, e3e. "+ TTUDWKX] 6] T 1 a OF THE PHOSPHOROUS GROUP AND USE THERECF 10 gﬂﬁ{ﬁgw
is & netal selected fromthe group conflstlng of Li, Na, K Rb, GCs,~ ,Y )
Ca, Sr, Ba, Cu, Zn, Cd, Pb, Cr, Au, Aly Fe, Co, N and/ or Mo, Aga- bMoVzOx *
® HyO | ais from0.3 to 1.9 and 15 1 , - 8 MAY 2003 MJILTI - METAL OXI DE
CONTAI NI NG S| LVER, VANADI UM AND_SEVERAL ELENENT p

rel ates MSLEITMETALEKLPE ogﬁlﬁ'@IyFN?h%I%rW%Dq%Mo #% #gﬁlrgé%'s Wi th
the proviso that thecgi tieresesofods crodelammbise maEﬁmm 0 to 20 and 20 x
is a nunber determ ned stochionetrically by the val ence and anount of

el ement s %Efﬁféﬁnt‘c ;9%9&’&?\/\3(3'1'35&%‘%3 qQf fyh 2 xgetawh'oﬁk'd@ RSWSt al

struct ure ﬂ?thgn ray po fraction pattern di spl ays

ref | ect PoAET | attice spacings d of 15.23 0.6, 12. 16 0.4, 10.68
0.3, 3.41 O 04, 3.09 0.04, 3.02 0.04, 2.36 + 0.04 and 1.80 0.04 [err]
As is known, many car boxylh§ R % apdf qf ,carboxyl i,.c anhydrides 30 are

pr epar ed |ndustr| ally by caf®l yf’ *gas-p aée oxi dation of aromatic
hydrocarbons such as benzene, o-, m or p-xylene, naphthalene, toluene or
durene (1 5-tetrane ).in fixed-bed reactors r er bly

il 1t aBevesihel SoRLak GRS R ey b R R R PR I e 's used
to produck&; Ror &5 Srant¥e ChefFoi B2adW, Zhal & (?banﬁf/dr-"i"demph‘f%al iC
anhydri defoi swphanddbrcMaci d, terephthalic acid or pyronellitic anhydride.
The customary procedure in such a process is to pass a mxture of a gas

conpri sing mokecptfl 0Q%yg8N:.d Yngexanpl e air, and the starting material to
be oxi dized through a rrultlpI|C|ty of tubes 40 arranged in a reactor, in

whi ch tubes a. be agc ait an %E i s ] ocated. 2’ uI ate the
tenper at uPe, the IEcﬂ’b s 8r§' urtdtn Vésﬁeﬁ at thesfd ﬁ at

exanpl e a sal & %el 219Despite this thernmpstatting, hot spots in V\hl ch the
tenperature is higher than in the remai nder of the catal yst bed can occur.

45 These hot spofmongidveor2Gearid secondary reactions such as total
conbustpon of the starting nmaterial or lead to the formati on of undesirable

by-producks wai ch fiaBeReasEHM HeBlst 6O e r i €20TY ¥ the VHARAEE%92A]

amount of elements different from oxygen in the formula I,

which has a crystal structure giving an X-ray powder diffraction
25 pattern which displays reflections at the lattice 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 &.

As is known, many carboxylic acids and/or carboxylic anhydrides
30 are prepared industrially by catalytic gas-phase oxidation of
aromatic hydrocarbons such as benzene, o-, m- or p-xylene,
naphthalene, toluene or durene (1,2,4,5-tetramethylbenzene) in
fixed-bed reactors, preferably multitube reactors. Depending on
the starting material, this method is used to produce, for
35 example, benzoic acid, maleic anhydride, phthalic anhydride,
isophthalic acid, terephthalic acid or pyromellitic anhydride.
The customary procedure in such a process is to pass a mixture of
a gas comprising molecular oxygen, for example air, and the
starting material to be oxidized through a multiplicity of tubes
40 arranged in a reactor, in which tubes a bed of at least one
catalyst is located. To regulate the temperature, the tubes are
surrounded by a heat transfer medium, for example a salt melt.
Despite this thermostatting, hot spots in which the temperature
is higher than in the remainder of the catalyst bed can occur.
45 These hot spots give rise to secondary reactions such as total
combustion of the starting material or lead to the formation of
undesirable by-products which can be separated from the reaction
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2 product pesbyawskh great difficulty, if at all, for exanple the formation
of phthalide or benzoic acid in the preparation of phthalic anhydride & Y2003
fromo-xylene. 5 To reduce the intensity of these hot spots, it has becone
customary in industry to arrange catzétl ysts of differing activity in zones
in the catal yst bed, wth the |less ,active t al general |l y_being | ocated
inthe fi Ré?fg/%d o3l it ©Oreat ‘?Jeféétc?’gﬁyga%‘fa giﬁ‘e EONEXAMREe ifntact with
it first, formation p§ phthalddeoyenzoliet acidl igf thRepherpragirheot he nore
active capﬁ{ryaﬂtlcl anhpdaided (Payafibr bexgdenaut | et end of the catal yst bed
(DE-A 25 462 68, EP-A 28 64 98 DE- A 29 48 163, EP-A 16 32 31, US-A 46 65
200). The, catalys of |ffe tIVI in hect t bed can be
exposedgt tzrteé")rég ch é‘SSla e ggﬁe %’ rﬁ?etrtat’urg %Q/t%tﬁ’@ew two zones
of cat al ySP&ERTY| H’e%’?qt’@téfé’t FRiFaRgR SR NS St REr AbSheringdactl witer er ent
reacti on tenpmest dnethd watednstchedsi whth Hehe dasti ant fjes qEPEIAS8 30 765).
Accor di nggéferz-14 B6iR? 1dtatad plnirdki Fyxed Yede stenstlias vmenkesaeibncan be
enpl oyed gis tntﬁtﬁégec&rége iheb asiseyi Nl hie aqtiyity, St rct uring plescri bed.

Ger man ,20° Pat.e I C n rrant using a
pl ural |§ EQI& g‘% P lhg b%% t“ﬁuig ?gvrnfot%% gg?%vé Ceatscaldf?s ‘(?ncr eases
pseudocon ?‘rﬁfcﬁ&is[t W?W)rﬁhﬁhgaaa%milﬁl eta“‘érf?)‘E & RatgEsth S 235 To
mnimze é6htéhv BAtAorS B #Boudh-ds3Red ol oh- ﬁﬁp&rlﬁ 15 @drrpﬁﬁeht‘lsﬁ $ach as
pht hal i de2o¢) .naplet batailystse ofindt iflers ngbéati iviayPin ofthgamtaduat ihed @ad al so
to avoi d pendpuseat tonemdf rebetiasigasgas the samkdbahpendteire, Obutapat hal ene,
the reagtipl Joheaabt! abtalybedlod tallfferei;rfra%tqolty &an 213 geconverS' on

based on élgr go%t?;:géé trl}q d@%ﬁrer@t regg l%e Sra %5 aﬁogl)contAa orrﬁ'rtghenSI ve

Encycl ope

revi ow of CRAGSREEOPN 945 (BE-RNEE 01 dEB] vSEFbER off diF-8. A1 #he ln

descri pt i BPlexstlitheopridie geagnres Aeatiared cagubei e lnyedetf tahmcﬁam V\D

98/ 37967 timk ifiorKacHiewisigethe adctiv3byl sixuativtr ing B ge2Bed35@exhescr i bes a

parti cebapaidmiCc appl Vedd idnt NbOrp eBasi 16p RBsckibadi £ variaptengings af i r st

gflsgglzsgdbmtmt bi gei b aigses usi a?t\?eal elréﬂaeruogv Pebr QMRS catttlprgrtgen:gfz ly
1? stes ﬁ%%l&’o%tonggnucgm%a/r ?ﬁ&? t‘['”e' %}3\@ ig%%@e%r}dh%o Qllléj da%

formed is y oxl di ze gas phase “over a
convent i oﬂ‘ét g@&bgeneous catal yst. - 8 MAY 2003 Catal ysts which have been
found to be useful for these oxidation 45 reactions are coated catal ysts in
whi ch 2ReTeMiglipire gontandpation dypsseublasoms ephdy cidragtinge form of a

shel | to eommmeotsusucsupsophtinslidei et ndphdhonsigemeradd thuseshtaimder the
reacti on pa ¥Qod85¢dality andlis20Q3 £edidi ioABSmididXdEPLEe Giaakez (Si 02),
por cel ai nga BgNesk M OXixdeent I &y HaPXikSrend,! tﬁ@nr&ﬁaod,easrysfﬂl%d al um na

(A1203).  SlTnYT 1 Laifales ffmaes! UMb o1dy BhpelSiaRiial of | g0t um

silicate or ce ums XtUTe o ort rraterlals The 5
cat al y%:gc%'f"tvlé’gt ’i“%er SPF?%LH&S’NE?WT%E(E TcAtal 1R %]:*"Fa{})‘ Etive conposition
of these ERfIIQPEaL IS I8ILPFE (7dn EPETI gLt Xﬁ?un@%‘? 'ox]19c?3'| h8the® ormof its
anat ase neeifdebgntbye HeYiewnedithe pohendrde for ntheldialiestive hexigatapyt i cal |y
active coopasixyilene nand faudeberipdopr of ettemplrbces® uamd cattadmety ot her oxidic
conpoundspddiusitii 6h, mas Lol @ERhErih wondd LEMGe bhe Bt ViTbywaanek sahegtivity of
the caggl y§d. fi@r . exanpl e by decreasing or increasing its activity.

Exanpl es of such pronoters are the alkali nmetal oxides, |n particul ar

l'ithi um ot aSSI u rubi dium and cesi um oxi de, thall, ur’r( oxi de, ,al um num
oxi de, zi¥tdhi‘ah g%c’r FESCEiBRS FPAEEiqwlay PEEFeYR| YRF 1306hAPY REEPAE1iNng
rranganesePbeﬂdleWhthlh coydene sig @Isbwwlzedpperﬂtﬁ(|1dGUlthbarﬂeumseRGde,

nol ybdenumolecuder oxyugst enepxa demogenebushyori sleo 1 veah icabedt oxatdd yssi obi um
oxi de, 4@r§@gj1(ire0¥bﬂ§mca'%h.80£% QRkdeo1 8ld UBE@XEskenadnd sPh@s elzk%l?/ o
pont X deox A0MR" S5l €8 P ek NGaSThlKE! ¥oath IRGLEAREodAIC Sel octivity

20 are, f]g)r exa 5& € I ne me oXl whi ['e “oxi di ¢ phosphorus
conpounds, ??%SUI ko bhorus pentoxi de, increase the activity of the
cat al yst but reduce its selectivity. EP-A 447 267 concerns a conventi onal
V205- Ti 02X qtalysaseyhicdt dbystbedh ffonngriepde ngepint Hadr ¢chanbyekidd¢ionhi s

cat al yas fettfivhtherfe coaRed SCatdTgkts Al WHishothsidateilykAcadly tacdaveo ot her
dopi ng Cb%ﬂg@b%@ﬁon Ald %ggbe& hfn I%QC ol Qr shd¥L ®d dahbRBo xQL saromatic

hydr ocar ylic_aclds and rb ' ¢ drides, in
a1 oul SR RERE S oRT AN BTty FERE SH GPERAGHII ShE FEPPAave been
studied very intensively for decades, there is still a need for inproved

catal ysts for this purpose. 35 Sil ver-vanadi um oxi de conpounds havi ng an

atomc Ag/Vratio of < 1 are known as silver-vanadi um oxi de bronzes. These
are general |y sem conducting or netallically conductive oxidic solids which
pref erably have Iayer or tunnel structures in V\:hl ch part of the vanadiumis

T N N 1NN



40 host | gH%6 289581 AgXxV205 bronzes have an orthorhonbic crystal strugjoq Yeznua
They® conpri se partially reduced [V205][err] layers parallel to the ( é

pl ane which conpri se edge- and corner-1|inked VO5 pyranm ds. The Ag cations
are intercal ated between the partr alﬁy reduced [V205][err] layers. The
[err]- Ang205 bronzes in which x = 073-0.4 45 have funnel structures. The
parent (g ppérrfowﬁampéstqwﬁzs(Ba?ztr BT 68 13 a MR nEs S O¥dEe 06

oct ahedr atiand idixgtier t £l itaongoarbids pyraideal ahydnani 25%0a) ¢ ha¥umimami on of

| arge chaginglcate, AOPYAUREilifate-A¥t2808ta) 4 zireohAuc afiildestarer present

in the channels 9t ;the (3 LVRORLLAS I T T the

idealiz d tructure, of the vanadi
conpris %c &§c8fl5éaa E4Ven kR el?’tﬁ gd&a %)é¥%9§t£'%/(\%n&'h ?Elv Ag cations
are int er%oarrpasealos FhriifEe FRPEFHEATBAYDRS tHE G6RPHRT Y SHtaRL"Rr yst al
st ruct ur edigfxitdee inxthkk cEdnmonfettsranaase onedifiganieon amd [veépagivmct ur al

| nor gani cpdftemigel yin Rddik ibd) t tion cathayehcall yPres sye @dnpoditiGB8maypp.
621-625 afig infdrCobnf i 2AmaB) Bﬁéﬁﬁ’?&é o A8y td1PerMB% fdicl Qosbeess VCH

Publ i sher Lnc w York, 1 7 [ S i on on the
pr epargf @%C%da&?{%?‘{ﬁ% Saf 8%“ Bé Ctjl‘%ts’ Bfd JélCeCt‘DL 9{5&

Handbuch th& cat8tyshi s@ﬂt’eﬁxéﬁﬁtﬁeb Fﬁe%ﬂt’tq &, 1§F¥ lngp&FF B4, System
No. 61 , SpadtrigertyVeExapleBe O] auelern;@rnbeegsw Yb?kalli@lmmeﬁpl @geF77. 15
EP- A 856480 pdirscbeses xitsyiesi f potadsivey - valmadiiunmeodi ckes iamd okide use as

cat godegrrgtaqurl@l.n(tg Sk, gqhﬂm@ﬂlsgqebl Sz_-Lﬂ‘in'iuﬁll byﬂcg%‘vq&gdr br,md@grdde i's
products {13 e?t fteaﬁta@n %ﬂﬁé@e% iel OXh G5 ida0 @i Maiadl um

oxt de Siclf 1\/%3 R gene00( 80 gr; e, Uegallin
silver-va dre B onZes as 8 $ O% S0 Thus,
Y.l Andr‘é’i’tﬁ?v lﬁ&%“’tﬁ‘dﬁe EAREAOR O R0V 'm AYEERIC " 559 (1977)
descri be @Haeuseanbinggy PXigepr efidd 9Xifa il P&HSRBQK%?G%P&d?-atl o of

0. 8: 1 f orPrdretexsdebicn redutel tenedtdvhenzalddngdesbende cedecdividere, the
sel ect'wiaxye 1 Gotteskamsh ) @HeCh Skalcicieene €51 VotidesNCwilsd REiddaver si on. These
cat al yst S, nekhLal eerﬁaob;ymlso' b pElttic8aPfphdipnotas tpdiriaker i al s silver or

i | ver mt 31c150F Ll VL0 2ot sRIA3EAT0: Ol ULEc M By OW N0

ng
toits rreJt o? prepar as a surface area. I'n a

t hese cat al ysts ma further conpri se cop er. In RU patent 2088 567, Y.I.
Andr ei ko\ERstr 417 ?Jé'e IRILOGFHS Br‘b‘?f?’és’tan?heVZQEDTFeO%éﬁﬁ%%?%‘?)oﬁaﬁﬂlY/Sdtr| ous
suppor 25 ntare PrgPar $ g thaéxpdwhmléﬁ t Bhieretedyperead deryber and benzoic
aci d. 35 dwparidengma bl tarouvexanpf esilveneimi ggvistiooohe evtdiegn dppingbt ai ned when
using a cadniployiehteonprising the Ag-V205 bronze in the formof a shell on a
silicon nitride support mat eri al . Here the conversion of toluene into

benzal dehyde ftgﬂ o%e‘?—ng r 440G, da QU ale!l ar&ﬁasact ttgaﬁc]&@bomesel

cat al y S are e not eco om Ca 1 N oper er nor e E.
Andr ei i‘g %ﬁt%@-ﬁc ARiLA ‘{é'é?FaF axrboxylges Hde8agBo 1207 (1981)

descri be R%lé’élléﬁt?’tﬁe W&ét?’br?%t‘"éyiﬁr’?%r?é“ddror gi)‘h‘t“rﬂfll@ﬁ@ E%rprfb Ag- V205
bronzes Hearendpean #5138eA/2e8Y nbbtansiyely ©Ir Gletades yitherg Faxsiidmh iBn

respect ofeegictfoyi iiypeiesi tiavalystocdorr thiys ipuripheerange 0.5-0.86:1. In this
reaction too, the desired product selectivity decreases with 0050/ 49521

— 8 W@ﬂ%r-v?néé‘ﬁfu‘?%&hﬂg EPERIES ORay (P A2k RbN AL %g@%s%tp&‘%f' n these

Tater i al st 578 SR o0 ot ?rg&%"%‘é‘d%%@’g %Eﬁi[}? el dnesd 53;.“ ation of
-yl ene GSeEL Rl TETASARAFE RS 5 A5 ALDDE srrr@r?ﬁwge AR

Ag: V205 nilligh paeferalilyoheyellayes ©oF suenel citrartyyes g wiick s thekar
rati o of thelirabhadiumisheugheht gin cedueedi Homsn asevaTrh) enedhes{wPsihi s

syst empo tstdask £ 86k PrOdGy, Gebebided hrvangn l&ty:loehdmni@ deysakisfactory.
These Cdlakakaral sl ddngls By JmRi gangLiancal | ﬁég p@gg i rdBag5h f) and

subsequent n cal cT ha crr es t

oxi dati orf oftli’ 6%&&%1&?’8 YE ﬁ%tcf?éfl?FéF&%d% ?dvach"adate

cat al yst sl’ﬁrﬁn\hﬁFCthﬁré*GA@FVla{l%rﬁ’i? rlat%crlsat&dlbewm Wle PREL Il al

gas- phaseremivicedt { v050f, fleyeaesne Thai fgAgiVPerbxanradi Gm wxiake xbFobhzed .ids known
from Us Aa%e48Bn8d D, stdachuzBs 12 pasdnangt (Wood 41hddt 2k titheif\g: V atonic

Latc :3 'egt Ieﬁeﬁg{;glré'x%tastl Sgie éortUaevengataalhem m%qsgf&g@al on of
Y ooy ca isen ¥ Q5,4 nilgS ¥ O Tk ol e 35%he (oBBREE - her o

t he Ag-V205 cat aI ysts contain only V205 and no 25 other identifiable solid
phases. The sel ective oxidation of noncyclic, unsaturated hydrocarbons, in
particul ar the oxidation of 1,3-butadiene to furan, with the aid of silver
vanadates is described in DE-A 19705326.



30 In allpg8p9anskhe selectivity and yield for producing the desired
products was unsatisfactory, so that industrial use of the silver- vad Aty pel
oxi de bronzes was of no economc interest. It is an object of the present
i*nvention to provide novel 35 catalysts and starting conpounds for

produci ng them for processes for the oxidation of aromatic hydrocarbons and
al so procBBechy f[GatippedRKS My CERBE el 318l GRARNESd oft hike ifird VeBshoumrss f or
these cat abysic:. Thesentmst,yshe Hemllideiasteriatprevefl theopanadismi n respect

of acti Vi byorsd sSRESEI0:V % Y= 101 6L0€9 PXdcfiiplh 085 Oiay%rr%”BE' EdgHlhvdeqcpgbons to
car boxyl i g é{;?’%'l'c‘ﬁ BROY c%? né’aa&t Lé‘!@éé’lat%dt he oxidation of
g%)r napﬁf’ﬁ e Cl_{) g e,

o- xyl ene an ne to give hth 1'c Anh conpared to known
cat al yst based on Ag-V205. 45 W have found that th| s object is achieved
by mul ti nBeathexiiaéernatiane onokhel epmposipd®n/agg52Iystah£tNMEVTK of ¢ H20, |
- 8 MAY 2008 ohielie Mroszes nalyabe sBdwxdt éd A romwellésgr Stypmotamailsti ng of Li,

Na, 5 K, Bger&ﬁuc-rtheﬁ/gstﬁa, FOFth Balit@dn, A areddolbrréds, Mtfofd, Fe, Co, N

ggg{ Oth a% tehal 13 @rt@' RlORQOI %frﬁ%gut%&xﬁ% tmgtst%ap[] m;g
determ %P g%te?‘ hfﬁa 'a ‘ﬁrtt NS?” ?Pg’Sd.Pt%?s oxygen in

the for nuﬁﬁe¢lf3\m|léﬁ°h%fe’-°&‘ E’PyE'B%IP%PPHé'HRre agdy FEEU G TR I'="§yt Mowder
di ffracti dox\po%teronagsi ¢h givgy dps”erdliactippdisuch dele ahexgdndscdpaci ngs d of
20 15. 23 cRefied,2.8th e®ittionlOsbBver). Par8. B4, FsRém,nNs.609 0.04, 3.02 + 0.04

, 2.36 + 9 Pf‘ng”é}‘ivérﬁgg, G4 i A néHL 186 29- %y FREOCE6P4 | Yp.PEOELULINg them

Further we have found precatal ysts™for produm ng coated 25 catal ysts
for the gas-phase artl oxi dation of aromatic hydrocarbons by neans of a
gas corrprrggllggﬁsr%I gres %?ﬁg@nsl)eccdtfﬁﬁ §HhtfTan 2ra ?"t’m ﬁo?Bgsl?Upport

material BR® %ﬁwéaGPOﬁerreate&yé#sle;fthFeHOtmﬂaaé FAlife TéEm of a shel |,
wher e t hi sitverseaghdivm|dxiialel dyeprasuckdydn & codpirseategeprksenfrom 30 to
100 by 30beevesrt sibasedoxiniet hedt otwalnadeughixigie shes daWRDs aor IVapey,s, of an

aboveneot penecbmslobbdredals 204t de, and al so coated catal ysts for the
gas-phase partial oxidation of aromatic hydrocarbons obtai nabl e, for

exanpl e, onaste e esgi ecrat al Xﬁ'it?m oorntdheblr,rgrlztelsrretsag 0 atd%e1 (c) ta e invention
and corrprli [ 357 rous su}g r € t‘e fia psﬁcl Ed
thereto ofieSdr ’}ﬂ’j’lne 'F olI | ﬁ@aﬁkt‘:‘&t%fﬁ/t (I:al Polkast

conposi t | BREv#idmiyanpti S5, (B& [e d@ﬁcrt%e ttheamsaeP§Hg- Vﬁ@mrhlmzﬁa 100 by
wei ght 28f h@erlg)l’aanBEerﬂsl metaw arekdpuef dkisdé Bboondes oxadaniprarcfAg : v atomc
rati o of tonwerd: o benthHehydd/bazodcBEdiduUHeaes alfi€asdlfecd4fvitprac? to 100
2/ g. we hayerad $RoheeHd R cRERSES Swifcdr méﬁeerm@gcswmwnl crR&dds and/ or
car boxyl'i Eaé‘ﬁ%jcrs g?é O Nk é‘irr] ﬁ&h@%éﬂln o%“&’ﬂ@té&a O 1 21113

particul ar . >§y e \eelhornltr e_or tm7§55g es. . 1v e S8 corrpounds or
of tol uenér |n ecular oxygen

at el ev8t BE* 1% e’r“gFBr e°‘"B\Pé’r té t"aﬁ é{\efzg? vﬂt“g%eé’éf \{ ‘}'cg‘PF 3t
corrp05| ti eﬁrt%ceaeapﬁedlrt pddi&ion, gisee 408Elysts may further comprise
copper. In RU patent 2088 567, Y.I. Andreikov et al. use Ag-V,0s

bronzes of the above composition on various support materials for
the oxidation of toluene to benzaldehyde and benzoic acid.

35 According to the examples, the highest conversion is obtained
when using a catalyst comprising the Ag-V,05 bronze in the form of
a shell on a silicon nitride support material. Here, the
conversion of toluene into benzaldehyde and benzoic acid at 420°C
is, overall, less than 15%. These catalysts are therefore not

40 economical in operation.

Furthermore, E.I. Andreikov and V. Volkov in Kinet. Katal. 22,
963 (1981) and 22, 1207 (1981) describe the selective oxidation
of o-xylene or naphthalene using Ag-V;05 bronzes having an

45 Ag:V,05 molar ratio of 0-1:1, with a maximum in respect of
activity/selectivity occurring in the range 0.5-0.86:1. In this
reaction too, the desired product selectivity decreases with



7 - 8 MApygWaadesm of a shell to an inert, nonporous support material,
wherein the catalyst used is a coated cat al yst whose catal ytically 28tNAYE00)
conposition, based on its total weight, conprises from30 to 100% by wei ght
of a silver-vanadi um oxi de bronze havi ng an Ag:V atomic 5 ratio of from
©0.15 to 0.95 and has a BET surface atea of from2 to 100 nk2/g, in the
presence igcrapsiéng ecyivexsippasTheomatedns el desicalibed frorthelse oxi dation of
aromat i ¢ gupdiostidonaried 1dRebDxy |dikadfbdhpridine meldingy bifctigahydri des
which is Qibhengnhafdapihe above described coated catal yst and whose
catalytically active 10 conposition conprises vanadi um pentoxi de and
anat ase as si gr_n ficant catal ¥t| cally active constituents and, if such a
second tddat eddéhien ystP-s 4préstht | (19t71i’sd3tl%ce1@5ieﬁ Bhe ANICABHOR Rfal yst bed
wi t h t he ccogflede ced gdhistalaf amiwdxb@eeusmmd@-wn@mqqmtahmw|qjaa1aﬂpﬂt$ eactor.
15 I'n theyd¥iagenh APPlosahd iy reli€o Xof ay. oneft ectitnsdaieisepd redihnat he
form of M8 vy 8t iSrsPaci o ALAh- mcm&ac;qsua_;m%@%n%mepé drl2®, W@vel engt h
e G

of the X-r cal cul at neasure

dlffl‘aCtIa(f’%yS are‘é%lngbft e B S d"%:[h ?Solnr rf’num-'enseera 1Y3h% aéjrrpl ete

X-ray kﬁ)w@rlddﬁ?r%‘&q"dﬁfﬁﬁ??’é’fn SFh%a?ﬂ)\}’éanﬁFﬂm%CeSxPHe of the

fornul a liriprebndbeton mfethgl Fappdrt ratesizl@ndoaybseanand dnyemplamdl. Less

i ntense reafllcéabtdoms. in the X-ray powder diffraction pattern of the novel

mul tinetal oxides 25 of the fornmula | have been disregarded in Table 1.

Tabl e 1: 3 4 f t 1 0.68 _+

0. 345 Olzsa‘ﬁpp‘% %9 504, THge8s ﬂ%étdra[éf& othe i_;ﬁt%ﬁzfg bﬁgef%z%l 3.02”

0. 0410%° 3Ethacyo ﬁ’l’iszg‘eaBs 745 B° SaRBLYSF 0424954 B04151. 93
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Dependi ng on the degree of crystallinity and the texturing of the resulting

cryst al s mifnallhg, Mihé ipamitdbl ogaslephaiset heidabient béntoldwrecusimg be, however, a

weakeni n%fﬁve&heaﬁmﬁﬁﬁio&mfbﬁmerse&lsemdv@n&rbﬂ then % uay PyeE-pattern

whi ch g {3nd MR254309P 758 atrhaez.l,gw g%m SARloY shel Al fons are no

| onger det q_ﬁéa elnt éea% Igc é esrenbxvm ot havi ng an adverse
T o Je?t]i p recg?

ef f ect on q°§ 8hd ca a gsts produced from

the nul tiS%t PeBRF‘El’eerlﬁ °tvﬁ’é i'*?uv‘@r%l Ot thriRe Vaha hoR16s * Yelabt ¥

| ow i nt enidi thjkpeisedinoms (Kn-¥helthoek- fhy poRder Coprt &n 66722 7Rul ti met a010l
oxi de of ¢I9903henviete chrpagtViCancytalstisy contain] @nllyt Wiersefod enaloes not
mean timtotHee Hueihtiwizalleoxblid iphaset. atioorsdilegtive tdyd dateéserdf i nvention;
on the otfcyband, dhadiaseace dfocatbodd, rief bestiansr Rhé Nex Deadynpowder
pattern idyi dcgt LESeddiine BE BWdd meliah oxldgd efqyfﬁéxo%amdzésal@ul timetal

oxi de acc i.n 0, r vention of particularly high
crystall |dﬁe|stcf/[lg3& i3 h%d'(% r?gz&é%iegryst allinity of the nultinetal oxides of

t he present |nvent|on may have an advantageous effect on its processing
proper 39 &0 jad 1t AT odUiet FEREBFIVIY pPrecHieddy $05 RIFRPUSAPE| R Leshrefe
present ZA@ddmeentvam.unsttisfectryobepotisatt adndheteiaskiuslkeedfi¥he he art that

m Xt ur es iflviehevanddivieioal doxbriat el whicoPmes edbnormeerihni-anest t h ot her
crystalline conpounds will display additional reflections. Such m xtures of

the mil t'f@tﬁ}.' aﬂxbgfeé’)é s QEQ%reCsre}ﬁ%t %iéﬂ’ﬁo OQP &b prepared in a

\tMa: gets Chc &é%tﬁ cp%tér 116% Cfomrpoua ] szhgroguc:mgdt %egi ?gleng%.l l.avention

ion O et al
oxi des of qrhé

Br exEgationy 8ht FEady S HE%’Fﬁﬂaé’tanF e%lré‘,q 2015 CoPTPIRESEBaf PT ng

mat eri al roducing these catalysts and starting compounds for these
catalysts. These catalysts should have improved properties in
respect of activity and selectivity in the oxidation of aromatic
40 hydrocarbons to carboxylic acids or carboxylic anhydrides,
particularly in the oxidation of o-xylene and/or naphthalene to
give phthalic anhydride, compared to known catalysts based on
Ag—V205 .

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



30 The refdosu/ /49521 to 17 shown in Table 1 generally have the approxi mate
relative intensities given in Table 2 (Irel 19%) Table 2 35 40 45 -8 MAY 2003
Reflectionlrel f ~ 1116211318411523616780861910010231124122313 ~381926
0050/ 49521 9 8 PLAY 2003 1531164317 -¢ 136 5 As indicated by the above

di scussion of the intensity of the reflections, the 17 intensity val ues
given in Table 2 can vary ingy.i Vw00 theja, rati os T o one another. In the
mul tinetal oxide of the forrmula |, the value of the 10 variable a can be
fromO0.3 to 1.9, preferably fromO0.5 to 1.0 and particularly preferably
frO][n 0.6 mfeQe% 9%\% gA&Qa\iaLélfe@a‘edt hgoﬁ:(aﬁuea?&eup cfcﬁi%i@%%ﬁé%ﬁ Q,it,OgQ{ﬁ,t .
prefera m C 3. and_ i apticul ar, fr 0. pr.ovi a e
di ffere?cxg’(g- t'_))gls‘squr'egitgérg%hgnreor%géq%ua'l s g@ippﬁl‘hgghuﬁ%'erﬁx ?g’

det er ni ne§byMLha"d5 % Mance and anobunt of the el enents other than oxygen
in the multimetal oxide of the formula I. The nunber c, which is a neasure
of the wataer dent¥eoi,0cnrrobe.frami 0 to 20, preferably fromO to 5, in
particular fromO to 1. 20 Particularly suitable nultinmetal oxides of the

for mul have _a j tin0oR Of. o] I O e ais
from 0.% o 0?‘5’, fiﬁlgp&a oué)'cg)f Yh%m\%g%i gm&fggygg%%eer %1?%%%% he_% unt
and val ence of Oh §’?‘¥ver and vanadi um conponent and c is fromO to 5. The
mul ti metal oxides of the present invention are new chem cal 30 conpounds.
The new mal ti et drowxd des 2§eandal | y have a fibrous crystal norphol ogy, wth
the mean ratio of fiber diameter to fiber length being < 0.6, preferably <

vy B T e by Thankeg e
vs > 0. Tag RECL | £ SULLACS, 98, 0ol Ehihaey, DY

measured in accordance 'w i S’ based on the

"Recommendat i ons 1984" of the I UPAC International Union_of Pure and Applied
Cheni st ry YPafh PRye & CA¥FFal (Favctare H¥ing19Bx4ray poyesterdiftyambied t han 1
n2/ g, 40 pesterabwlyidhy disBlays 28@1laetipns @tphhe | lakticef spanir@st 6 ¢60nP/ g
and par2o aal.asly @ref arabby+ fo.am 20.6® B0 .8R/ 3. 41A3 vedal s Most keon®t al s

l,i, Na, K.oR0+ €s04 T12.88, + @.04SendBa.8 4, 0404 H,danBba14d .byAd, Al, Fe, Co,

Ni and/ or gan bs 43.60084d tyepts of the nultinetal oxides of the present
i nventi on.pygtr:egerenci3 s g'l{’vden to Na, K, Rb, T1, Au and Cu. 0050/ 49521

Furthermore, we have found precatalysts for producing coated

25 catalysts for the gas-phase partial oxidation of aromatic
hydrocarbons by means of a gas comprising molecular oxygen,
comprising an inert, nonporous support material and one or more
layers applied thereto in the form of a shell, where this/these
shell-like layer or layers comprises/comprise from 30 to 100% by

30 weight, based on the total weight of this layer or layers, of an
abovementioned multimetal oxide, and also coated catalysts for
the gas-phase partial oxidation of aromatic hydrocarbons
obtainable, for example, from these precatalysts or the
multimetal oxides of the invention and comprising an inert,

35 nonporous support material and, applied thereto one or more layer
or layers comprising a catalytically active composition which
comprises, based on its total weight, from 30 to 100% by weight
of one or more silver-vanadium oxide bronzes having an Ag : V
atomic ratio of from 0.15 to 0.95 and has a BET surface area of

40 from 2 to 100 m?/g.

We have also found a process for preparing carboxylic acids
and/or carboxylic anhydrides by partial oxidation of aromatic
compounds, in particular of o-xylene or naphthalene or mixtures
45 of these compounds or of toluene in the gas phase by means of a
gas comprising molecular oxygen at elevated temperature over a
catalyst whose catalytically active composition is applied in the
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45 from 1Qydso 2bds32/ g and particularly preferably from20 to 80 n2/g. As
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25 The di rgosy@vs20f these catal yst supports correspond to those of UﬁfM Y 2003
catalyst supports customarily used for producing coated catal ysts for hé ‘
gas- phase partial oxidation of aromatic hydrocarbons. As stated, the
abovenenti oned support materials canogal so be mxed in powder forminto the
catalytically active 30 conposition of the coated catalysts of the present

i nvention] To coat the i¥ert support matlerial with thelwltinmetal oxide of
the preseft invention, itbis in principlle possible to &hploy known nethods
of the prijor art. For exXanple, the suspgnsion 35 obtaiifed in the reaction

of the vanadium pentoxide wth a silver salt and possibly one or nore salts
of the nehel iselRaeNbyME@Nabde disthes wroegssre Ditddsify 1602938 and DE- A
1769998, Q%fwf]@:y&g oRhe ﬁ*ﬂeiﬁ@et,@iwtvém%org%vsﬂnﬂ SfdH1e 9fcam%rah,sy,9p0rt
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t he net al congonen 't 1s passi bl e’ Q}ar?lc | ‘ar gref erred .
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Pat ent qu‘kxlecr%v!r bl 1|}:I9LineFa£‘9§>?i3d%§2 4ne1rza§.t ehgggué:efjibtr%u];rgr s]tatlo 10% by

wei ght, based on “e S8 T s conter‘u:ﬁa 0 e’ suspension or urry. In the
coat i ng of'OFRRORAYa| YEP sthfh e Pwr BhHe I’F&F’?’r’ n‘g’taé'fet(?fi HRst et pergtksent

i nvent i onbeénpats rfy v eRpeferallas <of - § rand PertacsboCd Y3erafergeiyeralt i,

enpl oye@, whetd e ceqionis beifngoabse, tadviegscardi etheospecif ichaucdate ng
appar at us apeédedetRirfiRSpHEHY CtHY @ETUNRECLKYd nbaheDSRT 16 pteRdinee JotPproduce
t Pef ngncgiézhyéé Sy oi%f’ m,e.ixprf% %Tsi;gingﬁ'n@ﬂf“&?ﬁ%ﬁﬁﬁér&ﬂaﬂi@ngeﬂ%@t |o|)éa‘r8§<]§ : ioadr out
35 tenper at g‘f?%z‘?“o FOBEE %E@%gghg% e, and, aﬁgggth "sfé’%’éﬁ?{ﬁt‘é% o St
suspensi off BPPTh&ENRM¢ P het3 dirded) orls HEFF2LBh TGy ERRR oh /8! can be
advant age8t8ferbdypEs9mn} girer250oBf { g N RPEF eWhads framgl0 fyorbdmtya o 500C.
At t he abevénpatticnédrlpwerefeapdyafrome0 par 80 afiz2/gny pol yneric bi nder used
in the coating 40 process can remain in the layer applied to the catal yst
support. ug,e i j1QN+ Of e Joregat i Bt.0 C ed_cat al yst
accor di ngktgoﬂ?%gts #ésgﬁ‘? ﬁﬁ/éel%t |L9h %@, t]ﬁesﬁ'lé%yslte%t'ngl { @é?' %mggbove 200C
to 500C, tHe Him§&r PR rinve i f‘gm ’f%’e Cé?ppﬁ?e%l“‘g RFer'©482ByP% her mal
conposiati 6ANEREENtEoRDUBRE dvltTRetebrdiiseront ofhea mEeppRE atTepsionnt o a
coat ed cabaéfsternaecdsdginern cd Ve, pKeskint Tilpvawmtargh Cwan al so be carried out
by thermal treatnent at above 0050/ 49521 15 500C, for exanple at up to
650C, and is preferably carried out at from> 200C to 500C, in particular
from 300 to 450C.




8 MAC 2003gg@sonys2Pe described in nore detail below, the nultinetal gﬁi&eﬁ]
5 of the present invention begin to deconpose above 200C, in particul M 2003
nore than 300C, to form silver-vanadi um oxi de bronzes which are the
constituents of the catalytically ac bve conposition of the coated

catal ysts of the present invention. Accordingly, at coating, tenperatures
above 200@° PESBAAENEPS MUiGimakdl Cxddedf Heec BRAFEIHHSVERBI Dredlepart of
the mul ti netall pxpdeduns isheophesent shapericmn odppinastiumopetteoxiaeal yst
support ma,de§ oM @ hkOsd DitNonabal ¥tdidatelry satt i Me aSkbYedntvanadi um oxi de
bronzes and/Qty g |ie£ol‘{ﬁ:'1%g' p&@o%sosewm HOOSE BhbHALA 6 s not been

| uci dat gd h d
s VAR FOE i saet o S helele g R PRI Saghb 2

sl ow y in SHiVentEnpesntas @011&%%' P§6Y?1ﬁ%&r 5 P*t RBe%Ye of - tPDé“rSi&tn&Iryst
supports \hitclpredeeemenscgaven tion usheg reatge soapH@0R .t &s 300C@erhe appl i ed
| ayer consdasiits peeesidrld Y s0§iddie viubsinptsallvexi decftel, el PiARMNLhe

i nvent i Onra%z (i%ooeﬁ@r %m&abégmd shY+SC Ty cgm@} RataRl Giangkysis of a

sanpl e fromthe lie r. At t f fr m 300
to 500 48t 8 0S| ts?gﬁ l§1>r oceéﬁ% EE 13193 és@ﬁﬁ? u‘{ g in a
coati ng pr"tfl?eé‘@ta RREHE Yo Bodé ’t’ﬁ‘éalccﬁﬂ ef’& E%ffa"f F 8}Pl‘frhé"r resent

i nventi on sdmbe dbthané@lvrrhoiredgolhigra®n Heonged tah?e sphyertrdd abe of the
pr ecat al ygirepafrat hen ozt ahgshubtipearnl osidexatofdthe thrdsket mntdamebal, dXi des

of the pr Q’%e'yosbﬂh!ﬁé\tﬂd)%sbn e :QRpes AtiHe pedBFEof 1@ above 200C to 300C,

the appisig F‘L] 9«%&19 f?:' XrEPéﬂgfaitrZ%ﬁe é’@e%%’%@%ngoPﬁrghﬁneHPec oHHH' et al

oxi de use | rr coat.l ng step,
varying a 85??1‘:3 5 ﬁévﬁ’ﬁltﬁ Pﬁ?t"&?ato}igd’é‘%f“ the rtggelflr t4hvention and
the sil vercc\%’r‘?éﬂpﬁn‘f"‘ cﬁarﬁérBF‘énzes and/ or silver-vanadi um oxi de conpounds
whose structure has not been el ucidated crystallographically fornmed by

t heir partitel rdecofiposift veds wibhl therdinvepl saltarmndopotdiblybouenealtd afed
coat i ngzoredHeOGhe L& 8NcdipoR@Rt Oy echrf Genpf SIE bRy chhfiqy @udt &t isdom of the
present i neReh@BuAltht Re 98 At LabrbySiturel hbea BhASENEHd RRLEBR-

bt ai ned TF Ec'ﬁ%%'%ta‘ffaf%&%?‘ﬁgpéfﬁ pLEteRay gk b S S Bking.
"hto accodtld PRECAEGA IR RECHEIRELY g ERoUO L] Qaotks rETPRES Lo yst
product i orPTptBEeEeRE M EP- 2bYEY 36 BAHNY 88iRY Y EOHHS g UERE i nert

cat al ys#5 sispaenchien iz, agraftrgesugly pranrigdi edt powderesfunchaegaeti net al
oxi de of tdte thk ptesmNousnpeads e, ofatlie claathiyn pryeftemabllye wielbtaon

mul ti met alconsiid@oha Vg p&beeﬂmWe@Bm&w@oaduaﬂt@eeeuswr&p%hl Bé in
respect ofcart§ eBELyS Wi %Qﬂo@;gl%lcc E}é@éﬁlrerm'bQEQ}l@ﬂyg %ﬂdt}?@
0050/ 4952]st g Q& a@e 1als t%%ngggrgﬂeoqem C pref erably
from20 fg& et Jromro

with or
wi t hout? °8‘ﬁd0f éeBF tie t&B‘Svgﬁ%%ﬁ dfrfS rf&‘é‘r“%es e SRYPay*Powder
di ffracti (f"ﬁ‘tﬁéﬁf‘%’i‘ Poftheafprelsi VY tABEerion eXpPRHR S Poﬂ?’(’rfé?emﬁr"%ca’t%ll ysts
produced &o66EHILAg 1o geherpl esd®t reaceinn of thenViOsewith tthaesdlvesxi de of
the fornmulslk dhdpbapssiblndrs @l marersdltscbifonse atetialecombidnene Hpaci ngs d
as have begResSpRéimiRdmabeyeotitelakl ehd fresehbeimurtiibRt 24 «xirdes it the 10

present 34 nyept |aogerilg5e goﬂ,grgl Catabysi&,f the present invention are

pr ef er abl ¥ 9_—&8 u ed o e nr ecat aI%stesd of3 the gsegt i ngenér an or
produced in~Si fu ormath se recgtrﬁf1 i tlﬁ 25, PUE RSP

oxi dat i on SORNERE %‘f%rfé‘ﬁ Ee‘ﬁy%?“t?@éh“ﬁoh% qu’f‘efjhést?féiraﬁﬁl ¥9%8ht ment of the
pr ecat al y§ﬂ1§PefIS%¢fe- present invention at from> 200 to 650C, preferably >
250C to 500C, in particular from300 to 950C, these precatal ysts are

conver tar péPehBli fg tdif theabesh %t @h¥sidaOicombes PERSERE tHY aif1tenetdr the

gas- phase Qxiy a&’fqafe()ffoiﬁ\ﬁ) 10 0dk éfma b9 £AAaNY| Life Aoz aNE OF

ot hly GaBon e LIVEE, BRH, A ¢ e SeiTs e T T e

deconposed) dgtermEnashdyi ﬂt nPd Gﬁeﬁ?’é‘ﬂ}ell%/ IknEWhS arfd‘ecﬁbf‘é&,*f el Eeds
si | ver - vamgedeual bximachednzesh (the. vBiddiunSpentchida iBr amcati®817, 1967).
This cas Reresbpbrdiskedobyn RANS vobtomiA Y adlhibf 6 Actriopnopas iy ro599f sanpl es

8;,[ 2?;2:'3?7&8?%%12 froqm t he toagytr rﬂﬁéogggéﬁ(&dsayégr q;}lteulagB?Oé(ein coat ed
b ecat al yaPe TRPT ik Fe F’f)‘?f“oof LG T hoigel, Loeptiegt [of ¢ FRE AP

i nvention present in the precatal yst to form known sil ver-vanadi um oxi de
bronzes in particular also takes place in situ in the reactor for the
gas-phase partial oxidation of aromatic hydrocarbons to carboxylic acids
and/ or carboxylic 35 anhydrides, for exanple in the reactor for preparing
pht hal i ¢ anhydri de from 0- xyI ene. and/ or napht haI ene, at t he tenperatures of

Y. Y. Y PN N~



0050/ 49520050 B4 9491 2003 The thermal conversion of the nultinmetal oxides of
the ‘present invention into silver-vanadi um oxi de bronzes proceeds Vi & MAY 1003
series of reduction and oxidation reactions which are not yet understood
fndividually. It has been found thai_;ul depending on the 5 conposition of the
at nosphere in which this conversion’is carried out in respect of oxygen,
inert gadBSiSraPeucitify sgives sid 48 FPd diparattRWtefSalEE Whdbhal so
dependi ngyasediket bertaxidaotorrerspendéag aty sm égnt a¥ nstamicorghbiv othi nder and
on the tyfremandsae®untsdsof whidis deirteepondded hevambe taeat FRNEofullahe
empor o s oo D O e B Tttt e
presenf;ag imr‘ll\?écﬁ FB‘!r;lff?xrlse EﬁY%ngsial velrg?elléénaccﬁyus%ggx?%rgghc%r?ﬁ uﬁ?jsgb allcrzlﬁgére
different fromthe abovenenti oned sil ver-vanadi um oxi de bronzes and whose
cryst al | Greaphiltisetaictoxide hefs thet pbesenteimyvedaien fnrmedsintticis aey
convert etadnNpkhesé BEdOEromdeie reace Holini@ngeofind hex qriedcess fudfurexi di zi ng

aromat i ¢ hydr agar RONS 1.9a a8 Py lcaf BONYLNIdea Bpd/ Qr cabRpry) ic acids into
t he abpvenenti on vanadi um gxi de Q_r on%gfikac%%trégn%ge bgt\{lerrentl oned
f di

oned, .silver-
or oper 19 d-1t8E 1RGNS SHEPERTTEh &Y PV ThE K. § ay actron atterns of
sanpl es AAPaBEARFOIRT QPE FEIRET oG FHIMPEAIT¥RICT GFr EFF t9E™Basr s of

pr esent - day fkreak edigrer st hThe pirydagsof sthevwalsipeeal joxddet pesrgrsien- vanadi um
oxi de br arreipedsentparmithbaiyt aldytntageousdyt ceer pahpasi by omeafs bifie coat ed
catal yst sprayharpiepent hay sy isaRandhgedty texaaph eshdautennerdledxiager

oxi di 2 1g, 1253 6eAUI 4 119S rabt&lor lesebCHPVaH 1Ll BELEPE:d %&9&93. i 1.9 anot her

silver-v Lum. ox1 de o) Whi i d .t i | ver-vanadi um
oxi de br %@g%g}%é%&&%ﬁ eérj%\eg%cépiéléns{e%hﬁﬁgs i ceg’ﬁgl %us 2l%ed in the
reactor. aFWO?Wﬁﬁ%@EEﬁW'ofrhﬁhgr%%sd‘lr@d Rt 3G tPRSHEDENt

i nvent i otsieg EebeImgeahpntrlet ASRPBY B ffarhe tdBiRFoRs wigaperiadly

mul ti met alirorldkowdh tike ipr eserdouraeendlsm passfiibbento 2B@ bthé&O@Tydngby

t her nedo tgagakeiéh Ofs hierpgac aralaygbs. ofhd hempeesante ahvenidwnrnat from >
200 to 6Ginkhiss NBARe st Bid IR yJaPfEAtiORaIanPigdR17atal dddeerlsby active
composi {i.qR.COMPrANING Lhfdldekel- Yanad Wi xk g Drapagacap be carried out
in one or nore stacgleso. e sglqgln%- ggagen%e erat Oﬂ)[ Q,fc tDe 3 | ver - vanadi um
oxi de br ORPETFRTHE &t SPTTLATTY S2¢T Vi1 &78F2r°1he £3%t3 catal yst of
the presdfClPRE&ALT e i dnpI&itededbl TR AUHIEY SEPPHRATY EaPT nP e G rYABY

precat?f oo of sée 4o dxent S rireAbPBfr iBrederabln fued 320 dkr i1dR°Feakt or under
t he condisttiomage obf tthe oxititetml okide aimtnot hytemdst,bahs Mol tcianeheXyl i c
anhydri dexiaadéospansibaxybt£iraa dan dEe\ter patbed singhe- stagrrgaserati on of
the silvehyVaRadhiinX deabiNasel prid £L36aLYEE cald prasthve | ayer of the
coat ed C%%%X%E%x,‘%i%o&@e;%xp{o%s?QElé%‘i’cﬁPta'nQ”dE?{hf'oﬁo the xﬁx?féi'm%ga?“t

out si d:foto e .oxl dation reactor or exanple during the coating o he

support® B&t8Fral with the nultimetal oxide of the present invention at

0050/ 49521 IE - 8 MAC 2003 from > 200C to 500C or a separate thernal

t r eat mentThgt mpibimetal0oxide5IGCLEE PIREGHtedaVaNyAn @F4t eediash t he

mul ti met glreoxrsler atonfpooni® Gdro p28P&y ing tthiei sapalbyceichaldy adreivabovenenti oned

i nfl uencicegppai it &S coaedy asthligscOMOSrel 08eOffdrhehgagad-pHagesphere, the
presene (3 gaPseN it Al ofla i N3Lr8REr b0 thhea by Pe 13Rd .2 MU NN QL t he bi nder
have to he Laksnid NG, 6c0MNty hlSHCTE 3 BROCEALG LR, ORLL/UR conditi ons
for generatin He S PVerc vanadi u? oxi de ronze in catalytically active
| ayer of OMNESR oAt MaFat yRESE Phet i cOSAEI nh SHtichnbare AdidiPigeousl y 10
det er ni nEIYFhabdArIFrRhRAPYY diih @aBeabyratdenefofikepdiematerarse dAperi ment .
There ar deaghbnterless phacddéeprafendldlyl dekorthare Omil andt age generati on of
the sido/paryasatitiy @rederdyignaeskneidie 012, cabad Y1wagkl yrédidvenkayer of

t he coat I e ] i , recat al yst
coat ed a? qf !rag‘tr’néoky&?fgé&&vh\ﬁ %re %g?ﬁ;iﬂva?%gé?géafggegééméf trrgs?gnt i nve%tS ion
f

t tl
can be s&BfBRE®Y A"E h%%‘?ré'lu}tgcf‘élﬁgu 5 206 tY% under
condi t | oMSTRAPtPEhaPEeABY NS SopPi WFeJIVER t FRX J&dér RETRAFSf t20 t he
si | ver - vahade uwhape BEThsunteee soebhis fivvm Aukoi 25t al’/oxide paorisul de
abovensnttremedo sid \28i0- AR GndNp 8t L1 1eeROPREise MibaE £ 61y SE@Itloogr aphi ¢
St age, canyarilan: cppivd ThERE ConeMicil SbfipoSt AR ERL hacinBeat 0 2 oF N
o ommt | ¢ Y AFOCE 0SSR EalalRyToh FRNRYER TG ol s Rar bl isRH o aci ds
into the desired, catalytically active silver-vanadi um oxi de bronzes under
the conditions of this oxidation. It is also possible, for exanple, to coat
the catal yst support with the nultinmetal oxide of the present invention at
from> 200C to 500C under conditions which 30 have not been optim zed for
the formation of the silver-vanadi um oxi de bronze, so that not precisely

N o N o r .



35 into aoswtebaat al yst according to the present invention in situ 'hn ‘(2&]
oxi dation reactor for the oxidation of aromatic hydrocarbons to carbo MA 3
anhydri des and/ or carboxylic acids under the conditions of this oxidation.
40 Anot her possible way of producing,a coated catalyst according to the
present invention is to treat the rnultinetal oxide powder of the present

i nvent i ofORRBF Nttt YA St ABn Earféﬁﬁi?f) %Eﬁf@fﬁﬁﬁbfﬁ VWSt 1PhEPIFRA 28nonpor ous
cat al yst fsopp0ré ta f0.Qesndcll id,t diavegardimoinduptmicddy WAxtnaldy resulting
si |l ver - vanadougawhd Gmddbfbeoniae19r ihaet alkodepeni t taednsrbsered/aiadi um oxi de
conpounds nWhoser St el b8 AR ARl beem aldie, daf egharivshat | aanbical Iy, |f

t he catﬂ&¥set %%P oart I's coated with the silver-vanadi um oxi de 0050/ 49521
19 - 8 b F'onze obtained, this produces a coated catal yst according
to the present invention; if the catalyst support is coated with the
abovenentioned silver-vang ivrg Xk 20corrpounds whose structure has not been
el uci dated crystal | ographi ¢a i y and ‘may be obtained, 5 the coated catal yst
support is preferably converted in situ in the oxidation reactor into a
coated catalyst accordi Rg.to t pr.e i nyent i nger _t itions of
t he o%iodg F% %flsa?%r?g't PéGhP%rOg?éréoﬁsgr%rc?hc%rgéx\?ﬁn@ gn}[i/dir]g?d]grg)ggnd/ or

car boxyl iCetsERRed Ry HhE VRLANS eaf AR §f Fhb eﬁ'@é‘gnY ' MBn are,
however, thast meltimetplppsid®ably produced fromthe precatal ysts of the
present invention in a single stage or, if desired after thermal treatnent
during theefOlf SEhedmuQkiRét£I oxQabsNgf Ghel Beesahal ventbosupeort, in a

Pl uralig prRie hiff hec s62/ g Stblodha! thel BalGhCo sl AGRes! Br AN pe@sE N ST LU
in the o>g|ngaél£ on ;feac%)]r unger, .t krlle EOA’]rdoIn;[I grclshocf‘ (;tckéer %gdaéﬂ oncof aromatic
hydr ocar BENE" F 6O drBoxPPi S5/ Qbs™ Al or RXFTGaPPes ity ?2 The

cat al yt i CadFPyPaciFafe aShBF $CHISFhECBBUEL E8F aPFRIUGMEdGRRFHICERdi ng to the
present SHPRATrteth ERdYAES YOI GSHPBREL G G19itady$es 1008 - b§e v Yf¥e, preferably
from 50 twhigbOoorneimenghsupiragenatveridie trotfakthei glussodble hesecatfakheical |y
acti vecshitimefal Reisiek Ver -tk dttesentXindenbi omzias apr odusaib matkhisl way,

W th the 25¢8k ! MeSaRNAgt BEcNGRAdEYEY SeNGR! bYebSidGcRi88ENMe11R,t REr

catal yti cal | gll in Ag . Vatomc ratio of from0.15 to 0.95,
preferab%%aﬁ%%f%%t\é%rﬁg 0.5 and particularly preferably fromO0.3 to 0. 45.

The catalytically_ active |ayer of the coated catalysts of the present

i nvent i ofPSafPrted £aAtR13FE? LBy BYPIIHSAEVerkiin forytht Rajdial

si | ver25 axadpbhewydfderpnahie hysroateensateocarpeplsct Reigy edwideri nventi on.
| f the cataabpkytiat lanhydrides |aeerndvantayeons 1y uptdibrcedofipen s8&) ot her
conponentrw lt iméekll tdx3@ek Oot Nehes pr¥Sénty aR@nYIio® X ide the OfZLsRE produced

accor di NG pk-ech b S Rt ch VAN OBt ot L SR AC BindEad fQr s E srbher t ‘
mat eri al 19bnSend NRREOkaBliystCol ol ld:8ABEA MR 18h shpdid te, or el se

cat al compounds, .t or oXl datLon .o ronatl c_hydrocarbons .t 0. carboxylic
e ds h AR OPUCHS ERIPTc P AnHI e s SHTR aph St Yide LS Caageei S he
present iFTFERPT OIS0 NEXS Jé"18ﬁ§s°%af§’€d°5ﬁd%%JrPdHirﬁﬁbe?ﬁ'o>3iph8e/ anat ase, as
have beePreeathiyrtd ilsy thay dfPreguesemife thg fheished saated srteayshe

di scussi gmdofomprei qisi @r nanporolise stppaknessenial hehicht as yistershehbexonpri si ng
the cat altlel 3hat idflsl ¥ SLAEHtallyentsnd Togeser sddalykskoprddudt@osd5nd/i m This

al so appliied Lhadh&neab8hysliciebl GANYastSaPl o dAHER! b Yarmak 8¥ET S
applied in.succession 50/ 495

. 45 0 1°- hl AY .2 .20_Surpr..stngl y,
Gooni to (NGEPERSER o drnoi3d donied andfol) eeiicdud i C0mmlidiBL "R |
present i¥WeRt i’b?F%a}x?@eFﬁp?RR/‘é&dng?i’eE‘rtt‘% s i"-‘ﬂetfrPef“bfifd%lt?*tﬁ%?of whektmat i c
hydr ocar bdds sbeblarlidrylexendirddadety of taebexsddt@lanhyernridsesofprMed to 5
cat al yst SOotot hed%prhyoweaght bgsedeoabki |frem- Hanadi 10d%oky deeiight ,gbaged .

Andr ei4m\bn Yhe Vedddy wekgnetof Katial 1aysd 0263a¢df81)ofandmi tietetalkat al . 22,

1207 (19%Lkhe dfichd SophEPHTADINeAlALINILRN! fafd tdherbpaiier, compared to
the prior__art PET sur of .t he

ce ea . coat ed rat sts.of th resent
vent | oR2hEERITRIEREFRTIIN PoRpats 3 ; 7k Soehbiat Sorateimaity PRERED (o a0
n2/ g and %aFPPciFPrd'H%? pr eF £rtds gatrbrhivaddyoecieg 1238 9% 1eNBESa nunber of
ti mes thdurwherhcamrilse (af theed canporeditisg inhoaddid-ioni be e . The use of the
mul ti ngg ahulexingesl MxibBeoprafeFornilVent, @Rekor cdipteat 84 deqoabed

catal yst o Brgier etchdcdhita il 8ELAL Yili oot a0E, ORI Qupldor 2akpags to a
greater BET gurf ce area,of t elcata ti %ﬁl Y a(:ttl.v!e1 S%Ia\llreor -avanadl um oxi de
bronzes Pro8utatttHe s FORT SATEYERT P caPS TEIL G Re FrEEEAF i nventi on
are used for the partial oxidation of aromatic hydrocarbons to carboxylic
acids 20 and/or carboxylic anhydrides, in particular for the gas-phase
partial oxidation of o-xylene and/or naphthal ene to give phthalic anhydride
or of toluene to give benzoic acid and benzal dehyde, by neans of a gas
conpri sing nol ecul ar oxygen. For this purpose, the catal ysts of the present



25 conbi ngpsenavEsh ot her catal ysts having different activities, for MAY 2003
exanpl e catal ysts of the prior art based on vanadi um oxi de/ anat ase, |f}1
which case the different catalysts are generally located in the reactor in
separate catal ysts beds which may bg arranged in one or nore fixed catal yst
beds. 30 The coated catal ysts or pr 8 sts of the present invention are,
for this pAgEaEboRHttHLFaEREFYHt% aﬁhgsr CroR2¥bpesl i6f apbydpdeseact or,

whi ch t ubgsidr erehertrmisieat hedsdopemof hehe (irsisést enventipnneadsaxd a sal t

nelt, to pded eACthmdui@npenedride/ahbt@se3b apr B0t Abeksi maaeLosed|d fop t he
prese“t 'ésé"?rbtl'eonlh Str}és‘iﬂawdxgé@fo% of {ie dﬁg%sgl&?tﬁ ¥k ghc%xh Ar.esent

i nvention, I'$ converft he tenperature condition e partial
oxi dat i ®n’ of aromati ¢ hydrocarbons to carboxylic acids and/or carboxylic
anhydri des iinerpar BORRATEHSt FePRARt MatekidlddOF ohhefPRRCRFRENEL S RN d/ Or
napht hal etwated PAtalystiseopathe giresentlainvemtdbni ol ueie ppeshebe dicc vaei d and
benzal dem/ﬂ%ua'l'lSIOaEI GRpbedt Gl@inisl s aOC Andi Ppgibe 4:he aBr ggent invention.

The react ] st,eb t y at
t enper atur es o%ﬁewﬂ&a%ﬁgg By g g%&%@l% bt Ede tpécﬁ%rt?g%é& £?:'ILS(J)C\Q{%ZOC and

C, er
par (1 GUD P PaFd ol B SNy ¢ Mg Do G5 cHy ﬁ%ﬁgaéaé B PRl of
gener al | ycarmsrém,m 5ides oA QY EXPRPLE SUBAEZ piR2dr BEFSR¥F M 0.3 to 1.5
bar, at anspesdumedxicie,ytdh ¢eawidgl | gi¥iaom ¢80bide 5008ike]. alundnkAY ?20.)3
The react{xmogas d1echihomtdid icatal ysieatd tgeneagdsyupr stilixecte)y 5 mi xing a
gas conprj SidasiR! £LulcAke PX¥&O i Be1iddted@% Mefrusdl babkBes@afigpRR ¢

”Pdera%gnéatae'}qfaag i eghs §é'£& , 35of sﬁswggb 81100 ¢n a6 Yorlkl Crogen
wth t 0 e OXi r|S|n ecular
PE5E6 oY R DBYST BY AP HEBh 2 t o

ti C _hydroc
oxygen getier APPOED AR R,
50% by 1CifsicHe BHFeAEr FI"%H drpepr ef GROFBEY 1R AIFRPOES BAYEHAL ol urre of
oxygen, fyhimh0 ideaBPoshpuld| contaipr aé ercaislsy afe oimdistaiadWy by vol une, of
wat er vapavaiidableomas tavsdladeoueokuppnripmaeterbdily, pastifular 1% by vol une,
of carhemditQendfay We hatibeobal@Reetdeinil sAl 68 hrpiaepr PEkicR NGl eact i on
gas, the gas Q:BBBH %ﬂaQQr1§1”Pé &bl 1 BXHIRN L $+ fenerll yngi xed with from 30

300 f nd n8 of
:):_)ef er agl Or%cta 1?%@{%5‘&156 X Y c%t ?g%jéso(?l%enégm gfg§eq1tp§5vén€1§{a; ?’Cgl a(r)I ygas

v ant age iR Suoth 455 PPRECVI o foF | VA1 SEERSE S0 gbhe
gas- phasesEresal THadaProhe S SNaAtgdohsFy %’é’i’l’r‘idé'&eéu?r UEia 1efe or nore
zones, 2préfeedibeysions pénbkesofcathdysatwipportbecboqespentd to theser edcti on

t ube whi cthearcatbbgstmeapabtedl dustdinbfEXenisetiefict | roduedpegr @baterls; for this
pur pose Iéaﬂaaylaegsml @hd5gh O-EHHYeOPard{ i1 8%28PL fon IFAGHENSL WM th separate
sal t bat dr%%agg Q@ds£9tgz %hgzagve%ﬁtgéngg éAﬁ %r%omg'@élalaztzgg
reaction |Is carrl ec 1n |owév%) {O%%cgzlltoont%on afy d. A 40 13
051, the reactlon %0 8 g 2% 1'tlhe rgac?lon zone, which
zone GERGSHROY LEARE SN 1P AT £8EBDRBY °F of BPTFER5 LREPTGCA: cat al yst
volune, is generally thernostatted to a reaction tenperature which is from
1to 20C,Tq)mfa@ralb¢ yinferynsuppar tlO&tericli wiphr the muwditimebad 2otigeBe€, hi gher
t han t hattlen prbeetitasiveoti @one tnear fstpriiheighs muddidlie BoicdmpAoyode of

oper at i onkdcwn REERdRI ofOLtRS PriRrZahe. HorMdkbhB e tHel HeEpEnd BnOf the

react ogs sin ALLAT AL ac I, %@Stmmae§ aﬁér%,aae 8159 PeigeeLied out

t f i
' & pref ke BRI C6 FHORE GUUSE Port05d4TAL ARG th AR Ton of

aromat i ¢ ydPo&he meﬁée%aﬁ%%ﬁ E6%A38s 2BAdPETA 88§t i ke Spmpdrfdes,
whi ch i s drgndheocdtmlyskt $eppct goasiahinggedusndor suppopt epstreatiedninf
pht hal i ¢ amepdet deoduiam ervsy artd 1abhd alesiapbt iedheite oft fiel eyl C

hydr ocge Rpnides- gaséa >e>>sl ene. tdtsalf WESEnd RACLRE V&St 198, Oflad hRepoat ed

catal yst %gngéof ec%g(} dift COPVEL tatdo @%gggihéy o' 1k g thalic

153 i y
ot édglngeldht‘)ﬁafﬁ D67 T Ll Ao oRd (SRAEELH: a5 (15 ARAPERDCY G RT000] o2

further ck?r?&ﬂﬁéeéommp@ébf%@@l fd“-%(Wéhéme"@anM@ﬁ Afe theopESSRRE furt her by, as
al t er nat i ivmentéot hiar the~fdflY X0@3shell to the catalyst support. In
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40 process can remain in the layer applied to the catalyst support.

In a future conversion of the precatalyst into a coated catalyst
according to the present invention by thermal treatment at from
above 200°C to 500°C, the binder is driven from the applied layer
45 by thermal composition and/or combustion. The conversion of the
precatalyst into a coated catalyst according to the present
invention can also be carried out by thermal treatment at above



35 40 45 dddpAdgszdy [ 15.231612. 161110. 68187. 1666. 1055. 2455. 06

_114.-37234. 1274. 0283. 8616' 3. 51143. 41803. 26133. 09613. 021002. 78132. 71~ 5. MAY 7003
i 02. 5B23c. 50cl 0050/ 49521 24 5 10 15 - 8 MAY 2003 d [P.)Irel

[ ~2.48242. 42232. 36382. 30172. 25142. 101,32. 04261. 93311. 85131. 80431. 76191. 70181
. 55361. 53331. 49171. 4414 For conparison, the corresponding literature data
for (3-Ag&o8BS-IoraRe2NPIE R WPOLO (§505Fy AN Gk AFBECTARLIPGAERALSI: Ol | .

Soc. Chi mat2@rémancd0381%o (SHBT) ; i galreithlyr aireomsBOMLd B578Bl e 4 bel ow.

Tabl e 4: 25 30 35 40 - Ag0. 35V2~5b- Ag0. 80v205d (A)I/1od

A l/107.2Q1 0 3 434 03 003. 367
bob. 768 %‘%ﬁ%igg‘g& @5%%3%%?@%%@1&% g %85‘627%@% % %4%538‘%%6162 18
942. 44312 P88 PIRESPS1 19YBRA TG REFI” FP6 5E 7RO §i6 113%. 828241. 8023
01. 7546 Erakpieubay prePeESt HRAP 0076 1 ot E0F M Bl INGS ~YBRAIIM PRéd®ar k br own
suspensi obrobtes ndd.cls adesthe bmdst bt uerasploé theamt4dytitaklnedcnivd suction
and the s@bomgo¥asioMmoitednyi tdutbdlcotaMatter of Thee fudelsent eimhindiioad at the
end was Vigcbhahl ¥y, Ut ebifeng TBRper42Q643B8de &00LAY @ lfidding in

10 each case on the conditions employed, part of the multimetal
oxides of the present invention applied to the catalyst support
may decompose to form catalytically active silver-vanadium oxide
bronzes and/or silver-vanadium oxide compounds whose structure
has not been elucidated crystallographically and which can be

15 converted into said silver-vanadium oxide bronzes. However, this
decomposition occurs very slowly in this temperature range, so
that in the case of the catalyst supports which have been coated
in the range from >200 to 300°C the applied layer consists
essentially of the multimetal oxide of the present invention, as

20 can be established by X-ray crystallographic analysis of a sample
abraded from the applied layer. At coating temperatures of from
300 to 500°C, this decomposition proceeds virtually to completion,
so that in a coating process at from 300 to 500°C the coated
catalyst of the present invention can be obtained without going

25 through the intermediate of the precatalyst. If the catalyst
support is coated with the multimetal oxides of the present
invention in the temperature range from above 200°C to 300°C, the
applied layer generally comprises, depending on the type of
multimetal oxide used and the time required for carrying out the

30 coating step, varying amounts both of the multimetal oxide of the
present invention and the silver-vanadium oxide bronzes and/ox
silver-vanadium oxide compounds whose structure has not been
elucidated crystallographically formed by their partial
decomposition.

35
In principle, any of the abovementioned coating methods can be
employed for producing the precatalysts of the present invention
and the coated catalysts of the present invention. However,
particularly advantageous precatalysts and coated catalysts are

40 obtained if the precatalysts of the present invention are
produced, taking into account the above statements, by a method
analogous to the catalyst production processes of EP-A 714700 and
WO 98/37967 by coating the inert catalyst support with a,
preferably spray-dried, powder of the multimetal oxide of the

45 present invention, particularly preferably with a multimetal
oxide having the abovementioned advantageous properties in
respect of its BET surface area, crystal morphology and chemical
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active 09&254%§g§dld% oxldgm£ron£%0can be carried out in one or more
stages. The single-stage generation of the silver-vanadium oxide
bronze in the catalytically active layer of the coated catalyst
of the present invention is preferably carried out by treating
40 the precatalyst of the present invention in situ in the oxidation
reactor under the conditions of the oxidation of aromatic
hydrocarbons to carboxylic anhydrides and/or carboxylic acids.
However, the single-stage generation of the silver-vanadium oxide
bronze in the catalytically active layer of the coated catalysts
45 of the present invention can also be carried out outside the
oxidation reactor, for example during the coating of the support
material with the multimetal oxide of the present invention at
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20 the silver-vanadium oxide bronze, so that the multimetal oxide
forms the abovementioned silver-vanadium oxide compounds whose
crystallographic structure has not been elucidated which are
‘subsequently, i.e. in a second stage, converted in situ in the
oxidation reactor for the oxidation of aromatic hydrocarbons to
25 carboxylic anhydrides and/or carboxylic acids into the desired,
catalytically active silver-vanadium oxide bronzes under the
conditions of this oxidation. It is also possible, for example,
to coat the catalyst support with the multimetal oxide of the
present invention at from > 200°C to 500°C under conditions which
30 have not been optimized for the formation of the silver-vanadium
oxide bronze, so that not precisely definable silver-vanadium
. oxide compounds are formed from the multimetal oxide during the
coating process and to convert the resulting coated support, if
desired after a further thermal treatment at from > 200 to 650°C,
35 into a coated catalyst according to the present invention in situ
in the oxidation reactor for the oxidation of aromatic
hydrocarbons to carboxylic anhydrides and/or carboxylic acids
under the conditions of this oxidation.

40 Another possible way of producing a coated catalyst according to
the present invention is to treat the multimetal oxide powder of
the present invention thermally at from > 200°C to 650°C and to
coat the inert, nonporous catalyst support, if desired with
addition of a binder, with the resulting silver-vanadium oxide

45 bronze or the abovementioned silver-vanadium oxide compounds
whose structure has not been elucidated crystallographically. If
the catalyst support is coated with the silver-vanadium oxide
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conpri sjpng 360 standard 1/ h of air and 30-40 standard 1/h of steam having
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20 25 39 S@pfit45in a plurality of stages, 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
carboxylic anhydrides and/or carboxylic acids.

20 The catalytically active shell of the coated catalyst produced
according to the present invention generally 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

25 silver and the vanadium generally being present in the
catalytically active shell in Ag : V atomic ratio of from 0.15 to
0.95, preferably from 0.25 to 0.5 and particularly preferably
from 0.3 to 0.45. The catalytically active layer of the coated
catalysts of the present invention particularly preferably

30 consists entirely of the silver-vanadium oxide bronzes produced
according to the present invention. If the catalytically active
layer or layers further comprise(s) other components in addition
to the silver-vanadium oxide bronzes produced according to the
present invention, these can be, for example, inert materials of

35 the prior art, e.g. silicon carbide or steatite, or else catalyst
compounds for the oxidation of aromatic hydrocarbons to
carboxylic acids and/or carboxylic anhydrides which are outside
the scope of the present invention, for example ones based on
vanadium pentoxide/anatase, as have been mentioned by way of

40 example in the introduction in the discussion of the prior art.
The thickness of the catalyst shell comprising the catalytically
active constituents is generally from 10 to 250 pum. This also
applies if the catalyst shell consists of a plurality of layers
applied in succession.

45
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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 BhegFopted catalygtgof the DECREIE | HAVERLiBR| #ee A6e€| EPFhedS n claim 1

whi ch haspartfiigdr ovsd@8oiay pSt aromarishdydygcarbpnggta eadexyatis caqifdst | ber
di anet 20 imifarbenrbengtilt ehhyésiddshadnOpdrtidulArmibt | tiet gkhseophake as cl ai ned

in clai mJdamhiiadhokagaticnPee bley R ase/ & arpiehelshdat by ve henBl ieet hod
of ff0”13aﬁﬁya%§9e or of toluene to give benzoic acid and benzaldehyde, by
means of a gas comprising molecular oxygen. For this purpose, the
catalysts of the present invention can be used alone or in
25 combination with other catalysts having different activities, for
example catalysts of the prior art based on vanadium
oxide/anatase, in which case the different catalysts are
generally located in the reactor in separate catalysts beds which
may be arranged in one or more fixed catalyst beds.
30
The coated catalysts or precatalysts of the present invention
, are, for this purpose, introduced into the reaction tubes of a
tube reactor, which tubes are thermostatted from the outside,
e.g. by means of a salt melt, to the reaction temperature. If a
35 precatalyst according to the present invention is used in place
of the coated catalyst of the present invention, it is converted
under the temperature conditions of the partial oxidation of
aromatic hydrocarbons to carboxylic acids and/or carboxylic
anhydrides, in particular the partial oxidation of o-xylene
40 and/or naphthalene to PA or the partial oxidation of toluene to
benzoic acid and benzaldehyde, into a coated catalyst according
to the present invention. The reaction gas is passed over the
catalyst bed prepared in this way at temperatures of generally
from 300 to 450°C, preferably from 320 to 420°C and particularly
45 preferably from 340 to 400°C, and a gauge pressure of generally



35 n2/g. éosh/Avisiimetal oxide as claimed in claiml1l in which ais fromO0.5
to 1.0, bis fromOto 0.3 and cis fromO to 5. 40 5. A nultinetal ofSil 70)3
as clainmed inclaiml in which ais from0.6 to 0.9, bis fromO to 0.1 and
c'is fromO to 1. dS - 0 MAY 2003 Arrultirretal oxide as clainmed in

claim1l and havin the formul a 5 %)ajc ~* ¢ H20, V\/ne{)e ais from0.6 to
0.9, x isiE™ffl fed2irh BiGi Mreish Y {£Xom 8 (FY & -8, D&%y 2 A ARRTS ot al

oxi de as vedPPRLY |0rf- geaprallyvisor 360 &p 58RAekdi ffracti on pattern displays
the following 17 reflections at the specified lattice spacings d [A]: 35 ~

(2)5()2?435 49+3E‘ééc9ﬁfohog§9 £d 1tjo5t8§ ca*taQ 2125 ne*fa@l zQacﬁ:%ed . 345. 06 _+

+ 0.04102. 58
100 04 B1BHAER, ) 8%, Bomi5tEiR Bﬁi%”z"?é °6§1' %’14%"} 19 2T 55 0.0416
T1.80 + 0SBAALeFTeschipn maderators \io/s50dLEETES AURRI 3T REEEN oxi de as
cl ai med i nachaen Mibnidesend &1 edtrogen Wittd theenamathe Pydriaeairhgn appr oxi mat e
relative patexsdideds Cheedad comprdsidy hwlecular oxygen generally
comprises from 1 to 100% by volume, preferably from 2 to 50% by
10 volume and particularly preferably from 10 to 30% by volume, of
oxygen, from 0 to 30% by volume, preferably from 0 to 10% by
volume, of water vapor and from 0 to 50% by volume, preferably
from 0 to 1% by volume, of carbon dioxide, with the balance being
nitrogen. To produce the reaction gas, the gas comprising
15 molecular oxygen is generally mixed with from 30 to 300 g of the
aromatic hydrocarbon to be oxidized per standard m3 of gas,
preferably from 70 to 150 g per standard m3 of gas. Air is
particularly advantageously used as the gas comprising molecular
oxygen.
20
The gas-phase partial oxidation is advantageously carried out
using two or more zones, preferably two zones, of the catalyst
bed present in the reaction tube which are thermostatted to
different reaction temperatures; for this purpose it is possible
25 to employ, for example, reactors with separate salt baths, as
described in DE-A 22 01 528 or DE-A 28 30 765. If the reaction is
carried out in two reaction zones, as described in DE-A 40 13
051, the reaction zone nearest the gas inlet for the reaction
zone, which zone generally makes up from 30 to 80% by volume of
30 the total catalyst volume, is generally thermostatted to a
reaction temperature which is from 1 to 20°C, preferably from 1 to
10°C and in particular from 2 to 8°C, higher than that in the
reaction zone nearest the gas outlet. Such a mode of operation is
referred to as two-zone or multizone structuring of the reactor.
35 Alternatively, the gas-phase oxidation can also be carried out at
a uniform reaction temperature without division into temperature
zones.

In a preferred embodiment of the process for the partial

40 oxidation of aromatic hydrocarbons to carboxylic acids and/or
carboxylic anhydrides, which is found to be particularly
advantageous for the preparation of phthalic anhydride from
o-xylene and/or naphthalene, the aromatic hydrocarbon, e.q.
o~xylene, is first reacted over a bed of the coated catalyst of

45 the present invention to convert it partially into phthalic
anhydride and other oxidation products such as o-tolualdehyde,
o-toluic acid and phthalide. The resulting product mixture, which
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in Clal§% prior art. In addition, the abovementioned combination of

catalyst beds comprising the coated catalyst of the present

invention in the first reaction zone and one or more [lacuna)

comprising coated catalysts based on vanadium oxide/anatase makes

possible the complete conversion of the o-xylene used together

35 with a high selectivity for the formation of phthalic anhydride
of high product quality.

The oxidation of toluene to benzoic acid can be carried out
analogously, with a mixture of unreacted toluene, benzoic acid

40 and benzaldehyde being formed initially. Alternatively, if
desired, it is possible to isolate the by-product benzaldehyde
which is likewise a valuable product and is used, for example, as
a flavor.

45
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1.76 19
1.70 18
1.55 36
1.53 33
15 1.49 17
1.44 14

For comparison, the corresponding literature data for f-Agg,3s5V;0s5

and 8~Agg.gV20s5 (from: A. Casalot, M. Pouchard: Bull.

Soc. Chim.

20 France 3817 (1967); Table III) are shown in Table 4 below.

Table 4:
"[B-Ago.35V205 0-Agp.p0oV20s
3 (%) T/1, &) T/T,
25 [7.20 17 1,85 30
6.96 8 7,38 )
1.72 20 3.507 53
3,83 30 3,232 73
3.497 12 7,910 100
3.367 70 7,768 20
30 =575 100 3,544 37
7,910 55 7418 16
2,887 50 57270 3
2,720 38 7,241 5
7616 1€ 7,189 7
35 [2.443 13 1.967 2
7,363 12 1.945 8
7,164 17 1.916 3
1,971 75 1,855 16
T.861 ) 1.828 21
1,803 30 1.754 3
40

Example 2 (Preparation of nitrate-free Agp,73V20y)

The dark brown suspension obtained as described in Example 1 was

45

filtered with suction and the solid was washed with 7 1 of water.
The filtrate obtained at the end was virtually silver-free.

The



1000 vOS@y gy fxPs 47 - | S@! 1074008 () - 0S #10%&' () -s*+Q , -t--zX6rP1

1! -#10%&%5% -10°1 10%/:}0b&' ()-LI"1109& ()-L!'{0 SHI0UKKE ()-! - 8 MAY 2003
S#lo%b&' ()-10%& ()- - / / 00322wWU3r P1
11{0,,"10%x& ()-T'{0,,"10%b& ()-T! 25'
) -1 vO-#10%bb& () - 2L3NBN3CBZS\ 3s33uV7
11" moY&' @prk1bogwy )fl\lf@o;/&c@)e m%e@)wasl@g@eg;()g@r 15 hours at 110°C in
'10bb! B! 1GArla&utn - Bdyidd 44 B{ Y7UuV7

1I l'y" 10%EE& () - gl <F" 10%qq& () 109 ()-!'1P Z"10%m& () -

7' 109%EEE ~7010 7 LS, 5" 09 )

| Of 10%&%@@ ° ggi Qﬁ Cp% E‘PE gf “]rf § v %(g lrg)"I:d; by, {ﬁ%(
111" m0% ﬁ&T VYOS h &P ﬁ&yf}S Yo St

101 1! r0S, s"ar_e% P& Q)34 <£ot@&{@m¢¥l$l detempipahagn (9 el %4 ¢t ion 30, #10%
& ()--10, #ta¥ehé&t (Yhe 'v@n#dﬁ)@ﬂmm?dn(p)aneht#ﬂro%hle&p(a‘)rdenﬂ\@N%ASAHA%oMaﬂuVHe

1y, Gf& &cé)o:ﬁ % P&itﬂxﬂ:ma‘n@i %i}&tdﬁam ) GL 97%7r%&'b§7)w
B Fh s T

'109& ()-T!, ' "10%b& ()-!vO0-#10%+& (

& ()-! &' 0%
h& () - 1% FFohRat °f&lb1}’o@‘-‘ﬁ&n’( q ue&ﬁfwwqu WeE7the |RIVERE0 0,
h& ()- & 10%tA&ned-hag BOJARROYS MOTrPHodoRy | hepirranasyEey difizactdon
h& ()-! &&!phe%ehs’ {Jraesl ¥O¥R MEIFY) olf&&h&(l%dd&c(c) £y & FOSmipde () - ANRABBBEX " ?7
1111 &1 10%gakiak) - &tiﬂ%ch&oﬁ)pét&!e’k&%mbgsl(c)wx&' 310%@& 1)-!& 10%
h& () - BBB+B, B/ B=B>B}*F7 1!11! & 10% h& ( 0% h& ()-!& 10% h& ()- & 10%

h& ()-! 'q 0 )-) & 10%
g 8-.125%?%@@%%8% '5%%%%% 1 36 égﬁiég%% SCHEHE0 1 10 h 10 hat 105
h& ()-!'& 10% h& ()-& 10% h& (é & 10% h& () - BBBBBBC| [: _TI>T x"109809 %& () -

109 & () €oMPRBIF RIS JCAt8L I8 @)() - F@10% & () -
S3910% & ()- COFFGHI T [: _TI>'! nv'' 10%)& ()- d0"10% & ()- dO"10% & () -
n0" 10% & (5)0- 0nRG 160/s¥ el i t & Ol ¥R Yallin (9 £ lilclakt k) | $irgsThaving an external
*1:)010;/02& (dhafniajcéﬂ%i&e(l)nm , Y83 OeE 61 -6 WChAW & a1l WhiChRIAL'dD 1.5 mm

% () WEEE Léé438< 1kb °C 1n a coa 1ng dfg %? %spraVF%J%%LP §<TI>||

If 1 10% N g@

llo%& (‘)Spfh?’ﬁf% % }F‘-’:L ?‘? ”ai’d EL SUFG65% 9520 933330sWr Tl
>lf 1 109 1\%94 fo & °ﬁ f"ainféff/& Late, 166 (58 PE, FLOORSP)-E3599 )
J$J%JxX@ﬂ3§l g, 24 RtET( ?D‘F 9 18P0 kg Fgrmamg &wc*)llf tlhfo“}&es'm ofoghg+J, J/ J2J
3J6JpX<2H ibﬁ’erlapan&E(d) ihf tlh:.ﬂ.sﬂ%a&' (V?Sflo 1(1343/())& the | foHalQWp &5XY -(fafk 209 & () - 6J
9J: J?JBICeltis¥¥idr>aft, 1099;& fo)y- £hid (& rn)nddidnl0%pdp(g9s farkl@Ih& () -! f,
0% & () -1 &&élﬂJleﬂé/l]d\éla‘é&hégéﬂ%'aft vat T8Oy E&me)- ant IQ&EnEH-at S500C) of
Iylo;v&&o OO P L0 LTl ISR AR, ()01 L 1ovee

Ol 5, % [ A0rad (L F0%.(ad [ PRI A L HER 0 10w ve - @

0 compr:Lsed 0.40% by weight of cesium (calculated as Cs), 4.0% by
weight of vanadium (calculated as V;05) and 95.6% by weight of

titanium dioxide (calculated as TiO;).

Comparative catalyst (b)

35
50 kg of steatite (magnesium silicate) 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 in a coating drum and sprayed with a
suspension of 28.6 kg of anatase having a BET surface area of

40 20 m?/g, 4.11 kg of vanadyl oxalate, 1.03 kg of antimony trioxide,
0.179 kg of ammonium dihydrogen phosphate, 0.046 kg of cesium
sulfate, 44.1 kg of water and 9.14 kg of formamide until the
weight of the applied layer was 10.5% of the total weight of the
finished catalyst (after calcination at 450°C). The catalytically

45 active composition applied in this way, i.e. the catalyst shell,
comprised 0.15% by weight of phosphorus (calculated as P), 7.5%
by weight of vanadium (calculated as V;05), 3.2% by weight of
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subsequently 1.60 m of the catalyst 3 a were introduced into an
iron tube having a length of 3.85 m and an internal diameter of
30 25 mm. To regulate the temperature, the iron tube was surrounded
by a salt melt. 4.0 standard m3/h of air were passed through the
tube from the top downward. At loadings with 98.5% purity by
weight o-xylene of 60-80 g of o-xylene/standard m3 of air and a
salt bath temperature of 352-355°C, an average phthalic anhydride
35 (PA) yield of 113.3% by weight was achieved (yield means the PA
obtained in percent by weight, based on 100%-pure o-xylene). The
conversion was >99.95% and the residual phthalide content at the
reactor outlet was <0.20% by weight.

40 Example 5 (Preparation of phthalic anhydride using a combination
of the precatalyst 3(c) according to the present invention with
the known catalysts 3(a) and 3(b) in one tube).

From the bottom upward, 0.90 m of the catalyst 3(b), 0.80 m of
45 the catalyst 3(a) and subsequently 1.20 m of the precatalyst 3(c)
were introduced into an iron tube having a length of 3.85 m and
an internal diameter of 25 mm. To regulate the temperature, the
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20 melt was ground to a powder having a particle size distribution
of 1-10 um. An X-ray diffraction pattern of this powder indicated
that the comparative Ag-V oxide comprised Ag;, ,V3Og (main product)
and P-Ag-V,05 bronze (secondary product). The diffraction lines at
d = 15.23 + 0.6, 12.16 + 0.4, 10.68 + 0.3, 3.41 + 0.04 , 3.09 %
25 0.04 , 3.02 + 0.04 , 2.36 + 0.04 and 1.80 + 0.04 & (given in the
form of the lattice spacings d [A] which are independent of the
wavelength of the X-rays used) characteristic of the multimetal
oxides of the present invention were not found. The powder
prepared in this way was applied as follows to magnesium silicate
30 spheres: 700 g of steatite spheres having a diameter of 3.5 mm
were coated in a coating drum at 20°C for 20 minutes with 123.9 g
of the Agg,73V20x powder with addition of 45 g of a mixture
containing 70% by weight of water and 30% by weight of glycerol.
The weight of the catalytically active composition applied in
35 this way was, after heat treatment for 1/2 hour at 400°C, 15.0% by
weight, based on the total weight of the finished catalyst.

b) Production of the catalyst 6b according to the present
invention

40
The HNOj-containing Agp.73V20x powder prepared as described in
Example 1 was applied as follows to magnesium silicate spheres:
700 g of steatite spheres having a diameter of 3.5 mm were coated
in a coating drum at 20°C for 20 minutes with 135.9 g of the

45 powder from Example 1 with addition of 62 g of a mixture
containing 70% by weight of water and 30% by weight of glycerol
and subsequently dried. The weight of the catalytically active
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Example 7

Preparation of benzoic acid/benzaldehyde using the comparative
5 catalyst 6a and using the catalyst 6b according to the present
invention

135 g of the catalyst 6a or 6b were introduced into an iron tube
having a length of 80 cm and an internal diameter of 15 mm. To

10 regulate the temperature, the iron tube was surrounded by a salt
melt. A gas mixture comprising 360 standard 1/h of air and 30-40
standard 1/h of steam having loadings of 99.5% purity by weight
toluene of 40-50 g of toluene/standard m? of air was passed
through the tube from the top downward. After the reaction was

15 complete, the samples of catalyst taken from the reactor were
examined to determine their phase composition and BET surface
area, as described in Example 6c). The results obtained are
summarized in Table 6.
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We claim:

1. A multimetal oxide of the formula I
Aga_b;‘ib’\zzox * C H20, I

where M is a metal selected from the group consisting of Li,
10 Na, X, Rb, Cs, Tl, Mg, Ca, Sr, Ba, Cu, zZn, Cd, Pb, Cr, Au,
Al, Fe, Co, Ni and/or Mo,

a is from 0.3 to 1.9 and

15 b is from 0 to 0.5, with the proviso that the difference
(a-b) = 0.1 and

c is from 0 to 20 and

20 b4 is a number determined by the valence and amount of
elements different from oxygen in the formula I,

which has a crystal structure giving an X-ray powder
diffraction pattern which displays reflections at the lattice

25 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. A multimetal oxide as claimed in claim 1 which has a fibrous
30 crystal morphology having a mean ratio of fiber diameter to
fiber length of less than 0.6.

3. A multimetal oxide as claimed in claim 1 which has a specific
surface area determined by the BET method of from 3 to 250
35 m2/g.

4. A multimetal oxide as claimed in claim 1 in which a is from
0.5 to 1.0, b is from 0 to 0.3 and ¢ is from 0 to 5.

40 5. A multimetal oxide as claimed in claim 1 in which a is from
0.6 to 0.9, b is from 0 to 0.1 and ¢ is from 0 to 1.
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A multimetal oxide as claimed in claim 1 and having the
formula

AgaVy0x* ¢ H0,

5
where a is from 0.6 to 0.9, x is as defined in claim 1 and ¢
is from 0 to 5.
10 7. A multimetal oxide as claimed in claim 1 whose X-ray powder
diffraction pattern displays the following 17 reflections at
the specified lattice spacings d [A]:
Reflections d [&)
13 1 15.23 = 0.6
2 12.16 + 0.4
3 10.68 + 0.3
4 5.06 + 0.06
5 4.37 + 0.04
20 6 3.86 + 0.04
7 3.41 + 0.04
8 3.09 + 0.04
9 3.02 + 0.04
10 2.58 + 0.04
11 2.48 + 0.04
25 12 7.47 T 0.04
13 2.36 + 0.04
14 2.04 + 0.04
15 1.93 + 0.04
16 1.80 + 0.04
30 17 1.55 + 0.04
35
40

it
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8.

A maltimetal oxide as claimed in claim 7 whose reflections 1
to 17 have the following approximate relative intensities

(Irer [%]):

5 May 2003

Reflections Ire1[%]
1 16
2 11
3 18
4 11
5 23
6 16
7 80
8 61
) 100
10 23
11 24
12 23
13 38
14 26
15 31
16 43
17 36

10.

11.

12.

13.

A process for preparing multimetal oxides as claimed in claim
1, which comprises heating vanadium pentoxide suspended in a
liqguid with a solution of a silver salt, with or without
addition of a salt of the metal M, and isolating the product.

A process as claimed in claim 9, wherein the liguid used is
water.

A process as claimed in claim 9, wherein the multimetal oxide
is isolated by spray drying or filtering off and drying.

The use of multimetal oxides as claimed in claim 1 for
producing precatalysts and catalysts for the gas-phase
partial oxidation of aromatic hydrocarbons.

A precatalyst for producing coated catalysts for the
gas-phase partial oxidation of aromatic hydrocarbons by means
of a gas comprising molecular oxygen, comprising an inert,
nonporous support material and one or more layers applied
thereto in the form of a shell or shells, wherein this/these
shell-like layer or layers comprises/comprise a multimetal
oxide as claimed in claim 1.
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the gas phase by means of a gas comprising molecular oxygen
at elevated temperature over a catalyst whose catalytically
active composition is applied in the form of a shell to a
catalyst support comprising an inert, nonporous support
material, wherein the catalyst used is a coated catalyst
whose catalytically active composition, based on its total
weight, comprises from 30 to 100% by weight of one or more
silver-vanadium oxide bronzes having an Ag:V atomic ratio of
from 0.15 to 0.95 and has a BET surface area of from 2 to 100
m?/g, in the presence or absence of at least one coated
catalyst for the oxidation of aromatic hydrocarbons to
carboxylic acids and/or carboxylic anhydrides which is
different from the above-described coated catalyst and whose
catalytically active composition comprises vanadium pentoxide
and anatase as significant catalytically active constituents
and, if such a second coated catalyst is present, it is used
\ in a combined catalyst bed with the coated catalyst of the
above composition in the oxidation reactor, and wherein the
first coated catalyst has been produced in situ in the

oxidation reactor from a precatalyst as claimed in claim 13.



