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When catalyst particles are charged into a reactor, especially into a vertical tube, it is
30 possible owing to the mechanical stress, depending on the side crushing strength and
fracture stre'ngth of the catalysts used, that catalyst particles break up or the
catalytically active composition is partly detached from the support. The fragrhents
which form and the attrition densify the catalyst bed and lead, in the course of later
operation of the tubular reactors, disadvantageously to increased pressure drops.
35 |
A multitude of documents is concerned with the preparation of particulate catalysts and
their use in gas phase reactions, but without addressing the problems in the charging
of the reactor. '

40  Oxidative chemical reactions in the gas phase over unsupported catalysts based on
catalytically active oxides have been described many times. US-A 4,438,217 and
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GB-1 331 423, EP-A 286 448 and EP-A 37 492 relate to processes for preparing
spherical oxidic coated catalysts. EP-B 293 859 discloses a process for preparing

30 spherical coated catalysts by employing a centrifugal flow-coating apparatus. The
binders mentioned by EP-B 293 859 are water, alcohol and acetone, as well as
ammonium nitrate, graphite and starch. '

DE-A 25 26 238, US-3,956,377 and DE-A 235 151 disclose processes for preparing

35 spherical oxide coated catalysts in which the support spheres are initially moistened
with water or another liquid such as petroleum ether as a binder. Subsequently, the
catalytically active oxide composition is applied to the binder-moistened support
material by rolling the moist support material in the pulverulent cataiytically active oxide
composition.

40
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cat al yst par |cI es in 30 the course of charging. For instance, EP-A 548 999
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DE-A-28 49 664, EP-B-041 144, DE-A-199 34 324 and DE-A-102 50 022. The
25 problems which occur owing to mechanical stress in the course of charging of the
catalyst particles are not addressed in these documents.

It is also known that charging aids can be used to charge catalyst particles into
reactors, for example in order to decelerate the falling rate of the catalyst particles in
30 the course of charging. For instance, EP-A 548 999 describes a process for charging
tubes in which the catalyst particles are charged along a line which has flexible bristles
which extend in the transverse direction and are spaced apart from one another.

A further process for charging catalyst particles into a tube is described in
35 US 3,608,751. The charging aid used here is a flexible member, for example a manila
rope, to which inclined blades are fixed.

DE-A-103 37 998 describes a process for charging a vertical tube with catalyst
particles, in which a flexible elongated member is introduced into the vertical tube as a
40 charging aid and then the catalyst particies are introduced.



However, the use of charging aids is always associated with additional

conpl exi ty o©ooo05ge28hargi ng operation. In addition, many filling aids |ead,
in the case of small tubular dianeters, rapidly to the bl ockage of the tube
or to the enneshing of the catalyst particles. In addition, catalyst
fracture and attrition cannot al ways be ﬂrevented to the 5 desired extent.
It is ther eHowevarnthehjseadf cbérgirgeaigs is sdwdysiasyesidted with adpitional demplgxitpimess by

whi ch react Héohard?ﬁ%@ﬁérﬁﬁ&r}f I8 tﬁiﬁéiﬁoﬂ?%’t’dnﬁ}gilli‘hﬂ%?o%l%d li0 egi&%g%fr%au fpukke used

for catalyzed S _phas reactions, .can be ¢ ed e el th
prevention 5?"%3?31 @?Q'td&‘tf’a‘la‘? E'PBkaﬁ%Df;'?? fl“'B? i°5Wﬁ’gfﬁmﬂ?&ggé’ﬁ}/@c‘%/at%&ﬁachi eved
by a procesgattiglies dhadgiting, catalysi drasiurswandhaiyiionlcppnotmiwaysdiecrevigritehto thave a
cat al yti sal Uysireitdxyntmul ti el ement oxi de conposition at |east on its surface,
in which catal yst particles are provided which conprise a substance which
is liquid at . 20C and 1 atm and these catal yst particles are charged into

t he react or ltigtheraforean ehirgt of herRiesanhinvenptionda Rreyid;a grocesby which seacipren

cat al yst paespeziatiy tiwdsedaving pisdssef lovadiamgterdasaeaisad dar qatalydcdaemhsGhbsd yst
charges wit bR wi | : ticles
conpri si 89 Eé lﬁﬁg@%?ggggﬁﬂﬁégggéﬁf @ e“r" ﬁiﬁéﬁ%grﬁg‘é’%@ﬁ@%% ﬁ%&\m@g’{'t i cl es
whi ch dédnot conprise such a liquid. The catal yst-charged 20 reactors

obt ai ned by Thisebmcbisexbiesed by dipnecess farlobaigingemtéastor vithtcaialyst pasticles mdipment s

ool st | s Shegloliy Sl el bod nosliualy shusspra 1
oith T ower "BhioR calhet Portes B Blov il whitonBrie g aSuBR ARG MRBR R LI LT Ong ¢ no
cat al yst ch3P@eand 1latraand thesecatalyl perdiclepaenchanged istecthereadiere used. A

uni formgl ow t hrough the reactor and the avoi dance of 25 excessively high

S AR AN PR A e
course of apgvidstibsiagge preuides setalyst ciargraavitharyRBiagPas RIRRRHESFPThe saved,

since the gastdned, the catalyst particies tompssitgsld Ll kasetbétter andobamicalpr essur e
| evel . I n additi i B¥ Hed RembA tHER ' I typically
passed thr ogghﬁ]pﬁﬂ?ﬁ] Bwﬁ' Ii%r g\ﬁq or? %cftonm%t% . Cljicﬁ' é{?_}sﬁ? %L%geﬁ%@égot herm c
cat al yt #8 gEEeck¥s cRtaed pYithe Héocf’S%%?CQchTgsto)t fiventpr eantpiR ipwel oMmeitfe.  Thi s
has an advaabcigeatriueihiebts attriutablé foftbe meehgmiced stress1on thesgatalystirnthe acti ve
Conposi ti oNcKsEhg dprAABH] ThiR a Idss! RWBEly BEERRUToBsEN 131 vith IbWEr K@ik BbNHG G
reaction caB al So rI1.eaﬁ to better, s age: tthme %yebq%d Th{a af 3r Eme%ﬁ | oged
advant ages 3P@inedy Fhipaflows @?ﬁ%‘ﬂ?é‘ﬁ% qI9ng e cRRYEHFIRIB AL leggtdo Ghetee
reactors, whhehthreieectard grensed. Aunifam fisasthragbohe rastoy and thehawidanieesf in the
char g | ng5 of ekdtdbivel) Wih paHie predshiresiop tigieatantfare E\ﬂ@é]ﬂﬁfoﬁs JEaNForehl attr : tus
can be prevent S ! i r opriately
sl ow char gi ﬁ' egsf ?%gﬁﬁcg@é%‘?ﬂéa% r%%@p%ﬁ'—ib%%%%n&%ﬂaw%f@gg "ﬁﬁ%ﬁrﬁﬂ@ﬁ% aulrsgecal e
t ube bundl eof ergFalinnsof théEeackar hew eorapressionenigy tabesdved, sines the g9as fetidnever
associ at ed thal relictar by foardeoniiiregien tb angwermresstivé Rueld pvatdition, fon@xarhpleef or e
has to pr Ocﬂ'%qeﬁﬁberature maxima which are typically passed through in flow direction along the
30 catalyst tubes in exothermic catalytic gas phase oxidations ("hotspots™) have a reduced
amplitude. This has an advantageous effect on the lifetime (onstream time) of the
active composition used. In addition, a lower pressure drop in the catalyzed reaction
can also lead to better space-time yields. The aforementioned advantages are
exhibited especially in the charging of tube bundle reactors, which generaily have at
35 least 5000 catalyst tubes. Thus, in the charging of individual tubes, the formation of
fragments and/or of attritus can be prevented substantially more readily, for example by
appropriately slow charging or the use of appropriate charging aids. In industrial scale
tube bundle reactors, the introduction of a new catalyst charge is, however, associated
with a correspondingly long production downtime and therefore has to proceed as
40 rapidly as possible. In addition, a pressure drop which is lower overall in the operation
of a tube bundle reactor having a multitude of catalyst tubes allows distinctly more



40 rapidly as possible. In addition, a pressure drop which is |ower overall
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30 thereof. These include water, nonagueous inorganic solvents such as HCIO,, HNO,,
H.SQ,, etc., organic solvenis such as monohydric alcohols (e.g. methanol, ethanol,
n-propanol, isopropanol, butanols, pentanols, cyclohexanol), polyols (e.g. ethylene
glycol, glycerol), ethers and glycol ethers (e.g. diethyl ether, dibuty! ether, anisole,
dioxane, tetrahydrofuran, mono-, di-, tri-, polyalkylene glyco! ethers), ketones (e.g.

35 acetone, butanone, cyclohexanone), esters (e.g. ethyl acetate, glycol esters), acids
(e.g. acetic acid), amines, amino alcohols, amides and other nitrogen compounds {(e.g.
ethanolamine, diethanolamine, dimethylformamide, pyridine, N-methylpyrrolidone,
acetonitrile), sulfur compounds (e.g. CS,, dimethyl sulfoxide, sulfolane), nitro
compounds (e.g. nitrobenzene), halohydrocarbons (e.g. dichloromethane, chloroform,

40 tetrachloromethane, dichloroethane), hydrocarbons (e.g. benzene, petroleum ether,



acetonitrile), sulfur conpounds (e.g. CS2, dinethyl sulfoxide, sulfolane),
nitro conpgppstseqssd- nitrobenzene), hal ohydrocarbons (e.g.
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hydr ocarbons (e.g. benzene, petrol eum ether, 0000056423 6 |igroin, pentane,
hexane, heptane, cycl ohexane, nethyl cycl #hexane, decalin, aromatics such as
lbenzege, E) Oiig’@m\?peﬁftﬁh@ﬂ%&aﬁé}d'uemdﬁte,uéﬁibhef(aﬁehﬂleﬁwﬁy@lﬁﬁéiérféﬂﬁéba‘ﬁﬁ,' éflSﬂ]Taﬁ?s The

i qui d subs c Y. . | vent s
whi'ch have: SetcaeboBRE GhBRe b RAePlE g e bk Bl BRnUrsdiaielt. o1
100C. In a specific enbodinment, the |liquid substance selected fromwater,
wat er - m sci Fhe liguid 3nbstanedspafacbly\delected frone watdp andl iorganodonients wiitiahghay d
pressures(1l, Wfl}lﬂ‘ﬂ%wmﬁaﬁmg prekggfécfﬁ%?bf"t?ﬂr;e%aﬁ h§6@00n a LPeifien the liquid

subst ance used 1] ~ocess_according 1.0 I nvention_conprises

di ssol ved | AEPGURIEN P L RSB SEIRtRaTors HalP T uglEr TS PRENSoI nt or

subl i mat i oncomppdurtdsatrhict baudaa boilrgessnirad stabdardrgressurent atn)lvdimot®@@n Sui t abl e
di ssol ved i Rega@esiEmiaHBs tiepeésgs are, for exanple, alkali netal halides such
as NaCl and KCl, alkaline earth netal halides such as CaCl2 and MyCl2,
alkali netal and al kaline earth netal sulfates 15 such as Na2S0O4 and CaSO4,
al kal i i@t aMWhandhe liawid isHlestange ysegdn Hie Mgerss acaerdingue theaisventieigompaees Ca( OH) 2
etc. Suit ablRselesnbrRAicrGigaric SulRHRes aheytidie d BYili) iRl & sublirddtion aci ds
such as _capphiic 4ithadiBREANAIG A & mbBYATIRELSuldd TR NS AGafle
myristic aCrd, pentadetanol ¢ ‘acld, palmtic acld,” nergafic acid> stearic
aci d, nonad&ehstiRyices k. dor examplaialkali setal haligrssuch 28iNRC ang & Aliraling edh

pal m t ol ei cnmtal thaliddsesuch asiGhCl] amigCls, alicilidnetaDarld alkdlineicarththetal stlfalest eari c
acid, ete. ' I ot ' ﬁ%] ] : red
enbodi rrtéﬁt , %%gfﬂh%%éjﬁfsa%ggg%g{ taﬁlahggg(%r an r}farp@métt%hﬁ{gx@%s\e/éelﬁria%n s a
subst ance a$? ﬂ{pﬁj (Pi)agte oy l%soBrre P0G pHbsRNCEP 96, T BMPI%es used
to charge fdtly acidsction as Tapric acky, undecareicand, dauriseaacil, bidedamnoicigeid, mwnisticat al yst

prepar ati onagH, FerdRi<zaRBeBeal pAmitk Ui, tnddhaitedcid, lsfbakibakidC ASkadeBandi@Bgd as the
bi nder has not, been hegoved- id Irbm‘the c(gt a@/.tsi . LL i § .gen. rﬁ]l I% BO$SI ble to
di spense wi BRI CE_jo BT Aol "PRE APy Itoleic peid Jigd AR Y5122 qui d
subst anéé bénaleric aeid, elaesieayic doid, ett Adscuitalle jage moneovrdigosacsbaridasssi bl e t o
carry out the process according to the invention by contacting a catal yst

whi ch, as af gl O o DS RIBP MR ubSARE LSEP WY Bn STRIA 1AITRYHon |
any, of liquid subsStance W't € T1quld substance by ctustonary processes
such as spr §A sipstaicg@sigtypicaticalsqyged foduprare thsseaialvet nesticles usediterbarasl vy at
| east one weiecreastor. dihisemay, Janéxanqderbeunisdindevhiset forcatalypt bebparatien osaandar d
condi ti gRs L]l | idderHi!d Lon oRkLRt at
st andar ggpr gé@&r}%e]né? gi%c. aé’gip Bﬁsbi;gt htgﬁ%’léblgso%% %%éﬁ?'gﬁ%e | sdc?Pfjérf%er yoﬁ'ven to
usi ng the | /g the satslshifde oprereilPossiPin to isRepemii the ortagfing Af the Bkes at
| east one cpamiciendvithiine hquid slibsfance hefate thesteaatdaiscchargedi ttiiofscolP@EGlso

possible to carry out the process according to the invention by contacting a catalyst

which, as a result of the preparation, comprises only a small amount, if any, of liquid

30 substance with the liquid substance by customary processes such as spraying, dipping,

etc.

The liquid substance used is preferably at least one water-soluble organic compound
which is liquid under standard conditions (20°C, 1 atm) and has a boiling point or

35 sublimation point at standard pressure (1 atm) of more than 100°C. Preference is
further given to using the liquid substance in the form of a composition which
comprises at least one compound which is liquid under standard conditions (20°C,
1 atm) and a water-soluble organic compound which has a boiling point or sublimation
point at standard pressure (1 atm) of more than 100°C. The latter specification

40 encompasses.



1 atnm) and a water-sol uble organi c conpound which has a boiling point or
subl i mati on 0000056423t standard pressure (1 atn) of nore than 100C. The

| atter specification 40 enconpasses: 0000056423 7 - mxtures of at |east
one wat er-sol ubl e organi ¢ conpound which is Iliquid under standard
conditions and at | east one solid organi c/ conmpound di ssol ved therein, -

m xt ures of -wat enixmres aftat lesabtneowete(-salubld oogariié cpmpbhundatiéch is diuildluader gani ¢

oDt AR Sy ABRRA e Bt 40 AU b SRSty

Wi . I v | | . y [
conponent s, “al t THOYHS I“Yaé%rsaa[ﬁjcﬂi?e%g'%e éﬁpﬁd %‘é‘? "gﬂag?rés.c’["%e ?flggglgr red |iquid
conposi tions ar €ofpeuUBd| ut i ons whi ch are used as the |iquid binder
according to EP-A-714 700 and consist of from20 to 90% by wei ght of water

and from 1 % | f an: Li ' A .0 water. The
organic f ragrtlfegorgggrg% P%!’Hé@'fe?‘gh’f @%@%%@%ﬁgﬁoﬁ%@ﬁgggdr;a%? eh\@ﬁ1 l'J|cr)“r'3ef erably
from 10 to SORNHON Rrgierabingelpsied pamnapaeiymeric sempenants. 3boYgh wei ght . 15

Sui t abl e or gdiposaccharplesand pemiisditlese | i quid conpositions are in particular
nono- and pol yhydric organi c al cohols such as ethyl ene glycol,

1, 4- but anedi ol ,. 1, 6- hexanedi gl or | ycer ol , no- or polybasi ¢ organic

oar boxyi 0. ETeteH N compra e o te SRt areaibs Bt il bfe

gl utari ¢ aciagcodingsb &iFeAddid,00amdeonsisto ions2@ tec¥% Sy axeligin of waienand Goor

di et haHOLam1@qo 8@%8@37 \fvé‘@hp@ﬂ é{'{]é’rgﬁﬁib @Bﬁboﬂ{mﬁdﬁle@% URterSsdlodanic9raehieH de, or
nmonosacchari des and, ol i gosac [ . a ucose,~fr se. .sucrose or

| act ose. Progﬁ?_ﬁ' '?aé'&d ?9"8{%7%'%33?? é%%igﬁﬁ%&p@i&ﬁ%hlxgrﬁ{ry%{o W@?’f?’d"e&‘@ﬁ%@ﬂ I ons
conpri si ng daeulas fiigat 2htac30% be welhée or gani ¢ conponents whose boi | i ng poi nt
or subliisati on 25 tenperature at standard pressure is below the cal ci nation

tenperature iaﬁl? oh@énup ggrﬂp?rﬁé{ﬁ@ &Wﬁgset I%u%b%o%d%shigﬁs GRl iﬂ?éhicﬁ%lr In‘}’cm%p Lrllcy €
conposli ti.on. rererence 1| s I Kew se gl ven to" those organi c_conponents
whi ch, in t ROYhYdicerganisricoRgigsHchae pthylsae glyeal Jrkutanagiol JhBihgxansgialer
conposi ti on,ghtecd mose doeblybasit ogyaniz! carseay icatidsesyehraatprogionio boidgaatious

constit uent %g@“‘ﬁnélérlié’é&i&@@tg{i% gciﬁ%P ﬁia’lei@&éi&’,_‘r’]&mihé aicﬁtggtg sﬁ&?&@éﬂhﬁhol&ﬁnﬂﬁur e of

t he process 'accordi n I nyention that th st particles used
to char gd t HE deliRnelamIng grgne- & PEIANA pioRpis ) des SYDAIBMAIEIE B as such
and no precunguwsacthandss andnligobeccharidgmsushtasaglumiseal wdtess, bycrase ovlectose.
conposition, such a precursor conposition is typically subjected to a
thermal tre r,.to convert it to.the catatlgl%/iﬁicall active oxide

conposi t1 on TTREDsH U8 DBt ahGhs R emanbats b et K Bas o homArehlialeh ot ur o
is < 500C, 3%bstapersearelthose organic samperentpwhosekniingpogdecsublimationgeneral |y at
| east 156C, t@mpétuiblaystandard pressure is below the calcination temperature which has been
employed to obtain the catalytically active composition. Preference is likewise given to
those organic components which, in the presence of oxygen over the catalytically
active oxide composition, decompose below this calcination temperature into gaseous
constituents. As illustrated in detail below, it is an essential feature of the process
30 according to the invention that the catalyst particles used to charge the reactor
comprise the catalytically active composition as such and no precursor composition. To
prepare the catalytically active fcomposition, such a precursor composition is typically
subjected to a thermal treatment in order to convert it to the catalytically active oxide
composition (known as calcination). Typically, the calcination temperature is < 500°C,
35 frequently < 400°C and in most cases < 300°C. It is generally at least 150°C, preferably
at least 200°C and in particular at least 250°C. According to the invention, particularly
advantageous liquid substances are those whose boiling point at standard pressure is
above 100°C, preferably above 150°C.

40 Examples of liquid substances which can be used advantageously are glycerol and
glycerol/water mixtures.



at least 200C and in particular at |east 250C. According to the invention,
parti cul ar | yoooaosed23ageous | i quid substances are those whose boiling point
at standard pressure is above 100C, preferably above 150C. 40 Exanpl es of
| i qui d substances whi ch can be used advant ageously are glycerol and

gl ycerol /water m xtures. 0000056423 8 T catal yst particles provided for
the charging of the reactor preferably have a content of |iquid substance

par ] oul ar i Sroapatis pArSEsEhbvdStOPR RRRIRDLOG UG plebLANS a b 17
Pont ent of 1918 sEopifade rHtert 0B 1apaRreidhl. iR Brslerhd i il 5% )

det er mi ni ng WaightvigingHiculas Fem Giato 2¥rebycugiahty basegzan their éadalawsighti si ng t he

i quid s@bstance undergo in the course of heating to 300C in air for one
hour. Wen i Al ' | ' hase
formation b;a/r r{:ea‘{béﬁér?\'gtg fl Igﬁﬁ_cﬁ%%%%agg%'cgﬁbe?lg% elxzﬁ %&c%rggpég&w&f hsa liquid
subst ance beles" @'Q“Pﬂath@%@ﬁ“ﬁ%ﬁs tf‘ﬁtéhﬁgg@%t rtigleg erraPrisingsthadgeid sybeiaasst nay
al so be det emdergedn the ciungs ef eatieg to 3R0°Com aiofortdne hoer. yWherda fihishehcatalgét a
sanpl e of 1 hes CAtALYStin whitRind PRaseGBindstion s chlciratibh Rad b8H CorapibRlRRCE 1S

effected.in th course.of the preparation’of the catal yst, particles, the
rount o | ieqliEgE Sk slieRbaIGts e cracoind g At GRG0 ol
mass bal anceredent hay@lssge datemminddby sivpissdstermrinationpd the weigbhditetienenof a t he
ca}) alt yst pardahfpless tﬁ? @Hﬂaﬁ@d Wﬁ’erﬁﬂhtércﬁﬁtabﬁ\ﬁ] Wiﬂﬁﬁbm?ﬁi@%%ﬂaﬁ@? is_témcieltdwtr@
substance in_assogi m cont ex sent, i nvention, an
associ at ed Icloéiﬁec;oﬁ%ogggﬁ%ép?g@?scgﬁys p%’ﬁ&'éf’%%ﬁ\%ﬂﬁ{ﬁﬁ'ﬁgﬁ .Sc'fgﬁﬁgp?eses t he
cat al yst on PresanhbBapisshesdeiernyngd fremithe ayerplhoers halaaerof the peapaeationi on. It is
gener al I nqdrogskl qui d phase on the catal yst surface which appears visually
. NQdr

as such, i.e. the maxi num degree of saturation of the catalyst particles is
not exceeded. According to the invention, the catalyst particles used to

charge the r'BacPerificemhediment. danpRipke PariglesRiPYeRd ORhges e spraieiicomprifer a
cat al yti cal Itlye baptid webstanaean assquized foom. msthe somtbxt o tloap@bgntiinmadntign,art | ve

mul ti el ementasQxdisleq HQINE R8bithAtk fe’lr8 S liquid RRdRANIWAIh cBfptiBSs theRUBIst 67 tO a
catal ytigcall ct.lve CO P\?\}ﬁt |<ﬁn \/\hl(ﬁﬂ cocg%r I.ses the met"al S, Orjst.dl hke al |

ot her” nd- o5 Bfets PERRYRICS! i &IOS UGS, PAOIR. & [RIBNSFAY 2P 3 194iC BRFSH ¢ ( and
not in et &nthe calalysheuriask which appedtecvisuslin s puap oet themadmumelegreedt al s i n

the total anRuphticd of3Ife shthlyBOphriRyD8MobbRERAES of the catalytically active
mul ti el ement oxide conposition is at nost 10 nol % nore preferably at nost

5 nmol% In a specific enbodinment, the catalytically active nultielenment
oxi de conpodiacPeiing o the fyeatian, the satalyst pasticlss used ipeharge e readomdenetat al yst
parti cl &5 uspthprise agratuigsre@mploition bet rathee B icariytibalyeactive axidé vompedition &cti ve
such. A catalytically active multielement oxide composition refers in the context of the
invention to a catalytically active composition which comprises the metals (just like all
other noh-oxygen elements which may be present) substantially in oxidic (and not in
metallic, elemental) form. The molar proportion of the nonmetals in the total amount of
30 all non-oxygen elements of the catalytically active multielement oxide composition is at
most 10 mol%, more preferably at most 5 mol%. In a specific embodiment, the
catalytically active multielement oxide composition is a pufe multimetal oxide
composition.

35 The catalyst particles used in accordance with the invention have a catalytically active
oxide composition which is characterized by substantially not undergoing any further
weight loss in the course of heating to temperatures as are typically used in the
calcination. The catalytically active composition present in the catalyst particles used in
accordance with the invention, where present, together with the support material,

40 preferably has a weight loss in the course of heating to 300°C under air for one hour of
at most 2.5% by weight, more preferably of at most 2% by weight, especially preferably



oxi de conposition which is characterized by substantially not undergoi ng any
further wepaon56423s in the course of heating to tenperatures as are
typically used in the <calcination. The catalytically active conposition
present in the catalyst particles used in accordance with the invention,
where present, together with the support9materi al, 40 preferably has a

wei ght | ossofiat nidse 1 Seubpeeight, haatd oy tHedoB0@Eghncidhe aatalylically@etvenour of  at

most 2. 5% by\Risaidh, afPE@hE SEhIrARhete Plestht MOSt 2% by wei ght, especi al l'y
preferably 00 0056423 9 of at nost 1.5% by wei ght, based on the total

wei ght of the catal tlcaIIy active conposition, and of the support where
present . MMulfieleees @Xlﬂﬁ(FQi“épQﬁbtm@ﬂnﬂ|P§?@S%ﬁﬁ:lf0bﬂ'@ﬁ@§maﬂ%rarﬁﬂmpwnp‘repar ation
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hal i des, nltrates onat es ydroxi des,

etc. The st&PRY “aarﬁpgﬁr?&smeﬁeﬁaﬁée& e Ry N T
form Wen ¢arbenates, hgdnosides,retelr\hefstaring @mp@m’stoan@emmmﬂ@t%w wet or

approprimt eh\ry fesdwhentitie effected of driy ifdren, ey éiaring R8mpatib@ ardiapbRgpriaes
compacti on | de AR HIOBIh 3 fine Prg\lttf&’érea%e&tér‘?m?lﬁé\ébﬁ'?Bh&gcuf)mf'\%oﬁ%pna?{ ef erence i s

given to ef 7 g&g 'he starting
conpounds afubiaft @%qr}?t@ﬂe"’%@{eﬁé}m FeNChds Q'ES‘PNOQﬁeCﬁ'PQ ﬁeu@femtew'ns. on or

suspensi on. inSh s@auFppicaily, tHeestaﬂugoorSpmﬂMpme il with alvd bt imthe fomh ci ned

gf ter dr ¥'h”&a mﬁ%@ﬁ%&&ﬁndrﬁor@u\é Ehdidh. %fu d‘trﬁlsﬁa e)b'tuQ%o PSénF?(?H i8'4r duQé{ spray
Ut t ner20 praebeicies s &Yl Pelsede 14 sw gcwiﬁﬁgc&waﬁ PRetalion bY shrays

wat er . The dryiog dElce pmmlmcuzbtalmms@qun’tbdoulmi ts@l@st@qﬂ&mfdr;dwsdlfpélm&red to

cal ci nati o oeegrlEeih GeQuTéhdenn Bkl o eddel b On A ek IR RREIBA S, [or

t he vari oustPYEE ftﬁpé)bﬁ%ln?ﬂe'é SHE??%'E ?‘5%69509‘#"8 ﬁ:mﬁﬁgn 83'# h'fer[u‘aq P‘é’?fp At at i on
may itself @énamném@ph\@mr@pctﬂtloenﬁm erieinstionopditiers arsdmewprisr ee tceﬂmose

st oi chi ggret &Ry iR thaa for BleviRiBls Puésisie oRTRAREVE EithpdsitionsThe/Eltiadtionas phase

reactions a em%ieotn%gfgsekﬁed oW g@FJﬁ%r%léjéfr h%fm@i)qﬁgegsg Mul ti el emrent oxi de 30

conposi tion € par e as active conposition for
catalysts for the heter ogeneousl y catal yzed partial gas phase oxidation of
acrol ei n t oSerne ptaferred stdichimetiiet dfanulislehenttoxidertorguosifibhs far didividual gas opene

to acrol ei noand 0f 1bRE ‘éréjél’étﬁﬁb‘al beldw RRRHIRBPway of example. Multielement oxide

30 compositions which are partlcularly suitable as the active composition for catalysts for
the heterogeneously cataly__zed partial gas phase oxidation of acrolein to acrylic acid, of
methacrolein to methacrylicj‘i acid, of propene to acrolein and of tert-butanol, isobutane,
isobutene or tert-butyl metliji ether to methacrolein may comprise, in addition to the
elements Nb and/or W, anél' also Mo, V and Cu, additionally, for example, the elements

35 Ta, Cr, Ce, Ni, Co, Fe, Mn, Zn, Sb, Bi, alkali metal (Li, Na, K Rb, Cs), H, alkaline earth
metal (Mg, Ca, Sr, Ba), Si,:AI, Ti and Zr. Of course, a multielement oxide active
composition used in accordance with the invention may alsb consist, in addition to
oxygen, only of the elemerﬂts Nb and/or W, and Mo, V and Cu.

40 Suitable active compositions for catalysts for the gas phase oxidation of acrolein to
acrylic acid, of methacrolein to methacrylic acid and of propene to acrolein are



i sobutene or tert-butyl nmethyl ether to nmethacrolein may conprise, in

addi ti on to gobeoseyegnents Nb and/or W and also Mo, V and Cu, additionally,
for exanple, the elenents 35 Ta, G, Ce, Ni, Co, Fe, M1, Zn, Sh, Bi, alkali
metal (Li, Na, K, Rb, Cs), H, alkaline earth netal (My, Ca, Sr, Ba), Si,
A, Ti and Zr. O course, a nultielenment 18xi de active conposition used in
a?COL danf:e \gattizutane cbimmnaliymtivmmuaiememgsiﬂst:ombﬂsimiﬁivttr)r?iansétisfy thsygen, only
of the ele : ; Mo, V and Cu. 40 Suitable active

conpositi oﬁa@@%ﬁﬁggﬁoﬁa&”é gas phase oxidation of acrolein to
acrylic acid, of nethacrolein to nmethacrylic acid and of propene to acrolein
are 0000056423 10 particul arly MewdXei’edr ' alsdwve nul ti € enent oxi de
conposi tisgons which satisfy the follow ng general stoichionetry I:

Mbl2VaX bX2 f ( o e WH .variabl es are each defined as
fol | ows: Xiﬁ@ﬁ@%@%ﬁesé%@g&.%,a‘éycﬂ%@, Ni, Co, Fe, M and/or Zn,
10 X3 = Sb and/or Bi, X4 = one or nore alkali nmetals (Li, Na, K Rb, Cs)
and/ or H, %8 =-onevorNuaeCabkdbi Ce, earth netals (My, Ca, Sr, Ba), X6 =
Si, A, Ti da Z o - 15 b = from0.2to4, ¢ =from0.5 to
18, d = rg%o to S;bllﬁl'eco’:‘,:gmg'nabeéogza‘, f =fromOto 4, 20 g =fromOto
40 and 9= & nufer SRIANERTES det er ni ned by the val ency and frequency of the
el ements i nX* ot=her ohéranmory dkali mEtats (b, d\za KaRbpBs)odndzarti,ve nul ti metal oxi des
| _includi ng ¥she =cal ghagt hidfs SIRAMedaPRIdidls (M9, 6856 Blgd, for exanple, by
DE- A 43 35 943. DE- éﬁgfﬁ 8732al so discloseS preferred enbodinments within
the active rul timet&F WOxi'@8¢%f “"These include, for exanple, those

mul timetal oides | framitie@re enbraced by the following definitions of the
vari abl gg ofp the ggper@btdarmula 1: 30 X =W No and/or Cr, X2 = Cu, N,
Co and/ or F%, X3 = )

= fr§9f 0.5 to 18,

=  from Oto 40,

= from0Oto 2,

from O to 4,

=  from 0 to 40 and

= anumber which is determined by the valency and frequency of the

elements in | other than oxygen.

20

S ™t 0o Q.
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The preparation of active multimetal oxides | including the calcination conditions is

25 described, for example, by DE-A 43 35 973. DE-A 43 35 973 also discloses preferred
embodiments within the active multimetal oxides |. These include, for example, those
multimetal oxides | which are embraced by the following definitions of the variables of
the general formula I

30 X' = W, Nband/orCr,
X? = Cu, Ni, Coandfor Fe,
X = Sb,
X* = Naandiork,
X® = Ca, SrandiorBa,
35 X® = Sij Aland/orTi,
a = from2.5to 5,
b = from 0.5 to 2,
c = from 0.5 to 3,
d = from O to 2,
40 e = fromQto 0.2,
f = from O to 1,



X' = Na and/or K, X5 = Ca, Sr and/or Ba, 35 X6 = Si, Al and/or Ti, a =
from2.5 todagotsea2Brom0.5to 2, ¢ =from0.5t0 3, d=fromO to 2, 40 e
= from0Oto 0.2, f =fromO to 1, 0000056423 11 g =fromO to 15 and n = a
nunber which is determned by the valency and frequency of the elenents in
| other than oxygen. 5 Preference is furflher given to the follow ng .

mul ti el ementg oxi=de &omi G/ thagbsitions [1: M12VaX bX2cX5f X6gOn (11) in

which the variahl esa%hﬁqb%%/hmﬁ‘?sfﬂéléﬁmﬁéd t%plﬂe%ncy;ﬁquueﬁ%%w@r No, X2 =
Cu and/or N, a =from3 to 4.5,

X5 ,
b =from1lto 1.5, Elemwpso%?@th%tqaé’oﬁ‘yge from0 to 0.5 g = fromOto 8

and 20 n = a nunber which is determ ned by the val ency and frequency of the
el enent s 5i n Préfepdnaalis LARBr SisiYRthe Pdl@wgaﬁalﬁelbmeﬁwmdwéct@ev:emgbgtiéﬂsel|:use of
mul ti el ement oxi de conpositions of the general formula Il

Mb12Bi aFebX' cX2dX3ex4f On (11 I)% whi ch the variables are each defined as

fol lows: 30 X nickel M@l %%@n X2 thal lilllh an alkali netal and/or an
al kaline earth nmetal, X3 phosphorus, arsenic, boron, antinony, tin, cerium

l'ead, ni obi ymARAMY varldbRESH€Rach defined as follows:
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X' = Wand/or Nb,
X? = Cuand/or Ni,
X* = Coandlor Sr,
X® = SiandforAl,
15 a = from 3 {0 4.5,
b = from1to1.5,
c =  from0.751t0 2.5,
f = from 010 0.5,
g = from O to 8 and
20 n = anumber which is determined by the valency and frequency of the
elements in Il other than oxygen.
Preference is further given to the use of multielement oxide compositions of the general
formula i
25
Mo12BiFepX ' X%eX3.X40, (I
in which the variables are each defined as follows:
30 X nickel and/or cobalt,
x? thallium, an alkali metal and/or an alkaline earth metal,
X3 phosphorus, arsenic, boron, antimony, tin, cerium, lead, niobium and/or
| tungsten,
x? silicon, aluminum, titanium and/or zirconium,
3 a from 0.5 10 5,
b from 0.01 to 3,
c from 3 to 10,
d from 0.02 to 2,
e from 0 to 5,
40 f from 0 to 10 and
n is a number which is determined by the valency and frequency of the



X4 silicon, alumnum titaniumand/or zirconium 35 a fromO0.5to 5, b from
0.01 to 3, ooodoses28 to 10, d from0.02 to 2, e fromOto 5 40 f fromO
to 10 and n is a nunber which is determ ned by the val ency and frequency of

t he 0000056423 12 elenents of Il other ‘ihan oxygen as suitable. The
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25 The process according to the invention is preferably used to charge reactors which
- comprise at least one reactor tube. The length of the reacfor tubes is preferably in a
range from about 500 to 20 000 mm, more preferably of from about 1000 to.10 000
mm. The internal diameter of the reactor tubes is preferably in a range from about 5 to
100 mm, more preferably of about 10 to 50 mm. The ratio of the length of the reactor
30 tube to its diameter is preferably about 2 to 10 000, more preferably from about 5 to
7000.

The process is particularly advantageously suitable for charging reactors which are
designed in the form of tube bundle reactors (multiple catalyst tube reactors). A typical
35 design of such reactors consists of a generally cylindrical vessel in which a muliitude of
tubes (a tube bundle) is accommodated in typicaliy vertical arrangement. For use in
catalytic gas phase reactions, each of these tubes (catalyst tubes) comprises a filling of
a catalytically active composition or of a precursor of such a composition. Typically, the
ends of the catalyst tubes are secured with sealing in tube plates and open into a hood
40 joined to the vessel at the upper and at the lower end. Through these hoods, a gas
which flows through the catalyst tubes, for example an oxygenous gas, in the course of
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20 coat ed cdomh yosa supp@oﬂaﬂ‘ bely cay deysesentinrtbe fem o spherabytings, cyinpers| tubes, -
applied in cQBbEYr ofnRF BedieticD@REr t. They may be present in the form of
spheres, rings, cylinders, cubes, cuboids or other geonetric bodies. The
support materials are preferably chemcally inert, i.e. they substantially

- do not 25 iThesauppord Materidiaicqueforabbf chelnécajlaénqahasethexeauhstmiawmhoti S
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from 30 CenasikRT dioxide. A suitable commerciaily available support is Steatit C 220 from
30 CeramTec.

Advantageously, the surface of the support body is rough, since increased surface
roughness generally results in increased adhesion strength of the applied coating to
oxidic active composition. The surface roughness R; of the support body is preferably
35 inthe range from 30 or 40 to 200 pm, preferably from 30 or 40 to 100 pym (determined
according to DIN 4768 sheet 1 with a "Hommel tester for DIN-ISO surface parameters"
from Hommelwerke). The surface roughness mentioned is preferred especially when
Steatite C 220 supports from CeramTech are used. The support materials may be
porous or nonporous. The support material is preferably nonporous (total volume of the
40 pores based on the volume of the support body < 1% by volume).



Advant ageously, the surface of the support body is rough, since increased
surface ropgdopsss2penerally results in increased adhesion strength of the
applied coating to oxidic active conposition. The surface roughness R of
t he support body is preferably 35 in the range from 30 or 40 to 200 pm
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25 than 150°C, preferably not more than 120°C. For drying, a gas stream may additionally

be led past the particles. The drying time is preferably not more than 60 minutes, more

preferably not more than 30 minutes.

Catalyst particles which comprise a liquid substance as described above, for example

30 in associated form, are notable for good durability with respect to mechanical stresses.
This generally exceeds the mechanical durability of catalyst particles which are
obtained by the same preparation process but are additionally subjected to a drying
step to substantially fully remove liquid substances.

35 One measure of the mechanical durability of the catalyst particles prepared is the
following drop test: a 20 g portion of catalyst is allowed to fall through a 3.5 m-long tube
(material: RST 37.8) with an internal diameter of 25 mm. The catalyst falls into a
porcelain dish attached seamiessly to the lower end of the tube and, for the triple drop
test, is removed from the dust formed in the impact and allowed to fall again through

40 the tube. The total loss of mass after single or repeated drop test is a measure of the
attrition resistance of the catalyst. '
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variant is described in EP-A-714 700. Accordingly, the support is initially moistened
30 with the liquid binder, then a layer of active catalyst composition is adhered to the
surface of the moistened support body by contacting with dry, finely divided active
catalyst composition, and the liquid binder is subsequently partly removed if
appropriate. In a specific embodiment, the steps of moistening the support, contacting
with the catalyst composition and removing the liquid binder are repeated once or more
35 than once until the desired layer thickness of the coated catalyst has been attained.

Apart from the last repetition, the liquid binder may in each case be removed fully.

In a preferred embodiment, the support bodies to be coated are charged into a

preferably inclined (the angle of inclination is generally from 30 to 90°) rotating vessel
40  (for example rotary pan or coating drum). The rotating vessel conducts the especially

spherical or cylindrical, in particular hollow cylindrical, support bodies under two
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30  binder. The maximum amount of liquid corresponds to the maximum degree of
saturation of the catalyst particles. For the prbcess according to the invention, it is of
course also possible, as already mentioned, to prepare the catalyst particles by
contacting catalyst particles obtained by any process with a liquid substance and
subsequently using them to charge the reactor.

35
The reactor and the catalyst particles in the course of charging preferably have a
temperature ofiat most 50°C, more preferably of at most 40°C and in particular of at
most 30°C. In a preferred embodiment, the reactor is charged at the particular ambient
temperature.

40
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reactions, is subjected initiaily to a treatment to remove at least a portion of the liquid
substance and of further volatile constituents if appropriate, for example further binder
components. This may be effected, for example, by heating to an elevated temperature

30 (frequently from 50 to 220°C) and/or passing through a gas stream. In the simplest
case, the liquid substance and further components if appropriate are removed by the
action of hot gases of the appropriate temperature. The gas used is generally an
oxygenous gas, in particular atmospheric oxygen. The temperature should generally
not be above the calcination te'mperature employed to prepare the oxidic active

35 composition. In general, such a heating of the reactor to elevated temperatures below
the calcination temperature is sufficient, since water and most organic solvents and
also numerous organic binder components decompose over the oxidic compositions
used as catalysts and in the presence of atmospheric oxygen to give gaseous
constituents such as formic acid,' acetic acid, H;O, CO; or CO. It is thus generally

40 possible to carry out the thermal treatment to remove the liquid substance and any
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(STP)/h tube. The outgoing air leaving the reactor, as detailed above, can generally be
passed into the étmosphere. For the thermal treatment of the reactor, preference is

30 given to using a temperature gradient so as not to expose the reactor and the charge to
excessive stress as a result of brief, strong heating. The heatihg rate is preferably not
more than 10°C per hour. For example, the reactor may initial!y be heated with heated
air at a temperature below 100°C, for example in a range from 50 to 80°C. in general,
the temperature difference between reactor inlet and reactor outlet (measured in each

35 caseinthe gas inlet and gas outlet) should be not more than 120°C, preferably not
more than 90°C. The gases can be heated using customary apparatus, for example
using a gas compressor or using steam-fed heat exchangers. When the reactor has
attained a sufficient temperature, further additional heating may be effected using the
heat exchange media which typically surround the catalyst tubes, for exémpie salt

40 melts. This heating may be effected electrically, for example using the heating element
introduced into the heating medium. In the course of the further heating; another gas,
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reaction conditions for the catalytic oxidation of acrolein to acrylic acid in the gas phase

are described, for example, in DE-A-43 35 973. The inventive catalysts are also

30 suitable for use for preparing acrylic acid in a multiple catalyst tube fixed bed reactor
through whose space surrounding the catalyst fubes is passed a heat exchange
medium circulation system, as described in DE-A-44 31 949.

To prepare acrylic acid by catalytic oxidation of acrolein in the gas phase, it is possible
35 to use acrolein which has itself been obtained by catalytic gas phase partial oxidation
of propene. 1t is also possible to this end to use a reactor charged in accordance with
the invention. In general, the acrolein-containing reaction gases of this propene
oxidation may be used without further purification to prepare acrylic acid. To this end, a
cooling of the reaction gases between the reaction stages may be carried out if
40 appropriate.
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the catalytic oxidative preparation of methacrolein from tert-butanol, isobutanol,
30 isobutene or tert-butyl methy! ether in the gas phase. The general reaction conditions
for this catalytic gas phase oxidation can be found, for example, in DE-A-40 23 239 and
in DE-A-43 35 172.

The catalysts charged by the process according to the invention are also suitable for
35 the partial oxidation of aromatic hydrocarbons to carboxylic acids and/or carboxylic

anhydrides. Aromatic hydrocarbons which can be used as reactants are, for example,

benzene, toluene, the xylene isomers, naphthalene, etc. In this oxidation, for example,

benzoic acid, maleic anhydride, phthalic anhydride, isophthalic acid, terephthalic acid

or pyromellitic anhydride are obtained. Particularly important on the industrial scale is
40 the gas phase partial oxidation of o-xylene to phthalic anhydride.
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particul ar peeferdblymopedtoXimtd%( d2bYon dinddaXihdi différepceoumtoet( mbl%amay dpr i at e,
for exanpl en@%ﬁ@rg%ﬁ% Egtgniga'ﬁé@{ogt’he%é@&rid%ﬁpﬁ%é horBlatple, Hom 58'to 126 g e
Ni, Co,_ M), Sn;.,A , , , Ir, T |, 5 AS ar?d?’_r"b.,lértﬁegas
Phase. 020 AaPFOR" 6100988 reRANGESTIS01S 120 BioSTR) & 9 grd Bypaf iR g
coated cat 80ys1%5 9/8ui(53B) ef gant af Ystararoatdyidtdcarkondndepnatizesises for their
preparation are described, for exanple, in DE-A-25 46 268, EP-A-286 448,

DE- A-25 47 624, 10 EP-A- 163 231, DE; A:- 28 7 d /.379 Far .t.he gas

phase oxi da’?ﬁ%ﬁ?acﬁo g&&‘%ﬁ%ﬁ*ﬂ%‘&ﬁ&%ﬁﬁ@@Br‘r%%%ﬁ]ﬂe\égfi‘%&?r? SZ%EOe 0"%he

reacti on gasesimuatiedaniions 840 todQiei Tyrieally. dhexsassian isstasiedseitiahBh elevaigdt i on

noder at 95s  paRElreIof ehstamt fiom DULTd A5 bak, RsTerabRITRAN 0 S t8Xi SIBaraMeé gpadai t r ogen.

The reactlope!gaﬁ’é&?e]gee@@@r{_l558%@6(503@@?: preferably from1l to 100 nol % nore
0 nol %

preferably TFom in particular from10 to 30 nol % of oxygen.
Additionally, the gas may
The gas phase oxidation may be carried out at a uniform reaction temperature or in a

reactor with division into femperature zones. To this end, two or more than two zones
30 of the catalyst bed disposed in the reaction tube are thetmostated to different reaction
temperatures. To this end, suitable reactors are,'for examp!e, those having separate
salt baths, as described in DE-A-22 01 528 or DE-A-28 30 765. When the reaction is
carried out in two reaction zones, as described in DE-A-40 13 051, the reaction zone
disposed toward the gas inlet of the reaction gas, which generally comprises from 30 to
35 80% by volume of the total catalyst volume, is thermostated to a reaction temperature
which is higher than the reaction zone disposed toward the gas outlet by from 1 to
20°C, preferably by from 1 to 10°C and in particular by from 2 to 8°C. Such an
operating mode is referred to as two-zone or multizone structuring of the reactor.

40 It is possible to proceed in a similar manner in the oxidation of toluene to benzoic acid,
in which case a mixture of unconverted toluene, benzoic acid and benzaldehyde is



conprise up to 30 nmol % preferably up to 10 nol % of steam and fromO to 50
nmol %  pref eoeddsg423om O to | nol % of carbon dioxide. The difference up to
100 nol % may be nitrogen. The reaction gas fed to.the reactor conprises,
for exanple, from5 g to 120 g 20 per nB_(STP) of gas, preferably from®60 to
120 g/ m8 (STP) of gas and in particular #%0m 80 to 115 g/ n8 (STP) of gas,
of the arommitiady foyched caltdvoatively, ivés axe dosside if Theiraddadddlate thebgrealiebyde i s
general ly fpaprcder.to 450C, preferably from 320 to 420C and in particul ar
from340 to 400C. Typically, the reaction is carried out at an elevated 25
pressure of general I\ylfromlo.l to 2.5 bar, preferably from0.3 to 1.5 bar.
The space véheeptelysi idlingeersried pyt byrtberprogesy acoppiing inythefrvegtien isisa@dlexi dat i on
gay_ be carregsboly aib for thBipbAbMarRaef b Qartiat oaal et dhafg® acididiag td eact or Wit h30
ivision in r nor nes

of "t he-cat al s LoRRoRes 1  EREReidln ob BaiRlcrenl, e 18R Subdafioq W

di fferent r@BRPPERE TR IPd @88 remr Ve agsoidansgiwithshe prasges aserdipgto f or
exanpl e, t htheeprbsant hyestpeadestcabedalhdvelwithbat thae wigrambietbairmebEsfAh@2 01 528
or DE-A-28 Qalﬂﬁ@ﬁthmmgmgﬁoc%\% b airéady(Réddnh thbreddforlaMd UrBRELL® B%zones,

as descrbbe n %—Q—M 1," the reaction zone disposed toward the gas
inlet of %t hSRAMATCEAGs, which general |y conprises from30 to 35 80% by
volune of the total catalyst volune, is thernostated to a reaction

t enper at ur e ThekHvehtidrSis Nivghated ihadtall ieh FFaehtOh REMBNFESASRREXEAMPREWHIdE Jas
outl et by f;ocﬂ 1 to 20C, preferably by from1l to 10C and in particul ar by

m

from2 tosC®8lfch an operating node is referred to as two-zone or nultizone
structuring of the reactor. 40 It is possible to proceed in a simlar manner
in the ogidakampledf toluene to benzoic acid, in which case a m xture of
unconverted tol uene, benzoic acid and benzal dehyde is 0000056423 22
initially formed. Alternativel it is also possible if desired to isolate

t he benzald@h?ﬁ@aﬁﬁynﬁﬁﬁﬁﬂégPaéhéwcataIyst filling carried out by the
process according to the invention is suitable 5 especially also for the

per f or mancegQf o] dolnfd icgtyal yst change according to WO 2004009525 Al. On
conpl et 5ﬁn o? nz;aigara{i a a(Elhan)ge, the liquid substance and, if appropriate,

further“bi nder are renoved in accordance with the process according to the
present i nvArréamsaesmpiobididn &yevepaning kontlticlement ddédenepragositionpditherent of t he
qual ity of EhenldprEy ey VLBuy i, v@%r%lér@_é@}ﬁ dBE@RAtN ERarhpe Ay@act or and
unaf fected %_ -1l§3t6ﬂg)52ar 'E_jl al . g an%%. o L& | r?tvoent L Of) LS ) } Ieusflor aéeg}?l n IIdet ail
with refereRc&d 19°f SR PSR FY R TVE 8%5%%%55‘%%% ?%W(S?vrni VBB es
(1) Prepar atreaiment inchptard overt apparakis apdgapiaed in Eggnplard) s i)is document. The
25 thus obtained catalytically active material was ground by means of a biplex crossflow
classifying mill (BQ 500) (from Hosokawa-Alpine, Augsburg) to give a fine powder of
which 50% of the powder particies passed a sieve of mesh width from 1 to 10 pm and
whose proportion of particles having a longitudinal extent above 50 uym was less than
1%.
30
28 kg of annular support bodies (external diameter 7 mm, length 3 mm, internal
diameter 4 mm, steatite, having a surface roughness R, of 45 ym and having a total
pore volume, based on the volume of the support bodies, of < 1% by volume,
manufacturer Hoechst Ceramtec, Germany) was charged into a coating tank (angle of
35 inclination 90°; Hicoater from Lédige, Germany) of capacity 200 |. Subsequently, the
coating tank was set into rotation at 16 rpm. Using a nozzle (Schlick type, 0.5 mm,
90°), 2000 g of a solution consisting of 75% by weight of water and 25% by weight of
glycerol were sprayed onto the support bodies within 25 min. At the same time,
10.35 kg of the catalytically active material were metered continuously using an
40 agitated channel outside the spray cone of the atomizer nozzle within the same period.
During the coating, the powder supplied was taken up fully on the surface of the



20 A precursor conposition for preparing a nmultiel enent oxi de conposition of
the stoi chippoebsga2bbl 2V3WH. 2Cu2. 40X was prepared as described in Exanple A)
of DE-A-103 60 057 and a catal ytic active conposition was obtained
therefromby thermal treatnment in a rotary oven apparatus as described in
Exampl e B) of this docunent. The 25 thus?23btained catal ytically active

mat eri al wassugpotihddiby, aggbmseretfiorecfihefimely divided bkidiv actiasempysition wad hot( BQ
The pouder ooy eal ot comBRto UORRINIof oudLl Shipinldtral B PR Cltes UOWEING e
o oport o R badtnSlaResesGudionu S miThay il SubpSdistot e Misae | con
than 1% 3fiEgtekginger ainalddy Cduppised bebiraypverkie Mal di aneter 7 mm | ength
3 mm intsernal dianeter 4 nm steatite, having a surface roughness R, of 45

pm and havi ore vol une, based on the volume of the support
bodi es, of %M%%%b\é?rﬁ'% manuf act urer Hoechst Cerantec, Germany) was

charged into a coating tank (angle of 35 inclination 90; Hicoater from
Lodi ge, Ger riamygrocdducapbiexdnypl@ 0 Qvds. refsedisd guesyititlyat thédryingea 2508C treantrayvas set

into rotati QfyeAtorktn R isHehed nozzl e (Schlick type, 0.5 mm 90), 2000 g
of a soluytion consisting of 75% by wei ght of water and 25% by wei ght of

gl ycerol1 re sprayed onto the support bodies within 25 mn. At the sane
time, 10.3%Xampdf 3 (deenmsaisam)ytical ly active material were netered
continuously using an 40 agitated channel outside the spray cone of the
atom zer nozgzle within the. sane riod, ing.the coating, t powder
cuppl o0 vadX Paellbetntd it P RREARLS muls it b 6e 65BRSEn SRe R0 o ¢
bodi es; agglsteieiiemeion (\Me:2YheVh ishet (UM E\Ye s dod @ %0-Qek 1+ Was DEaRscrd 83 IBn was
not blob81e5r vV eEkanfple §.96PDELA-003 6b 0a8dhd aatafiicRipvaltive atelpbiitsitwas priefzagl%'d_ 110C
was own i t : m n.

. Subsequent | 3ﬁgrgm;r§rfﬁgoa%%§rtsrﬁﬂgr§%®%é§f%néé@ Og’%'lr] ggggr%gc?ier]%gggﬁé%rﬁb_ed (tray
oven) for 2 GRtalgiceliggiive meteralyas @reHsy:by-means b adirlee crossiiovaspssdlying ik
repeat ed, exBEPI0V) (fedm tHosokawd-Alpirest, ARGEDrg)rto givierafine oveder bbwhizh I50%as! the

br cpar i ng & HoulCF] B EaeEPucsed 1 SORPBhaH Witrfydth 120183 ERTAGIC bieBoliEh
(Vo123 e BEicis 0 casi i dart crane oy Was2ss HiAB b etiis as Hoed: 5
Exanpl e 5.) tofprdpEréia tO3te8Calhdt andescribed abgus io abinpacative exaropledosi ti on was
prepared therefromby thermal treatnment in a rotary oven apparatus. The thus

obt ai ned Example 4 (inventive)

25 The procedure of Example 3 was repeated, except that the drying at 250°C in a tray
oven for 2 h was dispensed with.

Il. Performance properties
30 a) Drop test

20 g of catalyst were allowed to fall through a 3.5 m-long tube with internal diameter of
25 mm. The catalyst falls into a dish directly below the tube, is removed from the dust
formed on impact and is again allowed to fall through the tube. The total loss of mass

35 after being allowed to fail from one 1o three times is a measure of the attrition
resistance of the catalyst. The resuits are listed in Table 1 below,



catalytically active material was ground by nmeans of a biplex crossflow

cl assi fyi ng ggobdss42BQ 500) (from Hosokawa- Al pi ne, Augsburg) to give a fine
powder of which 50% of the powder particles passed a sieve of mesh width
from1l to 10 pm and whose proportion 20 of particles having a | ongitudinal
extent above 50 pmwas | ess than 1% Thi $4was used to prepare a coated
catal yst as descri bed above in conparative exanple 1. Exanple 4 (inventive)
25 The procqggke]of Exanple 3 was repeated except that the drying at 250C
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"M@%m 1. A

p¥-88ess for

di®r ging a

reactor

with catal yST particlres which have a catalytically
| east on its surface,
provi ded which conprise a substance which is liquid at 20C and
these catal yst particles are charged into the reactor.

oxi de conposition at

active multi1elen
in which catalyst 5 particles are

1 at

ent

m and

2. The process

according to claim1l1, wherein the catalyst particles are selected from

shaped bodi es which conprise at

oxi de

| east one

| east one catalytically active nultiel ement
10 conposition and particles which conprise at

catalytically active nultielenent oxide conposition applied in coating form
t. 3. The process according to either of the preceding clains,
wherein the liquid :

to a suppor



substance is selected fromwater and organic conpounds whi ch have a boiling

15 point atodoowseszd nore than 100C. 4. The process according to any of the

precedi ng clains, wherein the reactor conprises at |east one reactor tube.

20 5. The process according to claim 4, Ztherein the reactor tube has a

| ength of f{p4RP0 NMMto 20 000 mm preferably from 1000 to 10 000 mm 6.

The process accordl ng to either of clains 4 and 5, wherein the reactor tube

has an internal dianeter of from5 to 100 mm preferably from 10 to 50 mm

25 7. The pf.oceApreosssfatichgraing argactsr withatadyst padicles whitbrieiva atdatalytisaio of

B 88 | engt h OL | éélﬁernﬁﬂt‘?élémerﬁtlﬁiﬁletdbmﬁo%ﬂﬁh atehston ifs su&*raaenﬁmhfdamwse to 10
preferably S

cl ai ns 4§to 7, B\ﬂéﬁr%g ﬁreté{@”@g |cﬁ%o§1pd QSSB}SS&EC% Wligﬁ%bllah@géﬁgpe %\ctor

(multiple catal ygtm ﬁ[]%éhersé&étadﬂ‘s} particleggee @%@s'ﬁtoatb@éﬁﬁt‘?fg to claim8,

wherein the tube bundl e reactor has at |east 5000 reactor tubes. 35 10. The

rocess accgrdi
Bar ticles p?ow 3@% %g%%)’a&for&ﬁito%:ﬁﬁef%we@# @3@ tal%ﬁgéﬁﬂf fé]g %?S%g%gé t{’o 10% by
wei ght, pr ef er aP13pef P8 whighromprise a\'/\Jé’g aB\ha? Weimuliglementaxident . 40
11. Thel1pr ocesscanpmitibnregdtpariatas vafich h@nmsecm&asgoné catalyticallip ectiven t he

catal yst pa”iﬁh%@leﬁéﬁYbﬂS@cBﬁE@slﬁoﬁ’\@drﬂQ& infAki R iPmab aAdup ?Bﬁt 0. 8% by
wei ght, preferably 0000056423 2 of at nost 0. 7% by wei gh in the drop

test (20 g portion of catalyst, drop tube internal diameter 25 mm Ilength

3500 nm). 12. THhie progesssaccarding Wi gifer of the prasedinaslaimacusreiy the iduis, wherein

the binder 5 cogitdNcBds Sabatby FbmPdtert 1deSrgaio CbMBEunds whith ﬂé\ﬁéé&ﬂﬁﬁg tion of

t he dro;i) t est \A%égtrf}ftqea &rmorgqﬁ%r{ gdtgg have a wel ght decrease of at nobst 3%
76

by wei g pr ef by weight. 13. The process according
to any of t he pr ecedl ng clains, wherein the binder 10 containing catalyst
particl es paovi Tieslphagss adtordiny omya tley prateding oeiney, whikerdin tha reactbo 40 mm

preferably fro”&&néﬁ%e@%t@ﬁ‘stb%r@%&l’or gkar from3 to 20 nm 14. The process
[

according to any of the preceding clains, wherein the catalyst particles
are provided by contacting a support W|th a binder which conprises or 15
consi st 280 of 5a slihspecess ad:donding o dlaiod, avberei 0@ readod tuberhaadengtl of from

catalytically aggd ¥ fbolm@éﬁ Mhpﬁreféﬁﬁlytf% hodRr1d socsrksequently partly
removed i f appropriate. . The procéss accordi ng to claim14, in which the

support is initially noi stened W th
6. The process according to either of claims 4 and 5, wherein the reactor tube has

an internal diameter of from 5 to 100 mm, preferably from 10 to 50 mm.
25
7.  The process according to any of claims 4 to 6, wherein the ratio of the length of
the reactor tube to its diameter is in a range from 2 to 10 000, preferably from 5
to 7000.

30 8. The process according to any of claims 4 to 7, wherein the reactor is designed as
a fube bundle reactor (multiple catalyst tube reactor).

9.  The process according to claim 8, wherein the tube bundle reactor has at least
5000 reactor tubes.
35 _ 7
10. The process according to any of the preceding claims, wherein the catalyst
particles provided have a content of liquid substance of from 0.05 to 10% by
weight, preferably from 0.1 to 5% by weight, based on their total weight.

40 11. The process according to any of the preceding claims, wherein the catalyst
particles provided have a weight decrease of at most 0.8% by weight, preferably



the binder conprising the |liquid substance, then a |ayer of active catal yst
20 conposi tpgpooses2zadhered to the surface of the noi stened support body by

contacting with dry, finely divided, active catal yst conposition, and the

liquid binder is subsequently partly renoved if appropriate. 16. The
process according to claim15, in which Bne steps of noistening the support,
25 cont act i ng wftah mdse0.74& by wsight; imihesirep test @0d patiov oheatalps, diogdutee bi nder

are repeated OR@PhADHiZRtE 2R, %9135%(1“ e 1iquid binder can be renoved
fully except for the |ast repetition. he process according to any of

t he precedi nzg clainms, in which the su orts 30 used are support- bodies :
having a sutd acEhe OgesfeassorRIngp anyof geadinghelgimss wheseihihgdindgr100 pm  18.
The process accsintHimigy t:QtaWBVp@flclédﬂﬁromded e itriyge ppatitiah of the WhipctBstavithitne t

bodies are use%n‘{@*:&hclgévrﬁvﬁetvgéu @h degt e%gg ofht rﬁ%%% Bg w%%g‘)t E:‘:‘&Bp{b[y &%@y’

based on the I ody,
The process acc’BPﬂlzn@/“tde of the precedl ng clainms, wherein the reactor
and the catal yst partlcl es |n the course of charging of the reactor, have

a_tenperat uj 1014 O ) pho il RS whESin (h e cul ar - of
at nost OC 40 0 0005

ess_acc of, .t he
o ecedi W o ai rion wnwt@ﬁ/ fwésﬁ gy el s 3F apiios Pt iieer o 550
reactor by i nt rbtard MmN, referabiyt frornad t@BDMmen@ﬂﬂlCh@rfrgmp%b%mnbf t he reactor
and into the reactor under the action of gravity. 5 21. The process

The Speed attvn ioprBRess btk B BRI A8 Afh Janf" wh Rk Sefbuyey 0 07 ©f
22. The processPatiees ﬁleriﬁo‘f'@)ech CQfﬁacit'ﬁé a[ﬁ”@é@fawﬁ a&l@dwhlqwqmﬂr@ns Phe
char gedi5 eact orcdnsistiudfjsesuibsthnie whidhrie iduie at 20°C areinDaten afethel ggtdldicanibst ance.

10 23. The procfc?ﬁe@ﬁﬁﬁﬁgﬁ&g gh? (t)lfen%ﬂﬁ’ér igglgc}sgﬁuéntg%aﬁﬁq[ rehfdvi G gplto{ﬂﬁat%harQEd

reactor is subsequently use e catalytic I've prep I'on of
acrylic acid from acrolein in the gas phase. 15 24. The process according
to any of cl@ai nEhelproce2acchrdinghioatiaimiia, mhanigietherseipporbis iniallysmbistened mithy used

for the catal ytjg b%'eﬂ@érhﬁ@sllﬁﬁ@l@%ﬁ@lH'S@Bs@ﬁcmmr aybt & eV ctbgsn

nmet hacrglein in_the E‘}St CD (issacordn é g of clalmsl
(o o0 fhuni cremiesiRR SadTas e R R w 2% Bt 1 he

catal ytic oxi dagdntactipg sithdsy, ifioaly gividesy aq:térren:atawﬂtrpwg@% an@ thenlisughs phase.
26. The processpinddrqs siii@quéntimantf reflodédB appropridtéd. i n whi ch the charged

reactor is
16. The process according to claim 15, in which the steps of moistening the support,
25 contacting with the catalyst composition and removmg the liquid binder are
repeated once or more than once, and the: |IC|UIC| binder can be removed fully
except for the last repetition.

17. The process according to any of the preceding claims, in which the supports
30 used are support bodies having a surface roughness Rz of the support body of
from 40 to 100 um.

18. The process according to any of the preceding claims, in which support bodies
are used which have a total volume of pores of the support body, based on the
35 volume of the support body, of at most 1% by volume.

19. The process according to any of the preceding claims, wherein the reactor and
the catalyst particles, in the course of charging of the reactor, have a temperature
of at most 50°C, preferably of at most 40°C, in particular of at most 30°C.

40



subsequently used to prepare carboxylic acids and/or carboxylic anhydrides
by 25 cat abpooosea23 dati on of aromatic hydrocarbons in the gas phase. 27. A
reactor which is charged with catalyst particles and is obtainable by a
process as defined in any of clains 1 tg 22. 30 28. A process for preparing
acrylic acid by gas phase catal yzed oxi d fion of acrolei n, wherein the
reacti on i s2eff #be prbcass bemsding tr anyyofithe pieeeding claons, at woictitimgcatelyst ai m  27.

29. TEe use of bm%ﬂésafé &iar@é‘d:FPlEdjt'hBgeéd?oeryﬁht'ﬂ&&Emngﬁetﬁ%tb)ﬁn%lfl@%Et 1|¢.a.t ﬁ' %'t ic
gas phase reacti o r r [e al i phatic
car boxylic aC| dSPRY e”§|°2§é%e ﬁggl L?ﬁ%‘ggo tﬁ'ﬁié%&%r "F%gf ﬁ%na%‘ﬁgaf]%%mﬂdes al kanes
or al kenes; for preparing nitriles by amoxi dati on of al kanes or al kenes;
for prepar i QY. aThaptdcess Geodpdiny td claiarc2a) whereimnb HangihgSaid whiphdequlzas @
oxi dation of ar laCof e | |
hydr ogenat i ons. Q@%Hg YIS QR R URfoh the QhtaRBORErAEd 1 Ss Fadedt®s the reactor.
22. The process according to any of the preceding claimé, in which the charged
reactor is subjected to a treatment to remove the liquid substance.
10
23. The process according to any of claims 1 to 22, in which the charged reactor is
subsequently used for the catalytic oxidative preparation of acrylic acid from
acrolein in the gas phase.

15 24. The process according to any of claims 1 to 22, in which the charged reactor is
subsequently used for the catalytic oxidative preparation of methacrylic acid from
methacrolein in the gas phase.

25. The process according to any of claims 1 to 22, in which the charged reactor is
20 subsequently used for the catalytic oxidative preparation of acrolein from propene
in the gas phase.

26. The process according to any of claims 1 to 22, in which the charged reactor is
subsequently used to prepare carboxylic acids and/or carboxylic anhydrides by
25 catalytic oxidation of aromatic hydrocarbons in the gas phase.

27. A reactor which is charged with catalyst particles and is obtainable by a process
as defined in any of claims 1 to 22.

30 28. A process for preparing acrylic acid by gas phase catalyzed oxidation of acrolein,
wherein the reaction is effected at least partly in the reactor according to claim
27.

29. The use of the reactor according to claim 27 for carrying out catalytic gas phase
35 reactions, in particular for preparing unsaturated aliphatic carboxylic acids or
aldehydes by gas phase oxidation of aldehydes, alkanes or alkenes; for
preparing nitriles by ammoxidation of alkanes or alkenes; for preparing aromatic
carboxylic acids or anhydrides by gas phase oxidation of aromatic hydrocarbons,
for epoxidations and for hydrogenations.
40



