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2 particularly suitable for this purpose. In these apparatuses, the support material is
fluidized in an ascending stream of gas, in particular air. The apparatuses usually
comprise a conical or spherical container into which the fluidizing gas is introduced
35 from below or from above via a central tube. The suspension is sprayed into the
fluidized bed from above, from the side or from below by means of nozzles. The use of
a guide tube arranged centrically or concentrically around the central tube is
advantageous. Within the guide tube, the gas velocity is higher and transports the
support particles upward. In the outer ring, the velocity is oniy slightly above the
40 loosening velocity. The particles are therefore transported vertically in a circular motion.

A suitable fluidized-bed apparatus is described, for example, in DE-A 40 06 935.
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30 US 4 977 126 describes a process for preparing supported catalysts in a fluidized-bed
apparatus, in which the catalysts comprise a layer of metallic cobalt on oxide supports.

FR 2 791 905 describes a process for producing supported catalysts, in which the
suspension comprises fine particles having a diameter of 10-100 um and a density of

35 more than 1000 kg/m® and contains about 30% of coarser particles having diameters of
0.4 -1 mm.

However, these documents describe neither catalysts for gas-phase oxidations nor the
coating of rings.

40
It is therefore an object of the invention to provide a process for producing a catalyst for
gas-phase oxidations in a fluidized-bed apparatus, in which a uniform and reproducible
coating of a support material is obtained without costly preliminary experiments.
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S

The mechanical stability of the layer on the support is also improved.

In the process of the invention, the application of the layer(s) of the coated catalyst is
35 carried out, for example, by spraying a suspension of TiO, and V,0s, which comprises,
if appropriate, sources of the promoter elements specified below, onto the fluidized
support. The catalytically active composition in the calcined state preferably comprises,
based on the total amount of catalytically active composition, from 1 to 40% by weight
of vanadium oxide, calculated as V.05, and from 60 to 99% by weight of titanium
40 dioxide, calculated as TiO..

As vanadium source, preference is given to using pulverulent vanadium pentoxide (V**)
or dissolved vanadium, e.g. vanadyl oxalate (V**). Suitable starting compounds for the
element vanadium are, for example, vanadium oxides such as vanadium pentoxide
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niobium and tungsten in amounts of from 0.01 to 0.50% by weight, ased on the
catalytically active composition. As additives which increase the activity but decrease
the selectivity, particular mention may be made of oxidic phosphorus compounds, in
30 particular phosphorus pentoxide.

Before carrying out the coating procedure, the suspension is preferably stirred for a
sufficiently long time, e.g. from 2 to 30 hours, in particular from 12 to 25 hours, to break
up agglomerates of the suspended solids and to produce a homogeneous suspension.

35 The suspension typically has a solids content of from 20 to 50% by weight. The
suspension medium is generally aqueous, e.g. water itself or an aqueous mixture with
a water-miscible organic solvent such as methanol, ethanol, isopropanol, formamide
and the like. If the first or second suspension comprises TiO, and V05 particles as
catalyst particles, preference is given to at least 90% by volume of the V.0 particles

40 having a diameter of 20 um or less and at least 95% by volume of the V,0s particles
having a diameter of 30 pm or less.

in general, organic binders, preferably copolymers, advantageously in the form of an
aqueous dispersion, of vinyl acetate-vinyl laurate, vinyl acetate-acrylate, styrene-
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25 The parameter Kis particularly preferably in a range 143 < K< 184.5 and
5500 < Qgas [m%h] < 6500, 2000 < Qsusp [g/min] < 2500,
6 < Bgusp [% by weight] < 11 120 < Msygpon [kg) < 180,
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30 To fluidize and heat the bed of support material in the fluidized-bed apparatus, it is
possible to use any gas or gas mixture which is inert under the operating conditions.
However, the gas introduced is advantageously air, which makes particularly
inexpensive operation of the plant possible.

35 The catalytically active composition can also be applied in two or more layers. The
layers preferably have different selectivities and activities. For example, the inner layer
or inner layers can have an antimony oxide content of up to 15% by weight and the
outer layer can have an antimony oxide content which is from 50 to 100% iower. For
example, the inner and outer layers may have different phosphorus contents. To

40 prepare catalysts having two layers according to the invention, a second aqueous
suspension is prepared from catalytically active material and is sprayed onto the
fluidized support which has been coated with the first suspension.

As inert support material, it is possible to use virtually all support materials of the prior
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by wei ght and the outer |ayer can have an anti nony oxi de content which is
from 50 tart,l308fc|uses advantagecesigirpihe, prodietion oécozted catalyets forathie ogidatiyn have

di f f er ent ofdiefpbE hwro@am@mb%ademdé@ cRARRMCadidd é\kdf@rtcﬁrdswndlgnﬁyaﬂdé@yer S

accordi ”gsfxt[?pérh alem4RIskQYre, ?or%?(g% éﬁng%\g) %Hﬁ:@ rl‘?'n@%qnle& ] &g l@ Gl from

catal ytic port

a
i oh” has St kel Ea RS g, SR na ARSI S T SESle, b Ao Bl o o1
it is §)os§'|'CEﬂ @) ZEepien ﬁ!'?%‘%raﬂerlymaﬁ"IGaMdBWiUfﬂ%PféFP%ﬁ %UREP”twefbﬁlﬁ ofhév 44253
BASF Akt i suppostahatetidlas gerzid30e®dpoduPH @000 084226s af the peaseat ipverdiod, the
advant ageexpibssior nohporpusthiednsOnomjorewsaé @@ ptil tdchaically insighificar®antbaintsdon  of
:Lﬁgg?: 3 MY ALREDE skl ﬁhﬂﬁ@a’&%es‘?ﬁa%%ﬂnh@ma&dlfEréaﬁ{ Hdef dBQPﬁ fic
por cel ai éonrgg%%gﬁ’r%%ﬂ @?Otned%t% % W\%@fa@uad 'de§ Y ﬁ? ng%R : A%V é% Sal uni na
'(A120 : %!RH?%HU‘{‘?P% § Rreafnpartisular, pieatiteang r?é%?Pl]ﬁP%’d:ﬁ EéP%BeOth?com um
si i cat e, Surportunaterializgenerally not ertinebfor e mrﬁe@telystsmmrqoammaws The
.support nadoerdiag td the fresentiarl. [Fpr amme,masalyﬁmppm puhe fsmof aphéres, Mnges ent
i nvent i oNpelfel spPASESST, BRrUMARIRY Pikhed TRABRal dAAHRAUsBH STIRX@GiRRhsibRS of
techni Ca' thés égé%ﬁ,ei 4 EBH SATENBAE 1o %S(%’Bf %alysﬂﬁﬁﬁné‘cm&wHE?&forOf pores

b
x%/er\ Wﬁﬂngﬁéﬂgﬁc‘?@&ﬁsq E‘E')lgl?glp ?ﬁr)b ?19%’(' 80851? Inﬁg Slio suppor t

mat er i aI shsair@carbtws@mfer@mms givendatising saﬁrﬁilt%lnlthe&fnt%trss gres haMeg @Rape of the
support nettemabdiamsteyehioralOlS/tonid mor ortringalhalving anhextgrnalcharaétesokfran@ coat ed
cat al yst sto r@ai.ding to the invention. For exanple, catalyst supports in the
form of spheres, rings, pellets, spirals, tubes, extrudates or crushed

L, Dl i P T
cat al ystsaﬁ%’atf‘ﬁ Qigingh PS?OWPH%HWQC} e pprticy FF’B$ RPOTHIR WPB%&:r bons.

Pr ef er enclewes rQﬂ'QfEﬂldiﬁb'"K%ﬂ%eﬁl@alslﬁf evided anbwhish geaprisgma 9%@’6“1 tuberfgr an
ext er nal idtradedireg thefgas mdinhGexteride e]s@emtmilpaxnallmgmmwdmgtr@moetalmmu di anet er

of from 3opdn@ iftd thaleptBssidif aplees@RRINYANAUIAr deiéendr Shleltl Svhibrié Fixed @'thy

]P(r)‘raf 222522'&’ f{u’ﬁ@% !ét Er f’égfo}-.‘&f ﬂ%ezé‘cﬁ'mgﬁé’r ardPPgligk %ﬁf\omems Io%aférc{iQH délsﬂelru ‘e
depr essi o )§\/ "‘\’ma" sue #g& {?&‘!eﬁ" 8§§§F e["“%@ éog'?’é&"ﬁ%\ltyodum ng
the gas vﬂ’ﬁeél?a 5‘?’1[%9 Andpeans for sprpyngyn ﬁﬁpﬁ lrableosReeMfer and

opens i ntsuspresionfiushgi fwdizesrbessanparatus lsyd%ﬁﬂmﬁhﬁoﬂﬂéfﬂﬂ‘@!ﬁ, ioheddarata@ which is
fixed to pdientZipptienion LE 4008935 Cdremariatly avelibdnflafizédrbed apparatvees and a

gui dezg i NghivhbFsuittbled6P3Ringbut B proes of tREinBntRn 4rb Sfof @RIndpHIe ahe and
sur rounds{ e etk HKe § étPEnoeﬁﬁérEdo%}dné( HERAT BALheS A dhany.

The catalysts produced according to the invention are suitable in general for the gas-
phase oxidation of aromatics Cg¢-Cyp-hydrocarbons such as benzene, the xylenes,

35 toluene, naphthalene or durene (1,2,4,5-tetramethylbenzene) to carboxylic acids and/or
carboxylic anhydrides such as maleic anhydride, phthalic anhydride, benzoic acid
and/or pyromellitic anhydride. The invention therefore also provides for the use of the
catalyst produced by the process of the invention for preparing phthalic anhydride from
o-xylene, naphthalene or mixtures thereof.

40
For this purpose, the catalysts produced according to the invention are placed in
reaction tubes which are thermostated from the outside to the reaction temperature, for
example by means of salt melts , and the salt bath temperatures of generally from 300
to 450°C, preferably from 320 to 420°C and particularly preferably from 340 to 400°C
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over part of its length and nmeans for spraying-in the first and, if

appl i cabl BAS§gudiethgesedspdhadt on. Such 2008969Fi zed- bed appar BF 08008548@8cr i bed,
for exanple, in the German patent application DE 40 06 935. Conmerically
avai l abl e flui di zed- bed apparatuses 30.which are suitable for carrying out
t.he process of the invention are, for 67xarrpl e, the Kugel-Coater HKC 150 and
HKC 200 famhatdugadgerpreSivee nbgene@slyrfamy 0.1The. & barq pyeserablyriodud8dodcebardi ng t o

the i nvenéﬂe%saé@aswsﬁml \féldoﬂy geg@icrbilyfeim 75@ t8e00 Iwhase rexdtidatgaan of

ﬁ;gﬁhgfz : ébth)é% %{’:@%QSB ‘?ﬁlﬁn %s%a&p prives! O 3?35
and/ or @ g %‘Fg%ﬁr?&‘éﬂ‘%‘feé“ 4y &fﬁg ﬁ'&’?%%gigé gﬁﬁéananhydr | de,
benzoi%® a@Pﬂera EFB‘F op USRS $ych "?’H de pRY/enpitragen WER #1%r e al so

provi des ar@maﬁihéydrgear@bnttmbe ouldtzady»srth mem@empluymgmolmmrmg@i t he

I nvent i ongéradrallyrteiay abilg tcpd?drhmsjedrcaﬂhydnbolmdl%pmef@amylfreﬁez tospioltal ene or

m xtures érﬁl?ﬁé‘rﬂéuiauﬂpprﬁféfraﬁlfﬂhénﬁﬁ ﬁoﬁ)emolb/b%f FrBﬁn %%’fﬁsﬂs according to
fP

obrel gy Tbifbadl ot @Foefiq AR ﬁéﬁ LR LT

outsi de- i On eratur

“and tH: s'é’“thE(f’rP P@\’Pﬁ’é‘ %?alﬁ‘f‘cﬁéﬁré’ﬂﬁn reaclion19g; thg98f er abl y
from 320 cawnrisd@ malgcwar oxvgends genesallyfleadssi wittf ﬂm@@tqtﬁo@dcuw 44253 BASF
Akt i engessrohatib afdro2a®3n 6OBe dxiBize0 PEOaARAE nathat gak. lahgabigen fourd talbe of
gener al | ypddiQarf) ddvaftagebudty useRfa‘PeflPJt@hvhbéhfd‘ tNiP1edmt Of thealtic achlig, Passed
at a's pac?ndff# thé bﬁ%(mﬁfal :%‘31?& Lg of Hhelr q%m,J & &n@‘?ﬂﬂ b cata%&%ede?ﬁ%e on gas

suppl enera i ch

ot
conpriées”s"?ﬂ) r&?ﬁ‘i“) ﬁé‘ﬁ‘%ﬁ@ X‘Pﬁ’ mffvp&#{fﬁam ahe q1'3u$}1‘9her conpri se
sui t abl e feagkan zneneqered Qﬁss'"@h@fme @ﬁF‘i@rﬂ@ ywv@asgt@mﬂwf@amﬁﬁ di oxi de
and/ or ni tatalgimaativiththahehe eatalyat preséntdr theaebond teactien poniefli.e dtie readtibnt he gas
conpri si ngprigneatast &e gasygrmRt. 19 gerdral, the reactivg |§bbﬂrdll@d®?ﬁﬁéarﬁ:&)ﬁm@m 1 to 100

mol % pr eireﬁ{p%FHtQ{refsreﬂmg%otiﬂaﬁﬂemo@ st ma Baecafb%ﬁ rééany.nfthem 10 to

50, kg, AecllyTs Ldlh Aokl Wiy 8 I ntgpeRog
car bon dl'gfﬁedéo “f?a?%ﬂ?c‘@tﬂﬁ SYBEMs: ’F(Pa&"i%ﬁié e?h%"q f@aﬁﬁ?%csda'gst styﬁt@"b%s

conpri sing nol ecul ar oxygen is generally | oaded with from30 g to 150 g of
t he ar onEhe iovéntionos lusteated by thee following edampplesst andard n8 of gas. It has been
found to be particularly advantageous to use catalysts which differ in

t er mepdf E%Eﬂ@ %M lleqa Wonvﬁ@#ﬁ% "n%”ﬁ ,qgag[)enake-up of  their active

conposi ti usi action zones, the

catal yst e oned n the flrst reaction, zone, i reacti on zone
near est tﬁng kg of anaiese GET siefece 4683 §im 520§§éfa|°|f ng\tg§e @%Bﬁ%’%?&t | over

catal yti cafaeftaﬂ/mffg) 53Ehka plevapadiam pantex a3 kgwoftamnmwmer @3ekgoh zone,
i . e. the cezamt tarbonate mere easpEhidet ire1 IRisof delonizied watergantkestiaded o8 hast i on i s
cont rgy | ed dBYair B MIMRENEARS dispersion. 30.6 kg of an organic binder consisting of a

copolymer of vinyl acetate and vinyl laurate in the form of a 50% strength aqueous

dispersion were added to this suspension.

In a fluidized-bed apparatus (HGttlin HKC 150), 60 kg of this suspension were sprayed

35 onto 150 kg of steatite (magnesium silicate) in the form of rings having dimensions of
7 mm x 7 mm x 4 mm (external diameter x height x internal diameter) and dried. The
operating parameters were

Air flow: 6000 m%h

40 Introduction rate: 2250 g/min
Binder concentration: 10% by weight of the total suspension used
Weight of supports: 150 kg of steatite rings (7 mm x 7 mm x 4 mm)

Temperature of air fedin:  109°C
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tenperature setting so that the major part of the aromatic hydrocarbon
present i BASFeAktkhgeselischait gas is reR008069 naxi mum yi el BFOQ0CPEIN28r st
Zone. Preference is given to using three- to five-zone catal yst systens, in
particular three- and four-zone catal y%t2 systens. The invention is
illustrated by the foll ow ng exanples. 25 Exanple 1 (single-layer catalyst
on convenThekaialyticgiyactive corgsgsitiohapplledin tbis veayai.astbe cBRlysscodtimge area: 9

e/ g), ZOc%pk@@f1mqiyaﬁeegr&%ﬂar$d¢mrac@ncm@@aswayﬂm)’/o b;éwa hkegf of vanadi um
Cuspended® i (‘&%*Cﬂ'g s )Wﬁbv@ew%um@“{%bﬁy 18 o obtai n
2 b ogendBis iepepts & fheniist sioptfe aiter flinatir &t 45056 for QgL The of o

copol yPrer weight Ptijie 2peliad-gasting wag Bl of '@&r‘%‘?b‘”?'ﬁht pfehe Epighest catalgslos st rengt h
aqueous dispersion were added to this suspension. In a fluidized-bed

appar at us Thélshidmdlerkealdaied @ e edualidn » dlaimpeRrsisss. wer e sprayed 35 onto
150 kg of steatite (magnesiumsilicate) in the form of rings having

di mensi ons, of 7 X X extern ei i nt er nal

G oot o1 ) TaR amauATRreniadid el Bk £ ihd Bop o8 R iook o) Wil gk 00 T 87 40
‘Intr o?ﬂnct FRIpinatignaat 45950 f‘{:{/%‘PH‘OBT)n'd‘ pe deapctesh pheytaR.g Qfdzﬁ}%jﬁ‘\ﬁ%ﬂ'@ﬂ? of the
tot al suspherdhemmaltreatmentiagione bbusaisbor € sweresliowgd ¢6 deopdhrough ard edeng 7 nm x
.7 mm X 4 ke halingReristerize diafmedériof P8 tnrhThel &ly s fAHE2inth B4Sh standlng under

Akt i engesg|d tﬁﬁé‘%é Qt%@@r%ﬁ'\ lﬁe%sﬁgﬂ%}pg% a-EhQn&%t airl AifclddModrd

o os uht Hipdtihe L‘fm'i‘g‘E o B 1gbs Bk C&%Bé%%agg@ 5"‘?!1%%'}‘39'5 I iﬁﬁf 0
(cal clﬂ?at @@'Vésco%’?é@ n agpliegoAvhic \R@V@?RO”QF Q409 ﬁn‘?’("c’&? s obihegbrasign ang

90. 75% byresistaive qf)ihewattdmtum di oxi de after calcination at 450C for one hour.
The 5 wei ght of the applied coating was 8.0% of the total weight of the

fini shed cohphiiive eldifpliear anet er K cal cul ated fromthe equation in claiml
is 188.5. s_anountntabraded nmaterialafter _.a triple.droptest was 25% by
wei ght  ( nati.on.at 450C for e hour). In.the drop test, about
50 g 8 i@%F@‘Eﬁ’?&%ﬁ Giehdlee 3R, p da eI s RulRBS AL o 3500
were all OMH'Z?Q)bG 8pParAtuS hIngSe apfaleWs: t ube having an internal dianeter of
25 mm The catalyst falls into a dish standing under the tube, is separated
from the digibwf ormed on i npacsoemm’hs again allowed to drop through the

t ube. Thejiebationgs: | 0Ss in Q@gp bhiipl e drop test based on the amount of 15

b aefr BHIE L oD, hey é.{; WY 8,500onl e Measure of the

abr aston vJelgsn't 0 gup%%rts ste ite nngs } mm xxlarg% X 4 mm)

Temperature of air fed in: 70°C

The parameter K calculated from the equation in claim 1 is 107.8.

30
When the temperature of the air fed in was below the range according to the invention,
many twin rings which obviously resulted from insufficient drying were found. The
amount of abraded material after the triple drop test (drop test as in example 1) was
40%.

35
Comparative example 3:

The catalyst was prepared as in example 1, with the operating conditions of the
fluidized-bed apparatus being set as follows:

40
Air flow: 6000 m*/h
Introduction rate: 2250 g/min
Binder concentration: 20% by weight of the total suspension used
Weight of supports: 150 kg of steatite rings (7 mm x 7 mm x 4 mm)

M/44253



20 The catal yst was prepared as in exanple 1, with the operating conditions
of the fﬁﬁﬁ\éi&'@tﬁnﬁéﬁe%ﬁﬁb&ﬂat us bei ng28830887 fol | ows: Ai r PF 80R0059888 nB/ h
Introduction rate: 2250 g/m n 25 Bi nder concentration: 10% by wei ght of the
total suspension used Wight of suppogts: 150 kg of steatite rings (7 mm x
7 mmx 4 nmm) Tenperature of air fed in: 70C The paraneter K cal culated from
t he equat Températuse of air fediiee 1070%¥C 30 35 40 Wien the tenperature of the air
fed in was bel ow the range according to the invention, nany twin rings

whi ch obvirgdisirimices W éslidte@ Fornab ehlgicinh ciniiing 288ke found. The anpunt of
abraded material after the triple drop test (drop test as in exanple 1) was

40% nparative exanple 3: The catal yst s prepared. as in exanple 1, with
tho opor o Bpne: G ErBiiop abpuE e Red SoesBR e dhacis e Ceros
fol | ows: Uin MRgsoveregdesioned.heiampewst gbabraded aeateriapafiry the Hiple @oR dest

concent r afdraptestdinlexampleghtwasf4d®he t ot al suspensi on used Weight of
supports: 150 kg of steatite rings (7 mmx 7 mmx 4 nm) M 44253 BASF

Akt i enges f L t Lahr fed in: 109C The paraneter
K cal gy e gt e el SRR b o Gl < o 000054025 5 AL 2
bi nder” concentrati on above the range specified according to the invention,
many t wi POkgRfsteatiteindhe bormgt fiags fRvNg fiMAnsions Oéﬁrf%mé‘ogﬁﬁ‘@ EO@M after the
.tripl e drieptetred dian{ederopheighitx internal digroetpt) avet¢ hested 408G luidized-bed
Exanpl e_4appaiaigs (Hiltei $1KE #56)|ay@itspriyedawilies7 Iy dipsiispension tomprisify 150 kg of
steatite {4p 4y bt Havitg BEY sOfact &¥eBN 91 #2Rf 19778 b vifadum MM
(ext epgnal, gy AR 81 SbeNBic Blant At 8/ BAk UAMBLERY 1 5E BEabRdt" 2
ui dirzed-Dbe %p& at ds tll‘b&s é}an eﬁra d ? k%ofa
suspensi FMEBHY ad;l%ge" hesrhate, §-438 Gofaesiup siigin & 13- oBEKe Qi Malt@Ngr ca of 21
e/ g, 11.4A7808dp efforaaide teaetier yath 3T aky ofan grosnik pinster exegistivgated, 5. 153 kg
of ant i nomopolymenxi daylicdadi®talaic adid (weigbimation=MER5) getithe sseltht of the 1@8 g of
cesi um sWgpib®wagd 30.5686f the tthl WalGIe of #ifinished catalyst (after heat treatments at
20 450°C for one hour). The catalytically active composition applied in this way, i.e. the

catalyst coating, comprised on average 0.15% by weight of phosphorus (calculated as

P), 7.5% by weight of vanadium (calculated as V.0Os), 3.2% by weight of antimony

(calculated as Sh;03), 0.1% of cesium (calculated as Cs) and 89.05% by weight of

titanium dioxide. The operating conditions of the fluidized-hed apparatus were;

25
Air flow: 6500 m%h
Introduction rate: 2250 g/min
Binder concentration: 7.5% by weight of the total suspension used
Weight of supports: 150 kg of steatite rings (8 mm x 6 mm x 5 mm)

30 Temperature of airfedin:  97°C

The parameter K calculated from the equation in claim 1 is 154.9. The amount of
abraded material after the triple drop test (drop test as in example 1) was 5% by weight
(after calcination at 450°C for one hour).

35

Comparative example 5:

The catalyst was prepared as in example 4, with 19 kg of the suspension being

sprayed and the operating conditions of the fluidized-bed apparatus being set as
40 follows:

Air flow: 650 m%h

Introduction rate: 2250 g/min

Binder concentration: 7.5% by weight of the total suspension used

M/44253



44.808 kg of formam de together with 33.75 kg of an organi c binder

consi st i NBASF Aktiengpsélsohaftof acryl i c 2008@B97al ei ¢ aci d ( wePEho00OSA0R28 =
75:25) until the weight of the layer applied was 10.5% of the total weight
of the finished catalyst (after heat tyeatnments at 20 450C for one hour).
The catalytically active conposition a i)‘ﬁlled in this way, i.e. the catalyst
coati ng, Weight bs®ppons:aver ages0 kd bYstentiteaingbis afm peoaphosuwsmy cal cul ated as

P), 7. 5% bymp&haiié oPhir idndi ugy{sal cul ated as V205), 3.2% by wei ght of
ant i nony (cal cul ated as Sb203) 0.1% of cesium (cal cul ated as Cs) and

89. 05% by. It RXI de... The erati conditions of the

f1ui di zed! lbpe%ag' g‘?’é{%‘:%?a% &GHU?WWC%@B Eﬂﬁ | nt roduction rate:

2250 ff min Bi nder concentration: 7.5% by weight of the total suspension used
Wi ght of Ingbip gompsrati¥® eéxgplefin whasattihe weighh gbsupporhmatetal mas>belowie 30

Tenper at Wiagig @Ep@dlﬂedfzﬂiéotdhzf R%ke i’rﬁeﬂﬁtﬁn PRIRINGIngS Wtk oHEALGSIN faupan The

equat i on 0.6tk Bbrhdbd ndé m?aftglrlﬁe {ogqrﬁt (am’gqgg%grmg%ﬂw@% ﬁ}JBSF t he

trlpedr testg%%roptest a5|ne y welg ter
calcinatr Tm_é“h“o—r)*"fb—ﬁﬁafaﬁv*e “exaripre 5: " The cat al yst was
‘prepated as in exanple 4, with 19 kg of the suspension being sprayed and
t he oper aE¢mparativelexdnule 6of t he fl ui di zed- bed apparatus being set as 40
.follows: Air flow 650 nB8/h Introduction rate: 2250 g/ nmin Binder

i S R A

Steatite erature of air fed in:97C The

paranmet er K cal cul ated fromthe equatlon inclaimlis 221.6. 5 1n this
conpar at i Aeflescanpl e i n whi ch 6520 m¥hght of support material was bel ow t he
range spdatrbduetioacater ding to t9m g/mikention, many twin rings were once again

found. ThgindaBenBéntritioaPr adedy BBY By waighfbf 1Be tdthrsus efﬁ:h@n G4eQp test (drop test

o i oty 2 1o MR i R Rop e

f1ui Ozedﬁ%@%erﬁtﬁ "hfgébrél ng as foll ows:

The parameter K calculated from the equation in claim 1 is 229.9.

At a rate of introduction of the suspension which was too low, many flaked coated
25 catalysts were found. The amount of abraded material after the triple drop test (drop
test as in example 1) was 51%.

Exampte 7: Two-layer catalyst

30 Suspension 1:
150 kg of steatite in the form of rings having dimensions of 8 mm x 6 mm x 5 mm

(external diameter x height x internal diameter) were heated in a fluidized-bed
apparatus (Hattlin HKC 150) and sprayed with 24 kg of a suspension comprising
155.948 kg of anatase having a BET surface area of 21 m?/g, 13.193 kg of vanadium

35 pentoxide, 35.088 kg of oxalic acid, 5.715 kg of antimony trioxide, 0.933 kg of
ammonium hydrogenphosphate, 0.991 g of cesium sulfate, 240.160 kg of water and
49.903 kg of formamide together with 37.5 kg of an organic binder consisting of a
copolymer of acrylic acid-maieic acid (weight ratio = 75:25).

40  Suspension 2:
150 kg of the coated catalyst obtained were heated in a fluidized-bed apparatus and

sprayed with 24 kg of a suspension comprising 168.35 kg of anatase having a BET
surface area of 21 m?/g, 7.043 kg of vanadium pentoxide, 19.080 kg of oxalic acid,
0.990 g of cesium sulfate, 238.920 kg of water and 66.386 kg of formamide together
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15 Air flow 6500 nB/h Introduction rate: 900 g/m n Bi nder concentration:
7.5% by WEHASF Abfiengesellothaft suspensi ore0080697 \\ei ght of supperaoe00s4aRskg of
steatite rings (8 mMmx 6 nmx 5 mm) 20 Tenperature of air fed in: 97C The
paranmeter calculated fromthe equation_ in claim1l is 229.9. At a rate of
i.ntroduction of the suspension which wﬁ% too low, many fl aked coated 25

cat al yst s wiardy .5 kyofdan digania indet cofsisiing atle dopaiy@er o acafliceicid-aleid agdie drop
test (dropweiyRefatios Agpggxanple 1) was 51 % Exanple 7: Two-layer catalyst 30
Suspension 17 150 kg of steatite in the formof rings having di nensions of 8

nmx 6 mm X hei X. 1 nt ernal nmet wer e
neat ed | nCreraiRendtonee e fufae Fed speraariie G| asoriolmA S t h 24
kg of @ suspension conprising 155.948 kg of anatase having a BET surface
area of 2Ainfidg, 13.193 kg of 8s80amfflum 35 pent oxi de, 35.088 kg of oxalic
acid, 5.71ardegictdn Alds: mony triiQshéitcade 2288 dvainof  ammoni um

hvdrogenpmpgéﬁmﬂg%f 0 of £onliRiaiht ?Lheet #QuckfsitA ugé%water and

49. 903 kg oget her_ i ani der consisting
of a cop RRUSG1 i ¢ aci'@OnQIG ZIS H@rH‘F mjﬂf‘érg :25). 40
“Suspeh@i oﬂ'eQ‘Pe!I?S'G)'eléﬁaHﬁeCIWe cHf€d catal yst obtai ned were heat ed in a

fluidi zed-bed apparatus and sprayed with 24 kg of a suspension conpri sing

.168. 35 kgThé panrmhaecK balkilatddrdirthe squation m oMiem Rf1549, M2/ g, 7.043 kg of
vanadi um pent oxi de, 19.080 kg of oxalic acid, 0.990 g of cesium sulfate

238.920 k B 44

Aktien esgpgyﬁ@\&g@gg%gﬁﬁgpﬁ'%dg%ﬁtcg3é %\r}&g’; ﬁhﬂg?n@ aggeta i organi c
bi ndet® cofRftes healdreatmeantad 4P yindar oge hgen T’PE‘CC%@W&F%PE‘FV@ CHRPSItIORei ght rati o
= 75: 25) . applieddo nmgwomn@u themﬁalmst cphmg'o‘L wiaslon anelagd O(8% buweightiof i ng

sprayi ng- phosphohs (balcaltedsis A 5.7600by wéighiDofBhidilimt (caldulatedass VALES.6%N0 each
Casg 2\2’2%8 %mgfé}ﬁﬁﬁorﬁqeélé\!ilétbéta's%zoz) té%f/buy weigﬁm(:fS&fs.Me:at&ta%d ayﬁﬁfnsa 8n
use [ ite Tings mm X

_Terrpeé&t ure o a??‘”??o‘;a;‘ﬁe'gﬂﬁg&i@h dg)%arret er Kcal cul ated fromthe equation
'nclarm %‘he zm%?mt of abraded material after the triple drop test (drop test as in example 1)

was 10% by weight (after calcination at 450°C for one hour).

Comparative example 8.
25
A two-layer catalyst was prepared as in example 7, with the operating conditions of the

fluidized-bed apparatus being set as follows:

Air flow: 2900 m¥h
30 Introduction rate: 2250 g/min
Binder concentration: 7.5% by weight of the total suspension used
Weight: 150 kg of steatite rings (8 x 6 x 5 mm)
Temperature of airfedin:  97°C

35 The parameter K calculated from the equation in claim 1 is 82.9.

At an air flow which is too low, many twin rings and catalysts with flaked coatings were
found. The amount of abraded material after the triple drop test (drop test as in
example 1) was 64%.

40
Comparative example 8:

A two-layer catalyst was prepared as in example 7, with the operating conditions of the
fluidized-bed apparatus being set as follows:
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The wei ght of the layers applied was 9.3% of the total weight of the
finished catalyst 15 (after heat treatnent at 450C for one hour). The

cat al yti cBABY éﬁtﬁ“@@se % tion appl RBBBGE97t hi s way, i.e.PR ABOROSABRE St
coatings, was on average 0.08% by wei ght of phosphorus (calculated as P),
5. 75% by wei ght of vanadi um (cal cul ategh, as V205), 1.6% by weight of

anti nony (cal cul ated as Sb203), 0.4% by wei ght of cesium (cal culated as Cs)
and 92. 17% by wei ght of titanium dioxide. 20 25 The anount of abraded

mat eri al Aftlew: the triple dropso®sf/h(drop test as in exanple 1) was 10% by

wei ght (afhtrBdud@hGhtegt i on at 48 ghps one hour). Conparative exanple 8: A
t wo- | ayersﬁ%é%&% %Ient}‘@ﬁmprepar ?%6?96 Wai ﬁréﬁm%?otgvsu\é’g fiollgsgyper ating
e kg us. be as

conditjo 0 ur di zed- a > , S ows: Air flow
3500 by VR PLEURBETIS: i o, r af 50 K6 SEGIoa Ry ASTIS MY < BRRENHS ) on: 7. 5% by
wei ght of TerReerabra Pt aintesdAsi of2di§ed Weight: 150 kg of steatite rings (8 x 6
X 5 M) Tenperature of air fed in: 97C 35 The paraneter K cal cul ated from

t he equat TiNpdrameteti Kitdiculated Zrofh théleqadtionl ih clairAW jwbisB. i s too [ow, many twn
rings and catalysts with flaked coatings were found. The amount of abraded

.materjal after the triple drop test (drop.test as i xanplke 1) was 64% 40
Corrpai tiglea'@mgtgregqque f‘\%@cﬁﬂ °hc"g"l'5aﬁ°§§‘ﬂg_ r'HrC@BaAPSﬁW ﬂi"'e‘ﬂa xampl e 7,
with t he @758Pas Wt foungi themowt ot raded matariabaftasdbe HipideplestidPRg set as
-fol |l ows: tebtelibZxample Aiwdsdbjesel | schaft 20030697 12 PF 0000054928 Air flow
6500 n3/h Introduction rate 2250 g/ mn Binder concentration: 7.5% by weight
of the total suspension used 5 Wi ght of supports: 150 kg of steatite rings
(8 Mmx 6 mmx 5 M) Tenperature of air fed in: 125C The paraneter K
calculated fromthe equation in claim1 is 212.8. 10 At a tenperature of the
air fed in which was too high, many catalysts wth flaked coatings were
found. The anpbunt of abraded nmaterial after the triple drop test (drop test
as in exanple 1) was 65%
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M 44253 BASF Akti engesel | schaft 20030697 C ai ns PF 0000054928 1. A process

f or produBAGE Aktiengeisglschalt gas- phas@003068R7t | ons, whi ch cRRPBOGEES28ei ghi ng
a particulate inert support having a total nmass of Msupport 5 into a

fl ui di zed- bed apparatus, providing an aqueous suspension of a catalytically
active mab%rirjngl or sources thereof and a binder having a binder content of
Bs,p, flurdizing the inert support by introduction of a gas stream heated
to a tenperature of Tgas at a flowrate of Qgas, and p y g p ensiorti at a
onto the M ui aipz@wsrsﬁ@rﬁrodtmgsﬁﬁ%@lwﬁfdo'r@@ﬁ-hhqa@@woa%t@'% CoURRpyises upport ,
wherein Qgas, Qsusp, BSwsighingla particulateimermpodhavieglagdotabohass ohMabhe ranges
3000 & Quas {nwRé4 Midized$0@ppd@QR, 5 Qsusp [g/min] _< 3500, 15 2:5 Bs,s, [%

by weight] 5 18, 60:5 Mygvilfiglanaquédls s %s%ﬁ%[—n%iaﬁnig@a%g & Rherhl

par anet er Kdef | N% = %cg S - ,.0. S .5583,,,p- 0. 667
V" ppo + 2. 068 %]0313%9%3"%' ‘?%’H %P?‘é v ’%’Z“Q%P%ng%%’%’%p{ o By o K < 202 2. The
process according to cl %709 RgBPE SHPRAUELY, trafction ok ajgasisireamheatpd o5

136. 0S K5 193tox tempesdo@ of 7948 fipwsale|of Qus7B0®, 1500:5 Qs,sp [g/nmin] 5
3000, 10 5757BS,; 7 Sp [ % bysprayigditHe stspéissionl & Rtd/bt R, drk@iheduidi4¥d,ine®0: 5 Tgas
[C] 5115. 30 g p'ghe process according to claim2, wherein the paraneter Kis
in a range i

J[g/nin] 5 250 ,<"3E'5é§aﬁ is.éﬁ‘%? %%@P‘Wg’r ‘{Sﬁi fgas[ gﬁé/lé%lefg#g% b‘%ﬁ’?ﬂ%iﬁ] leigg, 90: 5

Tgas[ ( -<115. 35 4. The progess according to any of clains 1 to 3, wherein
the gas which is 3006% 6kusfedhlis9Q00% . 5. The ptAdesQuadatnial$85d% any of
clainss1l to 4, wh2ed.p, B beeeightiaglesous 40 suBpeMbiqn [k <@40al ytically
active material apgi<iypeen <it®gprovided and is sprayed onto the fluidized
support which has been coated with the first suspension 6. The process
according to gg 'apé%arav\rﬁe%rekgeftm%%aséquort whi ch has been coated

20 K = 0.020 Qgas — 0.055 Qsysp + 7.500 Bgyusp — 0.667 Msypporn + 2.069 Tgas ~ 7
satisfies the relationship 127.5 < K< 202.

2.  The process according to claim 1, wherein the parameter K'is in a range

25 136.0 < K< 193.5 and
4500 < Qyas [M*/h] < 7500, 1500 < Qyusp [9/min] < 3000,

80 < Tgas [°C] < 115,

30 3. The process according to claim 2, wherein the parameter Kis in a range
143 < K< 184.5 and
5500 < Qs [M*/h] < 6500, 2000 < Qsusp [9/min) < 2500,
6 < Bgyusp [% by weight] < 11 120 < Mayppor [kg] < 180,
90 < T,s [°CI < 115.
35
4.  The process according to any of claims 1 to 3, wherein the gas which is
introduced is air.

5.  The process according to any of claims 1 to 4, wherein a second aqueous
40 suspension of catalytically active material and binder is provided and is sprayed
onto the fluidized support which has been coated with the first suspension.

6. The process according to claim 5, wherein the support which has been coated

AE 20030697 TE/2202 September 26, 2003
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AE 20030697 TE/ 2202 Sept enmber 26, 2003 M 44253 BASF Aktiengesel | schaft
20030697 BASFOARGSgERglIgchalt t h t he fi r203868%pensi on i s dri BB ODEOEE4A92B8he
second suspension is sprayed onto it. 7. The process according to any of
claims 1 to 6, wherein the parti cul ate&lj nert support is provided in the
f.orm of spheres, cylinders, rings or cdlumms, preferably 5 w th di nmensions
of from5 to ®Hihtm firSt suEpengion zabRddetoe thegpcbnd anspedbiondligispraydd botoft.
wherein the fluidized-bed apparatus is a container for accomobdating the

particul ate SmﬁQ@L6ceE£‘a¥\459§iﬁg td S Jq‘?rguﬁgq?% Qh@% i I!h ﬁ%fa?éﬁm‘ fi. s

rovi ded and as whi ch
P ends eaaantURRaR) %cy Ik R TR L P Te YA R SPRR P ‘&“B%g%%paf % the
of fre

depr es&i on, aW'tbéi%@ﬂSi'QﬂSI A@itcatd @et.| ection shield which is fixed to the
central tube in the upper region of the container and a guide ring which is

| ocated i, thenht press seiordingto érﬂﬂof%"rh@'ﬂi@'? ﬁn@kemeqmr&%dtm Central t ube
essentially c H%ué'.scéb ;é?forB?é&m.ﬂﬁdéth g&.t?ul%ds@ﬁé%g

spraying-in t |rs e process

according to z% fraen @Pé‘?‘ﬁ @ﬁ@SP'PPéStprBY' %‘iﬁ AHEISEHa CBBYHr i ses Ti 2
‘and VB®5 par t lubeder intipducinghe pag which@wangs esseniiallyexialhedoyrmard in hecl es have
a di anet er of c@&@ainenand eEhsanid tiad déprasdiord) a%odsyentially apnidéar dedlgclitiDshigrer t i cl es

.have a di anet ghiciis BedTo@e taftal tub@-in HaauppeP ﬁaﬁ@qs@&aﬂaﬁemcﬂaguﬂ& cl ai ms
1 to 7, wherey Mﬁf&ﬁ lé’ggéﬂﬂu?%?%we%gfﬂ'oﬁﬁ%c‘é rLéWd' édie,tfhaf the first

d ding t
any of cl ai mCH b b Bgeihy paRGERYIcall oYl paE %@pffﬁ@ﬂf’%&%ﬁ%f’én;”g ’

napht Kl ene o?PfﬁV'Rgm e tirstandolf appficablesspcond suspension.

9. The process according to claim 8, wherein the first or second suspension
comprises TiO, and V,0s particles, where at least 30% by volume of the
V.05 particles have a diameter of 20 um or less and at least 95% by volume of
20 V.05 particles have a diameter of 30 um or less.

10. The process according to any of claims 1 to 7, wherein V.05 particles or
dissolved vanadium is used for the first or second suspension.

25 11. The use of the catalyst prepared according to any of claims 1 to 10 for preparing
phthalic anhydride from o—xylene, naphthalene or mixtures thereof.
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