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In the tube bundle reactors, the fixed catalyst bed is generally disposed in the reaction
40 tubes and the heat exchange medium is conducted within the space surrounding the
reaction tubes. In the thermoplate reactors, the heat exchange medium is conducted



10 to mnimze the energy demand required to convey the reaction gas.
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dust) are renoved as material passing through the screen froma
screen resi ¢gsa82NPri si ng shaped catal yst bodies K by a process for
screening, and then the screen 40 residue is used to charge the fixed
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cases, consists not only o dataiyticaliy active shaped bodies but generally of mixtures
which comprise both catalytically active shaped bodies and inert shaped diluent bodies.

25 ‘“Inert” means here generally that, when the reaction gas mixture is conducted under
the reaction conditions through a charge consisting only of shaped diluent bodies in the
reactor (i.e. by a corresponding fixed bed consisting only of shaped inert bodies}, the
conversion of the reactants, based on single pass of the reaction gas through the fixed
bed, is £ 5 mol%, usually = 2 mol%. Such inert shaped diluent bodies additionally

30 typically have an elevated fracture resistance and can normally be obtained
commercially free of fragments.

The problem addressed by the present invention was therefore that of providing a
process for charging a reactor with a fixed catalyst bed which comprises at least

35 shaped catalyst bodies K whose geometric shape is that of a ring with the external
diameter E, the internal diameter | and the length (height) H with the proviso that E 2 H,
in which, before the charging, primarily the finely divided fragments (down to catalyst
dust) are removed as material passing through the screen from a screen residue
comprising shaped catalyst bodies K by a process for screening, and then the screen

40 residue is used fo charge the fixed catalyst bed.



5 Very particularly favorably in accordance with the invention, in
the process according to the invention, the relations V,

5L>EaH>0. 86FRgGeBeR a(E-1)/2(V), are satisfied. O course, the
process according to the invention is also present when one of the
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20
are satisfied.
Preferably in accordance with the invention, in the process according to the invention,
the relations I,

25

L>E2H>Cz2H2z(E-)2 (10,
are satisfied.

30 Even more preferably in accordance with the invention, in the process according to the
invention, the relations i},

L>E2H>09H2C2H/2 2 (E-)/2 (i,

35 are satisfied.

Even better, in the process according to the invention, the relations IV,
40 L>E2H>0.8H>C>H/2z(E)2 V),

are satisfied.



In principle, a screen to be used in accordance with the invention
may have, fprseganple, a plurality of different types of screen
orifices possible in accordance with the invention. Advantageously in
accordance with the invention, a screen used in a 15 process
according to the invention will, homvé, have not nore than three
and generally not nore than two different types of screen orifices
whi ch sat i sty tpicliay %rfﬁy LEbEn A WA hUGITER S the (F5ckss according to
particul arl Igva_ta eous|y, however, a screen to be used In

accor dance &]et"i’\"ef‘{‘:@’ g ‘:?/”8 'wi || have only one type of inventive
screen orifices. 20Preferably in accordance with the invention, the
screen ogifices (or outLbrEethq_‘;,gsﬂ}m;fH@ﬂggggn to pg, used in
accordance with the invention are either only one inventive type of
rectangl es or only one inventive type of elongated holes (each of
whi ch sati sﬁ'l'ee'?t'ﬁ%@ of the relations 1, or preferably IIl, IIIl, IV or
Vor VI, VII, VIIl or IX). 25 The term"screen"” is used in this

docunent sy apByFRY #HepriddsE abREIiRPE the BErAEMisRIRResenNRA e DEthet he

it

term "sqgreen', or reen pl. " 7s used in this docunent in the sense
of the 3éfi ﬂqt!?\iwggreZe?Ct\?g%lsi%L%[B&A 1 726 358 in colum 5 lines 48 to 57.

In other words, the screen plate may, for exanple, be configured as a
grid or grilvig, ak>30zH peoHox atgff-I§e; sl otted sheet (i.e. as a sheet
wi th punched, |asered, water-cut or mlled screen orifices) or as a
screen fabric (it consists of wires woven together, and the wires my
be round or OE)rofiled). In principle, for the process according to the
i nventi dA, useful screen plate variants are al so any other screen

pl ate vari awinhdet ai-lEed Hi=n0.0 bergEtiuzgs Techni k- No. 1111960, p. 457 to
473 or in Chem-1lng.-Techn. 56 (1984) No. 12, page 35897 to 907. It
w |l be appreciated that it is also possible to use, for the process
according t8 the invention, all screen plates detailed in "Sieben und
Si ebmaschi nen, Wl ey-VCH GrbH & Co. K&GA, Paul Schmdt et al (2003)"
for thezpropans acted dHngoBeH:Ie 2i(BURRAtion. PF 59321 7 only one

i nventive type of rectangular screen orifice. An exenplary
illustrative depiction of such a screen fabric is shown by figure 5
of this doc@hent. An exenplary illustrative depiction of such a
grid or grille is showmn by figure 6 of this 5 docunent. Any inventive
screen orifixes (oo DUHS 08sH CeqEapn orifices) can be realized in a
si npl e nner in perforated or slotted sheets. However, perforated or
sl otted "Sheet s advant ageous in accordance wth the invention are
especial ly Nﬁ%@%ﬁaexﬁaﬁ@o@gmsv- h.Polha theglations |@§€frathgﬁ?53r°q§1% een
orifice (or raaiiohs HalltINenddfandod, \dl, ¥ areriXds ¥ fliSEebdtier 2 @htahil aeen badterof )
havi ng an ekaggat ed hol e shape. What is particul arly advant ageous
about perforated or slotted sheets is that the relative arrangenent
of inventive screen orifices is possible in virtually any manner.
Wien t hé015 Irgenefabdn %@é@ceﬁ%%ccem?@ te e ipygpton, bothde thgigjaicns | avd iadhe
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screen ori f S8l hiegsraendtharkoihgdagred screpying act®n(which is very
particul3drly preferred in accordance with the 20 invention (for
reasons of af @fipatdiVeRgaHeral K& 8 hbssibld Rvaitie Sttt brifics for LIRS HRFEAL
in straight.lines acco%gl ng,' L??tty]:f] gur s 9 and 10, or fishbone-Ilike
screen ori f ICEONPPENGE FEEDP 18Hi% to figure 11. A reason for a
further advantage of slotted sheets is that they can be cl eaned nore
easily in thetheabmiet caepshiplertive sabersorfioel (oRbatihehsred!) 813§ be@ rattaskage
of the 36" eGhnMHd SdiBRthL SAd'E adRbivh 8| Gy of BRNpRI R ! |y have a



el ongat ed hol es according to figure 7 may, for exanple, have the
foll owi ng cepfsoger ati on variants: Hole wwdth C (mm Length L (nm
Distance a (nm Distance b (mm d (m) F (% 1.0 19 3.0 5.0 1.5 19.8
1.6 18.4 2.4 5.0 1.0 31.4 2.0 18 10 4'561'25 13.3 2.5

Of course, an inventive screen orifice (or outline thereof) may also be an elongated
hole, as shown by way of example by figure 3. The geometry of an elongated hole with
the edge length L derives from that of a rectangie with the side lengths L and C by
replacing the sides with the length C in each case by a semicircle with the diameter C
5 (the hole width), the semicircle curve pointing away from the rectangular area. Of
course, another possible inventive screen orifice {or outline thereof (both expressions
are used equivalently in this document)) is a parallelogram, as shown by way of
example by figure 4. In addition, another possible outline of an inventive screen orifice
is one which derives from a rectangular outline by virtue of all or at least some of the
10 corners of the rectangle having been rounded off.

In principle, a screen to be used in accordance with the invention may have, for
example, a plurality of different types of screen orifices possible in accordance with the
invention. Advantageously in accordance with the invention, a screen used in a

15 process according to the invention will, however, have not more than three and
generally not more than two different types of screen orifices which satisfy the inventive
profile of requirements. Very particularly advantageously, however, a screen to be used
in accordance with the invention will have only one type of inventive screen orifices.

20  Preferably in accordance with the invention, the screen orifices (or outline thereof) of a
screen to be used in accordance with the invention are either only one inventive type of
rectangles or only one inventive type of elongated holes (each of which satisfies one of
the relations 1, or preferably i, Itl, IV or V or Vi, VIi, VIl or IX).

25 The term "screen” is used in this document synonymously with the term “screen plate”.
Otherwise, the term “screen” or “screen plate” is used in this document in the sense of
the definition given in EP-A 1 726 358 in column § lines 48 to 57.

in other words, the screen plate may, for examnple, be configured as a grid or grille, as

30 a perforated or slotted sheet (i.e. as a sheet with punched, lasered, water-cut or milled
screen orifices) or as a screen fabric (it consists of wires woven together, and the wires
may be round or profiled). In principle, for the process according to the invention, useful
screen plate variants are also any other screen plate variant detailed in Aufbereitungs-
Technik-No. 11/1960, p. 457 to 473 or in Chem.-Ing.-Techn. 56 {1984} No. 12, page

35 897 to 907. It will be appreciated that it is also possible to use, for the process
according to the invention, all screen plates detailed in "Sieben und Siebmaschinen,
Wiley-VCH GmbH & Co. KGaA, Paul Schmidt et al (2003)" for the process according to
the invention.

40  Grids or grilles and screen fabrics (both ensure particularly high specific screen outputs
in kg/m3" at high efficacy) are suitable especially in the case of screen plates having
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only one inventive type of rectangular screen orifice. An exemplary illustrative depiction
of such a screen fabric Is shown by figure 5 of this document.

An exemplary illustrative depiction of such a grid or grille is shown by figure 6 of this
document.

Any inventive screen orifices (or outiines of screen orifices) can be realized in a simple
manner in perforated or slotted sheets. However, perforated or slotted sheets
advantageous in accordance with the invention are especiaily those which have only
one type of rectangular screen orifice {or outline thereof) or a screen orifice (or outiine
thereof) having an elongated hole shape.

What is particularly advantageous about perforated or slotted sheets is that the relative
arrangement of inventive screen orifices is possible in virtually any manner. When the
slotted sheet has only one type of rectangular screen orifice or a screen orifice having
an elongated hole shape useful relative arrangements thereof in the siotted sheet for
the process according to the invention are especially the mutually offset screen orifice
arrangement according to figure 7, the overlapping offset screen orifice arrangement
according to figure 8 (which is very particularly preferred in accordance with the
invention (for reasons of stability among others)), the screen orifice arrangement in
straight lines according to figures 9 and 10, or fishbone-like screen orifice
arrangements according to figure 11. A reason for a further advantage of slotted sheets
is that they can be cleaned more easily in the case of product switches and are less
prone to blockage of the screen orifices by stuck particles. They also generally have a
higher mechanical stability.

Otherwise, perforated sheet screens (and slotted sheet screens) suitable in
accordance with the invention can be configured as described in DIN 24041,

Typical sheet thicknesses d of perforated sheet screens (or slotted sheet screens)
usable in accordance with the invention are from 1 to 5 mm, preferably from 1 to 3 mm,
more preferably from 1 to 2 mm.

The open screen area F (the total (cross-sectional) area of all screen orifices present in
a slotted sheet screen plate) of slotted sheet screen plates favorable in accordance
with the invention will, based on the total area of the slotted sheet screen plate,
typically be from 10 to 60%, preferably from 20 to 50% and more preferably from 30 to
50%.

A sheet with elongated holes suitable in accordance with the invention (a screen plate
with elongated holes suitable in accordance with the invention) with mutually offset
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accordance with the invention with over | appi ng of fset el ongated
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configurati g&ﬁg%waﬁ'a?@ol e wwdth C (mm Length L (mm) D stance a

(mm Distance nm F (%
Hole width C Length L Distancea | Distanceb |d F
(mm) (mm) (mm) (mm) (mm) (%)
1.0 19 3.0 5.0 1.5 19.8
1.6 18.4 24 5.0 1.0 31.4
2.0 18 10 4.5 1.25 13.3
25 17.5 3.5 5.0 1.0 324
4,0 6.0 7.0 4.0 2.0 23.7
5.0 20.0 4.0 5.0 20 45
5.0 15.0 3.0 5.0 2.0 47
5.0 15.0 4.0 5.0 2.0 42
8.0 17.0 8.0 11 2.0 32
10.0 22.0 8.0 8.0 2.0 47

5  Useful materials are especially steel (for example DIN materials 1.4541 or 1.4571 and
5185 steel (DIN material 1.0035) according to DIN EN 10025 or DIN EN 10088-1).

A screen with elongated holes suitable in accordance with the invention with
overlapping offset elongated holes according to figure 8 may, for example, have the
10  following configuration variants:

Hole width C Length L Distance a | Distanceb |d F

(mm) (mm) {(mm) (mm) (mm) (%)
1.0 9 20 4,0 1 24
2.0 10.5 3.0 55 1 27
20 18.0 3.0 5.0 1 31
4.0 18.0 3.0 5.0 1 44
8.0 17.0 8.0 11 1 32

A useful material is especially steel (for example DIN materials 1.4541 or 1.4571).

15 In the case of annular shaped catalyst bodies K of geometry ExIxH=5mm x 2 mm x
3 mm, suitable screens for a process according to the invention are, for example,
especially screens with elongated holes of the above-described type (especially with an
overlapping offset screen orifice arrangement} where C=1.8 mmand L. = 18.2 mm, or
where C=2.5mmand L =17.5 mm.

20
In the case of annutar shaped catalyst bodies K of geometry Ex1xH =7 mm x 3 mm X
6.9 mm, suitable screens for a process according to the invention are, for example,
especially screens with elongated holes of the above-described type (especially with an
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8
overlapping offset screen orifice arrangement) where C=6 mmand L =14 mm or
where C=4mmand L =16 mm, or where C=6.2mmand L = 17.8 mm.

In the case of annular shaped catalyst bodies of geometry Ex I x H =8.6 mm x 3.7 mm
x 4.2 mm, suitable screens for a process according to the invention are especially
screen fabrics according to figure 5 where C = 3.5 mm and L = 20 mm. The wire
thickness used to manufacture the screen fabric is advantageously 1 mm. The material
used is preferably steel. Suitable materials are especially DIN materials 1.4541 and
1.4571. It will be appreciated that it is also possible in this case to use one of the
aforementioned screens with elongated holes where, for example, C=2.5mmandL =
17.5 mm.

The performance of a process according to the invention for charging a reactor with a
fixed catalyst bed, the material being screened, which consists of shaped catalyst
bodies K and of (catalyst) fragments, is transported through the inventive screen plate,
advantageously in accordance with the invention parallel to the length L of the inventive
screen orifices. In a corresponding manner, the material being screened is also applied
to the screen (to the screen plate) with this direction of application.

When the screen plate used in accordance with the invention is a perforated sheet with
punched screen orifices, the punched burr is generally removed and the outline of the
screen orifices is, appropriately from an application point of view, rounded off. Over the
screen plate thickness, the cross seclion of a screen orifice is normally essentially
constant (i.e. the orifice generaily has a constant passage cross section). When the
punched burr is not removed, it normally points in the direction of the screen passage.

In principle, the material being screened can be transported through the screen in the
process according to the invention through a circular, elliptical and/or linear vibrating
motion of the screen plate, For this purpose, for a process accerding to the invention, it
is possible in principle to use all screening machines recommended, for example, in
Chem.-Ing.-Tech. 56 (1984) No. 12, p. 897 to 907, and also in Sieben und
Siebmaschinen, Grundiagen und Anwendung [Screens and Screening Machines,
Fundamentals and Use], Wiley VCH, Paul Schmidt {2003).

The group of screening machines best suited to the performance of a process
according to the invention is that of the planar screens in which the material being
screened slides as a mat of material being screened in a linear or circular motion on
the screen (the screen plate). The intrinsic weight and the friction against the screen
cause shearing of the matt of material being screened. What is advantageous is the
very low backmixing, which usually has an adverse effect,
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screen residue formed in accordance with the invention whose size exceeds the
35 annular shaped catalyst bodies are removed as screen residue from the desired
material which then passes through the:screen as the screening product.

Instead of a series arrangement of the screen plates, it is also possible to employ an

arrangement of screen plates one on top of another for the process according to the
40  invention. In this case, those shaped bodies whose size exceeds the annular shaped

catalyst bodies will normally be removed as screen residue by the uppermost screen.



35 The group of screening machi nes best suited to the performance of
a process agF®yodpng to the invention is that of the planar screens in
whi ch the material being screened slides as a mat of material being
screened in a linear or circular notion on the screen (the screen
plate). The intrinsic weight and the frilction agai nst the screen
cguse shear iThg fregméﬂnetdwrbmﬁemraeddr@dnc@eﬁmmﬁweﬁwam:,liN\b@il grabﬁ be
advant ageou WRskm i ng, ich usually has an
adver se eff}g%scedttﬂéui}?&oﬁ&%gé%e Vi Edrinat' n m)%i on_of %h screen
surface in dhehemiGs ineInvanive sikeaplngds tetibraliatarialf of e lwer serpensn

pl ane. The Vi egasae ansraogermany ofesteen pldtdsmamon topofandther, pleference is

c: rcul ar lsgr @fvieh & wsiny oty §o|rée$|§. ﬂ'\%?aﬂ)ratfngfnﬂﬂigﬁ réferaBREBnAigdredl Subih Bt

pl anar vi br . I .

Conveyi ng diareeTEaaials il doh bied Ao FRT Sy e BT TR B 1
the case of JSChE8ed 8% ating notion in conveying direction, even in
the case of a horizontal screen, can bring about | ongitudinal

transport ofi, er BRESS thekcrBeh BSicESEIBSME the coursd BarFihi&Hil@cr¥dMat | on
offers t1§e advan cel er ?3}!53”'
I

age of constantl.y nmaintainin | pal  ac
"t w1 e SeRT Afatne REBEH BRles mituenied st Wifp pigiaette
conbi nat i on Msfdutig of elaadigiy. hednethedefinahbey baskkapeiing ik nsedrdvpriageoysly in
accor di ng t actdrgaricawdththedmvention @F. figurk a2 invChgnatied. Sech.ise (hesd) Kontal

f! rcul ati ng agé b®), :h%hsé ﬁaeﬁeaa%tkaer BRRSHREE HiaBiP BY aflpfF 2l re@élﬁ%?t In
O Rl 35, hateb AR TS el b bl s hone
by cont rl&r othat @@99‘%35 Griisaplyreyed 10es degaced ontca blankplray wiieh igal/a distance

e ][rpl oy_eld eijmtypwamm hisout 2.0 @l 1.9D beloWitRsls@edraEe fRtahoiatd)Eddhan ch];%se
0 atilte &%ﬁb . f | R s ue 0O
appropriate Ctﬁﬁ I n nﬁt%ﬁ‘é‘eﬁgfg gﬁllﬁ‘E acﬁﬁ%%,ftﬁé‘;ﬂgpgrtb?gsdﬁﬁéﬁg@ﬁ%e Q%re%!??nié screen
b 1 o' & oneyelion Bug therSorborfntl B elow afeingt e sereenand A NG setae
and si mul t ainselys Their @astiginds stnhatibpyveasseftiallyndd not gausermnpragditidnel fracture
ex arrplje 20be of the mMatedl beingPSredne®Mhd biadk draf feusDalgfaeidrerhtddshelt with

aCCor dance I |

accor dance ﬁé{ E' Sl I bifbes Wbge dildo BngiEHBIANR 1928t £ Aéfllerk)

ear v
screens fro r PHLEREIRIY ROtrRore B 4P ééé?“ﬁ@rﬂf’t ”ﬁ?c‘i“%’hﬁ@lgar'“ each
screeni ng neass, Hedolkerasifipesadf éhrer bahkdrag are sush dhat theereateridl which passes gmblghe

2|5 |tol anar s @eaRrecfRan fhdshroudithbReASHERiatlly Fde 8k ap;ﬂi@@ﬂoarp@w afviéﬁ,ggen
pl at es e | lon Sl of [ane. a
Peault ap ¢ RaREpHEEtan 00 Rofpahe Pihari iRy B v o3l o) GRTR, 27
(havi ng di f FeRfigHEed¥éth ddentic fotal EE85-Spahopa] @ragy WPBWB@FP&W%@@ he
mat eri al bewalls sfdepbh2th giee 4 cubpidabstedendmsectarhidheintar simpla mamberyitari e a
passage. 30;fsefed@Té Soredn Rarhd RS HAnYEheiGHi 8EREAI e IsBrobh ins b BSH&LT een
resi due (the Oé{t?'&iob’%%é "E? Ct"ﬂe %e& red scr erin Er oduct , I nht he. .t or m of
an_appr opr i QPR VARG TR ey of RESCSPAP Magilne. Far PEMPISMEUEA FUReRl by
a furthéf séesreeminagtimitsfase Rlagpymaiapieally bave @ sngth©§a0f mmit preferally een
resi due f or med paralleide tredddedengih L bf thi elohgatenhdleyona vesen With@lopystee ds
the 35 annu Shahafpedtad | qﬁém' i .due
fromthe dehia[%se"g n'fﬂat ﬁlpl aIt m%%mgﬁégﬁggg%rgg ou @téhggférg@%rnﬁﬁfgs t he
screeni ng prodiinY S nidih oheoUmin, [hesebg ’%38 ¥ Pie AR lpdiang may,
plates, it fa5exaapleedeimi®tordd rampiVeen iis 28mprarihe demetes bf the rubbar ballat es
one (r)]n 36p &f adeantbdenusiy Q0 nich\pprapeiatsly, feme an dppligation pbineofAlew, BN@dr on.
In this cas ] | WA . .
shaped cat aF’SgY? Bgﬁ?@ga 9\46 ég%‘glr)l(ﬂni‘ﬁgl y gbélfgn@\t/e;ﬁd‘ﬁ;g%f?C??S{ﬁ%?ggﬂo%l@gg, y
the upper mo S¢reEnR Faalng dqﬂ,&g reening operation can also be brought about continuously

by flat or roller brushes arranged above and/or below the screen plate. The above-

described screening variants can also be found in Schiittgut Vol. 8 (2003) No. 4, p.

40  272/273. The freely vibrating screening machines recommended in this document are
particularly advantageous in accordance with the invention. In the selection of the width
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catal yzed p&pRvemions isghitpemandiar nentiipsriein imefbesndaniviiedi-«de tft'ﬁéocument
conver si on tife temt parial oxidatiérs shall alah(;mheprléebalilalfymmmfaﬂ&are,l e.GHpaitial

449600, CH &uéﬁ%ﬁ@ﬁ thetprb%eﬁéémf%ﬁﬂ AQﬁe Mu@ﬁi@é‘@eﬂﬁrdﬁ@ﬁé@bﬁ bf‘hy‘&%yaﬁfons

acrylic aci

( conversi o
2TV be ool ot el SER 23 oS natlme Bdri E> R g P%w
et her ofi5t eperolginanglsr aerglioasid(sk. e @xamplenBEdy 10 EAP-Act Of9 63¢
(cf., for eERp6ES SIBEDB-RIUE Z2BEPER2A SEQZ\NO)Q}TI/E)&PG éncDﬁB—A%)D 28%—2)°~
41 32263, DEA 41 32 684 and DE-A 40 22 212), the conversion of
acrolein to acrylic acid, the conversion of nethacrolein to
met hacrylic acid (cf. for exanple, DE-A 25 26 238), the PP 59321 13
conversi on H¥the sigplesheaser the apmiarshanas celslyshbasxIk mavenmsigk et cf ., f or
exanpl e 20EPAataRdcally dgtiva beinpdittion Quhic rnsayom amfrodimteadb dinged \Oltmiﬁérerrﬁtenal
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GB-A 1 464 saglystbgdiesan typicaliy r@@ued tOtaa@nmdafws@portednctatalmﬂfessuob

ant hr aqui noagsuldr&hapedda edandsa{ thdprocedd addordimPib.thd Rgerkienisaisi on of
et hyl eng to@%ﬁéﬂﬁjﬁhg for exanple, EP-A 352 849, EP-A 352
850, EP—R 5 155, 242 and US-A 5,262,551) or of propylene
to propylene oxide (cf., for exanple, DE-B 12 54 137, DE-A 21 59346,
EP-A 372 97hh thmmemoar uns)ﬁapqndtscaa}yﬂﬂ@ﬁpenm cmdtwecrtse ovmpdsitiba, the

propyl ene agRipig canbRlefbited By Sdipdciil datditRallyGctive doWd ﬁ@bﬁrﬂéh@m(f&A 23
51 151), th% gFlé/ &N ﬁl\rgrﬂ[em mbiﬁﬁ%ﬁé@%ﬁadﬁé% ac?wgcs%f%lnwe %rl';r{u?aéﬁata!yst

met hacryl onit
oxi dat i SR" Qﬂ%ﬁ‘? T¥a %Sx%‘bﬁeﬁ@" qn the ﬁ‘;ﬂ"ﬁﬁﬁ‘BR‘i‘sﬁQﬁl Byrtablpting, sugteﬂgg & al
oxi dat i on i exirudingplt sgessible dd adishaping pssistis. Gttiechativelye delenyity ogéeat i on

g‘; oggggofgr hesirdGeiive cofrfébsaﬁdfﬁm 2 ss??gﬁ%&%%?@%eml&%r%%ﬁr Si 0” of
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for exanpl e%&h@sﬁ@h%{hg%n%y caf:aiysk agggs %suglggan A 100
46 672, EP- Ahaped bgdiss byjhepnsl ye@tmnh@f@paepwtqwnmm?re GOMprising, t he
si npl est35casmlectzlaeowgm)ltathe&iamﬁcbligat;ﬁueymlitaémmnt kxitmyhaped bodids (@f)| fgr of
20cat al yti cakdpfpiadid msme@% atnbs%\ghoabsdﬁw anufalsaryw%u@%@n be

diluted with inert material (which may be I ncorporated, for exarrple
for strengthening reasonsé (|f appropriate, shaping assistant is al so
8

present; e. #§wilhheznprecated Baldhe almmganan glsermeefiededhugnating-an annyler
bodi es are gyghetat hapee bedy @ehpoSeddt caniytitaNy indbRePRREiaR Gf hakt alaterisd.
For  suchaanpu, akivaRBREokiALELY irerRRAb fsrelSartdrE ARAOSOSRpRE SOl
or "shaped support body" for short). Alternatively, it is also possible to coat with
precursor composition and to effect the conversion to the active annular catalyst by




25 increased significance. In the case of annul ar unsupported

catal ysts, Bepeszii ng on the active conposition, the shaping can be
effected by conpacting catalytically active powder conposition (for
exanpl e a pul verul ent nultiel ement oxingﬁ active conposition) to the
annul ar catal yst 30 geonetry, for exanplfe (depending on the active
conposi t i ongubdgqienbihetnal geatsient (#abprgpite mddnratidlbsphierel domipeisingsdicblier t 0
add_ shapi ndoRRshS TRl ind bl Hetkaline 8 gﬂngﬁwe?rfort&% Reby ed
active conposi ¥| on,, | r{ Bfo ul Ve:ﬂlﬁ dB gcur%or
conposi ti onTPEYUE 5‘71% R caa’t'aff ”“8”1&8 ° PEEME F‘f’ fger an
resul ting aienladneriph aplerulsotactive egmpasitipmral pLﬂ\feel&QﬂiPrﬂCUE(Splf conpesition bmt e

in an atsnswheﬁcﬁstemrf&mqhé&mreaulyas obBsinesIB In thid vidy%r@am}ewttb gally

20051 0205028 AER eSS S5 I ﬁaﬁﬁ“s’ oot GUEIIT | i1 e
appreci ated ng ﬁ%’ﬂe@%%ﬁﬁﬁ R?a"f? S"F %%?‘?"@E? %‘?PSE'E/G RS R NGfporous
annul ar geoatirum sdtEpsititone dyide,dngriagedioxide, eisdoaiuyt exirkl bilconmarbidevos

pgg g: Ir gl 5 8&#5?&.@#3% ﬁégﬁéﬁunﬂQIIdMé& aﬁ%hﬂ(‘@snﬁé&@@&'&éﬁ le (P2BD%teatite
Coppor £ BoafPrGErdt Tk 7&%&??*‘ Eifdls, GRPGHRH, Seglg sfsg;%é'gmue @5 B

wth precurg’éﬁm% to effect the conversion to the active
annul ar catalyst by PF 59321 14 subsequent thermal treatnent (if

appropr i at e!n‘sﬂaaé'&f @Jaﬂi‘ibsiﬂ@‘ﬁ{eﬂ AR 4 beéHPés%ﬂH' p%;vemem 8tive ca_rhgosition

t b
Tt o g PHEVCRHERIE greluisor soaBooTh e MU pPOT BEGF Y THERRE of a
i qui d BB ndeasesnlsobRémPragnaisd with asalvtion (@ e\ﬁtec@l@tanﬁ@r é@}?ﬁb‘ﬁﬂdqﬂ@ﬂ) Qithe

pul ver ul ent citalpiuainsative suttasitd bowithomsdiutioh ef apicstireoretbstandeaasd théhthe
annul ar cat gy éarPéiE iR CwhiBh EdH f&ﬁdéve@ﬁt‘f‘a gipﬁétg 8¢ cﬁé?méé"i rEdURHORT

coat ed cat al yst

O et Ty el YU Shstostaln 3 ARl o R s SHe o
por ous or n@Wﬁ@ﬂ)eTBe aNnyley aitapes xalglyst @IBFMECTU%N&G!" thisheay arembapicglly de,
zi rconi @On ordfeteed t6 lab iInguegratadlvathlystsr  silicates such as magnesi um
silicate or alumnumsilicate (for exanple C 220 steatite 10 from

Ceram Teo), but f metals, for exanple stainless s

o i mum L cHresbecde S0 RBerRG oS BT IRnE Feye MG sasSlor SHuH serede
i nert annul eatalgstpodies K dnae@lamstwqﬁﬂatﬁefsubc&iﬂs kaoreialweye ohfeietitd an or
Wi th pul ver gdream d@@quemmuwméhe@annmd?eh@m%ﬂ SEHIRRGIK, whRsli es

can in ggnyodlggggé ﬁ\"ﬁ’%ﬁgﬂ%ep’?é&%e ca o"fﬁét tlérﬁ)l ution (a nol ecul ar

and/ or coll yticalTy active substance or
with a solution of a precursor substance and then the solvent can be
vol atili zedTh&\hxtemalcE@m&ﬁ@r&Qﬂanouletbhabeca@gaalmboms% bybecimediiccadcordance

reduction apfh e itveatiohadil géreaéqeaﬂfmm 4 toARRKR BFdgabmiyifdmaitod Mmsrer e

conpri sing en he annul ar shaped catal yst bodi es K
whi ch resul F@Inﬁf&{ hggoala%%/(rgare typically 20 referred to as inpregnated

cat al ystgg. I rrespective of the preparation route enployed in the

i ndi vi dual €hsiengto(haght) efanshlapshdped tathlyst botieslK ds bdisartine acoordznes
shaped cat ayisthelp@hh MayalkewRbk BB FemababRad ffeBuéhtly Hoind © adﬁfar aqrdnn a
mxture wt ed annul ar shaped catal yst bodi eS K, which

suggests errgf @ﬁﬁg the process according to the invention. The
external dianeter E of annul ar shaped catal yst bodies Kto be used in
accor dafbe Acedndinghie thenimestitiomithevHIB ratie maestalebgssbely be arh i veoy hényneases,
frequently HoRYdm®3 & 1@ frofhicetol 1 S e ﬁ‘orﬁ 08 130 The length
(height) H of annul ar shaped catal yst bodies Kto be used in
accordance with the invention may |ikewi se be from2 to 10 mm
frequent |y Thewplthickness r&ﬁ%l)/&)rofﬂnvgnﬂvs shiapeq oatalysB®diRsdois @pprgpiately he

invention, gdrerdtlyEomat to® mmstsuaRCess akd 2 shreftén dvenlfildmves Yo IRAYOIFRFES
HE is %omchﬁst"gn_l, usually from0.5 to 1 and often fromO0.6 to 1.



PF 59321 15 In addition, it is favorable for annular shaped catal yst
bodies K wheprgdhgi I IE ratio is from0.3 to 0.7, preferably fromO0.4
to 0.6. In other words, the processes according to the invention
can be enployed in partlcular 5 in the case of annul ar shaped

catal yst bodies K where E = from2 to 8 "™ HE=fromo0.03 to 1 and

I /E = from @h Zditen0it i€ faubldbledbr drhalapbiipeaemblysinedies K v¥RAGM 1A fayio iy Ue
when the an%hlnida @@P%@ﬁg%ﬁl r}SﬁmtO:? ] &S K are annul ar shaped catal yst

bodi es K*. nnul ar ape cat ‘bodi es K* conprise, inter alia,
t hose annul ar shaped cat al yst bodi es K whose active conposition is a
mul ti el enenin aRérdeordd, theeogpeses arcotding iaitha invention can be employed in particutar

Moi 2Bi aFgbXgld %a@%')eﬂa@mr)sha&eovmﬁt Bodisrk Rherd EH 6m QQ@% b, me =
thallium aral { r%hq a%%ég tagr?al kal i ne earth netal =
zi nc, phosp 8rr"u‘ 8r's g r‘io' tinmony, tin, cerium N ead,
vanadi um 200hrom um and/ or tungsten, X4 = silicon, alum num

titani um aniMlef theiafatementionedhis esfkcilly tudwhdn the Bnflilartshaged catatysDbddiestO,

25d =0 toa?earﬁmlarQnatp@déatal dtbogleER*lo and n = a nunber which is
det ermggd by the val ency and frequency of the elenments in | other

t han ox 30 Descriptions of the preparation of corresponding
unsuppor t ed Aoadla speped ¢atajyst hpdiex i gamprisa tinienalia, thesepandlanshaped eaialust
for exanpl e botiigs Kwhd&Dadt02 6aZssitioh s AVPuBALBOAt@Ride oNth¥\Ger&@ForRRB03,

i n Research Disclosure RD 2005/497012, in DE-A 10 2007 005 602 and in

DE- A 10 2007 004 961. a ed dgcunents, such annul ar
35 catalysts are recommn@!g Béé‘ﬁ?&e%g%fw )neterogeneousl y

catal yzéd parti al
where
X! = nickel and/or cobalt,
X2 = thallium, an alkali metal and/or an alkaline earth metal,
X% = zinc, phosphorus, arsenic, boron, antimony, tin, cerium, lead, vanadium,
20 chromium and/or tungsten,
X+ = silicon, aluminum, titanium and/or zirconium,
= 0.2%05,
= 0.01t05,
= 0to10,
= Dto2,
= 0to 8,
= 0t010,and
= a number which is determined by the valency and frequency of the elements
in I other than oxygen.

25
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i

30
Descriptions of the preparation of corresponding unsupported catalyst rings and coated
catalyst rings can be found, for example, in US 2005/0263926, in WO 02/30568, in
WO 2005/030393, in Research Disclosure RD 2005/497012, in DE-A 10 2007 005 602
and in DE-A 10 2007 004 961. In the aforementioned documents, such annular

35 catalysts are recommended especially for a heterogeneously catalyzed partial

- .oxXidation of propylene to acrolein or acrolein and acryiic acid, and of iscbutene to

methacrolein.

With regard to the ring geometry to be used, what has already been stated to be
40 generally valid in this document applies. A ring geometry for multimetal oxide (1)

shaped unsupported catalyst bodies which is particularly relevant for the process

according to the invention is, for example, the geometry Ex | x H =5 mm x 2 mm x



.oxidation of propylene to acrolein or acrolein and acrylic acid, and
of isobut engrtsgapet hacrolein. Wth regard to the ring geonetry to be
used, what has al ready been stated to be 40 generally valid in this
docunent applies. Aring geonetry for nultinetal oxide (I) shaped
unsupported catal yst bodies which is pdfticularly relevant for the

g( Ioc ﬁi g ac C giieh. thérdavioRebld mm?mbigp(ﬁki&esa) Jn@&pp%ﬁ?d@tﬁystﬁh@g&?ﬁ’é’!ﬁs{&’f Ix

¢l X mm : I v apl e U net a
oxide (1) uirslisa%u%gar(%"1 8’8%’3?25@{%&*%"3%@%?@5’ ’Q‘% rlqmélPreé"‘l3 ffEn x
geonetri es SN IMHnenE Mg MEyX SMiyo% 6.8 mmx4-53mm 3 BM. 8f BMimk x 3. 5

mm x 3 mm S x@mmr, of 7nrmmx 3nmry 7 rom, 6r BTmmx Kméin b7 mm.x 3 nm  or 7 nmm
X5 mMxg3 mMm or 7mMmmx 3 mMmx 7 mMmm or 7 Mmx 4 mmXx 7 mm 5 Wth

regard to t act i onposi tions. of e stoichjo ry of the ral
formia 1. Mo e Bufomes pumasipfs of G5 sBkRodely Bt debie fonds s
4, the stoi etnichipmetric coefieidnt bds praferaply feonp 2 & 4 rtkebstyichierpelyig coalficimt cishe
SE oi CE! ome: prefergishefrd Gite M0, thk dtsichtméifs addiitidnt 81 feferblydrodh 0.01® 2, the

st oi chi one £ . .

St of oni oot FPEnERERpIOGLATS i FoRidthAtdb 1o 5 BT shibbiarRE olficeps
10. Mor d0pr Bradvampgpousiy ko Oy EntdAt PoYies Pesierakivy theriorementieneds i ci ent s
ar e si nul t asechisimgtrinicodfiiciertihareainuitenensiyovitbi the abemestioned pedared

Mor eover, Xﬂen'ng_pref erably cobalt, X2 is preferably K, Cs and/or Sr,
nore preferably K, 15 X3 is preferably tungsten, zinc and/or
phosphorus and X4 is preferably Si. Mre preferably, the variables Xl
to X4 are sMRIROVEInELIS BTSferakly selialtnisds Arsarebly i €s andiarSieners praferably K

t hi s dod&nekt isppgitrable bpgstea Aing andfohphieghsrds frad Xes befaable8i. bbrd he

het er ogeneopgkfartp il vfgBlePRT b8 lardidipuiRtRSRIy £ddhihélbtidle 2 tube bundle
reactor. 20 Tube bundle reactors suitable i1 a favorabl e manner for

the performance of heterogeneously catalyzed partial gas phase

oxi dat i ons Al stateentsapadetin {risgacumrmiaRaly fepearially with raoerd ta perfqraange dfor
erarrplje, DEthé héterajbn8liSly daflyded Patial ka3 phdse rédutiseintatats bt re@ét%r. g
al ready gk JTelgt=]e] : t I onduct e
t hr oughz?ﬁeﬁ-¥| xeddltt:ag%;cltg/rg?& %’2%%?%8%% ﬁrﬁ? @r @gtp ggé&srtén%g%fgs
(reaction t EEogenERUsly gatelzrd Rarfiahg St Pydationsgresyicippilywellkpewn, o
converted dfiemntiw prioeant (di foeexampld, RE-AA4 Bhe49, &ExtA 00 §14ver the

catal yst surface. The reaction tenperature in the catalyst tubes is

trolled, i i 1 ] Uj . ' heat
exchange. el (o redtbf, oPr SR Lhlod, feveeclotsdt AEBle SBBIATL Ui o
are accépmoerdEeted hrolohduesied catalypidhed disposeship the catabystiiibes (actionstubes)
reacti on sysftbertubklbatdle ssactor mndthd readartts are cgagertot Runngdhe@sidbrece time

conduct ed twtgy%cgh@oygqﬁewaggtguﬁ%ptor either in cocurrent or in
counter current. 35 In additioh to the possibility of conducting the

heat exchan?e mediumin a sinple manner essentially inmrediately

| ongi t udi nafiereggionempaiatyre s therqaiséyst tubes is cpirmyed. inferralia, yseodustinga
can al sa0befiui¢abdt zadien@rhebyexohatge niiiuentardudd tiesetdi@iiubessiche abd t he
transverse it fidth 8 aBLiARHEdIRONRY vBthel lchadk RYRIoUEbilidy fdrttet L N N

the reaction vessel through an arrangenent. 1n _successign ong .t he
catal yot tuBEsTOnystamy bieeleAr anelieactis Sanmbire o ke ronducier Mgl gne
secti ons frbe bynlereactr githeumicopient erdm pelstsr sarréntow profile of the
heat exchange medi um t hrough the tube bundle in | ongitudinal section

(ng ol ggg ehHBIiEn todhe foskibiliflor ¥aruchity the AOR eldifbngPieliumGn 3Qinhe: DE A
" manner essentially immediately longitudinaily to the catalyst tubes, this longitudinal

conduction can also be realized merely over the entire reaction vessel and the
transverse flow can be superimposed on this ongitudinal flow within the reaction vessel
through an arrangement, in succession along the catalyst tubes, of deflecting disks

40  which leave passage cross sections free, so as to result in & meandering flow profile of
the heat exchange medium through the tube bundle in longitudinal section (¢f., for
example, DE-A 44 31 849, EP-A 700 714, DE-C 28 30 765, DE-A 22 01 528,



PF 59321 17 DE-A 22 31 557 and DE-A 23 10517). If required,

essential |l y PRBo32al |y separate heat carriers can be conducted around
the catal yst tubes along different tube sections. 5 The tube section
over which the particular heat carrier extends typically represents a
single reaction zone. A variant of sucH”mul ti zone tube bundl e
reactors use@E-wi2ei31pEEhed BBE23 10 171§ t wo- zone tube bundle reactor, as
descri bed, for exanple, by the docunents DE-C 28 30765, DE-C 25 13
405, US 3,147,084, DE-A 01 528, 10 EP-A 383224 and 29 03 582.
Sui t abl e he ft’%‘i&’@ﬁa‘??@%“*ﬁ@bﬁpét'%ﬂyéepﬁ%ﬁe heRLimptess G?Pe‘?%@“‘é‘l“"%‘ﬁ‘ﬁ?@%‘ﬂ%h as
pot assi um nicatalysdubgsotierggiifienentiubeiseetionsodi um nitrite and/ or sodi um
nitrate, gl ow-nelting netals such as sodi um rrercury and aIons of

di f f t
obpost tol y kR soBhver it bhilol el e SREbISedlh rebredstif ) <
convent i ona|smteqaafa§n Zqngr ANRHARS PESURA Mutizene tpehunsla rpaﬁgrserﬁg:&wm

sol vent s (f prefarasgis thertwazonectab® burldlerbydtén, ps dexdrisidytelr bydmpid tbipahet e) .

Typically, g, fﬁ@ﬁ@émﬁzésdo% BE%@M@CW@W@% wggdmsstee' or
from Sta1l nl gig %n‘gzw@%nt y have a wal ness of a few
mm for Qxa%s‘% ﬁ@ﬁ] B eir internal dianmeter is usually a
fewcm for exanple from10 to 50 mm frequently from20 to 30 mm
The tube | eggltdbiendarekdhgngxinedid ard, for axdrime, MRdie o8sdii@ stiohdstastimibal yst

tube | ength itr%é gottagt‘?urﬁ ﬁ@'ﬁg sfeﬁg\lglrﬂtrafeoanglop};ﬁ#n?ﬂﬂg@t bo¥- rﬁ({f@@] rﬁet&ig st

in nany cases 1 oNn p0|nt

of view, thé&S ﬁ m%’f’”'é’éf'?ﬁ@f’é‘ﬁ OF%%@Z%E ?’gpd?’ﬂ? %"{A&Bé@) At ed
i n the Jiassd#ie éppositelyl charged K0S Gpmprisey latéieaﬂpnatcarbelasnomamnalw cmeﬁtloaakj

in nmany cas@guidd, idreRarhpld Waldd 8r high-BEIRR Brgahic sdMR@nBUtPEtantle turdy/&it
t ubes accon%[@%gdgpm%ﬁ}@'ﬁtﬁg\g@ on vessel is from 15 000 to 30 000 or

40 000 or 5 I'e"redctors having a nunber of catal yst
t ubes above 50 000 are usually the exception. Wthin the vessel, the
catal yst t uGggicallyethe oatalybtitybesaramgadacarsd fomdérilic steel 80fréno a’tagﬂsestwl

di stri buypi oang tre@eeluﬁwewanqmcmsé O fedinith YioP&iaht lesrﬁ:lneq: tesmit Gheit hat

the di st f i
catalyat t uftgnaldiicd)s LlBA By 855 SpmpEHEN @l? =8 L By fomao
mm  frequent? §0 MRoAnsibe iength n?mwlhffexten%to eefﬁymt@s (@psAal&e@Ivgu@ye 35
Nor mal | y, i fengthdindbs enge fromaistt 83w feqoéntly fremcatb @l ny,St manpesse Wwomid tag

tubes) of a4trh')bﬁ pftiHkel F5ASh Ao |.c§ﬁbwgfa§ﬁbﬁh@whé AuRBeR Bt cHiysh il On

poi nt of VI

Wi thi n ? B b SsporTinteati Gt 1oms it e b0 etiienr algae o
their int emﬁzr YNCandtremany ¢asps allgast 10 ﬁﬂ%lﬁwgn@nwetrﬂgmr Qf@bf@!ystetngash
are identi cakcomrhdtatediaiedadtioh ess3BIGE fora B 00V SIBH0DRH 30 6D0 or8h 0deP

59321 18 WO ﬁé’tﬂo s

troubl e-free gé erﬁj%%z% }mtmjts@'aﬂﬁggﬁg&'g%ﬁg%’%@?tgg@tsdﬁ L O%LQ?GI?P ? ?‘ a%
opti mal yi oEuCaRHe YA De VSSEl B iRl BaeS 78 ASTIRLY PRIGE ol o
bundl e rB8actompgénecissdistybuinn, the dlshauthnr‘cmbmpaately beiny selected sughtthrddlye of

t he reactor d%[afhcé bl de@flal interdal &B@bgﬁ%edﬂ&%djé&nﬂcda@ﬁ%t @B&@@%sso Qfddin
a very unifg gﬁ?ﬂﬁbeﬁztchﬁgﬁgﬁcﬁ% Fy n@ﬂ%’egﬁént ﬁ#rﬁ Bk Fnﬂ’f’fa ,\Xgr ekxamgle

particul ar [ cance accrues |nven I on.
tubes are t 499 A0k st i ngui shed fromthernal tubes as descri bed,
for exanple, by EP—A 873 783. \Wile the working tubes are those

cat al ystast ubpRemally, Webehcake at lREstGoREBIE te chRfat Bt (WorkitR tiesf rdwBBe i S
performed 'puﬁaére%%%gpr%ﬁrgﬁ&yf&ﬂ%@%@}ﬂf&aw&e@ @%Hé H&ﬁ eﬂp%&pggat ure

pr|nar|ly nmoni t o reacti on

in the catamMpokfaglysedn apgiforprpanngiyiginibe OFP@' el thmanuigrdaing maansd 0y
i n addi ti onother wbrels ftheieidtecrad dibyneter, Hisel; walkthipkrieseard thbietubevaagth aski ch i s

conduct ed_ aiduifed S RENGH 1oRfarcbe (WO WRJosbare and s charged merel y

wth a t%rrperature sensor gen ral he er of 15 thermal tubes

The aforementioned profile of requirements frequently also relates to the filling of such
uniformly manufactured catalyst tubes with shaped catalyst bodies (cf., for example,



bed in the thernmal tube is, if appropriate, configured appropriately
to the ai m pgsblge process according to the invention by using
material which falls through the screen (on 20 this subject, see, for
exanple, EP-A 873 783 and EP-A 1 270 065). The fixed catal yst bed
does not consist of a bed of a single fi§pe of annular geonetric

ts hgped calt ?W@Q:’:f@@i@'ﬁ@ﬁinv&adiéﬁfb brsupbdtittalar B&aktity ir@sbhézir@wdgrf@h%k yst
ube in a r ¥ . | dat i.ons
over the fiJE1EL aﬁ’gi%’é@e%&%E&%?viféﬁ%e%%fn%! o IFTadeaR SIS .
react ors. | RefasRad inthatupe Rendlereesloy dds ersantiabihat prefeablyd arorkirghiybes of
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support bodies are al so useful as geonetric PF 59321 19 shaped i nert
bodi es for diluting geonetric shaped catal yst bodies in a fixed

cat al yst bedhe Bigdsatglval hedidoemneficoosiaf of a bed of asirgleype pianpulgegeomatyc of
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g QO glready geen recommgnc}ed for the inert georﬁet}{c shaped support bodies for the y
coated catalysts and essentially do not intervene in the course of the gas phase partial
oxidation. In principle, all inert shaped support bodies are also useful as geometric



35 configured such that the volune-specific activity of the fixed

cat al yst bepgrpogaieases in flow direction of the fixed catal yst bed.
The vol une-specific activity of an intrinsically honbgeneous

| ongi tudi nal section of a fixed catal yigt bed charge of a catal yst
tube is increased when, with continuou$ charging of the catal yst tube

as in the cehiapespendodigs opdiltinggeonricehapeduatadfst bdstﬁes:mtamb(ycstatéwe

under otheryisg @;&Mr&r@éﬂ[ﬁ(m@%\}oﬂﬂne@ diat LG éfoa(xe cat &'Heli
Qg R e S B W

fixed cat al
entrance tewmmlaaw!msemﬂtt@l'lheat carrier and identical flow

condi ti oms of the heat carrier), an increased reactant PF 59321 20
conver si on r i re through
the catal ységffﬁ%” ol P BolRE S sh i sFAR PRIATRRE e v
catal yzes a Qfé%ﬂ?%mg‘f‘%% CWQSHOWEélebQ&%W@fer@ Yhave the ?ra@a%sqom% Mas
conponent i o atfedersdimidal geomatean t he anount of reaction gas or
reaction gas conponent in standard liters (I (SIP); the volune in

liters at _t he orr, spondi n ynt of action as or actio as
componeld i Horb R eafea melE s 1tk B9 R RB p8tn GRSk 3
bar) which mix thediflerentdypestofl searetdmshaped bodiasr(of the difereat langisdingled per
hour. Pure @ifensionsaditin @ietﬂﬁ()lh&ﬂﬁgeneﬂﬁs!y&mm onetanbhet, Uitidd ided-akethé he

t bodi
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i n accordance I nven

for exanpl eonedetrlagcaﬂs§empwaowwqdﬁ@cf&9&% Hehext iv%%?ésh pasygoushed A
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09 730080 s Hopemd Alblye R TO8R0RA 6 Pl e N 100 Bune
US- A 2005/ 0gatalpst besrt the Serbliewsd ibiay diggction of the reaction grs fiowiag through
reco Irrme ndedthe@btalyeftsibe)iandfonst thma&l o thesdathdystiubs thenikedltcatangt th,lfii iof the
annul ar gre annul ar green
bodi es wi | I%bcl'{%ﬂ@) ﬁdg‘?so be su J ec?gﬁﬁ&g@g%ggﬁke%ﬁlbﬁggsp’r ocess
according to the invention. It will be appreciated that the annul ar
green bddi eExaraples aof suchpgiruckiresidilipes ofinsfalist whiey e geswibed miterplipridcess
accor di ng t Goddfmefits UIAZ60EL 1610 18PEA-AIG72G3 3 8P-AlD90 ya4, EEMA 86 BBIye whi ch
remains is Eprgehys %gaeﬁsgf1gf8r5@ggﬁ@[,§t4gjlos%@ﬁul ar green bodies and is

subsequently treate ermally to o e 35 annul ar multiel enent

oxi de shaped unsupported cat aI yst bodies K In a very particularly
advant ageouih geaanab the fiiing lof a cathlgstriwlie withapstivelyrediixed cifalypidet wilkhed on a
bel t caBgi nednfigadd deathatlievdlimerspectit acivayi the ﬁ%éd\ﬁﬁaﬁ_{%f Refrdeard inf\O

03/ 078310. Ose%%g%ﬁﬁﬁyf;egggfﬁﬁgtob%HWHeg\%Fdn@s 0Ly ¥ il &hﬂg' i ng

zone IS dis

cal ci ned mafPegenesus ! %P‘@EP'FB“'&"PE: Selavet éiﬂel pealelyaivbg,
appl i cat i oninpeasdd wienywitwedntinudub eharging ot the eatalystdelre asgn (ﬁemnrremmﬁlng

from40 to %ﬂ&ﬁ&denﬁﬁé&{zémofftﬁec&aa@,%t iuae &Qﬁar)oth&n%emmy%cmldon&ﬁo&she

bel t cal 8' nze Iderﬁxcal corr}zposf ion owne reactlon gas m[xiLure léenhca?%agag o fhe fixed

catalyst bed charge with reaction gas mixture and identical entrance temperature of the
heat carrier and identical flow conditions of the heat carrier), an increased reactant



5 may, for exanple, be from30 to 100 cm frequently from40 to 70
cm I n ordePrt583pt event the formation of additional fractured annul ar
shaped catal yst bodies K over this fall height, the connecting hose
i s advant ageously configured in zi g-za% form as shown by figure 12.
Ty‘pi cally, the internal dianeter of su l a connect i ng hose, based on
a product i onoskerstmrtbadedioneing®pakg bithé ceadibrkgs migireamughethe shtajyeidube)
catal yst bogés%ES_K per 10 hour, is about 20 cm The inventive
screeni ng can be perforned continuously connected seaniessly to the
thermal treatnment in this way, just |like the thernmal treatnment. The
screeni ng i Tbejokding OE@limdtca@}é@tmdwfwéwa@im@lamm giep witesspelisnadasr i n
t het ﬁas egof with la réadtibn gascgtiponentishihdertodt Yengar thstaamhwmm@fgmrmge
in i s doc e creene
in the screﬁéﬁﬁ&?%ﬁﬁﬁwﬁﬁ%ﬁﬁaﬁ’ B A s T
frequently F?"éﬁ‘ﬁ Q%{“@J"éoﬂfe &'H” R rdﬁ%fé'°693=’r1‘?°§'Fﬂ°{i’9’PNﬁ’F fRUnster
oxygen- sens standard cantditions tis. atr258C and ¢ be) wpish igt doodusted theuglt ormelitemd can

al so be eff aedetast Pedpetnes. pnreqrﬂermat@ﬁa;bsd SQBORY ar® N¥IRdudetiOr
exanpl e ,ynder N2).” From t he screeni ng nmachi ne, the annul ar shaped

catal yst "bodies K are generally fed directly to a vessel closable in
an air-ti ghfonfipReaparation ofindielemeny oxideshapgd HesuPReTng catdlvst Resiesd(. thg or
exanpl e 20 aroz:adiuré witleas airealdy stafed| advantpydoenig gaitegdnerally betp shape &lfingly be
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under air, but

cal ci ner an§® @E’?@’é’ﬁﬁe aﬁﬁé‘ﬁ?ﬂ&”‘gf’ éhaﬁﬁ %ﬁlﬁ &P@P@R#‘Pmﬁeéﬁ“&pm i cation
poi nt of vi eMnPesaisine degipdanuielpmenéexida) anisdn bp restem inacesrdennsiwidl y
| ar ge amguntts ipdentigh, and/ or H20 from the belt cal ci ner being

di scharged on the route of the calcination materi al (screening

material) tq th entive scree 0.A s scr en| n machi ne
For T ho. 1 v SREF Tl Hedupradl e ras B CRTRG S das ARPL S b ST oo
vi brat or of W@@OQ§!03Q393®EBM192@76@5§9653@6I WaeM04481, EE-WBM

Ludwi gs haf eEP@S 060702, DECA 198589 S WO D1 B8243TEP-4 6060702, REebarbiR DiseBsurd -
4, DIN ng o%ﬁa?e?ﬁﬂ 65&5‘73%%955’@;« 1’65@5&0?5§’fsr B@%%&b&'o%%#ees in

conveyi ng d| recQt ersi ze screen

inserts, thdV@AMY @@cw&%@%&?-tﬁ’ﬁ 4 19%%%6%%@&82@% HE0B/SY snde)
of in each tksk 2601253, 7656 proness s280rding W tha inkéntionlidoecorbrabndedinot ieasth

case (di ameiphe cal d?"@idefcbﬂ%ﬁihggﬁér%ﬂ% RthetnBisr GEH RlidifgpbN. PF 59321
22 The inventive procedures described are of course also suitable

when the active conposition of the annul ar shaped catal yst bodies is
a mul ti élenddvanisgegesiythe auige areen bodies wilkpetually also be subjected to a
SMi 2PaVbXc s¥daxtp fibtdisgbbdddingirethe inkEntih. Irwill bb apprietinted thabthdiannuland/ or

cesium X2 grdenBgibs @é]ﬂﬁbﬁgﬁ ERu su?ﬁ%cte@ﬁf a W&en%rﬁ&esgbéc%ﬁmd-’tm

manganese ag%g % ,
g ese AR T3S, Er 58550 e Sredh s wheh msind iy T r°
fragments of annular green bodies and Is subsequently treated thermally to obtain the
35 annular multielement oxide shaped unsupported catalyst bodies K. In a very
particularly advantageous manner, such a thermal freatment will be performed on a

belt calciner, as described by way of example by WO 02/24620 and WO 03/078310.

Appropriately from an application point of view, a cooling zone is disposed at the end of
40  the belt caiciner, at which the calcined material is cooled {0 a temperature appropriate

from an application point of view for the inventive screening (for example from 40 to

100°C, usually from 60 to 80°C). The conveyor belt of the beilt calciner feeds the cooled



20 h = 0to or 0.001 to 0.5, and n = a nunber which is determ ned by
t he val ency pgs9321 equency of the elenments in Il other than oxygen.
Such annul ar shaped catal yst bodi es are advant ageously suitable
especially for a 25 heterogeneously catalyzed partial gas phase

oxi dation of nethacrolein to nethacryli 2l acid. Possible ri ng
geonetries icalchedatztibt aﬂfxaﬁtdigb@&slmfﬂughm&dﬁ l(thelgﬁiﬁﬁtable} ;Flasttlh hese (for
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Exl xH= 6.6 nimsa@lam‘ﬁnratrrtbghtlmannwnlmwh@ thwnrezstcﬂemﬁr&mmszvemel @Oexample
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03/ 078310, $ oAdmentd find SAAGMRTHES é&?{&%ﬁﬁ&@%@ﬁé{%ﬁ&ﬁ&&

be enployed nven | ve¥proce ure
sui tabl o T oPEHAGAUO0 SeaPeon barets fem e HoasR et o FEckGE ] ve
conposi ti on recomenentéd NEERAMOZ00ER23P49 dbisadeantagenushf paskibiegene agdin to

formul a I'V yndertake an inventive screening. When the thermal treatment of the annular green

25 bodies in the belt calciner is not performed under air, but rather, for example, under N
and/or H20, belt calciner and screening machine are, appropriately from an application
point of view, separated by a star feeder which prevents excessively large amounts of
Nz and/or H20 from the belt calciner being discharged on the route of the calcination
material (screening material) to the inventive screening.

30
A suitable screening machine for the inventive screening is particuiarly advantageously
a free vibrator of the E. A. 36-3 type from Engelsmann AG, DE-67059 Ludwigshafen
(screen area: approx. 0.375 m?, screen inclination: 3 — 4°, DIN material 1.4541, three
screen inserts arranged in series in conveying direction (the first two are identical

35  undersize screen inserts, the third screen insert is intended for removing oversize) of in
each case 500 mm x 250 mm x 25 mm with 20 rubber balls in each case (diameter:
20 mm, type: 2610-2-60 as screening aids)).

Following the recommendations of this application, the screen plates used are directed
40  to the geometry of the screening material (of the annular shaped catalyst bodies K).



Mbi 2VaXb1lXe2Xd3Xe4dX, 5X960n(iv) 30 where X1= W Nb, Ta, C and/or Ce,
X2= Cu, N, PEB®93Fe, M and/or Zn, X3= Sb and/or Bi, 35 X4 = one or
nore al kali netals (Li, Na, K Rb Cs) and/or H X5 = one or nore

al kaline earth netals (Mg, Ca, Sr, Ba), X6= Si, A, Ti and/or Zr, a=
1to6, b=0.2to 4, 40 c= 0 to 18, pr@?erably 0.5 to 18, d= 0 to 40,
e Q o2, dPl?hé&&éﬂﬁv%rcfcé&ré@déksritgea de bixodfle sdGuitable RheHBattivehi ﬁh I's
et erm ne : ‘ﬂ%dﬁ o r@;%l : t her

t han oxygenegrgb g\é%ﬂrﬁ@%}sﬁal ah%é%?%??%ﬁ'arg "ﬁj([)tfela 2?%@9ogf\e(rﬁ%ousl y
catal yzed pQFP§d) oré&@" lghase oxi dation of acrolein to acrylic acid.
Possible ring geonetries include all of those nentioned in general in
this docgment. The annyiayr,ehened, ShiRelYe), bodi esK here are

advant ageously coated catal ysts as 10 obtai nabl e, tor exanple,
according to DE-A 102004025445, DE-A 10350822, DE-A 102007010422, US
2006/ 0205978 and EP- A 714700, and the prior art cited in these
docunents. Whereactive conposition coating thickness may be from10 to
1000 pm preferably from50 to 500 pm and nore preferably from 150 to
250 pm _FavQrable coati .t hi cknesses are those of the exenplary
enbodi neft s ~of E‘gaﬁ&ﬂﬂﬁﬂ%@?%ﬁ‘@smr ement i oned document al so
descri bes t Ké=pearppadndmristigr.i on conditi ons by way of exanple. A
preferred rixag oRAEbONN Zrcodadh, mMérpaRededndoHBisthuim X 4 nmx 3 nm A
nul tiel ement, 0xpde,gonmprising V and Ti (especially one according to
the docunents 2%’ %?A 6,528,683 or US-A 6,586,361 or US-A 6, 362, 345)
is suitabl e“esp Qi y for a heterogeneously catal yzed parti al

oxi dati dh of =o-RYltede and/ or naphthal ene to phthalic anhydride.
Preference ds gowesy d.® to2l Nng the af orenentioned nultiel ement oxi des
as annul ar gaat g%(%at al ysts. Exanples of ring geonetries include the

rin eonetries X H=E8 mm x
99 f= Qtoor0.01 to%,
g= Ofof,

20 h= 0Q0tfoor0.0011tc0.5, and
n= anumber which is determined by the valency and frequency of the elements in II
other than oxygen.

Such annuiar shaped catalyst bodies are advantageously suitable especially for a

25 heterogeneously catalyzed partial gas phase oxidation of methacrolein to methacrylic
acid. Possible ring geometries include all of those mentioned in general in this
document.

Annular shaped unsupported cafalyst bodies K composed of multielement oxides i| are
30 preferably obtainable, for example, by the procedure described in EP-A 467 144,

A preferred ring geometry is thatwhere Ex 1 xH =7 mm x 3 mm x 6.9 mm (see also

DE-A 102007005602). Otherwise, the partial oxidation process conditions described in

EP-A 467 144 and DE-A 102007005602 may be employed.

35 The process according to the invention is also suitable for annular shaped catalyst
bodies K whose active composition is a multielement oxide active composition of the
general formula [

V1PpFecXqXe?On (nn,
40
in which the variables are each as defined follows:



25 5 mx 6 Mm or 8 Mmx 4 mMmx 6 mm or 8 nmx 3 nmx 6 nmand 7 nm
x 4 mmx 7 pmsodgnul ar shaped cat al yst bodi es whose active
conposition conprises elenental silver on an oxidic support body are
suitable (in particular as supported catal ysts) especially 30 for a
het er ogeneously catal yzed partial gas Bﬁase oxi dation of ethylene to
et hyl ene oxide (efBi, E&-MN\ 96+ HP)Zr, Tised vin, shha od aduppRbt bodies are in
particul ar kposg M\%’”F&hcg%ﬁ%} to an extent of at |east 80% by wei ght
of al um num oxi de ? . Supported catal ysts which conprise

el emental sPIvePoit1Pheir active conposition applied on an oxidic
support bodg=anfta@.& suitable for a heterogeneously catalyzed partial
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catal ysts, Dife pREBREs¥higoioddeminaddyitmevalenseard Beaueacyfitegements inlll
Suitable ring gﬁberﬁmanmgﬁxl XH include the ring geonetries 8.5 mm x
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40 c¢= Qto 18, preferably 0.510 18,
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thi ckness was, 1, The,nesi dence tine of the screening naterial on
one of the screen inserts was an average of about 10 m nutes. 25Table
1 bel ow shows the results obtained as a function of the screen
orifice par Amtlislement gxide comprising Yeandvio (asperially iope aegordiamtoitheséacuments
accordi 2g t QsFA 61528683 or UBAG,EB5{36M br US/AMBE62346PR stiftdbledésprelally fona by
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7 mm.

Annular shaped catalyst bodies whose active composition comprises elemental silver
on an oxidic support body are suitable (in particular as supported catalysts) especially
30 for a heterogeneously catalyzed partial gas phase oxidation of ethylene to ethylene
oxide (cf. EP-A 496470). Useful shaped support bodies are in particular those which
consist to an extent of at least 80% by weight of aluminum oxide (e.g. Al2O3).
Supported catalysts which comprise elemental silver in their active composition applied
on an oxidic support body and are suitable for a heterogeneously catalyzed partial gas
35 phase oxidation of ethylene to ethylene oxide are, though, also the annular supported
catalysts of EP-A 619 142, EP-A 624 398, EP-A 804 289 and EP-A 937 498. For all
aforementioned supported catalysts, the process according to the invention is suitable.
Suitable ring geometries E x | x H include the ring geometries 8.5 mm x 3.2 mm X
8.5mm,and 85 mm x 3.4 mmx 85 mmand 8 mm x 3 mmx 8 mmor 7.7 mm x 3 mm
40 x5mm.
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Generally, the process according to the invention is favorable not least in the case of
annular shaped catalyst bodies K (especially in the case of unsupported multielement
oxide catalysts) whose side crushing strength is < 20 N (generally 2 1 N). Frequently,
the aforementioned side crushing strength is2 5N and < 15 N.

In this document, the side crushing strength is understood to mean the crushing
strength when the annular shaped catalyst body K (or the annular green body or
annular shaped precursor catalyst bodies) is compressed at right angles to the
cylindrical shell (i.e. parallel to the area of the ring orifice).
All side crushing strengths in this document relate to a determination by means of a
Z 2.5/TS 15 materials testing machine from Zwick GmbH & Co (D-89079 Ulm). This
materials testing machine is designed for quasistatic stress having a single-impetus,
stationary, dynamic or varying profile. It is suitable for tensile, compressive and
bending tests.
The installed KAF-TGC force transducer from A.S.T. (D-01307 Dresden) with the
manufacturer number 03-2038 is calibrated in accordance with DIN EN ISO 7500-1
and was usable for the 1-500 N measurement range (relative measurement
uncertainty: £ 0.2%).
Measurements of side crushing strengths are preferably performed with the following
parameters: Initial force = 0.5 N.

Rate of initial force = 10 mm/min.

Testing rate = 1.6 mm/min.

In the test, the upper die was initially lowered slowly down to just above the surface of
the cylindrical shell of the annular shaped body. The upper die was then stopped in
order subsequently to be lowered at the significantly lower testing rate with the
minimum initial force required for further lowering. The initial force at which the annular
shaped body shows crack formation is the side crushing strength (SCS).

Exampies and comparative exampies

I, As described in Research Disclosure RD 2005-497012 in Example L., B), VVK3,
annular shaped unsupported multielement oxide bodies of geometry Ex1xH =
5 mm x 2 mm x 3 mm with the element stoichiometry
Mo012Bi1W2Cos sFe2.64Si1.50Ka,060x were prepared. The green bodies were freated
thermally as specified in RD 2005-497012 in a belt caiciner according to
DE-A 10048957. After the calcined material had been cooled to a temperature of
80°C in a cooling zone integrated into the beit calciner, it was fed continuously
through a PVC hose in a zig-zag configuration according to Figure 12 (the
numerical references in Figure 12 are angles or mm) to a planar vibrating
screening machine “Free vibrator of the E.A. 36-3 type from Engelsmann AG,
DE-67059 Ludwigshafen (screen area: approx. 0.375 m?; screen inclination:
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mu/ n-1m | npElggsgpase of the oversize screen insert used, C was 6 mm
and L was 14 mm A detail ed analysis of the results found
gave rise to the follow ng reasons with 10reference to Figures 13 to
16. Figure 13 shows a schematic of an #fdamaged annul ar shaped
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t he oversize sceesagd afabolt,10bhifitent erial (steel) 1.4541 is the
preferred material. As an alternative, DN material 1.4571 is also
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configuration (@&aametensy apd {19f the two undersize screen inserts according fo Figure 2.

The quotient my/mi gives the proportion by weight of the undersize fraction
removed in the screening in % by weight and based on the total amount of

30 screening material introduced. E represents inventive example; C represents
comparative example. in addition, Table 1 comprises the result in the case of
unscreened calcination product for reaction tube charging.



15bridge wdths of 2.9 mmon all

sides of a screen orifice.

shows a secPF@I3pf such an undersize screen insert fromthe top.

Figure 18 shows a section of such an oversize screen insert fromthe
. As described in Research Discl
A, 20annul ar shaped unsupported

top. |1

bodi es were prepared,
6.9 nm The ele
Mol 2P1. 5V0. 6Cst oCuo. 5Shi SO. 040x.
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As specified in RD 2005- 497012,

Fi gure 17

ure RD 2005-497012 in Exanple
talyst multiel enent oxide
except with the geonetry ExIxH=7 mm x 3 nmm x
stoi chionetry was
t he

green bodies were treated thermally in a belt calciner according to
DE- A 10048957. |25 After the ca(mhned| maténimal fad mémm copl de (mbark
tenmperature of |60C in a cqgoling zone| integrated imiwy e pelt
calciner, it dbini.,TePIOI € SgLeem g d rbed—T 14
Tabl e 2 bel ow shows-t-he results_achipvedas—a-functionof-the-screel
orifice paranme| BA4EECGnH || of $he tvp undérsize indedds abcor@bhg to
30 Figure 2. ThendkEacCjion|tube having an internal dianmetef of 25 mm
and a |length of -3 @Y ATAY al Ways chpr geg oniy Wit e Rt €T Iy
passi ng through the screen in the oversize renopval. The pressure drgp
was determ ned 5%‘;&‘5(:5 except withla nitrogen streamoflonly 1996 |l
(STP)/h. PF 59831C29Ed@plle 2 1.€ (mMm) L @@ mi/ rnt0dd8 (% by w28y Ap
(nbar) E2 6.0 20417.6 95 E3 4.Q 20 1p.3 . 0 301
(unscreened)
5 E1 achieved the second-best result for Ap with comparatively low miu/me.
In the case of the oversize screen insert used, C was 6 mm and L was 14 mm.
A detailed analysis of the results found gave rise to the following reasons with
10 reference to Figures 13 to 16.
Figure 13 shows a schematic of an undamaged annular shaped catalyst body.
Figures 14 and 15 show schematics of fracture lines which occur therein with
elevated frequency in the preparation of the annular shaped catalyst bodies, and
also fragments 1 and 2, and 3 and 4, which result in the case of fracture.
15 Figure 16 shows a schematic of a screen orifice {(or outline thereof) from the top.
In E1, in the fine particle screening, the fine fragments 2 and 4 were part of the
material passing through the screen and the coarse fragments 1 and 3 were in
the screen residue.
20
In C1, in the fine patticle screening, fragments 1 and 2 were part of the material
passing through the screen, and fragments 3 and 4 were in the screen residue.
In C2, in the fine particle screening, fragments 2 and 4 and alsc 1 and 3 and
25 even whole rings were part of the material passing through the screen.
In the case of an increase in the residence time of the screening material on the
fine particle screen inserts, the proportion of whole rings in the material passing
through the screen increased significantly.
30 in C3, in the fine particle screening, as well as dust, essentially only fragments 4

were in the material passing through the screen, but fragments 1, 2 and 3 were
in the screen residue.



99 G5 (E>CH and L = C) 6.95 6.95 19.8 102 C6 (E>C>H and L> C) 6.95
13 38.7 92 C7 (Cc (E-1/2) 1.5 20 10.3 113 C8 (unscreened) - - 0 119
E2 and E3 adhi&®d@t t he second- and third-best result respectively for
Ap with 5conparatively ow mu/ntot. The reasons for these results
correspond to those for the results in,,. Wrking Exanple E2 can be
performed in a conpletely correspondi ng manner when the slotted sheet
screens with redNakispExampie E€ean by pdriogesd in@m completaty amesd@idingendrmenr e

repl aced by thosgehegisifte skudadreshsiathge@snduial SsreArEHEE Nhd Rreen
inserts are replaced by those with elongated hole orifices according to Figure 8.
In this case, the two undersize screen inserts may have the following

5 configuration of the slotted sheet screen:

C=18mm;L=188mm;a=34mm;b=3mm;d= {1mm; F =23.4%.
The oversize screen insert may have the following configuration of the slotted
sheet screen:
C=57mm;L=14mm;a=59mm;b=54mm;d=1mm; F=38.7%.

10 Both in the case of the undersize screen inserts and in the case of the oversize
screen insert, DIN material (steel) 1.4541 is the preferred material. As an
altemnative, DIN material 1.4571 is also suitable.

The blank tray is manufactured from the same material and has square 10 mm x
10 mm screen orifices in a slotted sheet screen configuration (d = 1 mm) with

15 bridge widths of 2.9 mm on all sides of a screen orifice.

Figure 17 shows a section of such an undersize screen insert from the top.
Figure 18 shows a section of such an oversize screen insert from the top.

.  As described in Research Disclosure RD 2005-497012 in Example lil., A,

20 annular shaped unsupported catalyst muliielement oxide bodies were prepared,
except with the geometry Ex 1 x H =7 mm x 3 mm x 6.9 mm. The element
stoichiometry was M012P15VosC51.0CU0sSb1S0.040x. As specified in RD 2005-
497012, the green bodies were treated thermally in a belt calciner according to
DE-A 10048957.

25
After the calcined material had been cooled fo a temperature of 60°C in a cooling
zone integrated info the belt caiciner, it was, as in |., fed to the screening
described in i. Table 2 below shows the results achieved as a function of the
screen orifice parameters C and L of the two undersize inserts according to

30 Figure 2. The reaction tube having an internal diameter of 25 mm and a length of
3.99 m was always charged conly with the material passing through the screen in
the oversize removal. The pressure drop was determined as in 1., except with a
nitrogen stream of only 1996 | (STP)/h.



Figure 8. The two undersize screen inserts nmay have the foll ow ng
configuratippsgizithe slotted sheet screen: C=57m L =14.0 nm a
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49. 3% Bot fahig2t he case of the undersize screen inserts and in
t he case of the oversize 20screen insert, DIN materi al (steel) 1.4541
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10 inserts are replaced by those having elongated hole orifices according to
Figure 8.
The two undersize screen inserts may have the following configuration of the
slotted sheet screen:
C=57mm;L=140mm;a=6.2mm;b=54 mm; d=1mm; F=387%.
15 The oversize screen insert may have the following configuration of the slotted
sheet screen:
C=88mm;L=16mm;a=5.3mm;b=51mm;d=1mm; F=49.3%.

Both in the case of the undersize screen inserts and in the case of the oversize
20 screen insert, DIN material {steel) 1.4541 is the preferred material. As an
alternative, DIN material 1.4571 is also suitable.
The blank tray is manufactured from the same material and has square 10 mm x
10 mm screen orifices in a slotted sheet screen configuration (d = 1 mm) with
bridge widths of 2.9 mm on all sides of a screen orifice.
25 Figure 19 shows a section of such an undersize screen insert from the top.
Figure 20 shows a section of such an oversize screen.

. As described in Example 1 of WO 03/078310, an annular shaped unsupported
30 catalyst body was prepared with the multielement oxide active composition
comprising vanadium, phosphorus, iron and oxygen corresponding to that in the



C(m) L (m) nu/mot (%by wt.) Ap (nbar) E4 3.5 20 0.66 544 C9
(E>C>H and prFso$31 6.0 6.0 1.5 561 C10 (E>CH and L> C) 6.0 12 31.4
522 C11 (C< (E-1)/2) 1.0 20 0.45 581 012 (unscreened) -
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aforementioned Example 1, but with the ring geometry Ex1xL =86.6 mm x
3.7 mmx4.2mm.

After the calcined material had been cooled to a temperature of 60°C in a cooling
zone integrated into the belt caiciner, it was, as in |., fed o the screening
described in ). Belt calciner and screening machine were separated by means of
a star feeder, which prevented excessively great H.O/N; amounts from being
discharged by the belt calciner on the route of the calcination material to the
screening. Table 3 below shows the resuits achieved as a function of the screen
orifice parameters C and L of the two undersize inserts according to Figure 2.
The reaction tube having an internal diameter of 21 mm and a length of .00 m
was always charged only with the material passing through the screen in the
oversize removal. The pressure drop was determined as in |, but by means of an
air stream of 4142 | (STP)/h.

Table 3
C (mm) L (mm) mu/Mict Ap {mbar)
(% by wt)

E4 3.5 20 0.66 544
CO{E>C>H 6.0 8.0 1.5 561
and L= C)

C10(E>C>H 6.0 12 314 522
andL>C)

C11 (C< (E-)/2) 1.0 20 0.45 581
C12 - - 0 634
{(unscreened)

E4 achieved the second-best result for Ap with comparatively low mu/mie. The
reasons for these resuits comespond to those for the results in 1.

Working Example E4 can be performed in a completely corresponding manner
when the slotted sheet screens with rectangular screen orifices in the screen
inserts are replaced by those with elongated hole orifices according to Figure 8.
The two undersize screen inserts may have the following configuration of the
slotted sheet screen:
C=33mm;L=163mm;a=4.1mm;b=56mm;d=1mm; F=32.3%.

The oversize screen insert may have the following configuration of the slotted
sheet screen:

C=97mm;L=163mm;a=4.1mm;b=56mm;d=1mm, F=42.0%.

Both in the case of the undersize screen inserts and in the case of the oversize
screen insert, DIN material (steel) 1.4541 is the preferred material. As an
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such a procedur thisidocarssmci ated wth the di sadvant ages described in
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in r , e :
case too to errp,no her o?tfs, gr%%srence will be given in this case too to employing screens

30 with inventive screen orifices (for example with corresponding rectangular or
elongated hole orifices), for example that from E1, Table 1 of this document.

US Provisional Patent Application No, 60/944208, filed 06.15.07, is incorporated
into the present patent application by literature reference. With regard to the

35 abovementioned teachings, numerous changes and deviations from the present
invention are possible. 1t can therefore be assumed that the invention, within the
scope of the appended claims, can be perfarmed differently from the way
described specifically herein.



30with inventive screen orifices (for exanple with correspondi ng
rectangul ar or elongated hole orifices), for exanple that from El
Table 1 of this docunent. US Provisional Patent Application No.

60/ 944208, filed 06.15.07, is incorporated into the present patent
application by literature reference. Wth regard to the
35abovenenti oned teachi ngs, nunerous changes and devi ations fromthe
present invention are possible. It can therefore be assuned that the
invention, within the scope of the appended clains, can be perforned
differently f¢wms t he way described specifically herein. 32 Cains 1.
A process for charging a reactor with a fixed catalyst bed which

conpri ses at ieaatpro@éagfosmrgaga eadidknsd ixboiayl niRTA BRMERLE | C shape

i s that Of a riNgadibie @atﬁitb%mmgé ﬁ%&ﬁshﬁe 1§lﬁb@of|arﬁ1§f\]n@lal
diameter |sand t g chg nrwglﬁeﬁa.'a\a Lk 2 6 char gi ng,
fragnents' fornme s F)r % ?:m(#n{ 3 c%al r'bodl es K
are renoved at |<'$‘5 %. lf’ gg Q:?I%%ﬁﬂ[s d(??'upr 5’@%% a screen
froma screen re&t B"h]f) F &Ry §H%?§Ep&”§é‘ir§? ‘tWh%Eﬂs‘éeé

process for scre@nif®een A aseea resiippeomprisbs phapekplgid bedes K8¥d t o char ge
the fixed 10cat aPyesssbegreening, ad Sieping sy rebidye isesedlonhiarag tedixgser f or med
with the a9d of eata@ystiedandihs ppledsds ssenogn pofomied eisthaviidsfe sgesmt | nuous
outl i ne has i n eakithaaseeeabriibaasbseicimindly AllighHas InieBdh cadct lksboWhi ch
are opposite ones@arptinesecivhs dhidhiaflBfERe dre BMBEr Ah dbiRS L o@fer | ength L
l'ike two parall eleaﬁb@ﬂ&gafu.eem@a@h&o%;eaaﬁgrmwslgdéa@ﬁ%bs L and C,

with the provi SOaEJ@%ﬂﬁﬂ&ﬁo‘k b BSt 24 lﬁg' ]%q& point P
it e SRR S e,
theoretical rect ﬂ]n ave any

further point Iy| n idg ]en doe tﬁ\' & P&“*&@‘&HB P‘f' "ﬁi‘”@ﬁ'g outline
poi nt P> C, wher ‘F s ?1" Plgu B?B‘B‘E 5%8?9'%PM§SWWP@ K€ ons 1,
20L > EC (E-012 faiorehf i sfi ed, 2. The process according to claim 1,
wherein, in the process for screening, the 25relations I1,

L>EaH>Cal 2P/ 2a(E-1)/2 akeEstG*{EH 3. The procéks accor di ng to
claim1, wherein, in the process for screening, the relations VI,
L>Eau>0sHacz( E- | pe2atitied sati sfied. 4. The process according to claim
1, wherein, In the process for screening, the relations

L>EaH>0. 9H>Catd 2 1R frosckds/addobdink Jo claf £ whdbih, # thédflocess for screening, the

25 refations 11,
L>EaH>CreHi2a(EN2 (I,
are saiisfied.
30
3.  The process according to claim 1, wharein, in the process for screening, the
relations Vi,
L>E2H>09HzC2 (Ey2 (i,
35
are safisfied.
4. The process according to claim 1, wherein, In the process for sereening, the
relations |,
40

L>E2H>0.9H>C 2 HR 2 (E)y2 (i,

are salfsfied.



PF 59321 33 5. The process according to claim1, wherein, in the
process for PF&O@2Ning, the relations V, L > EH > 0.86HC(E-0/2 are
satisfied. (v). The process according to any of clainms 1 to 5,
wherein L 1.5 . E. The process accordi Sg to any of clainms 1 to 5,
wherein L 2 E. The process according any of clainms | to 5,
wherein L 2.5 E 15 9. The process according to any of clainms Ito

8, wherein k 5 2f roEessJaecoraﬁgt QRS @@f‘nornqh@&o&&s%ﬂém%fenlﬁ ahgis 1

! 7

to 9, wherein th con I nuous ooocflne oP he screen orifices Torns a
rectangl e with [FR°% ¥e | engths L and C. 20 11. The process according
to any of clainms 1 to 9, wherein the continuous outline of the screen

orificessfornms an el ongbt-atlz ol @esthi e Ras: (Hag2edge hwpgth L and the
hole width C 12. The process according to any of clains 1 to
11, wherein the screen used is a 25slotted sheet. 13. The process
according to an§ecPi¥di ng 1 to 12, wherein the screening is
performed with a planar screen. 30 14. The process according to any

of claims 1gto %gep Wﬂﬁs@cﬁbrﬂmqf_tosﬁfy%@bm11%59%&@!&1@13“5*‘ a |inear
pl anar \ébbr ating screen he process according to any of clains

lto 14, 'wherein the reactor is a tube bundl e reactor whose tubes are

charged wit R t h&hq Preerps@sEarigg to any#f clgms to STiaergindc@4 sEaccor di ng to
any of clainms 1 to 15, wherein Eis from2 to 10 mmand (E-0/2 is

from1 to 3gMM The process according to any of claims 1 to 5, wherein L 2 2.5+ E.
15 9.  The process according to any of claims 1 to 8, whereinL £ 20 - E.

10. The process according to any of claims 1 fo 9, wherein the continuous outline of
the screen orifices forms a rectangle with the side lengths L and C.

20 11. The process according to any of claims 1 o 9, wherein the continuous outline of
the screen orifices forms an elongated hole which has the edge length L and the
hole width C.

12. The process according to any of claims 1 to 11, wherein the screen used is a
25 slotted sheet.

13.  The process according to any of claims 1 to 12, wherein the screening is
performed with a planar screen.

30 14, The process according to any of claims 1 to 13, wherein the screening is
performed with a linear planar vibrating screen.

t15. The process according to any of claims 1 to 14, wherein the reactor is a tube
bundle reactor whose tubes are charged with the fixed catalyst bed.
35
16. The process according to any of claims 1 to 15, wherein E is from 2 to 10 mm
and (E-)/2 is from 1 to 3 mm.

17. The process according to any of claims 1 to 16, wherein the shaped catalyst
40 bodies K are unsupported multielement oxide catalysts.



17. The process according to any of clains 1 to 16, wherein the
shaped cat aPF$8320bodi es K are unsupported nul ti el ement oxi de

catal ysts. PF 59321 34 18. The process according to any of clains 1
ta 17, which is followed by a process f,or heterogeneously catal yzed
partial gas phase oxidation of an organi’c conpound in the reactor
char ged wit h8.t héhd proeebsaatatiyg to dnydf clbit®. 1 HE, whidtie delowed by aprogesso

cl'ai m 18, wher eforntlBRyg Bﬁéo%él g@@@@étﬁ;&a‘naq LPpIEEE ExiBAIchichkn B8niphase

of ethylene. o *c‘oﬁ%%&ﬁ&‘?%% aclop S ge B%’ﬁﬁﬁ%k?@%?éﬁd"?ﬁiﬁaﬁé' i
acrol ein, of nmethacrolein, of 1-butene, of 2-butene, i sobut ene, of
i sobut ané 0. nThapabess antorbmg addlaimet Bowherénncnhe(bétengeneﬂ)@slﬁﬁhtalﬂiteﬂ

process accordi piubigaeRkadilo xe'aﬁa B & hlefooh oo tfjeibiyaed pEigigHepRisushi ng
strength of the s | es |s u ] Wprocess
i PBTT%‘SY'%"—Y Pt ety olm BoRvIA: °'i"'=H‘e

for at |east paPf
15pr epar at i on ofcreeinpeidnethacieleis:of fdutass, Km efdenbutent.cof fsebutenes of

that of a ring wmfanéhﬂbgﬁgﬂ@ﬁ@aﬂofdl.)@léﬁéer E, the internal dianeter |
and thespeight Hwth the proviso that E H froma mxture of annul ar

shaped cat al bodi es K and these fragnents as material which passes
t hr ough t he? écrg%prop,esg asresdipg to ?'UP“E'E?’@ hed§ vearen He@qR EUHingn ¢ he

aid of a screenstnigtiofffesshapecentalyst bbdieels mmm@o N20 conti nuous
outline has in each case at |east two straight-line secti ons whi ch

[l ke Du.partn | 9P St oftadtp By AR Ra ol Bhich SR BRI B,

with t hd®provi sBrepiiationefehapad ratajst %qum ?%rqee@ﬁtﬂafpr@ug { ﬁhﬁ adtent P
| yi ng on the ouwith the exferrsl diemeten Eothie intereal aliaingberr ahdi e heght Havith the

tzg]?or ﬁ]i cal r e;: bRNEb thab £ Whrhfa rhik@resdfdAntiaNBEPed MRS bots Ibéd(ﬁtplééé’

point P o & wnirdioe %’%Im%%‘éa'm%@%%%%@%négéﬁﬁﬁgﬁm 1A% By ons 1

L>El- 1>Ca( E- 0/ ZE‘EﬁPe’B@aﬁF@ rpepiesyithde aid of a sgreen which Fas serecs Oifices Whes? due

obt ai ne@0i n a pratiessusautios Haniy each cdsaiatie2dt tivo straifiddine septionswadach ane

with a fixed cabglosiid omeshother at a distance C over at least one length L like two parallel
sides of a rectangle with the side lengths L and C, with the proviso that each line
which runs through an outline point P lying on the outline of a screen arifice and
parallel to the theoretical rectangle side with the side length C does not have any

25 further point lying on the outline whose distance from the outline point P > C,

wherein, in the process for screening, the relations 1,

L>EzH>C2(E-2 {1},
30 are satisfied.

22. The use of the screen residue obtained in a process according to claim 21 for
charging a reactor with a fixed catalyst bed.



