolymer polyesters, e.g. copolymers based
on acrylate-dicarboxylic anhydride-alkanolamine, in a solution in an organic solvent are
40 added to the slurry of the multimetal oxide of the present invention, the binder content

can, in a manner analogous to the teachings of DE-A 198 23 262.4, be reduced to from
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precatal yst into a coated catal yst according to the present invention can

al so be 2garForae puipobys bf1tRé Prdsehl iBadntBA! silgér-admdrinbOkde bichreyRMEIVE- at
tenperat ur esva%dFu?n oxide compounds having an atomic Ag:V ratio of less than 1. They are
generally semiconducting or metallically conductive, oxidic solids which preferably
crystallize in sheet or tunnel structures, with the vanadium in the [V,0;] host lattice
partly being present in reduced form as V(IV).
30
At appropriately high coating temperatures, part of the multimetal oxides applied to the
catalyst support can be decomposed to catalytically active silver-vanadium oxide
bronzes and/or silver-vanadium oxide compounds whose crystallographic structure has
not been elucidated but which can be converted into the silver-vanadium oxide bronzes
35 mentioned. At coating temperatures of from 300 to 500°C, this decomposition proceeds
virtually to completion, so that coating at from 300 to 500°C gives the coated catalyst of
the present invention without going through the precursor stage of the precatalyst.

The coated catalysts of the present invention are preferably produced from the
40 precatalysts of the present invention or are produced in situ from these precatalysts in
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reaction. In tﬁls case, steady Increase in the selectivity of the coated
catalyst is generally observed until the conversion of the nultinetal oxide
of the preseAtfuithrergobsible waytal prdthucing a coated catalyst according to the present

invention comprises treating the multimetal oxide powder of the present invention

25 thermally at from > 200 to 650°C and coating the inert nonporous catalyst support, if
appropriate with addition of a binder, with the silver-vanadium oxide bronze obtained in
this way.

However, the coated catalysts of the present invention are particularly preferably

30 produced from the precatalysts of the present invention in a single stage or, if
appropriate, in a plurality of stages after thermal treatment during or after coating of the
catalyst support, in particular in a single stage, in each case in situ in the oxidation
reactor under the conditions of the oxidation of aromatic hydrocarbons to aldehydes,
carboxylic acids and/or carboxylic anhydrides.

35
The catalytically active shell of the coated catalyst produced according to the present
invention generaily comprises from 30 to 100% by weight, preferably from 50 to 100%
by weight, based on the total weight of the catalytically active shell, of the silver-
vanadium oxide bronzes produced in this way, with the silver and the vanadium in the

40 catalytically active shell generally being present in an atomic ratio of Ag:V of from 0.15
to 0.95, preferably from 0.25 to 0.5 and particularly preferably from 0.3 to 0.45. The
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above di scussexample catalysts of the prior art which are based on vanadium oxide/anatase, with the
25 different catalysts generally being located in separate catalyst zones which may be
arranged in one or more fixed catalyst beds in the reactor.

The coated catalysts or precatalysts of the present invention are for this purpose
introduced into the reaction tubes of a shell-and-tube reactor which are thermostated to

30 the reaction temperature from the outside, e.g. by means of a salt melt. If a precatalyst
according to the present invention is used in place of the coated catalyst of the present
invention, it is converted into a coated catalyst according to the present invention under
the temperature conditions of the partial oxidation of aromatic hydrocarbons to
aldehydes, carboxylic acids and/or carboxylic anhydrides, in particular the partial

35 oxidation of o-xylene and/or naphthalene to phthalic anhydride or the partial oxidation
of toluene to benzoic acid and benzaldehyde. The reaction gas is passed at from 100
to 650°C, preferably from 250 to 480°C, and a gauge pressure of generally from 0.1 to
2.5 bar, preferably from 0.3 to 1.5 bar, and at a space velocity of generally from 750 to
5000 h™' over the catalyst bed which has been prepared in this way.
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In a preferred embodiment of the process for the partial oxidation of aromatic
hydrocarbons to aldehydes, carboxylic acids and/or carboxylic anhydrides, which has
been found to be particularly advantageous for the preparation of phthalic anhydride

30 from o-xylene and/or naphthalene, the aromatic hydrocarbon is firstly reacted over a
bed of the coated catalyst of the present invention to convert it partially into a reaction
mixture. The reaction mixture obtained or a fraction thereof can then be brought into
contact with at least one further catalyst whose catalytically active composition
comprises vanadium pentoxide and anatase.

35
The gaseous stream is preferably passed successively over a bed of an upstream
catalyst and a bed of a downstream catalyst, where the bed of upstream catalyst
comprises a catalyst according to the present invention and the bed of downstream
catalyst comprises at least one catalyst whose catalytically active composition

40 comprises vanadium pentoxide and anatase. In general, the catalytically active
composition of the downstream catalyst comprises from 1 to 40% by weight of
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hydr ocarbons to al dehydes, carboxylic acids and/or car boxp\/l i ¢ anhydri des,
whi ch has békn FeRARAINGPTHEe aredrem ing Rithalis eagetide angd ?H’é‘eb?’é%ﬁ}oati on of
pht hal i ci&anhydr i ded8éts fwhinh are ntermmsdiztesido themapttidngiatnfromidaeylanedowhthalic

o et owant i oafRickile GRARAE AL fng [RArRIS Sedfs] PSRy Scing,o°
reaction m xt ur eNSBMEPIARS 1Bl tWoor mare gﬁ'hgﬁ@? @'éf?ﬂ@gﬁ CPWBHS’B%rPBrr%‘[?&PHe'i%t 0
contact with at tesied catalysthaset on vanadibmaixidelarataseavhwrg theontiemyediater aee

conposi tion conpgkgRely\iFdUaIReRICYhHRaehraat ase. 35 The gaseous stream
is pref eﬁ(gbly passed successively over a bed of "an upstream catalyst and a

bed of a®downstream catal yst, where the bed of upstream catalyst conprises
a catal yst abkor phssing tbe prasust midure withoetfusther veonktup Hee. bitHowfo-xidenesheairtam

catal yst conpri sgspaphtel @FSveP ASeeaiPLtalstHRATR, IEAdFbridtE alvky a AfrHeY Batalyst
conposi tion 40 c%r;%rl ses vanadi um pent oxi de and anatase. In general, the

catalytically ac e conposition of the downstream catal yst conprises from
1 to 40% by wei ght of PF 0000054734 11

25  This way of carrying out the reaction achieves a significantly higher overali phthalic
anhydride yield than when only catalyst systems based on vanadium oxide/anatase are
used, since the coated catalysts of the present invention can oxidize o-xylene and/or
naphthalene significantly more selectively to phthalic anhydride or the abovementioned

intermediates.
30
The oxidation of toluene to benzaldehyde and/or benzoic acid can be carried out in an
analogous fashion. Benzaldehyde is used, for example, as a flavor.
Examples
35 .
A Catalysts

A1 Ceqo2AQ071V20y (catalyst according to the present invention)

40 102 g of V,05 (= 0.56 mol) were added whilst stirring to 7 | of deionized water at 60°C.
The suspension was admixed with an aqueous solution of 4.94 g of CeNQO; * 6 H0 (=



vanadi um oxi ?@ doobsayat ed as V205, from 60 to 99% by weight of titanium
di oxt de, uq at ed as T| 2, up to 1 %by weight of a cesium conpound,

cal cul at ed as Cs, up to %by wei ght of a phosphorus conpound, cal cul ated
as P, and up to 10% by wei ght of anti rmnyzoxi de, cal cul ated as Sb233, The

bed of the d trea a nta ou ri

| ayers of ca@\qﬁ rﬁo? '&)ﬁg@é% ?9?7?% g‘él% 9 t%”%?ﬁggsq?ﬁg!}'? h(a de'\é\ﬁ)g‘rl ng
Cs content, WilPhweteswas 3@6?4 wed@wtmsqra@ei sUspaRsien while @nrﬁ'é@'ﬂQ%S*Uleﬁme
gaseous str e@éﬁxpératuwef tﬁé%@sﬁnsbh%bﬂ"ﬁ%ﬁké’é é@&e@uerw@m@éas@da@ bwdz b &f rom

| h | e
ot hal 1 anh RS ZepeREMTTA? w68 St fn e Fotlsca AR Wveit dbafal " -
o- t ol uenetar bW suspaosion am:npﬁwaalth@ecmw anshsrray deed dnigtiemperature can t hen

be processeddiyrtimpc, @thtieh%rmdé}‘atéwe @Bpanapig)g of f the o-xylene fromthe
phthalic anhydrlde and the other oxidation ‘15 products which are

I nternmedi ates on the reaction path fromo-xylene to phthalic anhydride and
reci r cul at i nghe powder dtaidecbad hepstifiesurfask apta deteiminechby thei BFET sasthod of

exarpl 6. 2 oam A@“’@f@’ e P e o oh ey

e oy o Bt o EaPg of § 1 100 PG OFiEtel RSB TreDA e L R rgaRan A0 5T 80 b)
pa_SSI ng t he phediftdctomztenwas efitibped withiat laatonvadic lpricary an@seoanti;hmdlapbragm ene
being separ g{@em o @é@ﬁdﬂyme%ﬁ%&&'amtscmmmﬁ deiéct&pﬂ{é)foléxﬁh fatfier 2

further cat aI action achjieves a

significant! P aﬁﬁ@ﬁ@?m%@ﬁ Wihihe RLsqeatSd e TiEnSieslu [T BErs e e 1g the
cat al yst sys¥eay pbuderdd:fﬁnactmnmﬁemn 1&04a N @maﬂ@(%&)ew 88 é16.1)s5.06412.8 coat ed

cat al yst $50f 419888y 338146 f Vet &rs)cgng@s g a? %‘é {Lﬁl 288 (209), 9las (DAPNG ene

St S ot BB andl or henvol e

and/ or benzoic
acid can be carried out in an analogous fashion. Benzal dehyde is used, for

exampl e, as a | aRL,AgEX0D] @Stalydbacedrdih@to/ bk prebeht RNtRANJO. 71V20,
(catal yst according ztc? t he >f)ér%esey%t mven% on) %40 102 g of )O\VZOS (= 0.56 mol)

were added whilst stirring to 7 | of deionized water at 60C. The suspension
was adni Réd W2 b cd Qg (Fe0.86 mud) werecaddet! whilststigring toCGeNgBietonizewateEat 60°C.

The suspension was admixed with an aqueous solution of 2.76 g of Mn(NO;), * 4 H,O
(= 0.011 mol, Chempur, purity 98.5%). An agueous solution of 68 g of AgNO, (=
0.398 mol) in 11 of water was added to the resulting orange suspension while
continuing to stir. The temperature of the suspension obtained was subsequently
25 increased to 90°C over a period of 2 hours and the mixture was stirred for 24 hours at
this temperature. The dark brown suspension obtained was then cooled and spray
dried (inlet temperature (air) =350°C, outlet temperature (air) =110°C).

The powder obtained had a specific surface area determined by the BET method of

30 58 m?/g. An X-ray powder diffraction pattern of the powder obtained was recorded. The
following lattice plane spacings d [A] with the associated relative intensities |, [%] were
observed in the X-ray powder diffraction pattern: 15.09 (6.8), 11.98 (5.7), 10.61 (9.4),
4.36 (16.8), 3.84 (14.7), 3.40 (81.7), 3:.09 (61.1), 3.01 (100), 2.58 (26.4), 2.47 (27.9),
2.41 (21.6), 2.36 (37.8), 2.04 (32.2), 1.93 (28.9), 1.80 (42.2), 1.55 (43.4).

35
A3 Ago73V:0. (comparative catalyst)

102 g of V.05 (= 0.56 mol) were added whilst stirring to 7 | of deionized water at 60°C.

An aqueous solution of 69.5 g of AgNO; (= 0.409 mol) in 1 1 of water was added to the
40  resulting orange suspension while continuing to stir. The temperature of the

suspension obtained was subsequently increased to 90°C over a period of 2 hours and



PF 0000054734_, ]@0:? gsﬁ#‘) AI dr| ch, purity 99% . An aqueous solution of 68
g of - AgN® (=0 8 I n of water was added to the resulting orange

suspensi on whil e conti nui ng to sti r. The tenperature of the suspension

obt ai ned was subsequently increased to 90€3over a period of 2 hours and the
m xt ure was t|r dfor ur. e.dark 5 brown
suspensi on o LH%X‘/&? %Hga? b'rsa%c}fs"gé?'ﬁg ﬁf’ dr?qué?rof"é'rﬁﬂ)@?e‘oﬂsl'ﬂne

(air) 350c:obtame|deftIasttheodeduaed Epifay dried MmbtbempEMUrdeH 360 Caiontet had a
speci i ¢ sur iierduRAHTLOMBIOL tnbohte: SBEnePhll \Agéuﬁcﬁéurf%é%rebf‘n X-ray

powder diffraction el ned was recor 10 neans
of a D 5000 GFW’F‘&'@BE‘% BEgr"E‘)‘?W%? gﬁ%@ Bsing cu-Ka radiation (40 kV, 30

md) . The 8iffractonmeter was equi pped W|th an automatic prinmary and secondary

di aphragm Sr%f&iﬁrﬁ’;ﬂé’s% ?&8\9”&%@ ;L EE ﬁ%ﬂ,e Gre s |é@£é Rﬂoﬂ@foe‘:t or.
teati

The follow n attice a |ate tive
intensities negigm g\h)é’la %ﬁ’?@%véwgﬁfF P%F?S a¥ige 2 ?tP‘éEf[foS‘hgﬁéPt ern:
15. 04 (11.9) 4 rirh.v@9e EBatB) withGLORSOthS phyvdersardi 4 §2f Balic EEidiwigbadd®n, of3. 85

E%g EB g gésg%ig érga mgacn%g cgﬁ*@n&uhg 6@% \%é@ fn%te‘?%nﬁ?%gﬁi w%fﬂ?of( 7788|5 2-A4§

Mho. 02Ag6071 95K ip 2 coalieg %‘&E%BY%WF\OS of HQ ngesARd ﬁ(ﬁe?ﬂbﬁswe pdied g of
V205 (= 0. 56 Theweight otthaddedytichily itive tomposiipr applied incthisdeayodezedinedbaa at

vh(Noe) 2+ 4 SRORR e RcRtistlaiitd Wit B LT R Bep oA Bl R O
of 68 g of A{NAEqW, basedgg thplofal W?'@tfftﬁ’ﬁfhﬂ&béﬁi C%\félyshdded to the resulting

orange suspension while continuing to stir. The tenperature of the

suspensi g Ol%ﬁéf(b%ﬂoléf@é ﬁH@EQHé’EE:We@% %86&%&%@ fﬁlﬁ]\n%qg esuﬁrrPs?lfc% d Of 2

hours and t he

dark brown sU8gs n%ﬁoo%°B§¥?%1tit?1589?/\}é%"“?91@heg&maé@aﬁ'ﬁf?ré’b?&V“ i"'@@‘ | rﬂ"@t
tenperat ure @ada)wai tBbKEss @ftl |Sehmtweerpenatedrvwith(8.4 § ofthkida)der addhe. 4poider

obt ai ned hadoi‘al%&."c &u&ﬁaﬁf&rﬁ&%ﬁaf fg%ﬁﬁfé‘éb‘ﬁﬂ)r@ﬁg V@@’ @%gﬁ{&@%@# anif) 58

n2/g. An X—rax raction pattern of
recorded. Thé °ft64 wejahtRf glvsetd at2GLdn@ copting drya %ve[rﬂ]pe\mi Rt 2 minides@dat ed
rel ati vezo nt QR Ed sutxseqlhérﬁly driedi. T weightosfetiey estalivticallp actier cdynpositide appliekfifi act i on

S0 (81, 7). 1 By bfernetrt g {%8'8’&*% wg petaickl fr?‘ag SPproRni gl
(21.6), 2.36 he@ﬁreaémerz %45@&1‘02 hoyr daseden e total weighuof the finisheskcatatgsts) . 35
A. 3 Ago. 73V20x (conparative cat al yst) 102 g of V205 (= 0.56 nol) were added
whi st stirring HdrehcllatdfiqVEIACIMS aydl cfAet)
25
1400 g of steatite (magnesium silicate) rings having an external diameter of 8 mm, a
length of 6 mm and a wall thickness of 1.6 mm were heated to 160°C in a coating drum
and, together with 13.8 g of an organic binder comprising a copolymer of acrylic acid-
maleic acid (weight ratio = 75:25), sprayed with a suspension comprising 466 g of
30 anatase having a BET surface area of 21 m?/g, 67.2 g of vanadyl oxalate, 14.4 g of
antimony trioxide, 3.15 g of ammonium hydrogenphosphate, 2.87 g of cesium sulfate,
721 g of water and 148 g of formamide. The catalytically active composition applied in
this way comprises, on average, 0.16% by weight of phosphorus (calculated as P},
7.5% by weight of vanadium (calculated as V.0s), 3.2% by weight of antimony
35 (calculated as Sh.Os;), 0.40% by weight of cesium (calculated as Cs) and 88.74% by
weight of titanium dioxide.

The coated catalyst obtained in this way was heated to 160°C in a coating drum and,

together with 14 g of an organic binder comprising a copolymer of acrylic acid-maleic
40  acid (weight ratio = 75:25), sprayed with a suspension comprising 502 g of anatase

having a BET surface area of 21 m?/g, 35.8 g of vanadyl oxalate, 2.87 g of cesium



An aqueous s ] 9.5 g of AN (= 0.409 nol) in 1 1 of water was
added to the%ﬁéﬁ@é&hfng orange suspension while continuing to stir. The

tenperature of the suspension obtained was subsequently increased to 90C
over a period of 2 hours and PF 0000054734413 the mxture was stirred for

24 hours at th S t e. dar k brown spen oht ai ned was then
cool ed and spt 9ted ? {eé?”ggﬁ%@roél[(%?‘émddﬁ w 39@3@€éliycﬂ9f’Yee?°mE’%ﬁ‘Ft9€r ature
(air)-= 1loc)app1r¢té|npbrmtay wbtreised drraverages p 96 by we@btéfaxaeae\luee(calddaemasned
e, R e Bl bl
Steat e opheleics Dr MEaR af R apolier SACE Sel waighal b B BRERLOURE n a0
g of the |50V\de1lshaddat¢ly4tg of oxalic acid with addition of 35.3 g of a

m xture conprising 60% by wei ght of vvat er and 40% by wei ght of glycerol 10

at 20Cin a cpati drum ov 0 m nutes and were subsequently
dried. The W& g hﬁg%fe“f-‘ﬁ&a@ﬁf?h&z&#@ zl‘i? ve conposition applied in this
way, determ ned on a sanple of the precatal yst obtained, was 10% by wei ght

?T tmeghggat at r1aab ¥est tste%:t:lge“@r%r e geélgfn éJicE@)‘rrm é)ﬁ Qﬁ‘eh@ﬁaaﬁ Q%mviteér? ghﬂim |O$e dt gg
ol | ows (1 el pL er And S thicknses °§@§ B e AEaBALS 1o ARt i I

ext ernal di argmiespray[ed%vmtma suspbwgn bombrlsinngS anflarzatasd havirg a:BEéssrfaﬂe 1.5 mm
\glfer gacga;egf aééno%u@é CO it Bxafl‘él ﬁo@fantuﬁ&fﬁ‘) t'nSx@&'ZjQ b add: tion
of glycerol AMBEFMANYLr Ph‘?’f’ﬁﬂgﬁeu&{%\%?f CSS'ﬁ@rﬁU%a‘em? (g@ Oﬁ’("ﬂl?f c(ég% wg vver e
subsequent | y famaside Thi theeivgight ofithe layecapriieg wasdli0l 576 atthevetabweipbisiftticon
applied i tﬁﬁisﬁe%&‘talﬂ?(‘aﬁéﬁhéﬁ@e@ﬂnéﬂ%@m% 0f 1 hB@r) Pﬂ‘l%%%fta?%héﬁﬁ 2hiei ned

was 18% by weli hour , ased
o al et ot CBIPOREOR BRPIER I, e yi; the CAtalySRERell SHRE A B PUe 300 JLR % o2
t wo- | ayer cattylweight of Bhdsphorug (cdlcgatedtastR), 1 Abigmeseight ofivanadivre)(calcuiated Iaaw ng

an external dj apbe; B WaighFL i) éﬂc@éte@a@@b?@égt%g‘rﬁﬁvg e
organi c bi ndz? 'E‘g"ﬁtﬁslaél Saa@g%t’@%@ e'ggn%ﬁﬁﬂui' g’&‘ldﬁ mal ei ¢ acid (wei ght

ratio = 28:25), sprayed with a suspension conprising 466 g of 30 anatase
havi ng a BET gur f@aggatnga of 21 n2/g, 67.2 g of vanadyl oxalate, 14.4 g of
antinony trioxide, 3.15 g of ammoni um hydr ogenphosphate, 2.87 g of cesium
sulfate, 721 g of water and 149 g of formam de. The catalytically active
conposi tion &pl i Rrepanation of phthalic anhydride using the catalysts according to the present

invention from exampies A.1 and A.2 and the comparative catalyst from example
25 A3

An 80 cm long iron tube having an internal diameter of 16 mm was charged with the
catalyst A.1, A.2 or. A.3 (coated steatite spheres) to a bed length of 66 cm. To regulate
the temperature, the iron tube was surrounded by an electric heating jacket. 360

30 standard i/h of air faden with 60 g of 98.5% strength by weight o-xylene per standard
m® of air were passed through the tube from the top downward. The resuits obtained
are summarized in the table below.

Table
35
Catalyst Stoichiometry of  |Reaction Conversion |CO,-
the active temperature | (o) selectivity”
composition C) (%)
Catalyst from
example A.1 CepoAgor1V20x 350 58 11




this way co [ average, 0.16% by wei ght of phosphorus (cal cul ated as
P), - 7.5% bgp&/&%’gﬁ{’sﬁ}“‘vanadi um (cal cul ated as V205), 3.2% by wei ght of

antinmony 35 (cal cul ated as Sb203), 0.40% by wei ght of cesium (cal cul ated as
Cs) and 88.74% by weight of titanium di oxgde. The coated catal yst obtained
in this way ENas_hga_t_gd to 160Cin a coating drum and, together wth 14 g of
an organi ¢ bjGalalystdompri si n%a copol yner of acrylid acid- ma;ti c 40 afid
(weight ratijo = 75:25), spramg ' Su$ sion gagprising|14302 g of
anat ase havi ¥ GQP%E%ESU” ac a%éﬁg%yzgﬁ mz?gj,] 35.8 (g of vanadyl oxal ate,
2.87 g of cegidnpdrhtiveORap434 14 sulfate, 720 g qf water and 198 g pf
f or mam de. TRe cat al iteiAC |y active conposition applied in {this way
conprised, o m&?/%’faa@%, - 0% by wei ght of yanadi um (cal cul ated as V20p),
0.4% by wei ght of cesium (caf@ub\VeCed as C$350and 88.|8% by wei|dRt of tifanium
di oxi de. Thewerght—of—ttetayers—apptied was—9-3% by weirght—of—tte—tot al
wei ght of th 5 fLnished gatalyst. A 5 Reference catal yst (V205/ Ti O2

catal yst) 1430 g (tI)(‘JPX iej%%”ﬂ §°Wﬁ%§’ﬁ'@§ it%%eﬁr?‘?%té‘frb‘?fﬂf’? H@@%HQM%E&QPH nal
di anet er of 8 mmyorwertéd intengnbussibn Groductsn@Cy GR);the rencdiniog selettivity & mP%er e
468 g of anat ase hoeancs CHnEPHPorRRL MY GXAE e ion 5 EoA A Rt
oxal ot o 568 g BRCURHHIIG Snpydsie 309 the Bl meghtes MRS dFishinscd
phosphat e, 0.72 gndphtbalideandsaléd by-produdts sycloés wateis anhydrid&Eitgpcofic f or mani de
until the wei ght agpdydtibe ahdvenzorPadid.ed was 10. 5% of the total weight of the
15 finished catalyst (after heat treatnent at 450C for 1 hour). The
catalytically active conposition applied in this way, i.e. the catalyst
shel |, conpr Asempleef calalysidel remaveddropythaseagter was fohod isHmves BEhbeiacgt ed as
P), 7.5%by ueadithedictivaRambbsidreal 67 hitlgeshdasvanddilm oxidatidiodtite wel 8Bt TS

ti | . e | ght. of i )
05 ' and 86 oIsTPPb R paBe Staqma 1Al WK 1ALty B3R MlerkliBh Ty L] ™S
Prepar at i on @psesyrchalthe Xdan pewdeldifirsction naterm: 4:88 (§5).s3. 8@ ik $65{3P . Phe
present i nve2lRBi(en0)f 2.98)B&2RISEY3A3Y 20481(18.63, ROT (1518, ¢OBR26.4), i1\85 (366l yst

from exanpl e m |l ong 1ron tube having an internal dianeter of
16 mm was ché‘r‘ségaﬁ\?\ﬁt‘}?’}[@g'sicat alyst A 1, A2 or. A 3 (coated steatite

spheres)130 a bed length of 66 cm To regulate the tenperature, the iron
tube was surg@unéeshapatiorrnf phita@lic ashydadé usigg aavltinatidh 0f the comparative

catalyst from example A.3 and the reference catalyst A.4 and A.5 in one tube

0.80 m of the catalyst A.5, 1.40 m of the catalyst A.4 and subsequently 0.80 m of the

20 precatalyst A.3 (coated steatite rings) were introduced from the bottom upward into a
3.85 m long iron tube having an internal diameter of 25 mm. To regulate the
temperature, the iron tube was surrounded by a salt melt. 4.0 standard m°/h of air
laden with 80 g of 98.5% strength by weight o—xylene per standard m® of air were
passed through the tube from the top downward. At a salt bath temperature of

25  353-360°C, an average PA vyield of 115.5% by weight was achieved (the yield is the
amount of phthalic anhydride in percent by weight, based on 100%-pure o-xylene). The
conversion was more than 99.84%, and the residue phthalide content at the reactor
outlet was less than 0.35% by weight.

30 B.3 Preparation of phthalic anhydride using a combination of the catalysts according
to the invention from example A.1 and the reference catalysts A.4 and A.5 i one
tube '

The procedure of example B.2 was repeated using 0.80 m of the catalyst A.5, 1.40 m
35  of the catalyst A.4 and subsequently 0.80 m of the precatalyst A.1. An average PA
yield of 117.2% by weight was achieved.



30 standard {424 aden with 60 g of 98.5% strength by wei ght o-xyl ene
per 'standar dbﬁ?@%?ﬂgﬁ# wer e passed through the tube fromthe top downward.
The results obtained are sunmarized in the table below Table 35 Catalyst
Stoi chi onetry of Reaction Conversion CO 1ée active tenperature (%
selectivity') conposition (C (% Catalyst fromexanple A1l
Ce002Ago. 71V20x 350 58 11 PF 0000054734 15 Catalyst from exanple A 2
Mho02AgO. 7Vv2B 4 Brrpaationsf phthyaliaashydiide gsipa iayoombinatien ok heratalystsagmeedimg \v2 Ox
350 37 10 ' " CO thelppedany invyritiondrone epampie AL Dahdthefrefeparidel camalyts Aldear- Xyl ene
whi ch has been g y,qmqu 4 nto conbustion products (CO CO2); the renaining
selectivity to 1 corresponds to the proportion of the o-xylene which is
converted®into the deS| red 5 product phthalic anhydride and the
i nt er medi at e?ﬁh@ptcmbdw‘ed:é byatapie @3 Was repeated usnago qohh lofi tHecmataiyed A28, SIB0 m
by-product s st 3 ﬁ{w&d@@w@eﬂﬁyg%ptnﬁ SR FrecdhBl A | %g@%n% 0i ¢
nove 0 to

acid. A sarrp romt react or was have a
BET surface Yig# °§r1é§ 7 X’W@'QHEW??/%C'B?WHOEF‘? Fenvessionswas merethan #9094/ eadi um
oxi dati on st tieaesitiuel pliBalidEhemnteénd bt thanre@:tdaramletwas)leammasurfmﬁ%gs webidh&]Thig t h

the assogg 2t ek Showe il RGPl Saldicty thggra%ﬁgvaﬂ@ﬁfg@g%ém PAC L2y

powder ditfraction

(100), 2.78 Y'ssspn Q%B'e(%%e‘s%" atz begf iengih 6f thels" “yapgdigm oxdegeptalysyl 1) 1. 86
(16.5), 1. 8@hicBTs SYnifidanti sh@Brihan ihexBmpleHB.apar ati on of pht hal i c anhydri de
using a conbination of the conparative catalyst fromexanple A 3 and the
reference catalyst A 4 and A5 in one tube 0.80 mof the catalyst A5, 1.40
m of the catalyst A 4 and subsequently 0.80 mof the 20 precatal yst A 3
(coated steatite rings) were introduced fromthe bottomupward into a 3.85
mlong iron tube having an internal dianmeter of 25 nmm To regul ate the



tenperature, the iron tube was surrounded by a salt nelt. 4.0 standard n8/h
of air laden with 80 g of 98.5% strength by wei ght o-xylene per standard nB
of air were passed through the tubejfromthe top downward. At a salt bath
tenperature of 25 353-360C, an average PA yield of 115.5% by wei ght was

achi eved (th@l%i eld is the anount of phthalic anhydride in percent by

wei ght, base T2 09 pure o-xylene). The conversion was nore than 99.94%
and the residue phthalide content at the reactor outlet was |ess than 0.35%
by wei ght. 30. B. 2 rRulipetaokide obfhefhinmsida i.c anhydri de using a conbi nation of
the catal ysts according to the invention fromexanple A1 and the reference
catalysts A4 and A5 iii one tube The procedure of exanple B.2 was

r epeat ed QUsi ng 0.80 m of thep@g;_@gm%o#@m@; 40 m 35 of jthe catalyst A 4
and subsequently 0.80 mof the precatalyst A 1. An average PA yield of
117. 2% by wei ghtyyigs achi eved. PF 0000054734 16 B.4 Preparation of phthalic
anhydri de using a conbination of the catalysts according to the present
invention fromexanple A 2 and the reference catalysts A4 and A 5 in one
tube 5 The proceur eisdforefRatpl1ed.B. 3 was repeated using 0.90 mof the

catal yst4A. 5, 1.60 m of the catalyst A 4 and subsequently 0.50 mof the

precatal yst A. An. average PA, yield o 16, 7% i was achi eved. The
conversi on was re tsmelg%g@tmle%%ﬁromﬁhw%g%.ﬁeg%ﬁﬁﬁ@?%e content at the
reactor outlet was |less than 0.35% by weight. This 10 exanpl e shows that
when the catal ygds ofs fidie0Rs @3Nt invention are used, high PA yields can be
achi eved even at a bed length of the silver-vanadi um oxi de catal yst which
is significantly shorter than in exanple B.1. 17 W claim1. A nultinetal
oxi de of1& he f orMul aisia mgtahgelected frovpangong Nb B W, MacFa Pd. P Ruand Bhs to

1.9, 10 Qis an elenent selected fromanong P, As, Sb and/or Bi, b is from

0to 0.3 ¢ isfrom 0.001 to 0.2, with the proviso that (a-c) 2 0.1,
d is a number which is determined by the valence and abundance of the
20 elements other than oxygen in the formula | and

e is from Q0 to 20.

which has a crystal structure whose X-ray powder diffraction pattern displays
25 reflections at tattice plane spacings d of 15.23 £ 0.6, 12.16 £ 0.4, 10.68 + 0.3, 3.41
+ 0.04, 3.09 +0.04, 3.02 + 0.04, 2.36 £ 0.04 and 1.80 + 0.04 A.

2. The multimetal oxide as claimed in claim 1 in which
30 b is 0 and

c is from 0.01 to 0.1.

3.  The multimetal oxide as claimed in claim 1 or 2 which has a specific surface area
35 determined by the BET method of from 3 to 250 m*/g.

4.  The multimetal oxide as claimed in any of claims 1 to 3 in which M is Ce or Mn..
5. The use of a multimetal oxide as claimed in any of claims 1 to 4 for producing

40 precatalysts and catalysts for the gas-phase partial oxidation of aromatic
hydrocarbons.



15 Mis a netal selected fromanong Nb, Ce, W M1, Ta, Pd, Pt, Ru and Rh, ¢
Is from0.001 to 0.2, with the proviso that (a-c) ? 0.1, d is a nunber which
is determ ned by the val ence and abundance of the 20 elenents other than
oxygen in the formula I and e isfrom Oto20. which has a crystal structure
whose X-ray powder diffraction patterqsdisplays 25 reflections at lattice
pl ane spaC|ngs d of 15.23 0.6, 12.16 0.4, 68 0.3, 3.41 0.04, 3.09
0.04, 3. 026 0AREcatslyaiavhich Cﬂzlb%?ﬁ’&"eﬂewm%ﬁa@wsﬁmﬂze gaprpbash paftatRxdaionski de as
clai med in cl aiomafic hydroskrbods anBGorhprlsSséh|ﬂe1d10ﬂpdrmsfsumﬂjrth@ét léadt éhelayeS. The

area o5 det eFarahoRy ARt i B S f S BpRiegRfsely. © 10T 2

mul ti metal oxide as clalned in any of clains 1 to 3in WhICh Mis Ce or Mn..
5. ghe_ use 731(‘) The prétd t é@élauﬁéd A @lai®6 Whied Mné.e{%rf]r@ﬁ% 872594 wm.gmt bé’sleﬂofmo(rj t
pr oduci ng reca e gas-phase partial oxidation
of aromatic H'{/)ed?tﬁ %%Héheﬁrgcat%ysttﬂ %P'@Eﬁ@'&x%t whi ch can be converted into
a catalyst for the gas-phase partial oxidation of aromatic hydrocarbons and
conprises #&n iTheptecatalyshes damied insfaim 6 oahwhase inee agpovuesupRgemategainpr i si ng a
mul tinmetal oxig Qltped in any of claims 1 to 4 applied thereto. 7. The
pr ecat al yst as C al meé In claim6 which conprises from5 to 25% by wei ght,

based on tdie A dalstu8i tB8Gafbnhd a?ﬁﬁ@ﬁﬁé‘tﬁo‘ﬁ&ifard?ﬁatﬁ‘ﬂyﬁio&ﬁﬁb@hs @nicde. 8. The
precatal yst as clainmed in

cla
el comprreRestanen ianpqoisipabu AGCaplrt ity 2 Rant s B | o
oxi dati on of aweownesing, dsychtalgtwalboadivekompositoonp sileesasadium exide moomze mbich

support and.  agpichiedk J1elsebile niblal VAT Forh BEdous OSTSSAL RPN 3o, w Mp

cat al ytlcally actlve conposi ver -vana m OXI|

conprises at |@afd B‘nBUrﬁéﬂﬁh andda mbichde Agyratemis rgﬁ'%‘ﬁﬁmﬂbﬁ’}é?&@ H@ aB‘# Nb, Ce,

W M, Ta, Pdne v afdmi@flioRrém@.00054610.08, wiien &t stas 9md9cé<ﬁﬁ¢rﬁ>als from
0.15 to 0.95 an atom.c r

t 0 0
catalyst i s prraﬂuasﬁ??%%ﬁ%{np%mom?rd b Mo R B B ftpiai

claiml or a @ecatalyst as clained in claim 6. 10. The catal yst as cl ai ned
in claim9, wherein the silver-vanadi um bronze contains Ce or M.
10. The catalyst as claimed in claim 9, wherein the silver-vanadium bronze
contains Ce or Mn.

11. The catalyst as claimed in claim 9 or 10 having a layer whose catalytically active
composition has a BET surface area of from 2 to 100 m2/g.

12. A process for preparing aldehydes, carboxylic acids and/or carboxylic anhydrides,
in which a gaseous stream which comprises an aromatic hydrocarbon and a gas
comprising molecular oxygen is brought into contact with a catalyst as claimed in
any of claims 9 to 11 at elevated temperature.

13. The process as claimed in claim 12, wherein the catalyst is produced in situ from a
precatalyst as claimed in any of claims 6 to 8.

14. The process as claimed in claim 12 or 13, wherein the reaction mixture obtained or a
fraction thereof is brought into contact with at least one further catalyst whose
catalytically active composition comprises vanadium pentoxide and anatase.

15. The process as claimed in claim 14, wherein the gaseous stream is passed
successively over a bed of an upstream catalyst and a bed of a downstream



11. The cat al yst claimed in claim9 or 10 having a | ayer whose
catal yticall ﬁ@@??@é“ conposition has a BET surface area of from2 to 100
n2/g. 12. A process for preparing al dghydes, carboxylic acids and/or
carboxylic anhydrides, in which a gaseous stream which conprises an
aromati ¢ hydrocarbon and a gas conprising nol ecul ar oxygen i.s brought into
contact with a caeklystiwhareheberef ypstreamcatalyst camprises & catalystas caimedined
tenperature. 13. cldim Pandtebedof dbwnsteshm tatalyst sondiRiseybeieastonelvatatat al yst i s
produced in situ : e C;m‘g, : j to 8. 14.
The process as cl\‘grlyo(r}r'g:f% farllﬁ%ﬁgér@ %}ZI%%TB%EA%H efslr?gtva@é{dr'@é@t% bg’?\(@ha@fi ure
obtained or a fra#@asén thereof is brought into contact wth at |east one
further cgtal yst whose catalytically active conposition conprises vanadi um
pent oxi de an n . L ] . al QMH@J i.n the
gaseous st reg‘rgai ?th% sg%%é assuégéérggégﬂf/g?@n ?ﬁ'ﬁegé'@ﬂa %?algiﬁ(ﬂtﬂ_g]sa%lfvgam _gtgfg r;'/st
and a bed of a ddfia feunptiseoeatalysl somprisesirem idp 400y weightofyagadiemupst r eam
cat al yst conpri saxide, catalbiesitasas,0g) feorme0 td 09%dyaweigSt atitiniune diogide of
downst ream cat al y, 1 ] . ! y

I ValcuRREPES RS, @5 td PATY V\%le ﬁ@'\é&?é%@&ﬁ@ coaﬁ‘:%ﬁa gcsict?a'it%'lé{%d Qﬁﬁé,

active conposition COI;?)I’I ses ‘Vapadl um'p e an § i
process 48 cl ai met tor % by mweioht of g RkesPharusiomPRuRd.alqulated ag Ry aNAUR 93%i t i on
of the downstrearbyoedightys antimony oxids calcalated 40SKM% by wei ght of vanadi um

oxi de, calculated as V205, from 60 to 99% by wei ght of titanium dioxide,
calculated as _T102, up to 1 % by weight of a cesium conpound, cal cul ated as
Cs, 10 up to W-% B m?mas&a'@esm%ﬁbﬂw%wﬂm@d %fgtﬁéep\a@%@aagcqialy%tnd up
to 10% by wei ghtis ofadanif atieast tenilalers ofadatalysis etiose catbigidilly dctive Dompositio®ss as
claimed kB cl ai muLg, i ed: t ] ileStigrpge of
at | east l‘tgwo I ayeh:ag ao?‘ﬁ%ﬁa@??s é@ge'\ﬁh‘ggghga(?i yt%ge[ﬁ%%g@? ﬁ/@le%:“gprvpdcl)?i&tll on 15
has a differing (%e@ﬁﬁ%‘ﬁts,reéﬂh the Cs content decreasing in the flow
direction of the gaseous stream 18. The process as clainmed in any of
claim 12 10 67, a3irBedss s eifBE iPhny AARHHEARIES7 WindtaRlothiie @1 o- Xyl ene

and napht hal ene is ed as aronptic h carpbon and i s oxidi zed to
pht hal !OC anhydri d&P ﬁ\a ene or a mu%re of o—xyleng an8 napﬁtﬂalene(ljs used as aromat?c

20 hydrocarbon and is oxidized to phthalic anhydride.



