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the lower end face of the upper punch,

30 by reducing the axial starting distance A of the two end faces along the bore axis B to an
axial end distance E predefined for the compaction by lowering the upper punch while
maintaining the position of the lower punch or additionally lifting the lower punch, where

- the geometric shape of the outer face of the lower punch corresponds to that of the
35 outer face of a circular cylinder |,

- the geometric shape of the outer face of the upper punch corresponds to that of
the outer face of a circular cylinder Ii;

40 - in the geometric center of the upper end face of the lower punch, a center bore
MBV conducted through the lower punch from the top downward is formed;
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the geometric shape of the 1nner wa[! of the die bore corresponds to that of the

outer face of a circular cylinder KZ, and which is adjoined at its upper end directly
by a longitudinal section I of the die bore which is directed upward and has the
30 length II;

- the dimensions of the longitudinal section | of the die bore and of the circular
cylinder | are such that the lower punch, during the process, is always conducted in
each case sliding into the die bore at least for part of the length of the longitudinal

35 section | with its outer face on the inner wall of the die bore; and

- the dimensions of the center bore MBY and of the circular cylinder Z are such that
the lower punch, during the process, is always conducted sliding into the die bore
at least in the region of the entrance of its center bore MBVY into its upper end face

40 with the inner wall of the center bore MBVY on the circular cylindrical outer face MZ
of the center pin MF; and
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constituents (e.g. pore formers) which decompose and/or are converted thermally in the
40  course of thermal treatment to form gaseous substances), causes crack formation which
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which the fill chanber is disposed in a die bore conducted through

the die terial (through the die) fromthe top dowmmward with a
vertical bore axis B and is delimted by the inner wall of the die
bore, 10 +wédethopiee aandjdcacihe breachidmantipu i brovide ko dupeded paresseioow
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| ower abl e, verul ent "aggregate introduced’into t
fill charpicer depge alRely ower end face, disposed along the bore axis
B at an axial starting distance A 15above the upper end face of the

| over  pumshsile@istibsURRElePloNBd rd¥0H fHa® theSdsfd trRorbeerhériticak be z8Ridved by
| ower abl e Cia?{ion

L

abov@0 amgter surface no longer corresponds to that of a circular cylinder but rather (at least partly)
to that of a frustocone. In this way, the end result is that only a ringlike oxidic shaped body
is produced, but this impairs the desired pressure drop advantage insignificantly at worst.
The significant reduction in fracture achieved by the inventive procedure is attributed to
the fact that, owing to the altered geometric conditions in the removal of the shaped

35 precursor body formed from the die bore by lifting the tower punch, the rollering friction

between the inner wall of the die bore and the outer surface of the shaped precursor body
can essentially be eliminated.

Accordingly, the present patent application provides a process for producing a ringlike
40  oxidic shaped body comprising the mechanical compaction of a pulverulent aggregate
which has been introduced into the fill chamber of a die and is composed of constifuents



t he out erpﬁggse%of a center pin MF conducted fromthe bottom upward in
the die bore 20along the bore axis B fromthe geonetric center of the
upper end face of the | ower punch, said center pin M extendi ng at

| east up to the georretrl c center of the/ lower end face of (he upper
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to that afelitnited buter face of a circular cylinder Il; in the geonetric
center of the upper end face of the | ower punch, a center bore NBU

35conduct ed thr.ough the | oy unch fromthe top downward is formned;
at the st'artﬁﬁdn%qqﬂayﬁgweg\%kort%he two end faces, the center pin M
projects from bel ow t hrough the center bore MBu at |east up to the
geonefori ¢ cefMelppef eddecd 6 loweR Buh@ciatreduckd &robpiRedw BIOAG e Bide bhie B into

center pin t t t

ciroul ar | priE it B sdis o b SMUHEUR fwch e PR RBTE i noitRBofbat
face Mz '“trPﬂ‘éce!déW@tﬂ'F? HrchambesiRai$ ne of the circular cylinder Z is
| ess than the |l ength of the outline of the circular cylinder I and
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upper punch and is connected to at |east one outlet fromthe upper

punch (gas-perneable) is formed, said c ore bei n C e of
accommodat i n etor‘féeré%%ﬁ‘gla SEIRT R M CPH%@%%@@E?%M@S} b\%"’?’" ' ﬁ'g CE?/%?TF
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MB, of the center pin MF and of the center bore MBU are on a common

strai ght blyiraguding theakiapstsiging diz@dricy A ditiesgio édtefadéealbey e bore axis B to an
25 axial end distance E predefined for the compaction by lowering the upper punch while
maintaining the position of the lower punch or additionally lifting the lower punch, where

- the geometric shape of the outer face of the lower punch corresponds to that of the
outer face of a circular cylinder |;
30
- the geometric shape of the outer face of the upper punch corresponds to that of the
outer face of a circular cylinder il;

- in the geometric center of the upper end face of the lower punch, a center bore MBY
35 conducted through the lower punch from the top downward is formed;

- at the starting distance A of the two end faces, the center pin MF projects from
below through the center bore MBVY at least up 1o the geometric center of the lower
end face of the upper punch;

40
- the center pin MF, from the bottom upward, has the geometric shape of a circular



20 the diFe)F88§ge§ along its bore axis, has a |ongitudinal section I
over whose length | the geonetric shape of the inner wall of the die
bore corresponds to that of the outer face of a circular cylinder KZ,
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- the dimensions of the center bore MBY and of the circular cylinder Z are such that
35 the lower punch, during the process (the reduction of the starting distance A to the
end distance E), is always conducted sliding into the die bore at least in the region
of the entrance of its center bore MBV into its upper end face with the inner wall of
the center bore MBY on the circular cylindrical outer face MZ of the center pin MF;
and
40
- on completion of compaction, the upper punch is lifted from the ringlike shaped
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section Il

40  The outline of the circular cylinder Il in the process according to the invention,
appropriately in application terms, is normally longer than or is equal in length fo the



30 In coﬁ??%gPSto the circular cylinder, the cross-sectional area of
a frustocone is not constant over the height of the frustocone, but
rat her increases fromthe top face down to the bottomface. This of
course also applies to the frustocone K& which can be inscribed into
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channel (F%auehgy IE HlGHEhBO FH 8RN 188G H @Nthel dutinB&T GrRSErcOlar BYIIBEICE '(rmmsaétor)
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from 0.4 to 0.6.
In other words, the difference formed by subtracting the radius of the outline of the circular
25  cylinder Z from the radius of the outline of the circular cylinder | in the case of ringlike
shaped bodies F is in many cases from 1 to 3 mm, or from 110 2 mm, or from 1.5t0 2
mm, or from 1 to 1.5 mm. The diameter of the outline of the circular cylinder | in the case
of ringlike shaped bodies F is in many cases likewise from 2 to 10 mm, or from 2 to 8 mm,
or from 4 to 8 mm, or from 5 1o 7 mm.
30
In contrast to the circular cylinder, the cross-sectional area of a frustocone is not constant
over the height of the frustocone, but rather increases from the top face down to the
bottom face. This of course also applies to the frustocone KS which can be inscribed into
the die bore over the length of the longitudinal section 1l in the process according to the
35 invention and whose cross-sectional area increases from the bottom upward ("upturned
frustocone").

When H is the height of the frustocone KS, it is advantageous for the process according to

the invention when the widening of the frustocone KS from the bottom (from the top face)
40 upward (to the bottom face) is such that the following relationship between the diameter

DD of the top face, the diameter DG of the bottom face and the height H of the frustocone



of the I‘IFI,’IIE]PP?(%S shaped precursor body produced in accordance with the
i nvention which results therefromin each case is then
correspondi ngly not planar, but rather curved outward (convex). Such
a configuration is found to be advant aggous especially in the 30case
of shape u rt bodies produced in accordance with the invention.
As a resﬂ?%%%%@%urved end faces, the production of supported or
coated catalysts resulting therefromgives rise to a mnor degree of
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to 5 tinmes the external diameter of the circular cylinder 1.
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abovenentioned end facesyggn,dl SpPeppang bested in g PF 60895 12
convex manner. It is also possible for one of the two'end faces to be
configured in a concave nmanner and the other in a convex manner. In
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40 configured in any other manner known for tablets (especially pharmaceutical tablets). For

example, one or both of the abovementioned end faces can also be configured in a
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For economic reasons in particular, it is particularly advantageous in the process
according to the invention to use dies whose die bore is such that its longitudinal section |
35 is not only adjoined at its upper end directly by a longitudinal section |l directed upward,
but also at its lower end by a longitudinal section directed downward (referred to in this
document as longitudinal section 1I* (33)), in which the geomeiric shape of the inner wall
of the die bore, over the length II* of the longitudinal section II*, likewise corresponds io
the outer face of a frustocone whose cross-sectional area at its upper end corresponds to
40 the cross-sectional area of the circular cylinder KZ at its lower end (referred to in this
document as frustocone KS*), but with a cross section widening in the downward direction
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In addition, it is expedient in application terms when the length Il (height) of the
longitudinal section It (and the length 1I* of the longitudinal section [I*) of the die bore of
25  the die used to perform the process according to the invention (i.e. the height H of the
frustocone KS (and of the frustocone KS&%)) is up to four times, preferably up to three times
or up to twice or one and a half times, the axial end distance E.
In other words, processes advantageous in accordance with the invention are those
processes according to the invention for which:
30
4 e end distance EzH 21 eenddistance E (IV);
or
3eenddistance E2H2z 1eenddistance £ (V);
or
35 1.5 e end distance E 2 H 2 1 « end distance E (VI);
or
3 e end distance E = H 2 1.5 e end distance E (VII);
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2 » end distance E 2 H 2 1.5 e end distance E (VIII).
40
In general, in the process according to the invention, the length | of longitudinal section |
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narrowing in the upward direction (the cross section of the circular cylinder Z corresponds
in this case to the cross section of the bottom face of the frustocone KM). The height of
the frustocone KM may correspond to the length of longitudinal section It (which is

30 preferred in accordance with the invention), but may also
be shorter (in the latter case, the proportion of the center pin having circular cylindrical
geometry extends from the bottom upward into the longitudinal section H). The reason for
the advantageousness of this ending of the center pin MF in the upward direction as a
frustocone KM, in a similar manner fo the advantageousness of the geometry of

35 longitudinal section Il of the die bore itself, is that, owing to the conical narrowing of the
center pin MF in the upward direction, when the ringlike shaped body formed is removed
from the die bore by lifting the lower punch, the rollering friction between the outer wall
(the outer face) of the center pin MF and the outer face of the cavity of the ringlike shaped
body formed (for example over the length of longitudinal section ) can essentially be

40 eliminated (for example in the case of production of ringlike shaped precursor bodies Ll
or FH), However, the advantage resulting from these facts is comparatively limited, since
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This is true especially in the case of automatic performance of the process according to
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40 the eccentric disk. The center pin MF is likewise stationary and is conducted through the
die bore and the lower punch and is secured to the die plate with a center pin holder.
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40  compacts are subseqguently ejected.
One die bore is thus filled, while another die filling is compacted and, at the same time, in
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40  lower shaft head (10) reside, respect!vely in a stationary "upper punch guide rail" and
"lower punch guide rail" which are not shown by figure 6. The inserted die (1) is a die with
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40 according to the invention advantageously enables particularly low gjection forces; when
fresh dies are used, they are generally in the range from 0.15 to 1.5 kN; in the course of
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35  Useful filling shoes for the process according to the invention in the case of rotary presses
are, for example, shaken filling shoes, vibratory filling shoes and stirred filling shoes.
Particular preference is given, however, to using stirrer blade filling shoes. The latter have
also heen used in all working examples.

40 It should also be emphasized at this point that it is particularly advantageous for the
process according to the invention to use those simple rotary presses or double rotary
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It SI}% punches, especially in the aforementioned cases, may also be manufactured from DIN

tool steel 1.2379.

In contrast to the punches, the die is, advantageously in accordance with the invention,
manufactured, in contrast, from a material composite. Preferably in accordance with the

30 invention, this material composite consists of a hard metal (25) on its side in contact with
the die bore and advantageously of a tool steel (26) on its side facing away from the die
bore. The latter preferably has the following element composition WS:

1.50 to 1.80% by wt. of C,
35 0.10 to 0.40% by wt. of Sj,
0.10 to 0.50% by wt. of Mn,
= 010 0.05% by wt. of P,
2 0t0 0.05% by wt. of S,
10 to 13% by wt. of Cr,
40 0.50 to 0.80% by wt. of Mo,
0.10to 1.10% by wt. of V,
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"Ermidungsverhalten des Hartmetalls G55 Co bei Raumtemperatur” [Fatigue Behavior of
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to the invention, e rmal treatpent. is, effected at tenperatures
of 100C, frequentl%%lb?“gtfyg?t' 8{ 205@('&3%‘.‘* ‘?rrom 300 to 800C).
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In addition, the statements made in this document regarding the material {or material
composite) for the die apply especially when the pulverulent aggregate to be compacted
in accordance with the invention is a pulverulent aggregate HW*. The latter is true not

40  least when nitric acid is still present in the pulverulent aggregate HW* (in that case, it shall
be referred to in this document as pulverulent aggregate HW**).
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the catalytically active component (for example the multimetal oxide) diluted with inert
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Among other purposes’f the process according to the invention is suitable for producing
the shaped precursor bodies of those ringlike multimetal oxide unsupported catalysts
which comprise, as the catalytically active component, at least one multimetal oxide in
which the element Mo, or the element V, or the element P is that element other than
20  oxygen which is numerically (calculated in molar terms) the most common (multimetal
oxide means that the oxide comprises at least two elements other than oxygen).

More particularly, the process according to the invention is suitable for producing the
shaped precursor bodies (especially ringlike shaped precursor bodies F or F) of those

25  ringlike multimetal oxide unsupported catalysts which comprise, as the catalytically active
component, at least one multimetal oxide which comprises the elements Mo and Fe, or
the elements Mo, Fe and Bi, or the elements Mo and V, or the elements Mo, V and P, or
the elements V and P (in particular when the aforementioned commonness condition is
simultaneously satisfied). The first ringlike multimetal oxide unsupported catalysts in the

30 above fist are suitable in particular for heterogeneously catalyzed partial gas phase
oxidations of methanol to formaldehyde. The second are suitable in particular for the
heterogeneously catalyzed partial gas phase oxidation of propylene to acrolein. The third
are suitable in particular for heterogeneously catalyzed partial gas phase oxidations of
acrolein to acrylic acid, the fourth are suitable in particular for the heterogeneously

35 catalyzed partial gas phase oxidation of methacrolein to methacrylic acid, and the last in
the above list are suitable in particular for heterogeneously catalyzed partial gas phase
oxidations of n-butane to maileic anhydride.

For the inventive production of ringlike shaped multimetal oxide unsupported catalyst
40  precursor bodies, preference is given to using a lower punch with a planar upper end face
and an upper punch with a planar lower end face (the two end faces are preferably
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2007 003 shéBabi&ixture of a composition corresponding to the stoichiometry of the desired
multimetal oxide, to which the shaping assistants (including reinforcing assistants) already
mentioned may be added (and/or may be processed from the start).
20
Useful sources for the elemental constituents of the desired multimetal oxide are, as
already stated, in principle those metal compounds which are already oxides and/or those
metal compounds which can be converted to oxides by heating, at least in the presence of
gaseous molecular oxygen and/or of components which release gaseous oxygen. In
25 principle, the oxygen source may also, for exampie in the form of a peroxide, be a
constituent of the precursor mixture (of the pulverulent aggregate} itself. The pulverulent
{precursor) aggregate may also comprise added compounds such as NH4OH, {NH4)2CQOs3,
NH4NOj3, urea, NH4sCHO;, NH4CHaCO2, ammonium oxalate, hydrates of the
aforementioned compounds and/or organic components, for example stearic acid, which
30  can decompose and/or be decomposed in the course of thermal treatment as pore
formers to give compounds which escape completely in gaseous form.

The preferably intimate mixing of the starting compounds (sources) to produce the fine
pulverulent (precursor) aggregate shapable in accordance with the invention can be

35 effected in dry form or in wet form. Where it is effected in dry form, the starting
compounds are used appropriately in the form of fine powders (with a particle diameter dso
(to determine particle diameter distfributions and the particle diameters d+o, dso and deo
{(generally dy) inferred therefrom, the particular fine powder was conducted via a
dispersion channel into the Sympatec RODOS dry disperser (Sympatec GmbH, System-

40  Partikel-Technik, Am Pulverhaus 1, D-38678 Clausthal-Zellerfeld) and dry-dispersed there
with compressed air and blown into the measurement cell in a free jet. The Malvern
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is dried, the drying process being effected preferably by spray-drying with exit
temperatures of from 100 to 150°C (in some cases, the drying can also be effected by
filtration and subsequent drying of the filtercake). The particle diameter dsg of the resulting

35 spray powder is typically from 10 to 50 um. If water was the basis of the liquid medium,
the resulting spray powder will normally comprise not more than 20% of its weight,
preferably not more than 15% of its weight and more preferably not more than 10% of its
weight of water. These percentages also apply generally in the case of use of other liquid
solution or suspension assistants. After addition (or else without such an addition} of the

40 desired shaping assistants to the particular dry mass in pulverulent form, the pulverulent
mixture, as a fine precursor mixture (pulverulent aggregate), can be compacted (shaped)
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Even before the intermediate compaction, it is possible, for example, to add graphite as a
compacting assistant. Subsequently, on the basis of the coarsened powder, the ultimate
(actual), the inventive shaping is effected, prior to which fine graphite (and if appropriate

20 further shaping assistants, for example reinforcing agents) can once again be added if
required.

It will be appreciated that the sources of the elemental constituents used may also be
starting compounds which have in turn been obtained by thermal treatment of precursor

25  compounds (element sources), and are of multimetal oxide nature. More particularly, the
starting compounds of the elemental constituents may be of multimetal nature.

All statements made so far in this document are valid in particular when the catalytically
active multimetal oxide of the ringlike muitimetal oxide unsupported catalyst has a
30 stoichiometry of the general formula XII

Mo 12BiaFesX1X24X3:X40n (X| l)

where
35
X1'= nickel and/or cobalt,
X2 = thallium, samarium, an akkali metal and/or an alkaline earth metal,
X3 = zinc, phosphorus, arsenic, boron, antimony, tin, cerium, lead, vanadium,
chromium, niobium and/or tungsten,
40 X4 = silicon, aluminum, titanium and/or zirconium,
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Y7 =  arare earth metal, titanium, zirconium, niobium, tantalum, rhenium, ruthenium,
25 rhodium, silver, gold, aluminum, gallium, indium, silicon, germanium, lead, thorium
and/or uranium,
Y8=  molybdenum or tungsten, or molybdenum and tungsten,

a= 0.01i08,
b= 0.11t0 30,
30 c¢'= O0tod4,
d= 0to20,
e'> 0to20,
f= 0to6,
g= 0io15
35 h= 81016,

X, ¥ = numbers which are determined by the valency and frequency of the elements in
Xl other than oxygen, and
P, g = numbers whose p/qg ratio is from 0.1 to 10.
40
Such ringlike multimetal oxide unsupported catalysts are suitable in particular as catalysts



of their B &%nt cheni cal conposition than their |ocal environnent
and whose | ongest dianmeter is in the range from1l nmto 100 pm In
the case of a catalytically active nultinetal oxide of one of the
stoichionetries XIl to 5XIV, useful |ufpicants for the process
according to the invention for producing ringlike shaped precursor
bodi es, ithuigereaseshsalestigitapn adivityiioathsl das rbass erfalytiapw tialsidpEemol ene
gl ycol , strepariecto@acialkin ah@btibobyeleyarcen-blianaloirdhe methgt etheothkreof to

veget abl emgihgcm‘gﬁ{er, boron trifluoride and/ or boron nitride.

G ycerol and cellul ose ethers can al so be used as further |ubricants.
Preference is given in accordance with the invention to adding

gr aphi& e Fos thehipvartive presiustiempéfiibe agrstsprading riggike ghaped meltiveigboxirei on
to be sh f\ﬂ@dp;‘bdﬁe@%@tma@us«@or Bodi&& sbivee$bi 108 eletndrig cbhﬂ&hérﬂt’@of&l(?@@ﬁd/e
unsuppor . [ r.ecur , .

voront . JELFPOT ooy ME Rt el o Bk Tuahulfh e et e
4% by wei RyfMerdentoapisrtsd. and thigdeyiurer@fercadditpn of ﬁ@a%i%/%ﬁwg%nt?m Is
added anodubiect, sef. foRexaynpiee i A, 10020048103y 628 S0k By 1WB0Ayhi03 Teapktt es

dd i , 4
8 a[e)ﬁlldtMetNM'i FF?@??%@@Z B EIHATRYF ¥t 31R0n e AR BMEY WS %aﬁgzagﬁ APBHY

, nc., New Jersey 08802, . USA. and Tinrex(r from
T ol Luinorgha 3Bean Bl baGPRDER PN IFoPLR IRl (R G g
agent s, siiehedunsdpppided prialysigfreqrsms dodigs bextrdS, silicon carbide or
potassiumtitanate, can be added. 20 The thermal treatnent of
ringlike . ' I ' :
bodi e, b & R ST 8 eqiliediap ARAEN Sort PPlnk Sloche BT Blenain
is effect!Bs r@%éli@a&ngveﬁwap%ﬁ@lﬂaﬁﬁ'é)§'dmnévppé%@€@ata§@b .eCNSPrn%HC{Vﬁ'"iR
t he cont eartd ©40 Nhbetteherttednd £ 8aNmeven bettee 2tl@rtpends 0. gheBERCrushing
Pg‘\')’:\éﬂo ﬁ%h%ﬁwe%@r%sigégwﬁéhﬁﬂg%%yoﬂﬂé @%Qb&mm t ét'ﬁaré’e'é?d&fr?bodies is
of 600, B BraR S N A 2l it 17 SFuPS 260 RicPbsrectelF dhE PRE RO
t enper at wtiensth o IgCingikashaped cewiraetal dritecdvraippotas adyy prreger spdiphis
therm tx emNrapats @f Nt he ringli ke shaped unsupported catal yst
precursor body, preferably the tenperature of 380C, advantageously
the tenperature of 400C particul arly adyantageously the tenperature
of 420C af %@{‘arﬁb(tB?QP%'F§51'%}“?tﬁ§°ﬂ° \erKIP agEreaiRCO b RPEEIREY"
The t her nekotdaee witntherieyenéibis exbledidp helassistants telew edeed) searvaoiageaisty
:c,tS ?Ur ?tdo%%{ed:t%rfroﬁ%(?{ﬂmﬂo?ﬁfg Eh?%éﬁ’@léléhy Qé&d?ﬁé&ef gﬁﬁy ]:ch@orﬁaﬁ()olt@dO@IlJﬂm (for

irst,.at a tepperature .o .. prefera rom

ol | Giod BoEE HERIRNSRls AORRRE o - 1 o aay v h P FPS Hh BT Y et
pr ef er ablhetter Sriears90%ry58eEt B8 ARdiokEry pdvariegachely (PRIor P8 @AM e B
the ri nglydightehaeas vaaliéntrrialgatxardevithid thistgeandliadty tmgeppor t ed
catal yst precursor body takes several hours (usually nore than 5
hours). Frequently, the total duration of the thermal treatnent,
ext ends t'B fHpAecUirRlg the siHe clyushig|srengty i HAEEHAPD I MBR" RSO STlE
t r eatade ntstrehgth lvéheni thg tindide shapedmullisetsd oxite dnsatpattiys tatdypr mrecursarbody is

P rent mentopPRalsel i angl (il gD QAR o SsaRABine Sitadirthe |
Lhe | meorrion: Al o6 rRBinarustofpl Weabeien TERs 1 st iER I i
of the re 2¢MISTA malerikle teding swching ool viel Crahthikyen (DY H dloy). Dody,
;:3000 ( 4?0@‘[9@5!@8&%9 ]?Pégﬁiﬁdﬁtﬂdesﬁjh@g Eci?ﬁ:utaéi@@‘tiﬂ@ﬁésstﬂaﬂ?ﬁwgi aﬂsihtﬁlé-imgetus,
e ure. window of. 2, . fr .The
ner i 1l e ey Rt SICBRS, S e e ey
of the rilpgsiKe RHalpsNUTEifpise MangsicgelemiA-Stlo (OO LRSS Wi he
cat al yst rparegastger niraiokirexs-zis8as talidraboineaccaniahes aftfi &N &Nl 18I TEOO- Lankeis
| nert 9as,sahiefiRE 1%0%@%9&%5%9@5 RGO NELERe HBLs AR tholibink/ M K3 L
n n), e ere (for

of inert gas and oxyge or else un a reduci ng atnosp
exanple m xture of inert gas, NH3, CO and/or Hz, or nethane,

40  The measurements are carried out with the following parameters:




In pri nciprﬁ @9835he thermal treatnment of ringlike shaped multinetal

oxi de unsupported catal yst precursor bodies can be carried out in a
w de variety of different furnace types, for exanple heatable
forced-air chanmbers, tray furnaces, rogary tube furnaces, belt

cal ciners 150r shaft furnaces. Preference is given to effecting the
t her mal t'PEAtfeRsAL0-8MN-t he ringli ke shaped nultinetel ciXide

unsuppor tRede chihdibyetcept@oum/sdr. bodies in a belt cal ci ni ng appar at us,
as reconmeaged .y EmAERP 46 957 and WO 02/ 24620. The ther nal
treatment of Tinglike shaped multinetal oxide unsupported catal yst
precursor 20bodi es bel ow 350C generally pursues the aimof thermal
decompBosiTtheatpref pured isiviliathelowefed Hewlg deyp e st avsthe aidat Gce pf thpanglike
desired rdhagéd iesuppbitdéd@italstpréaesd peup Mvetggecainzh ysthenhiopbedrie order
present ' dldifichiifRIL UNSHARRL'MIEARE) HSkeREARUIERWIRAAL Binimum initial
Frequent 'y, I'S deconposition phase I's e Fected n the course o
heati ng tfﬁrcﬁé?ﬂﬂéﬁeﬁtf‘lfrfg@"%ﬁm’%@@: 25Especially for the production of
catalytically active nultinmetal oxides of the stoichionetry of the

gener@l  TORMMEA ek bt RhicKkNé sHapel @naﬂmﬂé@g@@g& recRE&T I eRhibk@lck
oxi de ra, Yﬁ)]ag . Of Blga- ZZQ‘E{EQ)(.W aﬁh(g ?urce of the elenents Y1, Y2 or
Bi, Z2 ir{O 'ogﬂ)ss@ﬁ@ C6FY% Tend |% constituents of the multinetal
oxide and to use it to obtain, after its preformation, as already
descri beRegardify SeHctescahipdditidns efmirsigichienaist X uea tiiohfore coefficient b

T Py S ORI e LT BB e,
t her dfr orﬁt?iﬁﬁ%%fgig gagfigientid s Pr %raﬁ(a}?%ﬁf 5-82?%?@? s f%ﬁ)%tﬂc 8?8%@%%[&%%
assi st anteferablyl frors Qdd Sang tlue stdighiomeiric coiefigledt bés prateratdfiros Ot ip 4. Aae,

i ][lf t hte g %‘?&cﬁi&ltﬁé’({ib keemEiostyGs h@aNRlgedBdP RomiT®os N apeah IMorahrdfetEBly] the

effected j.n wet.form (in . r :

Vies vaboeorgP iR RoloReRR ey I8 Al Sl S QoG e rances

degree. APpfile®dure as described above is described in detail in

docurpent s DE-A 44 07 020, EP-A 835, EP-A 575 897 and DE-C 33 38

380, and I%H&%,@ﬁp@b;}ar‘é@ré Ne 0%9@7&%%%?)@}5C3 e/ G089 ofPprERably K, X3
wat er-solu

exanpl e, e salts r. such as 'nigrates, carbqnates

iyt bt S PETTARRIUDEENARE BRT R RRPUSTER 8 His HE RSP T bl
t her eof itine wartables X'He XArsitulteceasly Hryedng afgrgmerdibeeddefnitopeay- dri ed)
and the dried conposition can then be treated thermally. The

thermal |l y,treated, co sition.is uent Latel W4
commigiut PP FErERph AP a8k RRAR R s ha BRERRIbENE e
t he powdé&imyliinepushshayst theinatorememiopad sdvanjaceres geidioas! y consi sts of
essentially spherical particles, the particle class with a greatest
particl e di -t R r i i i i
Dot ve. i o B O L e o PR L Re PP
XI11 or RPYEPRONGHFIEGA &aeG AYing to be perforned in a nmanner
knowg0per se (for exanple wet or dry screening) and is preferably

10m xed with, based ongihg:, m33zQizst M, sel20pyed.Martixehe class, from
0.1to 3%@%\/\@ ght of [flpneb S?p 2 (thedparti cle d?yg{re(t er) cis() of the

typicall)y" entially spherical Si02 particles is

Z2 = molybdenum or tungsten, or molybdenum and tungsten,

35 Z3=  nickel and/or cobalt,
Z4=  thallium, an alkali metal and/or an alkaline earth metal, preferably K, Cs and/or S,
25 = phosphorus, arsenic, boron, antimony, tin, cerium, vanadium, chromium and/or Bi,
28 = silicon, aluminum, titanium and/or zirconium, preferably Si,
Ll = copper, silver and/or gold,

40 Z8= molybdenum or tungsten, or molybdenum and tungsten,

a‘=  0.1t01,



appropri a{:t":e??/BQSrom 100 nmto 15 pm, so as to produce a starting
conposition 1. The thermal treatnent is effected appropriately at
tenperatures of from400 to 900C, preferably at from 600 to 900C. The
| atter is especially true when the prefornmed m xed 15oxi de is one of
the stoichionetry Bi Z206, Bi 222209 and/or Bi 2223012, anong whi ch

Bi 272209 1'§ pr@fZéP ed, &speci ally when Z2 = tungsten.. Typi cal |y,
the thermdkF tr@acnent is effected in an air stream (for exanple in a
rotary tuype fubr@)@quas described in DE-A 103 25 487). The duration of
t he t her nal t enerally to a few hours. The

remai ni ng consﬁ [{Eﬁtgreﬁe(%?@fﬁ%g, red active multimetal oxide of the
gener & ffof nul ﬁtc)(ﬁall or XIV are normally used, proceeding from

sour ces spi=t abbeo 11D, ReferIbEF 0 KA OOIMErepreferablf0.2 BPt (Pa@BmosnseBiatly B3 to
38 380, and al go DE-A 44 07 020 and German application
251020070Q3778,; ’5% in a manner appropriate in accordance with the
|nvent|orJi1 Fto Broduce, for exanple, a very intimate, preferably fine
dry m xt e/ ommmrarvmioé] arenbleninad by thesedlenislysnd dtegsennyc thaselbmentdds,
ni trafpes, acetgt\p&hepmgpg%eesam{ hydr oxi des in an aqueous sol ution

and then oot SRR SinosBp g i §REnEToUS BALHL) 08 195 suspend

wat er - i nso 18 "6%1 des us médi um and
t hen, for exanple, spray- dry the 30suspension), which is-referred to
here as Hdaltiohally ofepediatd catalgtically ativeasdtmeiahbxided of stdiatiorhdiey XiIl which

const'tueah@neé tHr D8 oG thQe@BH? Y éﬁnpest.ew a}z%@a%c%rges

or are tho converte

Ut apEr opPIBied MR Pl A 63 o ganSeHhaN s O fﬁ%ﬂﬁg%ﬁ FBERoSEsH
Subsequenidrytheks icget émirosmapioxidtwimse lorgest dameter depasshiiest tiicopassingr e
m xed in tfﬁr’a@gﬁi@ei deRtbr @UBBLrbgiah bNE coicih @ itk oped $urkde Ghteshepiony

35assi st g\ ?egadt%&g 2n e 10 fbtolﬂ %aﬂ8$BHefﬁosr{)1% Lo H0RG 5refrcﬁ'pel§ﬁ'r¢to 20 or

unsupported precur sor api ng can, as a
descri bed? Lﬁ%proprlately in appllcatlon terns, be effected via the
stageoof an internedi ate conpacti on. In a Iess preferred

enbodi ﬁertiaméumﬁ %@érﬁéggg%ﬁs%é%cw a%ﬁvé’tnuﬁm%%&rde@bf 8brniddRt x| §@n

40al so be m xed i qui preferably aqueous nmediumw th
sour ces gt? %EH%WP r‘ﬁﬂ yét?ﬂ‘é’tr?tuents of the desired active
conposition. This mxture i s subsequently PF 60895 46 dried, for

SX anpl g Wihi® theesadlytically 2t € niliiiimdthPdxidee oﬁ@t@ndﬂbﬁtetryaﬂvad)re%@éh(:e is given
escri-be remai nin
const2|l5t ug1 ?&%%ga%g%gﬂﬂ tﬁ%@ﬁ%rﬁ%m&é‘g{ dl%h' 4/ 6 s @ﬁg@ anErz‘?ﬁl s liqui g

nedi um \WRelea? L{”Hez preformed nixed oxi de shoul d be essentially
insoluble in this liquid medium i.e. has to be present in suspended

Sform TheyRbe I% ;?‘@t‘é{rg}t]é%jcé?é‘iytfi%llyp%tfvb%tﬁﬁn%?om&scﬁ@tor&ﬁﬁ’& R &M Which

unchanged in t u rted cat e | ongest
G o OO YU BS P doeP B PREEER GRS it 26 O edur ¢
may B8 aslelipiiert frdre dhaimoGd emdrorappk B atcooseqLeCHFTDETdiSesNnt dgnIUsdion

st at lenemt!%dtﬂé@fdcal éﬁﬁ/rraﬁfﬂe@%blvﬂ@gé Mgé&f&%}ﬁ&%t&?ge@t ddchiineagisthgt 0
annul ar me 0xl d uppoert.e es
andthe DALY e RLfaro0h ot BB G 00,4005 ?‘iet%‘z‘é%’u Rl

t her ef r officaiggiop) @dméﬁaml W@W tfr@qvﬁai vy é@ﬂmntﬁ Qrﬂ”b‘Pr i d Hm V1o 50 or
appl i cat ipgum.15Typi cal |y, the side crushing strengths of ringlike
mul ti,petal oxide (XII to XIV) unsupported cat aI ysts obtainabl e as

descrlbed arefrom5 to 13 N, frequently fr to 11 N
It is additionally advantageous Wher(i] at IeastyQS mol% (preferably at least 50 moi% and

more preferably 100 mol%) of the total [Y12Y2,Ox]p ([BiaZ%-Ox]p) content of the
catalytically active multimetal oxides of stoichiometry XIlI (of stoichiometry XIV) obtainable
as described in the catalytically active multimetal oxides of sioichiometry XIII (of

40  stoichiometry XIV) is in the form of three-dimensional regions of chemical composition
Y1aY2:0x ([BiaZ2+Ox]) which are delimited from their local environment as a consequence



As al read:’f RRGRS oned, the ringlike unsupported catal ysts obtainabl e
as described are suitable especially as catalysts for the parti al
oxi dati on of propene to acrolein or of 20i sobutene and/or
tert-butanol to methacrolein. The parti4 | oxidation can, for exanple,
be carried out as described in docunents WO 00/53557, WD 00/ 53558,
DE- A 199 of theypfferept chemicehgorspesitiofnan ihgh k4! epropmegiansivinsg longesi
199 48 248am®kr & il 9@ rdBgbREn 1D fo 19®umM8 241, EP-A 700 714, DE- A
10313213, DE-A 103 13209, DE-A 102 32 748, DE-A 103 13 208, WO
03/ 039744, .25 ERA 279 374, DE-A 33 .38 380 -A 33,00, 044 EP- 5
807 DL AN 15 665" B3 abAsaIvEERe TRIDRNA G oot SRS Ak omBe R o
891, Ger nHM, agnillildaichela farohe oroesyFRoBlinge-tire ngeppnsonaroducing rimiika 10
2085t g09 sh8Pedpibclisor Bodids, WadRdnftographie| a6 alsb SapROrILm, sajahysts,
an e charg y ri.se, o
unsupport ‘cf%!féﬁetgf '82?1 sd %%@i_%% e 'lgs%%gébﬁ%r%éﬂ%‘;&g%?tﬁa%%Sli’ed/%%‘]’ b
unsuppor ttirEse apé@f gorgn Infifidsy SlyqsFol @Re wpifudose Gl Pﬂ%%@oﬁaﬁeﬁ ap SHines .
| n the | diitreenisadeefetdnee cagiedryistacctrdege with thdrvehigebusidinggeamhitaldsythe
ggm :Tgﬂgﬁgi%gin?%%ils’tatng naé?%geﬁg%o&ﬁﬁt pfdsﬁi_oﬁ%f Fasm ddNk BE@H&Sce with the

. Ly, in s es i w dir i Q
reaction '@V%'t'% %tﬁEélp&l{}g'\ﬁ(ﬂnﬁPg%{g%ﬁpp%g?cg%a@ysgipg?ﬁuos%t% ?%j saqo{agii ?fit%ﬁ'lefaar! lyy
advant ageolfh Py weighs Ystaibes 8%dy weiahly inghenyrases &I57oRY walahbpftep<4%by "
acr ol ei n vasight odyrapBiteA2R%es. R3] tHd MoAPCEhionded RASINo b9 K 08ty 1;

b) M12N, 6 a4nekesBl bRg 9 té‘ﬂt hif'eg%.dgg'with preference are Asbury 3160 and
40c) Mp12 €2, | 0. Sff’? %% %%Ea UC?] as Pmil I I'de
unsuppor tUEAH %gn gﬁw r?fg'"t? ‘ %?ﬁgwfeﬁeyﬁﬁhb,w%%égmﬁéi@?
46 210; dmth érsachida$74X BopibeSwitzeleodh EP- A 015 565. However, the
statenments in this docunent are also valid when the catalytically

oot sy Tk, DR B pOR, LLPLL KB ML TRl e IRURRIRS S
Moi 2P, VbXr @R@E%@@S%%@%W@Med-

20
The thermal treatment of ringlike shaped multimetal oxide unsuppofted catalyst precursor
bodies obtainable in accordance with the invention as just described is effected generally
at femperatures which exceed 350°C. Normally, in the context of the thermal treatment,
the temperature of 650°C is, however, not exceeded. Advantageously in accordance with

25 the invention, in the context of the thermal freatment, the temperature of 600°C, preferably
the temperature of 550°C and more preferably the temperature of 510°C is not exceeded.
Moreover, in the context of the thermal freatment of the ringlike shaped unsupported
catalyst precursor body, preferably the temperature of 380°C, advantageously the
temperature of 400°C, particularly advantageously the temperature of 420°C and most

30 preferably the temperature of 440°C is exceeded. The thermal treatment may also be
divided into several sections over its duration. For example, a thermal treatment can be
carried out first at a temperature of 150 to 350°C, preferably from 220 to 290°C, followed
by a thermal treatment at a temperature of from 400 to 600°C, preferably from 430 to
550°C.

35
Normally, the thermal treatment of the ringlike shaped multimetal oxide (X!l to X1V}
unsupported catalyst precursor body takes several hours (usually more than & hours).
Freguently, the total duration of the thermal treatment extends to more than 10 h. Usually,
in the context of the thermal treatment of the ringlike shaped unsupported catalyst

40  precursor body, treatment times of 45 h or 25 h are not exceeded. The total treatment
time is often below 20 h. Advantageously in accordance with the invention, in the context



10 wher e:P&po@spot assium rubidium and/or cesium X2 = copper and/or
silver, X3 = cerium boron, zirconium manganese and/or bisnmuth, 15a
=0.5to 3, b=0.01to3 ¢c=0.2to3 d=0.01 to 2, e =0to 2,

20f =0 to 2, preferably 0.01 to 2, g =,0 to 1, h =0 to 0.5,
preferably 0.001 to 0.5, and n = a nunber which is determ ned by the
val ency aﬁdher fhegg ﬁ@ytmntpﬁ@e@'@mt@gw SRePed HesuPPAZeH %@é@'@%mre%sor

Pr ef er encerdyss5@i°CEn61°C) atd hotretadded xardeibe Xeatrmeniimelin thel tsmbeminré waBlow

to 0.5. f;.P@jOtp@({yh@@d(M egfe%ggdﬁagn%ttgggm onetries of the general
formula XV are those of working exanples Bl to B15 from EP-A 467 144,

even when these illustrative multinetal oxides 30 do not conprise any
K and/oor HEreytheenal Thatmend (andeaiad iba ddcempositingphase addigeseddraimm of the

appl i cat i @ylikO2HDE0 PR At Retal lidopaias XV agstipgordagtayst precofsoRpstibar
shaped mjéettél a]%kav%)éérfﬁe é&%@[ecﬁé] lépgﬁ’cfér% ?ésaéryuﬁﬁiepé)rgﬂggéatﬁ@%ﬁrﬁc};%hgﬁae

t hereof as ca rr*Pgeneous g
35parti al 06%%&*@ 8in (Biktuse PHiaet gpeART P¥/OFBL KRBT UNE rﬁ"e&wﬁ% gposphere
descri pt i {fomexampleahisore el iperapss, iNMst GO anoifréict ognetbane, mctdien Jpnebacrblein).

appl i gat i Ofeoukdd, HINBEMYHPErEStment BEH 4i1K& bé BRRSEh sl ddbPRigakePpredeuré XV)

unsupported catal yst precursor bodies can be produced in accordance
with the invention by finely distributing salts, 40suitable as

starting loonpebiadbe thfrmehecaimenesftriapliwomsppd metfiraetaliixide WeHRdred: e
them if cepidprdcatser Bbdied expbedartiedrperintuvige aadktyot differdd flinade Bipes, for

acids or &éﬁﬁ)?e héa@atﬁ‘@l‘b‘?@ébs-air Eﬂ:arrwgﬁray furnaces, rotary tube furnaces, belt calciners
15  or shaft furnaces, Preference is given to effecting the thermal treatment of the ringlike
” shaped multimetai oxide unsupported catalyst precursor bodies in a belt calcining
apparatus, as recommended by DE-A 100 46 957 and WO 02/24620.

The thermal treatment of ringlike shaped multimetal oxide unsupported catalyst precursor
20  bodies below 350°C generally pursues the aim of thermal decomposition of the sources of
the elemental constituents of the desired ringlike multimetal oxide unsupported catalyst
which are present in the shaped unsupported catalyst precursor bodies. Frequently, this
decomposition phase is effected in the course of heating to temperatures of 2 350°C.

25  Especially for the production of catalytically active muitimetal oxides of the stoichiometry
of the general formula X!l or X1V, it is advantageous to preform a mixed oxide Y13Y2xOx
or BiaZ2,Ox as a source of the elements Y', Y2 or Bi, Z2 in the absence of the remaining
constituents of the multimetal oxide and to use it to obtain, after its preformation, as
already described, with sources of the remaining constituents of the multimetal oxide, a

30 fine shapable mixture, in order to shape the ringlike shaped multimetal oxide unsupported
catalyst precursor body therefrom in accordance with the invention after addition of
shaping assistanis.

In such a procedure, it should be ensured merely that, in the case that the production of
35 the fine shapable mixture is effected in wet form (in suspension), the preformed mixed
oxides Y12Y% Oy or BiaZ2-O, do not go into solution to a significant degree.

A procedure as described above is described in detail in documenis
DE-A 44 07 020, EP-A 835, EP-A 575 897 and DE-C 33 38 380, and German application
40  102007003778.5.



48 medi urﬁFb?P%Sssol ution and/or suspension and, to prevent undesired
oxi dation processes if appropriate under inert gas, m xing them
drying the m xture (for exanple concentrating by evaporation or
spray-dryi ng), adding, for exanple, grg@hi te as a lubricant and if
appropriate other shaping assistants armnvgrir t hose al ready nmentioned to
t he resulior REMPS. walsmpedhle salits ol eych s afeisn%?@‘)réﬁ*%?’&éﬁrof‘@??%r has
been conweetatss dam B mixky with W2 deids boammoainch sdita hevgof(ic sapacthe m@gturperr@n
res uldte fsi“?)e‘;dr%ﬁ (BRARASY E%@?g.tdped)a&mmﬁégﬂgﬁ%s&m@% W4 OatbOitGivaly.
| | o T sul ti S
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t he aéti veatehgil arebysabpéitor andlfpst thepaivds: witigh isqpbégiaable & thiswey ang
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35 assistants to give the mixture shapable to the ringlike shaped unsupported catalyst
precursor body. The shaping can, as already described, appropriately in application terms,

be effected via the stage of an intermediate compaction.

In a less preferred embodiment, the preformed mixed oxide Y'a2Y2,Ox or BiaZ2Oyx can
40  also be mixed intimately in liquid, preferably aqueous medium with sources of the
remaining constituents of the desired active composition. This mixture is subsequently
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val ency and frequency of the elenents in XVl other than oxygen. 30

For t oduct n, f pul ver ul ent r ar ble in
hi s TPegdvacaRa s oBHang sl TR BORaaint eXdle () B} HosmmePase
to ringl |cn@ly§tmiéain@tvieeadsmﬂbbddlr%fsom@stpéélf\élfneﬂugn’ibrrfrqnvﬁ)0 11 bf er ence
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conp@and idobutpne ARG tani-butarsl tomgiracm]ein.citheqianiipl oxidation can, for example, be

carried out as described in documents WO 00/53557, WO 00/53558,
DE-A 199 10 506, EP-A 1 106 598, WO 01/36364, DE-A 199 27 624,
DE-A 199 48 248, DE-A 199 48 523, DE-A 199 48 241, EP-A 700 714,
DE-A 10313213, DE-A 103 13 209, DE-A 102 32 748, DE-A 103 13 208, WO 03/039744,
25 EP-A 279 374, DE-A 33 38 380, DE-A 33 00 044, EP-A 575 897,
DE-A 10 2004 003 212, DE-A 10 2005 013 039, DE-A 10 2005 009 891, German
application 102007003778.5, DE-A 10 2005 010 111, DE-A 10 2005 009 885 and DE-
A 44 07 020 for annular unsupported catalysts, and the catalyst charge may comprise, for
example, only ringlike unsupported catalysts obtainable as described or ringlike
30 unsupported catalysts diluted, for example, with inert shaped bodies. In the latter case,
the catalyst charge is advantageously generally configured such that its volume-specific
activity increases continuously, abruptly and/or in stages in flow direction of the reaction
gas mixfure.

35 Muliimetal oxide stoichiometries particularly advantageous for the process of propylene
partial oxidation to acrolein are:

a)  [BixWo0Oq x 2WO3)0.4[M012C0s.5F€2,04511 59K0.080x]1;
b) MO12Nis_5Zn2FezBi1 P0.0GBEK0.0GOx‘ 1 OSEOQ;
40 c¢)  Mo12C07Fe20:BiosSin.50K0.080x
d)  such as multimetal oxide 1l unsupported catalyst according to example 1 of DE-A



40sol ventPF( @Q%% i sobutanol) in the presence of a pentaval ent
phosphorus compound (e.g. ortho- and/or pyrophosphoric acid) with
heating to from 75 to 205C, preferably PF 60895 50 to from 100 to
120C, b) cooling the reaction m xture E"ﬁ advant ageously from 40 to
90C; c¢) addin ironé}l 1) phosphate; d) 'heating again to from75 to
205C, pref er ay#6r418hdn®d0 t o 120C; 5e)isol ating the solid precursor
conposi tign fathedexahplenconEP$ed1s/s8tadi um phosphorus, iron and
oxygen (for exanple by filtering); f)drying and/or thermally

pretreating the precursor c sition (if appropriate unti.l .

P orencer e Gr. U SRt B bgowmet A flsh Far RE S B icall active
pr ecuBs ormgdtimpias dxifdood the tiogikadailirgetal madeyurmphperéedgadalysihees gsdmeHigmetry
shapi ng g} tRCEHAARGHUM X the invention to give the ringlike shaped
mul ti metal oxide unsupported catal yst precursor body; followed by
thermal treatnent of the shaped catal yst precursor bodies forned by
heating in an at nospheMokhVef edhgPhBesBxygen, ni tFdYen, nobl e
gases, carbon di oxide, carbon 15 nonoxi de and/or steam (for exanple
as degcrihggd.in WO 03078310 at page 20 line 16 to page 21 line 35).
The process according to the invention further conprises processes
for producing ringlike shaped nmulti netal oxi de unsupported catal yst

pr ecur sorX'Bodipeseiimh rubigivie@ndied cegiur@0uncur ved end face fromringlike
“mul ti met a2 -0Xicdgpdinsuppanied catal ysts whose active nultinetal oxide
is a mul ty;netal . oxi ; st one of the

el ements “Te a%lch]n%ﬁ’,lgog%r?’%gg@rﬂ&]ﬂg@,awaonre\g%%za%%'?}ng@’docurrents EP- A 962
253, 1BE- & T01 0210627, EP-A 608 838, DE-A 198 35 247, EP-A 895 809,
EP-A 1 294 ¥09,01BB3A 1 192 987, EPA 1 262 235, EP-A 1 193 240, JP-A
11- 343261, JPpA 3k 343262, EP-A 1 090 684, EP- 25 A 1 301 457, ER-A
254 707, P_-Aog%?@ 793, DE-A 100 46 672, DE-A 100 34 825, ER- Al 556
337, DE-A 100 21, WD 01/98246 and EP-A 1 558 569. Frequently, the
af or ementsi 6hed gl ti netal oxi des conprising Mo, V and at |east one of
the ebengnts Jeaoansrefpalad) 6@1cerpri se the el enment Nb. The

af or ement.i Qne 5 sulting 30ringlike multinetal oxide unsupported
catal ysts are suitable for all heterogeneously catal yzed gas phase
reacti ond (esPdefa PSFf?fé?'ViOéimdecﬁataﬂgns) detailed in the

af or ementni ened rdotenehick .is ddtesened by the vaienty end equdney bétherateyeseoinsky
catal yzed par tigl 1@asxphase oxidation of propane to acrylic acid, and
of aééol ein to acrylic acid, of nmethacrolein to nmethacrylic acid and

of iSvbbutane to nethacrylic acid.
Preference is given to muitimetal oxides XV in which h is from 0.03 {0 0.5,

Particularly preferred stoichiometries of the general formula XV are those of working
examples B1 to B15 from EP-A 467 144, even when these illustrative multimetal oxides
30  do not comprise any K and/or any Re.

The aforementioned EP-A 467 144, and German application 102007003778.5 also
describe the production of annular shaped multimetal oxide (XV) unsupported catalyst
bodies and the use thereof as catalysts for the heterogeneously catalyzed gas phase

35 partial oxidation of methacrolein to methacrylic acid. These descriptions are also relevant
in the context given in the present application.

In other words, ringlike shaped multimetal oxide (XV) unsupported catalyst precursor

bodies can be produced in accordance with the invention by finely distributing salts,
40  suitable as starting compounds, of the elemental constituents which constitute them, if

appropriate af elevated temperature and with addition of acids or bases, in agueous



35 Fbmevé$569$§§ process according to the invention is also suitable,
as al ready addressed several tinmes in this docunent, for producing
ringli ke shaped precursor bodies (for exanple ringlike shaped
precursor bodies F or ringlike shaped Qgecursor bodi es Ful), from
which ringlike (oxidic) shaped support bodi es are obtajnabl e by
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aggr egat * therefore apply correspondingly. Ringlike

shaped sﬁﬁ%rgw rﬁ?t@éau sor bodies preferred in accordance with the
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af or enmentunengsbrick eataliist preeatsneimdi¢sareposievet henger f or ned at
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at nosphermere correspdydihg@l |y, the thermal treatnment is effected under

an oxi di zi ng atnosphere (generally 30under air). The support oxides
normal ly differ fromthe catalytically active |tinmetal oxides in
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10 and 50 um is advantageously intermediately compacted after addition of fine graphite
as an assistant in order to coarsen the powder. The intermediate compaction here is
preferably effected to particle diameters of from 100 to 2000 pm, preferably from 150 to
35 1500 um and more preferably from 400 to 1000 um. Subsequently, the inventive shaping
is effected on the basis of the coarsened powder, prior to which fine graphite (and if
appropriate further shaping assistants) may be added once again if required.

In the described method of producing ringlike shaped unsupported catalyst bodies of
40  active multimetal oxides of the general formula XV, antimony is used typically in the form
of antimony trioxide, rhenium, for example, in the form of rhenium(VIi) oxide, molybdenum
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a) reacting a pentavalent vanadium compound (e.g. V2Os} with an organic, reducing
40 solvent (e.g. isobutanol) in the presence of a pentavalent phosphorus compound
(e.g. ortho- and/or pyrophosphoric acid) with heating fo from 75 to 205°C, preferably
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chant3er finglikeabuati@etahodde unsupported catalysts are suitable for all heterogeneously

catalyzed gas phase reactions (especially partial oxidations) detailed in the
aforementioned documents. These are in particular the heterogeneously catalyzed partial
gas phase oxidation of propane to acrylic acid, and of acrolein to acrylic acid, of
methacrolein to methacrylic acid and of isobutane to methacrylic acid.
35
However, the process according to the invention is also suitable, as already addressed
several times in this document, for producing ringlike shaped precursor bodies (for
example ringlike shaped precursor bodies F or ringlike shaped precursor bodies FHY, from
which ringlike (oxidic) shaped support bodies are obtainable by thermal treatment, which
40 can be used, for example, to produce ringlike coated catalysts or to produce ringlike
impregnated catalysts. Such ringlike shaped support bodies can of course also be used
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the ringlike support is effected generally at temperatures of = 500°C, frequently = 600°C
and in many cases 2 700°C. In general, the aforementioned thermal treatment is,
however, performed at femperatures of £ 1500°C. The thermal treatment can be effected
25  either under inert gas or under an oxidative atmosphere, for example air (mixture of inert
gas and oxygen). Of course, the thermal freatment can also be effected under reduced

pressure or a reducing atmosphere.

Typically, the thermal freatment is effected under an oxidizing atmosphere (generally
30 under air).

The support oxides normally differ from the catalytically active multimetal oxides in that
the thermal treatment to obtain them is effected at significantly higher temperatures and/or
over a longer period (as a result of which they are frequently substantially nonporous)

35 and/or that the numerically {(calculated in molar terms) most common element therein
other than oxygen is not a transition metal of transition group 5 to 11 (that is the vanadium
group, the chromium group, the manganese group, the iron group, the cobalt group and
the nickel group) and is not phosphorus. In many cases, the numerically {calculated in
motar terms) most common metal present therein other than oxygen is an element from

40  the group consisting of alkaline earth metal (e.g. Mg, Ca), Zn, Zr, Al, Siand Ti.
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| east 60% of the di stance between the two end faces is within the
| ongi t udiThalingldetshaped support body thus obtained is subsequently impregnated with an

aqueous CuCly/KCI solution. After the impregnation, the ringlike shaped bodies are dried
35 to give the active ringlike catalysts (generally at temperatures of from 80 to 300°C,
preferably from 100 to 200°C). The drying is effected normally under air.

Typical drying times are from 0.2 to 10 h, and in the range of elevated temperatures from
0.5 to 2 h. The concentration and the volume of the impregnation solution in the

40  impregnation are, appropriately in application terms, selected such that the resulting
supported catalysts have a Cu content of from 1 {0 15% by weight, preferably from 2 to
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in which the fill chamber is disposed in a die bore conducted through the die

material from the top downward with a veriical bore axis B and is delimited by

30
- the inner wall of the die bore,
- the upper end face of a lower punch introduced from below along the bore axis
B into the die bore so as fo be liftable and lowerable, on which the pulverulent
35 aggregate introduced into the fill chamber rests,

- the lower end face, disposed along the bore axis B at an axial starting distance
A above the upper end face of the lower punch, of an upper punch mounted so
as to be liftable and lowerable along the bore axis B, whose lower end face is in
40 contact with the pulverulent aggregate introduced into the fill chamber from
above, and
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and the end di St’r e ;%gsn%orls of tﬁgE:enster pin MF and the paosition of the die including the die

bore along the bore axis B are fixed relative to one another during the process;

35 - in the geometric center of the lower end face of the upper punch, a center bore
MB® which is conducted into the upper punch and is connected to at least one
outlet from the upper punch is formed, said center bore MBP being capable of
accommodating the center pin MF to the necessary degree in the event of
reduction of the starting distance A to the end distance E, and the center pin

40 MF being able to project into it even at the starting distance A,;



3 end diFFEMP EH .2 1.5 end distance E. 5 30. The process
according to any one of enbodinments 1 to 29, wherein the | ength of

| ongi tudinal section | is greater than the length Il of |ongitudinal
section Il. 31. The process according gﬁ any one of enbodinments 1 to
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wherein the geometric shape of the inner wall of the die bore, over the length [l of
the longitudinal section I, from the bottom upward, corresponds to that of the outer
face of a frustocone KS which widens from the bottom upward, whose cross-
sectional area, at its lower end, corresponds to the cross-sectional area of the

35 circular cylinder KZ at its upper end, with the proviso that, on attainment of the end
distance E, the lower end face of the upper punch is in the longitudinal section i
and the upper end face of the lower punch is not below the longitudinal section |,
such that the ringlike shaped precursor body formed by the mechanical
compaction of the pulverulent aggregate between the two end faces is at least

40 partly in the longitudinal section [l on attainment of the end distance E.



1.50 to 1PBEY®Y wt. of C 0.10 to 0.40%by wt. of Si, 0.10 to 0.50%
by wt. of Mh, .? 0 to 0.05% by w. of P, 15?. 0 to 0.05% by w. of S
10 to 13% by w. of C, 0.50 to 0.80%by w. of M, 0.10 to 1.10% by
w. of V, 0to 0.60%by wt. of W and %go to 0.10% by wt. of one or
nore rare earth netals, and apart fromThese Fe and inpurities

resul tingfr orﬁ*’teﬁé"oﬁﬁﬁé@%@rﬁ@ﬁ to gmbodimenpt.oetesgin cakanmetobthe end
enbodi ment 40, disthesect betiveen tes dbpee ead fazens tietiswef pubh ung sHeloweserhi fdes

to an extent qf the-upﬁ)%/ ?ﬁ/ hwﬁ IQQQ{@ ofqﬁe stﬁa‘ﬁ@é bQﬁNe%f} _}ﬂé GlRlndBatks is

chromumto an eas Yo by wel ght . he process
according to éwﬁwa ﬁé‘?ﬂglt ”a'vﬁ‘?@‘i’%] the hard met aI consi sts of 3090
to 95% by wt. of WC ?, 0 to 1% by w. of TiC and/or TaNbC, and 5 to
10% by wt3 of theq;rro@ésss%e@or%g td 8mbdiitheRt aRESiACSHPAEHIMHeit Of BR)erane of

enbodi ments 1 didaite £ %Wegh ﬂ'le Lgbﬁ:»g?%(ygcgl ?r atlé\?&%ﬁ.{n@ﬁ%h&t@ﬂ%& | Siefrace

nitric acid, an anoni rocess

according to é—]ﬁﬂ“we{)t’u@%éﬂﬁﬁﬁrﬁoﬁ qf the distancoheivern ﬂﬁﬁh@’%‘éﬁaces 1S
roughness Re ofithirhigeiiomyéodingllseciidn it.he die bore is 5 0.2 pm 40 45. The
procegs according to any one of enbodinments 1 to 43, wherein the nean

roughness, Re t he inner t he d ore PE 60895
6 o TR or destSenst art o te SaroBeat S B db AT e Bt
_wherein, at tsstemg Kbgiwaaedegippehend fgse plineheseraxech and ﬁwdg\sg“r@d face
which is in thetHenger plirom 809 JBOOE thglistRce bethvéen THEW DRIGSEes is

according to %%notﬂglo%f :tﬁcﬂpﬁ Rt t§ Ito 45, wherein, at the end

di stance E, the exert a pressure which is in the range
from™00 to 2500 kg/ch 10 48. The process according to any one of
enbodi merit s 1 The pldeswhesceiing thempodimesist, fudierein, on attainment of thé end

distance E between the upper end face of the lower punch and the lower end face

of the upper punch, all of the ringlike shaped precursor body formed by the

mechanical compaction of the pulverulent aggregate between the two end faces is
20 within the longitudinal section 1.

6. The process according to any one of embodiments 1 to 5, wherein the outline of
the circular cylinder [l is longer than or is equal in length to the outline of the
circular cylinder |.

25

7. The process according to any one of embodiments 1 to 6, wherein the upper end
face of the lower punch and the lower end face of the upper punch are in planes
parallel to one another, {0 which the bore axis B is at right angles.

30 8. The process according to any one of embodiments 1 to 7, wherein the end
distance E is from 2 to 10 mm.

9. The process according to any one of embodiments 1 to 7, wherein the end
distance E is from 2 to 8 mm.

35
10. The process according io any one of embodiments 1 io 7, wherein the end

distance E is from 3 to 8 mm.

11.  The process according to any one of embodiments 1 to 7, wherein the end
40 distance E is from 3 to 7 mm.



thermal t7e8®8®ht of the ri ngl i ke shaped precursor bodi es produced is
effected at a tenperature of ..?. 200C. 49. The process according to
any one of enbodinents Ito 47, wherein the process for 15t hernal
treatment of the ringlike shaped precu zor bodi es produced is
effected at a -- 4tenperature of _. 300C. 50. The process according

to any onk of T&RtverassReeording & aYy onghefrembediments fée ikl wheren thiegiotight Q
the ringlike shépadngthetiesatinbeftescicslancgintgranaethemunterater gitt theoss
200f Trom 0. 5 dfind Qerieint@bAfindas e (0abdcminkidf Sliioth ¥8ighly. S1. The

process according to any one o iments 1 to wherein the at

| east one gaseous conpound which fornms in the course of thernmal

treat fent1d s dirombcess BRErdiQDe @ORoreef/arbodinmnts dde,oxieden ttR5qBZent Q
Thle pr olces ts aGE Hedbmgh bPthaRYitiAB &f Ehfel SeadeyRedz ds e r@her%ﬁér?d et Pﬁ
pul ver ul ent aggt; C [ 0 ! u e fromthe
Group. consi st PAINGET NP T4BR SR eths taTedl SRR e R Lacroe

NI -141-1SO4, (NH4)2SO4, NHACH3CO2, anmoni um oxal ate and the hydrates
of the affer end@iheipooreds 36aomiing taanysaid of enfiddinidnts pito t2seheneic theddiffigrehae
any ope of e a5y ﬁbﬂ-aétmg AARTR T S SRNEERLRR by IRAEF SRl the

e
conprises added, .qgr ite, s ch round nutshell, fi1ne” polyner
granul e, cell 15?(8@%? L ?8‘5‘?”?%°§E?8{r0 |‘%¥ﬁ‘?‘i?ri&ﬁf&°,m§$? "9F- stearic acid
and/or salt of 35malonic acid. 54. The process according to any one
of enbodi1BENt Th pPrétedS acoi@in@ tdaiyeheSafkeBdRMENtPT &F &5 SwHedsin tieedismbter

t reat ment of _topﬁae_rcguggl ieolfﬁ}eﬁ%??'égC@fﬁ?g%@ﬁé%m%gi‘%sm%r oduced forms a

mul tinmetal oxide’in precursor bodi es which
4OCorﬁ§ri ses the elenments Mo and Fe, or the elenents My, Fe and Bi, or
t he el endts NVheansbe¥s actordiheg tocdrenent of evibodivhantsl1 B 14 rwhenain électiantter V

and P. PF 608PmeGRitIRR-of B JHABESHINAE00E #bRG & @Ry one of
enbodi nents 1 to 54, wherein the subsequent process for thernal

treatment of the ringlike shaped precursor bodies produced forns a
nul ti met di7. oxiTHe precess pederding loednynanetofepibodimante 1 & dheviteran therdigneler
el emgot P is bhie @kie®ntheQirielar Efiatediy gém mbischm. cal cul ated in
nolar terns, is the nunerically nost conmmon. 56. The process accordi ng

to any one of _enbodi nents 1 to 55, wherein the subsequent

process fl8r tABF REICSES BSACHEPA O I ¢ ieAthepiiendh Al - preesin 465 usigras

10pr oduced f oK®ss auctuthti tihve falowong retiohshiheetyear tred didroeten D& Kithe top face,
the diameter DG of the bottom face and the height H of the frustocone KS is

25 satisfied:
D003-H=DG-DD=<0.050+H.

19. The process according to any one of embodiments 1 to 17, wherein the frustocone
30 KS is such that the following relationship between the diameter DD of the top face,
the diameter DG of the bottom face and the height H of the frustocone KS is
satisfied:

0.005- H<DG-DD =0.025 - H.
35
20.  The process according to any one of embodiments 1 to 17, wherein the frustocone
KS is such that the following relationship between the diameter DD of the top face,
the diameter DG of the bottom face and the height H of the frustocone KS is
satisfied:
40
0.007- H<DG-~DD £ 0.015 = H.

£



MO 2B | &£FB08RR1c) (2dX3exaf n where 15 X1 = nickel and/or cobalt, X2
= thallium samarium an alkali netal and/or an al kaline earth netal
X3 = zinc, phosphorus, arsenic, boron, antinnny, tin, cerium | ead,
vanadi um chrom um ni obi um and/ or tungét 20X4 = silicon,

al um num titanium and/or zirconium a=0.2 to 5 b=0.01to 5 c=0to
10, 25d=0 to 2, e=0 to 8, f =0 to 10, and n = a nunber which is

det er m nexl. by Theeromiseacsoraing td ﬁr@q:tr@l’tﬁf)enﬂj‘odtrﬂmtsaﬂ & BM tveheirgin Xbih tbé hpp:er

ARy Ien o oo BEREREASMATIU Nt dPot) B 'Bw?ﬁ@%q?ﬁ@ e+
el ke e el Ea8 e A g RO @e%&d&%aieﬁb?%e%w SiRRer PRIV

t he geéneral f drengdamalii¢c shagB[ofia creyiabrir@dp[ y3c, y4d, Y5eY6Frg Yer e0Aq( XI
1) where only bismuth or bisnuth and at |east one

or tungstn g RnaT g S %ﬁ“b%@*‘%&%@?ﬂ”%@ wrfein ERAREERAF
metal , thalli &hf éqf@/qfrth%lgwﬁf PR an the lower end face of the upper punch have the
geometric shape of a circular ring curved inward into the interior of the punch.
10
23.  The process according to any one of embodiments 1 to 22, wherein the die bore

has only the longitudinal sections | and Il

24.  The process according to any ane of embodiments 1 to 22, wherein the die bore of

15 the die is such that its longitudinal section | is not only adjoined at its upper end
directly by a longitudinal section |l directed upward, but also at its lower end
directly by a longitudinal section I1* of length 1I* directed downward, and the
geometric shape of the inner wall of the die bore, over the length II* of the
longitudinal section [I*, corresponds to the outer face of a frustocone KS* whose

20 cross-sectional area at its upper end corresponds to the cross-sectional area of the
circular cylinder KZ at its lower end.

25.  The process according to embodiment 24, wherein the die bore has only the
longitudinal sections |, It and 17,

25
26.  The process according to embodiment 24 or 25, wherein the geometric dimensions
of longitudinal section Il correspond to those of longitudinal section II*.
27.  The process according to any one of embodiments 1 to 26, wherein the following
30 relationship between the height H of the frustocone KS and the end distance E is

satisfied:
4 « end distance E 2 H= 1 « end distance E.

35 28. The process according to any one of embodiments 1 fo 26, wherein the following
relationship between the height H of the frustocone KS and the end distance E is
satisfied:

3eenddistance EzH= 1 » end distance E.

40
29.  The process according to any one of embodiments 1 to 26, wherein the following



ya = an dk&P4%%e earth netal, nickel, cobalt, copper, manganese,
zinc, tin, cadm um and/or nercury, y5 = iron or iron and at
| east one of the el enents vanadium chrom um and 5cerium y6 .
phosphorus, arsenic, boron and/or antiggny, y7= a rare earth netal,
titanium zirconium niobium tantaluni rhenium ruthenium rhodium
silver, gol d, relpiigfshigraetwean thakeighhidiofife felstqcebn KSqadtemputfisieagg E is
t hori um and/ orsatigfi@di um 10" (8= nol ybdenum or tungsten, or nol ybdenum
and tungsten, a' =0.01 to 8, b' =0.1to 30, C =0to 4, d =0 to 20,
15e' >0 to 20, 0O to 6, g =0 to 15, h' =8 to_16, 20x', y' = nunbers
whi ch are determ ned by th%'@%q?g'ﬁ?\y‘c%ﬁf g?eﬁﬁéﬁf??%@fa”?ﬁéel ements in
X'l &ther than oxygen, and p, q = nunbers whose p/g ratio is from
0.1 to 1Gp. 58113@;&@@5%@%@%%%@& eAiBodptdT 2D QBN 13ndte of
|

55, wherein th E(%Hgssggtll’o?ﬂltisdgrre%?e??r?anft% (I]éﬂgﬁﬁr 1?8‘} [} gg{@?{ngﬁ%cgﬁrﬁ IIF he

ringlike shapéO gprecursor oxi de of
the general fornula XV

[ Bi a. Z2b-32dr [ 2824 2rX3es® dctdrding Ebaf6thef eint@dintenis Kio29, 3thwhein éhed@ngth of
nmol yhdenum or i =phckel and/ or
Cobal'e R o o A S K 1 me
earth netal, preferably K Cs 35and/or Sr, Z5 = phosphorus, arsenic,
boron, ar®i noAye prdaess eegarding toanyaatielrhembledioranisd e, arhemtin the length of

longitudinal section | is not more than three times and not less than 0.1 times the

odres produceé orng a

length of longitudinal section Ii.

15
33.  The process according to any one of embodiments 1 to 32, wherein at least the
enfrance into the center bore MBP is configured in circular cylindrical form such
that the outer face of the circular cylinder Z, when it is accommodated into the
center bore MBO, slides along its inner wall at least in the entrance region thereof.
20

34.  The process according to any one of embodiments 1 to 33, wherein the center pin
MF narrows conically in the upward direction within the longitudinal section 1.

35.  The process according to any one of embodiments 1 to 34, wherein the upper end
25 of longitudinal section Il of the die bore, the upper end face of the center pin MF
and the upper end face of the die conclude flush with one another,

36.  The process according to any one of embodiments 1 o 35, wherein the process
according to the invention is performed automatically with the aid of a rotary press.
30
37. The process according to any one of embodiments 1 to 36, wherein the
mechanical compaction consists of a preliminary compaction and of a main
compaction following thereafter, the axial starting distance A, in the course of the
preliminary compaction, first being reduced to a preliminary end distance £V, and
35 the preliminary end distance EY being reduced to the end distance E in the course
of the main compaction.

38. The process according to any one of emboediments 1 to 37, wherein the pulverulent
aggregate comprises at least one metal oxide, metal hydroxide, metal carbonaie,
40 metal hydrogencarbonate, metal hydrogenphosphate and/or metal nitrate.



76 =sili dInBO%Iumi num titani um and/or zirconi um preferably Si, Z7 =
copper, silver and/or gold, 40Z8= nol ybdenum or tungsten, or

nol ybdenum and tungsten, a" =0.1 to 1, PF 60895 64 0.2 to 2, c"=3 to
10, 0.02 to 2, e" =0.01 to 5, preferab§¥ 0.1to 3, 5f" =0 to 5, g" =
0 to 10, referabl >0 to 10, nore preferably 0.2 to 10 and nost

pr ef er abl :{j)i" 0.4 hﬁdpl'@ess AecaEding & any e ofyembenifyds & tgd. a¥hesgie the pulverulent

determ ned by dgheger) mq?psa@gt Eag @ue nwtalofitrdtd dohQre gmptcsns;[swgldf’ cobalt
other than Oxﬁfeﬂe, iRA%itRte, H?smtﬁﬁ"ﬁm?er SiRBORER. %e[s: nl Qfe' Qodg% c hiam
€. process 0 1 to 55

0.1 to 5. 59. ) ! t0 any one nent
wherein the s#B¥ E'H?te;ﬂr@dﬂaé@e%' pi@®nal treat nent of the ringlike
shaped precursor bodi es 15produced forns a nultinetal oxide of the

general fgqy wlﬁe%vocefé,é oMt diRg WahloM2f ERIoBRESRON (M0, wHarsig the0diXls =
potassium rubi anu%"actlﬁgg 4‘r8m a ma e?‘a”ﬂ composite which consists of a hard metal on its side
in contact with the die bore and of a tool steel on its side facing away from the die
bore, said tool steel having the following element composition:
10
1.50 fo 1.80% by wt. of C,
0.10 to 0.40% by wt. of Si,
0.10 to 0.50% by wt. of Mn,
2010 0.05% by wi. of P,
15 2010 0.05% by wt. of S,
10 to 13% by wt. of Cr,
0.50 to 0.80% by wt. of Mo,
0.10to 1.10% by wt. of V,
= 010 0.60% by wt. of W, and
20 = 010 0.10% by wt. of one or more rare earth metals, and apart from
these Fe and impurities resulting from the
production.

41.  The process according to embodiment 40, wherein the hard metal consists of
25 tungsten carbide to an extent of 2 90% by weight and of nickel or of nickel and
chromium to an extent of at least 5% by weight.

42.  The process according to embaodiment 40, wherein the hard metal consists of
30 90 10 95% by wt. of  WC
= 0to 1% by wt. of TiC andfor TaNbC, and

5 to 10% by wt. of Ni or Ni and Cr.

43, The process according to any one of embodiments 1 to 42, wherein the pulveruient
35 aggregate comprises nitric acid, an ammonium salt and/or a nitrate salt.

44.  The process according to any one of embodiments 1 to 43, wherein the mean
roughness R, of the inner wall of the die bore is = 0.2 um.

40 45,  The process according to any one of embodiments 1 to 43, wherein the mean
roughness R, of the inner wall of the die bore is £ 0.1 um.



X2 = copdﬂ?sgﬁ@/or silver, X3 = cerium boron, zirconium manganese
and/ or bismuth, a =0.5 to 3, 25b = 0.01 to 3, ¢ =0.2to 3, d=0.01
to 2, e =0to 2, f =0 to 2, preferably 0.01 to 2, 30g = Qo 1, h =20
to 0.5, preferably 0.001 to 0.5, and n 7 a nunber which is determ ned
by the val ency and frequency of the elgnents in XV other than oxygen.
35 60. The process according to any one of enbodinents 1 to 55,

wher ei n tdge subesenstess apcandiag so froy otehefremiodinierdd mend5, afherdie, atitfrgénde

;Qﬁgreg precur E%gié’fﬁf‘@& ﬁ@gﬂ@%ﬁ%}(&z@ﬁ %ﬁﬂfé Whmﬂtiél&stﬂg LR Yot BE
SOy

RGPS B R S g B ge o8 X
Mo, Bi, Co, N° P, , Zr, Ti, Cr, NMh, Cu, B, Sn and/or Nb, X2=
Li, K& Na, Rb, Cs and/or TI, 5b =0.9 to 1.5, ¢c=0to 0.1, d=0 to 0.1,
e=0 to 0.4%, anfehraRsOHERRHINY &Y drfe SFhRioAInEs PYo 45 evheddieNE Yheddrh

frequency of td@?an%geé, ?t{reetﬂ}ospdn@hggléxe?ttah&resélﬂgth%xgﬁ‘lnthe range from 500 to

2500 kg/em?,

10 48,  The process according to any one of embodiments 1 to 47, wherein the process for
thermal treatment of the ringlike shaped precursor bodies produced is effected at a

temperature of 2 200°C.

49.  The process according to any one of embodiments 1 to 47, wherein the process for
15 thermal treatment of the ringlike shaped precursor bodies produced is effected at a
¢ - temperature of 2 300°C.

50.  The process according to any one of embodiments 1 to 49, wherein the thermal
treatment of the ringlike shaped precursor bodies is accompanied by a weight loss
20 of from 0.5 to 40% by weight based on its starting weight.

51, The process according to any one of embodiments 1 to 50, wherein the at least
one gaseous compound which forms in the course of thermal treatment is
ammonia, Hz0, CO, CO, and/or a nitrogen oxide.

25

52.  The process according to any one of embodiments 1 to 51, wherein the pulverulent
aggregate comprises at least one added substance from the group consisting of
NH4OH, (NH4)2CO3, NHHCOs, NHaNO3, NHaCHO2, NHiHSO4, (NH4)2SO4,
NHsCH3CO2, ammonium oxalate and the hydrates of the aforementioned

30 ammonium salis.

53.  The process according to any one of embodiments 1 to 52, wherein the pulverulent
aggregate comprises added graphite, starch, ground nutshell, fine polymer
granule, cellulose, stearic acid, malonic acid, salt of stearic acid and/or salt of

35 malonic acid.

54.  The process according to any one of embodiments 1 to 53, wherein the
subsequent process for thermal treatment of the ringlike shaped precursor bodies
produced forms a multimetal oxide in the ringlike shaped precursor bodies which

40 comprises the elements Mo and Fe, or the elements Mo, Fe and Bi, or the
elements Mo and V, or the elements Mo, V and P, or the elements V and P,



61. The ﬁ%@%@%‘s according to any one of enbodinents 1 to 53, wherein
t he subsequent process for thermal treatnent of the ringlike shaped
precursor bodi es produced fornms an oxide which is solid under
standard conditions and in which no trggsition nmetal of transition
group 5 to 11 nor phosphorus is that element other than oxygen whi ch,
calculated in nolar terms, is the nunerically nobst conmon. 63.
The processs adtendboegs ocadiyg ananyobnessfizadionmirts 1 td 64, 9hersihéeei n t he
pul ver ul ent’ agghe0abs &ORES el rBatonPBRNIThAlke Wa6 HLOIRbbdies
group consisting, o um num.ox]j de,. tunvgﬁqte oxl de nt i ﬂlog%I oxutq;e,
Zi r coni um oxi ESIUGRS FRTIR 2gRYHRSTBXIe I B RmeTdiMG. Op e lsraent V. or
magnesi um oxi diee elatheni R isdhabdlelpsnivatiariharoeygess whish, taleidated igmoler tehas,

met al el enent ss peesaRticall rhd cahaiopnent i oned netal oxides. The
process according to any one of enbodinents 1 to 62, wherein, already

at the starting distance A, both the upper end face of the | ower
punch and®8 he TNERWECCERECTAEIRY &F AN ff FECH MRS AfeSP wherein the
| ongi t udi nal sabidgaent droadss tfdrehetnel reatenenfofrthaghglike sbxpatl presivapesbdies

body 4@pt ai ”ab'pfoo%ﬁ@fo?:’}we%(?ﬁﬁtirﬁ%ﬁ)éﬂ&élgfth@ g@RraPBEnQh x@nbodi ments I to
63. A process tor heterogeneously catalyzéd partial gas phase

oxi dation of at |east one organic conpound over a fixed catal yst bed,
wherein the fixed cat aMmiBidred'Faleks@s a ringl®We oxi di ¢ shaped
body according to enbodi mrent 64. The process accordi ng to enbodi nent
65, wherein t%e et erogeneously catal yzed partial gas phase oxidation
is that a) of propylene to acrolein and/or acrylic acid O b) of
acrolléin to acrylic acid, PF 60895 66 or c) of nethacrolein to

met hacrylic adl'd, oickalandfor celodiit ene t o net hacrol ei n and/ or

nethacrylic aged, BRNIuR) shaRiRPANSKEIOMER! MPoIbAARAIRE caRKWdia, acid,
or f) of isobuytane_t ocugﬁ%t h'ﬂcrol el n.agd/or era_%haC{.%léﬁ acj d vora&xor?n) of
at |east one CA hyBPBdaIPBRN dRd B DERZENE T Wal"&i T 'é'ﬁh%a?’i Gasagr hy
of methanol to forARPoéERy.ddokiym and/or tungsten,

20 X4 = silicon, aluminum, titanium and/or zirconium,

= 0.2to5,
= 0.01to5,
=  0to 10,
25 = Qto2,
= 0Oto g,
= 0o 10, and
n = a number which is determined by the valency and frequency of the elements
in Xli other than oxygen.
30
57.  The process according to any one of embodiments 1 fo 55, wherein the
subsequent process for thermal treatment of the ringlike shaped precursor bodies
produced forms a multimetal oxide of the general formula XHi

35 [Y12Y 2 Ou o[ Y3 Y% Yo Yo Y7o Y8 Oylg (X1

where

Y1 = only bismuth or bismuth and at least one of the elements tellurium,
40 antimony, tin and copper,

Y2= molybdenum or tungsten, or molybdenum and tungsten,



i) the offcﬁ@%‘ﬁ nation of ethylene to 1, 2-dichl oroethane. 15 67.A
tube bundl e reactor whose reaction tubes conprise at |east-one
ringli ke oxidic shaped body according to enbodi nent 64. Exanpl es and
conparati ve exanples 20 |I. Production §§ ringli ke shaped support
precursor bodies 220 kg of fine y-A 203" (Pural ox SCF a-230 from Sasol
in D-25534 Br ufishi an&ligli mesd, ﬁ@@”'@? Fdies sprealidBboehmite (Pural (r) SCF
55 f rgﬂw Sasol )y <12 shalkafingegtreseinnidkencebat, (dppemnzaidehese, Greyim
Fett- Chem e GrbH, 160C, buI k den3| ty 200-300 g/ h,
ash 6. 8-8. 3% by we gﬁfu‘%rﬁgggﬁ%@é { ueight) and 4,0 kg of fine
graphite (Ti n'ex0 1" i of Fhare Adegst aee P %“ gim. §wfclr9' M adq,
with dlo = 6.4 pm cd®n= 20.8 pm c190 56. 8 prr) were used to obtain
a honogeneous ypu venryd e;usag,ggﬁiga@@c,r\(vhﬁ@o,‘tmm@j ,of am xer 30 The

speci i cationef. t e Bural ox. wag. SREcHid g, %J Bh&Rins,

Al 203 cont ent =99. 3% % t t‘gﬂ\p ar en €nsi ’0

density=0.80 g/ni, r@he%%trgﬁ@'u%s S IS, RRINYRHM. 'Uébr*ﬂ @Oﬂpm by
wei ght, Na cont ent gkBnpum byadwehagiut arkor (E2nipmE85. 5% by wei ght <25
PFE3442% by Wels@ht 1, PReRAR 8Pt fGsten, or molybdenum and tungsten,

"= 0.01t08,

15

20 X', ¥y = numbers which are determined by the valency and frequency of the
elements in XIll other than oxygen, and
p, g = numbers whose p/q ratio is from 0.1 fo 10.

58. The process according to any one of embodiments 1 to 85, wherein the
25 subsequent process for thermal treatment of the ringlike shaped precursor bodies
produced forms a multimetal oxide of the general formula XIV

[BiaZ2 O |y (2842730 240 F 86 25 Z8¢ 7Oy lg (XIV)

30 where

Z2 = molybdenum or tungsten, or molybdenum and fungsien,

Z3 = nickel and/or cobalt,

Z4=  thallium, an alkali metal and/or an alkaline earth metal, preferably K, Cs
35 and/or Sr,

Z5 = phosphorus, arsenic, boron, antimony, tin, cerium, vanadium, chromium

and/for Bi,

Z8 = silicon, aluminum, fitanium and/or zirconium, preferably Si,

Z7 = copper, silver and/or gold,
40 Z8=  molybdenum or tungsten, or molybdenum and tungsten,

a*= 0.1fof,



<45 pne6S BORRP wei ght, 64 pmel2. 6% by weight, 90 pme96. 9% by

wei ght, d50=33.8 pm 5 The specification of the Pural was: specific
surface area=239 n2/g, 10Al 203 content=75.1% by wei ght, Apparent
density=0.62 g/m, Bulk density=0.90 g/ng, Carbon=0.14% by wei ght,

12 pme72. 6% by wei ght, 15<25 pie68. 1% By wei ght, <45 pre95. 5% by

wei ght, >48 pi&3F 0%dip Aei ght, 90 pme100% by wei ght, =18.8 pm 20
Subsequent |y, ¢‘Be pubwvierul ent aggregate was conpacted in accordance
with the invenfionqgif 4he aid of a Kilian Synthesis 700 rotary
press (single nold, 'es). The fundanental apparatus construction
was as in figié& 6.0-Ghe Sdem‘?ﬁ%'?E'V Uof%the preliminary pressure roller
was 2¥0 mm and® the Odbayret er of the main pressure roller was |ikew se
210 nm The 2%¢di staBee Hetam>ows 1di @SroRBRSANNE0.2NE 182ak hedst prefdrasly
die plate was 720\,\m T:be di es used were dies with a congruent double
frustocone as sho ématically in figures 3a, 3b. The length | of
| ongi tudi nal deéti &foltwas 6.2 nm The length Il (the length I1*) of
| ongi t udi nal seot'i=pombkrs(vaifich arglcterdiineal bystee valency drid) frevasndy ofithe 30

The ogfline of ci r%\Hn?ént&%')&!@%‘ﬂ{er'thMy@én,%inﬁCU' ar cylinder Il was

15.7 mm .
p", g"= numbers whose p" / g" ratio is from 0.1 to 5.

59. The process according to any one of embodiments 1 to 55, wherein the
subsequent process for thermal treatment of the ringlike shaped precursor bodies

15 produced forms a multimetal oxide of the general formula XV
M012PaVbX51Xd2XessbeegShOn (XV)
where
20
X1= potassium, rubidium and/or cesium,

X2 = copper and/or silver,

X3 = cerium, boron, zirconium, manganese and/or bismuth,

= 05103,

= 0.01t03,

= 0.2t03,

= 0.01t02,

O0to2,

= 0102, preferably 0.01 fo 2,

= Qto1,

= (to 0.5, preferably 0.001 to 0.5, and

= anumber which is determined by the valency and frequency of the
elements in XV other than oxygen.

25

30

jm S i (e A () B o N & I & N 1
it

35
60.  The process according to any one of embodiments 1 to 55, wherein the
subsequent process for thermal treatment of the ringlike shaped precursor bodies
produced forms a multimetal oxide of the general formula XVI

40 V1PpFecX1aX2%0n (XVI)



The di angt’ePP438 of the top face of the frustocone KS was 5.1 mm The
di aneter DG of the bottomface of the frustocone KS was 5.0 nm

The length of the outline of the circular cylinder Z (of the
continuous circular cylindrical 35 cenkgr pin) was 2.5 . u mm The
upper planar end face of the center pin M- concluded flush with the
pl anar upper dihé®nd face. Both center bores, MBu and MB (the latter
was connected to two gas-perneabl e outlets (cf. figure 4d)), had, in

400y 1 ndr cal e Oﬂ’%"r 3‘ o E’? i Bpoaa RN A ST A
inner walls t the th bR é 'r %eﬁf% the center pin MF was sliding

agai n$t one amct heﬂ9m1t5ne area of possible PF 60895 68 contact.
Only ringli kecshapgdopmecursor bodi es Ful were nmanufactured, and the
end di stance B vas 43 yygys 5 mm 5 The upper end face of the | ower
punch and the Iower end'face of the upper punch, in accordance wth
EP- A 184790, Kad aOd®Adaded configuration in an identical (congruent)
manner. The bare azimurBer ahichts détghtinaigy e vanbphid eqence bbibs

secti@ns. The chanpghfephkwWasePBnMXgdPThe individual die was
manuf actured froma material conposite. This consisted, on its side

in contact with the die bore, of the hard netal G 10-N (wall
t hi cknes$1f r orfhe pgoaess Ze@reing taisreneRd embedimanis A3, ovhereig ths de
faci ng away f sgmBdghentdirecdde s th&abDirdhtheat ostheahglike 2BZSd watirsor bodies

kT3 5 BRSPS T 5 R S S S

whi cHwas ci r daraiomBeld PierTSERN 9BRMErS 1ot sl R PhPEPN0BIRY tsvéhah&?mem other
manuf act ur ed thrapmxPyéh woich, cleidied in2848r {eRas,3s memmlcala most comendnao
end faces was |ikewi se 0 4 pm The anount of pul verul ent aggregate

i ntroduc in the fi cha

the procdés. TS PIGRES FRRUGP TN b arepaimants 1 fp Thaefaif kg Ghuert
starting 20di geieeeieAoTRIARY aldeast PheSietalicxidetve g garuncasisting of

| ongizbudi nal grefimen okite, Wddien Ot€astimgnwesritie arcbiiemi oxel biamluth ®fide,

the upper par h} gdeRLﬂgg?(Hg' Q%on}?ﬁte' 191% hesa@rh o‘idag aﬂb ?rh%&:désrle %}e

state of the rern aces
wi thin | ongi t GefMA4ie %é%eﬁféﬂ‘f’ phthGaet §fﬁ”?6t"%%lp@89\m%m a qfﬁg‘eﬂh?’ﬁ dgpetal
pressing forcexidpplied was 0.5 kN for each of the two punches; the
main 25 pressing force applied was 8.5 kN for each of the two punches

f d based
WPt aRcate) o The SEoRa tolinel o RR oy oM} Bl WAt T Higpeat the
shaped suppor stagingclistanme /bdmfét@emper ¢ fepe of tha dpver pgRshiang f@e gy.end

The rotation fabeft ddper p@ichrare Pr 08 SonyasdihaldcEn | of tBO digbre 3S0W t h
regard to the material of die table tongue, die table brow and die

table chin, the . ) _
84.  Aringlike oxidic shaped body obtainable by a process according to any one of

30 embodiments 1 io 63.

65. A process for heterogeneously catalyzed partial gas phase oxidation of at least
one organic compound over a fixed catalyst bed, wherein the fixed catalyst bed
comprises a ringlike oxidic shaped body according 1o embodiment 64.
35
66. The process according to embodiment 65, wherein the heterogeneously catalyzed
partial gas phase oxidation is that

a) of propylene to acrolein and/or acrylic acid
40 or
b) of acrolein to acrylic acid,



st at ementRF PR8%he descri ption apply. Subsequently, the resulting
ringlike shaped support precursor bodies were treated thermally on a
belt calciner (cf. DE-A 10046957 and WD 02/24620). The bul k materi al
hei ght on the circulating belt was 80 The tenperature in the
first calcination chanber 35 was 690C, "that in the second cal cination
chanber was 700C. SThe coarse-nesh belt was flowed through fromthe
bottom wi t h f @)cedfaidgthacrdieioho wash=gtdikadidi n by neans of rotating
ventilators such that the deviation of the tenperature fromthe

target value ip terns,of time and ace was always 5 2C. The

resi dence tinmé)in & REPHENEHC E\’?ﬁ?‘?‘ﬁ@g@\ﬁgd/?r We‘g’ﬁﬁry{‘h@c'?j’esi dence tine in
t he second chanberorwas |ikewise 2 h. 40 PF 60895 69 The screens used
were screens wth #hangat esafielefsandidt dchfic seieeni ng of f of oversi ze,
its straight edge | ength was 20 nm and the distance between the two
edges was 8 nm In the subsequent undersize screening, its straight
edge | ength wdk 4 FHRCRHENE feMiACEIRIR apEPHBENaEHEC 84 edges was 2 mm
5Based on the weight of all of the screening material introduced to
the s eeni ng.q)t Nor UNRBESIre: ARl bn AR BB S0 A aliRlall . When
the procedure "was the sane as descri bed above, except that 'the
conmpaction of the Pul verul ent aggregate was performed with a die
whose di e hor &)waof arethatehlo feimadglwde 10 cyl i nder (di aneter = 5 nm
the diameter of thg upper and of the |Iower end face was 4.95 mr, the
undersi ze fragtio [ j r N %. Ry wei ght.

Al ternativel y?)to Bﬂée)g)é?g@ﬁﬁ%ﬁe(% (%f%\?/h nt F&gqb%%%%@ﬁe@é%%th the aid of a
KilidR Synthesis 700 rotary press, the inventive conpaction can al so
be perforated Witube auldie sedutdPhi B0 rezotiar ybaSpompse dtnedashbse dagilie oxidic
conpaction is sgESLCARN Abbiatidtio RBbEMpaEY. pressure. The main
pressing force enpl oyéd may, for exanple, be 8.2 kN for each of the
two punches. The ringlike shaped support bodi es produced as descri bed
are sui t axeaplgsgandepmpprative egamplee end use described in WO 99/ 48606.
20 I kg Production of ringlike shaped multinetal oxide unsupported

cat al yst ,pr - Ii: i i metal oxide has the
ctor chi ot TSRS DB RS B bR Bl B T Ko, 050) 1
251. Production of a starting conposition 1 214.7 kg of tungstic acid
at 25C ( 220 kgodbfineveAgin (Riralk®ECT: a-88@frok, S430BBE1-3583sBransbiieh)i 148 kg of
99. 9% PY fiﬁ@iﬁ)g&rl?déﬂgemi@e @&Q@t?}@ﬂ BE !fr@{h §é75308,509(g ?ﬁrﬂa@@sﬁmﬁj&@a@i@(ﬂ%nﬁm
wer e ir r n_po ns |.nto . n ue
nitr g?e g&?eat(%rg\ﬁeq Pgémpb?rin% é@%g me!tmg pomi3 4&396(9’0, ulk% nsu%%o-éo%”é%ﬁ, ash
6.8-8.3% by weight, moisture < 2.0% by weight) and 4.0 kg of fine graphite (Timrex® T44
from Timcal AG Lid., 6743 Bodio, Switzerland, with dy = 6.4 pm, dso = 20.8 um, dgo =
56.8 pm) were used to obtain a homogeneous pulverulent aggregate with the aid of a
mixer.
30
The specification of the Puralox was:

specific surface area = 212 ma/g,

Al,QO3 content = 99.3% by weight,
35 Apparent density = 0.61 g/ml,

Bulk density = 0.80 g/mi,

Si content = 45 ppm by weight,

Fe content = 96 ppm by weight,

Na content = 19 ppm by weight,
40 >12 Jm = 85.5% by weight,

<25 um = 34.2% by weight,



30at 250?5§Q%by wei ght of Bi; free nitric acid 3 to 5% by wei ght;
apparent density: 1.22 to 1.27 g/m, prepared with nitric acid from
bi smuth nmetal from Sidech S. A, 1495 Tilly, Belgium purity: >

99. 997% by wei ght of Bi, <7 rrg/ kg of PE <5 ny/ kg each of N, Ag, Fe,
<3 ny/ kg each of Cu, Sb, and <1 Cd, Zn) at 25C within 20

m n. The resuf#PHE aqueous mi xEure ﬁég/ %mﬁ@éﬁbently stirred at 25C
for another 3>hB4and then spray=dri edﬁ%ﬁy\'&h@hspray dryi ng was
effected in a.g g y-di sk spray toygligoi faur cocurrent at a gas
inlet tenperature of 300 10C, a g%S out et terrperature of 100 10C,
a di sk speed 18 000 rpm and~a t thput of 200 I/h. The resulting
spray spowder had an ignition |oss of 12.8% by wei ght (cal ci ne under
air for 3h at 600C in a porcelain crucible (which had 40been cal ci ned
to const nd had (at a dlspersmn pressure of 1.1
bar absol es)p gg%%ﬁﬁ F%ﬁg’p"ﬁ?(d. 0=9.1pm c190 = 55.2 pn). Figure
9 shows the particle PF 60895 70 di arreter distri butlon of the

resul ti ng sprspecifioediéiccasea fuacti ags of/gt he di spersion pressure

enpl oyed. TheAI%)SC% 5@ shows the paggycﬂ,yewg, gieters in a logarithmc
plot in pm e ordi nate sho 6%@7\ gortlon by volunme in % of
t he total par%@p@f%ﬂ\%ﬁ’%% t hat “has“t™éBappropri ate particle di aneter
as a functi orBu dedsily di sper si on pr 898w'®l enpl oyed: ADi spersi on
pressure = 2 @@;bo,abs Di spersiean poaasisewsight, 5 bar abs. Dispersion
pressure = ?g abs. Dispergi on, B%%SM& ol 1 bar abs. 10 The

t abl e whi ch foI WS gives an overvi éw o ﬁrésent ative d. values as
a furdétion of<#heMabsol ute di sper sPen%phe¥siahle enpl oyed: 2 bar 1.5
bar 1.2 bar lkx45par cho (1- 111&) 95.5% by weight,

> 48 um = 3.0% by weight,
<90 um = 100% by weight,
dsg = 18.8 pm.

20
ASubsequentEy, the pulverulent aggregate was compacted in accordance with the invention
with the aid of a Kilian Synthesis 700 rotary press (single mold, 77 dies). The fundamental
apparatus construction was as in figure 6. The diameter of the preliminary pressure roller
was 210 mm and the diameter of the main pressure rolier was likewise 210 mm. The
25 distance between two dies opposite one another on the die plate was 720 mm.
The dies used were dies with a congruent double frustocone as shown schematically in
figures 3a, 3b.
The length | of longitudinal section 1 was 6.2 mm.
The length 1l (the length II*} of longitudinal section H (of longitudinal section I1*) was 8 mm.
30
The outline of circular cylinder | and of circular cylinder Il was 15.7 mm.
The diameter DD of the top face of the frustocone KS was 5.1 mm.
The diameter DG of the bottom face of the frustocone K3 was 5.0 mm.
The length of the outline of the circular cylinder Z {of the continuous circular cylindrical
35 center pin) was 2.5 - m mm. The upper planar end face of the center pin MF concluded
flush with the planar upper die end face.

Both center bores, MBY and MBPC (the laiter was connected to two gas-permeable outlets
(cf. figure 4d)), had, in the entrance region into the corresponding end face, a circular

40  cylindrical geometry with identical radius. The contact of their inner walls to the outer
surface of the center pin MF was sliding against one another in the area of possible



0.91 1.17°B%B¥ 1 ¢is() (-1m) 5.8 8.5 19.7 28.0 clso (pm 27.5 34.3
47.2 55.2 15 The resulting spray powder was subsequently converted
to a paste with 16. 7% by wei ght (based on the powder) of water at 25C
in a kneader (20 rpm for 30 mn and eééruded by neans of an extruder
(torque: 5 50 Nm to extrudates of dianeter 6 mm These were cut into
sections @M&tcm dried on a 3-zone belt dryer with a residence tine
of 120 min per zone at tenperatures of 90-95C (zone 1), 115C (zone 2)

and 125C §gzo rﬁﬁgz?k)e JABH&S pabir ]gorz&??i& hgard heRirsdulddesiieendldistance E

tenperature’in gion of 830C (calcined; In a rotary tube oven
with air ¥Foe Y%gmf‘éd pressure 0. 3 mbar, internal volume 1.54 nB,
200 n® (Sﬂh@)lmweoencaface ostmekwef pofcieRod U@d@@er asidece ofithe paperpuoah, in
i ncl i nat | fRoRkntdRith ePaK Ys47200eha éboﬁ@ngtcbnffbut’étbn iVRidensedl (gRagiLant)

in the prrﬁgﬁ ?fr?ettﬁchggélgfﬁ rtangt ﬁ@t%’nﬂ@&&ﬂo’tﬁ? unch & E% edt%n% H‘?nte ?Enr}ﬂéﬁs

to be oriented esire ase“conposi e calcination
product . SERE Y@30 B850 Monocl i ni c) and Bi 2W209 (orthor honbic) phases are
desired; the presence of y-Bi 2W6 (russellite) is undesired. Should,

t her e;foor erheBhdiGHuAiRfe G2 ﬁz'aﬂéftabt%de 46 aGRATEIRA @erggoﬁé\f@i@ c'éﬁéuétlad R its

o e SR hietoH Peclq nbotr BohaDBudty ¢ Al bk o g to 7.0

pr epar at i "om) whe® & He. irispend. oo l’érﬂjietfﬁ@m@éWéY fram toe dtGebﬁm@rCétDUN EoahBiERI Nn
t he tenperzdy (@all #1geesPe eirh) vaitbro R, RS [es THe 0pgertjumeh ahd 8@ Ibher [Baar

cal ci nati BlcRIEd ﬁﬂrﬁgﬂH éﬁ'atgﬁal 1%06?&?#@ déméa ;Jén M?ﬁmﬂbﬁ@g?@% ce

of the reflection 18 ac ef orne | m xe (x

t hus 'obt SYHEHICRERYSHHDEMES NIPEHee "rnﬁ ﬁ)FttJF? e{r%@%t%‘ peek-#4d Rasuch
t hat the Q}I%Om\VeFRauﬁthmisvozanﬁﬁamv(/abﬂ&eWISb.%umm €190 = 5.9 pm
measured at a dispersion pressure of 2 bar absolute) and the BET

surface alrh%%rﬁl\(%nt gf psulverulgnt ag%regate infroduced into the fill chamber was 118 mg.

At the start of the process, the lower face of the upper punch, in the state of the starting
20 distance A, concluded flush with the upper end of longitudinal section Il.
With increasing wear on the inner wall of the upper part of longitudinal section Il of the die
bore, in the state of the starting distance A, the positions of the two end faces within
longitudinal section Il were shifted downward.
The initial pressing force applied was 0.5 kN for each of the two punches; the main
25 pressing force applied was 8.5 kN for each of the two punches (pressing force data are
always based on the state of the end distance E}.
The side crushing strengths of the resulting ringlike shaped support precursor bodies were
in the range from 19 to 23 N.
The rotation rate of the rotary press was from 25 to 30 rpm.
30  With regard to the material of die table tongue, die table brow and die table chin, the
statements in the description apply.
Subsequently, the resulting ringlike shaped support precursor bodies were treated
thermally on a belt calciner {cf. DE-A 10046957 and WO 02/24620). The bulk material
height on the circulating belt was 80 mm. The temperature in the first calcination chamber
35 was 690°C; that in the second calcination chamber was 700°C. The coarse-mesh belt was
flowed through from the bottom with forced air, which was sucked in by means of rotating
ventilators such that the deviation of the temperature from the target value in terms of time
and space was always < 2°C. The residence time in the first chamber was 2 h and the
residence time in the second chamber was likewise 2 h.
40
Subsequently, the ringlike shaped support bodies formed were subjected to screening.



PF 60895 FA60§35,des (m xing bl ade speed: 60 rpm cutting bl ade speed:
3000 rpm honogeneously within 5 mn with 0.5% by wei ght (based on
the grinding material) of fine 5i02 from Degussa of the SipernatO D17
type (tapped density 150 g/1; d30 of tgg Si 02 particles (laser
diffraction to 1 SO 13320-1) was 10 pm "the specific surface area
(ni t r ogenhedsEIgREiUsRd eressaresnsavithelandatgthslesdin g $cresoingmffpf oversize, its
2. Pr oductstraghoédge lslgu@th ina3QOGomMEegithe distadcdbstiakuh tranwh asges praeBanadinby
met eri ng RO j ! i C
(a7 50 by = il RSP KBRS AT e L AL B8 R
237.1 kg RMYPFRSS WYt PBlat e tetrahydrate (white crystals

havi n§ a Based ooltlee weigbt of afifof thelscragnirgimaiesia)yniwsiuged toghe Mo@sning..tbe 8. 5%
by wei ghtyngbrsMe3racti®xontdnd Wak kg, B walgkel i netals, H C. Starck,

D 38642 CGoslar) at 60C with stirring (70 rpm) into 660 | of water at
a tenperature of 60C within one mnute, and stirring the resulting

sl i ght | y W¥heiulie piessgiis wasmthgsamgasrasscifisdabave. excerytiatitomeanpgedion of the
pr epar ed puweruéritisabtegatehesgperprmad wib G, di2BRose dg boffe vaas agidealudrcular
cobalig(! lo)iiflet {AhRe@PL YlhANtHalyj 48Rl oAb offie 6w endbBYe Wad ght
of Co, pr re tg/lt anII’IfC acl .romctgbat net a [7[;/ognl\/F.'I'h tals &
Fer r o- Al 03 2P HERET6R TaBIAMCAFNGA L 18R RCrealnNgWRR ¢ ve PLWEEM o, by
wei ght, <0.3% by weight of Ni, < 100 ng/kg of Fe, <50 ng/kg of Cu)
and Erﬁ le;piit@gna&ih@y&t Be a@é&r%a&ﬁﬁ«aﬁii@cdﬂ&hdaa?w;th ﬂhga?a'i@ okg Kaiin ®ynthesis 700
iron 0 el ,
<0255 by "FRPHIE- S PRHE 2hfefich Bh gl etofib Pt Pl S8 potery
0. 029p°by PiRsS Syl thisfcage gogPactiqnyis efagipd W Rerd FEiCg Y PESS8Y s The main

Emmer t halpfessBglfseguanplbyed mby,|fer eraimilaibei SiYkN e BOICHT thedwnipxbehes. was
stirred for a further 30 25m nutes. Then, while retaining the 60C,

sol ution was . di schar ged to.the initiall har ged . ution A an
Che i vt dg AL B S5hor i oditih B yorbad i fBBle! o BRaioer
Subsequeritd §nd sk deskiibest NVPSOHEFEE. from Grace GibH in D 67547 Worns
of thke Ludox(r) TM50 type (50% by weight of Si02; stabilizing

oS 7 A L A S D o
30appar ent YHERRiheactivspultipelgl gide has Atp PERRMERY| f at es (as Na2504)

0. 08% by wWgBightQy ¢ R WYafabMeMlds stds 1 SiagdohRD) : 0. 21% by wei ght ;
viscosity (25C, 1 atn) : 40 cP; specific surface area of the 5i 02

particles: 1 n/. re added to..the resulting aqueous m xture
whi ¢ gwajthi%ogqcit'g%8ggﬁéﬁgﬁéowsgo?grther 15 ni nut es.
35Subsequent |y, the product was spray-dried in a NNro FS-15

rot ary- disk 79@raYurig@Wescid at ifﬁ?t:l (@111 95 BUWERRCOIW SN, Ggask,imnbes15 GosI%r,
t enper at X . r o | ;
LDS0"s Bt 0 Ko Bs ) A RRSCRIA®, ok 6 Y ipess
i gni ti on SHGRE(GPRY SRR IRNSRIPYIRE KgCARE ipAEeQUS Bt inirade polyias ignric acid
cruciBbl e af RFACCH 11286 b veightall Bij fnsdnitric an@h® toeith byweiepit; atpa8Dd @pnindep?2
air for & np7anfh plebred HREE LRI BRRIEmek fofl SMcn49AbS2b8TR), a
d50 of 2%. 6. %F&?.P%?:r 5.9§0/p$]] Clgtorfz 49 gfﬂgﬁn%? .adf? gtgae C%% sHowg 12\% .
parti cl e PEIGHRRAOG ST TS it POHCERT el T £ Wd S pragofievidar oY 49 Fe.
functi on<df myfg edils peCsi In apd esbugig PEA6DYIS 222 witinpgin. Threresulting
absci ssaagieuis rhik@rdRbé s@sRqdeRRRIAES at 2508 fhogdthdr IR &ndiheh sbrayRifed.
35
The spray-drying was effecied in a rotary-disk spray tower in hot air cocurrent at a gas
inlet temperature of 300 + 10°C, a gas outlet temperature of 100 + 10°C, a disk speed of
18 000 rpm and a throughput of 200 I/h. The resulting spray powder had an ignition loss of
12.8% by weight (calcine under air for 3h at 600°C in a porcelain crucible (which had
40 been calcined to constant weight at 200°C)) and had (at a dispersion pressure of 1.1 bar
absolute) a dsp of 28.0 um (dio = 9.1 ym, dgo = 55.2 um). Figure 9 shows the particle



The or di fdt 89&RFows t he proportion by volune in %of the total
particle volume that has the appropriate particle dianeter as a
function of the dispersion pressure enployed: Adispersion pressure =
2 bar abs. dispersion pressure = 1.1 bZ abs. The follow ng table

gi ves an overview of the representative dx values as a function of

t he absoldigreetgr dipleipylianrfphrewsuiies sprgy e9wder ase fyaetion of tindisprraiop prgssure
5.2 9.9 dfhidyal 23.6 28.5 12199 (pm) 49.5 56.3 3. Production of the

of otar {".Jﬂn}‘te'm‘@%%?ﬁ“%e‘“é%ﬁ‘kw A B A A, "ol e
m xer (VI L%t%g‘gg SEOPYVP (NSRS aEbESO’FmeAé%%%fﬁ'é‘? g’@ ’Cled’r?g“me el e
Knet mésc mmWIat@ma(Dciwiahnetﬂrﬁs raguracrmn@ﬁfltl’tel digpepdicrdpresgure empipysiade

speed: 3% rpm c SR 00 rpm and prem xed for 1 mn.
Wthin 10 mn, lﬂ%%ﬁeg%%fb%ggu meé;?anrga%gw a a star feeder, starting
conposi ti®n 1 wadisperserepressiee et 65 bar gise anount requi red for a

mul timetal oxide & FREDGS L1 HRaPdpSt Of Chiometry: 20 [ Bi 2W209 2
WD319. 49[ Moi 2C09. 4Fe3. 1St 9Ko. 09041 within 10 min. The m xing

oper ati orf was t hélispeosion pigeslre arl. hbdighisher 15 min in order to achieve
an ingensive and conpl ete honogeni zati on (including the breaking

apart  of THtable which follows gives an overview of representative d; values as a function of the
absolute dispersion pressure employed: -

2 bar 1.5 bar 1.2 bar 1.1 bar
. d1o (M) 0.81 1.17 3.4 9.1
dso (UM} 5.8 8.5 19.7 28.0
dao (M) 27.5 34.3 472 55.2

15  The resulting spray powder was subsequently converted to a paste with 16.7% by weight
(based on the powder) of water at 25°C in a kneader (20 rpm) for 30 min and extruded by
means of an exiruder (forque: < 50 Nm) to extrudates of diameter 6 mm. These were cut
into sections of 6 cm, dried on a 3-zone belt dryer with a residence time of 120 min per
zone at temperatures of 90-95°C (zone 1), 115°C (zone 2) and 125°C (zone 3) under air,

20 and then treated thermally at a temperature in the region of 830°C (calcined; in a rotary
tube oven with air flow (reduced pressure 0.3 mbar, internal volume 1.54 m3, 200 m3
(STP)/h of air, 50 kg/h of extrudate, speed: 1 rpm, 7 cm inclination of the rotary tube with
length 4 m)). What is important in the precise setting of the calicination temperaiure is that
it has to be oriented to the desired phase composition of the calcination product. The WO;

25  (monociinic) and Bi:W20s (orthorhombic) phases are desired; the presence of y-Bi2WOs
(russellite) is undesired. Should, therefore, after the calcination, the compound y-BizWOsg
still be detectable on the basis of a reflection in the X-ray powder diffractogram at a
reflection of 20 = 28.4° (CuKa radiation), the preparation should be repeated and the
calcination temperature within the temperature range specified or the residence time at

30 the same calcination temperature should be increased until the disappearance of the
reflection is achieved. The preformed calcined mixed oxide thus obtained was ground at
2500 rpm with a BQ500 Biplex mill, such that the dsp value was 2.45 pm (die = 1.05 pym,
dgo = 5.9 um, measured at a dispersion pressure of 2 bar absolute} and the BET surface
area was 0.8 m4/g.

35
The grinding material was then mixed in portions of 20 kg in an inclined mixer (VIS type,

fill volume: 60 |, Aachener Misch- und Knetmaschinenfabrik) with mixing and cutting
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which was then stirred at 60°C for a further 15 minutes.

35  Subsequently, the product was spray-dried in a Niro FS-15 rotary-disk spray tower in hot
air countercurrent (gas inlet temperature: 350 £ 10°C, gas outlet temperature: 140 + 5°C,
disk speed: 18 000 rpm, throughput: 270 kg/h). The resulting spray powder had an ignition
loss of 30.5% by weight {calcine at 600°C in a porcelain crucible (which had been calcined
to constant weight at 900°C) under air for 3 h) and, (at a dispersion pressure of 2.0 bar

40  absolute) a dsp of 23.6 um (d1o = 5.2 um), dao = 49.5 pm). Figure 10 shows the pariicle
diameter distribution of the resuliing spray powder as a function of the dispersion pressure
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The resuliing mixture was then compacted in a K200/100 compactor from Hosokawa

30

Bepex GmbH with concave, fiuted smooth rollerers (gap width; 2.8 mm, rollerer speed:

9 rpm, target pressing force: approx. 75 kN). Integrated vibrating screens from Allgaier
(oversize screen size: 1.5 mm, undersize screen size: 400 ym) with ball-type screening
aids {diameter 22 mm) were used to isolate a compactate having a particle size for the
most part between 400 ym and 1.5 mm.

35

For the tableting, a further 2.5% by weight of the TIMREX T44 graphite from Timcal AG
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The individual die was manufactured from a material composite. This consisted, on its
side in contact with the die bore, of the hard metal G10-Ni (wall thickness from 6.9 to
7 mm) with R, = 0.1 ym and, on its side facing away from the die bore, of DIN tool steel
1.2379 (9 mm wall thickness) with R, = 0.8 ym. The upper punch and the lower punch

35  were manufactured from DIN material 1.2601. The center pin MF, which was circular
cylindrical over its entire length, was manufactured from DIN fool steel 1.2343 (R.=0.4
pm). Ra of the two end faces was likewise 0.4 pm.
The amount of pulverulent aggregate introduced into the fill chamber was 129 mg.

40 At the start of the process, the lower end face of the upper punch, in the state of the
starting distance A, concluded flush with the upper end of longitudinal section Il. With
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(decomposition) and 1.40 m2 (calcination), and were flowed through from below through
the coarse-mesh belt by 50-210 m? (STP)/h of feed air preheated to 100°C
25  (decomposition) or 450°C (calcination); in addition, the air was circulated by rotating
ventilators (900 to 1450 rpm). Within the chambers, the deviation of the temperature from
the target value in terms of time and location (typical values for zones 1 to 8 are: 140°C,
190°C, 220°C, 265°C, 380°C, 425°C, 460°C, 460°C) was always < 2°C. Beyond chamber
8, there followed a cooling zone of length 2 m, whose temperature was controllered to
30 70°C. Otherwise, the procedure was as described in exampie 1 of DE-A 100 46 957.

Subsequently, the ringlike shaped multimetal oxide unsupported catalyst bodies formed
were subjected to undersize screening. The screens used were screens with elongated
holes. Their straight edge length was 20 mm and the distance between the two edges was

35 1.8 mm. Based on the weight of all of the screening material introduced to the screening,
the undersize fraction obtained was 0.4% by weight.

When the procedure was the same as described above, except that the compaction of the
pulverulent aggregate was performed by means of a die whose die bore was an ideal

40  circular cylinder (diameter = 5 mm; the diameter of the upper and of the lower end face
was 4.95 mm), the undersize fraction obtained in the screening was 2.1% by weight.
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graphite from Asbury Graphite Milis Inc., New Jersey 08802, USA, was mixed into the

spray powder,

The dry mixture resulting in this case was coarsened by means of a K200/100 compactor
40  from Hosokawa Bepex GmbH (D-74211 Leingarten) under the conditions of gap width
2.8 mm, screen width 1.0 mm, undersize screen width 200 pm, target pressing force



40Cu) werd 88/ within 4 ninutes. After continui ng to stir at 95C
for 56 m nutesl1921, the stirrer speed was reduced further from50 to
35 rpm Subsequently, the entire suspension PF 60895 78 was
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The dies tél,ﬁﬁgay[\ﬁéﬁ,, L 834 Wak RhangRnarifils: doubl e frustocone as shown

schematically in figures 3a, 3b. The length I of |ongitudinal section
| was 2.2 mm The length Il (the length I1*) of |ongitudinal section
Il (of |ongitineieasdd fswe 2bEnto 160CwaE" Y/@inim 25 The outline of

ci rcwpar -cyl itRgenall samsbeaffoctactlnar cylinder |1 was 22 mm The

di ameter DD q% 'ﬁﬁ’gf‘%‘g?‘% Fr%em%tc}%i&%?rus O@OKS was 7.1 mm The
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face of the Itbﬁmhei@ah&?ﬂ &ridr tMeminower end face of the upper punch
were both of tpdrpnafeasnid WIratt O1G/miMe bore axis B was at right

angl es to both,_ 3 th center bores, MBu and MB (the
| atter was cgﬁ%neé i§§g§§(§§%r4§% perneabl e outlets (cf. figure 4d))

had, in the diniapEasedigiHR” gﬁféqun ‘corresponding end face, a

ci rcabar -cyl itheh halabt geTEOr4.5Ww t h an i dentical radius. The contact
of their 'nnqﬁeﬂ‘{ﬁbﬂeﬁséd)tot% eut @crcfﬁ%surface of the center pin M- was
sliding on Or’!ﬁenatmd e 500°E forhghr egi on of possible contact. PF 60895

- then cooled to 25°C within 4 h.

35  This afforded ringlike shaped multimetal oxide unsupported catalyst bodies from the
ringlike shaped multimetal oxide unsupported catalyst precursor bodies. These are
suitable, for example, as catalysts for the heterogeneously catalyzed partial gas phase
oxidation of propylene to acrolein.

40 These were subjected to the undersize screening according to example ll. Based on the
weight of all of the screening material introduced 1o the screening, the undersize fraction



79 The i rfdi 69%f7al di e was manufactured froma materi al conposite.
This consisted, on its side in contact with the die bore, of the hard
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35 weight of FeQ) were added within 3 minutes (commercially availabie as Triox White, Code
No. 639000 from Antraco, D-10407 Berlin). The stirrer speed was then reduced from 70 fo
50 rpm. Subsequently, the stirred suspension was heated to 25°C in a linear manner
within 30 minutes by means of steam in the jacket. At this temperature and 50 rpm,
51.64 kg of copper nitrate solution (aqueous Cu(NO3z)2 solution with 15.6% by weight of
40  Cu) were added within 4 minutes. After continuing to stir at 95°C for 56 minutesgz, the
stirrer speed was reduced further from 50 to 35 rpm. Subsequently, the entire suspension
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40  surface of the center pin MF was sliding on one another in the region of possible contact.



The dies UsB®Mere dies with a congruent doubl e frustocone as shown
schematically in figures 3a, 3b. Length I of the |ongitudinal section
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40
The resulting ringlike shaped multimetal oxide unsupported catalyst bodies are suitable,



When t he %:rgg%re was the same as described above, but the
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constituents which conprise at | east one netal conpound which can be
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100C,
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th_rough tungedize fratiet biabinkd 0Ntk Rerdenipg GRMEaTd byivieigha vertical bore
axis B and is dellmted by 15- the inner wall of the die bore, the

upper end face of a | ower punch introduced from bel ow al ong the bore

axi s 1B i nt- & refhectian of rgike $PRed g mE PF YR HIRIPRAGE] GHeNsgT Ur3eh PRAEE h
t he pul ver wihend tk@g@nnesegmummawmnﬂamemprmmadadlum Iphommmrrom esd sxvg20
the | ower end face, disposed along the bore axis B at an axi al

starting distance A abgve the upper . of
an upper ARCEPTBRHERA 26 e ehRRR! SR et %%W?%%Pg%ﬁ%h%%‘ﬁg%e
bor e axi sng@ns\if oEsSIrERe wasTdNHdwe Hadles wasdmitialyichaiaed Withet 698 Ikg &Y ul ent
aggr egat esdbatanen uieckhe firee-2hichienddlibd stielaaniebed aanabay ehe Bobuthne was

out er fa‘h% 2l té‘eﬁ@gﬂerpéfﬂjx'\ﬁ%tﬁgﬁgﬁﬁ%r%ﬂ;ré rtﬂ&b&&ﬁo;%‘ﬁég%rﬂrg%%ﬁ i} the

die bore aro ore ax 'eonetric cen %
end f ace PBIOHRE AT FRIERICSHPUTERTR @A GTHONRS SXPEMMSiGOaN 1 885Teup
t o t he 3@gsicedmountcevaradiuof pertiexile@had besrdaddedeftef apprex. iidpeinuisarnibh,
pumped infroduction of 805 kg of polyphosphoric acid having a P20Os content of 76% by
25  weight (corresponds to 105% by weight of Hz:PQ4) at a temperature of 50°C was
commenced with further addition of vanadium pentoxide. After the addition of the
phosphoric acid had ended, the reaction mixture was heated under reflux io about 100 to
108°C and left under these conditions for 14 hours. Thereafter, the hot suspension was
cooled to 60°C within 70-80 minutes and 22.7 kg of Fe(lll) phosphate (29.9% by weight of
30 Fe) were added. After heating to reflux again within 70 minutes, the suspension boiled
under reflux for a further hour. Subsequently, the suspension was discharged into a
pressure suction filter which had been inertized with nitrogen and heated beforehand, and
filtered at a temperature of about 100°C at a pressure above the suction filter of up to
(.35 MPa abs. The filtercake was blown dry by constantly infroducing nitrogen at 100°C
35  with stirring with a height-adjustable stirrer disposed in the middle within about one hour.
The blowing to dryness was followed by heating to approx. 155°C and evacuation to a
pressure of 15 kPa abs (150 mbar abs). The drying was carried out down fo a residual
isobutanol content of < 2% by weight in the dried catalyst precursor composition.

40  The Fe/V ratio was 0.016.



by reducﬁﬂ56QQ%§ axial starting distance A of the two end faces al ong
the bore axis B to an axial end distance E predefined for the
conpaction by |lowering the upper punch while maintaining the position
of the | ower punch or additionally 35I%§ting t he | ower punch, where

t he geonetric shape of the outer face t he | ower punch corresponds
to that of the outer face of a circular cylinder |; 40- the geonetric

shape of &he out unch cor.r of the
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upper punch, a center bore MB whi i's conducted into the upper punch

and is cGAREAFIFo at | east one outlet from the upper punch is
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out er fadhe@fesauset wué aies Qjth iandegruédt damik Wiitsdonk $isadpwh Belkradiicklysin
ﬁlugﬁelr S‘ﬁ Fag'cstﬁe s V\gt}ﬁ é%f !h%’?%ﬁt%ﬂ&hﬂ?%eoﬁ&%duﬁ‘s bl ridendh& BY iBngin
e ) of longttudinal section li {of longitudinal section [I*) was 8 mm.
25
The outline of circular cylinder | and of circular cylinder 1l was 17.3 mm. The diameter DD
of the top face of the frustocone KS was 5.5 mm. The diameter DG of the bottomn face of
the frustocone KS was 5.6 mm. The length of the outline of the circular cylinder Z (of the
continuous circular cylindrical center pin) was 3.0 « m mm. The planar upper end face of

30  the center pin MF concluded flush with the planar upper die end face.

Only ringlike shaped bodies FY' were manufactured, and the end distance E was always

3.2 mm. The upper end face of the lower punch and the lower end face of the upper

punch were both of planar configuration. The bore axis B was at right angles to both end
35 faces.

Both center bores, MBY and MBC (the latter was connected to two gas-permeable outlets
(cf. figure 4d)), had, in the entrance region into the corresponding end face, a circular
cylindrical geometry with identical radius. The contact of their inner walls to the outer

40  surface of the center pin MF was sliding on one another in the region of possible contact.



the di merfdi 8%%%f the | ongi tudi nal section | of the die bore and of
the circular cylinder | are such that the | ower punch, during the
process, is always 40conducted in each case sliding into the die bore
at least for part of the length of the bongitudi nal section | with
its outer face on the inner wall of thg die bore; and PF 60895 86
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of the distance between the two end faces is wthin the |ongitudinal

section Fome EBB@itnﬁd ﬂg@ﬁé sh&s E;%&Q‘sér%@lb@b%l éxzdé’%%@bﬁﬂe@@ataiyst
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generated the resulting ringlike multimetal oxide unsupported catalysts. These are
suitable, for example, as catalysts for the heterogeneously catalyzed partiai gas phase
oxidation of n-butane to maleic anhydride.

30 Thereafter, the ringlike shaped muliimetal oxide unsupported catalyst bodies formed were
subject to undersize screening. The screens used were screens with elongated holes.
Their straight edge length was 4 mm and the distance between the two edges was 4 mm.
Based on the weight of all of the screening material intfroduced to the screening, the
undersize fraction obtained was 0.3% by weight.

35
When the procedure was the same as described above, but the compaction of the
pulverulent aggregate was performed by means of a die whose die bore was an ideal
circular cylinder (diameter = 5.5 mm; the diameter of the two end faces was 5.45 mm), the
undersize fraction obtained in the screening was 1.2% by weight.

40

US Provisional Patent Applications No. 61/077601, filed July 2, 2008, and No. 61/077638,



upper puﬂgﬂﬁog¥sleast 60% of the di stance between the two end faces
is wthin the |longitudinal section Il. 4. The process according to
claim1l1, wherein, on attainnment of the end di stance E 40between the
upper end face of the | ower punch and e lower end face of the upper
punch, at |east 90% of the distance between the two end faces is

wi t hi n t HEeVsagiadulivirai208@cre Bisotnoratepintgiggresent paterappfisasioa by literature
accor di ngefeverckawith tegamh &r e mboematibaed reenhings, nuheresdchdngdsaaree E
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by the oiBErAR Al Brsatts Bi1Ts PRTIEoR GES (RORE o gLe R G, B T
the tWo evay desceéked speqificdilyherdie | ongi t udi nal section I1. 6. The
process according to any one of clains Ito 5, wherein the outline of
the circular cylinder Il is longer than or is equal in length to the
outline of the circular 10cylinder |I. 7. The process according to any
one of clains 1 to 6, wherein the upper end face of the | ower punch
and the |l ower end face of the upper punch are in planes parallel to
one another, to which the bore axis Bis at right angles. 15 8. The
process according to any one of clains 1 to 7, wherein the end
distance E ..- is from2 to 10 mm 9. The process according to any
one of clains 1 to 7, wherein the end distance E 20is from2 to 8 mm
10. The process according to any one of clains 1 to 7, wherein the
end distance Eis from3 to 8 mm 2511. The process according to any
one of clainms 1 to 7, wherein the end distance Eis from3 to 7 mm
12. The process according to any one of clains 1 to 11, wherein the
gquotient Qof the Ilength of the outline of the circular cylinder Z as
t he nunerator and the 30outline of the circular cylinder | as the
denom nator is fromO0.3 to 0.7. 13. The process according to any one
of clainms Ito 11, wherein the quotient Q of



the length R 698 outline of the circul ar cylinder Z as the nunerator
and the outline of the circular cylinder | as the denom nator is from
0.4 to 0.6. 35 14. The process accordinggto any one of clains 1 to

12, wherei i fference forned subtracting the radius of the
outline of q\"ﬁ'goﬁ? ' IRCAFNE\A N9 p?‘?é“a'&"ﬂ%i‘e‘i%?ﬂ%us of the outline of

the circular cylinder I is from1lto 3 mm PF 60895 88 The process
accordi ng t@gmyy one of clains 1 to 14, wherein the dianeter of the
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di aneter DD of the top face, the dianeter DG of the bottom face and

t he hei1 ht H of t efrust%f%qﬁ §S|s satisfied: 0.007. HDG - DD 5
0.015 M. The pfoddsLng SYEPKhy one of claims 1 to 20, wherein
both the upper end face of the | ower punch and the | ower end face of

the upper punch-haveuppee ege aietdfatowdranecwint@dadddfttnabelowriongthe bore
process according atxf% B’J‘i’r’ﬂ}’o t‘ﬂﬁ%ueoﬂéprg ls8120% L ﬁﬁ%‘%’e H\@Fo(n% a{h{%mrﬁmapper

end face of the |o e upper punch
have the geonetri @Ug’ﬁ%‘ﬂf@téggr&géﬁer'@m Pé'?l”%thsdw\?gam%rv&&?fa into the
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. The process ag
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geonetrlc shape o e 1 nner wal e die bore, over the length
11* of the longitudinal section 11*, corresponds to the outer face of
a frustocone KSt \ieosdercdros sf 3 ewitérqriaMFasomdusted fros the pettora nigward in the

corres pfmds to t hgie s arong thd BhalaxREeRoRfthd BEorkdtFic Bbikr Fithd BSIRS ekd
at its lower en " face of the lower punch, said center pin MF extending at least up to the
30 geometric center of the lower end face of the upper punch,

by reducing the axial starting distance A of the two end faces along the bore

axis B to an axial end distance E predefined for the compaction by lowering the

upper punch while maintaining the position of the lower punch or additionally
35 lifting the lower punch, where

- the geometric shape of the outer face of the lower punch corresponds to
that of the ouier face of a circular cylinder [;

40 - the geometric shape of the outer face of the upper punch corresponds to
that of the outer face of a circular cylinder il

Figures 1 to 10



25. The pr Jde8®%ccor di ng to claim24, wherein the die bore has only
the | ongitudinal sections I, Il and Il*. 26. The process according to
claim 24 or 25, wherein the georretri C dbgensi ons of 10l ongi t udi nal
section Il correspond to thaose o udi n on 11*. 27. The
rocess accordi g PONaHPBAEE GPET ST RO SMa A L PHEL R of PO
rel ationshi p bet wekdrethig¥ ¢ridgeied khrofight the IfwarsuocoiemKS: tandiownwarchis
distance E is satigfheg: 15 4 end distance E H1 end distance E

28. The process according to any one of clains 1 to 26, wherein the
followi ng rel ationship between the height H of the frustocone KS and
the end &i stance Eafﬂb?§ta§ElQ|C§§tﬁ'§?A8fth§ﬁﬂo ans fagRe dhecenter pin MFgpgiects
di stance E. 29. TheOmeMrca@b@m@cergertmramﬂmmaefup:ioahewgedmetoczémter

wherein the foll owige LAl ERBHR BREWs&EN he hei ght H of the
frustocone KS and the en |stance ELF? }é\gtl stied: 3 end distance E

H 1.5 end distance E. 30 30. The process according to any one of
clains 1 to 29, -whibeeenter hie Nerftni thefbottomgirwadd.hals theegeanagirie shape of a

greaterigt han t he | gratdd cyiindef Z WG diddiaP@liing@ed batar face 4. The
process according to any one of claims 1 to 29, wherein the | ength of
| ongi tudi nal section 1 is less than the length Il _of |ongitudinal
section I1. 35 32.theHength %faggu%ie%emﬁﬁgmt'%r%wed@éséﬁssa%mﬁe lengfhyof
29, wherein the | ethgtdatiaé of thegiirculdi adihderd ahd dessitharsthedengiinoieht batline of
three tinmes and nofelpsfat H@Rdd L times the length of |ongitudinal
secti or][5ll 40 33.The process according to any one of clains 1 to 32,
wherein~at | east the entrance into the center bore ML30 is confi ure_d
in circul ar cyl irndihecabitipopphihe gentet piatvit Ard Hetnesitipa ebtherdig 'ﬁé‘ué'ﬁﬁgfﬂﬁ g
cylinder Z, when isorkSlohgaeapoeaiid brtfixet heativdRo @88 200Ber eemoene bor e
MB, slides along iérgcéégner wal | at least in the entrance region

t her eof . ’

20 - in the geometric center of the lower end face of the upper punch, a cenier
bore MB® which is conducted into the upper punch and is connected to at
least one outlet from the upper punch is formed, said center bore MBP being
capable of accommodating the center pin MF to the necessary degree in the
event of reduction of the starting distance A to the end distance E, and the

25 center pin MF being able to project into it even at the starting distance A;

- the axes of symmetry of the die bore, of the circular cylinder |, of the circular
cylinder il, of the center bore MBO, of the center pin MF and of the center
bore MBY are on a common straight line L running vertically through the die

30 bore;

- the die bore, along its bore axis, has a longitudinal section | over whose
length | the geocmetric shape of the inner wall of the die bore corresponds to
that of the outer face of a circular cylinder KZ, and which is adjoined at its

35 upper end directly by a longitudinal section |l of the die bore which is
directed upward and has the length 1;

- the dimensions of the longitudinal section | of the die bore and of the circular
cylinder | are such that the lower punch, during the process, is always
40 conducted in each case sliding into the die bore at least for part of the length
of the longitudinal section I with its outer face on the inner wall of the die
bore; and



34. The prdﬂ%@@*ﬁbcording to any one of clains 1 to 33, wherein the
center pin MF 5narrows conically in the upward direction within the
| ongi tudi nal section IlI. 35. The procesggaccording to any one of
claims 1 to 34, wherein the upper end of |ongitudinal section Il of
the die bore, the upper end face of the center pin MF and the upper
end face of the-dibecineisiate of thestenidritlerei8” andphibe cirt@alg/lindgie are
process accordi ng §ihamdt teRwef pGhdhl BBring the prizesyiesiRlals EdRIUBIEAGRSRg
according to the |AvSaLl@de PELLGK TRdoalh STRL Gikhd Wikhehienakdnes
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a rotary press. 1537. rocess accordi an
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| east one netal oxide, netal hydroxide, netal carbonate, netal
hydr ogencar bonat e, metal hydrogenphosphate and/or netal 25nitrate.
39. The process 28¢ @s-BreyenbPrrargesoRetngfma rgriment ot he 589'kKadresth t he
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ni ckel .nitrate, cesiumnitrate opper, 30ni.trate, .calciumnitrate and
magnesi'dm ni t ra@@?eoit‘é.coﬂ%wb# 3’?:%@'? r@g@@,%#ﬁsq%egrwﬁgﬁ%m& clains 1
to 39, wherein the die is manufactured froma material conposite
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of M, 2800 to 0c@B%sbytiontl ared, R its loviertend DcddBESphrydsvib theofroS-seliond atgoof
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Fe and i npuri ti e&cticadiand thg uppesrandtace of the lower punch is not below the
longitudinal section [, such that the ringlike shaped precursor body formed by

25 the mechanical compaction of the pulverulent aggregate between the two end
faces is at least partly in the longitudinal section Il on attainment of the end
distance E.
2. The process according to claim 1, wherein, on attainment of the end distance E
30 between the upper end face of the lower punch and the lower end face of the

upper punch, at least 20% of the distance between the two end faces is within
the longitudinal section 1.

3. The process according to claim 1, wherein, on attainment of the end distance E
35 between the upper end face of the lower punch and the lower end face of the
upper punch, at least 60% of the distance between the two end faces is within
the longitudinal section ll.

4. The process according to claim 1, wherein, on attainment of the end distance E
40 between the upper end face of the lower punch and the lower end face of the
upper punch, at least 90% of the distance between the two end faces is within
the longitudinal section .



product i on.P28089%¢ process according to claim40, wherein the hard

- nmetal consists of tungsten carbide to an extent of 90% by wei ght and
of nickel or of nickel and chrom um 10t g7an extent of at |east 5% by
wei ght. 42. The process according to claim40, wherein the hard netal
consists of 90 to 95% by w. of WC 150 to 1% by w. of Ti C and/ or
TaNoC, and 5 t o Theywrosesaaccadling taoelaiNi 1,.aveerein, onattairmhentof Geedrw distance E
accor di ng to an}beﬂﬁt%nﬁ?e@b@ér@ﬁ'fédé SFahe WRAEF BiithidMe thellower uh@Rice of the
aggregate conpri [ . [ n rate
ot 020° 44 ThaRBPURl a1 Aol SRR WSy ol g Byihd

wher ei n & he nearM9GaghaeesPrRetigFofihPilyRilenhrddrediie Pawegn daoenddaces
0.2 pm 45. The ipwitice $is: lacgitwdthahgection Hny one of clains Ito 43,
wherein the mean 25roughness Re of the inner wall of the die bore is
0.1 pm 46._. The _process accordi to an ne of clains. 1 to 45

wher b1, aib-t he TORPTGN-GE ARCEIE FLAY TSGR a<o Sxabaren e Buls af te
whi ch is in the ciradigecviindan!i5g langeshan ok i§/asig! in Smgitrio iy eufline efdse circular
accordifmg to anyymierpf clains 1 to 45, wherein, at the end distance
E, the two punches exert a pressure which is in the range from500 to
2500 kg/cnR, 35_48. The process according tQ any gne of clains 1 to
47, wher ei -t he THEOERSSS AEFOrdIRG FNRY QNecdGiAdne 1dP Ot Weerrindge HRRS SR 8
precur sor bodi esf fireddwergainck aed tredbwer ertd face ehtpe uaparminolfh afe in200€s

49. The process ageMmedhMBeAoRBY ORRiICAINEbHEBRisB kGt fidht aMgRisei n the
process for 40thermal treatnent of the ringlike shaped precursor

bodi es 18r oduced is effected at a tenperature of 300C. PF 60895 92
50. The process dbedreienyacerding tomy afe JIciIms 1ite &, witereipibe enedistpace E

t her mal treat nem freh 2ttBaommgl | ke shaped precursor bodies is
acconpani ed by a weight loss of fromO0.5 to 40% by wei ght based on

its starti weight. 5 51.Th roce di f i
1 to 50 =1 e £ [PECCEES p%%&ngpeanysgneao%% arimlc, qgo I/,Owﬁenrginqdqg er?d di%la%lce
20 is from 2 to 8 mm.

10.  The process according to any one of claims 1 to 7, wherein the end distance E
is from 3 to 8 mm.

25 11.  The process according to any one of claims 1 to 7, wherein the end distance E
is from 3 to 7 mm.

12.  The process according to any one of claims 1 to 11, wherein the quotient Q of
the length of the outline of the circular cylinder Z as the numerator and the
30 outline of the circular cylinder | as the denominator is from 0.3 to 0.7.

13. The process according to any one of claims 1 to 11, wherein the quotient Q of
the length of the outline of the circular cylinder Z as the numerator and the
outline of the circular cylinder | as the denominator is from 0.4 to 0.6.
35
14.  The process according to any one of claims 1 to 12, wherein the difference
formed by subtracting the radius of the outline of the circular cylinder Z from the
radius of the outline of the circular cylinder | is from 1 to 3 mm.

40 15, The process according to any one of claims 1 to 14, wherein the diameter of the
outline of the circular cylinder | is from 2 to 10 mm.



gaseous cor%ﬁ?ﬁ?%i ch forms in the course of thermal treatnent is
ammoni a, H20, CO, CO2 and/or a nitrogen oxide. 52. The process
according to any one of clains Ito 51, wherein the pul verul ent

10aggregat e co i ses at | east one adde ubstance fromthe gro
coneyst g 5  NEeRToTRRRy a0 TR T 1037, WhEEN R HGIIGET of the
NHACH3CO2, NI - 141ih8O8he(dsipegBderdimbern @rfpGvaimat e and t he hydrat es
of the aforenentioned ammoni um salts. 1553. The process according to

f i | I ej | ver ul y . i
e 1 o o L DO A P 0 A
cel l ul ofe, st earutingef the Giravlgneingesilds ragidto § M3k eari ¢ acid and/ or

salt of malonic acid. 20 54. The process according to any one of

o “the 11 nglt ke SEErecrst SRy S ORRRS 116 17 (IS BRI AL
oxi do whi oh compt PeBdat1aS laRa So AP oBUS o o (RSP elNE? e
and Bi, or the déhedemeter s aitte Yottan fadeend|tegrbeiult Hof thy frasigcene 6B i he
el enentqg V and Rgtigtledb5. The process according to any one of clains 1

to 54, wherein the subsequent process for thermal treatnment of the

ringlike shaped precursor bodi esﬁ)ﬁr oduced forns a nmultimetal oxide in
which the element Mo, or the el 8f8Ar A2 DGi- PR @Pafeit P is that
el enent ot her than oxygen which, calculated in nolar terns, is 30the

nuneri cal | ygos trye QrgmAs aé&rdaﬁggoemw&m BHRONdb AY, iRr@RYheREst&done KS

cl ai s to 55, whe the, s uent , pr.ocess for, ther eat nent
ot e i nal + Re IS HED IR e IR TR se PR R S e P of FEIRTERS.
oxi de of the gefesdibmelsr MA@ ef ke bottBn (rcRINdtes faieRd xBERALSRCHNS K§ is
where 40X = ni ckelisfiegd/ or cobalt, X2 =-thallium samarium an alkali
metal and/or an al kaline earth netal, X3= zinc, phosphorus, arsenic,
boron, antinony, tin, cerium |ead vanaE;iUu PE_60895 93 chrom um
ni obi um and/ or tungsten, X4 = siq(?@éﬁ',sg “npnhu?r?-ogf’T ni um and/ or

Zi r coni2im

20.  The process according to any one of claims 1 to 17, wherein the frustocone K&
is such that the following relationship between the diameter DD of the top face,
the diameter DG of the bottom face and the height H of the frustocone KS is
satisfied:

25
0.007: H=<DG-DD <0.015« H.

21.  The process according to any one of claims 1 to 20, wherein both the upper end
face of the lower punch and the lower end face of the upper punch have the
30 geomedlric shape of a circular ring.

22.  The process according to any one of claims 1 to 20, wherein both the upper end
face of the lower punch and the lower end face of the upper punch have the
geometric shape of a circular ring curved inward into the interior of the punch.

35

23.  The process according to any one of claims 1 to 22, wherein the die bore has

only the longitudinal sections | and [l

24.  The process according to any one of claims 1 to 22, wherein the die bore of the
40 die is such that its longitudinal section | is not only adjoined at its upper end
directly by a longitudinal section Il directed upward, but also at its lower end
directly by a longitudinal section HI* of length [I* directed downward, and the



a=0.2 to 5FBEH%9%1 to 5, ¢c=0 to 10, d=0 to 2, e=0 to 8, f =0 to 10,
and 10n = a nunber which is determ ned by the val ency and frequency
of the elenents in Xl other than oxygepg 57. The process according to

any one of clainms 1 to 55 rein th bsequent . ocess
For Cher mal “t redenBRreshave Sl B RuPr kAl of SRS WFEcurs e imusth Usofths
produced 15f or miorgitndinzlissetcal |*osertrsponhds fadheyewier iare Pba frustacons HSTwhose
a, ygb QjELy?’CEjY%EbS}é%%cﬁ'&bE 3réQ al e usper leaill Xbﬂréipo}ﬁ?@i’cﬁth@ Greeg!spcthinanated of
or bismuth an : s tellurium antinmony, tin
and copper, y2. %rreo+'§cg%téﬁﬂﬁagf&%%ﬂgsslglg%@%gr nol ybdenum and tungst en,
y3= an &l kali netal, thalliumand/or samarium 25yaan al kaline earth
metal, nickesl, Jdobardcessapeding trarigian?s evherdimthe die boredadmnlyrthand/ or
mercury, YsironQgithdifh s8Rbndl, Il §asfi= one of the el enents vanadi um
chrom um and cerium yaphosphorus, arsenic, boron and/or antinony,
30y7. a rare earth netal, titanium zirconium niobium tantalum
rheni um r @bheniTomprodess peaprding fosdaim Zborks, ahargimiimoegaiefrictimensiensuih
siliconp ger manighgitudiedGectidhar tatespotd & thoseadTiloHBituyiasdeyisienum or
tungsten, or nol ybdenum and tungsten, a' =0.01 to 8, 35b" =0.1 to 30,

27.  The process according to any one of claims 1 fo 26, wherein the following
relationship between the height H of the frustocone KS and the end distance E

is satisfied:
15
4 » end distance Ez H 2z 1 » end distance E.
28.  The process according to any one of claims 1 to 26, wherein the following
relationship between the height H of the frustocone KS and the end distance E
20 is satisfied:
3+ end distance E 2 H 2 1 « end distance E.
29.  The process according to any one of claims 1 to 26, wherein the following
25 relationship between the height H of the frustocone KS and the end distance E

is satisfied:

3eenddistance E2zH = 1.5« end distance E.

30 30. The process according to any one of claims 1 to 29, wherein the length of
longitudinal section 1 is greater than the length il of longitudinal section il.

31.  The process according to any one of claims 1 to 29, wherein the length of
longitudinal section | is less than the length Il of longitudinal section Il
35
32,  The process according to any one of claims 1 to 29, wherein the length of
longitudinal section | is not more than three times and not less than 0.1 times
the length of longitudinal section H.

40 33. The process according to any one of claims 1 to 32, wherein at least the
entrance into the center bore MBP° is configured in circular cylindrical form such
that the outer face of the circular cylinder Z, when it is accommodated into the



¢’ =0 to 4,PB08% to 20, e >0 to 20, f' =0 to 6, 400 to 15, h' =8 to
16, PF 60895 94 x', y' = nunbers which are determ ned by the val ency
and frequency of the elenents in XII| ogler than oxygen, and p, q =
nunbers whose p/q ratio is 10. 558. The process accardin
o any oo of CIEANREoaS BRSO s P RS ae D SoEanee TrgPt
t hermal treat neieredf. t he ringli ke shaped precursor bodi es produced
forms a nultinetal oxide of the general fornula XV

Bi a- Z2v0 781273e74d- Fee- 75t Z
i yodenum B GG oo TR AT oy el ve
cobal t, 515z4= t RarPwaRPieallydn kg upwised afreoaﬁ@lm inghe (ﬁ’!"ﬂ'&!q'ﬂ?és%%&oﬂﬂ'

nmetal , Z6= phosphorus, arsenic, boron, antinmony, tin, cerium

vanadi um rommw %1%95 c%.-d.n ?@rédegﬁ%mﬁ%% B ngu@éégh% Wperad4 of

Zi r coni um ver

tungsten, or %WD%S&HQPW 'bﬂ ? di. he upper en '19 ¢ ?&f pig, MF
=0.2 to 2, c" —3nd dthel@pper end face of the die conclude flush with one another.
10

36.  The process according to any one of claims 1 to 35, wherein the process
according to the invention is performed automatically with the aid of a rotary
press.

15 37. The process according to any one of claims 1 to 36, wherein the mechanical
compaction consists of a preliminary compaction and of a main compaction
following thereafter, the axial starting distance A, in the course of the pfeliminary
compaction, first being reduced to a preliminary end distance EY, and the
preliminary end distance EY being reduced to the end distance E in the course

20 of the main compaction.

38.  The process according to any one of claims 1 fo 37, wherein the pulverulent
aggregate comprises at least one metal oxide, metal hydroxide, metal
carbonate, metal hydrogencarbonate, metal hydrogenphosphate and/or metal

25 nitrate.

39.  The process according to any one of claims 1 to 38, wherein the pulverulent
aggregate comprises at least one metal nitrate from the group consisting of
cobalt nitrate, iron nitrate, bismuth nitrate, nickel nitrate, cesium nitrate, copper

30 nitrate, calcium nitrate and magnesium nitraie.

40.  The process according to any one of claims 1 to 39, wherein the die is
manufactured from a material composite which consists of a hard metal on its
side in contact with the die bore and of a tool steel on its side facing away from

35 the die bore, said tool steel having the following element compaosition:

1.50 to 1.80% by wt. of C,

0.10 to 0.40% by wt. of Si,

0.10 to 0.50% by wt. of Mn,
40 2 010 0.05% by wt. of P,

= 0 {0 0.05% by wt. of &,

10 to 13% by wt. of Cr,



d" = 0.02 [ 8%B5e" = 0.01 to 5, f" =0to 5 g* =0to 10, h" =0 to
1, x", y" =nunbers which are determ ned by the val ency

and frequency of the 30elenents in XV gther than oxygen, and p", "=

nunber s whose p" r 1 to 5. 59.The process
according to any oneool{p% p%oréb&wf’&f » wherein the subsequent

process for thermal Orli@de et bY wi.I9éVri ngl i ke shaped precursor bodies
produced 35fornms a nulgtomedmt bewitde vofaridhe general formula XV

Mol 2PaVbXc1Xd2X23Sbf RegSOHeXM) her &40 rggrﬁ @%%@8@%% Sgr}abgggwgm

and/ or cesium X2 = coppef and/ or silver rlum
boron, 2irconium manganese and/or bilSsEFR ang impurdies sesyiting frompthg1 t o
3, c =0.2to 3, 5d:06rfDdUct|di’1e 0Oto 2, f =0to 2, ¢
= Qol, h=0to 0.5 and 10n = a nunber which is det er mi ned by the

val ency anqu ' ecﬁ%g%ﬁ; cegé a(t;cr?)?dl% For‘rqg}ns Q/Vh)é}'él[’? %heehraré pn%?al NS of tungsten
carbide to an extent of 2 90% by weight and of nickel or of nickel and chromium
10 to an extent of at least 5% by weight.

42.  The process according to claim 40, wherein the hard metal consists of

90to 95% by wt. of  WC
15 = 0 to 1% by wi. of TiC andfor TaNbC, and
510 10% by wt. of Ni or Ni and Cr.
43.  The process according to any one of claims 1 to 42, wherein the pulverulent
aggregate comprises nitric acid, an ammonium salt and/or a nitrate salt.
20
44, The process according to any one of claims 1 to 43, wherein the mean
roughness R, of the inner wall of the die bore is £ 0.2 um.

45, The process according to any one of claims 1 io 43, wherein the mean
25 roughness R, of the inner wall of the die bore is £ 0.1 um.

4B. The process according to any one of claims 1 to 45, wherein, at the end
distance E, the two punches exert a pressure which is in the range from 50 to
5000 kg/em?,
30
47.  The process according to any one of claims 1 to 45, wherein, at the end
distance E, the two punches exert a pressure which is in the range from 500 to
2500 kg/em?,

35 48. The process according to any one of claims 1 {0 47, wherein the process for
thermal treatment of the ringlike shaped precursor bodies produced is effected
at a temperature of = 200°C.

49, The process according to any one of claims 1 to 47, wherein the process for
40 thermal treatment of the ringlike shaped precursor bodies produced is effected
at a temperature of = 300°C.



60. The pr Jce8®%Rccor di ng to any one of clains 1 to 55, wherein the
subsequent 15process for thermal treatnent of the ringlike shaped
precursor bodi es produced fornms a nultigetal oxide of the general
" sl PR BORT ore y ndl Ml
and/ or TI, b=0. $reabnent 5f theFiogliketshaped pregegor odieslis agegnpanies By a waghh
=a nunber whi ch |dss deberors reshd vy gy absstcon ianstafinggueemey of the

el enents in XVI other than oxygen. 30 61. The process according to
any one of claims 1 to 53, wherein the subsequent process for thermnal
treat meRt of- t hd "EiPFRACER BCHApe i FPeerd 6D dite 80 prYRFIEIE & 7id73R °aR
oxi de whi ch i s saebealswodpousd whidh fatmsom it doorsss Grltermal ikatokniie ammonia,
transition metal,of cbr aasizhbePaditRiden oxiie, 11 nor phosphorus is that

el enent ot her 35t han oxygen which, calculated in nolar terns, is the
nunerically nost common. 62. The process accordi n<1:; to any one of
claims 1 t$253, Tharesess aerorgng feany @wiof slgiped e aT.ovimsein despdyerviepist
one net1gdl oxi de ahfeabichRnpriesataedst bad aogedsubatanat from i igettp dousigitieest

oxi de, anti mony MQQE(N% JEON NI e, %4;\gja§ﬂ?é5hp\]ﬂa4 bggﬁﬁgiﬁ&égenum

oxi de, silicon Qx| nesi.um oxi de and ‘m xed oxi de i conpri se
at lohst two of NHESRe B EPOmAREoYNacHARt A AP oned
metal oxides. PRRré08%®Ne6 a6BcTiten palcess according to any one of
claims 1 to 62, wherein, already at the starting distance A, both the

d f he | h
bonch 9Pe A thd P BRger Lo L G Biheldf B o B2 ul B8R 1 p i AP
ringlike oxidi cas@rggeld coaNisehaddenasprhitsystarchr goead nelsbegl ArtigolyHeany

one of granule, cellulose, stearic acid, malonic acid, salt of stearic acid and/or salt of
malonic acid.

Zn,

20 54,  The process according to any one of claims 1 to 53, wherein the subsequent
process for thermal treatment of the ringlike shaped precursor bodies produced
forms a multimetal oxide which comprises the elements Mo and Fe, or the
elements Mo, Fe and B, or the elements Mo and V, or the elements Mo, V and
P, or the elemenis V and P.

25

55.  The process according to any one of claims 1 to 54, wherein the subsequent
process for thermal treatment of the ringlike shaped precursor bodies produced
forms a multimetal oxide in which the element Mo, or the element V, or the
element P is that element other than oxygen which, calculated in molar terms, is

30 the numerically most common.

56.  The process according to any one of claims 1 to 55, wherein the subsequent
process for thermal treatment of the ringlike shaped precursor bodies produced
forms a multimetal oxide of the general formula Xl
35
Mo12BiaFepX1cX2gX3eX40On {Xin

where
40 X1 = nickel and/or cobalt,

X2= thallium, samarium, an alkali metal and/or an alkaline earth metal,
X3 = zing, phosphorus, arsenic, boron, antimony, tin, cerium, lead, vanadium,



clainms 1 td 6%8%s. A process for heterogeneously catal yzed parti al
gas phase oxidation of at |east 10one organi c conpound over a fixed
catal yst bed, wherein the fixed catal yspzbed conprises a ringlike
oxi di ¢ shaped body acgording.to cl ai 34. FG.The process according to
cl ai m 65, wherein thé& W@%‘%’Pofa%?{%@é‘fj@" W315/zed partial gas phase
oxi dation is tha¥ =15styorpRiystiopyl Eariumendr giredniimand/ or acrylic acid
or b) of acrolein to acrylic acid, O 20c)of nethacrolein to
met hacrylic aci %,z or 03‘;003* i sobutene to nethacrol ein and/ or
met hacrylic acid, or &) of propane to acrolein and/or acrylic acid,
250r of % sobut aie™ t o OfEt!RAZer ol ei n and/ or nethacrylic acid, O g)of at
| east one 04 hydrocafbonOand/ or benzene to mal ei ¢ anhydride, or
30h) of nethanol 4t fengel dehyde O the oxychlorination of ethylene to
1, 2-di chl or oet hane. @7,[ @ t ube bundl e reactor whose reaction tubes
conmprise at |east on& '¥nglike oxidic
f= 0to 10, and
10 n = a number which is determined by the valency and frequency of the

elements in Xl other than oxygen.

57.  The process according to any one of ¢claims 1 to 55, wherein the subsequent
process for thermal treatment of the ringlike shaped precursor bodies produced

15 forms a multimetat oxide of the general formula Xl
[Y12Y2O0x ol Yo Y4 Yo Yor Y74 Y2 Oylq (X
where
20
Y1'= only bismuth or bismuth and at least one of the elements tellurium,

antimony, tin and copper,

Y2= molybdenum or tungsten, or molybdenum and tungsten,
Y3 = an alkali metal, thallium and/or samarium,
25 Y4= an alkaline earth metal, nickel, cobalt, copper, manganese, zing, tin,
cadmium and/or mercury,
YS= jronoriron and at least one of the elements vanadium, chromium and
cerium,
Y%= phosphorus, arsenic, boron and/or antimony,
30 Y7= arare earth metal, titanium, zirconium, niobium, tantaium, rhenium,

ruthenium, rhodium, silver, gold, aluminum, gallium, indium, silicon,
germanium, lead, thorium andfor uranium,
Y8 = molybdenum or tungsten, or molybdenum and tungsten,

a'= 001108,
35 b'= 0.1tc 30,
¢'= 0tod4,
d= 0to20,
e > (to 20,
f= 0to6,
40 g= 0to15

h'= 81016,



35shaped bo%ﬁ/ﬁg%géordi ng to claim64.
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58.

59.

94
X', y¥' = numbers which are determined by the valency and frequency of the
elements in XI| other than oxygen, and
p, g = numbers whose p/q ratio is from 0.1 to 10.

The process according to any one of claims 1 1o 55, wherein the subsequent
process for thermal treatment of the ringlike shaped precursor bodies produced
forms a multimetal oxide of the general formula X1V

[BigZ2pOx [ 281223244 FeeZ5vZ8g-Z Oyl (XIV)
where

Z2 = molybdenum or tungsten, or molybdenum and tungsten,

Z3= nickel and/or cobalt, '

Z4 = thallium, an alkali metal and/or an alkaline earth metal,

Z5= phosphorus, arsenic, boron, antimony, tin, cerium, vanadium, chromium
and/or Bi,

Z8 = silicon, aluminum, titanium and/or zirconium,

Z7 = copper, silver and/or gold,

Z8=  molybdenum or tungsten, or molybdenum and tungsten,

a“= 0.1t01,

b*= 0.2to2,
c‘= 3010,
d= 002102,
e“= 0.01to05,
"= (tob,
g“= 0to10,
h*= 0to1,

X", y" =numbers which are determined by the valency and frequency of the
elements in X1V other than oxygen, and
p", 9"= numbers whose p" / " ratio is from 0.1 to 5.

The process according to any one of claims 1 to 55, wherein the subsequent
process for thermal treatment of the ringlike shaped precursor bodies produced
forms a muttimetal oxide of the general formula XV

Mo1P VX Xa?X38biRegShOn (XV)
where

X'= potassium, rubidium and/or cesium,
X2= copper andfor silver,



10

15

20

25

30

35

40

PF 60895

60.

61.

62.

95
cerium, boron, zirconium, manganese and/or bismuth,
= (.510 3,
= 0.01to0 3,
= (02103
= 0.01to02,
Ofo 2,
= 0Qfo2,
= Qto1,
= 0100.5 and
= anumber which is determined by the valency and frequency of the
elements in XV other than oxygen.

%
1

J DO ™Mo o 0O o n
1

The process according to any one of claims 1 to 55, wherein the subsequent '
process for thermal treatment of the ringlike shaped precursor bodies produced
forms a multimetal oxide of the general formula XVI

V1 PbFGJCdXzeOn (XVI)
where
X1= Mo, Bi, Co, Ni, Si, Zn, Hf, Zr, Ti, Cr, Mn, Cu, B, Sn and/or Nb,

X2= Li K, Na, Rb, Cs and/or Tl,
b= 0.91t0 1.5,

c= 0to 0.1,

d= 0to0.1,

e= 0to0.1,and

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

elements in XVI other than oxygen.

The process according to any one of claims 1 to 53, wherein the subsequent
process for thermal treatment of the ringlike shaped precursor bodies produced
forms an oxide which is solid under standard conditions and in which no
transition metal of transition group 5 to 11 nor phosphorus is that element other
than oxygen which, calcuiated in molar terms, is the numerically most common.

The process according to any one of claims 1 to 53, wherein the pulverulent
aggregate comprises at least one metal oxide from the group consisting of
aluminum oxide, tungsten oxide, antimony oxide, zirconium oxide, bismuth
oxide, molybdenum oxide, silicon oxide, magnesium oxide and mixed oxides
which comprise at least two of the metal elements present in the
aforementioned metal oxides.
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63.

64.

65.

66.

67.

96

The process according to any one of claims 1 to 62, wherein, already at the
starting distance A, both the upper end face of the lower punch and the lower
end face of the upper punch are in the longitudinal section |l of the die bore.

A ringlike oxidic shaped body obtainable by a process according to any one of
claims 1 to 63.

A process for heterogeneously catalyzed paitial gas phase oxidation of at least
one organic compound over a fixed catalyst bed, wherein the fixed catalyst bed

comprises a ringlike oxidic shaped body according to claim 64.

The process according to claim 65, wherein the heterogeneously catalyzed
pariial gas phase oxidation is that

a) of propylene to acrolein and/or acrylic acid

«r
b) of acrolein to acrylic acid,
or
c) of methacrolein to methacrylic acid,
or
d)  of isobutene to methacrolein and/or methacrylic acid,
or
&) of propane to acrolein and/or acrylic acid,
or
f) of isobutane to methacrolein and/or methacrylic acid,
or
a) of at least one C4 hydrocarbon and/or benzene to maleic anhydride,
or
h}y  of methanol to formaldehyde
or

i) the oxychlorination of ethylene to 1,2-dichloroethane.

A tube bundle reactor whose reaction tubes comprise at least one ringlike oxidic
shaped body according to claim 64.



