PF. 0000056423 1 NEt hod for filling a reactor Description 5 The present
invention relates to a process for charging a reactor with a nultiel ement
OXIde catalyst, to the charged reactors obtainable in this way and to the
use-thereof for car r-yi ng out catalytic gas phase reactions. Reactors which
are filled W tgF papGasEaog serve for the performance of 10 various catalytic
gas phase reactions. The catalyst particles used either consist of one
catal ytically active conposition which, 1f appropriate with use of suitable

bi nders, is s trudin tabletlng or the like to give shaped
bodi es (knownt}‘ggt% HS%HBG}Q%(HQ%‘&‘P%I ysts) or they conprise at |least one
catalytically active conposition which is applied in coating formto a 15
general ly |ner[5 SHBRGK t (known as coated catal ysts). In general, such

catal ytic gas ase reactions are realized on the industrial scale in fixed
bed reactors, i.e. the reaction gas m xture flows through a standing
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medi um  such ans ta ts@bluse thireof foocareyimy euthezaalyticTges ptiasecreactidred. yt i ¢ gas phase
reactions are in many cases appropriately carried out in catalyst-filled
tubes which are frequently designed in the formaof tube bundle reactors
(nul tiple catBgafiers: which, amg dfiled)withricatalyate esvRifers the ners@apeadior s
normal |y exgtendrigbs tcataytfoegasrmss reactionsi Thb cxraipstypartitlebeudeangitiieri s i n the
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catal ytically ‘activecomposition IS € support. The
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in the course b, hAd e Sifehizhi RAcHIn plocebdddlg the residence time therein.
Depending on the type of reaction catalyzed, it is necessary to heat the
20 reactors externally or to surround them with a heat exchange medium,
such as a salt melt, to remove heat. Therefore, -catalytic gas phase
reactions are in many cases appropriately carried out in catalyst-filled tubes
which are frequently designed in the form of tube bundle reactors (multiple
catalyst tube reactors). The tube lengths of these reactors normally extend
25 to a few meters (a typical catalyst tube length is in the range from about 2
to 4 m) at an internal diameter in the range of a few centimeters. The
catalysts used may be present in the form of spheres, rings, cylinders,
cubes, cuboids or other geometric bodies- whose longitudinal dimension,
appropriate to the reactor tube internal diameter; is generally a few

30 millimeters.

When catalyst particles are charged into a reactor, especially into a vertical
tube, it is possible owing to the mechanical stress, depending on the side
crushing strength and fracture strength of the catalysts used, that catalyst

35 particles break up or the catalytically active composition is partly- detached
from the support. The fragments 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.



reactors, disadvantiageously to increased pressure drops. PF 0000056423 2 A
muf titude of docunents is concerned with the preparation of particulate
cat'al ysts and their use in gas phase reactions, but w thout addressing the
problens in the charging of the reactor. 5 Oxidative chem cal reactions in

t he gas phase Hb‘gé@gorted catal ysts based on catalytically active
oxi des have begﬁﬁggscrl ed many tinmes. US- A 4,438,217 and US-A 4,522,671

reconmend, for exanple for the catal ytic2 oxidative preparation of acrolein
or nethacrolein in the gas phase, the use 10 of unsupported catal yst rings.
US-A 4,537,874 |ikew se recommends, for the catalytic oxidative preparation

gf da$- nonoet gyA ;hﬁ\hlﬁt@bbbf wtaagﬁwuh@: igtédntéérﬁébwmzthbrbdrébﬁaﬂéiﬁtoPrWe?ﬁti:ulét@F Sl yst
eds conposed of unsu rted cataly rings. bas 0 net al oxi des
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process for prephlemmindbdehangirlg afdhe eshotart al ysts based on catal ytically
active oxide conpositions and the use for catalytic gas phase oxidations,
for exanpl e of _i ndanes to, ant hraqui none. DEA 16 42 921 relates to the
preparation of O¥igaliva ehemisy| tastiensminife gasRhaseovey upgurpaniad erjalystsa | i quid
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with the differenc I.Aﬁ,a so I'ncludes annul ar supports. DE-A 21 06 796
di scl oses t he PPePAHRNIE AXIQRIVE RERATAION 91, Q¢ 'mPBPe%éﬁgglcﬁhY dnsghiratedase

oxi dati ons by agelaydesginathee@as phegeecataipst bédd lvemprisadyofi aaslpportedt | ve
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support body, DRINLOPEHNIENBE7 recomends the incorporation of inorganic
hydroxy salsts into the aqueous suspension to be sprayed on. The teaching of
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based on catalytically active oxide compositions and the use for catalytic
gas phase oxidations, for example of indanes to anthraquinone. DE-A 16
42 921 relates to the preparation of spherical oxidic coated catalysts by

20 spraying of a liquid comprising the oxidic active composition in dissolved or
suspended form onto hot spherical support bodies and to the use of the
thus obtained catalysts for the catalytic gas phase oxidation of aromatic
and unsaturated hydrocarbons to carboxylic acids or their anhydrides. The
teaching of DE-A 25 10 994 corresponds substantially to the teaching of

25 DE-A 16 42 921 with the difference that it also includes annular supports.
DE-A 21 06 796 discloses the preparation of coated catalysts for catalytic
gas phase oxidations by spraying aqueous suspensions of the catalytically
active oxidic material onto the moving support bodies. To .increase the
adhesion strength of the oxidic catalytically active coating on the surface of

30 the support body, DE-A 26 26 887 recommends the incorporation of
inorganic hydroxy salts into the aqueous suspension to be sprayed on. The
teaching of DE-A 29 09 670 corresponds substantially to that of DE-A 26
26 887. In the former patent, the suspension medium may aiso be a
mixture of water and alcohol. DE-A 29 09 671 describes a process for

35 preparing coated catalysts in which the spherical support bodies are
conducted periodically under two metering apparatuses arranged
successively at a particular separation.



m xture of water and al cohol. DE-A 29 09 671 describes a process for 35
pr'e;pari ng coated catalysts in which the spherical support bodies are
conducted periodically under two metering apparatuses arranged successively
at.a particul ar separation. PF 0000056423 3 GB-1 331 423, EP-A 286 448 and
EP-A 37 492 r ¢dppgodosenpgcesses for preparing spherical oxidic coated

catal ysts. EP-B 293 859 discloses a process for preparing spherical coated
catal ysts by enploying a centrifugal fldw coating apparatus. The binders
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process for pre € gls
a precursor composition in a rotdry tube furnace.

WO 98/37967 describes a process for preparing coated catalysts in which

20 a solution or a suspension which comprises a precursor compound of the
catalytically active compositions is applied in coating form to the catalyst
support and the supports coated in this way are subjected to a heat
treatment.

25 DE-A-198 24 532 describes a process for preparing coated catalysts by
spraying a binder-containing aqueous active composition suspension onto
a support material at from 50 to 450°C. The binder used consists of a
mixture of a polymer which comprises ethylenically unsaturated acid
anhydrides or ethylenically unsaturated dicarboxylic acids in copolymerized

30 form with at least one alkanolamine. The spraying of the active composition
suspension onto the preheated support results in curing of the binder
addition.

EP-A-714 700 describes a process for preparing a coated catalyst in which

35 a support body is initially moistened with a liquid binder, then a layer of this
catalyst composition is adhered to the surface of the support body by
contacting with dry, finely divided, active oxide composition and the liquid
binder is subsequently removed.



35 a support body is initially noistened with a liquid binder, then a |ayer
of " this catalyst conposition is adhered to the surface of the support body
by ' contacting with dry, finely divided, active oxide conposition and the

|l iguid- - binder is subsequently renoved. PF 0000056423 4 Loadi ng apparat us
for tube bund“ﬁ%@@ﬂﬁgﬁhﬁ I's known from DE-A-25 11 411, DE-A-28 49 664,

EP- B- 041 144, -1 2 324 and DE- A-102 50 022. The problens which occur
owi ng to nechanical stress in the coursedof 5 charging of the catal yst
particles are not addressed in these docunents. It is also known that
chargi ng aids can-be used to charge catal yst particles into reactors, for
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chargi ng catal yst” particles 0 a tube Is descri , 608, 751.
The charging aid used here is a flexible nenber, for exanple a manila line,

to which incl ilniechléd mtmn e chemingaids En Ael@Rd36 Pafyalestalysbpartislesr ocess
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charging apds de%cﬁéa@a§>r@<§e%@qbabﬁgr Md imbaglc#. Wrﬁ&!ﬁ{he Géia%leﬁér‘hbflebrhrbhe
char gi ng opera case of

smal | tubul ar bl e g ?a %I"K’" rF\%ﬁe l%@@k‘&g’:}'@ ?ﬁ W'tht%%"cgrmttget he

enneshi ng of ttrrwsxzersaldyetthmamd ateespackd apddiftonoone aadthey.st fracture and
attrition cannot always be prevented to the desired extent. It is therefore
an object of the resent i nvention to provide a process by 30 which

reactors, espdcfudiney Piorese fanehaiging asialys Pariieainigrat tube '%Qeéﬁf@eﬁs'éd for
catal yzed 1gas U a3608,78¢! TRBSchargingbgidc Nsewedrefis egtfiextlly mbinBer,Pfegventi on

of catal yst fracture and attriti s_achi eved by a process for
charging a re§5?6}pli%m?'ﬁlab'3feyt§tva“§% ’F&\??f@%ggsm Fu Iﬁ%ﬂe/e a catalytically
active multiel ement oxide conposition at |east on their surface, in which
catal yst partigp @164 87P58¥ ldestibdal &'brocess for charging a vertical tube with
catalyst particles, in which a flexible elongated member is introduced into
20 the vertical tube as a charging aid and then the catalyst particles are
introduced.

However, the use of charging aids is always associated with additional
complexity in the charging operation. In addition, many filling aids lead, in

25 the case of small tubular diameters, rapidly to the blockage of the tube or to
the enmeshing of the catalyst particles. In addition, catalyst fracture and
attrition cannot always be prevented to the desired extent.

It is therefore an object of the present invention to provide a process by

30 which reactors, especially those having tubes of low diameter, as are used
for catalyzed gas phase reactions, can be charged effectively with
prevention of catalyst fracture and attrition.

This object is achieved by a process for charging a reactor with catalyst

35 particles which have a catalytically active multielement oxide composition
at least on their surface, in which catalyst particles are provided which
comprise a substance which is liquid at 20°C and 1 atm and these catalyst
particles are charged into the reactor.



conprise a substance which is liquid at 20C and 1 atm and these catal yst
particles are charged into the reactor. PF 0000056423 5 It has been found
that the charging of the reactor with catalyst particles which conprise a
| i gui d subst ance provides catal yst charges with advantageous properties.

For instance, g P@%%t particles conprising 5 such a liquid have a
better nechanica Ity than particles which do not conprise such a

i quid. The catal yst-charged reactors obiained by. the process according to
the invention contain fewer fragnments and/or attritus which is attributable
to. the nechanical stress on the catalyst in the charging operation. Thus,
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allows disti nCthage ox:dationrsrp(r"ﬁgtzbgtrs]“) have a reduced amplltude This has an

20 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 bundie

reactors, which generally have at least 5000 catalyst tubes. Thus, in the

25 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

30 has to proceed as 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 compression energy to be saved than

in the case of a single-tube reactor. In addition, especially in the case of

these reactors, a very uniform reaction is also desired in relation to each of

35 the individual tubes used. However, this can only be achieved by uniform

charging of each tube with the reaction gas, which has the prerequisite of

substantially uniform and intact charging of all tubes with the catalyst
particles.



in the case of a single-tube reactor. In addition, especially in the case of
t Hese reactors, a very uniformreaction is also desired in relation to each
of 35 the individual tubes used. However, this can only be achi eved by

uni form charging of each tube with the reaction gas, which has the

prerequisite @g WQ lally uniformand intact charging of all tubes with
t he catal yst pa(r)tlc es E)‘P F 0000056423 6 The |iquid substance used in

accordance with the invention.may in prifciple -be. any substance which is -
li qui d under standard conditions (20C and 1 atnm). These include individual
l i qui d conmpounds and mi xtures of two or 5 nore liquid conpounds. The l'iquid
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of the liquid substance 15 remains unchanged when it cones into contact wth
the catalytically active oxide conposition. Wien the catalyst particles are
admi xed with 4n acefesesic emhodiment the catslysh particlescrresadmined with & bdquidxanpl e in
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substance, the particles used for charging comprise this composition in
20 chemically unchanged form overalil. In particular, the catalyst particles are
not admixed with liquid substances which comprise components having a
complementary functional group capable of reaction, or with a composition
comprising such substances. After the charging procedure, the chemical
composition of the liquid substance may of course change, for example as
25 aresult of any drying step carried out at elevated temperatures.

Suitable liquid substances are selected from inbrganic and organic liquids
and mixtures thereof. These include water, nonaqueous inorganic solvents
such as HCIOs, HNOs, H2SO,, etc., organic solvents such as monohydric
30 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, dibutyl ether, anisole, dioxane,
tetrahydrofuran, mono-, di-, tri-, polyalkylene glycol ethers), ketones (e.g.
acetone, butanone, cyclohexanone), esters (e.g. ethyl acetate, glycol
35 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,, dimethy! sulfoxide, sulfolane), nitro compounds (e.g.



pent anal s,, cycl ohexanol), polyols (e.g. ethylene glycol, glycerol), ethers
and glycol ethers (e.g. diethyl ether, dibutyl ether, anisole, dioxane,

t etrahydrofuran, nono-, di-, tri-, polyal kyl ene glycol ethers), ketones
(e.g. -acetone, butanone, cyclohexanone), esters (e.g. ethyl acetate, glycol
35 esters), cF;|QI§ ‘#go#‘; gcet ic acid), am nes, am no al cohols, am des and

ot her nitrogen % 3 (e.g. ethanol am ne, diethanol am ne, .

di met hyl f ormam de, pyridine, N nethylpyr7Zolidone, acetonitrile), sulfur
conpounds (e.g. CS2, dinethyl sulfoxide, sulfolane), nitro conpounds (e.g.
PF 0000056423 Nitrobgnzene)kn haiehydraarbansdr (segir bdinklofamethane,c htlieriemane,
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poi nt at stan pressure ( nore than 100C. In a specific
enbodi ment, the liquid substance is selected from 10 water, water-m scible
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subst ancegbar ZA% Bqu‘%tégm'?&éle% E"E Hc?m‘gﬁ ?ngé?%\ﬁcﬁ %g@ aCI ,
al kal i ne eart ($13RI254 PFRS§ Efe@ almy of H@"Qﬂ@nﬂ Oaﬁcf Xﬁ”"eﬁF'T@JPP met aI and

al kaline earth netal sulfates such as Na2SH and CaS™, alkali netal and

i seol ved- or gaNfiEh s, 19l 30bSEReS tsgh A7 yeSplBeSt plidhing bkl Sufifion Ve
aci d, undecansompaises dissalveddnargadic on ergasicaubistanaes dtheshhaveta bodiogd,

pent adecaﬁ@' c p%ﬁ*lt%r sQBlﬁrﬁaﬁderélﬁﬂ &t stéﬁﬂa@@br&su@qﬁatnﬁfe@ﬁ{dré i @00°C
nonadecanoi ¢ ar.ac I m toleic

noceri.c
acid, oleic a%”dtab\e Hl§|58<\’€d 'EPEPa”fq ﬁH‘P%ﬁﬂ%eSaé[%{ {o& Rley alka ll'Z%"e etc.
Al so suit abl e hatidesrsuah a® Nadll iapdI€CIc tkalinke earth meaalprnairldes rseidh ealstibamaent t he

liquid substangg Mgég hmaf’fl?ﬁéﬁp@@ﬁlk‘é‘{lﬁerearttﬁ‘?nétglvﬁma't&nsu& gs Ngbgnce as is
typically al so
and CaSO0,, alkah metal and alkahne earth metal hydroxides such as
20 NaOH, KOH, Ca(OH), etc. Suitable dissolved organic substances are, for
example, fatty acids such as capric acid, undecanoic acid, lauric acid,
tridecanoic acid, myristic acid, pentadecanoic acid, palmitic acid, margaric
acid, stearic acid, nonadecanoic acid, arachic acid, behenic acid, lignoceric
acid, palmitoleic acid, oleic acid, linoleic acid, linolenic acid, elaostearic

25 acid, etc. Also suitable are mono- or oligosaccharides.

In a preferred embodiment, the'liquid substance used in accordance with
the invention is a substance as is typically also used to prepare the catalyst
particles used to charge the reactor. This may, for example, be a binder

30 used for catalyst preparation or a component of such a binder. In that case,
as long as the binder has not been removed from the catalyst, it is
generally possible to dispense with the contacting of the catalyst particles
with the liquid substance before the reactor is charged. It is of course also
possible to carry out the process according to the invention by contacting a

35 bata|yst which, as a result of the preparation, comprises only a small
amount, if any, of liquid substance with the liquid substance by customary
processes such as spraying, dipping, etc.



pasticles used to charge the reactor. This may, for exanple, be a binder 30
used for catal yst preparation or a conponent of such a binder. In that case,
as long as the binder has not been renoved fromthe catalyst, it is

general ly possible to dispense with the contacting of the catalyst particles
with the | quiPf 800056423 before the reactor is charged. It is of course

al so possible to carry out the proce53£ccordi ng to the invention by
contacting a 35 catalyst which, as a result of the preparation, conprises

only a small  7REDHIg suﬂstﬁr(’l;% a s ﬁ@fe?aﬁ#‘%ﬂe%@?ﬁng‘”m{ﬁert%lﬂ_ %Bgﬂgg@g“bﬁ ance

by customary processes S lés sprayl ng, 23 8 The
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5 formof 8 cérpoef @i eempesiton whighr casoprises atclaast one commeuinddwhinhds i s
l'iquid under ﬁ&lﬁﬁ(ﬁﬂd@r §%€de %lt{&@%0° 2 Biin) %@1 & W CEo13b o Qrganl c

conpound whi ch has a,bo t.,or sy Ilrratl ol nt ,at stan

pressure (1 aPﬁTPSP“%Wé'C{’ h'g??pfo @"”Q“h@"i‘tapf eﬁ“bgff‘é '”teﬁkém‘és 10 -

m xtures of apréssasd (loaten)wrd heore sidr b2 CoMpe titter stP@Entendtngasses: | i qui d
under standard conditions and at | east one solid organic conpound dissol ved
therein, mxtures of water and at |east one gsol id or liquid) water-sol uble
organi ¢ cdfpound. MEXUIES o glaleREt enAMAIRITROILITIE 1ON@aNIE GaMPYPAPMILhiiBNs used

i n accordance wi t hiq dl@%hdéfesthh@&d' Soriitria" and YatS@agf?to@n@ E6iRMop@dHie! yneri c
conponents, aIthou&% ol Lf?&@ﬁ%sﬁﬁ:f i des are perm ssible. 20 Preferred liquid

conposi tions are tHEMEGYR N8y e used as the liquid binder

accordi ng to EP- A- mbduraB0ofandtarcard at lesst fanen{sdlidtar Buid)bwaterisphtble of wat er
and from 10 to 80% @é y&}&? an organi ¢ conpound dissolved in water. The
organic fraction o H uid conposition to be used is then preferably
from 10 t&250% by weight and in particular from20 to 30% by 25 weight.

Sui t abl e or gamhe orgae@6MHpdNeHt dHES Bquid ¢oposiioNS abéd ANaccdréande Wilti ti cul ar
the invention is preferably selected from nonpolymeric components,
although oligosaccharides are permissible.

20 Preferred liquid composiﬁons are the solutions which are used as the liquid
binder according to EP-A-714 700 and consist of from 20 to 90% by weight
of water and from 10 to 80% by weight of an organic compound dissolved
in water. The organic fraction of the liquid composition to be used is then
preferably from 10 to 50% by weight and in particular from 20 to 30% by

25 weight.

Suitable organic components of these liquid compositions are in particular
mono- and polyhydric organic alcohols such as ethylene glycol, 1,4-
butanediol, 1,6-hexanediol or glycerol, mono- or polybasic organic
30 carboxylic acids such as.propionic acid, oxalic acid, malonic acid, glutaric
acid or maleic acid, amino alcohols such as  ethanolamine or
diethanolamine, mono- or polyfunctional organic amides such as
formamide, or monosaccharides and oligosaccharides such as glucose,
fructose, sucrose or lactose.
35 |
Preferred liquid substances and components of liquid compositions
comprising such substances are those organic components whose boiling
point or sublimation temperature at standard pressure is -below the



nono- and pol yhydric organic al cohols such as ethylene glycol, 1,4-
but anedi ol , 1, 6- hexanedi ol or glycerol, nmono- or polybasic organic 30
carboxylic acids such as. propionic acid, oxalic acid, malonic acid,
glutari'’c acid or maleic acid, am no al cohols such as ethanol am ne or
di et hanol am npf gp0056423 POl yfunctional organic am des such as fornam de,
or nonosacchari des and ol i gosacchari des such as glucose, fructose; sucrose
or lactose. 35 Preferred |iquid substan®es and conmponents of |iquid
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subst ances which can be used advant ageously are /cerol and ycer ol / wat er
m xtures. 20 ARePrdRgdpyhe 'W&Pf'?’bl@"‘g‘f"lﬂ)’i %é’&“%?oaﬁﬁq@ﬁéﬁ@?ﬁﬁc& aféhe react or
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wei ght, nore alﬁcﬁ\@c%@@ y fromO0.1 to 5% by weight, in particular fromO0.5
to. 2% by wei ght, '

Examples of liquid substances which can be used advantageously are
glycerol and glycerol/water mixtures.
- 20 :
' The catalyst particles provided for the charging of the reactor preferably
-have a content of liquid substance of from 0.05 to 10% by weight, more
preferably from 0.1 to 5% by weight, in particular from 0.5 to 2% by weight,
based on their total weight.
25
The content of liquid substance can be determined in good approximation
by determining the weight loss that the catalyst particles comprising the
liquid substance undergo in the course of heating to 300°C in air for one
hour. When a finished catalyst (i.e. a catalyst in which the phase formation
30 Dby calcination has been completed) is contacted with a liquid substance
before the charging, the amount of liquid substance present may also be
determined by simple determination of the weight difference of a sample of
the catalyst. When the contacting with the liquid substance is effected in
‘ the course of the preparation of the catalyst particles, the amount of liquid
35 substance present has to be determined from the overall mass batance of
the preparation process.

In a specific embodiment, the catalyst particles provided to charge the



based on their total weight. 25 The content of Iiquid substance can be
determ ned in good approximtion by determ ning the weight |oss that the

catal yst particles.conprising the 1liquid substance undergo in the course of
heating to 300C in air for one hour. Wen a finished catalyst (i.e. a
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| i qui d substance present may also be d&ermnmined by sinple determination of
the weight difference of a sanple of the catalyst. Wen the contactlng with

the Iiquid sufRICPCEOMRISS ﬁh@dlqé'ﬂj sypstance 'E@ﬁﬁ@@a@ﬂ fora. loy bgoatexd®f of “t he
catal yst. par the lpessent heventionntanodsgdociatad! ligdid ssUpstfriteergieresont lfsdt o be

determ ned fr S baI t he rat hon cess. In a
specific enboﬁ{grgilﬂ(ﬁ Wﬁi%@?g ?S/ss{he ?ly%loé’str]?r%?\'ﬁ'%8g86 agac?ﬂgs PF
0000056423 1osu¢feaetadsor®¢1mrlt isegeniesally ingtia diqeidiprsacn the Mmtlsatfedeform I n
the contexg o n ce refers
to a li qw%j @vhndfh&p;l%a;igﬁgual \éigsrgggﬁt#equgﬁ?gﬁ%ﬁtﬁggrlﬁgocga%t@%?ﬁ %ﬂym cal

i nteractions r%ﬁalriniﬁt gPﬁi Rt expeeqed. general Iy not a Iiquid phase on the

catal yst surface 5 which appears visually as such, i.e. the maxi mum degr ee

of sat urat 1 on ARborchiAoAL HEAIPAANG CHlARy bR SRERSUBiod FETeghgE, to the

i nvention, the C
conprise a pr é@m@&omwpogume@ﬂswu@ommw hUtc@:ﬂéﬁfy@ |C@m|¥’t5¢aﬂttaptme 10 oxi de

conposi ti 9o a@xmcbomﬁosmbﬁl ¥$ Iswnl YA a@étal‘]@ce{mj' hitRlee TRiNtielBMmeAe &%@OSI tion
refers in the conte

atal ytical
conposi tion Wﬁ?@ﬁoéﬁﬂ%r' Pffégs n ﬁ%’?tﬁfts‘)fd(ﬁ‘gt'n\’?%g’néol g%@%\‘tﬂ’ﬁ&
el enment s whi chomgysitien pridste rdommisbs tthatrmetalsy (just like ail oothamdon@lxygen rret allic,

el emental) fOgEmdfis wHtiHfha rt)%gj?ééet]rﬁﬁs&ﬁstafrlﬁllfE?ﬁ‘ﬁﬁ&né'(énd Rof iﬁeméf%{in% amount

15 of all non-o emen hent oxi de
conposi tion i ge(g%/eq'nﬂ 3 formy Ths) r@elah{amoa@ffért%ng)n@@t%mthg Rl gmauit 5
speci fic efbodi ainion-oigenadlamehiscol the e@ttalyuealmmtivelzmnnnelermﬂtdﬂude
conposi tion i xidle co S
particles usegoaﬁgggﬁ%n%gﬁ}&ng%a{%%%é f‘h‘{;g?ﬂ??%ﬁé%é\?é os-lihitr@?q& Iﬁ % ly active
oxi de conposi spegifiwnhiedibadimentar dbe ergatalytically active multlelement oxnde

composition is a pure multimetal oxide composmon.

20 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

25 accordance with the invention, where present, together with the support
material, 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 of at most 1.5% by weight, based
on the total weight of the catalytically active composition, and of the

30 support where present.

Multielement oxide compositions and processes for their preparation are
known in principle and the process according to the invention is not
restricted to the use of particular multimetal oxide compositions. To prepare
35 - the catalytically active composition, the starting materials are typically
suitable sources, known per se, of the catalytically active compositions,
from which a very intimate, preferably finely divided, dry mixture is obtained
and is then subjected to calcination and converted to finely divided form by



substantially not undergoing any further weight loss 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
25, accordance with the invention, where present, together with the support
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fine oxidic active conposit e calcination c I ons are known per se
compositions. The calcmatlon operation may:- itself be an exothermic or

20 endothermic process.

Some preferred stoichiometries of multielement oxide compositions for
individual gas phase reactions are detailed below merely by way of
example. Multielement oxide compositions which are particularly suitable
25 as the active composition for catalysts for the-heterogeneously catalyzed
partial gas phase oxidation of acrolein to acrylic acid, of methacrolein to
methacrylic acid, of propene to acrolein and of tert-butanol, isobutane,
isobutene or tert-butyl methy!l ether to methacrolein may comprise, in
addition to the elements Nb and/or W, and also Mo, V and Cu, additionally,
30 for example, the elements 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, Al, Ti
and Zr. Of course, a multielement oxide active composition used in
accordance with the invention may also consist, in addition to oxygen, only
of the elements Nb and/or W, and Mo, V and Cu.
35
_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 particularly catalytically active multielement oxide



to those skilled in the art for the various possible oxidic active
conhpositions. The cal cination operation may itself be an exothernic or 20
endot herm ¢ process. Sone preferred stoichionmetries of nultiel enent oxide
coppositi ons for indivi dual gas phase reactions are detailed bel ow nerely
by way of gp’q*] g’# 4 el ement oxide conpositions which are particularly
suitable 25 as the active conposi tion for catalysts for the heterogeneously
catal yzed partial gas phase oxidati on 92 acrolein to acrylic acid, of

met hacrolein to nmethacrylic acid propene to acrol ein and of
tert-butanol , CPEBBSHtIaMEW 'CPﬁBEWéh@fQi'PW!T&Q%';SFO'%WWW Et her to

met hacrol ein may conprise, in addition to the el enrents Nb and/or W and

al so Mo, V and Cu, additional the el e s Ta, C, Ce,
Ni, Co, Fe, M, Zn, Sh, Bi, IW)&VSQ %?)%F ¢ |‘ nﬁgs H, al kal i ne
earth netal (My, Ca, Sr, Ba), Si, , Ti and Zr Of cour se, a multiel ement

oxi de actiye W@?}ﬁ% gélrdb?gsda‘lerbaﬁ:ﬁ%eh?&?%eolwsh the invention may al so

consist, in a 0 oxygen, e el ements Nb and/or W and M, V
and Cu. 35 Suitable active conpositions for catalysts for the gas phase
oxi dation of xacrsl eWanoTaccyhh@/oagbd of nmethacrolein to nethacrylic acid

and of propenz to artlc arly catalytically active
mul ti el ement XI de @%@G@SE ffd/%z%osi tions which satisfy the
foll ow ng gen&? al=st3 ehdlorrBl,ry l:  M12VaX 1bXZCX3dX4eX51X6901 (I) 5in

whi ch the ar ables fagh | W Nb, and/ or
Ce, X2 = “y, X ot oreﬁf;\l\/ﬁlﬂea%ﬁ%I %Ié‘m)gé—}@\é%ba /or Bi, 10 le = one or

nore al kal i matal'é' (L| Na, K, Rb, Cs) and/or H, X6 = one or nore al kaline
earth metals XR@,_CaoneSusr,mo%alkalm earth metdlls (Mg, Gan@ror Zr, 15 a = from1l to

6, b =fromOo0.2 tOBél)V,

Si, Al, Ti and/or Zr,

= from1to6,

= from 0.2 to 4,

= from0.5t0 18,

from 0O to 40,

= fromO0to?2,

= from 0 to 4,

= from 0 to 40 and

= a number which is determined by the valency and

frequency of the elements in | other than
oxygen. ‘
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25 :
The preparation of active multimetal oxides | including the calcination
conditions is described, for example, by DE-A 43 35 973.'DE-A 43 35 973
also discloses preferred embodiments within the active muitimetal oxides |.
These include, for example, those multimetal oxides | which are embraced
30 by the following definitions of the variables of the general formula I:

X' = W, Nb and/orCr,
X? = Cu, Ni, Co and/or Fe,
X3 = 8b,
35 X* = NaandlorK,
X® = -Ca, Srand/orBa,
X8 = i Aland/or Ti,

a = from25to5,



c =from0.5to 18, d =fromOto 40, e =fromO to 2,A20 f =fromOto 4,
g = fromOtod40and n = a nunber which is determ ned by the val ency and
frequency of the elenents in | other than oxygen. 25 The preparation of

active nultinetal oxides | including the calcination conditions is

descri bed, folPFOGOQU56428y DE- A 43 35 973. DE-A 43 35 973 al so discloses
preferred enbodi nents within the acti ve\ﬁul timetal oxides |I. These include,
for exanple, those nultinetal oxides | ch are enbraced 30 by the

foll owi ng defi |bn| ti Onﬁf’m({%% vari abl es of the general fornmula I: = W Nb
and/or Cr, X2°= %d/ or Fe, X3 = Sb, 35 X4 = Na and/or K X5 =
Ca, Sr and/or CBa, = XBom G510A and/or Ti, a =from2.5to 5 PF 0000056423
13 b =from@5 to gompfodrom0.5to 3, d=fromOto 2, e =fromOto
0.2, 5f =framOto rom Ot ol5and n = a nunber which is determ ned
by the val encf and f @q(g@n%% of the elenents in | other than oxygen. 10
Pref erencebi sff ur ehefromiveni,t o the foll owi ng nultiel enent oxi de active

conposi tions Igl ! = ‘from Oto 15 and
n = anumber which is determined by the valency and
frequency of the elements in | other than
oxygen.
10
Preference is further given to the following multielement oxide active
compositions II:
Mo12VaX'pXX%X%,0n (I

15 A
in which the variables are each defined as follows:
X' = W and/or Nb,
X2 = CuandforNi

20 X5 = Coand/orSr,
X® = Siand/or Al
a = from 310 4.5,
b = from1to 1.5,
c = from0.751t0 2.5,

25 f = from0to 0.5,
g = from0to 8 and
n = a number which is determined by the valency and frequency of

the elements in Il other than oxygen.

30 Preference is further given to the use of multiclement oxide compositions of
the general formula 1l

Moy 2BiaFepX' X2eX3:X4On (I}
in which the variables are each defined as follows:
35
X! nicke! and/or cobalt,
- X2 " thallium, an alkali metal and/or an alkaline earth metal,

X3 phosphorus, arsenic, boron, antimony, tin, cerium, lead,



MD12VaX bX2cX5f X6gO' (11) 15 in which the variables are each defined as
follows: X1 = Wand/or Nb, X2 = Cu and/or NN, 20 X5 = Co and/or Sr, X6 =
Si and/or Al , from3 to 4.5, b =fromlto 1.5 ¢ =from0.75 to 2.5,
251 fromOt005 g =fromOto 8 and n = a nunber which is determ ned
by the val enc ncy of the elenments in Il other than oxygen. 30
Pref erence |s)bf[—3%idt5%g?§en to the use of nultiel enment oxide conpositions of
the general formula I'll M12Bi aFebXl cX2d#30X4 fOn (1 11) in which the

vari abl es are each defined as follows: 35 X1 nickel- and/or cobalt, X2

thal lium an alkali net Biobimasd/oatungsteal i ne earth netal, X3 phosphorus
arseni c, bororg* anti m)ngmc(;d ra|urﬁm[,hpmanmﬁgnd/8|;zm6423 14 ni obi um

and/ or tungsten X4 sil t{ n0 g m num titaniumand/or zirconium a from
0.5to 5 b ffomo0.01 t °2 from3 to 10, d from0.02 to 2, e fromO
to 5, f from®d to 10 anﬁomO@tmﬁunber which is determ ned by the val ency
and 10 frgquency of thg fgefes of other than oxygen. The preparation
of active nultjnetal OXI es | ncI ud| ng the cal cination

from 0
e from 0 to 5,
f from 0 to 10 and
n is a number which is determined by the valency and
10 frequency of the elements of Il other than oxygen.

' The preparation of active multimetal oxides Il including the calcination

conditions is described by DE-A 40 23 239. Coated catalysts prepared with

_ - the active multimetal oxides Il are suitable in particular for the catalytic

15 oxidative preparation of acrolein from propene in the gas phase. The

general reaction conditions for the catalytic oxidation of propene to acrolein

in the gas phase can likewise be found in DE-A 40 23 239 and in DE-A 44

31 957. However the aforementioned coated catalysts of the active

multimetal oxides Ill are also suitable for the catalytic oxidative preparation

20 of methacrolein from tert-butanol, isobutane, isobutene or tert-butyl methyl

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 4335 172.

25 The process according to the invention is suitable in principle for charging
reactors of any design. lts advantageous properties are developed in
particular in relatively long reactors (for example from 500 mm) which are
charged from the upper end with utilization of gravity. The same applies to
reactors which are aligned with their long side substantially vertical for the

30 purpose of charging, but operated in another alignment (for example
substantially horizontally). The reactors used in the process according to
the invention preferably have a ratio of average length in vertical direction
to average length in horizontal direction of at least 1, in particular at least 2
and especially at least 5. Preferred reactors are elongated hollow bodies

35 which preferably have a substantially circular cross section.

The process according to the invention is preferably used to charge
reactors which comprise at least one reactor tube. The length of the reactor



conditions is described by DE-A 40 23 239. Coated catal ysts prepared with
the active nmultinetal oxides Ill are suitable in particular for the

catal ytic 15 oxidative preparation of acrolein frompropene in the gas
phase. The general reaction conditions for the catal ytic oxidation of
propene to acr%ﬁg&oqéfq éhe gas phase can l.ikew se be found in DE-A 40 23
239 and in DE- 3 7. However the aforenentioned coated catal ysts of
the active multinetal oxides Ill are alt§o suitable for the catal ytic

oxi dative preparation 20 of methacrolein fromtert-butanol, isobutane,
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such reactors conéls S0 ?
calcining, or the reaction gas mlxture can be fed or removed. It is possible

20 to pass heat exchange media through the space surrounding the catalyst
tubes in order to heat the catalyst tubes or remove process heat.
Appropriately, tube bundle reactors have at least 5000, preferably at least
10. 000 reactor tubes. In a typical embodiment, their number is, for
example, from 15 000 to 30 000. Suitable heat exchange media are

25 gaseous and liquid heating media such as steam and sait meilts.

The catalyst particles generally have an average (greatest) diameter of
from 1 to 40 mm, preferably from 2 to 30 mm, in particular from 3 to 20
mm. Suitable unsupported catalysts consist of a catalytically active

30 composition which, if appropriate with use of suitable binders, is shaped by
extruding, tableting or other processes to give shaped bodies such as
extrudates, tablets or the like. To this end, it is possible to add to the
catalytically active composition customary assistants, for example
lubricants such as graphite or fatty acids (such as stearic acid), and/or

35 shaping assistants and reinforcing agents such as fibers of glass,
asbestos, silicon carbide or potassium titanate. It is also possible to add to
the composition, before or- after the shaping, a liquid substance or a
composition comprising such a substance as described above.



cylindrjcal vessel in which a nultitude of tubes (a tube bundle) is
actommodated in typically vertical arrangenent. For use in catalytic gas
phase reactions, each of these tubes (catalyst tubes) conprises a filling of
a catalytically active conposition or of a precursor of such a conposition.

15 Typically, the catalyst tubes are secured with sealing in
tube plates a%%ﬁgsgﬁ%o a hood joined to the vessel at the upper and at

the |ower end. Through t hese hoods, a dg#s which flows through the catal yst
tubes, for exanpl e an oxygenous gas, in the course of drying and/or
calcining, or the reaction gas mxture, can be fed or removed. It is

possi bl e 20 twmﬁ&&gétaceamﬂﬁtﬂéeﬁwmwp lgtﬂﬂ@fetélﬁy $0R&S5le JHF éwgmgng the
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particles gen '¢5y have an average (greatest) dianmeter of from 1to 40 mm
preferably from2 to 30 mm in particul ar from3 to 20 mm Suitable
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the support body is preferably in the range from 30 or 40 to 200 ym,

20 preferably from 30 or 40 to 100 ym (determined according to DIN 4768
sheet 1 with a "Hommel tester for DIN-ISO surface parameters" from
Hommelwerke). The surface roughness mentioned is especially preferred
when using supports composed of Steatit C 220 from CeramTec. The
support materials may be porous or nonporous. The support material is

25 preferably nonporous (total volume of the pores based on the volume of the
support body < 1% by volume).

In principle, any geometries of the support bodies are suitable for the
process according to the invention. Their longitudinal extent is generally

30 from 1 to 10 mm. However, preference is given to using spheres or
cylinders, in particular hollow cylinders, as support bodies.

When spheres are used as support bodies, their diameter is generally from
1 to 10 mm, in particular from 3 to 8 mm.

35 '
When cylinders are used as support bodies, their length is preferably from
2 to 10 mm and their external diameter preferably from 4 to 10 mm. In the
case of rings, the wall thickness is further typically from 1 to 4 mm.



do. not intervene in the course of the gas phase reaction which is catal yzed
10" by the coated catal ysts used. Useful nmaterials for the particul ate
support (support bodies) are in particular alumna, silicon dioxide,

si lii.cates such as clay, kaolin, steatite, pumce, alumnumsilicate and
magnesi um si | i BRrYOOQOSB423con car bi de, zirconi um di oxi de and thorium di oxi de.
A suitable commercially avail able support is Steatit C 220 from Ceranfec.
15 Advant ageously, the surface of the sdﬂbort body i s rough, since increased

surface roughngs enerally results in increased adhesi gn rength of the
appl i ed coatg i n'ga'%Sg'BHY Jj’i"%feéﬁ‘? iANEUR5 SHBRE E’Bﬁ'.es%@esﬂj%fr‘gﬁ'bofﬁ%‘hﬁi%§ R= of
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conposed ofg Steatit C 220 from CeranTec. The support materials nay be

por ous or non 0 T uppor t rial. is 25 preferab nonpor ous (total
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or cylinders,from 19at0 5QQ, LYy PRFIAUEAK R£9ﬂer9n$@rt§,fr°a§ 19008 MAANE Vehen

spheres art® usgahiadaspreferencedpdran 200heB00 dhaneter is generally from 1 to
10 mm in particular from3 to 8 nm 35 Wen cylinders are used as support

bodies, their length is preferably from 2 to 10 nmand their external
di anet er pr ef efhgtatalysbpadicies cap henpreparadiky krewe pudcessesy Srefaienceais|

thickness is fandhes sy aabihder WABhlcdiprsed™ iidhid08MaRde? 3s defined

- an- ext ef naADPAREL S RHETBNG T Sing SRNCh e to A PERHERan Bt rom 1
to 2 nm W&y fphrremovblaof theeliguidnsidbstancgi Wantial aryinggsapfbegeffiestedy faf nm x 3
mm x4 mm (extgndie BARELGHG 1 L& $O9bEraturk Yt Ho? Fhord tAZR HBDIC, 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.
20 | o
Catalyst particies which comprise a liquid substance as described above,
for example 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
25 are additionally subjected to a drying step to substantially fully remove

liquid substances.

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
30 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 seamlessly 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 the tube. The total loss of

mass after single or repeated drop test is a measure of the attrition
35 resistance of the catalyst.

The catalyst particles prepared preferably have a weight decrease in the
drop test of at most 0.8% by weight, more preferably of at most 0.7% by



The thickness of the catalytically active conposition or of the precursor
applied to the support body is appropriately generally from10 to 1000 pm
Especially in the case of annular support bodies, preference is given to
from 10 to 500 pm particular preference to from 100 to 500 pmand very 10
particul ar pr #R08000656423f rom 200 to 300 pm The catal yst particl-es can be
prepared by known processes. Preference1h given to using a binder which
conprises a |liquid substance as defi ned above and to di spensing with drying
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for the triple d renove romthe dust formed i'n ft elrrpact and
allowed to falf@ rr?ﬁ?ﬁ%@é% B welB0be. The total |oss of mass after single
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wei ght ich have a ower pressure drop |n opera |on an reactors which are

charged with dry catalyst particles.

20 lrrespective of the type and composition of the catalytically active material,
coated catalyst particles can be prepared in principle by contacting the
support with a liquid binder and the catalytically active composition, thus
applying a layer of the composition'to the support, and subsequently partly
removing the binder if appropriate. To preparé the catalyst particles, the

25  catalytically active material is applied already in its finished catalytically
active form, for example as the calcined mixed oxide. For the provision of
the catalyst particles on the industrial scale, the process principle disclosed
in DE-A-29 09 671, for example, is recommended and another liquid binder
as defined above is used instead of water if appropriate. A preferred

30 embodiment of this process variant is described in EP-A-714 700.
Afterward, the support is initially moistened 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

35 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 than once until the desired layer
thickness of the coated catalyst has been attained. Apart from the last



decrease in the single drop test (by a factor) of at |east 0.9% by weight, 5
nore preferably at |east 5% by weight, in particular at |east 10% by wei ght.
In the case of triple repetition of the drop test with the sane particles,
the catalyst particles prepared preferably have a wei ght decrease of at
nost 3% by weight, nore preferably of at nost 2.5% by weight, in particular
at . nost 2% bypp\gosdse42Re Wei ght decrease conpared to a catalyst of the 10
same conposition but wi thout liquid can preferably be decreased by (a

factor of) at |east 3% by wei ght nmore pPeferably at |east 15% by weight, in
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from the | ast jiter@teRYBI&ok eylindrical support body, such a compressive motion
does not take place, which is why it remains substantially uncoated.
20 However, this can be prevented, for example, by employing a slurry coating
process, for example using an Ultracoater from Aeromatic Fielder,
Switzerland). '

If required, the support body basically coated in this way, in the course of
25 the subsequent rotation, again passes through the spray nozzle, and is
moistened in a controlled manner, in order, in the course of the further
rotation, to be able to take up a further layer of finely divided active
composition, etc. (intermediate drying is generally not required). A
particular advantage of the above-described embodiment consists in the
30 possibility of preparing coated catalysts having, in layer form, coatings
consisting of two or more different active compositions in one working step.

An advantage in the above-described embodiment for preparing the
catalyst particles to be charged into the reactor is that the moistening of the
35 surface of the support body to be coated and of the resulting coated
catalysts can be undertaken in a controlled manner. Appropriately, the
support surface is moistened in such a way that, aithough it comprises
adsorbed liquid binder, no liquid phase as such appears visually on the -



repetition, the liquid binder may in each case be renoved fully. In a
preferred enbodi nent, the support bodies to be coated are charged into a
preferably inclined (the angle of inclination is generally from30 to 5
900) rotating vessel (for exanple rotary pan or coating druny. The rotating
vessel conductF gdonosenesi al |y spherical or cylindrical, in particular

hol ow cylindrical, support bodies under two netering deV|ces arranged
successively in a certaln separatlon TRQ first of the two netering devices

d t.. bodi |
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consists in the 30 possibility of preparing coated catal ysts having, in
| ayer fort$ cdoheireasor sahargad wih tie catelyst particles gehératie by irtoddueing it
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enbodi nent for prepari K artlc es t
reactor is théFt'thé’f r%@‘é]"t)/eﬁr heg calalys @aggl%afeaeéefenab%éh%raﬁgdmo BRly to be

coat edI ?ng of rédetorr S ibstantiiintconstanitiatd, s barticalar ethithdelid aksuitdble a
cont ol e g TRREARRL b o SR g s AR R 7, 20
as such ag@eagsyemtgu@gmg obarging machines which are suitable for simultaneously
charging several tubes. These have, for example, a charging funnel with a
plurality of chambers from which the catalyst particles are expelled onto an
inclined agitated channel. When the agitated channel is set into vibration,
the catalyst particles slide uniformly over the channel and fall through
25 cutouts in the channel into the tubes below. Suitable apparatuses for
charging catalyst particles into tubular reactors are described in DE-A 25
11 411, DE-A-28 49 664, EP-A-041 144, DE-A-199 34 324 and DE-A-102
50 022. Reference is made here to the disclosure content of these
documents. A particularly advantageous use of the apparatus described in
30 DE-A-199 34 324 is for charging bulk material into tubes which have a
number of stock vessels, which take up the. bulk material,-and conveying
channels below the stock vessels, in which the bulk material is set into
vibration and conveyed to a discharge point, the amount conveyed into the
cohveying channel being meterable. Advantageously, it is also possible to
35 use a loading apparatus which is described in DE-A-102 50 022 and
consists of a multitude of loading elements and is therefore particularly
suitable for tube bundle reactors having a multitude of reactor tubes.



PF 0000056423 20 support surface or on the applied layers. In this
enbodinent, it is possible to prepare catalyst particles which conprise a
preci sely determ ned anount of |iquid associated binder. The nmaxi num anount
of liquid corresponds to the maxi num degree of saturation of the catalyst
particles. For the process 5 according to the invention, it is of course

al so possi bl epregoogoseagdy nentioned, to prepare the catal yst particles by
contacting catal yst particles obtained_by any process with a liquid
substance and subsequently using them &b char ge the reactor. 10 The reactor
and the catal yst particles i.n the course of chargin referably., have a
Cemperat ure- of MaPTS agerdifg loferByenEnRre Bratl engupS Fhbrdhritics

particul ar of the reactor 300h llead tprsidwingedf thebspgeead at, whith theacatalyst s

charged at thg,RRidd falf ' erature. 15 The reactor is charged
with the cata §a/st etpsart:kcilpeeg gﬁgédafvﬁgpby introducing it into an orifice at

the upper end of the reactor and into the reactor under the action of
graVLty- T!_aeI fl‘&taﬂpjéferr@drélinbbdﬁném,ethv ehargall se_a@Ltﬁ,r ﬂﬁﬂor@antwifst bsed mei'slctor at
a substantia st.ant, r.at par r. ) t [ tabl e
char gi ng rrachlcéteayielg:?gt easgﬁg?%}!oﬁa’ gfshbf?gte%ﬂnlﬁ%@yetor%grg?gﬁ%rﬁ ‘B?%Pé?’ nce is 20
gi ven t o usi ngt est gipegtiaraehthadiguigisubstance apdiaf dtherfuolatid comstituerdsis| y
chargi ng sevefa Ties , I [ f ehoeW th a
olural ity of (I:Pgﬁ%grﬂgfﬁer’ ol Fr, by AR ormPoRpRTIHEs BT Y onto an
i nclined agi t &EEfeEn N RIAMRIRRY heatingite Anetlevaiad tempesatuts; (fraquUsMYY br at i on,
the catal yot hrxam BOItelszszOgdeandrdrprsslng torctight & @as hstrwaed. lanithef simplgshr ough 25
cutouts int apnel. int u . e .a yses for

char gi ng cat a??g ' g{aér tl'ﬂié'pegu_t]i;gn?%éet Bag'él g’?ﬂhg}évacgﬁwr&s"%g{rse 'fdgggﬁoﬁhgg |%rr1g -A 25
11 411, DE- A- 23Maeedby, theractionaf hoh gaserohthedgppppgate tempanature.10e 50 022.

Reference is gagle:se@ﬁﬁgéﬁbrhmﬁaﬁibﬁyq]éh@u5 @aS AR pAicuPdr dtARBBhetO6 ts. A
particul arly vgnt age?user%?)elqof nterﬁ gpoi)ﬁr g&)gs ﬂ}:eers]c(::“'bet(lj In 30 -rA- 199 34
324 is for chafgidgPEAtweArL|d ganerally B &Dov e caldipaton empRsaiurgs st ock
vessels, Whi-cempddyeduto phepareuhk omdieraciive comipasitioneyin ngenerélarsuehsa bel ow t he
stock vessel Shaélrihg:mfcthet Réac I{i:h'gPetvﬁfei #enhﬁerﬁﬁfreé' "B wv%ﬁreéli:ﬁgti&'?q
conveyed to a discharge polnt, the anount conveyed 1hto the conveying
channel bei nglefeR@RlHEdS SuHigieRt.axiRcuwRler and meskerganisosdlyate angd &g use a
| oadi ng- appar atprody Chrgaficdasitddrb@8mpanbliis Adb8dmpBs®23vandthe oxidic
compositions used as catalysts and in the presence of atmospheric oxygen
20 to give gaseous constituents such as formic acid, acetic acid, H,O, CO; or
CO. It is thus generally possible to carry out the thermal treatment to
remove the liquid substance and any further components in such a way
that the offgas stream can be passed out of the reactor without
aftertreatment into the atmosphere.
25 |
In a typical embodiment, the reactor charged by the process according to
the invention is used in a production plant, for example for the catalytic
oxidation of acrolein to acrylic acid in the gas phase. Such production.
plants consist generally of one or more production lines connected in
30 parallel. Each production line may itself be formed from one or more
reactors connected in series. The products of the catalytic. gas phase
reaction of each reaction line may be worked up separately or together, for
example by customary separation and purification processes known to
those skilled in the art. For effective utilization of the workup plants, for
35 example of the distillation columns customary therefor, the product streams
from two, three or more than three production lines are in many cases sent
to a common workup. The process according to the invention is suitable in
a particularly advantageous manner for the effective operation of a



consists of a nmultitude of |oading elenents and is therefore particularly
suitable for tube bundle reactors having a. multitude of reactor tubes. PF
0000056423 21 The process according to the invention preferably enables
charging aids in the reactor which |lead to slow ng of the speed at which
the catal yst RfaP00QNSE42Bal| to be dispensed with. 5 In a preferred

enbodi nent, the charged reactor, beforeg,t is used in catalytic gas phase
reactions, is subjected initially to a tfeatnent to renove at |east a

portion of th&bygiod Pfélﬁft s8B%oPliwd USHBE" o P! Lh%ncﬂﬂééi ;5&':'1'3"(%!3 1
appropriate, for exanple turther nder ‘conponents. This may be “effected,
for exanple, WRfofkiondigesonayhieh easa @y paejndividval éing s shyldlomnineachr om 50 to
22803 and/ or»dnﬁseifogtﬁdwémhga,t m}!réﬁraﬂéﬂ‘a dd”ﬂtaﬁd’leat%imbﬁ&fre%rﬁéblmﬁfet,hdfhe It!qui d
subst ance an rther .c € | ropriate are . renpved.by.the action
of hot gases c}wt qu%\ pC?‘ggﬁ]'aqus{h«?nB@E?' e?grgl"Wé’%sd%gﬁﬂgg'@%lrgn%grﬁ%sr‘al ly an
oxygenous @as,Then rggidt iangl avevethelesh euniformx gharging Tofe thenpeactarsir witbhoul d
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the oxidic active coné) si.tion h eatln% f the reactor to
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el evat ed t enpd'9tRASe2CIEIIBY, 10 e d%\?e@it'ﬂaﬁ"ews the preauetigh shutdawiy 19 beent |
si nce wat er armrdstnioted toragamirmusol vents and al so nunerous organi ¢ bi nder
conponent s deconpose over the oxidic conpositions used as catalysts and.in
the presence of atnospheric oxygen 20 to give gaseous constituents such as
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preference is 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
20 heating. The heating rate is preferably not more than 10°C per hour. For
example, the reactor may initially be heated with heated air at a
temperature below 100°C, for example in a range from 50 to 90°C. In
general, the temperature differential between reactor inlet and reactor
outlet (measured in each case in the gas inlet and gas outlet) should be not
25 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
30 example salt 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, preferably oxygen-depleted air, -
may also flow through the reactor instead of air. In order to ensure full
removal of the liquid substance and of any further binder components, the
35 reactor is heated to a sufficiently high temperature, for instance from 160 to
220°C, for a sufficiently long time, for instance from 12 to 72 hours. As
soon as substantially no liquid substances or binder components or
decomposition products thereof can be detected at the outlet of the reactor,



exanpl € by customary separation and purification processes known to those
skilled in the art. For effective utilization of the workup plants, for 35
exanpl e of the distillation columms custonmary therefor, the product streans
fromtwo, three or nore than three production lines are in many cases sent
to a common wRKOPO0OBEA2@r ocess according to the invention is suitable in a
particul arly advant ageous. manner for thgaeffectiv-e operation of a PF
0000056423 22 production plant conpose&¥of two, three or nore.than three

parallel  prodgtisaiol idiche bRl 636 WU Yot ABd Hld WAl rbddigni o shut
own in each <case Tor the exchange, required a r—a certain catalyst

onst ream ti me,CifgHit, Phatedatoathes Neeersape stasting teraperatdacandchatgad witbs in t he
renmai ni ng |inggactantlégs.r api d and neverthel ess uniform chargi ng of the
reactors with prevention of catalyst fracture and/or attrition which is
possi ble by the process according to the invention allows the production
shut down t & belThe ingentiarn fetheopravidesiting reacidrs iwhich ate ¢heevged eithaaitatgstt , t he

freshly char : ' : ' eries, of a
pr oduc%/i on | |g e rlﬁés}%%ga Fﬁelr ?IIStgﬁa)f?f”eﬁéﬁa@E?r%et%ﬁ’H&@ﬁ%ﬁﬁe%%vg%és1 generally air,

which is conducted through the reactor to rempve the |iquid substance and
any further biDwieg wofIMahéVe-déstdbbdardvahiabbdss pﬁ@kiﬁ?rrﬁabéniaﬁ,ethese
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| eavi ng t H® r geactions. as det ai | ed above, can generally be passed into the
at nosphere. For the thermal treatnent of the reactor, preference is given
to using a tenperature gradi ent so as not to expose the reactor and the
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exchangers. Wydrdgematieasit or has attained a sufficient tenperature, further
addi tional heating may be effected using the
20 In a preferred embodiment, inventive reactors are used, after the charging,
to prepare acrylic acid by catalyzed oxidation of acrolein in the gas phase.
The reaction is effected at least partly, in particular fully, in a reactor as
defined above. Multimetal oxides suitable for the catalytic oxidative
preparation of acrylic acid from acrolein in the gas phase have already
25 been mentioned at the outset and are common knowledge. The 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 suitable for use for preparing acrylic acid in a multiple
catalyst tube fixed bed reactor through whose space surrounding the
30 catalyst tubes 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 to use acrolein which has itself been obtained by catalytic gas
35 phase partial oxidation of propene. It 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



heat exchange medi a which typically surround the catal yst tubes, for 30
exanple salt nelts. This heating nmay be effected electrically, for exanpl e
using the heating elenment introduced into the heating nmedium In the course
ofsthe further heating, another gas, preferably oxygen-depleted air, may

al so flow t hr qerIbobbese423Cct Oor instead of air. In order to ensure ful

renmoval of the |iquid substance and of any further binder conponents, the 35
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composed of one or more production lines as described above. It is then -
possible to reintegrate a reactor which has been charged by the procéss

20 according to the invention and baked out in a hot air stream into the
production plant. To this end, it may be necessary to briefly interrupt
production in the remaining lines. In the integration into production, the
newly charged production line is reconnected on the gas side to the workup
apparatus, the air stream is adjusted to the oxygen:inert gas ratio used for

25 acrylic acid preparation and acrolein is subsequently mixed into the gas
stream flowing into the reactor.

The catalysts charged by the process according to the invention are
suitable in particular also for the catalytic oxidative preparation of acrolein

30 from propene in the gas phase. The general reaction conditions for the
catalytic oxidation of propene to acrolein in the gas phase can be found, for
example, in DE-A-40 23 239 and in DE-A-44 31 957, to which reference is
made here.

35 The catalysts charged by the process according to the invention are also
suitable for the catalytic oxidative preparation of methacrolein from tert-
butanol, isobutanol, isobutene or tert-butyl methyl ether in the gas-phase.
The general reaction conditions for this catalytic gas phase oxidation can



catal ysts are also suitable for use for preparing acrylic acid in a nmultiple
catal yst tube fixed bed reactor through whose space surroundi ng the 30

catal yst tubes is passed a heat exchange nmedi umcircul ati on system as
described in DE-A-44 31 949. To prepare acrylic acid by catalytic oxidation
of acrolein irpgpgodissgeRase, it 1is possible to use acrolein which has
Itself been obtained by catalytic gas 35 phase partial oxidation of
propene. It is also possible to this en@5%to use a reactor charged in

accordance with the invention., | eneral , the acrolein-_containing reaction
gases of this %%HBQ-JQB%%IBP'POW fﬂ%%—ﬁ%%?@a afciR A R-A-443% A€ pur | figcat ion to
prepare acrylic acid. To this end, a cooling of the PF 0000056423 24
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phase “oxidation “of aromatic hydrocarbons, preference is given to using

20 coated catalysts. Suitable catalyst compositions and processes for their
preparation are described, for example, in DE-A-25 46 268, EP-A-286 448,

DE-A-25 47 624, EP-A-163 231, DE-A-28 30 765 and WO 98/37967.

For the gas phase oxidation, a reaction gas comprising molecular oxygen
25 is used. The reaction gases may comprise, in addition to oxygen, also
suitable reaction moderators and/or diluents, such as steam, carbon
dioxide and/or nitrogen. The reaction gas generally comprises preferably
from 1 to 100 mol%, more preferably from 2 to 50 mol%, in particular from
10 to 30 mol%, of oxygen. Additionally, the gas may comprise up to 30
30 mol%, preferably up to 10 mol%, of steam, and from 0 to 50 mol%,
preferably from 0 to 1 mol%, of carbon dioxide. The difference up to 100
mol% may be nitrogen. The reaction gas fed to the reactor comprises, for
example, from 5 g to 120 g per m® (STP) of gas, preferably from 60 to 120
g/m® (STP) of gas and in particular from 80 to 115 g/m® (STP) of gas, of the
35 aromatic hydrocarbon to be oxidized.

The reaction temperature is generally from 300 to 450°C; preferably from
320 to 420°C and in particular from 340 to 400°C. Typically, the reaction is



25 acrylic acid preparation and acrolein is subsequently m xed into the gas
streamflowing into the reactor. The catal ysts charged by the process
according to the invention are suitable in particular also for the

catal ytic OX|dat|ve reparation of acrolein 30 from propene in the gas
phase. The ge 3 on conditions for the catal ytic oxidation of
propene to acrol ei n in the gas phase cayp be found, for exanple, in DE A-40
23 239 and in DE-A-44 31 957, to which reference is rmade here. 35 The
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The gener al r t9a%0000%".condi ti ons for this catal ytic gas phase oxi dation can
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composi L ons @Al BASERSzdr ot lond SARAIMG e fccggscr L bed, for
exanpl e, in DE-A-25 46 268, EP-A-286 448 DE-A-25 47 624, EP-A-1 63 231,

DE- A-28 30 765 and WD 98/ 37967. For the gas phase oxidation, a reaction gas
conpri si ng nol és poseiblexty geoceed in a similar manner in the oxidation of toluene to

20  benzoic acid, in which case a mixture of unconverted toluene, benzoic acid
and benzaldehyde is initially formed. Alternatively, it is also possible if
. desired to isolate the benzaldehyde by-product.

The catalyst filling performed by the process according to the invention is

25 suitable especially for the performance of a partial catalyst exchange
according to WO 2004009525 A1. After the partial exchange has been
performed, the liquid substance and any further binders are removed in
accordance with the procéss according to the invention described above,
without there being any impairment of the quality of the residual catalyst

30 bed which was already present in the reactor before the exchange and was
unaffected by the partial exchange.

The invention is illustrated in detail with reference to the non-restrictive
examples which follow.
35



25 is used. The reaction gases may conprise, in addition to oxygen, also
suitabl e reaction noderators and/or diluents, such as steam carbon dioxide
and/or nitrogen. The reaction gas generally conprises preferably froml to
100. mol'% nore preferably from2 to 50 mol % in particular from 10 to 30
mol % of oxygesf m ?ally, the gas may conprise up to 30 30 nol %
preferably up to 1'% of steam and fromO to 50 nol% preferably from
0 to 1 nol % . of carbon dioxide. The dif#®@rence up to 100 nol % may be
nitrogen. The reaction gas fed to the reactor conprises, for exanple, from
5gto 120 g "r‘ﬂ%eS(STP) of gas, preferably from60 to 120 g/ nB (STP) of
gas and in particul ar from 80 to 115 g/nB (STP) of gas, of the 35 aromatic
hydr ocar bon t qu\be tenperature is generally from 300
to 450C, pref 8r)abl3?,>§ rom 5’%%@@&@%@ {r%d in particular from340 to 400C.
Typically, the reaction is PF 0000056423 26 carried out at an el evated
pressure of gem@niiéy gé,gﬁhﬁ)sdh){o 2.5 bar, preferably fromO0.3 to 1.5 bar.
The superficial vel 00|ty Is generally from 750 to 5000 V. 5 The gas phase
oxidation may be carried out at a uniformreaction tenperature or in a
reactor with oﬁprez:umrmtrqnoB&aupémapmpeng)aesultuélemteht exide rdmplogitionrof nor e t han
two zones of S

t her nost at ed Eﬂ(h)]gdl ;c"éh}c)efﬁ%trfglglgiz:\lsﬂp 69 aturespréé?éarg{jhgg HBQ bad’de |n abl e
reactors are, E)@lm@%arrpl e, those haV| ng seflarate salt bat hs 10 a§fdescr| bed

j[ n DE- A- t22]001 Di2-A- 003 68067 2&ng0 a76@t%glﬁrhdtf0§3r085 sRiBnI &ascai’malﬁdd out in
WO reaction es action.zone
di sposed t omar%ﬁgrg%ﬁgma@% ﬂ]eﬁ%@, Prggtrﬁewé é8éi%§ épp%ﬁp“éhas é%%cé'rbg

conpri ses frormample Bb%fbghls/cmnmeof The thoSaObtamedl szatalymalmgctlves

ther most at ggdtrﬁaténéle\ﬁ&é i ‘?ﬁ@édér 6 Wity chosByltaddigg! i (it | on 15
Fo 0 arar 00 Rri HpsSkawarAlane. ANasbUrG B 15/ 20f5ae OSSN iARNIEY

referred 116 asoeuof mwmvmerrpalrtiolasamsseﬂ rasiéve ofmgestt widile frroaacttt@no drb s

benzoi ¢ actd g e PrBadith of pafiERa Havir A SRofi i vkt e BUHS < *aci
and benzal dehy®s Ipgs thanti%i |y formed. Alternatively, it is also possible if

desired to isolate the benzal dehyde by-product.

28 kg of annular support bodies (external diameter 7 mm, length 3 mm,
20 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 inclination 90°; Hicoater from
Lodige, Germany) of capacity 200 |. Subsequently, the coating tank was
25 set into rotation at 16 rpm. Using a nozzle (Schiick 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 agitated channel outside the spray cone .of the
30 atomizer nozzle within the same period. During the coating, the powder
supplied was taken up fully on the surface of the support bodies;
agglomeration of the finely divided oxidic active composition was not
observed. On completion of addition of powder and binder, air at 110°C
was blown into the coating tank at a rotation rate of 2 rpm for 20 min.
35 Subsequently, drymg was effected under air at 250°C in a standing bed
(tray oven) for 2 h.



The cat:al yst filling perforned by the process according to the invention is
25 suitable especially for the perfornmance of a partial catal yst exchange
according to WO 2004009525 Al, After the partial exchange has been
perforfred, the liquid substance and any further binders are renoved in
accor dance V\nlgg bg 0%] ess according to the invention described above,

w t hout there 8 g I npai rment of the quality of the residual catalyst
30 bed which was already present in the8 eactor before the exchange and was
unaffected by the partial exchange. The invention is illustrated in detail
wi t h referenclexamplerelintugntivédst ri cti ve exanpl es which follow. 35 PF
0000056423 27 Exarrpl es (1) Preparation of coat ed catalysts 5 Exanple 1

(conparison): recyrsor, o S|t|on fo repar Itlel pt. oxi de
Conpoai ¢ on oTe PirsediB drEaaNe § asrsosuip poirph bt heldhnara 225G

descri bed i n inExzapbeensor @th wés ﬂEpénSldeNﬂO 057 and a catalytic active
conposi ti was obtained therefromby thermal treatnent in a rotary oven
apparatus as described in Exanple B) of thi's docunent. The thus obtained
catal yti cal | yExaropled (camparisen): was ground by neans of a biplex crossflow
classifying mll (BQ 500) (from Hosokawa- Al pi ne, Augsburg) to give a fine

powder of whi h 15 50% of t owder artl C §ed. a sieve..of sh width
Prom 1 to 10 RbodPhammosibonet brepanas oyiulisieRBet R4dP cEmpostRb e uci na

extent above tﬁe $t0t¢hlmryl 6deVhatV1bolier ABuUNQ Yo sAhhulGuSkOepar wadodi es
(externalqgli aﬁf@gﬁfed7 E%IQ ) @1%3\01 d?ﬁ@bﬁé"arﬁ‘i %”@étﬁfyﬂé’f dfesSteatite,

havi ng a sur ac roug ness and having a tofa vol une,
based on the SRSNRARICHF Wasprepameh mere Hlfﬁlbé‘éherﬂ?algeﬁ%‘w &g OHﬂ’huf acturer

_Hoef:_hst Cer anaparat(er Tﬁﬁé)thus vbtaindlacgalytically cactive anaterigl waslgrquaigbg of
subsequent |y, e S5 Flpiex st Ssirdit ATYECE p9BT B, Mo B Lsing a
nozzl e (Schl iAlRineypfaigsbury)nim give)a finropawderodf whinhl 60%onf dhenpiosdeng of 75%
by wei ght1f N&Hi@Es HHisé@% R¥eve of mesh width from 1 to 10 pym and whose

proportion of particles having a longitudinal extent above 50 ym was less

than 1%. This was used to prepare a coated catalyst as described above in

comparative example 1.

20 Example 4 (inventive)

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

25 |l. Performance properties
a) Drop test

20 g of catalyst were allowed to fall through a 3.5 m-long tube with internal

30 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 after being allowed to fall from one
to three times is a measure of the attrition resistance of the catalyst. The
results are listed in Table 1 below.
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renoved: fromthe dust fornmed on inpact and is again allowed to fall through
the tube. The total |oss of mass after being allowed to fall fromone to
three tines is a neasure of the attrition resistance of the catal yst. The
results are listed in Table 1 bel ow. PF 0000056423 29 Table 1 Drop test

Cat al yst from ghog Loss of active conposition nass [% by wei ght]
Nunber 1 2 3 conparison inventive conparison inventive 1 0.93 0.56 0.90
0.59 2 2.99 1.33 2.44 1.19 3 4.35 1.9803.29 1.89 PF 0000056423 30 What is
clainmed is: 1. A process for charging a reactor with catal yst particles

whi ch have a 5 catalytically active nultiel ement oxide conposition at |east
on their surfygegtis cRimbd & catal yst particles are provided which conprise a
substance which is liquid at 20C and 1 atmand these catalyst particles are
charged into the reactor. 10 2. The process according to claim 1, wherein

t he catal yst parti & precesssfor shargirtgeal réaownmﬁawdlyquhmslemmm M| se at

| east one gcatal yt FS‘%J"X"’“@P&&% %hkb%m 0Ly ﬁuﬂ? P’Pieta'sfaom pparticles

whi ch corrprl se at at al M cal enen
conposi tion appl i e8urfaces dawhigh £a sﬁ@aal @f@rPFOV@?dSNhWhéomFE@@s%

according to eit heeubétaﬁdfeemf&cesﬂlhqadc:étarzm aiiden et AMe thédeduatdlystibst ance
Is selected from vvatélﬁ and Ohgrgﬁﬂ tcs‘qggoun s whi ch have a boiling point at

1 atm of nore thanP3 @saég Y ccor di ng to any of the preceding
clainms, wherein the reactor conprises at | east one reactor tube. 5. The

process aqgor @i ng e HréddSshecbRRGd clhie 17 KRG tHe'ERal)eSpatticles are
selected from shaped bodies which comprise at least one
catalytically active multielement oxide composition and particles
which comprise at least one catalytically active multielement oxide
composition applied in coating form to a support.
15
3. The process according to either of the preceding claims, wherein the
liquid substance is selected from water and organic compounds
which have aboiling point at 1 atm of more than 100°C.

20 4. The process according to any of the preceding claims, wherein the
reactor comprises at least one reactor tube.

5. The process according to claim 4, wherein the reactor tube has a
length of from 500 mm to 20 000 mm, preferably from 1000 to
25 10 000 mm.

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.
30
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.

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



| ength -of from500 mMmto 20 000 mm preferably from 1000 to 25 10 000 nm
6. The process according to either of clains 4 and 5, wherein the reactor
tube has an internal dianeter of from5 to 100 mm preferably from10 to 50
nm .30 7. The process according to any of clains 4 to 6, wherein the ratio
of the l.engt hpPpbodbhesea23Cct or tube to its dianmeter is in a range from2 to
10 000, preferably fromb5 to 7000. 35 8. The process according to any of
claims 4 to 7, wherein the reactor is @émgned as a tube bundl e react or

(mul tiple cat yst ube reacto PF 00Q 64 ocess accordi ng
to claims8, re| %’%‘ﬁ%%asiﬁ{e'ﬂe tp g ﬁ%@"hihel %‘Q “3%&?0 reaciit or

tubes. 10. The prodms$tdaea90500®1§eaotnranbesaf t he preceding cl ains, wherein the
5 catalyst particles provided have, a content of Iiquid substance of from
0.05to 10%by wei %'H'@ preferably fromO0.1 to 5% by wei ght, based on.their

total weight. Pro6esss aceRrding d iagytas the presedingeclpines; awhargincthai ns,
wherein thg 10 catoatawsét p@ﬁrdésc;braeudaamvéia(tohwoﬂwm gbbstdﬁé‘é gegémof  at

nmost 0.8% by weig ra t he .drop test
(20 g portion of ?a?%?@i{ﬁ W%&E eﬁ}‘ H&r" 11a¢‘/?e¥%r&23’élgﬁ1p baskgt h 3500
mm) . 15 12. The pr eodbsiréntaloweighly t o any of the preceding clains, wherein

the binder-containing catalyst particles provided, in triple repetiti on of
the drop test with_the sane particles, have a vvele%ht decrease of at nbst 3%

by wei ght, prefler ating RfPcess acrarding doapy ajdhe Rrecedmgr gaims vhsrelncds

ot ol yot part Ll ea oy ey Py oD Tie hweiy orease “’*m’”‘?‘m%'r om '3 to
40 mm preferably fb&ovg%/éﬁlt g egg?éﬁ,h(' & aﬁ mﬁ%ﬁ%?ﬂya\?’e'gﬁ{om @%{Tgrogdeg%zbzgj 14.
The process accor digrprtion ahgatalyst, H@Hohube(meﬂ@l diameter, 25men,dength183800cat al yst

particles are prownqmg by contacting a support with a binder which
conprises or consists of a substance which is liquid at 20C

15 12. The process according to any of the preceding claims, wherein the
binder-containing catalyst particles provided, in triple repetition of
the drop test with the same particles, have a weight decrease of at
most 3% by weight, preferably of at most 2.5% by weight.

20 13. The process according to any of the preceding claims, wherein the
binder-containing catalyst particles provided have an average
external diameter of from 1 to 40 mm, preferably from 2 to 30 mm, in
particular from 3 to 20 mm.

25 14. The process according to any of the preceding claims, wherein the .
catalyst particles are provided by contacting a support with a binder
which comprises or consists of a substance which is liquid at 20°C
and 1 atm and the catalytically active composition, and the binder is
subsequently partly removed if appropriate.

30

15.  The process according to claim 14, in which the support is initially
moistened with the binder comprising the liquid substance, then a
layer of active catalyst composition is adhered to the surface of the
moistened support body by contacting with dry, finely divided, active

35 catalyst composition, and the liquid binder is subsequently partly
removed if appropriate.

16.  The process according to claim 15, in which the steps of moistening



and 1 atmand the catalytically active conposition, and the binder is
subsequently partly renoved if appropriate. 30 15. The process according to
claim14, in which the support is initially noistened with the binder
conmprising the liquid substance, then a |ayer of active catalyst

conposi tion | prgbgssybseg t he surface of the noistened support body by
contacting with dry, finely divided, active 35 catal yst conposition, and the
liquid binder is subsequently partly r&&oved if appropriate. 16. The
process according to claim15, .in which the steps of npistening PF
0000056423 32. thet‘fé%;ﬁHBP?"," %QS\‘&%'EQM@’ Wet‘F?t?'M%‘p%OAPB?SJ%Q” ee%%fg‘Pt"i”Sn and
renovi ng the |iquithb liquid®inder are epeatedcbnze e nasre Minareohdsy randrthe Jigaidd t he

| i qui-d bi nder can ' f I repetition. 5 17.
The process accor dibﬁgdeﬁgggﬁ’%wtk’%f‘g'ﬁ?g%‘?‘rfg(t@[sgigséé,ga‘%tﬁ%@mi ch the supports
used are support bodies having a surface roughness Rz of the support body

of from 405t0 1700 e prBcessgcddidif§ 36 afy &Pl ﬁ@a_cb@inarbfaiﬁfs, im@hrhewedi ng
clainms, in which 10 support bodies are used which have a total wol ume of
pores of the  suppSPPPRBTYSbABLHRRE basiesianis 8PultaGS ciaibers o), of at
most 1 % by vol umthe $@pporhieogy afdecrs 48¢cd0@my t o any of the preceding
clains, wherein the 15 reactor and the catalyst particles, in the course of
charging of the reactor, have a tenperature of at npst 50C, preferably of
at nost 40C, 18 pdhei eigcass @ccardingia agpcef . presadipgoelaigs, dB cwhighng to any
of the pregoeding clsappdrt bodiegtdre usetiavhid® hawd al totdl vbrind ef Eére@rcﬁ thBar ged

the reactor and. i nEBPRE BPUK ek illne, W8 3t e nuforfhady oy H3RosTE

process accordi ng t18 by &pkin®E, wherein no charging aid which 25 leads to a

slowi ng of the speed at which the catalyst particles fall is present in the
reactor. 22. The ptocess accordin 0 any ., of the preceding clains, in which
Lhe  ohar ged ridact dhei RoesRy esding 4 20y ot dherpricebiodr Srte Wisieihithei o

15 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.

20. The process according to any of the preceding claims, in which the
20 catalyst particles are charged into the reactor by introducing them
into an orifice at the upper end of the reactor and into the reactor

under the action of gravity.

21. The process according to claim 20, wherein no charging aid which
25 leads to a slowing of the speed at which the catalyst particles fall is
present in the reactor.

22. The process according to any of the preceding claims, in which the
charged reactor is subjected to a treatment to remove the liquid
30 substance.

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.

35

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.



30 substance. 23. The process according to any of clains 1 to 22, in which
the charged reactor is subsequently used for the catal ytic oxidative
preparation of acrylic acid fromacrolein in the gas phase. 35 24. The
proocess$s according to any of clainms 1 to 22, in which the charged reactor is
subsequently . Lﬁegm? ;j564p8 catal ytic oxi dat| ve preparation of nethacrylic
acid fromnethacrolein in the gas phase PF 0000056423 33 25. The process
according to any of clainms 1 to 22, in Wich the charged reactor is
subsequently used for the catalytic oxidative preparation of acrolein from
propene in the gas phase. 5 26. The process according to any of clains 1 to
22, dl n Wmd;:h td%e bq‘rmer miesgaadcogdm usrse of eondilng dskd 220 mr\fﬁmheth@ar boxylic
acids and/or car r C tic
ydrocar bons. i n ¢ héhgaed, AR %@M@W&b R

catal yst particles pamaratsomgftmralam feomipyopeneriodhe gasphaid.i ned in any of
clainse 1 tg 22. 28. A process for preparing acrylic acid by gas phase

et porery B e Butbos “HRLENY ) 50 of sy 17 28 in b B
charged reactor is subsequently used to prepare carboxylic acids
and/or carboxylic anhydrides by catalytic oxidation of aromatic
hydrocarbons in the gas phase.

10 |
27. A reactor which is charged with catalyst particles and is obtainable
by a process as defined in any of claims 1 to 22.

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



