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25 essentially directly in a direction longitudinal to the catalyst tubes, this fongitudinal
- transport can also be realized only over the entire reactor shell and fransverse flow can
~ be superimposed on this longitudinal flow within the reactor shell by means of a
succession of deflection plates which leave parts of the cross section free and are
arranged along the catalyst tubes, so that a meandering flow of the heat transfer
30 medium results in a longitudinal section through the bundie of fubes (cf., for example,
DE-A 44 31 949, EP-A 700 714, DE-PS 28 30 765, DE-A 22 01 528, DE-A 22 31 557
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If necessary, heat transfer media which are substantially separated from one another in
35 space can be passed around the catalyst tubes at tube sections located at diffarént
positions along the tubes. The tube section over which the particular heat transfer
medium extends then usually represents a separate reaction zone. A preferred variant
of such multizone shell-and-tube reactors is the two-zone shell-and-tube reactor as
described, for example, in the documents DE-C 28 30 765, DE-C 25 13 405,
40 US-A 3,147,084, DE-A 22 01 528, EP-A 383 224 and DE-A 29 03 582.

Suitable heat transfer media are, for example, melts of salts such as potassium nitrate,
potassium nitrite, sodium nitrite and/or sodium nitrate, low-melting metals such as
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25
The abovementioned requirement profile frequently also applies to the charging of such
~ uniformly manufactured catalyst tubes with shaped catalyst bodies (¢f., for example,
WO 03/057653) in order 1o ensure optimal and essentially trouble-free operation of the
. shell-and-tube reactor. it is important, in particular in order to achieve an optimum yield
30  and selectivity of the reactions carried out in the shell-and-tube reactor, that preferably
all working tubes of the reactor are charged as uniformly as possible with the catalyst
bed.

A distinction is usually made between working tubes and thermotubes as are
35  described, for example, in EP-A 873 783. While the working tubes are those catalyst
tubes in which the chemical reaction to be carried out is actually carried out,
thermotubes serve first and foremost to monitor and controf the reaction temperature in
the catalyst tubes. For this purpose, the thermotubes normally contain, in addition to
“the fixed bed of catalyst, a centrally located thermocouple sheath which is provided
40  only with 2 temperature sensor and runs longitudinally in the thermotube. As a rule, the
number of thermotubes in a shell-and-tube reactor is very much smalier than the
number of working tubes, The number of thermotubes is-normally =20.
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30 The catalysts fo be used for carrying out heterogeneously catalyzed gas-phase
reactions over the fixed bed of catalyst located in the tubes of shell- and tube reactors
are normally active compositions which can be shaped to produce shaped bodies of a
variety of geometries (referred to as shaped catalyst bodies). Examples of such shaped
bodies are spheres, pellets, exirudates, rings, splrals pyramids, cylinders, pnsms
- 35 cuboids, cubes, etc.

The shaped body can in the simplest case consist only of catalytically active
composition which may, if appropriate, be diluted with inert material. Such shaped
-catalyst bodies are usually referred to as all-active catalysts.
40 A
In the case of all-active catalysts, shaping can, for example, be-carmied out by
~ compacting catalytically active powder (e.g. a pulverulent active multielement oxide
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. followed by evaporatlon of the solvent. The shaped catalyst bodres resulting from such

a progedure are usually referred to as supported or impregnated catalysts.

25 : '
The longest dimension of such shaped catalyst bodies (Jongest possible direct
connecting line between two points on the surface of the shaped catalyst body) is

-usually from 1 to 20 mm, often from 2 to 15 mm and frequently from 3 or4io 10 or8or
6 mm. In the case of rings, the wall thickness is in addition usually from 0.5 to 6 mm,
30 frequently from 1 to 4 or 3 or 2 mm.

The active compositions employed are particularly frequently noble metals (e.g. Ag) or
oxidic compositions which comprise oxygen together with only one or more than one
... other element (multielement oxide compositions, e.g. muliimetal oxide compaositions).

35 .
Only in very few heterogeneously catalyzed gas-phase reactions over the fixed bed of
catalyst present in the tubes of shell-and-tube reactors does the fixed bed of catalyst.
consist of a single bed of shaped catalyst bodies which is homogeneous along the
individual catalyst tube and completely fills the catalyst tube.

40

Rather, a catalyst tube charge in the majority of cases consists of different sections of
catalyst charge instalied above one another. Each of the individual bed sections consist
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' carried out. In many cases, the dilution structure is selected so that the degree of
dilution decreases in the flow direction of the reaction gas mixture (i.e. the volume-
specific active composition increases in {he flow direction, so that the volume-specific
25  acfivity is low where the reactant concentration is high and vice versa). However, a
converse or complétely different dilution profile (activity structuring) can also be
selected if necessary. In the simplest case, a structured charge in a catalyst tube can
. be such that a section of catalyst charge composed of shaped catalyst bodies
comprising active composition (which may be diluted with shaped diluent bodies) is
30 located, for example, at the bottom of the catalyst tube and above it there is a section
* - of catalyst charge consisting only of shaped diluent bodies (such sections of charge
consisting only of shaped diluent bodies will hereinafter also be regarded as sections of
charge comprising shaped catalyst bodies). It is also possibie for two sections of
charge made up of identical shaped catalyst bodies comprising an active composition
35 . to be inferrupted by a section consisting only of shaped diluent bodies.

Of course, activity structuring can also be produced by a mixture which does not
change along the section of two or more different shaped catalyst bodies comprising an
active composition being present in a section of charge in a catalyst tube. Here, the
40 shaped catalyst bodies can differ ohly in their geometry or only in the chemical makeup
of the their active composition or only in the physical nature of their active composition
~ {a.g. pore distribution, specific surface area, ete.) or only in the proportion by weight of
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charge?q n the catalyst tubes can also have selectivity structuring. The
latter is \rfolrehamgingof saipstiibaganich and elfarb&Pinduch BRASBIUFREBSHIGN OoCccurs as

o . i g eh B
Catalysa erehBaled R md: e dorfl Byl b HRBRA BBl Vosle i) Sodsh ey 1
a uni f or ninpt fuctuaje glosedive eatalyst tube seation énpresend in eorraspondingecalalyst wbar ge 10
Struct ur ecsectiorfse HbWewns, it A6 feduires tricb/dly, tRad&hticAlanteling ofthe 5atheS represents
a part e”{%yl%@hﬁéﬁ%@%nca?glys% g%@lgg algea;grglsgn%n gé?’ldésggncyeﬁé gélalgg%ugé) nsi st of

only
sections.

To achieve this objective inthe case of a multiplicity of (one thousand and more)
catalyst tubes (working tubes), use has been made in the prior art of catalyst charging
30  machines which infroduce measured porfions of the respective formuiation of shaped
catalyst bodies directly from stock containers containing the formulation into the
respective catalyst tube (cf., for example, DE-A 199 34 324, WO 98/14392 and
- US-A 4,402,643), The primary type of parameters sought here is a uniform rate of
introduction (i.e. a very constant amount of the respective shaped catalyst body
35 formulation introduced per unit time during charging). The product of Introduction rate
and introduction time determines the portion infroduced, and the dimension of the
charged section,

However, the methodology of the prior art has various disadvantages. Firstly, the .
40 Introduction rate is not completely satisfactorily constant over time, which leads to
~ deviations in the portions infroduced. Thig is because, inter alia, shaped bodies to be
introduced are positioned transversely and can thus at times partially block the shaped



catal yst bodies, only one type of shaped diluent bodies, a m xture of shaped
cat al yst _plggisg a mxture of shaped catal yst bodi es and shaped dil uent

bodi es or:a mxture of various shaped diluent bodies. 15 A catalyst tube
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25  According to the invention, the uniformity interval of the portions is generally (based on
the number average of all uniformly produced portions) less than + 1% by weight or
less than + 0.3% by weight, or less than = 0.1% by weight, and in favorable cases less
than £ 0.01% by weight. The relative uniformity interval is smaller, the larger the portion
present in the individual packet,

30 :
The method of the invention is generally applicable to shaped catalyst bodies whose
" longest dimension L is (significantly) smaller than the internal diamster D of the
reaction tubes. However, it is usually of the same order of magnitude as this diameter.
The ratio D/L will frequently be from 2:1 or 3:1 to 20:1, or from 4:1 to 10:1.
35 -

The amount present in a packet charged with shaped catalyst bodies can
advantageously be from 50 g to 5 kg, matched to the desired iength of the section of
charge and determined beforehand in pouring tests in transparent tubes of appropriate
~ geometry. The amount of a portion will frequently be from 100 g to 3 kg and often from
40 200 g or 300 g to 2 kg, L.e. the amount can be, for example, 400 g, 600 g, 800 g,
- 1000 g, 1200 g, 1400 g, 1600 g and 1800 g etc. This generally corresponds to



fluctuations can result along the section of charge. In addition, the speed
of chargi jeved is frequently not fully satisfactory. The latter i's

particularly rnportant because production, viz. the gas-phase reaction, is
interrupted during charging of the catalyst tubes. 10 It was therefore an
obj ect of the present invention to provdde an inproved nethod of  charging
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catal yst MBDtubes in a structured fashion, in which individual catalyst
tubes of the bundle of catalyst tubes are charged in a uniform manner from
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bef orehand I n. ppuring tests In transparent tube appropriate ‘geonetry.
The anount ™3P portion will frequently be from 100 g to 3 kg and often from
40 2002@ or 300 g to 2 kg, i.e. the anobunt can be, for exanple, 400 g, 600
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which tightly enclose the shaped catalyst bodies packed under reduced pressure and
_ make-it possible for packets to be stacked particularly simply, Care shouid generally be
taken to ensure that the packaging material does not adversely affect the catalyst
25 - quality by, for example, the packaging material giving off foreign substances such as
volatile plasticizers or residual monomers which could occupy and block the
catalytically active surface during storage of packets.

Transparent polyethylene (high, low or medium density) is a particularly preferred

30 packaging material according to the invention, especially when the active composition
is a muiltielement oxide, e.g. a multimetal oxide. It is generally advantageous for the
moisture (water vapor) permeability of the packaging at 25°C fo be <1.0'g m? g (d =
day). For this purpose, it is possible to use, for exampie, aluminum-coated bags or
hags comprising liquid crystal polyester films. Preferred means are bags, in particular

35 when these are made of plastic (e.g. polyethylene) and can be welded shut in an
airtight manner.

The production of packets which are chérged with a uniform amount of a formulation of
shaped catalyst bodies and are to be employed according to the invention can be
40 carried out extremely efficiently and at high speed by means of packaging machines
' prior to the actual charging procedure. Dispensing machines are particularly
advantageous for the method according to the invention. In the case of this subset of



numner i caI lwsggé’%l ar charge volumes in | or m (i.e. in the ran'ge from 25 or
500 mM. to 01). According to the invention, the anount in a packet is -
very particularly preferably such 5 that when it is enptied into a reaction
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g PRE R Rachr. SH b Bt A BIRE Rlo bha AP

product i ofnr dispensitgsieliealigh eackagingmachisegwhick puidues thepaskaging themselMesequent | y -
from 2 tofrorﬂoforé’)fatn%g e IR &I&efa Ié}mﬁaﬁ#aﬁéﬁé@eh@ @éaat)'ﬁfé cbRiphiaskgoi ng means

can be paper Il oxes cans,
conpart ﬁe Sgn '9389'@8?%9%?%? &’ieg?'”gtf%é’ I?@t‘”ﬁ‘%ﬂﬂ%s E’Bd?%ﬁ%%ﬁ to B? gharged oo ckagi ng
mat er i@l , ageordirg fpoesdgiiiloe numbersef piatepdhe anigalotharding awit ancea closgresainiti on, paper,

car dboar e I s)
pl asti csdwf gl‘é‘l’q‘&dexaﬂjlcp"f’é %Ps&%&%ﬁa%ﬁ%@ﬁﬂo b@é}iﬁo gbm%@aaﬁ@ﬁ% lggllbng met hod
depends o#hes 't"eé’ﬁl"‘}/‘n@ ieeiging,dyghe grqoveisa 'QQ)PFB%QQW '°%¥|°§' ®'8n the type of
ext ernal ¢igdurelences to- be expected after packaging, e.g. during storage.
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t he packa@llows.mat eri al does not adversely affect the catalyst 25 quality by,
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pol yet hyl pessiblenirgformilyow or nedi um density) is a particularly preferred 30

packagi ng rrateri al according to the invention, especi al Iy when the act ive
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I d crystal est particul ar 35
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an airt |;gjlmon$mﬂﬂmrparfr¢nMrrbymimfcshapeﬂ badyai akploprisieirales alte aineewedelts t h a

gg'pr gr ren ' B ﬁ?tftﬁ%aﬂéﬂlxcﬁa&/r@nm@tl%%rg%rtﬁ@ Resifedt o oPRE! p%?tlcﬁl’%fj typeefto be
y shaped od_ into the packets. This produces packets whose contents are

25  indistinguishable both in respect of amount and in respect of formulation.

Charging of the catalyst tubes can then be carried out in a simple manner by emptying
- a number calculated beforehand from the dimensions of the catalyst tubes and the
desired length of the section of charge (and determined in pouring experiments on
30 transparent reaction tubes of corresponding geometry) of packets charged with the
formulation of shaped catalyst bodies is. emptied into the respective catalyst tube. In
the method of the invention, the amount packed in an individua! packet is always <
. (less than equal to) the amount to be introduced into an individual catalyst tube. It will
frequently be the case that the same number of packets are emptied into each catalyst
35 tube. According to the invention, the number to be emptied into a catalyst tube is
preferably an integer. Since each packet provided for a section of charge contains the
same formulation and amount, sections of charge which are particularly uniform over
various catalyst tubes can thus be produced in a short time according to the invention.

40 The simplest-way of emptying the packets into the catalyst tubes is manualty. However,
to empty the packets into the catalyst tubes so as to obtain a very uniform bulk density,
emptying can aiso be carried out by means of an apparatus as described in



40 carried out extrenely efficiently and at high speed by neans of packagi ng
machi nes . R 58862t o t he actual charging procedure. -Di spensing machines are
particularly advantageous for the method according to the invention. In the
case of this subset of PF 55562 9 packagi ng nachi nes, the packaging is .
present in a formwhich has been prepr@?)ared for dispensing (although
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equal to) the anount to be introduced into an individual catalyst tube. It

will frequently be the case that the sanme nunber of packets are enptied
i nt o each Abavebgat stBék camteénerw sushcamajrangetmeat thareds @isecond siecincorii@inert o be

enptied | RRndcanHetinéfjedwikihé Portion coresponding to one packet before the contents
' 25 of the stock container underneath have been completely discharged.

The stock containers arranged above one another can aiso be connected fo different
dispensing tubes.

30 The method of the invention is suitable, for example, when the active composition of
the shaped catalyst bodies present in a packet is an Mo-, Bi- and Fe—containiﬁg
multimetal oxide (e.g. an oxide of the general formula |l in DE-A 4442346) and/or an
Mo- and V-containing multimetal oxide {e.g. an oxide of the general formula ] in
DE-A 4442346). However, it is also suitable when the active compaosition of the shaped

35 catalyst bodies present in a packet is a V- and P-containing multielement oxide (e.g.
EP-A 302509; e.g. for maleic anhydride production) or a V- and Cs-containing
multielement oxide (e.g. EP-A 1084115, EP-A 1117484 or EP-A 1311467; e.g. for the
preparation of phthalic anhydride) or an Mo- and P-containing multielement oxide (e.g.
DE-A 43299007, e.g. for methacrylic acid production).

40 ,

-"The methodology recommended in the present text is particularly useful for the
cljarging of catalyst tubes in sections with the structured catalyst tube charges



preferably an integer. Since each packet provided for a section of charge
contains t me -formul ati on and anount, sections of charge which are
particul arl'y uniformover various catalyst tubes can thus be produced in-a
short tinme according to the invention. 40 The sinplest way of enptying the
packets 'into the catalyst tubes is mangflly. However, to enpty the packets

into th tal yst, tubes: s tal ) i bul ity,
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of the invention possible. Above each stock container in such an arrangenent
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The net hpéecifontdﬁ ehargeche reapettivesaattionltehe ar thex adyantageatisiy be islosed withe '

composi t i aapof e anidaitido fidfichly/thbt (hAdiepsis BOMBRMY. Thid AnbGIES T veby an M-,

Bi - and Fe:cqntal n%n I'timetal ,oxide (e.g. an ‘oxjde ol the general

formul a | ETRe MaY &l q%ﬁg'g]ﬁg)a rgﬁq;ogrtuéqx]bem chaC}g more than once with one and

25 the same formulation of shaped catalyst bodies. As an alternative, the fill height in the

reaction tube can be checked by means of a measuring stick.
Example and comparative example

30 A} Using the method described in example 1 of DE-A 10046957, 70 kg of an all-
active catalyst ring having the geomefry 5 mm x 3 mm x 2 mm (external diameter
X length x internal diameter) were produced.

The stoichiometry of the active composition was
35 ) '
[BizW 20 X 2WO3]05 X [M012C05 5FF82,048i1 50K0,080x)1-

The 70 kg of all-active catalyst rings were homogenecusly mixed with 30 kg of
staatite rings having the geometry 7 mm x 7 mm x 4 mm and a 6 m long,

40 transparent plastic tube having an internal-diameter of 35 mm was charged with
this mixture by means of a catalyst charging machine as described in
DE-A 19934324 until the plastic tube had been completely filled. in this charging



Mo- and V-containing nmultinetal oxide (e.g. an oxide of the general formula
| in DE-ApEi4858%06) . However, it is also suitable when the active conposition
of the shaped 35 catalyst bodies present in a packet is a V- and
P-containing nultielement oxide (e.g. EP-A 302509; e.g. for naleic

anhydri de production) or a V- and Cs-c8&taining nultielenent oxide (e.g.
EP- A 1084115, ~ ehedilh : - i.pn of

pht hal i c anhyﬁ?@%%ﬁéﬁﬂ%{onﬁ?gﬁ% con@ﬁ%”ﬁagﬁﬁ%g?nﬁ gﬁﬁgﬁgéﬁgﬁé@%‘g g.

DE- A 4329907; té‘?@. 9?“6@"%%‘%‘?@"9@ TR $$r oduction). 40 The net hodol ogy
recommended in the present text is particularly useful for the charging of

cat al yst tubesyi Walo ' r ! PF
55562 11 T econeseanalion 4 pleaf bk Wi 1ER S HetEn his 3y TR |
10337788, DE- AnhgBagprepus zqnes gt agwmbser of flifeiokts, 0313213, DE - A 10313212, DE-A
10313211, DE-A 10313208, DE-A 10313209 for the heterogeneously catalyzed

artial oxj,dat- . i TRVAN ' e packagin
et er  al (e 0ol s'E-éé’fR’E*Ega@{%Q‘éﬁ%Sﬁ%ﬂ; L§ bl S B R R W P e e
to water vaporintigiiced inie pelyeinyene bags. 580f Hiese filge polyaifdene begs were
reconmendat i 3 ﬁﬁfedir}?sﬁho%@ﬁ@n Hibhe teuk c{?ﬁ‘g{aﬁ}r@i‘ bﬁmﬁ%aﬁiérca_& st ché}*grngosg- dl f
necessary, addj nal . can, e charaging,ai ds recommended in
DE- A 19337008, Mg %ﬁ_'52\‘358&"18359?%%ﬁfﬁﬁcmp%mﬁﬂsggﬁwe%% e ided in the
prior art citoateasinidginie epastic fubgtidenticaltadhatin Abd of the invention is

I npressive both in terns of the high degree of charge wuniformty which can

be achi eved usji.ng,it and.al in ter of . the high_.ch I.ng _speed conbi ned
w th the sams URH grarirait S Dot fBn vhich o Hela rfiofo s Mg "o atasr n ar o
due in no smalnoinkesegenstes zdnesf act t hat di spensing of portions and charging
are 15sdecoupl ed fromone another both in space and tinme. The length of a
honmogeneo ction of char en the nethod of_the jnvention . is used wll
Lo oa ot ARl 5o alkaee ekt Higs OB A aRmg Y& Tos S B kg D) ooth
According to tdestitewingstaf tirg sante gsorpetnit (Sammar3 pmaxi 2amb ppertiorss dféhepr ovi de t he
packets 20 Conhm |t"§ﬁ%aml-é¢m%@h,sﬂr@ﬁ?{5 ehifieHAd Wdre Ragiics Wi th a
they h bee I ed.

particul ar col.or. ter ave I Nt 0 an | vi dual reaction
tube for prodd@PAYe W@"%B@?sr%ﬂme@’é%?fie%’??%mg ,(tp?H@t§ LJS e reaction
t ube @8n t hen axwahotthe forgiviatibe | which edis\packed was 8886 metticetorsine col or to
indicate that the step is conplete. This constitutes a very sinple way of
preventing a reagéji_on t ube bei:gﬁq chfa'rg‘ed_rmre than once with one and .25 the
same for nul at i/BAAHOY RRpERs eh8Zn § ot fopBdatian  aansigiing exelksivaly okthe@he £ |
hei ght in the active catalyst ring from A were packed in polyethylene bags (packets Ii). The

total amount of the formulation If which was packed was 9.308 metric fons.

25
11 148 catalyst tubes made of ferritic steel and having an internal diameter of
25.4 mm (wall thickness: 2 mm) and a length of 3.20 m were charged by means
of a catalyst charging machine as described in DE-A 19934324 by emptying
firstly one packet Il (into all tubes) and then one packet | (into all tubes) into them

30 in succession. The uniformity interval of the charging time for the individua! tubes
was, based on the time average, less than + 5 seconds. The mean charging time
was 45 seconds. Pressure drop measurements on 200 randomly selected
individually filled tubes at an air throughput of 3000 standard I/i*h gave a
uniformity interval about the number average pressure drop of Jess than x 3%.

35
The filled tubes are suitable for the partial oxidation of propene to acrolein.
Refilling for improving the uniformity, as recommended by WO 03/057653, was
not necessary. '

40 US Provisional Patent Application No. 60/568,699, filed on May 7, 2004, is

incorporated by reference into the present patent application. With regard to the ‘
abovementioned teachings, numerous alterations and modifications of the



reaction tube can be checked by nmeans of a neasuring stick. Exanple and
conpar at i.\RF @3#pl e 30 A) Using the nethod described in example | of DE-A
10046957, 70 kg of an all- active catalyst ring having the geonetry 5 nmx 3
mm x 2 nm (external dianmeter X Iength1 internal dianmeter) were produced.
The stoichiometry of the active conposition was 35 77 77 [Bi 2W2O9 x

2WCB] 0, 5 x [ Mgt remeinroars posgBieolt oaOkeEfaedezeskyed thaithe inventioe cat al yst

rings were hO%eﬂﬂﬂH%é’sdBpé%@ﬂi@! éd&o%ﬁar‘fﬁng%amﬁt 8&thigd rohf‘iﬁswdié‘ﬂtﬁkg the
geonetry 7 ond, transparent plastic tube

havi ng an i nt etﬁﬁ'éfrﬁ’f’ﬁﬁﬁ?cé% %’%‘:“Hﬁ‘i'a]ﬁr?"char ged with this nixture by means
of a catal yst chargi ng machi ne as described in DE-A 19934324 until the
plastic tube had been conpletely filled. In this charging PF 5 5562 12
procedure, all of the honmbgeneous m xture was placed in a stock contai ner
and the plastic. t ubes were charged fromthis. Visual exam nation of the

pl astic tube which had been filled in this way reveal ed 5 inhonpbgeneous
zones at a nunber of fill heights. B) 70 g of the all-active catal yst rings
and 30 g of the steatite rings fromA) were .introduced into polyethylene
bags. 55 of these filled pol yethyl ene bags were enptied in succession into
the stock container of the sane catal yst charging 10 nachine as in A) and
via the catal yst charging nmachine at the sane charging rate as in A) into a
plastic tube identical to that in A). Visual exam nation of the plastic tube
whi ch had been filled in this way revealed no inhonbgeneous zones. 15 Q)
Using the all-active catalyst rings fromA (geonetry: 5 mx 3 nmx 2 mm
and steatite rings of the same geonetry (5 mMmx 3 mm x 2 nm portions of
the fornulation I "357 g of all-active catalyst ring/153 g of steatite
ring" were packed in polyethylene bags by neans of a packi ng nmachi ne
(packets 1). -The total 20 amount of the fornulation I which was packed was
5.685 netric tons. In addition, portions of 835 g of fornulation I

consi sting exclusively of the all- active catalyst ring fromA were packed

i n pol yethyl ene bags (packets 11). The total anount of the fornulation I
whi ch was packed was 9.308 netric tons. 25



11 148 catal yst tubes made of ferritic steel and having an internal dianmeter
of 25.4 mm (wall thickness: 2 mm) and a length of 3.20 m were charged by
nmeans of a catal yst chargi ng machi ne as described in DE-A 19934324 by
enptying firstly one packet Il (into all tubes) and then one packet | (into
all tubes) into them 30 in succession.l4The uniformty interval of the
charging tine for the individual tubes was, based on the tine average, |ess
than 5 seconds. The nean charging tine was 45 seconds. Pressure drop
measur enefifamon 200 randomy selected individually filled tubes at an air

t hr oughput of 3000 standard |1/1-h gave a wuniformty interval about the
nunber average pressure drop of less than 3% 35 The filled tubes are

suitabl e for tRendaaydtdfahar@iigdatalyettubés, B .to acrolein. Refilling for
inmproving the uniformty, "as recommended by 031057653, was not

necessar ychaging)g plueitys o eatalysthtubss wighpshaped ibodienso hay e85, @vayst ftibeed on May
[, 2004 is i GanRol e by LALEIENGS 4Rl B RRSENt sRELTBbaRPRI cali on

Wth regard to e ‘abovemrenti one , rous S and

nodi fi cations @& sécfienFire phiviied Ldifopile amdhg tua\pmaliitg@faat@lym&ﬁds,bl e. It can
t herefore be assuned that the invention can, within the scope of the
accorrpanyWh@el@F ains, be carried out in ways other than those specifically

descri bed ' ' . : r@i J

conpri si neghg%ﬁgv?%?%gwas%@&?gﬁ ?ﬂ{l %ﬁ(l)l?gélgt a ysl%t%tﬁgggg eﬁﬁggﬁgggﬁéﬁgﬁﬁes SO

t hat each cat athy gflurblidyeof cataliystd@besabrel dasited bp fHheg aomdfdnavamapntlidffer ent
formul ati ons of shaped bodi es.and,. the sections are provided uniformy anong
the plurality @rreé%qnﬁm,gsfg@@%@} ofyrfizped E‘?‘ﬁes_am gitbofy _uffﬁltx b paskets ons.

havi ng differepy dufifiHg fitd e4th r@gpeét?l_%ﬁ)?l_g s&@idh %?tl“f&'b?t&ﬂlﬁ? of @étglystttgl?es%@r ality

of catalyst tubes are obtained by filling a uniform amount Of
cor respondi ng fasrermumbet ofipagketshaped bodies into each of a plurality of

packets, nd tyi it o.each.respective one section of the plurality of
catal yst ?ﬁﬁ@gﬁgﬁ%&ﬂgﬂ% Qg Eonsits Bgcket s; a fornulation of shaped bodies
consi sts of: aa Mixthiélof tRb of Wordshap®d el Bedy §atadhysdiffeomyonk P asord Rt di ffer
in one of nore of the follow ng ways: geonetry, chem cal nake-up of active
conposi tion, the following ways: geometry, chemical make-up of active composition,
physical nature of active composition and proportion by weight of active
composition; or
a mixture of shaped catalyst bodies and shaped diluent bodies; and
the amount and formulation within each packet is determined according to weight or
number of pieces of the different shaped catalyst body types; ;
the number of packets to be emptied into each respective one section of each of the
plurality of catalyst tubes is an integer from 1 to 10; and
the plurality of catalyst tubes comprises a bundle of at least 1,000 catalyst tubes having

an internal diameter of from 10 to 50mm.

2. The method according to claim 1, wherein each packet comprises from 50 g to 5 kg

of shaped bodies.

3. The method according to claim 1, wherein the shaped bodies have a longest

dimension of from t mm to 20 mm.



physi cal nature of active conposition and proportion by weight of active
conposition; or a mxture of shaped catal yst bodi es and shaped dil uent

bodi es; and the anmount and formnulation within each packet is determ ned
according to weight or nunber of pieﬁgs of the different shaped catal yst
body types; the nunber of packets to enptied into each respective one
section of each of the plurality of catalyst tubes is an integer from1l to
10; and the plurali af .cat al,yst .t ubes. conpri.ses .a bundl.e of. at | east 1,000
cat al'yst - fuoie b St UM, RGP SR i eftSa Bl sEa

met hod accordiffgrenttsecting hividg difRemne fomaRbbnsFTckgled bodies.i ses from 50 g to 5 kg
of shaped bodies. 3. The nethod according to claim1, wherein the shaped
bodi es have a | ongest dinension of from1l mMmto 20 mMm 15 4. The net hod
accordi nggt | al i h i : hr ee
G 1 erent >sonpr i oo bR o o P oo S R BBl PR ™ T
met hod accorcgdiahgt tube & Dloapdst dinfedsion i dfhiee shapédbodies presenttie b padkedisdront er D of
each catalysi t%Pe to a |l ongest dinension L of the shaped bodies present in
a packet i s F¥tBM%b: 1 to 20:1. 6. The nethod according to claim1, wherein
the fornul ati on of shaped bodi es includes shaped catalyst bodies conprising
an Mb-, Bi- and Fe-containing nultinetal oxide and/or an M- and

V- cont ai nbngrheuh¢therbacebrding welaim. 1, Wheraie the ddrmadamndifisharted bollies ncludesvher ei n
the packets are filled w.th an anount . of _sha bodi.es sufficient. to

b v de i T Opves ptel odbic e FRaRTH A A BT AT de-rapuane g nga Bt
accordi ng t QugloghiMb- aMFL@InMidiRE mBRMRIIDxRIee enptied manual Iy into the
catal yst tubes. 9. The nethod according to claim1l, wherein the packets are
enptied into the catal yst tubes by neans of a catal yst chargi ng machi ne.

10. The t hqd acecording.to, claim9, , wherein the catalyst..chargin chi ne
has stocﬂg' Eﬁlﬁt%?ctﬁ%cl gcc 6é%t°c%1§1£%mil’tVh%rslﬁrtggB%crlfS{s% af%&ﬁlﬁ%v%tgr% noqngogapacket.
11. The net hagheddboaies kifiicient 1©lppdvidelall yhetesirdll debion i Miesat0¥st peket s enpti ed
into one catalyst tube is from1l to 5.

8. The method according to claim 1, wherein the packets are emptied manually into the

catalyst tubes.

9. The method according to claim 1, wherein the packets are emptied into the catalyst

tfubes by means of a catalyst charging machine.

10. The method according to claim 9, wherein the catalyst charging machine has stock

containers whose capacity corresponds to the portion in a packet.

11. The method according to claim 1, wherein the number of packets emptied into one

catalyst tube is from 1 to 5.



