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Description 5 The present invention relates t
PPPOBBY0E6428harging a reactor with a

oxi de catalyst, to the charqu reactors obt

this way and to the use thereof for carrying out

bl PR Mol o2t Lo, Fectors v ch ) \\\\l\‘\\ll“U\“\\\l\‘“\

various catalytic gas phase reactions. The cat al yso0002*
gé@ R used either consist of one catalytically
conposition which, if appropriate with use of

“suitable binders, is shaped by extruding, tableting or

ige 'pirlé@eﬁtonngzeﬁﬁon $@|§&%ﬂt@@dp@%eégrf@rA@haﬁgm@wmbuewuth a
cat §| sts east

t rise
aulliefemedi PYoacAISe St pRrs L RReio Sbigprbledn; this way
C@@d tothef @genHevedf fdb cgeyiegalut vataigia gasippasea rg¢dations. as
coated catalysts). In general, such catalytic gas
phase reactions are realized on the industrial scale
| Reactoes winiell awadilledswith. eatalysts seava ifeh t@aspﬁmm@pe of

f t t n
TR P e e e

(BRTESH1P! onecEAbHRg VAP ARSI KB T GHPREGPYRIF M use
Iéf S§|ta’tﬂ§qﬁﬁ@ébs ti9 dnepedt e exfrudergttabetingter tiad like do give
st AR BT Do PR BP o BHED dieast
pme;@atalyelmallymlvareomposraony whicle ds @pplie rin axaating form to a
érﬁ& %’éra' Qu%:% Xﬁ&\{vh 5 ggorétégeéatgy%'téih o,ﬁr eneral, such

'r@@taty@r:sga(mhwﬁ@|r@acta%16aa5¢sfe& igee qredha fdustriaticale i fixed

| @é@?é@ct@ffs f.begR rfe%@ﬁb@ gas MaikitRk Iwa@xthﬁmgh aStdraiing tetalyst

B S o e bR A e el g

rlaegendxhgaorﬁ ¢he dpme iofeeacton Eamlyzealt al isshecessady nayheaad the

| p{?%??&gc %8 rﬁé‘?lyg?f WurRRa" rngggr heXt ingﬁéﬁ‘ge medium,

her geonetric
| sui tasd |an§E|tdmﬁétnsfpofﬁm0¥a@thﬁir |Hteéet0<5€x Iﬁ’é‘t&hétéf‘ctg?rs phase

m:‘é%%tlbﬁ@s ardfH rr%h?'@é"s@é apb?o;ﬁ%?&&%ﬂa'rr)/ecﬂouﬁw ca3;9|yst filled tubes

T o S ety o oy S EEp e rebetors o
pesaiyet eubeMarEiére).tTiee mehiengtal ofsthess seacteendimallyoextend
tﬂ’ailﬁ‘?’j’f@%{%? lggrgcalt @95&@%?95@9}5%?hgtrér%]@"fﬂ?m? 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

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 sirength and fracture strength of the catalysts used, that catalyst
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. |
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35 particles break up or the catalytically active
conposition is partly detached fromthe support. The
fragnents which formand the attrition densify the

catal yst bed and lead, in the course of |ater

oBEr00056423t he tubul ar reactors, di sadvantageously

to increased pressure drops. 5P | F 0000056423 2 A

mul titude of documents is concerned with the

preparation of particulate catalysts and their use in
gas phase reactions, but - wt ressin

PAJBHER A BheLrBRRIeRRPrGeITabWtBdEr G oPaaER Rl pagiculate

C&@my:e,ed ahsaﬁéw QB8 ih rgatsh@hwmdmaaas ober whihsutpaddressing the
cat ed on fa(hg |ﬁcally active oxides have -

I'ys
bR %’Bé,m*l‘?e HERW ¢ [ A 4,438,217 and US-A

4,522,671 recommend, for exarrpl e for the catalytic

o?&ﬁﬂh% et:nh%rrr‘ﬁeé'lr r%ta'cﬂgné’grbf’r&{ gh gﬁagé JURl %UEFSHBd IdAtalysts

ase orted cat

rba@@ ows;abalmlca#v tne| QUdss Béve? é@émﬁ@ﬁ%be@ 6?6”% fiwmes. US-
CAtphY¥E e 70 HBELX @, HIEBAY <'lléde?rﬁera‘nd for example for the catalytic
a, - nonoet h | enj cal hé unsat ur at Ees in the
Sidaine pianayaioh ehsclp Y e BRorle M Pe e s a5 use
rbmtgﬁs@mscﬁtbdmamysttm‘r@saluw de337c8priikeivisp nadorbmiendsy for
a e 430 .
s
balsieuydes dat ’diey@aSapth%ccataé'Séxb%FtS compased ehsungygpported
t@@tn_gé? rlfnpé Bz anl I Infultifetal BYAEEs eém%lﬁﬁxoliwenum as the

es to anthraqui none. DE-
r B3 6QN$tBUeMe preparation of spherical oxidic coated
catal ysts by 20 spraying of a liquid conprising the

PBETA GBS D (EoR b brShssof PPN s lescBLCRRE Fatalysts
obasdxb ont Malyobaliy aetive axigeyserspositionh @ndathal y3e éorgeatalytic
pg%s?g)ggré%ons %H?)n%f f%r{)@f?rﬁ fe ofa??\glaHB§Q{%Lé{rﬁﬁ umone DE-A 16

0 car acids or their an F
THS 9&1ea@ﬁtef$gt%thaerapagethrm b Fphesirpkoydifasoa b esiaRsts by

Smé'[%’lﬁiﬁﬂy d)iZé ]!nflélpébrgigﬂﬁlé ﬂ‘ih; B@lldfé:f aé’(ﬁ/eQEarﬁpdﬁtléﬂlriBai‘ssolved or
al so i es
s sprended og” 55 ok Saical ZupBoliSodles Jran I yre g the
gﬂﬁtsedbt@med ¢ata$ys‘t@rf0|ca1ealc;1_talyilc gas qﬁmeondabm iofrexomatic
r
oo DR RS DONS T T B0 At SPP phiRhldes. The
Tedohinge ab ®H-Ae25 ddh884 morspends hsuastatmlé z»to dhe teaching of
CBtEaJAy{é 43 dééﬁ %ﬁ'tﬁg d?@é‘rte'neg tRAt k REss H{cfllﬁf&s 2hnd@fr sbgports.

su reco
Q(%Ap%? 26i 095 discloses the preparanonm}ecoateé 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
the support body, DE-A 2626 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 also be a
mixture of water and alcohol. DE-A 29 09 671 describes a process for
preparing coated catalysts in which the spherical support bodies are
conducted periodically under two metering apparatuses arranged
successively at a particular separation.
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i norgani ¢ hydroxy salts into the agueous 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 nedium may al so
b@F 000026428 of water and al cohol. DE-A 29 09 671
describes a process for 35 prgparing coated catal ysts
in which the spherical support bodies are conducted

peR_pdical 1&r [ IR B
SO PASTLPY S e e o SR L Toaees

3prepgringssanenesl eudia ceajed sgatalydiss 29 B e AiCloses a
t BroRess essee faﬂh% gsgh@ﬂééili duated betalyas be>amployinged edntrifugal

9 di scl oses nroce 0
5 552 Bh06 TR uRoef BEaE P hgp 50 are
cwatarj almpdlol dridoecetoat| mg aplpasaaosnomibe itrater graphite and
%érpned by EP-B 293 859 are 5 water, al cohol and
acetorie, as well as ammoniumnitrate, graphite and
starch. DE-A 25 26 238, US-3,956,377 and DE-A 235 151

dhECA B8P 2REe 5B 5K 37 P aPRANENY 2381 aRlcioddl pecesses for
sts i.n which 'S her es

coated cataly . t he support. s 10
i -Wieﬁaangfpﬁls%g@'e%@e W?W%{@wst&ﬁﬁ e e SW%‘?‘I? SPagies are
aipitially madieteneet Wigh wasercortanuieer. lidhid sachiastdefrolédra ether as a

kA ri el et \ ol _
b5 STl Rl BERBRTERR)S LA SoPRLAEA, oo
noi $he shipder-moistaned i sippait thatepal Jyr teléng the moist support
i | | bid #ioh03 60
CHRL L BUBEHIR BRI A S3rPeod0? o
preparing catalytically active nmultiel enent oxide

CDEPASIO3 60937yahd©EA-103 60t0B8 Hesdribeapicesses ¢or preparing

co itjon in a rotar ubhe furnace. 98/ 37967
acaEbTicaly’ Sotim, ul@ipbnt Pdle comPREligns P derelfeament o
whaipcecurgOr eorppbsitioniin arrotarg tigpehwnace.whi ch conpri ses a
precursor conpound of the catalytically active
conaositionsis applied in coating formto the ) i
cWQIBEI 796y ApeRibasny PreressUiep aFerRaTEKheeteAratalysts igywhich

ag esohititirest 8duspeRsibpalhichcpisds. a Precdirsdr E8MpPAINE3H the
rocess f eparing coated catalys b

descri bes a r _prep )
SERRYIRE M 261V COTRARIAS, iScPeR|aohsCoriing, fri 16 te Shtalyst
coupsat taneh tiselsuppeitsncoated ina tisispway taneasebjealecatto a heat
Hr%nngo tto 450C. The bi nder used consists of a

'iJ ot a pol ymer whi ch conprises ethylenically
unsaturated -acid anhydrides or ethylenically

{DEAIGH, 24 S SRENGA § s or G Cosed Bhalyls by
t Plray g q@n@@qmt@mmg 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
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
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.
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contacting with dry, finely

suspensi on onto the preheated support results in
curing of the binder addition. EP-A-714 700 descri bes

.a process for preparing a coated catalyst in which 35

a support body is initially noistened with a liquid
PPRANO0006RER3 a | ayer of this catalyst conposition is
adhered to the surface of thg support body by

I vi ded, active oxide
conposition and.the liquid binder is subsequently
renmoved. PF 0000056423 4. Loading ap aratus &?ﬁEé o]
bkoRiliBg BeRBraNS FarURAGWIIG BIACIRES AS KBOWN from D 5 38411

49EORDs kB eB404P-B4 1 P4 ADEOR- 13D 32%2&%@5&\;\10@2 50 022.

cur _ow n a
8 s Sbrf ST okl BV G peRh Bt RBESuEThE Hourse o
petidrgitigest the catalystquiiticles ade inot atdéessdd duthesesdodumernts.
al so known that charging aids can be used to charge
catal yst particles into reactors, for exanple in
olt de aisocknbweethat sherging afds camgerugesl tof chaige casalustyrarticles

| n S h r
E@Té réé@% éggfotrrl\%xegg;g‘l(b:r Iﬁ'mbggdé? & gi'eBSIeré'—t@ tHCenzélgfﬁb?Qate of the

ocess for

teHalyst paffnies in fae CRuESS Of %@f@lnei EQ’ érﬂ%a”%akge% 548 999

a&@é&lb@S'é @@od&ﬁscﬁtbrgm&r@h gxubée immsdte shevoatdlystgattices are
ansverse direct]o c

oFhvaag: RGPS A i oRaPR b deble TbEshBE i BE Bk epld " the

prans\ares dirattioraandlace spa@l@i apai o ane BEhotiwer.

3,608, 751. The charging aid used here is a flexible

“menber, for exanple a manila line, to which incline

bR duEbernpeocess fpeahangnacaialyst pagdties d¥era Bie 1§ described in

|OU9>;3%5608C ?51 Chﬂbgbﬁﬁrgﬁw?’ efidl i Ge8d thehe el bhfleﬂblemnyérhber, for
arti ¢ i

exi bl e el at ed 'S
|?\’@r88 @i tad'nezf? WH@WQFW%P'aBSg@r%§e8U gﬁar gi ng
aid and then the catalyst particles are | nt roduced.

d d
PESKSln Brcsap el bl Ay LIS wrsed et
| eatatyst padtclesmanwml E! ﬁgxnéeuglqn@atfd mem% @H@trea'é,%ed into

OfheS FBHical Wtk s di BRBIMG aid & liyert Ahé heatBlyer baawciof are

the tube or to the enneshi ng of the catalyst
p'é‘FrPFjHP%‘% In addition, catalyst fracture and
attrltl on cannot al vvays be prevented to the desired

b@%{\/%nﬁw@gﬁﬁég orrg%g?ggggigeéfWa%éoEgiod?%t%?:@tﬂg additional

escpmpleaitwn ﬁh@:wa@ng geraiinss |pfadditiordimary énga@daﬂ@ad in

Uﬂﬁ% agg #ﬁélf oA cﬂ%eﬁ’é@s%rﬁcﬂ?‘% R I’ocRé‘g? BEthe tube or to
ec

vely wth evention o
ftr@cﬁmr@samg at theg pa’@hyst partlcles 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
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
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. -
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This object is achieved by a process for charging a
reactor with catalyst = 35 particles which have a
catalytically active nmulti-el enent oxi de conposition

at least on their surface, in which catalyst particles
dPE 0006066423 whi ch  conpri se a substance which is
liquid at 20C and 1 atm and %hese catal yst particles
are charged into the reactor.” PF 0000056423 5 It has
been found that the charging of the reactor with

catal yst particles which conprise bst
pt hasdeeer foung dhatcthgr g@%rmgngf f%\F%@tlaglé}@ﬁgggt ?yst particles

F’\K/Hi@ﬁr tdo‘hﬁ’prlé@fa' n&@.an%@bstahmcqtr@wég Ratdlyst! eharges with
risi have bett r

RN ee90ls aroreRies.o F O RtRee. fben GetaRiss MRS chmpysing
| $uph d liqliftehawd alt;eﬁe{mrwnbai esmmhiysthalbmrhmes hicthdo not

PSR S R T hRIREL SRR 8 b o

t preocaes lrgndrting §0 ﬂmmV@ntlon@O@alalfwﬁr frﬁgmf@ts angi ey atlyitus
Oﬂﬁ{?ﬂt 'ié’%ttr%&%ou? ad §8S r%eﬁﬂnkéalp%ﬁjé@ oh OsPr‘éeR:akm%t in the

densjty 1Is tained., This
mf@ggmgeoae@é@naﬂéwg Bhiess gensply packpdy [possr Eﬁe@ag’ftht lgwer
bisulk eglbiesy Bhebtdimed. " Bhist allcwsaipressiad. dn@spenaifoogmrfel catalyst

h%"{g%tt'?%?f% o S @ 8o e rEBRBE, Ble GEGE°A'Uftofm flow
althvaungha theoreactorearal thef avoiddrice: gfpprcessive b hiph tnagtiajayessures
ﬁzﬁ?e r&é‘&tah%n%ge a%ahfé?je%ﬂgeov raf&br %ﬂleﬁl‘b'é‘seoﬂbﬁfhffyﬂd‘ gas

course o oper at 1on of e reacto

@J’ﬁ@ﬁ%s’@ﬁ@#ﬁ@ne’?@fy instangese, s'@\‘/\@d prgSgHEe tdk@ps glgsﬂ‘feed;oyg)se of

It Jé';gee r'raﬁ@i‘itd?l"rthéé1 fr‘éaét@r EWOWQ @Bhﬁﬁé@ﬂorﬁ @n@rd;;ow beagedusimice the

8% A8 it SAQOr s cabey S aBiesed ¢ & BT eprgig lovel. In
dadditioh ofor @xangplé hiectatmgleyature masmanwbicht dver typically passed
C@M@Inﬁﬁ%ﬁ% regﬂﬁ‘? %99@' tﬂ@tc'a?élyc*séidugg%/ an?&ﬁ&g%@%"%télgnc gas
omhasee axidationse('hetspotEamavens) reduasske agm . This has an

%éélﬂa usesktt bR afgdi | |fé5tTPne aﬁdn‘g,wlégggrl?ﬁégf@f dihep active
S 0

atal yzed eaction
S%BEO?'F'% %yeéll 4. 2GAE0RY g ek .Pé%%%"ea%f\?gni%dﬁ% catalyzed
ergaichibh e@iare\;mfanwr:] leedd Yo lhlfelttelnespdcertgmgynelﬂst dihe biordhmentioned
react i C nera
| S EGes e BARIELE ebhefRIF A heathaRfitD &g Sbundie
tmactcnsnamlcdn gehefallpdraset at madgt 6000fcatalyst tukes. CEushdn the
p&%’rgm ed ﬁ’fbt?\ﬁ{j@?lt 1B %ytﬁg’?&rﬁeﬁ%ﬁ' by fraér‘?{e{m?s’(%%ycﬁ' W attritus

appr ropriate
cean @er@reaeat@d wbstwmaelwrmare g%%dﬂé!, erL@@eralﬁotpsé appropriately

rggg,t &ﬁ&gnﬁ&@r e LREUSH & 0{9(5} ana@ BeAYgfiy aldsstin qh@u@ﬁal scale

pwb&d@m r%ﬁ%sﬁg; g{grg)dymﬁg%pgp&%w 85%%3? cpngra/e is°Rlwever,
associated with a correspondingly long production downtime and therefore
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
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.
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30 has to proceed as rapidly as possible. In addition,
a pressure drop which is |ower overall in the
operation of a tube bundle reactor having a nultitude
of catalyst tubes allows distinctly nore conpression
ePE0PP00668@3saved than in the case of a single-tube
reactor. In addition, especiglly in the case of these
reactors, a very uniformreaction is also desired in

relation to each of 35 the individual tubes used.

However, this can only be achieved by uniform
chig §avig ssibstanae lﬁﬂsblrwaqq@r%f@er%mh%wvgagon AR Ryinciple

the awyeémaﬁcbé HIEh S Mé@ﬁa@ﬁd&l énanuara‘ eomigods I(BO%@tand 1
charg t.he cat al artic

b
cooosss dlurise Mo Gt oiiedtintianf ThbkgeSantc o o
winohe tligeid wmpiauodsnﬁy\el liguyid isubspiree  trayaagditiahaltyanomprise

n d
BRS04 AR RS B SR EERSaadgbsonea
neMpee’der migums of tm@r mptﬁjdﬁsekyﬁg@@ﬁwu”me l'i quid
substance may additionally conprise dlssolved

“subst ances, whjch refer qui t&sgener to i ndivi

dinsa ereiearedmpadinrntothapaaliskpag reoaga with 3 fiquid
dé fsrhNes! vasiopaenssiecioa auph ehat rtied ;ﬂ‘rtiolésrmsmd foheharging

b AbIEL R BB RO, e R 0 s s

ualﬁmbtfgb'r tb aggantjatice npempesition scambshangse in nthe case of a
t&ﬁéé %IMU@%}QHQt tfh%@UbsBHc% Qﬁtetr hrﬁ? ptrﬁ)swé@ﬂﬁgractlon

quant it at tive conpositi on can cnange |

Wit g Cafas! Paxticles, th@rch@ﬁa?altq%n%%%qraﬁf:@ecéﬂv@ﬁvgﬁtance
' ﬂ@rﬁalﬁg)(ﬁicﬁahgé@‘vﬂfeﬁtpi& lcgmesvmfd‘lcérlﬂéc@mtﬁhblétcatalytlcally active

part i cles, the | d
g?aﬁeg‘p?ﬁ't'f)@nah%”uﬂ?ﬁaﬁ%@s&\hgan'%[esc&%%sIaﬁﬁ’li%ed with a
cmrhaoi;ltlmn twhithés cafineg tin cietaily below, er exxingte in the form of a

Ct?ﬂﬁgﬁ ' Wh?drh c\%’?& §é§m8@fﬁq&] 3685160%% f'lﬁsgéﬁlﬁoﬁd@eﬁﬁg liquid

et al
f@#b%&@@f—pl b6 naﬂﬁéesr 664 dor £harging GOMRKise: ﬁhléofiﬁmp%hon in

;%i@%b||§@mﬁaﬁ@é<? f?:’g‘? ggdtﬂlgw r .dém Hhél'ébﬂalyst particles are
ar
RPLABEHS MR AR SSpSaRERS MG COREHER GoRTRIRLS Paving a

O(V@rhplddmedtgrwwnbtlcmwgroup foapableadlystactian t orcwetl aac@mposition
CEmmBIERR Sl bR AN LT S5l e, B ghemical
ceqzrapbauom afélamllqmd sulrstaniaehmayoaf moosse cbang@dﬂpewgmpge as
SHORRALIFARI R fparha bl aengee promiered e
course change, for exanple as 25 a result of any
dSMitsEEleSIFq%Ri §@b§t’aﬁée§’l&e ableh@y foaflidorg@EE alnd 8/yanic liquids
13(5 Ll f'ﬁ?‘nes%r}ﬁgllsjdgrv&atgrelneocnta %efo[lg%orngrn aVents
YRSt qraa 9 9
such as HCIO,, HNOs, H,SO,, etc., organic solvents 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, dibutyl ether, anisole, dioxane,
tetrahydrofuran, mono-, di-, tri-, polyalkylene glycol ethers), ketones (e.g.
acetone, butanone, cyclohexanone), esters (e.g. ethyl acetate, glycol
esters), acids (e.g. acetic acid), amines, amino alcohols, amides and other
nitrogen compounds (e.q. ethanolamine, diethanolamine,
dimethylformamide, pyridine, N-methylpyrrolidone, acetonitrile), sulfur
compounds (e.g. CS,, dimethyl sulfoxide, sulfolane), nitro compounds (e.g.
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and mxtures thereof. These include water, nonaqueous
i norgani ¢ solvents such as HCl 4, HNO3, H2SO4, etc.,
organi ¢ sol vents such as nonohydric 30 al cohols (e.qg.
met hanol , ethanol, n-propanol, isopropanol, butanols,
pPRtONOI056428ycl ohexanol ), polyols (e.g. ethylene

glycol, glycerol), ethers a gl ycol ethers (e.qg.

di et hyl ether, dibutyl ether, anisole, dioxane,

tﬁ&@@gﬁéﬁe&)urmlow&arbghs (b ed dlgﬁlloY@rlnEtHa‘?t'ee QﬂhY&r%'form |

t one
ciptriaghloramethgne esﬂ'@?l@f@%thgnebt hiydipsarkans, dPygz ol bgszene,

e?ét??létrm agtrﬁe?egﬁgaﬁ)m gfrﬁ%rttﬁnémt Hxarmd nﬁéptaﬁgl n@yclohexane,
r .nitrogen oun

PRI HaNG: SERalD| FRMAICS et PRNGHanIOHEne! xylene)

parid ehixeredNombiehafbmmentiordansolvatet oni trile), sul fur

conpounds (e.g. CS2, dinethyl sulfoxide, sulfalane),

nitro conpounds (e.g. PF 0000056423 7 nitrobenzene),
hahe ligdidesdostanes i§ @referably setactec froemwatartanst ofenia solvents

t\%fc"ftcﬁa% Oéf%dtﬁgfﬂotcgt of; ’ap@ri:ﬁessdr)éd PGNP BISmore than

enzene eum et groln,

e
hb&& Imapsrerific apbedimeahet he h@@rgyc arac?pe)r%ﬁ@?ected from
dgafdr mvater-ﬁr@drbleSo@aatc @arrwuhqeewhtcm nave a Yilieigepoint at

|r»tauﬂar”359ra§§arrc§1 ) o Sl R AP LA MO ib ot g

orgam c soI vent s Whl ch have a boiling point at

RIS BbEtanbeldD f?tf ;5'r%c 8anccRfiGg 1é 't’hé‘lnv ntion
BFe R3S ntetiy Pl Eprockae

ance 15s” sel
fcmnmmwlv%m@rgmn@armrgaalpwh%am’ﬁpéht@weam%hoﬂmg

ngé!rﬁt Bhg%llm%rpﬁblﬂt aBbtanthANgrss8ups esattheof(rhord tHarP100°C.

m xt ur er eof en the |
saddaRipcdisgelvadi Wotrgt%”'ﬁr%&&é%n%?@céf%h }% gyamRle, ' Ghefl metal
| halerds such aomMuCisas K salkslate eadh gaeiat helides gach as CaCl;

AR MBS AW B LRGP P PO 35 Such o NegSO:

t ameh @890, Glkaliametaldiagdoblkatine rﬁﬂrgtarrnetaédwﬁr@ﬁde% Such as
aﬂgo%%oﬁﬁf%ttm & %UIT&@&QJISSMC’ desaridsiba@antaslare, for

earth netal es ‘such

2
SPXEGE, 221 46if5 SHENaRS ARPTE R ADCeSATCH B Tadrc acid

-St#id@@hﬁélcsatﬁdil mrléﬁiéﬁﬁ panthdea8fic adillapaimitit alcidamargaric

L3, AR et o anits etRaiggihoceric

aaeid, paimitelenptid, dleittacidciidslekuahidadinotenic acidi elaostearic
%&:&g O'A‘fsoa§ itho)d ?Har hior C'ogoh%(r)%ddc ﬁBQ ¢ acid,

k- ko , pentadecanoi c a ic aC|d
margaric acid, stearic acid, nonadecan0|c aci d,

afrf‘ﬁ*}%r% eftFédjerrthﬂ?rﬂieﬁt 3hb q’lquld SNORBAES usé@'lﬁl accordance with
amezjvnvgmtg%;gtsgﬁptgstange (as?g Ityprcalllyna(?lscge Iu(s:.eg to prepare t‘te ca?alyst
particles used to charge the reactor. This may, for example, be a binder
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
Catalyst 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
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25 acid, etc. Al so suitable are nono- or _

ol i gosaccharides. In a preferred enbodi nent, the

I iquid substance used in accordance with the
invention is a substance as is typically also used to
RePape0dsdd2 at al yst particles used to charge the

“reactor. This may, for exanpge, be a binder 30 used

for catalyst preparation or a conponent of such a
Eﬂﬂ:?'ﬁ uid'ébb%'f?ﬁcec is Br%fclfr‘éﬁﬁ/ 861cbBe oRe NeerBBRIbW brganic
een renoved fromthe catalyst, 1t 1 s generall

FOERPHN WhICH '§ﬂ@H§bUWQW§tﬁﬂ@a@o‘?ﬁ%‘ﬂﬂ?r}ﬁg&& Cy HeAtm) and has

t(‘aﬂg)@irll‘)‘\@t pdgﬁf bt Cs'uﬁﬁmamah rplc{hlit_eaﬂ i;tf@n'ddrds pkﬁsiam@eu kmf‘n)_r@‘l more
is charged. is our l.e .

BeRdBRECoRre By Baututhalvipdp AL TEIBA suRPRRRE] e

donhacit & rprapdSticravdlighs cowprsks atsleast esel Qompoum\@ which is

SERP kP BapBRERELRARons |a0®, ) ot Dbt S organi

aopernd Whichckas s bailiftg #eindppaEuRimalicppPaigt &l standard

ﬁg%@tﬁ’r@’@%ﬁ?-of%or@hﬁah 1@uPd. $HO MR GRatdfRshtiehcompasses:

er abl | east one water-sol ubl e organic
compound which is liquid under standard conditions -
(20C, rhixatires eingt kst oacbwatdragiyme rdrganicsedrhpoand ovhich is
poi nt at .standar r [ 1 at o] 10 ;
Pr ef erl}gﬁ’é Lilrgdje?ugiaﬁgs?%#@H‘téggugb%g&t @Sﬁi %’E‘??bh% g%anqc
subst aswepound Hissslvedithersin,a conposition which
conpri C [<hid bl @i
ot andap s D FEkePAggeaTRRTEne ! or gLy Fatsh celuble

or gani ¥92BEng0RAUNthi ch has a boiling point or
sublimati on point at standard pressure (1 atn) of

The aictie, Fompongate! Bedidd EPERR (NS (SRGUR R Cordahte with
dbepdnehtishi dh preferablyuistleiedr fromantenndlyoatst components,
taﬂﬁwo%fgh' cﬂ&%{%?e&?arﬁ,%'fslQeq;egmsgﬂgponpound di ssol ved

nerern, ures of water an t least one (solid or
liquid) water-soluble organic conpound. 15 The

gﬂ%ﬁ%gﬂ ggﬁi%‘t{tﬁﬁboéhgoriﬁshnﬁré ﬂ'th_@;édﬁutﬁmﬁ‘,m?iichidmm%ﬁ@h itl"fedliquid
. . | i s.prefer : :
fRIBAE NBFIANGEP; %,B_Q%M;@ﬁ@a“ oty o 2o’ f05§5°2°°vewe'9ht
Qbfi \ﬂ@l%ﬁi;aﬂdaffrd)meﬁo t&{] GOW&FW\@S@M . ar2 Orgared eorrgmlmidqﬂjssblved
CONPOSI ns _are the.. t ' -

Ao bhaaepadedBRARRe N LRl biheT R0l s ebdis then
afreferably2idomo1 @ 00639 Wy whight @ndwviat partigular fiogm20ota 0% by
8‘9‘?@” wei ght of an organi ¢ conpound di ssolved in

wat er .

The organic fraction of the liquid conposition
to be used is then

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
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.

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
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preferably from10 to 50% by wei ght and in particul ar
from20 to 30% by 25 weight. Suitable organic
conponents of these liquid conpositions are in
particular nono- and pol yhydric organic al cohols such
®F 0008056423yl ycol , 1, 4- butanediol, 1,6-hexanediol or
gl ycerol, nono- or polybasicgorganic 30 carboxylic

aci ds such as. propionic acid, oxalic acid, nalonic

24| atQJnUt%rrﬁrngfraﬁﬁéd v?r‘ilcl‘?alh%'sc edrf, eﬁfﬁ'dyédaH‘bOh@tbt&m the

such as et am ne or di_et hanol am n nmono-

palajytinadly| aptive GogaResition Feafesgnag & | M%ﬁarﬁl\ﬁ%ﬁ tgy those
acoRfidridnss Whﬂ:hohm gaspeseats dﬁ@xyg@h oasr '@ieumla@tlcally

ggﬁg%ggi%%%§ﬁipos acfgr?;%f%e' glﬁpg 8*@2(851%' gmperature.

raopgasHoug mmi’mtmrhst Aeokhssteated tinaedaibbglow,dt is an essential

?%%Eg%] §F Ll'?ee%%%%ts};g bid] rt@g@é]ﬁn\%’ntlaﬂk}h el @élB‘_yst particles
060005642809 the:a@aqtm@@raﬁnwmﬁﬁatami@avmaéhveha@m@éﬁlon as

QUBhON&H A pPBédsHr Icdehp d‘sﬂkﬁi W’d) Cﬁbbdrea‘ﬂﬁé \t%t;lﬁt;}cally active

conrp03| t| on” Breference i s e
PRIt raFER! GamRastion JSlBBalY $hjged 1o a
QN@rrmélhﬁe@m@tym orddryto aohvere X0 dee cxatplgticallyoactive oxide

el o : . .
lo&)ﬂg}ovs(rhé _'tcga.l&ﬁétﬂrﬂ?&?fr&gt d%?;@%&bﬁn? 'té‘rtngerature

||$ <|a)oa_ﬁ: érespanilyk 40086tandkinohosheagssoe 388° Gk iy gemeyally at

tl%a§th?5 e&%‘fé’r%by'af e féﬁ @i %Ak lﬁaeéhleh% atue@dt 80°C.

nprise he cat al

tical ct.i
hsmoUanB tohavesien, BRICHENEbanEGEaYS Iabid sisHaNges are
ARSPRIWR LB FHADYiInt adktandaed pvessueenpapbié d00°Guptefarably
precurss%{ conposition is typically subjected to a 10
eatnment in order to convert it to the
catal ytically active oxide conposition (known as

S gl Db, S 58 L Rty ar

IQVGQOWQE(CBSDVM&{G'I @RdUress0C, preferably at | east
200C and in particular at |east 250C. According to

i RIS HATIBS UGB inh B ARG Slolne Fafctor preferaby

Havedargdnpsrassfulicuid Substaree160tompo&setcahDf%e bybweeight, more

ROGrRE AL 8% B hioh M ARER TR pig . 2% 7 ot

riasedrarsthefCotal weight.

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
by 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
substance present has to be determined from the overall mass balance of
the preparation process.

In a specific embodiment, the catalyst particles provided to charge the
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_tq?en%@PﬁlW'sﬁa%Qr%‘éf

The catal yst particles provided for the chargi ng of
the reactor preferably have a content of liquid
substance of from0.05 to 10% by wei ght, nore
preferably fromO0.1 to 5% by weight, in particular
RFA000656423 2% by wei ght, based on their total

wei ght. 25 The content of liqid substance can be
deternmi ned i n good approxi mation ~ by determ ning the

_"r‘@é&m cbﬂﬁﬁ:s%hﬂe Ifqﬂgj §@$§5M§é uP@éEd)&ét%‘éj fé@r‘i‘ip'hﬁ Mddohtet of
qui d supst er :

ance un 1N

3@@@%9@ INvegfiognan ﬁ%%ﬁc'atﬁxﬁelu'ﬂtﬁ f% é%*{eaﬁ 39@ liquid

(rﬁe@iurrﬂ}wlﬂ!-’rﬁbdrﬁbnsee Ve ehtalye ophideebd<is ﬂsﬁbhglﬁicaolnltmactlons
ca ﬁlna i on

ot aqplRzdl R At e % ar G e RbL it ShihbsBpurtace
Iwrich cippehss @iscallypassih, ey thd swximumidegres nbdatyation of

BB P ROE AP BeeblReL Do cont act i ng wi tht he

quU|d substance is effected in the course of the

Fl{c%%?(']lﬁ 't@@h@fnﬁe'hﬂoﬁaﬁ%' dfthh spééﬁlbielsaé%ed ibecmgéﬂhe eéactor
qui d subst ance Igr es

I Brefinss AorrAhdeebdeive
Idrxclacﬁ ZCEetgﬁpt)é&ﬂor&n@@dsmrﬂ*nt A tdaealgzmmiyyabtcl)\gmrmutﬂe@nent oxide
Boine o RRBlY il Shple M dRP RdGRictg BoBibREicaly, active

tdoenpasitierk whi¢h .comprisgsr thee metalsy Gust bike adinothes orerroErgen

,'élé’t’ﬁ'eﬂtsSWH%harﬂﬁg breeﬁr%éénf)]%u%s{dn@iﬁll)‘ijln Bﬁi@IdJ@n‘&hrh&hn metallic,

conprises t basi's

SleBEREY) (SHE. TOUROLE PadRIBiAAe PonMEtas e a? (gtahamount

aof | AlF voH- cp@@eﬁ éxerrtéms Qﬁttﬁéy@italsrtid&élqcactﬁ/el\ﬁmmhelepmrwlde
wsualle( as s maxi mu

d o
Sortirentan et o LGV, MRl (rGlecesly s Bost o el In
Axpecrfm:l ngmbmdiheni, nvibwet i catalyttically atadtivet padtielemest oxide

dGhR Y rrgo eﬂt?lu:i)tn PBdegQ:oPr‘P;S SRIprise a

ursor co rather 'a catal ytically
act ive 10 oxide corrp05| t| on as such. A catalytically

atd tayst 'p%'rﬁiﬂ@é‘tué@@ Ge @@m@émde afith eher sventibhehave a
context Of th vention to _a .cat al é‘lcbcal ly active.

GSsLealvo na%mec h O&Siﬁpr F%@QO?'HQn met (BusthdaRierizef by
@dm%tamrawowtgemde&jm@rmw bitioér mesigiite lqesedrerthp course of
AR Nempertuti, Yo eE "SpRaly oo feC caleination, The
oatalyhcalkyt attiemcompobiiosf pegdentdn- ey gatalyst d?ﬁa’h@lgsolﬂsed in
te{b%o?&’érféleywutﬁa{h'eyun%hhc‘!ﬁ \WHlefé o &sE! td@@tﬁ@r with the support

cor OI’IS@I| n@n%?/erlaﬁw s . nore pref era}1 a¥ o

@y@,lghtdomdhe,&qurse e |ng to 300°C
GiHcr Vdit €Y bile afiur W8 dfuinbseb&BB 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

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
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
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~conposition is a pure nultinmetal oxide conposition. 20

The catal yst particles used in accordance wth. the
i nvention have a catalytically active oxide
conposition which is characterized by substantially
¥t 000QRE6ARAINg any further weight loss in the course

~of heating to tenperatures @s are typically used in

the cal cination. The catal yt| cally active conposi t| on
t [
CESFIL Bl A8, Y Mo, s sl prepared, for

t
wxamnlﬁ,e feom pexigles nipeaselyes @ efréf"hkﬂ%/mf?%é”c{é O%p]tcan be
'c%ﬁ@ehé‘d tihoxi@RY B Hé‘atlhgaifl &8prbpriaelia th@n@@se&ce dfasxygen.

f
bl b R aasder SHbls, TRUFa! g ehbes,
lmtataté? 58{céi1|¢tew®ﬂboné:tasedydmuelse etat The w@a@hg afmpbends
ca | ca
by il o SPALY SHRE PLEBD e  sBctoc i o
émn,pﬂmcemsg fapmpargids preepapmnr@rhelart@ewbm .fwm_ ot fine
bedwaarpéﬁ anfel N QR (:%ﬁ?ﬁh’dﬁbﬂglftQpérﬁﬁnhfé/eﬁﬁbjé@ted to

not restricte use of 6} |
&)@M’éaté%}rd'&ﬂfw%nﬁfef%rﬁ?éﬁ@ﬂ‘@”s@ ] f?&tleattﬁﬁy@ﬁ' ﬁ ?"X'”g in

Qr@é’('thIaranlTQBi@&II)]i 1188, staRidgsdampoungishateemixddswitheone another in

A5 bl a Bl St R P AR YBP B g3 qudly’ % gayeous
icompasition ps edrezcatzing taleled difter diglingdrRreférengeeisi glven to.

oel?ite%ihﬂgqge BnyH@ qtﬂé'?é‘tnow Qér%? &@/ @' ?%@?dv&fbraiigtamed is

conver 0056423
graaqueintly fownqhm)b@pteo dine. fOFerremrfgftaﬁberOC@)%ﬁ@igc In these cases,

GOBRAS bkl RAEa8EE wrtﬁpad@monf@r weﬁéanwh@ kﬁé@decpmoiﬁposmon
t hensel ves or fro can be, conver

tQPt%'QPGé%SHQS‘FF&%;&W‘WgSUbﬂ?CIf%‘gE? 8%'PI”§E'8”|%§’dttﬁ‘8”@’ 8%‘%?%9"’9 a
dinecowidieractivBlidradsiticnt. aite ogjcinatipo wodditione,aré known per se

qéet (%see Qahécgeﬁn t'iln'” Cr flfgéeggéﬁéus R_ﬁ?fs?él@t &kidic active

car bonat es, drOXI tarting
conpeasidens. cHre mlmm&tm meramremaw Hseletbepan ﬁxgt.hyrmlc or

fé?{d&hé/?ﬁ'ﬁe rbcdsy effected in dry form the starting

compoun re approprlately used in the formof fine
powder and, after m xing and conpaction if

ﬁm’h@pfﬁeaéﬁed Sﬁbjcﬁfdrtﬁdtrbfef ot?hlﬂtlalétnm oxidees@npositions for
ce is.given e

SR Sas sty fradlions, st el debioRisde BV fey of

m»amblm vulthelememd tdxede ncnmptolsmoherwimch ane paiculasly suitable .

sl yd gptl\% cd %ﬂﬁ)’ ofBr dé %U@P% heﬁé@g@ﬁé@%? catalyzed

conpositron s I ned
Rrastialr m@hagyemx:@amrb of 3§fcf|@'@t iOngcer@ agidyi @fgmethacrolem to

GREfHAlchAR Q&dSfoaf:!rdE)%)ﬁbnﬂ) atRfleiROMBE rofofdrBb ol Sisobutane,
frequentl oun oo fine for direct further .
ﬁ?%@@ﬁ?néf tgnt bpﬂgsr@eg‘gyiégher 10 methacrolein may comprise, in

addition to the elements Nb and/or W, and also Mo, V and Cu, additionally,
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.

‘Suitable active compo_éitions 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
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15 it can be kneaded with addition of water. The
kneaded conposition obtained is subsequently

subj ected to calcination and then ground to give a
fine oxidic active conposition. The cal ci nation

- GMA0Q0AE6A23 e known per se to those skilled in the

art for the various possi bl xidic active
conpositions. The cal cinati-on operation nay itself be .
. r . . .
BRI o eat e R AN R SRaioTey
conpositions for individual gas phase reactions are
det ai | ed bel ow mege), W )} x@XC o XexRan! e. Ml ti(gl enent
oxi de conpositions ich are particularly suitable 25
as the active conposition for catalysts for the

' heweicroereniEbecaimbactedefinet 85 fllogas phase oxi dat i on

of acrolein to acrylic acid, of nethacrolein to
met hacrylic acid, of propene to acrolein and of
D@r t =butvndb, TasGhandios Ce,i sobut ene or tert-butyl
t hyJ fi; t I pnay conprise, in
ar%di ti o?dtq'g\“t Eg glgénrr@ﬁ%@/ﬁlszghd/ or W and also M, .V
and cu, Skiand/epBhl 1y, 30 for exanple, the elenents Ta,
& Ce, dNe orGRordglkalmetdn’, (L5Na,B( . RalGs) i rmetal (&mng/or
Na, K, Rb, Cs), H alkaline earth netal (My, Ca, Sr,
Ba) , "E‘si, A, Ti and Zr. O course, a nultiel enment
0K de- acnieve morgalkalineradb evetals (Mg,doa,dahce with the
inventé%n may al so consist, in addition to oxygen,
g&ly of’ the elenents Nb and/or W and M, V and Cu.
S t &bl Al, déend®rdnpositions for catalysts for the
gas RhasgRvitgadion of acrolein to acrylic acid, of
nmet hacrolein to nethacrylic acid and of propene to
&erolei AR 8- ¢i culariy catalytically active
reul tizel éreen0.%10 ti®, PF 0000056423 12 conpositions
\I@Si ch s ;Qgig)yt t foll owi ng general stoichionetry I:
12VaX CR5aX4eX5f X6gOn (1) 5 in which the
vaar i abl deoraPdoghch defined as follows: X1 = W Nb, Ta,
gr and/ @fororto® = Cu, Ni, Co, Fe, M and/or Zn, X3
b and/or Bi, 10 X4 = one or nore alkali netals (Li,

M, K ReMEdp4handr H, X5 = one or nore alkaline
-qart i reh@hbef MiichGa . defsrmingaby the valency and

frequency of the elements in | other than
oxygen. '

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 multimetal oxides .
These include, for example, those multimetal oxides | which are embraced
by the following definitions of the variables of the general formula I:

X' = W, Nband/or Cr,

X2 = Cu, Ni, Co and/or Fe,
X* = Sb,

X* = Naand/orK,

X® = -Ca, Srand/or Ba,

X® = Si, Aland/or Ti,

a = from2.5t05,



X6 = Si, A, Ti and/or Zr, 15 a =

froml to 6, b =
fromO.2to4, c¢ =from0.5 to 18, d = fromOto40, e
=fromOto 2 20f =fromO to 4, g = fronDto40and n
= a nunber which is determ ned by the val ency and
fREE6000Q96423 t he el enents in | other than oxygen. 25
The preparation of active my4inetal oxides |
i ncl udi ng the calcination conditions is described,

gpr exanp ?y o DE-A 43 35 973. DE-A 43 35 973 al so
scl oses pre erred enbodi nents within the active
ful tiFretl@mME@ 3. 1. These include, for exanple,

N tdhose- mitdrh mefoad, oxi des | which are enmbraced 30 by
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‘the fO”OWEﬁHg&%I n|t|ons of the variables of the

deneral frQsp =W Nb and/or Cr, X2 = Cu, N,
Go and/ drorrd®, to X3 = Sb 35 X4 = Na and/or K, X5 = Ca,

and/ Si, Al and/or Ti, a = f_rom 2.5 to
g PFOSM?&@BE@ —from05t02 fromO0.5
to 3,= adnwnbebmh@h is deteranined byribe yelency @dr = fromO

1o 1 g%r@éeib’iﬁé}%rh FotheWidrer which is

determ y the valency and frequency of the
el enerﬁ’%ygieﬁ-l ot her than oxygen.

Preference is further given to the following multielement oxide active
compositions |l

Mo12VaX'pX3X5X%0n ()

in which the variables are each defined as follows:

X' = W and/or Nb,

X2 = Cuand/or Ni,

X® = Coand/orSr,

X5 = Siand/orAl

a = from 3 to 4.5,

b = from1to1.5,

c = from0.75t0 2.5,

f = from01to00.5,

g = from 0 to 8 and

n = a number which is determined by the valency and frequency of

the elements in 1l other than oxygen.

Preference is further given to the use of multielement oxide compositions of
the general formula IlI '

- Mo12BisFepX ' X2eX3:X*On (1)
in which the variables are each defined as follows:

X' nickel and/or cobalt,

- X? ' " thallium, an alkali metal and/or an alkaline earth metal,

X3 phosphorus, arsenic, boron, antimony, tin, cerium, lead,
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10 Preference is further given to the foll ow ng
mul ti el ement oxide active conpositions Il: M212VaXl
bX2cX5f X6gOn (I 1) 15 in which the variables are each
defined as follows: X1 = Wand/or Nb, X2 = Cu and/or
NPF 0000036423 Co and/or Sr, x6 = Si and/or Al, a =
from3 to 4.5, b =from1l't 41.5, c =from0.75 to
Z.ﬁ{) Zalhf = fromOto 0.5 g = fronDto8and n = a
nunber i GOk ' t he val ency and
frequency g@?blﬁﬁggéﬁéﬂlﬂ@t%’ Il other than oxygen. 30
Ptef er ence $iKCanu@urainugi.Jidanivm amEo) ZECIURI i el ement
(B(ilgg' cgrrgqr{bmigdggseogf,f the general fornula |11

i aFebXl cX X4fOn (111) in which the variabl es
g)e each d f?'ﬂéﬁgﬁo ol lows: ~ 35 Xl nickel and/or
apbal t, X2 frdval3 taut®, an al kali netal and/or an

kaline e x3 phosphorus, arsenic, boron,
ZCLti nony, ?f:’rg%'q @@?%% | ead, PF 0000056423 14 ni obium

@nd/ or tundsererf) @, silicon, alum num titanium and/ or

girconium rémfd P ahgd, b from0.01 to 3, 5 ¢ from

to 10, | Trom0.02 tg 2, .e fromOto 5, .f
th 10 and IS a number wh|gh is cIetermmed by thef\rlﬁglngy and

frequency of the elements of I other than oxygen.

| The preparation of active multimetal oxides [l including the calcination

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

- the active multimetal oxides Ill are suitable in particular for the catalytic

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 il are also suitable for the catalytic oxidative preparation
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 43 35 172.

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 iong side substantially vertical for the
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
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
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nis a nunber which is determ ned by the val ency and
10 frequency of the elenents of Il other than oxygen.
The preparation of active nultimetal oxides Il
including the calcination conditions is described by
PF A0000364239. Coated catal ysts prepared with the
active multinetal oxides III re suitable in
particular for the catalytic %5 oxi dative preparation

%ba%ffg' ﬁ?&e{a{bg*n iR" P %e' fro OB 261600 mm, more

enera eac cond ’ons or the catalytic
owenﬂ%nabbhot)from Ppie! Q0 e 81Q9Gmm. ant"%ﬂtgH?' slareetes £ the
| idsevdrsfiRe fsoﬁféieidbl \Pin /A 48ng8 7@ apsuti B 1951604m 3inore

957. ver, the afo ment ned coat.ed ca al s_of
CHEToaDI e AbRHT Hor 50 TER J&'E@ rai SEHE langyT ol eSgsistor tube
foritg h%n@@tteaisypnetter@bl)dabmma by ¢D 00, |mme2;ﬁre{ﬁrably from about
ngtchﬁ{)Bl ein fromtert-butanol, isobutane, isobutene

or ¢ “butyl methyl ether in the gas phase. The

general reaction conditions for this catalytic gas

ggﬁ%gaé8§%$é BQBﬁE&)&Rﬁ%@MQgeéﬁI%%’&ﬂHBieefor'dhaD@n@ ctors

351
awbighdaiegdesigned in fbe dermefi b J?lt@lﬁr éegﬁggﬁfﬁeltw% catalyst

L mroecretaawrag Aflgprehpfd%s?n @ﬂ:sudlesreaﬁtlor$ tcpnaibvsof zygensrally
rtres are aeve u I

PGRR A ReReS 5. s PRI led el U LBSde) s

cdn@crcgnmoﬁatnd irh &/ pigedlyr vertidawatrangement dterousefin catalytic gas

[Fﬁé(éé acTBﬁsS%ﬁ'a} Gf’mésgstug@s ééﬁtﬁfyfgm@ﬁ@'&%ﬁf&s a filling of

iIghed
f@rcaﬁaivétlczadlypmtw@s@rapow@m & 19 2 B[ﬁcué‘i%r%fy PN A ComDOSItlon
a’ﬂ?é E%Fri% ethbgéHH%”bf {ﬁébaﬁﬁ%ﬁmblﬁ’es ard sbaiddth seallng in tube

al | t
Blatasiang aRe inte 5 hosionRd 1 dfeyasea ABUE GPPes ppd gt the
arowengawd eTtg‘bhgh rthgse thHooals, di gas wihich flowsaheougfe the catalyst

@:PJ {3 rexgi‘f{q%(gg%f? ng/b gué ;tgéegf ala he| %Bﬁ Sel’of'(g'ylng and/or

chmmgawrrtbecfemt@rag@s glgHERatGa tmn‘ednw FiBpeed. [Bis possible
Qsé’h@%ﬁ eRbhand e dia $h’f‘6§ Hﬁhbaédeﬁée%dr%ﬂrﬂf ing tes Satalyst

sec I on e process accor e lnvention Is

phées dbi g5l ot e (@it tehes @ SHTOURp PIacEs, heat
g gﬁi}%yemb%%rédslb?gaatb%f havgtal |edstt5000; eaefiecabliPrat least
r
Gtel, eyl s RsLar Ay’ B il i, o
1éfmnpte 1fPor®005nB00 Tive 30n08OnGuitablemdeat @fchange media are
1 %& s 5H@E§U|H§1 Elﬁé?‘{i@@ﬁysu'c §t?§ﬂ1earﬁd 8&1 hARMt S5 to

M~ nor e pre ofaout to 50 mm The

“ratio of the length of the reactor tube 5toits

S?E?‘;r a%‘ fo%gtrﬁ}]flgé ?ﬁn&éra’%@ol‘#évé’- éépa%‘@réb@o(gr%fe%t ) diameter of
from 1 to 0 mm, preferably from 2 to 30 mm, in particular from 3 to 20
mm. Suitable unsupported catalysts consist of a catalytically active
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
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.
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The process is particularly advantageously suitable

for charging reactors which are designed in the form
of tube bundle reactors (nultiple catalyst 10 tube

reactors). A typical design of such reactors consists
oPF ®000066428y cylindrical vessel in which a nultitude
of tubes (a tube bundle) is élccommdat ed in typically
vertical arrangenment. For use’in catalytic gas phase

reactions, each of these tubes (catalyst tubes)

conprises a filling of a catalytically activ

cbing psdeessnaesordingatopthecinvestionis pirfarably éHﬁé'?,'iet fopsharging
%a&&bcﬁlnhycoéﬁ‘a RAtAyAE. t(ﬁ@atéét éét&éﬁlsté WRBpAse a catalytic
secured with sealin |ntu es n&lﬁgpenlnt & ont
heRIaPPYtinR @PPed Ha é§§3|f°r:5'ﬂ te ﬁeSWF may; g présent in
| ipeeforendf sphemmsghirigsesylimdeds cubegiasubvdids rorf bibws geometric
thré)ugh the catalyst tubes, for exanple an oxygenous

n the course of drying and/or calcini ng, or the -
react| on gas m xture, can be fed or renoved. S

p?ﬁé 'sgéﬁoﬁ%ét%rﬁ%s ﬁgﬁ@fers I?/rlfﬂégﬁ%c indrtt héo‘rl'ﬁﬁ/ étﬂﬁtantlally

pace rroun ata yst tubes in ord

he
tm nehtriervenetin 6’@% COHISecRffie gRsditase feagtion w ich fs cata}yzed |
A@S"ﬂ%”do%&i )égteﬂyéﬁ!@ L}é@ﬂdbéehﬂaggtgrﬁ@&%feth@t pdta)maetate support
e ecact.or u
(poPealt Sariesh arenir. parfiener AURIER. SLEST bidg; dfaedsflon as
f¢|am k50 Osteati?) fOice Saiurainuen Isélaateemodanmggnaeldma silicate,
5 t
oudy pAIE . iRl kg Dand Dy eﬁ’r@eﬁ??ﬂ?f"s Ravaraple
acoramaraighy @gad@hl%upp@ﬂ aertQﬂ*It & 22@ from eefymiecmm

preferably from?2 to 30 mMmm in particular from3 to 20
mm Sui t abl e unsu rted %]atal Sts
ofc

c&& st ?] g
cAtyantageaysly, ﬁ’@[ RoroROdh Scioughy since increase
AP asy réu nuststhaltyf resuits b lircreaselt rsihes®nsstagregth of the

d
S0 Byl S0t QLB poRRERCTAF S, HEoARBsE®, o
t thies sepplort i odys lqo@s;@flemtﬁy tio thedranget frem S8t ar yka &a40p »m,
grtéfé(r%bﬁp%ﬂ?' id0' 8P 48UR) ‘i’@@ éofn %éte?hﬁrﬁ‘éé acf:@l“dlﬁg(qmm 4768

bricants such as graphit

S§I@%@tl ¢ wihag, "Remmsl 185tesnigpi IHH\?EééI gﬁé"f‘\‘f% p}lrjfgme ers” from
r Ielbf’rfrﬁéI‘?r\}éme)f’ﬂS';IEH?,i §uﬁakt§é1 r@?gﬁndse{meﬂf iogdda s esp@@bl&yspoa‘erred
i con car ot assium & e
Bbef oG osupipris, CBRiRBsEt no S e 224 didR feliftpe. The
tkl@p;sd‘rapnam@naa hiayube [sarbes acromporaus.cbhpaxipposhmaterial is
TR0 AR 055 BRI, oS o v
i su;mcm bod}oI<y1°éme§ﬂU@eb or charging reactors with

coated catal ysts. Coated catal ysts conprise a

gﬁ{,%%&:p?q—hggyp ,ﬁosplr%!@t%gpgptp Hee%quoﬁogééug zgr% suftgblg for the

process according to the invention. Their longitudinal extent is generally
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.

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.
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" particul ate support (support

5 the formof spheres, rings, cylinders, cubes,
cuboi ds or other geonetric bodies. The support
materials are preferably chemcally inert, i.e. they
subst anti al | do not intervene in the course of the
gBE 0908066423 cti on which is catalyzed 10 by the
coated catal ysts used. Usefujpmaterials for the
%odles)'are in particular

af‘-"éfﬁ?cﬂ?ar@r'e‘fé‘r?éﬂ Qhﬂ?ﬁla‘#%upgbh' KGi€S haveth fhgtl§ lofYrom 3 to 6

e exieenalidiameler offidre ok And 3 FALghI eSS of from 1
X infif. veﬁy bambummpﬂef@xem i men takihgs o@gEmHTed:nya]’ hy'n x 3

AT R IR ARcleT adehglf f ew@@“@ﬁ&% By s

rough, since increased surface roughness generally

r?ﬁ%"th&kbgsé X Gtﬁéséaéi @lﬂ@ﬁ 9Bt rc%Prgfcﬁ.lt r sur tﬁ@pﬂ)r'e%grsor

1 C
r@m@mve@sthﬁzswmort ggdxs Lﬁo@@mopgg@y ggngradly é'iO&‘BIKQ ﬁ°n1 Q@R um.

réﬁﬁ&léﬁﬁm %Qe Q:'faséooft Qnr&QQr suppor baulies,e @*ﬂér)énbéqm &0en to
or 40 td det

d acc 4768
Chaio 1t T LA REE0: 0 8 BN T58 anc vy
ppaditBle peéfeterma toHaomed0fetok3)a uihe sur face roughness
mentioned is especially preferred when using supports
conposed of Steatit C 220 from Ceramlec. The support
nihe catdlgstrpartitles pancss peepared hyr kiewvn PrecessppoPieference is

”ﬁl‘i/@ﬁ' @ ué@ggédmﬁaéremﬁ&w cBﬁ'&)‘?@é@“& Ik]hﬂi %hb!i@l'nkégea@fdefmed

vol u g 0 ]1
wlwve/an@ i@ fispensing; with FNang gigpsguBichte Saa s fy ?fh%}ESta“ ially
fgﬂ?ﬁm?\gﬂgd%f?meah@ﬁusm@bﬁcé ?Pattlaﬁ: drpingcesy be ceffatited, for

V I,.on Ir lo I n {
GBI PV AR 1 eeeaks SHRE e b, 150sG, prpterably
ghotemotethesi T20°<hHaresyiog, agpsistikans mamacﬁxah@nailyl ke led past
hald S¥RiGKs! ﬁ*ﬂ@ rc:‘?’%lngsurﬁéJ @ﬁféfeﬁgﬂ) RSt m%fha?rpé‘@hﬂﬁu%rse more

used as sup I‘ameter 1s generally
f pesierably @otlroorﬁﬁhanﬁq)m"wt@@l ar from3 to 8 nm 35
When cylinders are used as support bodi es their

Eae o RS ARl e 3 i BuBTsA08 4 fblerinag,anove,
C&ﬂ%xfjé_\h;me ﬁgasscbchatedeformt hiechoabe for g‘omdtdiwabthy)pwdhlreypect
om1.to
[ERERR Y e e e
SCakaI)&t panljcleenV\émfearaabbtalmwrth@fsam%ﬁfe@a:fét'Qﬂ ﬁf@% but
A MAldyatnGliy &tbjddted '8 ldrying 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
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
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
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to 2 mm Very particular preference is given to rings
of geonetry 7 mmx 3 mmx 4 mm (external dianeter x
length x internal dianmeter). 5 The thickness of the
catal ytical |y active conposition or of the precursor
abl008806642%e support body is appropriately generall y

‘from10 to 1000 ,um Especipdly in the case of

annul ar support bodi es, preference is g| ven to from--

-1\9e§9t599 ;m.c@artéfcat %o@lr €. 6.2 By weght! o daxalyis &MY in
d very Gq :

'g'eyartlcu ar preference to fro

t
DRSNSty el Jivagsion; cPBwaLss Bo 2 eyl gy the ‘same
k(EtQWﬁoﬁfl@ﬁetﬁtﬂewnh&ﬂemmldnpr@ferablyghaenatredusimmg i the weight

ifBBsHdh e A geipn 4Bt {4V Aroftdl°b AR 47y BEdueiant,
t mofe breferaldy bt temist 594 by vs&ghitulri parémulaalat tFast HO% byuwveight.
Mbt%te eebof3 ﬂ@% ?érpéi{t%h% tﬁBydrBE 185 \ﬁvﬁltn e sa?r‘ie gartlcles the

%3 ySbPélﬁé}‘%ﬁapyepaiétj nr@feéabludw\@greedvgiga? %&Pgﬁriﬁ@ ohat most

g(z?tl? e n’ﬁr)/or@%@r%@' d)Wath@‘nob?Q 5@@56 wbl@ﬁ\t in particular at
refera

Giont ot b wAGre. Ypeyablt et abl PR RLELIER e

Zﬁrﬁat@dmpbsmamtbmlwsr\wu Ic:|u|atcommr pedferably dpei decreased by (a

Sféggotcraﬁf gh?e?agfﬁf/%i Q\?eq ﬁ?’o@e fpréférraﬁgaégﬁé t'1r5% by weight, in
r partioukar at lﬁaﬂaaﬁ%bwwelghtr esses. Th| s gener aI I y

exceeds the nechanical durability of catalyst

ticl whi ch bt db h
o102 £t NAIIChasas BOIRIA PR Plocass BEPGING 4o arpatgen in

St‘h@lodhédsstéﬁé walvead | lps$ ulghylyr paskesl, [bosgr beduwithaloees. bulk

g2 probet L SolaNR e, BUEARM biokafbs bfragg roactor
twbich havwd aglqyvearnt pessufe daemliy siperatien |tmde@@mfsg|wh|ch are
Vﬁ:ﬂggg witPq n%tgggwé}ﬂg,egube (material: RST 37.8)

an inte iameter of 25 mm The catalyst falls
into a porcelain dish attached seam essly to the | ower

el?ﬁésp@f:tn?é‘@f tHébSIpérH?hd é@hpb@lﬂohfdf mh@ cdtamldaﬂytactws material,

98 A8 IPLPRNISER FanrPoduRPries [LBUC . Dofantapiing the
O:f,upprtHBWltafadlqusj biylder and treabdtatytidatyp actse dosnposition, thus
n%:@ymgt a.y%elp%fgﬁéaﬁbﬁwpggmoﬁﬁortﬁé'sﬁpg&gfaergé shB?aau%r?tl partly
hweo\angshgmmd@rcﬁmommamha o metpgre éa@ C@ttala(st regicles, the
O%%é d@éifgﬁ 8fiVe MRIcFaPi€PHAGH YalRladt inTRS tirlsndd Rytditically
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
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
if appropriate. In a specific embodiment, the steps of moistening the
support, contacting with the catalyét 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
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wei ght, in particular of at nost 0.6% by weight. A
catal yst used in accordance with the invention
conpared to a catalyst of the sanme conposition but

wi thout liquid preferably has a reduction in the

iRk §9000864223ase in the single drop test (by a factor)
of at least 0.9% by wei ght, nore preferably at | east
5% by weight, in particular at |east 10% by wei ght.
I@g@ﬂﬁoﬁ%ﬁ@ 8k #Blh%?g{a‘?/ﬁﬁte'atch%s@fbet RensleRPrutigst Wi th
the san€ partlc , the” catalyst particles prepared
preferably have a wei ght decrease of at nost 3% by
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MRJRd Ib?r{der é}ﬂ%%&%%?& %lupﬁg tﬂ@rﬂrie‘w Sﬁlﬁ‘aﬁﬁ/eoé@rﬁébﬁﬂon (for

N princi
bempleawa am@gttateg| shanng |0y aa@@wd@f @@r@ms. PP&PPH%%QOC"GS

Z‘ﬁﬂ’c"" ﬁQ\é@ He%yxlemo@;tl?@é@ i§ GROAIrblla n’iahriehgaRelanme powder
B BN R shapared bhan 1 iy bittisd Bt alinuoys coating
cor ahgtoutat lsyrfacemiethemdz)émdabah or appéricad saippeadhodyy (In the
ﬁﬁ{éﬁbi‘?&lérgf% ﬁ@ f X%Hn‘b‘?lchysup"p'ﬁ_}r{ BS?? Queh d %mﬁ?‘é’éﬁﬂ}eemotlon

provi si o
cdoes yt sket plﬁt@s whichhis iwityudt reraalr§céuestaﬁhélly Uncoated

P ]
U M SSISEAS oS, by by oy o

JRIICRES 4BEVEXATE s AP s Ral ACRRTer 10T ASSPBRICaT doder

Aswngémmcgd 30 enbodi nent of this process variant is
described in EP-A-714 700. Afterward, the support is
initially nmoistened with the liquid bi nder, then a

| szequméd atbiei suppodt bdgys basicath soatednini thisawByr iBdtheoceurse of

f St ¢ y

S S Al o e RGP (4R8N ABBOana i
amoistaesd iigua @obiratied ManrerbdR QIdRk |19 %&r@CPLySP eMfolfiggfurther
glf%térartg?rgltog{]?%r Bl to | tAka §;t§’eé3|fﬁhtﬁe|e{ﬁ§@| Bﬁm“ﬂel*ﬂﬁn@écﬂ@cnve

or cont act i t he

c%‘?'HP%'l“OEon%S fntSﬁmEH@t‘? eABiI% 'S tfg?%eirﬂ{y Jotpregdred). A
apartnbamadcﬁ@nmgm ob thetmverdescribed embodimdmn asistedn the
lsggsfibility 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
surface of the support body to be cdated and of the resulting coated
catalysts can be undertaken in a controlled manner. Appropriately, the
support surface is moistened in such a way that, although it comprises
adsorbed liquid binder, no liquid phase as such appears visually on the
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t hi ckness of the coated catal yst has been attained.
Apart fromthe |last P F 0000056423 19 repetition, the
liquid binder may in each case be renoved fully. In a
preferred enbodi nent, the support bodies to be coated.
dPE 0008056423 i nto a preferably inclined (the angle of

~inclination is generally fr 30 to 5 900) rotating

vessel (for exarrpl e rotary pan or coating drun). The
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W cylindrical support such a conpressive
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documents. A particularly advantageous use of the apparatus described in
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
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.



10

15

catal ysts can be undertaken in a controlled manner.
Appropriately, the support surface is noistened in
such a way that, although it conprises adsorbed
liquid binder, no |iquid phase as such appears
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advant ageous use of the apparatus described. in
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splantd1todnsist generally of one or more production lines connected in
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
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 operatlon of a
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sufficient temperature, further additional heating may be effected using the
heat exchange media which typically surround the catalyst tubes, for
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
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,



10

15

20

25

30

35

30 parallel. Each production |line may itself be forned
fromone or nore reactors connected in series. The
products of the catalytic. gas phase reaction of each
reaction |ine my be worked up separately or together,
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ef fective ut|I|zat|on of the Wworkup plants, for 35

n'ge#agcrt&f ohqﬁe rg {:ﬁ e SN ;ﬂ@;?helﬁ ’Ql%r rto the reactlon

streans ree or nore
tcmmwtt me@ée@rt@dtm neRessanksSiafting eRRRIwEes 88dseharged with
areG@EMYador kup. The process according to the
inventidon is suitable in a particularly advantageous
manner for the effective operation of a PF 0000056423
ZPhe mvathtiohi farthet pmldnsmhesredctm‘rs wwiich ate ekargednwitie catalyst

P clReTEn B Paaol T REHEbIRes RSFrns T alBYE" 225

for t he exchange, requi red after a certain catal yst

dﬁﬁ"’lﬁ‘ theFeab&Ve- dé&ﬁlb‘é@t QH\Yé{taQQQUQ?)acﬂﬁ@ bl‘tﬁaemes these

tron continues int e mai ni n
r%C@rén@lf%@véﬁ*@mr‘@s’ss‘dﬁﬁt%‘%rfﬁf&?é ﬁ%@%fca}tﬁ@m gas phase
reaetiens. Wth prevention of catalyst fracture and/or .
attrition which is possible by the process according
to the invention allows the production shutdown to be
r €¢ invargiont alsa provides for the use af sniimdsitvegepotdrfenearrying

t&?’t Eé@ggfcy%ggz;rh%g r%%?ﬁ&r%r Oparlﬂemhﬁ‘ffﬁ g'iépsanng unsaturated

/are

|ﬁlllnhaélcl wareoxyde Actds anh@HiEeT}’ e§ady §aserrf1asg gpqdation of
"‘Ql'd%hédés COREHES A élmr%@hot fp@apsamgt Aftrilee 1\ EPV@Okidation of

su stance and an er co
aa'&aﬂﬁ% QjGllse g% oL efﬁpoﬂyﬁ@ﬁt sfog?aé' ?%@PM%%E?FW ninydrides
r B‘yr@aeCbHasemmdmalcrreatammat'Ehbydmoamomf farsepmaédationg and for
Mg ngﬁ@gjle in arange fromabout 0.8 to 1.2 n8
( )O i " The outgoing air |eaving the reactor,
as detail ed above, can generally be passed into the

aFrIT?Z)?gﬁeE%dl é;rﬂgloafr‘rﬁerttg%gﬁ{rl]vé Fé?a%tt@r%;ﬁrrg?sréd‘%ﬂee%ﬁ‘é t@ﬁargl'ng,
ur e
P10 RRPAY® ASRIG R0 q M cataNEed pridboniat AR (e gas PRase.
eXﬁQSr%bEﬁerﬁﬁs %ﬁe{:m at feastlparity, inrpaticulat fulhg i20a reactor as
e i ng..r .
18@1' I’FIJ%C? above. E@ptnm%@ﬁ%{? ge§ ﬁé‘?%tﬁécf’@/ tﬁ%;c;?%r ic hﬁ/’datlve
bprehma'ﬂmh wftdcrtrleaaeld tiom acrddeint ienfher gaarphase bwve already
gner arfgﬁttl ﬂwé B fhel ad?'lgie id e8inmtort Rng@/%d d) The reaction

ure dlf erential betweern reactor
i norecdltlemj fcaret:mt @atalﬁlgt oxgatior gk @p&iehﬂnt%a@'w"ea?é?éﬂ i the gas

E adé rbnbgscr?dl-ﬁi O é’*&rhﬁle) ﬁhDELN 433‘ 35019725 THY @nventive
an 12 prefer abl y { T ses ca

peatalysts are also suitable or use or prepanng acry icoadd R mlﬂtlple
catalyst tube fixed bed reactor through whose space surrounding the
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
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
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heat ed usi ng customary apparatus, for exanple using a
gas conpressor. or using steamfed heat exchangers.
When the reactor has attained a sufficient
tenperature, further additional heating may be
ePFO0000564R8g t he heat exchange nedi a which
typically surround the catal ygt tubes, for 30 exanple
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The catalysts charged by the process according to the invention are
suitable in particular also for the catalytic 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 be found, for
example, in DE-A-40 23 239 and in DE-A-44 31 957, to which reference is
made here.

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
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25 been nentioned at the outset and are conmon

know. edge. The reaction conditions for the catalytic
oxi dation of acrolein to acrylic acid in the gas
phase are described, for exanple, in DE-A-43 35 973.
TRE 0000066428 catal ysts are also suitable for use for
preparing acrylic acid in a [tiple catalyst tube
flxed bed reactor through whoSe space surroundi ng the
e Bl Y o R R g B A R .
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about 230 to 330C. In a suitable enbodinent, acrylic

acid is prepared by catalytic oxidation in the gas
pRes thd gaa miaedlmudairorplaar&actloorgasse@npflsmgemo}ecuareoxygen

'O%Sgg%ﬁ' ?ﬁel He%ﬁﬁ a%%%CHa?egorﬂgﬂé@ |nI tadb?tlohhﬁﬁ oxygen, also

rein ate a
Ch'a't@m@ tpacting t§rQ03fHﬂ@br(muﬁ’th OSV% @%V%tﬁ@moncarbon
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, HSE{ 1 G@ﬁ 00 mol%, ror|1ore prcgi‘Bl ¥abq)? frrc])(?r(l:%st%aéa/ mO(?%brll!l parthuIar from
10 to 30 mol%, of oxygen. Additionally, the gas may comprise up to 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
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
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production in the remaining lines. In the integration
into production, the newy charged production line is
reconnected on the gas side to the workup apparatus,
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o GH0D06A40 DES-2B8 1 it DEoR-28 AR STES. WHODEhoeRswD is
%ﬁ%éﬁ“%ut h %Are%%né’ré 21)71%5 ‘éaedé@n@bushsoewwecus 51, the

e T T T Vo LT ooe, whir
ééﬂll (rjm,lgreg fﬂ?ﬁ ml))(l!d 80% Hy wdlunhe cfribé dotat aatabysy Ivoltume

r] Qng i
Eas‘[gg do & @@cﬁggxﬁfggﬁg@%ﬁhm |§ I gﬂ@? tll?gn W%ﬁlon
mherwspmdemard g geR udiat by dtom 1ite zmiCs p@szued%hlv&y from
f1°Lo SYTReR m%ﬁﬁ%bﬁér dyl ﬁ'om”@'t@'&?’c Hindah Sperdiigalode is -

drid d, .t t d
Fgiedie s BICERRIPT HBIZ0Re SRR ORBP PP APk |y

i mportant on the industrial 10 scale is the gas phase

R 8abBReg Ty &3P reeR 0% BB rilfene o
ttxenzancknmyl inowlsich dase mmreaxrwmwwede@m{yene ceenzoic acid
%&Ejpﬁéﬁgé:lﬁehyc'q% i/ qﬂltlé@aﬁéﬂ ok Fft@lln%‘ﬁt\/él Wi ghalso possible if

act| V conposi tion,

- tdesuad denistilaieithe bensalgeév@e QMTWO‘i“H\C t he anatase

nodi fi cation, oxidic conpounds of vanadium in

DAL LS ARl R0 005 B0k R B Sy '
rgeitabr e@béabllwa‘oeahéhpQMMancﬁl of A ,paftial Eatalyst, exabmnge
@ccggﬂhg ﬁa \9& 20@@99%&5{")& Lt Agt%;r ‘i\?e gyanlﬁsexc(ﬁ%nﬁgdﬁ% been
hpettfoomedb dines liqpice sebstanee iandgany futtberubindgre@re damesyed in
Ca?%:@l('eds’azntgg \{yﬂﬂ tﬁﬁ@ir@cé‘s%t ALotlingCloPeR! inveRforRBescribed above,
wuthout there being any impairment of the quality of the residual catalyst

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. '
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-and/ or diluents, such as ste
_ F é’g‘%%é The reaction gas generally conprises
pre y

preparation are described, for exanple, 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 WD 98/37967. For the gas phase

oxi dation, a reaction gas conprising nol ecul ar oxygen

25Fm90®956423he reaction gases may conprise, in

addition to oxygen, also gz?ble reaction: moder at or s
carbon dioxi-de and/or

from1l to 100 nol % nore preferably from2

to 50 nol % in particular from 10 to 30 nol % of
Oy 9enpret bﬁ%ﬁefﬂbbéﬁedtdéﬁ‘algﬁ% mey conprise up to 30 30

% preferably up to 10 ol % of steam and fromO
to 50 nol% preferably fromO to 1 nol% of carbon
dE%m@mf(b@mgaﬁém ence up to 100 nol % may be
nitrogen. The reaction gas fed to the reactor
conprises, for exanple, from5 g to 120 g per n8
(STpr)acmfsogasmqmsdfoe‘rf@pryeparmg aonyltielepeentpxide coMPpsision of

t .
0% dichrhay! AL R0 Wl Dridplfbd IF) abloribe i
Tﬁéam!fctl on tenperature is gen®rally from 300 to of

466CA- W@ 080! Yarld oan caytico A:ARe &ﬁﬁnp@snﬁtﬁtﬂ walsl ajbtained
the reaction i,s

f 40 400C., . T
e %@zt%f&eer%sw%ﬁraeatﬁ 2,155y BV87 2pbAraifia @, fescred in
gEnam@Ié VB rafnthls 1docur@iedt. bling thusebbtaihey catalytioally tactive

7@%@@% \g%%@ﬁﬁ‘r%? rbé/ ﬁ:ﬁglnsvcﬁl 29 aéléx '()c)?o%{bw @Hs)élf{/ bg"i’mll (BQ
cé@@) (a‘domuHoaokalemoenﬁuga urgrto gwgn@ém prd@r qf nwhich
GQanttﬂg d&vwbrgiréﬂlélbg'ba'sgé@ atﬁép@bﬁﬁiérsﬁ v@u@ﬂ?ﬁomﬁ’ to 10 um

t
b@ad d\f@é@é@eppﬂm&o 56?@%? ?‘@H'\An%lﬂz) n@? aoﬂ% ?eﬂ%‘?égﬁe tﬁ&’ Hm

divbEessnthanemst i on tenperatures. To this end,

suitabl e reactors are, for exanple, those havi ng
separate salt baths, 10 as described in DE-A-22 01 528
028 D Af 28nBtr FBRPOVhbadierc(exteinel dameier Z4nm, dangif 3 mm,

télWéI HRRGLeP I%ﬂf‘esa‘eaﬁ% Hgﬁﬁg'é’%grfh@e %dﬁrﬂé%slﬁ 8515 um

reaction zon€ di spose i nl et
tﬁ@dr@%}e@goehtgh?é PRI ¥AUMSe R3] PhcHifn ﬁ/g@&equomeséuppoﬂ
t@o&@%/o by <V q"’/&“l’ﬁ? Wlufree rh@fﬁlﬂbcmélal-hb%bhytobéf’@nted SGermany)
R TR Sb ok oA SRS B O o 348 rom
oubtiige, Berframy) bftaap2e®y 200ek. Sutisegubntly,r e cdating 180& was
258 G BB 1250 rk OFE 4B RIEAICATPB=0 . s0n
s200@ tquof g solutiohecansisdingr of V6% @ypwg@thOé wateprastle8g % by
| RefyhtidNdIerBPRBRS spfhyeBfortsitA8lsupBortl bddiés' Wiid 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
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.

Subsequently, drying was effected under air at 250°C in a standing bed

- (tray oven) for 2 h.
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20 benzoic acid, in which case a m xture of

unconverted tol uene, benzoic acid and benzal dehyde is
initially formed. Alternatively, it is also possible
if desired to isolate the benzal dehyde by-product.
PreogedoseaRs filling performed by the process
according to the invention 25 suitable espeC|aIIy
for the perfornance of a pa?gla cat al yst exchange
accgﬁﬁ g% 2004009525 Al. After the parti al

§e (IYenH¥ performed, the liquid substance and
any further binders are renoved in accordance with

e pr e
g{g\g\;ﬁ 88@?5% fﬁ%&{rﬁﬂ)lggl %lgstrgﬁeaéntgﬁ Qiééélﬂr? rtrrg%ftﬁé J?ftﬁ% at 250°C
qualtiayyovsn fon@ hwes@imertsagamsltt 30 bed which was

al ready present in the reactor before the exchange and
was unaffected by the partial exchange. The invention
iExample St(camP@risantetai| with reference to the
non-restrictive exanpl es which follow 35 PF

R B o T o BBl AT b6 B bosition of

¢WG|C1’] lometf}o I(Mpﬁ zé@aéwﬁ QQ)QBWW Meb.sWve. B\@4)0X(in—@ szs)o 4 was
:kgg&%%ﬁt éé’r} oif:'xa Eﬁe %t)obFl'Dé")S\EEXIX GUQJ%%Vém 3%3@@;‘ active

re are

Dam@om[mowas pamargddae%ﬂfsﬂm @yatbﬂrv%' t&%ﬁ%ﬁ@@tm griolgy oven
garen@g ThBanhgs rdmmh&dt&mwﬁéaltyr@@tmemateﬁalaNasavgmnynd by

AR B PIRISX RIS DiacRea IS ANt [R0) 790 fiqrh o 1Gsokawa-

mabiee aclugemw@r t’wrgtbl/eb)a finansowdera obivghielx T0%sef lthey powder

R@S@fi'%% sRel o b iEqr R, A BRI D) Bf 0 phooe

moopientiop aft partiges hayiwgda dorgitudnajfexierthalpve ﬁofmqus less
ttt?ar%%/?“?h@%s%s%%ﬁo%’r@ﬁé’(éé eBafeld éb%él?/él%@ée&ﬂf}be@gatﬂ)ve in

tudi nal extent above 50 pm was less than 1 % 28
lc@rrmarawm%amgl?pbort bodi es (external dianeter 7 nmm
Iength3rrm 20 internal dianmeter 4 mm steatite,
tggw F% urf ce roughness RZ of 45 pm and having a
t based on the volume of the support
bodi es, of < 1% by vol unme, manufacturer Hoechst

(e Aol S 36 TEpERE, Bi(erd (iahe thyhg it 250°C

ina tray oven for 2 h was dispensed with.
Il. Performance properties
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 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.



Ldi ge, CGermany) of capacity 200 |I. Subsequently, the
coating tank was 25 set into rotation at 16 rpm Using
a nozzle (Schlick type, 0.5 mm 90), 2000 g of a

sol ution consisting of 75% by wei ght of water and 25%
- bPF 00909h6488 gl ycerol were sprayed onto the support

. bodies within 25 mn. At thggsame time, 10.35 kg of
the catalytically active material were netered

P pnpously usi ng an agi tated channel outside the

pray—cone— of the 30 —atomni zer_nozzie WIIBI n the sane

peldron.teSluriing the coat i rfgatalyse FWEERMPEIPEt i ed was

taken up fulll'y on |idae of dkfids eomipobitienshagolt byodéight]
% maelatl on of the finely divided oxidic active

n lwas—not obhserved —On completi-on—o

addltlon of |powdet and bi nder2 air |at 118C was bl ovn

nto the coati 8&1 taﬁ%m ﬂn&é’ﬁtf\‘fe’ of E%Eaﬂgq,lg rErTh{/é’rﬁtive

20—m-hr—35 \"p egutht eyt Rg—was—errccteaunaer ar 1
at 250C in a st ab@Bng bbd Gt5@y oven) 6.80 2 h| PF0.59

N

0000056423 28 Exagple P (i qua_mive . Thagprocedurg g

Exarpte—1—was—repeated—except thatrthe dryingrat—250C
n a t¥ay oven f&852 h was di%pensed wi3RI 5 FkanplleBR

(comparison): A precursor conposition for preparing a
mul ti el ement oxi de conposition of the stoichionetry
(Mb12V3. 46WL.. 39) 0. 87 (Cu Mp0. 5WD. 504) 0. 4( CUSb206) 0. 4
was 10 prepared as in Exanple 5.) of DE-A-103 60 058
and a catalytic active conposition was prepared
therefromby thernmal treatnent in a rotary oven
apparatus. The thus obtained catalytically active

mat eri al was ground by .-nmeans of a biplex crossflow
classifying mll (BQ 500) (from Hosokawa- Al pi ne,
Augsburg) to give a fine powder of which 50% of the
powder 15 particles passed a sieve of nesh width from
1 to 10 ,um and whose proportion of particles having
a longitudinal extent above 50 pmwas less than 1 %
This was used to prepare a coated catal yst as

descri bed above in conparative exanple 1. 20 Exanple
4 (inventive) The procedure of Exanple 3 was repeated,
except that the drying at 250C in a tray oven for 2 h
was di spensed with. 25 Il. Perfornmance properties
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a) Drop test 20 g of catalyst were allowed to fall
through a 3.5 mlong tube with internal 30 dianeter
of 25 mm The catalyst falls into a dish directly
bel ow the tube, is renoved fromthe dust formed on

ipPrPeg6ocsEl23s again allowed to fall through the tube.
The total | oss of nmass after, _being allowed to fall

fromone to three times is3® neasure of the attrition

resi stance of the catalyst. The results are listed in
Table 1 bel ow.. PF 0000056423 29 Table 1 Drop test

@hal ig HaifednisExanpl e No. Loss of active conposition
mass [ % by weight] Nunber 1 2 3 4 conparison

i nventive conparison inventive 1 0.93 0.56 0.90 0.59
4.2. 9 prg@se farchiargmg 3 reacier witbgatalpst partigepwhich have a
OOOOO%@{Q@&QX athiok mﬁﬁi‘é\é}hgﬁtdokiéé chbmpbaMictt 86 fedsPlon their

char gi ng reactor wth catal yst particle i ch have
"85 ibteapy i Whlh, CataINS) PaRHIES are RIAYIUES WaIch Cotiprise a
conposiybs@imcat whdsts fiuidnat R0°suahdce atmnamdiithése catalyst
catal yst,.particles ar ded \phi ch conprise a

subst %FE@}CE‘@gPpgm%&%\éltreaﬁte and 1 atm and these

catalyst particles are charged into the reactor. 10

Zac a1 HRERSR PEESIAT® LRIR ke R SiBlvbl Bariles are

whi ch'selented sdom  shaped ohediegatvdligh i €aMAfisgctatydeast one
mul ti eleaBitagX helve RBMBIcnEN BRidePabinposkidn whilCparticles
conprise at | east one catal yti c%l acttl.ve ol t oxide
mul t i SYRIGR SOMB|Sgeat Q5F A B%'yl agtiye, muliglemgnt oxi

f or m toenspaitRroapplietbinXoalihg fpmoteasuppodr di ng to

either of the preceding clainms, wherein the liquid
substance is selected from water and organic, conpounds
\hi ch Theveroaebo atconginmioneithar of the pregeding eaimawherein the

liquid substance is selected from water and organic compounds_
which have a boiling point at 1 atm of more than 100°C.

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
10 000 mm.

6. The process according to either of claims 4 énd 5, wherein the

reactor tube has an internal diameter of from 5 to 100 mm,
preferably from 10 to 50 mm.

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.

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).



10

15

20

25

30

35

20 4. The process according to any of the preceding
clains, wherein the reactor conprises at |east one
reactor tube. 5. The process according to claim4,
wherein the reactor tube.has a Ilength of from 500 nmm
t BF ZD00066A488 preferably from 1000 to 25 10 000 mm

. 6. The process according to gijther of clains 4 and 5, .

wherein the reactor tube has an’internal dianeter of

fr%om SThG éJ]rQQeéﬁnbc REREIP05M g MRt theofuidBbur@e reactor
e process accordclng 1go any of ‘clainms 4 to 6, wherein
t he raba®ableast he0Q egapter gbehe reactor tube to its

dianeter is in a range from2 to 10 000, preferably
fromb5_to 7000. 35 8. The process according, to an f.
TG aThS Rsosess Aeralfing ReAmp St e PREEdd Bigia” Retlin the
t ube beamdlyst pariclas provided mve & gbateyd of tiglid subatarme) of from
PF 000903642 . The rdjNgot j -
wher o ARG Teen el PRISEEH nEEBL 824 By Sy baseo
r eact oon thejetntal@eigithe process according to any of the
preceding clainms, wherein the 5 catalyst particles

provi ded have. a content of Ii u}i1d subst ance.of from,
0105 t bhemweesssaretieingptoeaiy fhite PreFRANG Claimsoyhiprein the
vei ght cafapsePartitled PRIVidédhale weehjnt dbtreaBeeopabress 0.8%

o' oat BY yeShiaPlarBasty Bt BL FRBRONRs HAMER T ThE b st 20

of at gpettidh 8icathlystyelrghtubeirdérmahdiayneter 286 mims lergtir @500

by wei y in the drop test (20 g portion of
catal yst,”'drop tube internal dianeter 25 mm |ength
3500 mm). 15 12. The process according to any of the

p§scedirpg pﬁ?bé‘éé?acw@fr@! o AR of e Pesceimy aidimag wherein the
catal yst particles pr Ltion of

| ovided, in triple repe -
Che. di bGP ARG SaySaapides or8udethal U Rerepaition of
decr eathe dfopatest nutht tha%aoye \pairtities, pavef arvedipht decrgase of at
nost 2, 5% by Wela T o i to
any of Tt ot BEHKy. Bracmby JralinBeraRaney Helbhe
bi nder-contai ni ng catal yst particles provided have an

aygr ag?EF _?Eééhabc@draﬁ?ﬁf afy of tidnplededi® citns, wherein the

pr ef er al rom2 to 30 mm 1n, é)artlcu %r from3 to

20 nm binder-containing catalyst™ particies 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.

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.

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 .
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
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25 14. The process according to any of the preceding
clains, wherein the catalyst particles are provided

by contacting a support with a binder which conprises

or. consi sts of a substance which is liquid at 20C and
1PE0O0RNE6423 catal ytically active conposition, and

the binder is subsequently §§rt|y renoved if

appropriate. 30 15. The process according to claim 14,

|0 Whi 68 LilshH ARt With 118! dalaly S0éSrhBOSloMIdrd FeiRoving
bi nder conprising the M qui substgnce, hen a Ig¥er. .
of actihediqd B ag FRResited GRCE OF FeaTertRan cpcenand the liquid
sur f acgin@br A& bemeiridveaddins spspt fobpdyashrepetitieret i ng

wth dry, finely divided, active. 35 catal yst

conposition, and the |iquid binder is subsequently

ptr.t | yThe gmovess ac¢cagingoprarat ef the6pretieding daimss, in which the

ot ot cryiohs -G08 Bl Ryphoty HBUER AdVing bR roughnoss Ry of
with tthe speirysedycohiio®i4Q on1@hdm-enovi ng the |iquid

bi nder are repeated once or nore than once, and the
i qui d_ binder can be renoved fully exce

. t for .the. .
| 58t rEpetRrersss ascerdingHe apy s@eaeee&ﬁg'if}gg%[%méﬁy” g¥hich
t he pr@msbb 'dr.f‘ﬁoﬁiﬁ%i v, usetl \Mrn':cthha\t@a oty pidmeusfqubras eof the
Su ort 0 S Vi n a
Sunbor bunii) BV, Bn hE 1Bt 2 Y SaRaGH iy, bR &t most

accor dil #gby wolame.of the preceding clainms, in which 10
support bodi es are used which have a total vol une of
pores of the support body, based on the vo

. - yme of the
siPpor Thedugcesst ageoring to Q”chf)}h‘%/BFQH?@.'”QQI.a'mﬁeWhere'n the
\% OCG_SFea%@&Oh éﬁlﬂdé Be teatapst picijrtibfé%, o4 emiedionm: bﬁ!cﬁlarging of the

erein the reactor and the cat st pardti |
the colfRStOoToMa¥R A g‘?’Hae@?”ﬁeh%Patr @z?c??é% éhg(ﬁée?%lf%f at nost
t enper 401C engfariculansft at5oast 30°€f. er abl y of at nost
40C, in particular of at nost 30C. 20. The process

according to any of the preceding clains, in which the
220.cat &hg srropess pesasdingrie amaphte pracedingCclaige: iprwhigh the

| nt r odugiaR@t iaeitled Hre cHargsd finteethat rebliforupp eitreiuting them

t he react g% a;’]fd Into the rge)ééct orf under tw ctti op g i

gravi t Y10 2D Offlice gi He4BPSEEBHRIGE FACHY; R Hto the Teactor

wher ei gnder eaidgiondfgravihi ch 25 |1 eads to a sl owing

of the speed at which the catalyst particles fall is

21. The process according to claim 20, wherein no charging aid which
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
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.

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.
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present in the reactor. 22. The process according to
any of the preceding clains, in which the charged
reactor is subjected to a treatnent to renove the
liquid 30 substance. 23. The process according to any

OPF @0800664280 22, in which the charged reactor is
subsequent |y used for the c_a%xl ytic oxidative

preparation of acrylic acid omacrolein in the gas
phase. 35 24. The process according to any of clainms 1

to 22, in which the charged reactor is subsequently

W2%d fBhetprecess Aacoordingxicdanyvel ogimsaiatle @2,o0n which the

met hac a [ g RS® d
e e Ay

cl ai mEPYEPBEALLS Of aeisin o RrOPERGI P PRRPIBRE: S
subsequently used for the catalytic oxidative

aration of acrolei.n fro r ne | S.
565" The etred AefiPa; 11 BY 8L FHmsC 1L 22 D Wgieh the
i n whi clrargkd reahmrgeobutmqmntly wsgdb@eqmareycajbewlpoamds
Prepar &, ¢at b@&%bé}? cagn%ggn&é‘g/ 8\{ &Ahl ﬂéybk.eagmyér Ifi8fhatic
by catal yt'I ¢ oxi ar ond ydrocarbons in

the gakyRE8KONSAN Ae gAs PEaseor vvhl ch'is charged with
catal yst particles and is obtainable by a process as

fined in any a 22, 28. A ces
p?e pargrf aﬁ@r’)}’l’h'ehé%cbafg?dg‘é’(ghrﬂ%@é@tc%?%ﬂ?f g'issoBtalnable
oxi datbpa prbcesy a$ definedvreary of tlaens édot22on is
effected at |least partly in the reactor according to
claim27. 29. The use of the reactor according to
c2&i m A7 pragessaforyipigpaiing cagniligtacid Busgphaplase catalyzed

react i 8ﬂ8ah6r§‘ oP%ELdI&uH' ¥het&h tHéerEQEﬂch|§J€ﬁ@étéﬂaét36ast partly

al i phatic carboxylic aclids or al dehydes by gas
phase '@%h@dﬁ?@ﬁréﬁc%’pﬂ&‘@o‘é@m gfkanes or al kenes: for
preparing nitriles by ammxidati on of al kanes or

Ry ar o L8G F YERARE ARG RRRCEY reafhiP ol catalytc

hydr ocgahphase feactioppoii priticulas ferrrreparing unsaturated aliphatic

hydr ogefibkiRSacids 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.



