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. catalysed, gas phase partial oxidation of at |east one C3 hydrocarbon

precursor conpound 5 Description The present invention relates to a process
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A process for two-stage heterogeneously catalyzed partial gas phase oxidation of
30  propene to acrylic acid is disclosed, for example, by DE-A 19927624, by DE-
A 19948523, by WO 00/53557, by DE-A 19948248 and by WO 00/53558.

Starting from propane, the heterogeneously catalyzed partial gas phase oxidation to
acrylic acid may likewise be carried out in a single reaction stage or in two or more

35 spatially successive reaction stages. According to the teaching of DE-A 10245585 and
of DE-A 10246119 among other documents, acrylic acid formation starting from
propans generally proceeds obviously in three successive steps, of which the first step
is normally the formation of propene. A description of a partial one-stage propane
oxidation to acrylic acid is contained, for example, in the documents EP-A 608838,

40 WO 0029106, JP-A 10-36311, DE-A 10316465, EP-A 1192987, EP-A 1193240 and
DE-A 10338529. A three-stage partial propane oxidation to acrylic acid is described, for
example, by WO 01/96270. Useful catalysts, both for the particular steps of the partial
‘propene and of the partial propane oxidation, are generally multjelemént oxides, of
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30

- A disadvantage of these removal processes is that they are very costly and

inconvenient (energy-intensive and cost-intensive), which is why there has been no
shortage of attempts to bring about optimization by skillful combination of the possible
individual removal measures known per se. However, the results of these aftempts are

35  not fully satisfactory. '

It is therefore an object of the present invention to provide remedy in relation to the
‘above-described set of problems.

- 40 Detailed considerations have surprisingly led to the result that one possible route of
. remedy has hitherto essentially neither been taken nor considered. This route consists
in modifying the process for heterogeneously catalyzed partial oxidation of at least one
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nore 30 pre =1 1 ml%or = 1.0 nol%or = 0.9 nol %
even nore preferably = 0.80 mol% or = 0.70 nol % or = 0.60 nmol % or = 0.50
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the sum of the different individual selectivities S; over all secondary components i.

According to the invention, S, is preferably = 1.4 mol% or = 1.3 mol%, more

30 preferably = 1.2 mol% or = 1.1 mol% or = 1.0 mol% or = 0.9 mol%, even more
preferably = 0.80 mol% or = 0.70 mol% or = 0.60 mol% or = 0.50 mol%, and at best,
Swve, iN accordance with the invention, is = 0.40 mol% or = 0.30 mol% or =0.20 mol%
or = 0.10 moi% or 0 mol%.

35 Frequently, Se. in the process actording to the invention will be = 0.1 mol% and
= 1.5 mol%, or = 0.20 mol% and = 1.0 mol%, or = 0.30 mol% or = 0.40 mol% and
= (.80 mol% or = 0.70 mol%.

When propene is the starting material for the inventive heterogeheously catalyzed

40  partial gas phase oxidation, the aforementioned values for S, are normally
accompanied by molar propene conversions (based on single paths of the reaction gas
mixture through all reaction stages) C*" which are = 95 mol% or = 96 mol% or
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- DE-A F02455 % N Mg, pectirabl DE%A(”R' 6r315 %m[‘g%é eﬂb DE- A 10261186,
DE- A 1025@gqrgme[pt£oned values of S™ pan Will be at values of = 95 mol% or = 90 mol% or
= 85 moi%.

It is appropriate from an application point of view to carry out the process according to
30 theinventionina particularly simple manner in such a way that a conventional process,
as described in the prior art, of a heterogeneously catalyzed partial oxidation of at least
one C; hydrocarbon precursor compound (may also be a mixture of propane and '
propene) fo acrylic acid is initially carried out (main reaction). For example, this
conventional process (the main reaction) may be carried out as described in the
35  documents WO 01/96270, DE-A 10344264, DE-A 10353954, DE-A 10313213, DE-
A 10927624, DE-A 10254279, DE-A 10344265, DE-A 10246119, DE-A 10245585, DE-
A 10313208, DE-A 10303526, DE-A 10302715, DE-A 10261186, DE-A 10254279, DE-
A 10254278, DE-A 10316465 and the prior art cited therein.

40  The product gas mixture obtainable in this way and having a comparatively elevated
secondary component content (for example secondary component formation
= 1.7 mol%) is subsequently, if appropriate after addition of inert gas (e.g. Nz, COs,
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propene is the starting rraterl al for the i nventive heterogeneousl y

catal yzed partial gas phase oxidation, the aforenmentioned main reaction
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30 converted in the main reaction) of acrylic acid formation S*,,, which are = 80 mol%, or
= 85 mol%, or = 90 mol%, or = 92 mol%, frequently = 93 mol%, or = 94 mol%,
preferably = 95 mol% or = 96 mol%. Frequently, the aforementioned values of S’J“"‘pen of
the main reaction will be at values of = 99 mol%, or = 98 mol%, or = 97 mol%. The
- aforementioned values of S*,, of the main reaction may be accompanied by any of
35 the aforementioned values of C™" for the main reaction.

When ‘propane is the starting material for the inventive heterogeneously catalyzed

partial gas phase oxidation, the aforementioned main reaction values of S, are

normally accompanied in the main reaction by molar propane conversions C™" which
40  are =20 mol%, or = 25 mol%, or = 30 mol%, or = 35 mol%, or =40 mol%, or

= 45 mol%, or = 50 mol%, or = 55 mol%, or = 60 mol%, or = 65 mol%, or = 70 mol%, or

=75 mol%, or = 80 mol%, or = 85 mol%. Frequentty, the aforementioned values for



35 the af ops,egggug oned val ues of CPe" for the main reaction. Wwen propane is
the starting material for the inventive heterogeneously catalyzed -partial
gas phase oxidation, the aforenentioned main reaction val ues of Sove are
normal |y acconpanied in the main reacti®n by nolar propane conversions Cpao

whi ch 40 gk 0 Ja 3 9 = 40
mol % o ?é456ftﬁ€5j£m @ac@@owﬂl%?é?r{%!/oégmaﬁ%ﬁg 96’@}5)1% Iﬁgaﬂltié?u l‘PI%S ol %
or = 70 mﬂ%e”tﬁ“t'onew YRS P Soeof egm'%?%'oﬁﬁfe:g%@fﬁb’la?&om%a% Yly, the
af or enent i sefestivities (hesed on tHéFmbabdmotnt oEBrsbané commerigdiimtheansihireaction) of be =
95 mol % g, %.mmlon@amh%/ﬁamg@lm%p& smomfamg@mol%med val ues
of So"es of t B5 n are Jﬂ% ?’ %né sel :”I]VI'[IGS
(based “on RAE" d?'orﬁrpé gr yco BP é&’r [F9UFBRC %n) of
acrylic acﬁfdrefrmnhmedwakwttéﬁ%erlh@memzre&@lonw%e etvaiue’ﬂsofmﬂs)/motﬁfn or 60

mol % 5 prederPhYr = 885meral. % and nore preferably = 70 nol % or = 75 nol %
Frequently, the aforenmentioned values of S""Pa" of the nmin reaction will
~be at values of = 95 mol% or = 90 nol% or = 85 nol% The active

‘conposi t i oherActive cempesitpnodf catatistsofsosh REQETeastion slege (posieatalyata) pay.s) may,

10 f or1oexdspéeamphs U@Jh@lltlﬂﬁéfaabxm&(b&ﬁp@smﬁmﬁfthecyﬁ\eﬁl fdriiegeneral fornul a |
MD12VaX1bX cX3dX4eX5f XK' An (|) where 15 X1 = W Nb, Ta, Cr and/or Ce,

preferably W X2 = Cu, Ni, 2M1 nd/ gr Zn, preferably Cu and/or Fe,
X3 Sb and/or Bi, preferabl W@bVaX)@(é( eXB?QWE allkali netals, 20 X5 = one
or .nore al kaline earth netals, X6 =S, A, Ti and/or Zr, X7 = Pd, Pt, Ag,
Rh and/ or J{darePreferably Pd, =fromlto 6, 25 b= fromO0.2to4, ¢ = from
. 0.5 to 18, preferably from 0.5 to 5 and nore preferably from2 to 5, d =
from d5to 40 -preferably from>'0 to 40 and nore preferably fromO0.5 to 10,
e from(Xt=oW NB, Fa, Oranmd/or Ce, pﬂr,eferémyw:fromOtMO h fromO to 1,

preferabl »(ZFJQ'EU N|Q36 (Fell\/ﬁ%derﬁn Er'é?é‘r@él?@h)énﬁfdi’meo 01 tO 0.05, and n = a
nunber whi de eré'n Td t{}{ ége val ency and frequency of the elenents in
preferably

ot her t
X = one or more alkali metals,

20 X®= one or more alkaline earth metals,
X®= Si, Al, Ti and/or Zr,
X" = Pd, Pt, Ag, Rh and/or Ir, preferably Pd,

a= from1to6,
25 b= from0.2to04,

c= from 0.5 to 18, preferably from 0.5 to 5 and more preferably from 2 to 5,
d= from O to 40, preferably from > 0 to 40 and more preferably from 0.5 fo 10,
e= fromQio2,
f= from0to4,

30 g= fromO0to40,
h= from0to1, preferably from > 0 to 1 and more preferably from 0.01 t0 0.05, and
n= anumber which is determlned by the valency and frequency of the elements in |

other than oxygen.

'35 Embodiments preferred in accordance with the invention within the active multimetal
oxides | are those which are encompassed by the following definitions of the variables
of the general formula [

| X'= W, Nb and/or Cr, preferably W,
40 X%= Cu, Ni, Co and/or Fe, preferably Cu and/or Fe,
' X*= Sb and/or B,
= Na and/or K,



35 Enbodi ments preferred in accordance with the invention within the active
mul ti met alPF&8&%4fes | are those which are enconpassed by the follow ng
definitions of the variables of the general formula I: X1 = W Nb and/or
Cr, preferably W 40 X2 Cu, Ni, Co and/ Fe, preferably Cu and/or Fe, X3
= Sb and/or_Bi, X4 = Na and/or K, PF 55 45 7 X5 = Ca, Sr, and/or Ba, X6 =
Si, Al andKor Ga, Srxandiorig, Pt Ag, Rh and/or Ir, preferably Pd 5 a = from

15t05 ;be-—fg,omé}mﬁ;rq-g c =from0.5 to 5, preferablyfrom2t05 d =
e =fromO to 2, 10 f fronDto4, g

fromO to & _ f bl mO0.5 to

from 0to40Pg B ng%d*l%” °r'brpé?f8'fa§§“§/dfrom> 0to | and nore preferably
from0.01 to 0.05, and n = a nunber which is determ ned by the val ency and
frequerﬂ:y HE tihgnelsagents in | other than oxygen. 15 However, mul ti met al

oxi des | M"'Chfcﬁﬁ ,[§T2y particularly preferred in accordance vvlth t he
i nvention are Thos the general fornula II
Mbl2Va' Y' By2c Y Q@éo%pmégawfroma}o‘ézo where Y' = Wand/or Nb,

pref erabl yd W fro\ﬁO%o%r@fHﬂéWfr&ﬂOQEo %3 = Sb and/or Bi, Y4 = Ca and/or 'Sr,
Y5 = Si argjl.orfrdﬁl] ty9 = Pd, Pt, Ag, Rh and/or Ir, pref erably Pd, 30 &
from2 to 4, P m1tol5 c'=from2 to 5, d from0t02

pref erbl yf=f r(ffﬂnﬂ)oéc’ to 2,
g= from 0 to 40,

= from0to, preferably from > 0 to 1 and more preferably from 0.01 to 0.05, and
= a number which is determined by the valency and frequency of the elements in |
other than oxygen.

15
However, multimetal oxides | which are very particularly preferred in accordance with
the invention are those of the general formula 1
M1V Y Y2 Y3dY4 Y%Ye0,, ()
20 ' '

where

Y'= W and/or Nb, preferably W,
~ Y?= Cuand/or Fe,
25 Y®= Sband/or B,
Y*= Caand/or Sr,
Y®= Sjand/or Al .
Y® = Pd, Pt, Ag, Rh and/or Ir, preferably Pd, .

30 &= from2to4,
b= from1to 1.5,
¢'= from21io05,
.d'= from 0 to 2, preferably from 0.5 {o 2,
e’'= fromOto 0.5,
3% f= from0to8§,
g'= from0to 1, preferably from > 0 to 1 and more preferably from 0.01 to 0.05, and
n'= a number which is determlned by the valency and frequency of the elements in |l
other than oxygen.

40 - In principle, multimetal oxide active compositions | can be prepared in a simple manner
by obtaining a very intimate, preferably finely divided dry mixture having a composition
cerresponding to their stoichiometry from suitable sources of their elemental



e = from 0PF65345, 35 f'=from0O to 8 g =fromO to 1, preferably from> 0
to 1 and nore preferably fromO0.01 to 0.05, and n' = a nunber which is
determined by the val ency and frequency_ of the elenents in Il other than
oxygen. 40 In principle, multinetal oxi Be active conpositions | can be
prepar ed i constittientglapdraiig it Btempbeitures of fo 59 th 800 TAe cRitipbBsamay

Stol o Shéﬁf??%ﬁ#@dﬁ%ﬁ%@é‘ﬂ%w sorERRRS] Glitve SHOSTHHARD B a1
const i t uerfUXLFRPIRETESFR 3y PYOgR). pRAPIEP APt regtCing giasahete i GFRMPifhe

ca! Ci nat i omixtregs obieert gas amﬁraniucingigamsumh_cbergi Nél@,tcgamemlanelade’or an

Qxhdaf lg/e ﬁ%@@ﬁ@?%é&radﬁ&ﬁg @é?é%ﬁntﬁinéd ftr(éﬁé@l\}é%ﬁ TPk da!b?r{attioﬂﬂﬁxe?'aﬂ pexygen),
and reduci R gdewnalen ke RS RESNT syl IS HEN lmpuriis FpBrec o The
-reduci ng gaivessinrasnerdeneadwitthibedriente)) to dffestingthei caidinadion (2ntealeaiihelvatalystom a

f ew m nut esrepsrafior Q\Vérélgléfs%?%j[behmﬁ)DEaAHMS@(ﬁ{SV%rﬁE—NJbQMﬁMﬁ@U%fFL Pr ?f erence
is given in ance invention to . effectin e_calcination .
(ana’s) <0 1ARIPAR fmalha Bobdiudsii Gl1he Bl terd! R 4 BOF RS 5 0500057
or DE-W 108€udsthoseisempoundsaviticearefaeathexidescansiierdhossopnitnaunenwsicdicaphne

nul ti net al bededrverted to sl ByRating, @it feakt ihGhe prkele: éfrggertonpounds which are
al ready. oxi des and/ or those conpounds which can be converted to oxides by
heating, at least in the presence of oxygen. The starting conmpounds for

P

preparing TRA $RHEE §PMBRYNES feroprBRRYing BMimptag axde gompesitipnsd cpn beintiseatel dry
or in wet rhizedin denirt heyfomr.&Vnenciddy are wixgd irodm fotrindhs starthgrgmpoaopdrinds . 15
ar e a%santﬁg%eyéhxgébﬁeg usBg trtRe 01 helyl difbets SWdeH 8l RAYERE &01d subi ect ed
to cal cini ng.a ter” mxin nd, it appropriate, orTBacti n. However,

br ef ot enceHTEd Gsi TRINS SPIL PRI SCHARIATE HeVeTa PTEETRRES PG i s i s
t ypi cal | y afteatngtheriitionaig ntixieg Btwettfdmy conpounds in the form of an aqueous

20 sol ution and/or suspension. Particularly intimate dry m xtures are
I bed when th materials are

obt ai ned if.the m xi ng rocess, desct. tartin

excl usi vel S ivrtal sPng Ry Mg s ating Gruperds iy e TP ER P or m The
sol verg0 uslition apeier syspensiondasticulmiyyrtiate sy mixtyrgs areehiaibed InclbaPdXiNgi on
obt ai ngd | fochsk@dscrived viHea tols ﬁtbﬁ@lgméﬁéllé afe exxlushvelyadoaldey oﬁfﬁe%lérﬁdntat)y
Spray-dryi : u I 1 et, . r r o
100 o5 RAshlE e dﬁ%f%@fﬁ%@@%é&@ﬁéus%@&%§£%P%%@k§va?&h§ﬂb%gﬁéﬁt§89}%r t he
 process acbEaInEPERPSItoR ObaiRasks deed.andiies divingmpgrtiontiv pieesably gEfpeladt o
certai n calyalpysl-dginges adgedus aiigtuieht ouétapinpgratmys befraeth fleotedsdsef ore or

after 4zhe final calcination. For exanple, unsupported catalysts can be
prepared fromthe powder formof the active conmposition or its 30

uncal ci nedTﬂﬁrrééldﬁWU@m?ﬁ%Qi‘i?? SﬁmB9SiﬂQﬂ$ﬂéE‘iM %Uﬁeﬁl fPh@ecPé%qelsééc?%fﬁﬁgﬁ%t
geonet ry (th@mvention either in powder form or shaped to certain catalyst geometries, and the
shaping may be effected before or after the final calcination. For example, unsupported
catalysts can be prepared from the powder form of the active composition or its
30  uncalcined precursor composition by compacting to the desired catalyst geometry (for
example by tableting or extruding), if appropriate with the addition of assistants, for
example graphite or stearic acid as lubricants and/or shaping assistants, and
- reinforcing agents such as microfibers of glass, asbestos, silicon carbide or potassium
titanate. Examples of suitable unsupporied catalyst geomeiries are solid cylinders or
35 hollow cylinders having an external diameter and a length of from 2 to 10 mm. in the
case of the hollow cylinder, a wall thickness of from 1 to 3 mm is advantageous. 11 will
" be appreciated that the unsupported catalyst may also have spherical geometry, in
which case the spherical diameter may be from 2 to 10 mm.

40 it will be appreciated that the pulverulent active compositioh or its pulvei‘u!ent precursor
composition which is yet to be calcined can also be shaped by applying to preshaped
inert catalyst supports. The coating of the support bodies to prepare the coated
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exarrpl e by ?ggfél ng or extruding), if appropriate with the addition of
- assi stants exanpl e graphite or stearic acid as lubricants and/ or
shapi ng assistants, and reinforcing agents such as m crofibers of glass,
asbestos, silicon carbide or potassiumgtitanate. Exanples of suitable
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30 In addition to the element oxides, useful sources for preparing muttimetal oxides | are
in particular halides, nitrates, formates, oxalates, citrates, acetates, carbonates, amine
compiexes, ammonium salts and/or hydroxides of the desired elemental constituents
(compounds such as NH,;OH, (NH.).CO3, NH,NQO;, NH,CHO,, CH;COOH, NH,CH3CO,
and/or ammonium oxalate which, on subsequent calcining at the latest, decompose to

35 give compounds which escape in gaseous form and/or can be decomposed may
additionally be incorporated into the intimate dry mixture).

However, it will be appreciated that it is also possible to preform, from partial amounts
- of elements, multimetal oxide compositions which then find use as element sources for -
40  preparing multimetal oxides |. Appropriate preparation processes are described, for
 example, in EP-A 668104, DE-A 19736105, DE-A 10046928, DE-A 19740493 and in
DE-A 19528646. For example, such a multimetal oxide composition for partial amounts



30 I'n addirfFa8549 the el ement oxides, useful sources for preparing
multinmetal oxides | are in particular halides, nitrates, formates,
oxal ates, citrates, acetates, carbonates, am ne conplexes, amoniumsalts
and/ or hydroxi des of the desired el emertfal constituents (conpounds such as
NHAOH, ( NH4F2SER);. NHANC3, NHACHO2, CH3000H, NH4CH3CO2 and/or anmoni um
oxal ate whi ch, on subsequent calcining at the | atest, deconpose to 35 give
conmpounds whi ch escape in gaseous form and/ or can be deconposed may
addi t i onal TVeyEr; LH"@BEE@f"&t‘g@mﬁ'ﬁ'enﬁ.ercﬁtﬂl’%’f?raft%" Bvertive ppsireactiongingder , it
wil | be apiseioclate dhultmedtal dxidescomhgsitipos sf the @eherapfoefiolartl from parti al
amount g of elenents, nultinmetal oxide conpositions which then find use as
el enent sources for 40 preparipg | th ot al oxjdes |. Appropriate
preparation processes are desch&bggwb %Rﬁéﬁanpﬁhl in EP-A 668104, DE-A_
19736105, DE- A 10046928, DE-A 19740493 and in DE-A 19528646. For exanple,
such a mulyhdret al oxi de conposition for partial amounts PF 55545 10 is
FeSb206. However, useful active conpositions of catalysts of an inventive
postreaction stage al so include multimetal oxide conpositions of the
gener dl0 f d¥fnTl & ieast oge pOhwEMAVRTIBAGhe group)consipingeof 1@ amd Sb;at | east one of
:Ee e: enens= ][atwastme GtAs! BleG g Bérh g Goud Comiétingldf NVPTFWATTal aste;0ne ?f

e el emengs. ; = a
| east one - g ok} O S PGRAR Horh B Gouboncloma th pOREEE, B BT 20y
Ag, Pt, Cu, AU Cepu L, Z8nSn,If, Redt, S, Scgy PeNd anid Ty Nd and Tb; 15 a=
fromO0.0ltol, b= from>0Qo0l1, c¢c =from>0to 1, d =fromO0to 0.5
preferabl v, £1 970 B14910- 5, and n =-a nunmber which is determned by the
val ency and frequency of the elenments in Il 20 other than oxygen, and an
x-ray diff Act 5ﬁﬂ tch has reflections h, i and k whose peak | ocations
are at -t he=rdfomeeiton, angl es (2T) of 22.2 0.50 (h), 27.3 0.5 (i) and

28.2 0.5 (K) fromn@t?8.5; plehtPatiffrbRCt 0 @08 Bas the highest intensity within

the x-ray diffractoqram.and hal f - ight width of at t 0.5 - the

e enst iy o o AHASEER el ey e St i oeBon b eBrbrisei o «
satisfd) the radbertthamebigen0.20 = R = 0.85 in which Ris the intensity ratio
defined by the formula 30 R=P;/(P; +Pk), and

and an x-ray diffractogram which has reflections h, i and k whose peak locations are at
the reflection angles (2T } of 22.2 + 0.5° (h), 27.3 £ 0.5° (i) and 28.2 + 0.5° (k), and

25 - the reflection h has the highest intensity within the x-ray diffractogram and a hailf-
~height width of at most 0.5°,
- the intensity P; of the reflection i and the intensity Py of the reflection k satisfy the
relationship 0.20 = R = 0.85 in which R is the intensity ratio defined by the formula

30 R=Pi/(Pi+ Py,
and

- the half-height width of the reflection i and of the reflection k are each = 1°,

35 '
Preferably in accordance with the invention, 0.3 =R = 0.85, better 0.4 =R = 0.85, more
preferably 0.65 = R = 0.85, still more preferably 0.67 = R = 0.75 and even more
preferably R = 0.69 to 0.75 or R = from 0.71t0 0.74 or R = 0.72.

40  Itis also advantageous for the process according to the invention when the multimetal
oxide composition 11l is one whose x-ray diffraciogram does not have any reflection
having the peak location 2T = 50.0  0.3° (i phase). '



- the half-height width of the reflection i and of the reflection k are
each = 1. PR%534beferably in accordance with the invention, 0.3 = R = 0. 85,
better 0.4 = R = 0.85, nore preferably 0.65 = R = 0.85, still nore
preferably 0.67 = R = 0.75 and even mor e preferably R=0.69 to 0.75 or R
= from0.71 to 0.74 or R=0.72. 40 It is also advantageous for the process
according to the invention when the nultinetal oxide conposition III
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t he siﬁe ?’?r@%aﬁ’ﬂ‘eﬁﬁ%ﬂﬁéﬁ 'H'it'?” 8?1"“815" He'ghaMdHei ght width). In addi ti on
to the reflectlons h, i and k, the X-ray diffractogramof nultinmetal oxide

conposi ti gRgddilidd th tﬁé’ré?l%cﬁb?@ql'n ‘%@FQ% 5@5?ﬁlfﬁ%cttébrém%fh{h‘ftﬁ\%tblcﬁhdlﬁner ally
al so cont aj ns at i ons
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ot Dour ne Sppatgie i bF LS b ho o R PR aveish b Saigist b8y £ o
0.4 (p). 2ather refisctionsoviiose peablosatidnsrare abthi-fellpying feflectionspelem(didi ti onal |y
cont ailps a reflection whose peak |ocation is at the reflection angle (2T)

= 45.2 ngb yrequently, the X-ray diffractogramof multinetal oxide
conposi ti.ons™ E al so contains the reflections 29.2 0.4 (m and 35.4
0.4 (n) (feak l‘b&%)tﬂ”@ns) 25 When the intensity of 100 is assigned to the
refl ecti om g 0i4F (p)s favorable in accordance w th the.invention when the
reflections i, I, m n, o, p, qin the sarre intensity scale have the
foIIovm ng intensities: 30 is from5 to frequently from];?qto 80, in sone

cases 2Pr ofhis 8isp favgable ywhen F@rﬁ'&a%%ﬁ@@ogfﬁm F‘P%‘i’ﬁ"@"l’ 50'216'”3 ageflgqligfh 1 to 30;
whose peak location is at the reflection angle (2T ) = 45.2 £ 0.4° (q).

Frequently, the X-ray diffractogram of multimetal oxide compositions (lll) also contains
the reflections 29.2 + 0.4° (m) and 35.4 + 0.4° (n) (peak locations).

25
When the intensity of 100 is assigned to the reflection h, it is favorable in accordance
with the invention when the reflections i, I, m, n, o, p, g in the same intensity scaie have
the following intensities:
30 i: from 5 to 95, frequently from 5 to 80, in some cases from 10 to 60;
I from 1 to 30;
m: . from 1 to 40;
o from 1 1o 30;
p: from 1 to 30 and
35 g: from 5to 60.
When the X-ray diffractogram of the multimetal oxide compositions (1il) which are
advantageous in accordance with the invention contains the aforementioned additional
reflections, the half-height width thereof is generally = 1°.
40

‘The specific surface area of multimetal oxide compositions (ill) to be used in
accordance with the invention is in many cases from 1 to 40 m2/g, often from 11 or 12



p: from 1 I;,95$Q4§nd 35 g: from5 to 60. Wien the X-ray diffractogram of
the multinmetal oxide conpositions (Il11) which are advantageous in
accordance with the invention contains the aforenenti oned additional . .
reflections, the half-height width ther@of is generally = 1 . 40 The '
specific syr A ' itd0ns (1) be used in
accordanczgvﬁb?ﬁ%_%&ﬁﬁ@%ﬁ# oninl ﬁﬁgﬁéor}%ﬁydoggégﬁq?ﬁdg%@“@ HXC}L%TEFS. of ten
~ from 11 ormgthopmitogend 12 to 40 n2/g and frequently from15 or 20 to 40 o
30 -n2/g (determned by the BET nethod, nitrogen). According to the '
| nvent | on, AdcBeg %‘tﬁ@ﬁr@gﬁtﬁd, &&Q&Eﬁibﬁbﬁf&tco@rﬁeifenﬁbfr!n[IEPn%&al xge S

conposi tions (I]; Itabl e.in accordance wth e.invention, irrespective
of T he r draRations lllaplin A AT MERRS EHPEIRS: ITESPEaNF O LeaPETB 1 ho
mul t i net alraoggsder thergiivaristaichiemeifiblcpefficisnip obtherraldtimefal oxidd c@Bpasitiahs6, nore

pr ef er abl yfyr igWrdlerhblydrdin 6.08Mo 8:60 mdré pRENES kvt @f td DS o erred ranges for
the other stoichionefric coefficients of the 10 nultinetal oxide

conpositions (I11), the stoichionetric coefficient b is preferably from
0.01 to 1,lrregrective of the efaiersgr sanpesiar theoatherstoichiometrig coeicieots4f thehe .
st oi chigonehiititePekifié ebrpbsitorf(Iil,Re Bldidhioitad cobtiidikht BasTpRSrbbipRe( 1 11) to
be used i N _ﬁ%cprQQ%o% \M%fgrabﬁq‘rénpp%qtérﬂnl’t |f0rg g‘sé)gctl ve of the preferred

r Q A B PS¢ ri oef i it

ranges fo € dther ionetric coerfrcrents of the nultinmetal oxide
conpositions (I11), is advantageously from0.01 to 1 and nore preferably
f L om 0. 01 e @oi&hibmeﬁic&fefﬁpienﬂc ofAh¥ efutinpetaltdxitsl comppsitipne(lRy toed usadge f o][

the stoic ' . ; (oTyroT tive o

t he pref e:Ercgga%é%é:_ggﬁﬁigr'_hﬁ@&g’t[ﬁ%%scp J’(;él @ﬁﬁ%ﬁ%ﬁh C. Cﬂg%ﬁ?tﬁgﬁq?@&gf t{;e

©nul ti et alStARTiESTE SRBEHSIPRE Ghdre(myifimeiah ode GamROTHPNEdL Y ZAANIRATNSY he

i nventi on,from 0/01add N aot meare prefémablydtbm 201 roafdes 0.Mot Mt sA derypaeitularly t he
range fromrfrefted téhgd-fér thASRAIHUMErt BodffiGert BUATIEH &h bd SinShed, GéyERlvd C
coeffici entf d of multi meta}l mﬁ}eeIr onposi.tions. (| II%J tﬁwt bIet n.

accor dance” 1% elREd AU Pl oifey sEirlamaRe Gretiqrnt P malinetlarids, 1 or

t he ot her compositipamih ito bessed i adcortdamcevith ithe invéntionewith albatheliepretamsedsi ti ons

25 (1120), rhSgderigtis abdundrt A8 rAHYGRNPD.0846835 to 0.5, nore preferably from
0.001 to 0.5, frequently fromO0.002 to 0.3 and often fromO0.005 or 0.01 to

0.1. Particularly favorable for the process according to the invention are
mul ti met alAcsiding todiaiguentionothe staichigmeirie sesfieiontchefonttimplel exdd fi cients a,
b, ¢ and dogipesigbmail)naans inaccdtiants Rith thidiavémioh OwkesgedivaBENe (Pkefemred from
0.05 to O. gl?ﬂel%tfcgr t&é%ﬂe@g{r?]%pﬁo?nétrié Leh G 8 RS mhiffife oxide Gorbdcdfofs 01 to 1

(or from J | . 95), _
25 (1), is preferably from 0.00005 or 0.0005 to 0.5, more preferably from 0.001 to 0.5,

frequently from 0.002 to 0.3 and often from 0.005 or 0.01 to 0.1.

Particularly favorable for the process according to the invention are multimetal oxide
compositions (1) whose stoichiometric coefficients a, b, c and d are simultaneously
30  within the following framework:

a= from0.05t0 0.6;
‘b= from 0.01 to 1 (or from 0.01 to 0.5);
“c= from 0.01 to 1 (or from 0.01 to 0.5); and
35 d= from 0.0005 {o 0.5 (or from. 0.001 to 0.3).

Very particularly favorable are inventive multimetal oxide compositions (lll) whose
stoichiometric coefficients a, b, ¢ and d are simuitaneously within the foliowing
framework: ' |

40
a= from0C.11to0.6;
b= from0.1t0 0.5



35d = fr QQ&OS to 0.5 (or from 0.001 to 0.3). Very particularly
favorabl e are I nventive multinetal oxide conpositions (I111) whose

stoi chiometric coefficients a, b, ¢ and d are sinmultaneously within the
foIIovvi ng framework: 40 a fromO 1to13.6; b fromO0.1to 0.5; PF 55545 13
o from t d fromO. 001to 0.5, or fromO0.002 to 0.3, or
fromO 005%0‘80%0”9&861? referablg 5 Al of the aforenentioned _
appl i es i rf par ko8 QK tateh orfromeb@d2 . st foet 0.0 a ®flal  anount of M2 i's
" Nb and nost preferably when at |east 75 nol % of the total anount of M2, or
100 rml%qq‘mgs Sefbdfl TaMOUNt of M2, is Nb. 10 It also applies in

particul ar, respe t|ve of the def|n|t|on of M2, when M3 is at |east one
el errent5fromthe group consisting of NN, Co, Bi, Pd, Ag, Au, Pb and Ga, or
at | east ohkof thé eimmheﬁtlooaui bm;egﬂmpmlcmmmd atgeam‘t SNimol%cqf tHedtothd Bi . Al

of the af A | % of
R OJrEcESIﬁﬁBHQI EZN n*t%@Pérlei%?aBl;?wH I@H%ta}’rS ma%z%fgﬁ% o:?é%%%log:ﬂh EP AR
is at | east 8535@%’ th ?t@ﬁ?mﬂ%ﬂt(j’? @Ep’s sisting of Ni, Co, Bi, Pd, Ag,

Au, Pb and Ga. Al of the aforementioned al so applies in partlcul ar when at

: gailh ﬁgnrwba% aBﬂShe@tln bmémar FrespBte o@fhel&(ﬁnmeh%méfwﬁéw% Rlatleagmriint of M2

cans t|n of N,
o, "B ancPiFehysRy g Fein AR BFA) coct. PR vk PRSP Bkt
r egar di ng al¢reeritiont hedieun ¢ansistoe of Nic ConbPd aappi-yi ng when ML Te, M2 = Nb
and MB = at | east one elenent fromthe group consisting of Ni, Co and Pd.

25 Pr epar afj gy DLALSSIFSnLOkiULbIATE) ggﬁ.gmg%h&cgeu HSBTRAR BB ! o

be found 'nc enrn DE- A
10119993, aneount Qbﬁémﬂieaﬁﬁﬁmqli@@gfm Mos Als 29@ is gipest pppGlemep a4,
EP- A 96225&ym fHe-gréuBaaitting DENIACHOBR Pa4Xg, AAOF&CHrﬂ%@S WO 00/ 29106, EP-A
529853 and EP 30 A 608838 (the drying nethod enployed in all working

hi et onpu el B0eN BRGO6S FEPIBSAT AR LML ot S RaBLA OB 1 om
100 to 150%maidk ot 0@ moi%df tioe totad emauenof)M” b, pnd Wliipatdeast oae stenestt i ve
process fQFonPfr%@dSuﬂ“&rmélnﬁg BRliak ool 4Ry gpnposi tions 111 35 having i phase
structure (no reflection in the x-ray di ffractogram havi ng the peak
Very particular preferen'ce is given to all statements regarding the stoichiometric
coefficients applying when M' = Te, M? = Nb and M?® = at least one element from the
group consisﬁng of Ni, Co and Pd.
25 : ' _
Preparation processes for multimetal oxide active compositions Il can be found in the
prior art. These include in particutar DE-A 10122027, DE-A 10119933, DE-
A 10033121, EP-A 1192987, DE-A 10029338, JP-A 2000-143244, EP-A 962253, EP-
‘A 895809, DE-A 19835247, WO 00/29105, WO 00/29106, EP-A 529853 and EP-
30 A 608838 (the drying method employed in all working examples of the last two
documents is spraydrying; for exampie with an inlet temperature of from 300 to 350°C
and an outlet temperature of from 100 to 150°C; countercurrent or cocurrent). '

The principle of a selective process for preparing multimetal oxide compositions 1|

35 having i phase structure (no reflection in the x-ray diffractogram having the peak
location 2T =50.0 = 0.3°) is disclosed, for example, by WO 02/06199 and the literature
references cited in this document. Accerding to these, a multimetal oxide composition
(precursor multimetal oxide) is initially obtained in a manner known per se and has the
stoichiometry 11l but a generally intimately intertwined mixed crystal system composed

40 of i phase and other phases (for example k phase). From this mixture, the proportion of
i phase can then be isolated by washing out the other phases, for example the k phase,
-with suitable liquids. Useful such liquids are, for example, équeous solutions of organic



l'ocation 2gp 55045 0 0.3) is disclosed, for exanple, by WO 02/06199 and the
literature references cited in this docunent. According to these, a

mul tinetal oxide conposition (precursor nmultinmetal oxide) is initially
obtained in a manner known per se and Hds the stoichionmetry |1l but a

general |y, i (gﬂépgkamc' gg%rm.@% Tokidadd ycﬁg.@ggaxgﬁ&?sgaa(;e%ﬁ%ré%gf !

phase and ot
propor t i orfGts (&ig- pitdcac ﬁc@ma%aqwuam@rom Rerenida goltiens. teadditien.

phases, f alP-27a238021alse disqidsas @, prosst forquedaainky ¢ phagpuindimetds ekide such

l'i qui ds ar@mgdRfioRXanpl e, aqueous sol utions of organic PF 55545 14 acids
(e.q. %xal Ic acid, formc acid, acetic acid, citric acid and tartaric
acid), “inorganic acids (e.qg. nitric acid), al cohols and aqueous hydrogen.
per oxi de sJ‘dMlUmetahgxid¢m!ilaMuj¢h arermixed Brystalsy38d0s dorapasedaif ahdstbsr @) ,goocess

. ]lclolr %?2ﬁréx@&dle tPBﬁés% Mdé”@%“glt"é’%éa%y tﬁéﬁ%%fétubﬁ%?oce%?é\éﬂés'cﬂﬁé@ln tRi des
exanpl e k fa‘F?ﬁ‘Q'%g p%(?reargéﬁeta PLEXAMRIRy2F %ﬁgﬁgp"&%ﬁ %E’%&@%@%@ :
descri bed ERrA ﬁ%BBSBoEPomSHQSQﬂ DE-ActI835247, EPF6r96@Ras A 11&0@19%85247 EPA
529853 E%1W6EP—EW1?B?@38§§3A1@9‘&78358ﬂ9|,19ﬁ§86°~E1?9ﬁ3ﬂ©é§82 fEp-A 962253,

EP- A 10807 E 986
EP- A 1192&8%1 o285 g L0 Bee £ eddbbllen Ty HRBRIE i) AR 00

i ntimate, diveacdsdapmixtyre ifcgsnerajpd fra@duitably Sﬁwrﬁ?ﬁp‘@he§le@aﬁi@ai&9e@twr&ﬁpf

sui t abl e dbeiruitBnek! dxite cohenitibakng trshblyuenited aftempbtures bf freh B50axi de
conposi ti r dy a 700C or
from 400 ?@%‘E?e&f@@t“z%&e@"fﬁ%ag@ R E TSP R |

pri nci'pl e AEBCIRIE ?fge&teéiquqt;@; UnRRI 8P oXidiZng: gir %‘iﬁ’r?@’g of YneaLh Wemor under an
inert at rabmpsmirees. Ausedidfonidizing atmosplteraisyiseemele] iy, divenriekedpite, air, air
Sp; g :‘Zﬁc‘ghélécutdiﬁﬂx%éﬂoérrc %{fd‘étgﬁéd 9{) ?}?bén %e%?%réf@re%é’ &ed?veri'{@"éﬁ\r/@gwn nert
B o phor @t redhéitiay 8aiEl ihdd andieit HBoshiTy 6-1{Pf PXRTHE APOROIRHEE gas.
Typi cal | y hittdgentandfomabble igaat Tupicrlly, shethegoaldwatmenitineliguies di@tmospheaticsur e (1
a}g ][r) thEj WrédsuRe( 1249, ngmﬂaécépbl%%iatéMai {he rtlﬁélﬂna'! {r@agin@ﬁmqayranso %\L’/e\ys]é?fe@?ﬁ
effecte ce SU el evat ed pressure en the

t her mal trgggﬁrgﬁpg prS?sf“%cE JL?E& &aégégéséc’ ofs at nmosphere, it may either be
stationary or flow It preferably flows. Overall, the thermal treatnent may
take up t weén 4 therpval tedtmentls effesied afdérs gHswons atencsbﬁa@t it Agytditaet ker mal

treat ment ¢ .Phéfg} YoM er@ 00 bk 2510, HGER AL R Il gRRENCT © (for

exarrple un ure o rom m 250 to
350C 2 de¥dAYEsi ti on step), Afterward, the thermal 30 treatnent is
appropri atel y continued under inert gas at tenperatures of from350 to

Zgoc or f HGANe iL5i080G é?fectfir{gotﬂb@mﬁﬂr@a(?rqght ihttialy dddePSn 3RBLAGY ated that
(oxygen-containing) atmosphere {for example under air) at a temperature of from 150
fo 400°C or from 250 to 350°C (= predecomposition step). Afterward, the thermal
30 treatment is appropriately continued under inert gas at temperatures of from 350 to
700°C or from 400 to 650°C or from 450 to 600°C. It will be appreciated that the
thermal freatment may also be effected in such a way that the catalyst precursor
composition, before its thermal treatment, is initially {optionally after pulverization)
tableted (optionally with the addition of from 0.5 to 4 or 2% by weight of finely divided
35 graphite),'thén thermally treated and subsequently spalled again. |

The intimate mixing of the starting compounds may be effected in dry or in wet form.
When it is effected in dry form, the starting compounds' are appropriately used as finely

40  divided powder and, after the mixing and any compaction, subjected to calcination
' (thermal treatment).



thermal treatnent may al so be effected in such a way that the catal yst
precursor peggpgpsition, before its thermal treatnent, is initially,
(optionally after pulverization) tableted (optionally with the addition of
fromO0.5 to 4 or 2% by weight of finely divided 35 graphite), then
thermal |y treated and subsequently spallSed again. The intimte m Xi ng of

the start '%N&%W%%CW i0&n %féf%% 'e'?ntﬁlﬁéfe %mh m"‘@ét f&‘ﬂ{ ICW@'\ i's
effectedl ﬁggfor% Startin '?R{ 2 pr@ Iguse -
finely 40 Y09 G28°9 afemdtasa ?”{”ée i @”éﬂ ARyO dttion
subj ect ed appreruiatd with theruse(of hempleking regantseeft, for anﬁm%ﬂ)&—asmﬁﬂﬁéwer
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agueous C | | si on.
Preference o e&éﬂﬁle P A7-30eRy 803 BY i) it B 8RR GUE Aer the
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sol utif@n; cothtercur@nt)ewhin resulis ma\pamamm,ma).mamurpmﬂpneam hrjduley wiHene exi t
tenperat urgg aﬂué‘ous%ﬂ'@'&@& ibY td tSé)-EBr;;QQné@ls]aﬁ%ueB sol r%ﬁé’[ﬁé?%dﬁay be

carried o cqocurr rcur sults'in a

par t1 oul alGMEVRETHAPEAEP o st BY SonGatTBi PEeYaRP %aﬁng?fﬁsg Uieous
conposi t i gmessoird dydpeag-dgingear byssoarerdipnelorescemtalion oy esapsatsmensi on. .
However, it may al so be dried by concentrating by evaporation under reduced

pressur.e, freeze i n or conven nal concen atlon apor ati on..
P oacleti BB teRs o ihd Aeen il e R e M arein R Ve e SIFRAL he
above- desdrepssationyneibad af Viophasstmised efystal rullimesal owidg sameesitiensl argufor i net al
oxi de conmxaiple? 8B obthBse ivBich afXadfRibR ofdbimifg okiB&sandibr HyAdraxides GRtatiRg Of

form ng X a5 BRsk OhallySOK IS SBOALANR: LU ERAL ABELALRNIPLET ) - 11

will be a
excl usi ve|aar%feor@xplaggelaﬁa/%deﬁ@a#/@k hﬂgreméw ¢fitae élem?@rﬁ' 39%&*&@& frethes. 1 n
ot her 2020 wmdsis;,seﬁnsetbuing%mpbumtg; aremppetﬂa:lls' arof tresp eesrdibhad ialthe of t hose

ment i oned cjogg,tngﬁth%(pﬁékr%ﬂhamgg %Wg%ﬁgﬂﬁﬁwg%ltw Mg E%l so including

- DE- A 10254279. ase cr sta tl rreta oxXI| conpositions,
for exanple, obtainable as descrlbed (pure i phase nultinetal oxides are
obt ai ned clderikipthest aditeg drystatmualirmetal/oxideecorfositioas duexantds, cibitdieabie ey t hen

?ﬁec?nvgg {o:%gcr:]ﬁl%d' ﬁ{éﬁ%ﬁawﬂnh!t.ﬁ%&a%xﬁg% dRsSothi hééa FﬁHg@@@é@a{f@am%qhéance W th
0354256 Prigbdite dHacksR) Sray Joeh PaRORRiEd ynLARESE Aol RS SUlaRIES
subst ant i ah hgcopianee iwithtibs yentBO hyssuiigblewasbing dfor axarhele pr aqardenice withf

mul ti met a|DEIAI1@Q§42\)fy ch can be converted by washing described to
mul ti rretal oxi des (I I 1) sw table in accordance wth the invention

An increased proportion of i phase (and in favorable cases substan’ually pure i phase)
30 s established in the preparation of multimetal oxides which can be converted by
washing described to multimetal oxides (1) suitable in accordance with the invention
when they are prepared by a hydrothermal route, as described, for example, in DE-A
10029338 and JP-A 2000-143244. '

35 However, multimetal oxide cofnpositions () to be used in accordance with the
~ invention can also be prepared by initially generating a muttimetal oxide composition Il
which differs from a multimetal oxide composition (I11) only in that d = 0.

Such a preferably fi'nely divided multimetal oxide composition lII' may then be saturated
40  with solutions (for example aqueous) of elements M? {for example by spraying),

subsequently dried {preferably at temperatures = 100°C) and then, as already

described for the precursor muttimetal oxides, calcined (preferably in an inert gas



- saturated

when they pfrgspqgepared by a hydrothernmal route, as described, for exanple,
in DE-A 10029338 and JP- A 2000-143244. 35 However, nultimetal oxide
conpositions (I11) to be used in accordance with the invention can also be
prepared by initially generating a nul timetal oxi de conposition It1' which
di-ffers frapmapm;pribiehBs &l giin i EOMBRSsingamth frbdgcopiogition uhB@taid. Thed. Such
a pref el’ablhé/f ctf'a'&ﬁ%é’usq‘}it\‘%t %ngr%l‘o‘ges}oﬂjtiof%(bpaer%gﬁ@,w%n'dﬂf} the h?e gpy then be
0w sol ut' ons or eéxanpl e aqueous) of elenents M3 (for.
exanpl e by2dspHg Felgiions i3 whiss dirAlempnty VedreGorplaed Bl csganicfyBraingfes =
~ 100C) and (idresxampie adetatedlyr acdedmsidnatksh &rpariivelply eduarstegeauslfon thist al  oxi des,
calcin ( ably l.n an inert gas PF 55545 16 stream preference is
gi ven ﬁéejreﬂ%ggﬁlﬁ\zeg\éérﬁgbﬁg wi th predeconposition under air), The use of
aqueous nitrate and/or halide solutions of elenents M3 and/or the use of
agueous soThg malisetat owtdes (11} dhdaiebiseen desdvibed meycEnyredXedthaiinventivegani ¢

oo e A PRORKRI AR, 1068 ARS8 eSS B 1Y, )
" obt ai nabl eﬁrﬁgu%@@dwé@%a&(ﬁggrb‘éﬁ@éﬁﬁft&zk/‘? &Wﬁﬁsgﬁ{%@ﬁ‘ﬁ Q@B%i?q%c?ﬂgst age
as such [ faubsequandbraling ta ghevapel] welsefsheped oshepedfodiae powder (frequently
with the addition of fromO0.5 to 2% by wei ght of finely divided graphite)

e L TR B 5 PTG BR
support by, asndessabed indHA 1D 1DE8 1. po PEIEHRA02/8A0 ¢ Pr P /Mp@%‘(ﬂ@; or DE-A

10051419. 15 According to the invention, useful nmaterials for the support

‘bodi e repd i ‘ ' ' i L axide.  sili es such
as ol oy KPR %t_*éﬁirﬁ%%f'f,pFg%fgﬁﬁ%ﬁ%é'gﬁ%&?%%%&%d%ﬁi? ngrtiea ool
content), FURIneE oxge,silipemisxide.clicates fychas ﬁ%ﬁ!i kaelin.steqtiersefebly con

carbi de, Ziavign lomwhiexsaleblaalital batentinpdintod, demiktire Siticata eadinsagyiegiem t 0
oo b A SAESEARTSEoOA JUARDHL ERLACLIRN DRBf8 gibbar )1
The. sur f acteBlte 20 SaBb LM 5 THLSHeREM EPHRS UG ST ST SR oo oF
AdvantZihe sty and brly apordusceatig arheagicplsdy edirdggdossr ough, since i ncreased
surface roughness generally results in increased adhesion of the applied

active conposition coatin f,., for 25 exanple. DE-A,2135620). Frequently,
The. sur f ach s BiishACE8 bt dny maaihe Fihep SEPBICer iGH AV d s B o 200
pm of t en duface ef thasyepdrt kedyd9raughlgocegineredeedsuriase doughoessigengrally DI N 4768
sheet 1 usbk&@tsan indRsE3BY abRSHET of 188 apdili l2ofeSsbrhpiafioR6AHIRY @f. Sfor f rom

Honmrel rk&?.f”p%gﬁ%%??ﬁé&%l n addition, the support material nay be porous

or norpor ol , the support material is nonporous (total
vol ume of the pores based on the volune of the

Frequently, the surface roughness R; of the support body is in the range from 5 to

200 pm, often in the range from 20 to 100 ym {determined according to DIN 4768

sheet 1 using a “Hommel tester for DIN-ISO surface parameters” from Hommelwerke,
30  Germany).

In addition, the support material may be porous or honpdrous. Appropriately, the
support material is nonporous (total volume of the pores based on the volume of the
support body = 1% by volume). Preference is given to support material having a

35 nonporous core and porous coating (cf. DE-A 2135620).

The thickness of active oxide composition Ill coatings on coaied catalysts to be used in
accordance with the invention is typically from 10 to 1000 pm. However, it may also be
from 50 to 700 um, from 100 to 600 pm or from 150 to 400 pm. Possible coating

40 thicknesses are also from 10 to 500 ym, from 100 to 500 pm or from 150 to 300 uym.

In principle, any geometries of the support bodies are useful for the process according



s'upport boply_sssds%by vol umé). Preference is given to support materi al

havi ng a 35 nonporous core and porous coating (cf. DE-A 2135620). The

t hi ckness of active oxide conposition Ill coatings on coated catalysts to-
be used in accordance with the inventi®dh is typically from10 to 1000 pm
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whose numerical fraction of particles having a longest dimension of above 50 um is

30 less than 10%. In general, the distribution of the longest dimensions of the powder
particles, as a result of the preparation, corresponds to a Gaussian distr_ibution.
Frequently, the particle size distribution is as follows:

D 1 i5 | 2 3 4 6 8 [ 12 | 16 | 24 |32
{(um) '
X | 805|763 |671|53.4!416 |31.7| 23 | 131108 7.7 | 4
y 1105 | 23.7 | 320 | 466 | 584 | 683 | 77 | 86.9 | 89.2 | 92.3 | 96

D | 48 | 64 | 96 | 128
(pm})

'y | 979 98 | 100 | 100
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2.1 200 y 97.9 98 100 100 PF 55545 M8 In this table: D = dianmeter of

" the particle, 5 x = the percentage of the particles whose dianmeter is = D;

and y = the percentage of the particles whose dianeter is < D. For a

per f or ranck® b @& coating process described on the industrial scale, it is
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support spheres which have been moistened in a controlied manner take up the active

composition powder supplied, which is compressed by the rolling motion on the outer

surface of the, for example, cylindrical or spherical support body to give a continuous

25 coating. '

If required, the support body basically coated in this way, in the course of the
subsequent rofation, again passes through the spray nozzles, and is moistened in a
controlled manner, in order, in the course of the further motion, to be able to take up a

30  further layer of finely divided oxidic active composition, etc. (intermediate drying is
generally not necessary). Finely divided oxidic active composition and liguid binder are
generally supplied continuously and simultaneously. '

The quUid binder may be removed on completion of coating, for example by the action

35  of hot gases such as N, or air. Remarkably, the coating process described brings about
fulty satisfactory adhesion of the successive layers both to each other and to the base
fayer on the surface of the support body.

1tis essential for the above-described coating method that the mbistening of the

40 surface of the support body to be coated is undertaken in a controlled manner. In short,
this means that the support surface is appropriately moistened in such a way that,
although it has adsorbed liquid binder, no liquid phase as such visibly appears on the
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aforementioned aqueous binder solutions is preferably from 10 to 50% by weight and
more preferably from 20 to 30% by weight. Useful organic components are also mono-
saccharides and oligosaccharides such as glucose, fructose, sucrose or lactose, and

30 also polyethylene oxides and polyacrylates.

It is significant that coated catalysts suitable in accordance with the invention can be
-prepared not only by applying the finished, finely ground active oxide compositions of
the general formula (1) fo the moistened support body surface,
35

Rather, instead of the active oxide composition, a finely divided precursor composition
thereof may also be applied to the moistened support surface (employing the same
coating process and binder) and the calcination carried out after drying the coated
support body (support bodies may also be impregnated with a precursor solution,

40  subsequently dried and then calcined). Finally, the phases other than the | phase may
be washed out if required.
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pref erabl Yof Eylfﬁme% {h%wjr&dmsaﬂ?gfegbﬂ} frorfi )éttg ﬁﬂ%l'm %'n@'i’i%neéxtérﬁa! diameter is
25  preferably from 4 to 10 mm. In the case of rings, the wall thickness is additionally
typically from 1 to 4 mm. Annular unsupported catalysts suitable according to the
invention may also have a length of from 3 to 6 mm, an external diameter of from 4 to
-8 mm and a wall thickness of from 1 to 2 mm. However, an unsupported catalyst ring
geometry of 7 mm x 3 mm x 4 mm or of 5 mm x 3 mm x 2 mm (external diameter x
30 length x internal diameter) is also possible'.

The geometry of the multimetal oxide active compositions (I1l) for the process

according to the invention may of course also be all of those of DE-A 10101695 (what

has been stated on the shaping of the multimetal oxide 1!l catalysts can thus also be
35 applied to the shaping of the multimetal oxide | catalysts).

In this document, the definition of the intensity of a reflection in the X-ray diffractogram
relates, as aiready stated, 1o the definition laid down in DE-A 19835247, and also in
DE-A 10051419 and DE-A 10046672,

40 _
in other words, if A' denotes the peak location of a reflection 1 and B, in the line of the
x-ray diffractogram viewed along the iniensity axis at right angles to the 20 axis,
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_ The dilution composition ratio may be up to 9 (diluent):1 (active composition). In other
words, possible diluent composition ratios are, for example, 6 {diluent);1 (active
composition) and 3 (diluent):1 (active composition}. The diluent can be incorporated

30 before and/or after the calcination, generally even before the drying.

When the incorporation is effected before the drying or before the calcination, the
diluent has to be selected in such a way that it is substantially preserved in the fluid
medium or in the calcination. This is generally the case, for examplé, for oxides

35 calcined at appropriately high temperatures.

Just as the conventional processes, described in the prior art, for heterogeneously
catalyzed partial oxidation of at least one C; hydrocarbon precursor compound to
acrylic acid (the main reaction} may be carried out in a fixed catalyst bed, moving bed

40 orfluidized bed, the inventive posireaction stage may also be carried out in a fixed
catalyst bed, moving bed or fluidized bed. '
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I n this cafproperd bxamgie ackl ineffected) far erabhipid, énver tabebendlenesacieact or.  The

i nvenppve cQﬁ}%dié%ﬂﬁtsbﬁéb & %Fch %Mh Hb?'hab@ oﬁé B?ﬁnbﬁ‘éiteh{be?d?uﬂe%ﬁgé)aﬂﬁ#w@@n ner

either in.,a separa ownst r eam t he onvent i onal
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this postcatalyst bed, the secondary component content of the product gas mixture of

the main reaction is reduced in accordance with the invention. The postcatalyst bed
30 preferably occupies a tube section in the catalyst tubes which has a separate

independent temperature zone. Based on the total length of the catalyst bed for main

reaction and postreaction, the postreaction bed length shouid be from 10 to 30%.

- When the product gas mixture of the main reaction is to be supplemented with
35 molecular oxygen or a mixture of moiecuiar oxygen and inert gas before the '
postreaction is carried out, the alternative variant in which the postcatalysts are
disposed in a spatially separate downstream reactor is advantageous.

This may likewise be a tube bundle reactor, but alse a fluidized bed or moving bed
40  reactor.

It is remarkable that a simple shaft furnace reactor as a fixed bed reactor, through



appropr.i agl?F g%ﬁ@ an application point of viewto insert a postcatalyst bed
upstream outlet of the reaction gas m xture fromthe second tube
bundl e reactor in the 25 catal yst tubes thereof (alternatively, the end of
the catal yst tube may al so be coated w3th postcatalyst on its. interior;

t he coating. e.effected, for exanple, as.describ i - A.,19839782) .
~ Wen the p‘&ﬁ%ﬁ%\e % BTt gRednisrg Hé*ﬁﬁa?%”f reEsien ! ?W%?’@aa'/! Iatnﬁ/ro('l-;)Ea cﬁélﬂyt t?i s
post cat al yarprepsiate &ftes pseoedingdntprresstigio senlinge srivdisiensio reRkzem Ef?ﬁ??@ﬁc% _

m xt ur e ofstagd)espedidilylireagibbatie dperativdliced in accordance with the invention.

The postcatal yst bed 30 preferably occupies a tube section in the catalyst
tubes which has a separate independent tenperature zone. Based on the

total Ifendiihasimpiest eafeaihjsrieapion isfasinglairerctipp ibe Wirss e pater@stel ion, the
post r eact i faom Deldo 1Ot possibiywigh fixem fOrSim 506y, &ed Bi0skich Wadimed batalysidohdcdn gas
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carried od¥hich isdheimaly msvie '359@3%0 PREFARANIA Tipwed ﬁlsglf. a%l'@&éh%ﬁ%t -

di sposed imactiopgmEsinaikiuse sepaisiigethd sarstiaparomEaetisrandexaessandlagdaus. Thi s
may | ifgew é@g&? TheldaRflysPHBGHhE RBG L alrd3l} nithBiohed, bk WitthrZgHefR@diopr movi ng
bed 40 rea r. It 1s réemarkable that a's l.e shaft fur. e.reactor as a
{1 xed bed PURTICEHOr AREBH JIPWSveEABamanRer ALK IF AGSHO G UHLIEE MYSCR Xt ur e
of the maithe catalys! ean F$mbe used alspgll tonv/io therafdieateniiondd casape ggfizeage after

p { ecedi ng raBkeidwEe thé eeaafw@h %é@miﬂt&e%@ﬁpﬁﬁh% mle ée{%ﬁh@@yica?pa?mtm@a& i on
stage, espe a LN adl a 1C O Ira on, , | | .case,. IS
oot or 1 ot by BRI b R i ontsh e VoA BB 3 ¢
10 m Yosdrekeyand te rostsaiatystbed ey e dispgsehinthe ennulaigsm bebveermthgmyd? bed on

a suppor tthé adiabstid d=8e, tBx jaRbevauigin Win bsthartahaasuidib@ cat al yst - char ged
reaction tube which is thermally insulated in adiabatic operation is

fl owed through axi al I% b%/ the hot reaction gas mxture conprising. the
secondar y Y0rRbReREisaalvgisaRexavendetrg agnerally it gutablerias apartigl p¥igatiRtonet ry
may, as alofeadjeimtErddrgisedid (rethisi reband, teh&eqoaitiyaven byve avdadctvity eleva@dnul ar .
Howevery | ' | ; ' i | he

catal yor Can A %ég%*‘e%@?ﬁnﬁfi‘f‘%ﬁféﬁgﬂf‘ﬁq's%%%g%%%ggﬂ%‘f?}% e et s

real i ze a RNt alFP (REUGPd PiRLPRERYS Vdﬂr@g“a%"%‘ﬁ% @ PRYIRSFIY $189¢ P econdary
conponent mplbyed gsalsscrilzct Dhe nentestoisicstic adidis uskaliyaley redficadwo concentri ¢
cylindrical grids disposed in a 15 jacket and the postcatal yst bed may be

di sposed i the annular gap between them. | t he _adj abati.c case, the
acker - wouiyemEoRRAY B dABPRIEASS Pribhaten e kst et d I o1 o
r ecom#sndgushieactige stagalselpciedsniremi 208856 8006, frequentlyifiam 230 ©2%000 andf
acrol ei n trralany a8vaHtadgboubih floft 330 RIBDEC, THiE%abiorPieutyingen have an
activity elogvatc(tad éo tso (fn %xceptll Pnal ﬁ(tin%”i t h@ acl ?I eén cgﬂ;% ent in
the produdPSHECIRD 3BgP & AFVaPRESREH TP LT Fohatnd ushally ol d2d M nili§ aneous! y
i n the cowuperfiof! weinsity op thepesticsntian eafrlyst eheyge with reaction gas mixture is
frequently from 1500 to 2500 h™ or to 4000 h™. Normally, there is substantialty no
30 oxidation of hydrocarbons in the postreaction stage. The oxygen content of the reaction
gas mixture conducted into the postreaction stage should therefore be such that itis 5
times that which is required to fully combust the secondary components including the
additionally present constituents, acrolein, CO and acetic acid, present in the product
gas mixture. When molecular oxygen is added to the product gas mixture of the main
35 reaction before the postreaction, this is preferably effected in the form of air.

What has been detailed for the heterogeneously catalyzed partial oxidation of propene
to acrylic acid can correspondingly also be applied to the partial oxidation of propane to
_ acrylic acid.
40 _
it is significant according to the invention that, in the case of a multistage perfdrmance
of the heterogeneously catalyzed partial oxidation of at least one Cs hydrocarbon



enpl oyed asF geseri bed. The content of acetic acid is usually also reduced.
Advant ageously from an application point of view, the reaction tenperature

in the 25 postreaction stage selected is from200 to 300C, frequently from
220 to 290C and particularly advantag@busly from 230 to 250C. The reaction
pressure. 'p!?eéd?@or cB%bGﬁ@fbtécﬂic%k@lgg sbéor%‘éﬂﬁéHn%ﬂﬁQHﬁéﬁdafﬁbﬁ%\s@e@cﬁbéd5 at m
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gas m xture conducted into the postreaction stage should therefore be such

that it is 5 times that which is required to fully conbust the secondary
conponent dn ifectasgiohg twerstacgdirrane wartia) ogdatioene larambert eLBARSECONEA! ei n, CO
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acryl i10 aabikct afithe prasespiovalition lisyachissed blecayip bise dhetrealizbe, fpaetdnadie,ar |trmlaat i on
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the case %aﬁréﬁ&%rsﬁﬂﬂl%eoéme@ﬁfa‘t'1ﬁbcwﬁdﬂﬁb'vﬂ!ﬁ thérrlvéﬁﬁlzﬁ‘l Eﬁiaréur%fce'fohe
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Prror ot heuel TRRRCREy sbSbibled by 37 he chaRA L fpest ARy Miln BB 4 ' °
secondar y ceeaﬁj@ﬁwtab&crL@mqf@nuntﬁ@éhmmﬁarb@@zaﬂoé Otf the igiernediaieepler. The

"acrol2ei npravisiet ¥ dueh @batthgs axdsbatibey) feitexgmpham DBRA eddees2.t hat the 10
obj ect of the present invention is achieved. It could also be realized, for

exanple, in the intermediate cooler nornmally connected between the two
oxi dat i on Astdgdrdn Bys. dhap bear found thgtde puer $6§36Hﬂ'§109§10“rpé%ﬁﬂr$cl§d
Al ternat i eeinpoundiseths ddwetdtid aaseall sdiedtivity dfdseomaty st@poted® fematiboimg Whi ch

the reacti Pc{b gge%rfm éjeﬁp:%neqté?:rﬂﬁ a ﬁ%té g&fHY Q@tc%% rr\FaPéM@Qﬁ aﬁ&%ﬁ%{n g th

post cat al er na 9T e surfaces of
the 189 coé‘F eagt Qﬂ?tﬁeshyldFPOPFP@nd)ég@r%ﬁr campgiRd. thy Atee WA Prefesenasge given
Frequent | yo uding higkixmurepropems and siphly alse propanefor theéltesckss icoorting tothet of

Z gg t‘eg?g't I'?Ygt @]&P%c&ﬂm‘%ﬁg@d ad Qudhmfﬂi?{;;gé’rfer{é kF8r e)& e ttﬁé'"Px%éﬁﬁe réchm‘MéddeBe
in DE-A 10246119 and DE-A 10245585. In this context propene o be used which is
recommended is in particular polymer-grade propene of the following composition:
30 ' _
= 09.6% by weight of propene,
= 0.4% by weight of prdpane,
= 300 ppm by weight of ethane and/or methane,
_ = ppm by weight of C,4 hydrocarbons,
35 =1 ppm by weight of acetylene, '
= ppm by weight of ethylene,
= ppm by weight of water,
o= ppm by weight of Oy, _
= ppm by weight of sulfur-containing compounds (calculated as sulfur),
40 =1 ppm by weight of chlorine-containing compounds (calculated as chlorins),
=5 ‘ppm by weight of CO,
= ppm by weight of CO;,
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such spi raigﬁ appropri ately likew se be coated wiith postcatal yst. Such
coatings are capabl e simul taneously of counteracting carbonization of the
i nternmedi ate cooler. The 20 provision of such coatings is described, for
exanpl e, in DE-A 19839782. Aside fromidsis, it has been found that t he

purer the C3 hydrocar r corrpound is, the | ower the overall

sel ectivity of . iécpd’ﬁ‘ag e%gﬁrﬁo‘ﬁ'g P8 et i on in processes for preparing
acrylic acid byShewnst b!j)éfﬁ@@tu@fl Bropadiengensdorgaenyingl  oxi dati on of 25 at | east
one C3 hydr ocas borppp BE WekMt oCONIMMdRstardon sedher words, preference is given

to using highly, @Lgpgr\,/ Q%ﬁgﬁ"%@%ﬁﬁ%é‘é{%‘w’gg ﬂa%ﬂpﬁqp%%;s EQI@ulgfe%c $S

according to the 1n nen or exanple
the propane reconfefdd) in DE- A 10246119 and DE-A 10245585. In this
context, propene to be used which is reconmended is in particular

pol yner - grﬁ%ecoz{&%g;ﬂwe%%sﬁnjés?t oAl ét?@/@ \K}Hict?ﬂg?gééﬁ ihf? uc%@ g %lptﬂeﬁr/ 8By weight of

propene, . (P Iy et hane and/ or
met hane, 'OPSAMH Jisrangior & F?ﬂ/”&rcﬁﬁ‘&’nf’ﬁ'&ﬂgnplﬁes"f’la g'ﬁﬁi RAIGhES of
~acetyl ene,used far Q)hﬁemgeMLgh'tcadﬁiymdmﬁirtmexldamn&fpplmbyonﬁ@gmdrmﬁarbm er, =2
(22} gmdg’tegpgbéur%r dBérpodnd®, HPd(pr}é?él)gl?atac%rd%HJzé With %ﬂﬁ\gﬂé}n:ﬂbrzﬁhcnqmt gelgﬁ;
Compounas Reskpagieae ﬁa@eag%ﬂfﬁ%ﬁ? LT A e A I
wei ght of eemplergoveBgsmxy the-catalyfimueiygdrogengion edsagazgfd/v@pmm@ inwiclppm by
we:jght of mbeards @Bmeﬁ@d/t@brdbéﬁ@wg@,founa thEk FRRITRHY pustdHttiontage Eaﬂazwldfsofa{ bgn
and = cQINo r ul ate
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|ntrod11§cecpxid§5all the nmore inportant when propene and/ or pr opane
conprising inpurities to a significant extent is used for a

het er ogenegiig éfné‘t%%dé%ggfaéﬁuéwﬁé q@%bﬁ’&'t bitle des%Et nh%ﬁ% Qﬂt%c%@(ﬂr%car hon

10 precursor nigoun I nvention, an
i nvent i ve PIRgRSE %U??%W%F@@@S Aagr a&@éﬁ‘%@@'@ﬁﬁ@@é@wﬂlc}‘é@ PRPPEBRMTSt r eam of
t hat st agdorffiast frore peopahe, a:imfmsm‘neeﬁtmreéctbhestamtuah@tchdhejed:mlémgéuﬁmtadon st age

of VO Gh( the r@pé’%‘ i e@EHBéé@rehﬁ;v&%@’iﬁfetn%gdnéfé BIRRERNG thd sdonbigynd t hat

favor abl e ostre | on st e cat
c%mponen tformed a o use itin ’Xlus purified form in the subsequent reaction stage.

The removal may be effected, for example, as described in the documents

WO 01/96270 and DE-A 10213998. Moreover, i is favorable for the process according

to the invention to use catalysts in the individual reaction stages in which the desired
25  target compound is formed particularly selectively. Such catalysts are disclosed, for

example, in WO 01/96270. |

It will be appreciated that the object of the present invention may be achieved by
employing all measures mentioned as heipful in this document in combination or in
30 part-combination.

The advantage of the procedure according to the invention is based on the fact that the

removal of the acrylic acid from the product gas mixture can be substantiaily simplified.

It is in principle stili possible to employ the removal processes known per se and '
35 described, for example, in the documents DE-A 10235847, EP-A 792867,

WO 98/01415, EP-A 1015411, EP-A 1015410, WO 99/50219, WO 00/53560, DE-

A 19924532, WO 02/09839, DE-A 10235847, WO 03/041833, DE-A 10223058, DE-

A 10243625, DE-A 10336386, EP-A 854 129, US-A 4 317 926, DE-A 19837520, DE-

A 19 606 877, DE-A 19 501 325, DE-A 10247240, DE-A 19 924 532, EP-A 982 289,
40 DE-A 19 740 253, DE-A 19 740 252, EP-A 695 736, EP-A 982 287 and EP- '

A 1041 062 (residual gas retnaining may be recycled info the main reaction as cycle

gas in a manner known per se). However, in apparatus terms, they may have a
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~the process acc

ffor such ap‘pggé 5DX| datlon stage are, for exanple, nultiel enent oxides based
on V-P-O 15 ‘}des An alternative neans of achieving the object of the
present invention is to carry out the process in at |east two stages and,
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695 7|36OI Eftoperittia s2fbleiaard B shcbnd4thgl Geldé Isabstantadlly am dceo@inio agr/iey b)e
recycl e [ se
Hovever, ' ﬁ&%&?ﬁéﬁ{f)@fﬁ“&ﬁe“’éa&g%%v'%gie%"epgé%ﬁ@%ﬁ* CiphatPed iy
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and thus |cse befpibadoudy spmos tvelocity emtheRixed) xatajysthedbftipe fitshesaptiarcstage
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sol vent or 31“&’85 i a‘%@%@l‘ ﬁr?gbtlhﬁ r?)'?rg)asoe%an%etéﬂ\@g F”éfbloﬁf ﬁﬂ Pg@v@i"&b %t o the
reduced pot i/‘iﬁalr(ﬁiﬁﬂflﬂmmrtﬂ@@él(ﬁﬂ:’)dé‘l 2ndcoPRBHSIRYE, it IStdaerledeQM@eva@é(sondar y

conmponent GeRheR!ts h@l@ldé@rpﬁd)dé@s OtHvill HetpRashted tHabihR frb@dss 26Ebrdig to it 2.
sinmplifi eqn curr Qr..co nterc rrent rangom y

packed col UIBLTRR Pk IRG g SeSar b e A Meblionsdonpy Rty asT yoth g
Al t er X | \&PRYE velpcitigssarg FsHIONI(ET Whor k W|th t he same design and a higher
t hroughput (for exanple less 10 reflux into the rectification colums). In

the nost f@rgf%?&%leefs &93 OIC%I'I%‘? %Ooru(flgg&eo%é RNO {Fﬁ’\gh -load) reaction stages in a
reactor having more than one temperature zone (preferably two temperature zones)
(cf., for example, DE-A 10313213 and DE-A 10313212).
30
The propene used may also be chemical-grade propene of the following specification:

'=94% by weight of propene,
_ =6% by weight of propane,
35 = 0.2% by weight of methane and/or ethane,
' =5- ppm by weight of ethylene,
=1 ppm by weight of acetylene,
=20 ppm by weight of propadiene and/or propyne
= 100ppm by weight of cyclopropane,
40 =50 ppm by weight of butene,
' =50 ppm by weight of butadiene,
= 200ppm by weight of C,4 hydrocarbons,



invention, acrylic acid for preparing superabsorbents can be prepared from
t he produt'?tr"5 249 i xture of the gas phase oxidation directly by
freezing-out on a cooling finger or condensing-out, if appropriate by
neans of fractional condensation. The pfocess according to the invention
may al so be enpl oyed especially when the heterogeneously 15 catal yzed main
partial oxidafi¥hPrPe taf‘t’%b"sqfééeh(qrﬁ%ar??'?%t stage | eads substantially from
propene to acr=0f eipprabhgweigat sfetbirccontzrgeg teapsursls fstiandted kb wulfurpm acr ol ei n

to aclry| ic fac_i g)l'ggtﬁ{w@%ig?gfga&igw%cgfcuggwﬁ){) acrylic acid overi for
exanple, a fixe st be n, for,_exanple, successi ve .reactors,
f or rrExarrpl e, fube PBG’M‘%G'W@%%PB'IPE'}G'P?P'_‘WHIHQ%”@Q%&g@ﬁﬁm{%ﬁ%&sﬁ%@ Nedpace
vel oci By on t el (ppmery)waghtaifghlorithesd cakulated si@Srandeact i on stage 20 with

propene and tfa:e;a,dﬁ@?ﬁql%@@ fwakgcity on the (fixed) catalyst bed of the
second reaction stagé with acrolein are in the range of = 120 | (STP)/1/h,

or =130 | (STP)/I/h, or =140 | (STP)/I/h, or =150 | (STP)/1/h and = 300
| ( STP)/ URtherwése, the igh-load anain pardiel editation saylsowaiviessoud apidghcnbeddn teocess.

It will begcampnessiDE-2d 08134 pEBCESI320;0rding to the invention can
al so enpl oyed in the aforenentioned configuration when both hourly 25

space Velocities are = 100 | (STP)/1/h. Preference is ?'i ven to carrying out
each of tH&epRrerhpPigRessoragprdinsietheinvertiogesnicaraspandinatydshbe rprfieddPe t han
one te(r)rgeraa;iruasefsSz@me;ﬁa:rrr@freétab&rylictam bergierngbnasrisEaaesyzed(pzitial okidatiexanpl e,
DE- A 1031 r. , .

o eé‘&%n%ﬁyé%%%%éﬁ%ﬁu%rIQI%EBWQP(%[H?l Bﬁgng@:‘ |s§h§)§8§fv\ei ght of

chem cal - gr ade propene OW ng Specification:

propene, = 6% by wei ght of propane, 35 = 0.2% by wei ght of nethane and/ or
et hands £xappleskapdwemphbtaiieé erdhyleene, =1 ppm by wei ght of acetylene, = 20
ppm by wei ght of propadi ene and/or propyne, =100ppm by wei ght of

bt act eno A= SOOBHERP ABiegRYSDr ooy SRS e PehElish et o toge) pom by

wei ght of C=5 (brpaenear bonlsin) of theppain Isaciien haninghestdishiomeont ai ni ng |
conpounds (cal culated as sulfur), = 0.1 ppmby weight of sulfides

(cal cyhated as H2S), = # b ' | orl nes c ai ni ng conpounds
(cal cgbat ed as chloriné '?\R’B‘g'} J‘ﬁ’%ﬁ-ﬁ?@@ﬁ%?&%%&ﬁ@ﬂ des (cal cul ated as
CIT) and = 30 ppm by wei ght of water.

1. Preparation of a starting composition 1

209.3 kg of tungstic acid (72.94% by weight of W) were stirred in portions into 775 kg of

25  an aqueous bismuth nitrate solution in nitric acid (11.2% by weight of Bi; free nitric acid
from 3 to 5% by weight; mass density: from 1.22 to 1.27 g/mi} at 25°C. The resuiting
aqueous mixture was subsequently stirred at 25°C for a further 2 h and subsequently
spray-dried.

30 The spray-drying was effectedin a rotating disk spray tower in countercurrent at a gas
inlet temperature of 300 + 10°C and a gas outlet temperature of 100 £ 10°C. The
resulting spray powder (particie size a substantially uniform 30 um) which had an
ignition loss of 12% by weight (ignite at 600°C under air for 3 h} was subsequently

_ converted to a paste in a kneader using 16.8% by weight (based on the powder) of

35 water and extruded by means of an extruder (rotational moment: = 50 Nm) to

extrudates of diameter 8 mm. These were cut into sections of 6 cm, dried under air on
‘a 3-zone belt dryer at a residence time of 120 min at temperatures of 90-95°C (zone 1)
and 125°C (zone 2) and 125°C (zone 3), and then thermally treated at a temperature in
the range from 780 to 810°C (calcined; in a rotary tube oven flowed through by air -

40  (capacity 1.54 m% 200 m® (STP) of air/h)). When precisely adjusting the calcination
temperature, it is essential that it has to be directed to the desired phase composition
of the calcination product. The desired phases are WO, (monoclinic) and Bi;W:0q; the



Clhervm Se’PﬁEF{Egh | oad nmin partial oxidation may be carried out as
descri bed ?1 docunents DE-A 10313213 and DE- A 10313208. 10 The present
process according to the invention can correspondingly also be applied to
a process for preparing nethacrylic amzt by heter ogeneously catal yzed

partial. oxidation east 0 rsor co ound (e.qg.
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subsequent Ingustrig) Ghpmistrye 8" EJtionittoa8) ElgptrapipiRelpasasCeamterci.&d arn 'a rot ati ng
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converted 1Mum, paBET surfage kreeagdey 1006mfYg). 16. 8% by wei ght (based on the

powder ) of 35 wat er and extruded by neans of an extruder (rotational
nonment : = exfrudates of djianeter 6 nm These were cut into

sections o% 6 %T?ﬁPaE?ft'P%Bf%uﬁ@étfngeﬁolmR?ﬁ‘“o%\ 23.zone belt dryer at a residence
time of5 120 min at tenperatures of 90-95C (zone 1) and 125C (zone 2) and

125C (zonep 3gutiGAl w8 ﬁa‘?@d Bﬁhllsé’ol@lﬁ&%@ﬂ 6? arﬂnfoﬁﬁﬁ?lﬁ@&té%@l bdhte t h€ range
from 780 t,0 ] t Arouah air 40
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t he' cal ci rrasiling saldiopevastadnexed whilssmeiméziming e a0iGtandtstiing with 187 g pbcted to

the desiresh Bs POEBST tHyBRxid8lsoliBn 48 8% M lvdiihtf RNt 204 desired
phase re WD3 (rmonoclinic) and Bi 2W2 t he PF 55545 2 presence of

y-Bi 2 (Russellite) is undesired. Therefore shoul d the conpound y-
Bi 2W06 st iA ollion R was paasiacechlyy intreduding:1 16025 kanof aveagueeuy irpriih sitrate

di ffract ogiornva{1£2%0yeveigintlof Fapat EDICHito 260 Sfdgast ahguad\e ebak(liZAitrate?8. 4

(Cuka radigf d’uBH}'lz &Jﬁgay%%‘?ﬁﬁro%ﬁgﬁﬁ@% o %:le‘?ﬁ’a‘?ﬁt‘agﬂm qﬂgsﬁ)*@ c?%ﬂlt%b Bation

terrperature I NCrease re range
~ resi dence WasRonfipiequslysuinned igladhe i hcamaﬂ;%w!@tﬂm/éﬁwraawpé of 3Atil the
di sap@sar aninetesf Subjsequaitly ek intirturswas Siireaded 5070 eorpsahiauRed o8 kG bed m xed

oxi de Oggg%efgmwgél%ﬁq WRorBs S658%) height bP 8o, BenelfpGroty 48§ of - U T mann’ s
1.42 g/ml, pH from 8.5 {0 9.5, max. alkali content 0.5% by weight) were then added to

the resulting aqueous mixture, and the mixture was stirred afterward at 60°C for a
further 15 minutes.

30
Subsequently, the mixture was spray-dried in countercurrent in a rotating disk spray
fower (gas inlet temperature: 400 + 10°C, gas outlet temperature: 140 £ 5°C). The
resulting spray powder had an ignition loss of approx. 30% by weight (ignite under air
at 600°C for 3 h) and a substantially uniform particle size of 30 pm.

35
Preparation of the multimetal oxide active composition

The starting composition 1 was mixed homogeneously with the starting composition 2
in the amounts required for a multimetal oxide active composition of the stoichiometry
40
[Bi,W,04 2WO3]o5[M012C 05 5F€2.4S11.50K0.08041



[ndustrial Chem stry, 6th Edition (1998) Electronic Rel ease, Chapter 3.1.4
or DIN 66PF155545 the resulting particle size was 5 mm The ground nateri al
was then 10 mixed with 1% by wei ght (based on the ground material) of
finely divided SiQ2 from Degussa of \t/vg Sipernat(r) type (bulk density 150
g/1; X50 value of the S102 particles 10 pm the BET surface area was
100 n2/.g) .in @ miksréyaging hianied dleads. Staaed bn thecaiveossrtivosd @verdlbcompmsitioni am A was

r epar.ed b f te
?81'05% by%&tbﬁaq A’;ng ihﬁome d.@@@@@hgméﬂmammwh@e@nmém@py%% e
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0.97 kg ofweight a&fmmasd pdiBass.i roan. BYdboweighbt §o4&umcﬁﬁrwf®%awa viesing Ao of

KOH) ak 206-m%E) vers Mikkd ifhoodasadliskD aﬁ@ﬁbslamngm.ktgﬁuwameﬂ;bsn\?e@eggq @ftan
aqueous iraon Into
3850 kg &Pmkﬁdgéﬁ@ah@%%egeﬁﬁ it 22 Wy ifosth) SmgRandhof it "ot
Co). Subseéguwattoytypahayieg penasve iutetysroerth 60t ( ggbwmh@rﬁsrm \ﬁ@yedﬂﬁ i nuousl y
punped i Nt A€ idvidridadticleysigh@eeeaidsn 4o e tahgevmpregdplel fofte0b0 RN, 25

rkn nu]'E e: Lg%%ﬁ%%@h lré(te ftr%}ﬁ’ P@té%&&oﬂi’igné éé%@qﬁ?{jltm%orgﬁ%iﬁrgg} at%n%&é’tgenm 33 16. ‘

from 1036 hed ath %@’Qjﬁﬁf Obll-?ﬂdr%"FH@ %‘“?'b’ @'fgrmrﬁ’ﬁb'@'c'eaﬂ'%‘l’ ifrom AP HI 19, 506 by
wei ght) werremt hen added to the resulting aqueous mixture, and the mxture
was stirred afterward at GOC for a further 15 mnutes. 30 Subsequently,

t he mxtur was s dri in countercyrrent . in_a ro sra
Lower (yad e PaPaRER e et ey Mgl oot of KS weBHb @ Udas o b LG
The r esulwalgi‘g obtheapmeqreiehitetemd sabsequenty compresssddh aaﬁmtarﬁmﬂéimgvxm ght
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size of 3 e .conposition
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T O R e A LGBl LR LU IE! B 2 (R Bk Y &SP oS!
conposi t i aianieter nlenpis xaintsome! diameder) 6 et i<d men xl it met dlaviog iadkdeact i ve

conposi ti @RisPingtdhengh@r¢oinorBtN.y 40 f 11 [Bi 209 2W31
D. 5f M012C05. 5Fe2 94511. 59K0. 0821 PF 55545 29 in a m xer having bl aded

heads. Based on the aforementioned overall conposition,, an additional 1 %
by wePght Iotis darsmentiisidiedseshinesitength refessrioTthenseushiag streagthavrenrthe,  US) of
t he TI MREXnh44r éneped (lﬁél.ﬁi{)@ﬁéd‘@ét‘é@étspreéﬂr%r b%@%doabnwbgéad o rigt apglegdX. 10%

by wel ghtthec ﬁdé?‘@u%gcge (i.e. gargﬁgl ton@i surrfa/ gftﬁ\g gorn?c '518 pm BET surface

area: from®b-”o

AII side crushing strengths in this document relate to a determination by means of a

25  material testing machine from Zwick GmbH & Co. (D-89079'Ulm) ofthe Z2.5/TS18
type. This material testing machine is designed for quasistatic stress having an
uninterrupted, stationary, dynamic or varying profile. it is suitable for tensile,
compressive and bending tests. The instalied force transducer of the KAF-TC type from
A.S.T. (D-01307 Dresden) having the manufacturer number 03-2038 was calibrated in

30  accordance with DIN EN 1SO 7500-1 and couid be used for the 1-500 N measurement
range (relative measurement uncertainty: + 0.2%).

The measurements were carried out with the following parameters:

35  Initial force: 0.5 N,
Rate of initial force: 10 mm/min.
Testing rate: 1.6 mm/min. )

- The upper die was initially lowered sfow!y down to just above the cylinder surface of the
40  annular shaped unsupported catalyst precursor body. The upper die was then stopped,
in order subsequently to be fowered at the distinctly slower testing rate with the
minimum initial force required for further lowering.
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5 13 n2/ g)P[\_zvggg%%i xed in honogeneously. The resulting m xture was ‘then
conveyed in “conpactor (from Hosokawa Bepex GrbH, D- 7421 1 Leingarten) of

" the K200/100 conpactor type having concave, fluted smooth rolls (gap-

width: 2.8 nm sieve width: 1.0 nm | @ger particle size sieve wi dth: 400
pm target conpressive force: 60 kN, screwrotation rate: from®65 to 70

- revolutions per nm'nute). The resulting conpactate 10 had a hardness of 10 N
‘and a substhinitial fogcewativitinhring ghapasl unsyppatedicatalystprroorserbody extiniis The

conpact at ecra@sfobHORRGY &Y dide Bﬂuéﬁiﬁg@tréﬁ%ht@@@ﬁ on its weight, a further 2%
by weight of the sane graphite and subsequently conpressed in a Kilian

rotary tableti ng 15 press of the R x 73 té/ope fromKilian, D-50735 Col ogne,
under & niterdbrfnal thaseghiseaiment. 1 sachaase 890 g khiheshared ppirpedetat al yst
precur sor &gy prefurgs ooBies Wetehéated il a miffeifednate Roweahkdugh byrdier nal

precur sor dadlys ; - - i f 19 N
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surfacg ofgge ﬂw.'“l"h@.g%rﬂ{)ér@ru? f 2106 wilsdR nirh Wef té‘lﬂeébl}&f}“ﬂﬁ BSfokdlit WakS document

relate to a determ 3&%on mg means of a mteria testl,n .machi ne from
Zwi ck GrbHN®EesEd 1P338d9 #b2 PAYna ete 9 S0/, Bhip tepaparafurg Wasikeiises nateri al

t esti ng nuvhintaingdsfodt bibgireed itwas inrreasesitta2B8°G tagemsat dheiatiog sate of 60°C/h.

uni nt er r upfiRGherpbAiti@ A RE5 AR cQle MR INeWEe Rifthihed oldr 1 5 AHankall, e for
tensil e, %o ressi ve, in%’ beqd(ij[]% teits.- TE‘Z I nih{%lc&%d forﬁ@ht ransducer of
the KAF-TC ?%@a‘fer‘ﬁ?ﬁ NKaY §o0Ie3o0P3H 7 BPEEHER 71 oppasifiem pirers fre
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coul d be umgdciadndthe oébﬁ%@o%éﬁ%ﬁé&ﬁ%&ﬁwtaiﬁe@%r@h@' ative measurenent

uncertainty: + 0.29% . The neasurenents were carried out with the follow ng
paranmeters; 35 Initial force: O. Rate of initial force: 10 mm m n.

5 N
Testing r ahwwlar ugsyrponted catplystsugeblrwele eblgined;fran the anpulap@darad sl owl y down

to just ahmeappdriedmstdiysd erecattiol 86dieeif the 40 annul ar shaped unsupported

catal ygt precursor body. The upper die was then stopped, in order

subsequent]y to be lowered at the distinctly slower testin rzf;at_e with the
m ni mum i n-ﬂ{q S(gemp’le,sgréaqequg@ Pethertglel peievakime Hiiae PW@.d'We*GBg 5whigh The
initial fonslesdbe gleatdst tordritaliiapdd thertstappoetveldineabal yet pepcatayssof thady
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. nt, eac Se
cat al yst ﬂ?%ﬂﬂ%@?ﬂuﬁd&i’é@ﬂﬂgﬁgcﬁfé%@dmw wereaf {2lewbur nace f1owed through by
air 25

S =7.6 cm¥g.
V = 0.27 em¥/g.
d™* {um] = 0.6.
V9% = 79,
30
In addition, the ratio R of apparent mass density to frue mass density 7 (as defined in
EP-A 1340538) was 0.66. |

On the industrial scale, the same annular catalyst was prepared by means of a belt

35 calcining apparatus by thermal treatment as described in example 1 of DE-A 10046957
(however, the bed height in the decomposition (chambers 1 to 4) was advantageously
44 mm at a residence time per chamber of 1.46 h and in the calcination (chambers 5 to
8) it was advantageously 130 mm at a residence time of 4.67 h); the chambers had a
surface area (at a uniform chamber length of 1.40 m) of 1.29 m? {decomposition) and

40 1.40m? (calcination) and were flowed through from below through the coarse-mesh
belt by an air supply of 75 m* (STP)Yh which was aspirated by means of rotating
-ventilators. Within the chambers, the temporal and local deviation of the temperature



(capaci t yPEPBS5451 |/ h of air per gram of shaped unsupported catal yst
precursor body) initially fromroomtenperature (25C) to 190C at a heating
rate of 180C/ h. This tenperature was intained for I h and then increased
to 210 C at a heating rate of 10 60C/ h. The tenperature of 210C. was in turn
‘mai nt ai nefoaiae target vekfeoras alwayms 2°¢{eheanierl theopegeturaivag ardgesigdrint e of
60C/ h. Thiegarhplepesfarine 00a5937, kewi se  maintained for 1 h before it was

i ncreased to 265C, again at a heating rate of 60C/ h. The tenperature of
265C was subsequentl | i kewi se maintai ned over 1 h. Afterward t he furnace

‘was i niti aftegpagvdy. étd’VEESoa"f"bB?ﬁst%%’érs&t or e firl reaion slegrEAAtYBh phase t hus
15 subst anhsuppoyted oafplyst efdhe Jarae Haomairpandprephation ewtied, bat HEHG the a

heat i ng r%%o‘fchﬂimetéﬁ[@ 1@3(1 1dmgogal d‘&UOQQFEM”@e& Rl 4OQ, mi nt ai hed over 4

h. Annul ar unsuppor gat'al yst s were O hed™f r'6m't he annul ar shaped
unsupported catal yst precursor bodi es. 20 The specific surface area S, the
total por &)voPmparafiontdfien pongadcaaiet eatalgst GRVIE for thekemnt neaatipe stagst.

- contribution bl Loécﬁirc%ﬁj?oﬂﬂblﬂﬁmn ré’d&ﬁor‘i RSviREiHedNidaase®f those pore
drarret rsin \h‘&f{:f{fﬁi whose .di aneter is > 0.1 and = 1 pmfor
t he sul ti népqdh '3 §86ﬁ'@ﬁ°§&e EATRYSHAS UcM were as fol lows: 25 S =
76crr2/g V =0.27 cnB/g. dmax [pm = 0.6. Vo.t %=79. 30 In

addi tion, 4t he G@kkﬂd%&%ﬂ@@@ﬁtﬁ@m@tem&@e fleRsdet V6et ForldaltinaliBeS density ? (as
defined in EP-A 1340538) was 0.66. On the industrial scale, the sane

annul ar catal yst was prepared by nmeans of a belt 35 cal cining apparatus by’

t her mal t Acshpagtic digg@eseflithe edaryrivksdamsce is shewrpry the fimue d sprendasidever | the.

bed hebghthis Bodunent EThRTBR28ericeOUIMegdla phTollovi @izt torhis Rigwant ageously 44 nmm
at a resi dence tine per chanber of 1.46 h and in the cal Ci nation (charrbers

5to It was advantageously 130 nm at a_residence ti H%; t he
c hanber s &g cantra ﬁl@m‘?@é%ﬁh@éotea'ttuae M"‘?‘@r'h‘#@f&%\éwbﬁé%#hs 6@001mm)lo
1.29 M2 ( dedbapes irtgroal)diameted&f 70040mnR i mahafeciatdddrom ard@98eiainlddsosiesl

through f RIS H QU khIEREE of iEmEpar se-mesh  belt by an air supply of 75 nB
(STP)Lh which was aspirated by neans of rotating ventilators. Wthin the

chambé?s, - t he tenporal and | ocal deviation of the tenperature PF 55545 31
fromt he Carthe interior wall whtheablanyibe i@GaceGirenainte liftivglapeasodtcr bavees as

- descri bedhkight 8P5RPbAd 4 I6HgttPEF 2.4 884888 primarily serve the purpose of lifting the
material {o be thermally treated in the rotary tube furnace, thus mixing it.

25  Afone and the same height of the rotary tube furnace are mounted in each case four
lifting lances (a quadruple) equidistantly around the circumference (separation in each
case 90°). Along the rotary tube fumnace are disposed eight such quadruples (each
23.5 cm apart). The lifting lances of two adjacent guadruples are offset relative to one
another on the circumference. At the start and at the end of the rotary tube furnace

30 (first and last 23.5 cm) there are no lifting lances.

The rotary tube rotates freely in a cuboid (2) which has four electrically heated
(resistance heating) healing zones which are successive in the length of the rotary tube
and are of equal length, each of which encloses the circumference of the rotary tube |
35 furnace. Each of the heating zones can heat the appropriate rotary tube section to
temperatures between room temperature and 850°C. The maximum heating output of
each heating zone is 30 kW. The distance between electrical heating zone and rotary
tube exterior surface is about 10 cm. At the start and at the end, the rotary tube
projects approx. 30 cm beyond the cuboid. '
40 |
The rotation rate may be variably adjusted between 0 and 3 revolutions per minute.
The rotary tube can be rotated either to the left or to the right. In the case of rotation to



Al ternati % .t was al so possible to use for the first reaction stage an
annul ar 5°uUn ‘pinaorted catal yst of the sane geonetry and preparation net hod
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The heater (10) offers the possibility of heating the gas stream conducted into the

30 rotary tube to the desired temperature before its entry into the rotary tube (for example
to the temperature desired in the rotary tube for the material). The maximum output of
the heateris 1 x 50 kW + 1 x 30 kW. In principle, the heater (10) may be, for example,
an indirect heat exchanger. Such a heater may in principle also be used as a cooler.

: However, it is generally an electrical heater in which the gas stream is conducted over

35  metal wires heated using electricity (appropriately a 97D/80 CSN flow heater from

C. Schniewindt KG, 58805 Neuerade, Germany).

In principle, the rotary tube apparatus provides the possibility of partly or fully recycling
the gas stream conducted through the rotary tube. The recycle line required for this

40  purpose is connected fo the rotary tube in a mobile manner at the rotary tube inlet and
at the rotary tube outlet using ball bearings or using graphite pressure seals. These
connections are flushed with inert gas (e.g. nitrogen) (barrier gas). The two flush



is in fact PG.55585C0Nt i NUOUS operation, the |l owernost point of the rotary

., tube is at the 5 material outlet. The rotary tube nmay be rapidly cool ed by
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heater i'n which the gas streamis conducted over 35 netal w res heated
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into the rbtlawyhd arbbieaistesduré betheubtast tube aieh itdeaves digyrotanpeibeAppropri at el y,
the rotary tube 1l narrows at its start and at its end and projects into

the tube of the recycle line |eading. to
When the inte¥1ﬁon is notto aﬁeast pgrtly recycle the gas stream conducted through

30 the rotary tube, the connection between cyclone (12) and cycle gas compressor (13) is
made by the three-way valve principle (26) and the gas stream is conducted directly
into the offgas cleaning apparatus (23). The connection to the offgas cleaning
apparatus dispesed -downstream of the cycle gas compressor is in this case likewise
made by the three-way valve principle. When the gas stream consists substantially of

35 air, itis in this case aspirated (27) via the cycle gas compressor (13). The connection to
the cyclone is made by the three-way valve principle. In this case, the gas stream is
preferably sucked through the rotary tube, so that the internal rotary tube pressure is
less than the ambient pressure.

40  In the case of continuous operation of the rotary tube furnace apparatus, the pressure
downstream of the rotary tube outliet is advantageously set -0.2 mbar below the
external pressure. In the case of batchwise operation of the rotary tube apparatus, the



and away fépg%%%%respectively. 5 Downstream of the outlet of the gas stream
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Exiting the washing column, the offgas is conducted into an apparatus which comprises
30 afine dust filter (generally a series of bag filters) from whose interior the penetrant
offgas is discharged. Finally, incineration is effected in a muffle furnace.

A sensor (28) from KURZ Instruments, Inc., Monterey (USA} of the 455 Jr model

is used fo measure and control the flow rate of the gas stream which is fed to the rotary
35 tube and is different to the barrier gas (measurement principle: thermal-convective

mass flow measurement using an isothermal anemometer).

In the case of continuous operation, material and gas phase are conducted through the
rotary fube furnace in countercurrent.
40 . ' _
In connection with this example, nitrogen always means nitrogen having a purity of
> 99% by volume. ‘



the external pressure. The slightly reduced pressure serves the purpose of
prevent i ngPF 665&ani nati on of the anbient air with gas m xture fromthe
rotary tube furnace. 5 Between the cycle gas conpressor and the cyclone are
di sposed sensors (18) which determ ne,,for exanple, the anmonia content
and the oxygen content in the cycle gas.” The ammoni a sensor preferably
operates by -an optical neasurenent principle (the absorption of |ight of a

certain wayel ePEEpQraQBHfb?é%?@c%ré&@@rﬁgéélﬁ?ﬁb}ﬁﬁetp@rﬁd%@dﬁBBi@mlr%;aContent of the
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furnace. /AMaR8br (28) from KURZ Instruments, Inc., Monterey (USA) of the
455 Jr nodel is used to measure and control the flow rate of the gas stream
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gas phase wirieh bahd ierheetatube oLEHICTE With stnmng,ryclhmb@ldtlmr\rmsd’onmed:whunher current.

40 I'n CO“rl?rFeh ﬂ@/d é"térﬂp«irrgtﬁe SE}?"%%SEP%@ P % By Sre BB PQ#ntafda‘éﬁ bohlaving a
purity of VO re aration o recursor
conposi ti d?f ra[tﬁéerﬁa?rﬁgg%o 5 PYaRg t tel'ﬁﬂeﬂ"’i‘téfee‘?’?éfﬁﬁ re@gli 3 SelHPRBSi ti on
of the stobshagaiete §0 NoARMBE\EBIGtGH Wk then spray-dried using an S-50-N/R spray
25  dryer from Niro-Atomizer (Copenhagen) (gas inlet temperature: 350°C, gas outlet
~ temperature: 110°C). The spray powder had a particle diameter of from 2 to 50 um.
60 kg of thus obtained spray powder were metered intoc a VM 160 kneader (Sigma
. blades) from AMK (Aachener Misch- und Knetmaschinen Fabrik) and kneaded with the
addition of 5.5 | of acetic acid (=100% by weight, glacial acetic acid) and 5.2 | of water
30 (rotation rate of the screw: 20 rpm). After a kneading time of from 4 to 5 minuies, a
further 6.5 | of water were added and the kneading process was continued until 30
minutes had elapsed (kneading temperature from approx. 40 to 50°C). Afierward, the
kneaded material was emptied into an extruder and shaped by means of the extruder
(from Bonnot Company (QOhio), model: G 103-10/D7A-572K (6" Exiruder W Packer)) fo
35 extrudates (length: 1-10 cm; diameter 6 mm). On the belt dryer, the extrudates were
dried at a temperature of 120°C (material temperature) for 1 h. The dried extrudates
formed the precursor composition to be treated thermally.

3. Preparation of the catalytic active composition by thermal treatment of the
40 precursor composition (calcination of the precursor composition) in a rotary tube
furnace apparatus
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had el apsed (k0eatiSTE)henpie(plitterg 21 Y);camdappr ox. 40 to 50C). Afterward, the
knead mat er izl t) 1 and shaped by neans of the
extru gr (frﬁ%ﬁgﬁlﬁ&%&ﬁ@&%&@fg&@%ﬁgﬁ G 103-10/ D7A-572K (6"
Ext ruder W Packer)) to 35 extrudates (length: 1-10 cm dianmeter 6 nm. On
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t
conposition to be treated ther .. 3. Preparatl on atalytic active
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(cal cpati on d&fbet he precursor conposition) in a rotary tube furnace
apparatus PF 55545 36 The thermal treatnment was carried out in the rotary

e nace Rt e MR ofipoiture 3 385 BT el 98 S octarBly A" 1N
manner to 300°C; _ o
, subsequently, the material temperature was heated within 2 h in a substantially

30 linear manner to 360°C; '
subsequently, the material temperature was reduced to 350°C in a substantially
linear manner within 7 h; '
then the material temperature was increased to 420°C in a substantially linear
manner within 2 h and this material iemperature was held over 30 min;

35 '

- then the 30 m® (STP)h of air in the gas stream conducted through the rotary
tube were replaced by a corresponding increase in the baseload nitrogen (which
ended the procedure of the actual thermal treatment), the heating of the rotary
tube was switched off and the material was cooled by switching on the rapid

40 “cooling of the rotary tube by aspirating ambient air to a temperature below 100°C
within 2 h and finally to ambient temperature; the gas stream was fed to the

rotary tube at a temperature of 25°C;



el

- the therﬁﬁl #iat ment was effected batchwi se using a material anmpunt of
300 kg 5 _ﬁé ad been prepared .as described in "B) 2."; - the |
inclination angle of the rotary tube to the horizontal was = 0; - the
rotary tube rotated to the right at 1.%evolutions/mn; 10 - over the
entire thermal treatnment, a gas streamof 205 nB (STP)/h was conducted
through the rotary tube and (after displacenent of the air originally
present) had t beerftiog enfing thproshirasinentotheanmessues (dirapi) dawnsteapraef thes out | et
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each case #mogpgere i theyotaly ubp&irnaceWanth byyolma.he naterial tenperature of
25C was heated in a substantially linear manner to 300C, subsequently, the
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manner to 360C; su_bse?uently,_ the material tenpe atureoﬁg_lse reduced tq 350C
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was increased tan#20ie rélaasedstdns thergrealrsgr dompeaition withinghe wveérbil cotséoind t hi s
mat eri al tenpergt WSmbBsedigkst over 30 mn; 35 then the 30 nB8 (STP)/h of air
in the gas stream.conducted through the rotary tube were replaced by a
correspondi ng increase in the basel oad nitrogen (which ended the procedure
of t hel&actkigl 3 tdhowadihe amewnizesonpentraion hbteiatmostherdin %dyarlume inbehigns
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cooling of the rotary.tube by .aspirating anbient air to a tenperature bel ow.
100C within 2 I(TD%W ftri'%g'lefrg}g'ttr aﬁ%ﬁ‘ent tenperature; the gas streamwas fed

to the rotary tube at a tenperature of 25C, PF 55545 37 over the entire
ther mal t rE@t4radhbws! dxea funessrisiand fhakedial feynpetiives theaadapambingts of

20 molecular oxygen and of ammonia which were conducted into the rotary tube
per kg of precursor composition and hour over the thermal treatment with the
gas stream.

4, Shaping of the multimetal oxide active compaosition
25 _ _ _
' The catalytically active material obtained under “B) 3.” was ground by means of a
BQ500 Biplex crossflow classifying mill (Hosokawa-Alpine Augsburg) to give a fine -
powder of which 50% of the powder particies passed through a sieve of mesh width
from 1 to 10 pm and whose proportion of particies of iongest dimension above 50 pm
30 wasless than 1%.

The shaping was then effected as follows:

70 kg of annular support bodies (external diameter 7.1 mm, length 3.2 mm, internal

35 diameter 4.0 mm; type C220 steatite from CeramTec having a surface roughness R; of
45 ym and a total pore volume based on the volume of the support body of = 1% by
volume; cf. DE-A 2135620) were charged into a coating tank (inclination angle 90°;
Hicoater from Lédige, Germany) of capacity 200 |. Subsequently, the coating tank was
set into rotation at 16 rpm. A nozzle was used to spray from 3.8 fo 4.2 liters of an

40  aqueous solution composed of 75% by weight of water and 25% by weight of giycerol

* onto the support bodies within 25 min. At the same fime, 18.1 kg of the ground '

multimetal oxide active composition (whose specific surface area was 13.8 m?/g) were



rotary tubmerF ggg4set of the gas streamwas 0.2 nbar bel ow t he external
pressure. 5 The oxygen content of the gas atnosphere in'the rotary tube
furnace in all phases of the thernal treatnent was 2.99% by vol une.
Arithmetical ly averaged over the entire® duration of the reductive thermal
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precur sor canpo our over reat ment w gas

B Feam . WeRBEThE beAtngeTzet: Vigven bolf oy b Bpradecd gt homl Bodig,

cat al ytQ caweytrwcsurf\aee etdiietent suppodibedigs usaet 70 BﬁOBm was ground by neans of
a BQ00 Biplex crossflow classifying mll (Hosokawa-Al pi ne Augsburg) to

gl ve a fi nﬁgw@%"%%}s}%wsvmé%g{é&) {%Batrotn St Ctilﬁ)evﬁg%d R& vtelc l’n%%srﬂ%}? B %Pr ough a

si eve of ropor i cl es of
| ongest d.bﬁé@f@.lbﬁsawrdeoadh%ﬁbscwamalort@%ﬂretmaﬁd@%eterrréu@r{é@@aﬁ Hias t hen
ef fected asafedl | ows: 70 kg of annul ar support bodies (external dianeter 7.1
mm lepgth 3.2 mm internal 35 dianeter 40rrm type C220 steatite from
Cer amlec havi ng surface roughpess R, of ﬂpm and a total pore t%Ieums

based on tH MEIENETUtEte frePairsiiBs ospaty gthe grasyal pairibwion igrmlige
2135620) warcutdraogediameten tathedatal pare tvalukng (Chadrvejat homaaing/neing@atesHhe oat er

L re;)mI hfgi ggotr% t@%HE@éN)av% tﬁ@@?e%retsyc&ﬁ@odmn%l%qguﬁﬁsréworumeomﬁ& idjg tank was
T lere of 'BiRalsS pltisd ® LI e RORS pivdBS R Bl fory Mubbnn o B MRl ang 2506
by weid$ht rsfe diaysigrsito therietal pdre volupsoPeurbe)d iTes endl pointis 2% toial porst valiree same
tine, 18. YuKgsObtatddotidraisadall gathtn ﬂﬁ@dcuﬁf@n@l@n asibinvifafoHEIYP Sdthl cijaae(whose

ecific 45 e
ggnt: nuousl Mn%st"‘r'?%or{%’mﬁgg?ié'sg%bﬁ%%’) b ntO g?% Vgé'%ﬁ’?arn%& trDout side the
spray conéjeéﬁmt'ﬂ?éloaﬁ byiheanethes of @BFMPWQS'W coiag thryutoeore 848Rr suppl i ed

was fully indtalkeesmt BBmavictdnterbivs Gaced, ab4o Neuss) Gdmbnp Adydwitth faal3okeat i on of
the f iﬁel yo.,é’ Hﬁir)gglgdata in this document on determinations of specific surface areas or of

micropore volumes relate to determinations to DIN 66131 {(determination of the specific

surface area of solids by Brunauer-Emmet-Teller (BET) gas adsorption (N))).

Figure 6 shows, for the active composition powder before it is shaped, in ml/g
30  (ordinate), the individual contributions of the individual pore diameters (abscissa, in
angstrém, logarithmic scale) in the micropore range to the total pore volume,

- Figure 7 shows the same as Figure 5, but for multimetal oxide active composition
- subsequently removed from the annular coated catalyst by mechanical scraping (its
35 specific surface area was 12.9 m’/g).

Figure 8 shows the same as Figure 6, but for multimetal oxide active composition
subsequently removed from the annular coated catalyst by mechanical scraping.

40 C) Preparation of an annulér coated catalyst CCP1 for the postreaction stage having
the stoichiometry Mo1,VsW1 2Cu; 4Pdg 030y of the active composition



oxi di ¢ actpF&ss48p0osi ti on was observed. On conpletion of addition of active
5 conposition powder and water, hot air (approx. 400 n8/h) at 100C
(alternatively from 80 to 120C) was blown into the coating tank at a
rotation rate of 2 rpmfor 40 mn (alt:'@rnatively from15 to 60 mn).
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over the surfatBanfaciyef Signe-Aldiishbyeresiiaed into figsresyiting Bixtymbefargiiee 5 al so
shows t he por eagheiusiNHitsohtioofvat lzedegt.ound active composition powder before
it i's shaped. On the abscissa is plotted the pore dianmeter in pm

(logarithnic cale), 15 On the right ordinate js. plotted the |ogarithm of
t he di ffe?@hti %rep@ 'PF‘iogﬁ‘B PBH‘PW?WF ‘?dgcaéaf’y%tﬁ—%"?p@ HeRasHragiBP & a8®anet er to
the total porehaohgine s{dictiamete) MolNeWnEki-pitan.Ondi thateetve dempgsidios di anet er
havi ng the greatest contribution to the total pore volune. On the |eft

“ordinate is plotted in m/g the integral . he i ndi vi dual. contributi
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this document QRarfl@ddhiret: RiddeRBs Hlen! 919 worelstirred Mtd IRSredMEnPMix@iranet er
method of mor clr5? SHRRE NPT AERHE bE ore 0220° i netrament from
M croneritics GrbH, 4040 Neuss, Germany (bandw dth from30 Ato 25 0.3 mm;
all data im)lthPsapdm:iumﬂan annuket ardRitd i ©AH3 Bpel jostresdiibh atgear eas orfof
mcro e volu : i/nat i-Qns~t rmnation o
The spibi fi o - BeUdhenaR) SRR Apor & i DR kehasRbE " LT ' o
adsorption (N2))). Figure 6 shows, for the active conposition powder before

it is shaped, .Time piepgradon (vas di fatieg prephmtion df CCabuiowitt the iffsrens thit t he

tho i crapor e SAMGATE Iichld 188 RdhoobBer MBSO BIBmiB xRy &) 10
Figure 5, but %8P%PH9IQ°PH%F 'Qlacﬁ%t‘?jgyc{iﬁtﬁ ve conposition subsequently renpoved

from t#e annul ar coated catal yst by nechanical scraping (its 35 specific

surface arma V@epdrdiish SdrtAnnufar b5 d BaRlRVE PSR BostfedclishEBgS haltHy fOr
mul ti net al ox”?‘e ;Elct i ve tco%o wo u)telge% e&b{lfy rtﬁm)ved from the annul ar
coated cat al yst S 5P AT (Mg2's 1&%5’%@." ke %? SAPEEFIE GMRARANUI ar

coated catal yst CCP1 for the postreaction stage having the stoichionetry

Mb12V3WL. 2Cu2. TiiiftegaadorPlvat BE frhd MrepsRNBR St ECAN, Bit ibohe fo?ﬂ%winy]e
prepargtion \/va@ﬁ%gnée%r the preparation of CCML, but with the difference
that "after solutroh™1 had been stirred into solution 2, 225 g of solid
Pd(NO3)2 hydrate (manufacturer: Signa-Aldrich) were stirred into the

resul ting m xtureidgefa@rof 16136g of copper(ll) acetate hydrate, solution 1 comprised only
12.9 kg of the same copper(ll) acetate hydrate; _ :
- however, the resulting spray powder of the stoichiometry Mo2VaW; 2Cuy o
30 - was nhot further prbcessed as such in the kneader, but rather mixed
homogeneously with finely divided FeSb,Og in a weight ratio of 15:1;
- the finely divided FeSh,0O4 had been obtained as follows:

838.36 g of antimony trioxide.(Sb,0s, senarmonﬁté) was added in finely

35 divided form to 3545 g of water and, after addition of 728.47 g of a 30% by
weight solution of H,0, in water, heated to reflux at atmospheric pressure
over 5 h, and a solution 1 was thus obtained.

500 g of iron(Il) acetate (31.5% by weight of Fe, supplier: ABCR) were

40 dissolved in 3545 g of water to give a solution 2. The solution 2 at room
temperature was subsequently added within 30 min to the boiling solution 1.
The temperature of the resulting mixture was 70°C. This ochre-colored



aqueous N%:% #Jgélon was added. 5 D) Preparatlon of an annul ar coated
cat al yst r the postreaction stage having the stoichionetry
Mb12V3WL: 2Cu2. 4Fei . 20x of the active conposition The preparation was as for
the preparation of CCM, but with the driuffere'nce that 10 after solution |

had been stirred into solutio K
(manuf acturer: Ri edebe rﬁéow%%ét:r 0%6:\9\69 8\9esr ﬁﬁ)édjyh Eﬁé t\pﬁﬂ(%ﬁaﬁl ng m xture
before the aqueousisingghe diratAtemizan %ﬂ@@ﬂenﬁpﬂab’é‘ﬂ@f atreasly descabpdgRE! ar
coated catal yst CGHat tfaﬁfpetalwepwwgﬁ dutlet &ihegeaturkd 11600)1TThd feeulting

stoichionetry Nblégﬁ%o%@%flg?@&éﬁﬁd Jlgméféi hyf%rgggygﬁi jon . The preparation

was as for the pr but wth rence that solution
1, inst®ad of 16.3 kg of copper(l11) acetate hydrate, conprised 32.6 kg of
t he sanme c@GppePriebblatias ef ari entujatrcabted catlys) CRREfar tht ipostredctian stageiagingcoat ed

cat a yst OSP4 LRl ibaRge] GARLLTA, MRS, BAitENAd Afnslafi oret Y

(Mb12V3WL. 2Cul he active conposition The preparation
was as for the preparation of CCIV[L but with the follow ng 25 differences:
i nstead of 16. 87.6¢ goff acmpm’émr(lIme)ta\medateémﬁ@%dlyeveigﬁloﬁt/b@hfrﬂ:m:@rﬁﬁ.t sed only

12.9 kep of thewﬁﬁéﬁ%é}gr@@rﬁ{aln V) wéreidofel Be BECEIn 3045%Y%ter‘irh§]gfa%§mti ng
spray powder O{Nt he C%(t not rther

S e Shneke sk AR Wit e o B L TR e dee A e
finely divi dedhsaiBg206s gavera wisagyellowishi seiugibn.[Bhig solutiarhsas conigd/toditiCded

FeSb206 had begrd glehasitedss ;;Y ialthe ueﬂ@@sé’&rf@do\thWEMn Fricop0°ds .

(5020, <o T i e Dt B i A,

wat er and, after ém(;%
in wat®r, heat 880 ¢ 6f paMoniumybepipmelyprale teirahydrata (8. 5264 &Y wsight ofYeOa
solution 1 \Nasfrbdm&tamb,tcadastadeeﬁﬂ@qyg wefe sifrasa(ih. I'DheaéemlﬁﬁgEdééiﬂJeﬂoéobylomei ght of

Fe, supplier: AECRLMRILo-t0 i Soalikhth b 38R iligpher to give a

sol ution 2. Th room tenperature was subsequently added
within 30 minto the b0|I|ng solution 1. The tenperature of the resulting
m xture was 708 a Géaker ddﬁlﬁé’@uﬂanmradmﬁtﬁ ricifib otslate 28,3855y waighbsf ISb,i rred at

80C ovgy a fur fr&ﬁrsércla A G %ﬁpétﬁ)\’m%f'm?éi‘er \M?fle %sbﬁ@d b5 QafdhPa Zer
( Copenhagen) @?% dr\é e} é, I n E‘perat ure: 350C
ey out ot 1 enBERip S sdoter BARAIOaE MES s s roRPeoAISs AHGOMbIEE: ol e
di amret er of f r atthig teropgatyperwith solution A by stirring solution B into solution A. The
stirring-in was effected continuously within a perlod of 5 minutes. This gave an
orange-colored aqueous suspension. '
25 | |
This suspension was subsequently spray-dried (Tresevoir = 30°C, T" = 320°C,
T= 110°C, drying time: approx. 1.5 h, spray tower from Niro, Germany, of the
Atomizer type). The sprayed material was Iikewise orange.

30 1% by weight of finely divided graphite (sieve analysis: min. 50% by weight
= 24 pm, max. 10% by weight > 24 ym and = 48 pm, max. 5% by weight
> 48 pm, BET surface area: from 6o 13 mzlg) was mixed into the sprayed
material.

35 The resulting mixture was compacted (compressed) to hollow cylinders (rings) of
geometry 16 mm x 2.5 mm x 8 mm (external diameter x height x internal
diameter) in such a way that the resulting side crushlng strength of the rings was
approx. 10 N.

40 200 g of these rings were calcined in two portions each of 100 g successively in
- a rotary sphere furnace according to Figure 1 of DE-A 10122027. To this end,
“the rotary sphere furnace contents were heated from.25°C to 275°C within



5 G Prepaprss®ss of an annul ar coated catal yst CCP5 for the postreaction
stage having the stoichionetry M1V0.29Teo. 14Nbo.i 30Ox of the active
‘conposition 87.61 g of amoni um net avangdate (78.55% by wei ght of V205,
fromGf.E, 10 Nuremberg, Germany) wéle di ssol ved at 80C in 3040 m -of
water in a gl agss niiRaR-anieekr hidaAinl rafpiuppechrvait stresim ofr 50 1L(STREN, nEkept

refl ux condens L BG4 (T ‘ : | . This
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by wei ght of HBZ&@8n, ifi trencotirslr ofott)ictaihne dirreneadSvad@pEced by mmiirigem
hept angy ybdat egslk s @ire)h Sthed886-BYant8hd Ritro8én Mpkddn weld @BEInRliRefor

Gosl ar, German re stirred in. The resulti deep, r.ed.sol.uti on was

ool ot to. 300 Shand B U ST2cTeS Ssar TRy A EHoe R CRTE bonker-

112. 67 g of anmaintaimng thebtitipgeneiteare Thoegdtedyn etk ringsodf tbcompesitiarom
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60C to give a 58&3{0'?%%%%. %(1)I 8@ (l)n]B 3\22 I i1'ﬂ%53g'$(ﬁﬁg§eto 30C and ,
conbined at this tenperature with solution A by stirring solution B into
sol utith A Thk a Befsgh iy thevingssvere tenddiry tira partiela $izg o t1IR0 WA 198rd od of 5
mnutes. This gakegiind @iASGe weed Sired daeeafiax atBIEA 1000 mldf d hb%o%’ .
suspensi on was,, Si - = N : -
1106 aryi ng ¢ Fauir SR80 HNSRORHaREIE) b ke Syt erci o ot 8E00

At oni zer t ype) esyifiag §'ﬁf%§a@|waﬁh%4w&mwé5tq freeiioSeitrgiea hR filteserke Wahy wei ght
of finely dividned igraptifie urfacceatel 1M LIrdersir ovemigHiOPhegswengattive= 24 pm
mex. 19 by Wez# osfliof haB Th&Beinzoshrlib, JRXTooMRIN ACHORLag aftfaRByrafiET

surface area: ] to 1 was mxedin he 'spraye erral. 35
The resul ting %{'EJ é"%&?'egc?h’b% r?&e@@B'H%?%§QJ&) }tFB“tﬁg'PSGR/r%fﬁﬁr‘T’ﬁ%ers
(rings) of gelaving e peakincatich BT b 0& di. (ext ernal di aneter x hei ght x
internal dianeter) in such a way that the resulting side crushing strength
of the rings S rox. .10 N. 40,200 of these rings were calcined in
Dwo. por 1 one. cEBHeoR B MR AR LG aRg I Ren Rt By @Pﬂ%’?&ﬁ'\‘ irnace

accor dbhg t o FnweatigationoTheebgcissaisheys the myetdignaetenia um tiegarittuiamiotspher e

f_u[ EaceI cont entise N@ﬂ@rdﬁa@éadcdm@)r@haﬁz@_tﬁ@inmd%i;ﬂhb&omﬁbﬁmp %ﬁﬁie §7i<5 {n n
Wi a linear hea : | ream o h,._and kep

at this te,rrperlg '8‘%'([%5"193 8&35}3“%\?&%??%@%&&%{%Olsr%_ivﬁ?n}er{% mi%r h%% régté)ﬁé'nf@&bsequent ly,
the furnace wisuneisbaws theriegarifan btheooatrihution of the indhiduatearesipmelap wi t hin

to the total pore volume in mi/g. Figure 11 shows the corresponding investigation
25 result for the ground rings before they were washed with nitric acid.

On completion of grinding, this active composition, like the active composition of
CCM1, was shaped to an annular coated catalyst CCP5,

30 H) Preparation of an annular coated catalyst CCP6 for the postreaction stage having
the stoichiometry

(M012V3W1.2CU2 40)s parts by weight{ MO1 V0.2 T€0,14ND0.130)1 part by weight

35 The preparation was as for the preparation of CCM1, but the shaping was
effected using a homogeneous mixture (mixed homogeneously on a rolier table
for 2 h) which consisted of 90% by weight of the active compasition powder
which was used to prepare CCM1 and 10% by weight of the active composition
powder which was used to prepare CCP5.

40

B Preparation of an annular coated catalyst CCM2 for the second reaction stage of

the main reaction (acrolein -» acrylic acid) having the stoichiometry



32.5 mn, in the course of which the air streamwas replaced by a nitrogen
5 stream RF 58545 (STP)/ h. The 600C and the nitrogen stream were naintai ned
for 2 h and the entire furnace was subsequently left to cool to 25C while
mai ntai ning the nitrogen stream This resulted in black rlngs of the
conposition Ml. oVo. 33Teo. 19Nbo. 110x(§?0| chionetry:

Mo1l. oVo. 33Teo AR L VD)o QCLNIogs RRL ChSECs)o 4 ab liee adtivg sompositigy ound dryto a
particle-size of = 100 pm 100 g of ‘the ground material were stirred under

reflux at 7OC 1000 of . a 10% b qQus, H sol u i on over

h, and the" sol |r8p9v§§°'?igglq %t?@'dg&ﬁWpB%{'t'?'ﬁ(&Pﬁgaﬁg?ﬂﬁg mg{\ﬁl&)& 9“'8’5’8 Mashed vvrth
vvater to free CaMobsWh4Qsate. The filtercake was dried in a nuffle furnace -
at 110g under air overnight. The resulting active 15 conposition had the
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t he integral over {he”g6n ions IVI pore dianeters to
t he t dPal pore volume in m/g. The left ordinate (+ curve) shows the
| ogar i t hmindepehdentiynf solbtidri ©r620fl of Weter nere/hehiied topt°€. BY.4kgtot amnianidrhe t ot al
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result for PL ore tric acid. On
conpl et i orftiBNIGFHEhgin ‘f"%lesm%ée’{q'r\}%g @8#8\,\61 19-vK9 © ?rRE'Of‘W@ %?Wéswte
conposi t i deptahydr@E\sg.oaby whightof WO sawerartimar aﬂdedcmﬂedft&rdﬁatrr}gsio @CcR5. 30 H)

Prepanat i %s@fveé‘ﬂrrtﬁ@ﬂh‘ ng'at ﬁ’%%e%ﬁ | WMgHin 455K, ‘hoéleérhﬁ'el!@%réﬁ%%éleﬂéds'[ age
having the stoich |or’r|=2b'ré$/St @rn 3W 1.2Cu2. 40x)9 parts’ by wel ght

VO. 2gTeo. PANBRYSIESHL i ght 35 The preparation was as for t he
preparation of CCML, but the shaping was effected using a honbgeneous

' glog/t gre (rswée@hdya qre@g?s&hy sBIich 'IWaE%hrré@mt@solutﬂfn 22hathe)o ryhrnqlge t@@n’@ésted of
0 DYy wel e actlve  cO OSI IC se repare
CcCML and fgbyhﬁﬁ era(;rrrretcﬁgha \reirr{\} m‘é‘ﬁ‘ﬁ%%@d tBEHI e[!)%’\’/\ﬁ%?\m%%s used to
pr eparé C@naeomusyewmawrr@@ & R0EnToasAMiar Alteweel it veasapyat drgdvesindr t he
second 1 eant3-6D-N#R apeiy@fyer friog Nd-Atone2er(Coper(Reen) ©b8 iniet terafératurs: aci d)

havi ng t 18101 0TS Yo EERESB- 2cl ke e A0, 00, Bl LUMRA. S04 0.4

(CuSb206) o e conposi t'i on 1on o
conposi ti Sﬁnlet?rdﬁé@é" QBO%an the stoichionetry CULMO.5W). 504

25 100 kg of light green spray powder obtained in this way were metered into a VIU 160
kneader (Sigma blades) from AMK (Aachener Misch- und Knetmaschinen Fabrik) and
kneaded with the addition of 8 | of water (residence time: 30 min, temperature: 40 to
50°C). Afterward, the kneaded material was emptied into an extruder and shaped to
extrudates (length: 1-10 cm; diameter: 6 mm) by means of the extruder (from Bonnot

30 Company (Ohio), type: G 103-10/D7A-572K (6“ Extruder W/Packer)). On a belt dryer,
the extrudates were dried at a temperature of 120°C (material temperature) for 1 h, The
dried extrudates were subsequently thermally treated (calcined) in the rotary tube
furnace described under "1." as foliows:

3B - the thermal treatment was effected continuously with a material input of 50 kg/h
of extrudates; :
- the inclination angle of the rotary tube to the horizontal was 2°;
- in countercurrent to the material, an air stream of 75 m® (STP)h was conducted
: through the rotary tube and was supplemented by a total of (2 x 25)
40 50 m® (STPYh of barrier gas at 25°C;
- the pressure downstream of the rotary tube outlet was 0.8 mbar below the
external pressure;



- .wat er. ~Subs

5 98 | of ég%/aéay wei ght aqueous NH3 sol ution were added to 603 | of
ently, 100 kg of copper(ll) acetate hydrate (content: 40.0%

by wei ght of CuO were dissolved in the aqueous m xture to give a clear,

deep bl ue aqueous solution 1. which comt3ai ned 3.9% by wei ght of Cu and was

at room tenperature. | nde e ' .1, 620 | of water were
heated to 40C. 'f?%%éggf&g%%gﬁ% %héteg%énﬁh;{@h%&éﬁ etrahydrate (81.5% by
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- by-wei ght of V\Qﬁérn‘éﬁfo‘f‘ar\zm gk ?&%3?&°§efheh£@§t}e%ﬂ] W8s SHducia idlogRe! ved
with stirring at this tenperature within 45 mn. A clear,

| :
yel | owr ange- CRAMB RS atafeRpELIEIA TPBIEOARsCobt ai ned. Subsequently, the
aqueous sol uti subsequerslystherexirddates wesotantiuctad thranghoiBErotary tube attber se  of

whi ch the tenpesat W-Sudtput Re SYEHMdr tHE e eoerit%nB.gépfafrﬁHm BRlBNeiRg- The

resulting 20 aﬁueous.suspenm on was stirred at 80 or 30 mn. Afferward,
it was spray-dff'&8& 68 ' ng an S-50-N' R spray dryer from Niro-Atomzer

(Copenhagen) (gas inlet tenperature: 315C, gas outlet tenperature: 110C,
cocurrgnt). The spratempansiare dfase AP bl wal su1ed gooeef from 2 to 50 pm

25 100 kg of ligh reen spra 0 r.obtained in thi er e tered
“nto a ViU 160 kRERESTRER RS B AR Bt Phe St sl

Knet maschi nen Fabrof R90%nd kneaded with the addition of 8 | of water
(residence time: 30 mn, tenperature: 40 to 50C). Afterward, the kneaded

terial Ar=Yo M - ' th:

1°10 o ?%@%Hgédt@eth‘#gts@ﬂﬁ%ﬁ%‘é”%? FoBoun BRE et arc Bl I BF b ftage OO0 oy

(Ohi 0)1° t Rrsticlediagetar@f Fipm tekumen aRRPGSirier praskiaw glassifying nil fremyr yer |

]E he EXL r u_dradbsrﬂ;aw_e-rﬁﬂpinle (Faghsatirgy Thengtetiad corepaxfitioh206btainad @ thisl wdyetgabs at ur e)
or 1 h. Lidata CBL .

(cal ci ned)%swlée&%&gﬁ%- ? 3’1@)? %&ﬁ’é{ﬁ%&@g%%% t%ﬂﬁéﬁb%%é%s lggl ows: 35

- the therf®¥reat nent was effected continuously with a material input of
50 kg/h of extrudates; - the inclination angle of the rotary tube to the

hori zaont al was 2; ¢- im%@{:‘mrwrnbwfrgrﬁitég}ﬁ,cf@é;eri al, an air streamof 75
n8 (STP)/h was cor%duct t roug/kgﬂghe rotary tube and was suppl enented by a

total of (2 x 25) <40 FPPES S barrier gas at 25C, - the pressure
downstream of the rotary tube outlet was 0.8 nbar bel ow the external

pressure; PF Fabdiafich of thé BRIt RMposbE 2(phateed hading i dt8lchioAfetrd: 5
revol uti ons/ mé'lijZOG '
25
52 kg of antimony trioxide (99.9% by weight of Sb,03, senarmonite) were suspended
with stirring in 216 | of water (25°C). The resulting aqueous suspension was heated to
80°C. Subsequently, stirring was continued while 'maintaining the 80°C for 20 min.
Subsequently, 40 kg of a 30% by weight agueous hydrogen peroxide solution were
30  added within one hour, in the course of which the temperature of 80°C was maintained.
While maintaining this temperature, stirring was continued for 1.5 hours. 20 | of water at
60°C were then added to obtain an aqueoué suspension 1. 618.3 kg of an aqueous
ammoniacal copper(ll} acetate solution (60.8 g of copper acetate per kg of solution and
75| of a 25% by weight aqueous ammonia solution in the 618.3 kg of solution) were
35 stirred into this solution at a temperature of 70°C. The mixture was then heated to 95°C
and stirring was continued at this temperature for 30 min. Another 50 | of water at 70°C
were then added and the mixture was heated fo 80°C.

Finally, the aqueous suspension was spray-dried (S-50-N/R spray dryer from Niro-
40  Atomizer (Copenhagen), gas inlet temperature 360°C, gas outlet temperature 110°C,
cocurrent). The spray powder had a particle diameter of from 2 to 50 pm. -



- no cycl epggssaet hod was enployed; - in the first pass of the extrudates
~through the rotary tube, the tenperature of the external rotary tube wall
"~ was set to 340C, the air streamwas conducted into the 5 rotary tube at a
tenperature of from20 to 30C, - subseq"cfently, t he extrudates were

conduct ed ¥Hk@®btdprahSowdirabiainddin tias whlhevere Aeréd Inglg MLt 60 Rbeacend under

the sane c -
t enper at ur@@?é %) %ﬁés WAMKC @%%é'ﬁ?“}ig - ?'W{j %et%@%ﬁ@%ﬁﬁk ail‘g kg'? %%%m was
conduct ed Wit B"et%’é“t'loﬁtoéﬂé' pluvaten@agidancedime: £ w@rtamaﬁ@turaffromﬁtto

Subsequent Afferwial: tiexitrieadad emtdraywag emptied inty amextoaieo (samer @d@ndemmlmt 0 an
averages Igndart hebeafibdiEhl shadla 3atb () m«omoacmiaﬁﬂ
Sy Nk KPR
X-ray difft20°Ci (omterastenpediue) ﬂ:EEt1dT mne the follow ng phases: 20 1.
CuMoXA-111 having wol framte structure; 2. I—FI' copper nol ybdate. 2.

Preparati op_of t rt| sition 2 Vi n

ot of ohi onerad ko eurDeRes BieRa B Wl e GBMa ehie GePTet 5 eren o
Sb203,’l%en@meﬁﬂhaQamrcbngsmfp@-ﬂdéc{dewribhd #t detail ingB) .’ )ZaSG‘OIIOWﬁ wat er (25C).
The resul ti ng aqueous suspension was heated to 80C Subsequently, stirring

was continued i,]e nt ai n bse n 40 kg of
2S00 by v gnp e b8haR ;g%ﬁeﬁ%%’%i%igﬁw i smanere SRR A0 noone
hour, in the cHgrirdingliongngsotthe reterygebatoine h@mzcamvwa§ Gfai ntai ned. While
mai nt al ni ng- t hike rbeAprbatretRd t§'tHe!|ngﬁ§t Wase@Mitionsmest for 1.5 hours. 20 | of

ST 8 oons USHE SR PSR Dbl i, BSAM, oA AR Aot 18453 ko

of an aqueous DN a copper
acetate per kgS@ft oBetbeHR Hﬁatmer's is gpngistod of K0 Wel i Iﬁ/ha&f@é'@ﬁ‘g amoni a
- solution in thex@8nSKE)bbf Bphsibhoie) gae it & sttdant ledvingthe ohingtubel ut i on at

gotn telnﬁﬁregt ure. wés Qé?aner{{&%eﬁpggg &ééﬂﬁlﬂ'@ﬁf}ihem oﬁﬁgovéﬂaggﬁ&é@“?gg was

were then adde "3&‘&?%"% %55&’3@@@“86’%‘3 aﬁpﬁhaq ey‘a‘rfq‘?é aqueous
suspendl on wasdlsq;haaged;l rthaacdisc(fer@ambtﬂmtmmsesjapweyenta‘drhyrthubamer 48s Andthezer
( Copenhagen), %mdyrg fibeper ature 360C, gas outlet tenperature 110C,

Coci 10 Tpeifed e By B B H B B LTom 2 o 80 pm o
VI U 160 kneadethe pressure downstream of the rotary fube outlet was 0.5 mbar below external ‘
pressure (atmospheric pressure);
25 - the temperafure in the material was initially increased linearly from 25°C to
250°C within 1.5 h; the temperature in the material was then increased linearly
from 250°C to 300°C within 2 h and this temperature was maintained for 2 h;
then the temperature in the material was increased linearly from 300°C to 405°C
within 3 h and this temperature was subsequently maintained for 2 h; the heating
30 ~ zones were then switched off and the temperature within the material was
reduced to a temperature below 100°C within 1 h and finally to ambient
temperature by activating the rapid cooling of the rotary tube by aspirating air.

The thus resulting putverulent starting composition 2 had a specific BET surface area

35 of 0.6 m¥g and the composition CuSb,Os. The powder x-ray diagram of the resulting
powder showed substantially the reflections of CuSh,0s (comparative spectrum 17-
0284 of the JCPDS-ICDD index).

3. Preparation of the starting composition 3 having the stoichiometry Mo2V3 35W1.38
40 : :
A stirred tank was initially charged with 900 | of water at 25°C with stirring.
Subsequently, 122.4 kg of ammonium heptamolybdate tetrahydrate (81.5% by weight



(Si gna bl apesks545 om AMK (Aachener M sch- and Knet maschi nen Fabri k) and
kneaded w th the addition of 121 of water (residence tinme: 30 mn,

‘ “tenperature from40 to 50C). Afterward, the kneaded naterial was enptied

into an extruder (sanme extruder as in 5‘5phas'e | preparation) and shaped to -
ext r udat esof(MeDgtiwerd addddardfihe thiRIRS Wwas Redt®d to wcwgtrmm@surrmerzz xy a belt-

tenper at E?eﬁﬁﬁmﬁ*ﬂeﬁet‘%ﬁ%ﬁé’% gt a0 B0 Bt parsiifoste® ©1 2,
t her mal | y Rersahyearte ¢88.2% dfyetgfﬁ of MO wies fhen f@”?%lﬁ‘é"’h"&r’ﬁ@ﬁ@'%@ﬁdl ng to
Figure 1 (@@recstibind at 00Ueionialtotahof @B)mibutel rwttéd»rﬁ avkar erahbe-colbsdal

treat ment y@alo%f fRStAE BBkabEe. W Jé FaiffBiid fb s@lfeqﬁ.&.agw?éﬂg 6Pacety LN

inclination the rotar

rotary tub%c“? %/gbwee% Q?@%@Cﬁqcﬂc"ga\” "Ué‘i é‘?&%ﬁﬂ'ﬂywﬁﬁht aQPePHS stream
of 205 nB érﬁfﬁéhiarsohalsnwnejﬂtehesdrredhmugh the rotary tube; at the start of
the thermal treatnent, this consisted of 180 n8 (STP)/h of air and 1 x 25

nB (STP)/h_o 2 as barrle as; stream | eaV| r ot _tube
s supol oA et il o4 glaige tg oy Wes o] Und 8h v Epa

str ean10 25/R sma%iwr fromiieo-amizes (Gepandagen)dgasielet mmmeyatuwoeﬁar{a gake
remai nder . g@ietchedanstord 1 169t camﬁﬁeta@r ke mmg sﬁ@? poUBEH RTREd 81 dirtihhe
barrier gas n§51d|ttoh§ rbdtenna nderlci # e m%s stream was conduct ed
into the rot %f"[ﬂe v ea"ber eam of the rotary tube
outlet was 0.5 nbar bel ow ext er nal pressure (at nospheric pressure); 25 -
t he tenperat urRreparatibe oNMbk &y @dmyﬁﬁiohﬂbbé&’ehtédlﬂﬁ@'ﬁ%ﬂﬁeﬂd ha\ﬂ?%fHey from 25C

| nearty 1 ort9RErEly BV SAPrRos cha RO E L ERREONE ¢ wae mmi nt ai ned

for 2 h; then the tenperature in the material was increased |inearly from
300C to 40bG Vi 160 troughtknaaderthaling heoSegnat biagesieem Silis ucaabéniMisai-nt ai ned
for 2 h; t&?‘dﬂ@ﬁéﬁq u?é}’nié%ﬂ 7\63 %f%i%ﬁﬁwg%%ﬁp%@ﬁ%@n@%F%‘&P‘%@Eaﬁ&%@l(ngatUre

Wi thin the. materi ur.e wthin 1 h and
finally t PRl ﬂY@?{pef bR R R Rt A S U

r ot ar Y2 ubaveb 22 aspi Subiseqaerdyr 3.1 Xpef stadipgcespbsition 1 pot et kg efrefartib@r t i ng -
conposi t i adpmpddfien2 M@%ﬁ&é&a&?ﬂne%%& 36 AMuRfer @ﬁurP(T D46148)¢)and the
conposition Sb206. The powder x-ray diagram of the resulti ng powder
showed substantially the reflections of CuSbh206 (conparative spectrum 17-
0284 of t WftenepmdsihedbBadetiericriaByaenpliadinioam atrudbre(ssmarextrdercasniposi ti on 3

havi ng t heykeit é;ﬂaﬁ‘Eﬁd aw&ﬂéﬁedaé\éktr%teé@er@tﬁbmrﬁé Tloasnk dmﬁeﬂamtlally

| Sﬂ?&ﬁ?%mwhéewﬁ h%&a“@*ﬂee%ﬁ?raﬁﬁfa?a%et Verd e il ?FP% 1Ak herbf 2 4 KO of

temperature) of 120°C over 1 h on a belt dryer.

306 kg of the dried extrudates were subsequently thermally treated in the rotary tube
furnace according to Figure 1 (described in more detail in “B) 1.") as follows:

30 :
- the thermal treatment was effected batchwise with a material amount of 306 kg; -
- the inclination angle of the rotary tube to the horizontallwas = 0%

3% - the rotary tube rotated to the right at 1.5 revolutions/min;

- initialty, the material temperature was increased substantially linearly from 25°C
to 100°C within 2 h; 7 '
during this time, a (substantially) nitrogen stream of 205 m®(STP)/h is fed through

40 the r‘ota‘ry tube. In the steady state (after displacement of air which was originally
present), this has the following composition: '



45 of MB8) were added and the m xture was heated to 90C with stirring.

Initially PR5354% of ammoni um netavanadate and finally 20,0 kg of anmoni um

paratungstate heptahydrate (88.9% by weight of W3) were then stirred in
while maintaining the 90C. Stirring at EﬁOC for a total of 80 m nutes
resulted in a clear orange-colored 5 sctti on. This was cooled to 80C.

Wi | e mai nt ai ni ng the 80C,110niht (SAF) of Baseidayl mifrogare20y, acid (= 100% by

solution were then stirred | ng sql ut1on remal ned clear and
orange-col ored and was spr%ﬂfpdﬁqg3 ’ngir%ﬁrcﬁlﬁteg-cé’ﬁ'l-egfﬁ(ﬁé)R spray dryer from
Ni ro- At om zer (Copenhagen) (gas inlet tenperature: 260C, gas outl et

tenperag ure: 1%&95%53%%&%@% fe8 2t b tdrMiSerafirdf PPB0The MDRITBGS tHe
starting corrposmlgjon. and a ter romﬁ to 59 pm 4.

ad a particle, dia of f
Preparation of “Prfd %{rvr%ﬁ'ﬁg???]?&?%tcgnﬁlédw @éﬂg'g "CROF WRF (AR EHREF ng t he
15 st oi chi onetthg gmparaies Hetthe3oaterig haddurexh carsdOhegolEry BESH206) 0.4 In a
VIU 160 trough kneader having two Signa bl ades from AMK (Aachener-M sch-

nd 10 2o gl o A S T g

- weight, glacial acetic acidé:!;i)ma{yi-,:g}p,ed} b%f’r?erggs ARYHEY (146 M3t aqueous am‘rpni a

and 6.9 kg of ace acial ace aci

i nitially char Beatingriateigh8dednind over 22 nmin. Subsequently, 3.1 kg of
starting conmposition 1 and 4.7 kg of starting conposition 2 were added and

kneaded over a fHLtRGE.8 éé%ﬁeré{[ltré oﬂﬁbd"? I'%g@egn arﬁ%ihgfri,"%é% strteréﬁ'hgfggaged

material was enptied 1n Xtruder (sane ext n :

prepar at i on) aggs gh -de}ht‘ﬁa%‘k‘i'}dtgﬂféfjé@o&'g'éﬁ@trﬁtwWﬁﬁf”fj@ai@’ecfpﬂlo‘ﬁ'f’aneter 25
6 M) by neanscwhpdditwnextruder. These were then dried at a tenperature
(materqyml tenperature) of 120C over 1 h on a belt dryer. 306 kg of the

dried extrudates were bse ly thermglly treated i he rotary tube
furnace according to F@d?e(%%ﬁ?/bééﬁ?'?tﬂ'@g&ibﬁg%? "'&1’89%{? &05 Ane ggsep vy g
follows: 30 the thernablegseshinthatotamydutes,f ect ed batchwi se with a materi al
amount of 306 kg; - tjse(ni?gipi),ﬂa;tfbgﬁiea 84 Ritr8§ert f@)BRY ary tube to the

hori zontal was = 0; 35 % tary.tu rotatedi the right at 1.5
revolutions/mn; - i n?ftoirgl j’ﬁ)@ﬁzr%rpglgﬁaglcy{;lgrgs&( ure was increased
substadftially linearly from25C to 100C within 2 h; during this time, a

(subst ant i Bid barriér das 0@ty ehiwRIeY af a BMpdrButeSIE . Tite helrk bf Bledtvo oltkrt he

1 i mal 14028 staa el At 3d B e oy o B0 TRSATIIRT S s iBhpetfliE i |
m8 ( STP)/ Hhemaeriad hadin Fch cggr i themtaryA8bes (STP)/ h of barrier gas nitrogen
(11), and '

25 Fram the exceedance of the material temperature of 160°C to the attainment of a
material temperature of 300°C, 40 mol% of the total amount of ammonia M*
released in the course of the overall thermal treatment of the material was
released from the material.

30 - on attainment of the material temperature of 320°C, the oxygen content of the
gas stream fed to the rotary tube was increased from 0% by volume to 1.5% by
volume and maintained over the foliowing 4 h.

At the same time, the temperature in the four heating zones heating the rotary tube
35 was reduced by 5°C (to 325°C) and maintained thus over the following 4 h.

The material temperature passed through a temperature maximum above 325°C
which did not exceed 340°C before the material temperature fell back to 325°C.

40 The composition of the gas stream conducted through the rotary tube of ~
205 m® (STP)/h was changed as follows over this period of 4 h:



70 nB(STP),QErsg Er{em rcul ated cycle gas (19). 5 The barrier gas nitrogen was
fed at a te ure of 25C. The m xture of the two other nitrogen streans
was conducted into the rotary tube in each case at the tenperature that
the material had in each case in the roffary tube. subsequently, the

o oL e o e R e aob s e B4, e

stream of 205 nB ( STPpleassdh thermiaiytteée:t hr ough the rotary tube and had the
~following conpositiomns [iqS(SniEQ/hrﬁib&FFB) 4bs aeogestitrg of basel oad nitrogen

(20) and gases rel ea STP)/ h of barrier gas
nitrogen (11) and 70 /ﬁJf c?]recgllare?u cleéf%s”%% e gas (19). 20 The

barrier® gas nitrogen V\7arsm /lhqiat"é’ e &Pllies (Y- 25C. The nixture of the
two other gas streans was conducted into the rotary tube in each case at

the tenperatur él’:‘éﬁeréaﬂ% rvl,él B8, idmeaslirESeRo6N the rotary tube. 25

From t he excee ance of” t he terla tenperature of 160C to the attai nnent

-of a material tenperature of 300C, 40 nol % of the total anpunt of ammonia

M rel eased i The mixtwwe of e adffiertgae steamamas rheashetase condunter intif theietaryat er | al
was rfyj eased {,p@8 fhBReMBLaiuréthat B2 mat@ﬁal%ﬁ% BaE¢as@fin iHaerothRy fibkal

tenperature of 320C, the oxygen content of the gas streamfed to the

rotary tube was increased from 0% by volunme to 1.5% by volume and
mai nt ai ned ovefrorhibe eytdaganeryoidhe material tesnpssatore 9Tra0°¢ botilteerpért@dure in t he

four heating zgagedhsfkiong of the toial &hyuritWp8mmitiaVAs réissbisaesl thycofsd 8f0 325C)

and it ntal Dedyl 3SR YRIL\FedBbh OWidichor Ao SRR Bl RS AG L €, Passed

t'hrough a tenperat exceg bef ore

the nat®ri al tfe%efr%&rmpbfo f &5 MY %ck 96 ot mtthe apourti of e@mﬁ M. bad Biust he gas

st r eam conductissntrbleasghbdfte thottarhadialdysed. 205 nB (STP)/ h was changed as

fol |l ows over thi s period of 4 h: PF 55545 47 95 nB(STP)/h consi sting of

basel oad nltro FZO) ang ases  released in the rotary tube; 25 nB(STP)/h

of barrier” gas Bgdhg q_gpsedﬂ‘eﬁ%’PWWWﬁOBﬁherr%%tPF%d‘faét'%e%%F@t@ gas; and

5- 15 n8 (STPWCHCovﬁltI'm abcxuta S that ssipdatinh eate(a 0)85°C/min. _
20

Subsequently, this temperature was maintained for 30 min.

The composition of the gas stream fed to the rotary tube of 205 m® (STP)/h over
this time was as follows:
25
' 95 m® (STP)h composed of baseload nitrogen (20) and gases
released in the rotary tube;
15 m* (STP)/h of air (splitter (21));
25 m*® (STP)/h of barrier gas nitrogen (11); and
30 | 70 m® (STP)/h of recirculated cycle gas.

The barrier gas nitrogen was fed at a temperature of 25°C. The mixture of the
other gas streams was in each case conducted info the rotary tube at the
temperature that the material had in each case in the rotary tube.
35 '
- reducing the temperature of the material ended the calcination; to this end, the
heating zones were switched off and the rapid cooling of the rotary tube by
aspirating air was switched on, and the material temperature was reduced fo a
temperature below 100°C within 2 h and finally to ambient temperaturs;
40 '
with the switching-off of the heating zones, the composition of the gas stream fed
~ to the rotary tube of 205 m® (STP)/h was changed to the foliowing mixture:



. The barri_e,gFggg é‘litrogen was fed at a tenperature of 25C. The m xture of

t he ot her gas s%reams was in each case conducted into the rotary 10 tube
at the tenperature that the material had in each case in the rotary tube.
From the exceedance of the material temgerature of 300C until the 4 h had
el apsed, 55 nol % of the total anmount of anrioni.a MA released in the course

of the overall thermal treatnment of the material was_rel eased fromthe
material (a 15 tot al1@mzETihsompesedpi bgseload nioen §20%and 9a8Blint of .
amoni a- MA had t hus releaesd inaheased thief;ore the 4 h had el apsed). when the 4

h had el apsed, the t terial was increased to 400C
within about 1.5 h afﬁgﬁﬁ@ﬁﬁﬁh;@@%g 6).?850‘1@13.22?.@20 Subsequently, this

tenpera ure was mai MRS C%:?@rﬁ’ﬁrﬁ?s‘?ﬁré’gﬁ’b i on of the gas stream
fed to the rotary t ullemd{STR)h ofBediSliB}ddcyoleqgas. this time was as fol l ows: 25
95 nB (STP)/h conposed of basel oad nitrogen (20) and gases released in the

rotary tube; n8 (STP)/h o ir (splitter 1)); 25 STP)/ h of barrier
gas. ni trogen (119855H§2 Ws;%d%tr‘(eg?%}yhtbgfat%i%r}x%%raﬁg?g%é cle gas. The
barrier gas nitrogen was fed at a tenperatur e_' of 25C. The m xture of the
other @RS Str egEk tNBSntird tRAKAI FaSReMOMIYFEQNrd (thmekReely)HoWnktrbath®f #e t he

tenperature that the material .had i ach case iin the rotary tube. 35
reduci ng the t%om[tv.g}elﬁuéle{)wa? Rg rﬂ%ﬁrg),ﬁﬁ’g{‘{ th@ﬁéi“"(ﬁnﬁl RESEH®ei nation; to this
end, the heating zones were switched off and the rapid cooling of the
rotary tubmigly 12asinsahd peroahtbgaVasvs vk b elrafon B tha Meatbhe temparaiudé in °C.

to o ent’ BaRyarEPHE e biinia SFRERAINA Br B8 ogiithe il R B fike8BRel "%t o

to anbi ent _ . th
conposi® i dRe drermakirepivest asanfunetion ofitbe fpteriablegippratuigdn 6¢- 205 nB (STP)/ h was
changed to the followi ng m xture: PF 55545 48 110 n8 (STP)/h conposed of

basel oad 'trog%- théd Sxidk &l | Rilbhe rotary tube; 0 nB (STP)/h.
of air (s[)l?'i tter {%15) ; @ 5@%?7% {'g%%cﬁ\ﬁ;%o?n%a}ur |Her gas nitrogen (11); and
70 nB (STP)/h of recircul ated cycle gas.
- The catalytically active material obtained under “5." was ground by means of a
20- BQS500 Biplex crossflow classifying mill (Hosokawa-Alpine Augsburg) to give a
fine powder of which 50% of the powder particles passed through a sieve of
mesh width from 1 to 10 um and whose proportion of particles of longest

dimension above 50 um was less than 1%.

25 70 kg of annular support bodies (external diameter 7.1 mm, length 3.2 mm,
internal diameter 4.0 mm; type C220 steatite from CeramTec having a surface
roughness R; of 45 um and a total pore volume based on the volume of the
support body of = 1% by volume; cf. DE-A 2135620) were charged into a coating
tank (inclination angle 90°; Hicoater from Lédige, Germany) of capacity 200 1.

30 Subsequently, the coating tank was set into rotation at 16 rpm. A nozzle was

‘used to spray from 3.8 to 4.2 liters of an aqueous solution composed of 75% by
weight of water and 25% by weight of glycerol onto the support bodies within

25 min. At the same time, 18.1 kg of the ground multimetal oxide active
composition were metered in continuously within the same period via an agitated

35 channel outside the spray cone of the atomizer nozzle. During'the coating, the
powder supplied was fully taken 'up on the surface of the support body; no

- agglomeration of the finely divided oxidic active composition was observed. On
completion of addition of active composition powder and water, hot air (approx.

_ 400 mh) at 100°C (alternatively from 80 to 120°C) was blown into the coating

40 . tank at a rotation rate of 2 rpm for 40 min (alternatively from 15 to 60 min).
Annular coated catalysts CCM2 were obtained whose proportion of oxidic active
composition based on the overall composition was 20% by weight. The cbaﬁng



The gas stpesgsssms fed to the rotary tube at a tenperature of 25C. 10 -

over the entire thermal treatnent, the pressure (imedi ately) downstream of
the ‘rotary tube outlet was 0.2 nbar bel ow the external pressure. Figure 12
shows the percentage of M as a functi #? of the materi al tenperature in C

Fi gure 13 showmidkRgss st dofonee e lirfaes oPbnd isppattibdapant eveék tha % by

- volunme over 1§‘E_Fa%_§_°rf§’ﬁfre%ltSB%@%%@E&&%@S%{’E%J[ jjgn of the material

tenperature in api ng I met al” oxi'de active conposition The
catalytically active material obtained under "5." ‘was ground by neans of a
20- BQ0O0 Bi pl Figuey phaibd shoved the Siofeydinigibotidr of (th g@kiatvastMepioneoditiggbur g) to
give afine p I %0 : | ' ough a
sieve O rT'EShBWI _trr?gﬁr%ﬁm'%ﬁag’gfé%?ﬁ%ﬁ'é oFenc aEé‘%Fégﬁ%?s%%‘P@?@ESﬁ %I.es of

| ongest  di mendpssivsatrietiespthshormdiametss in WR{loga /fi‘”‘@%‘“ﬂ? kg of annul ar
support bodies (external dianmeter 7.1 nm length 3.2 mm internal dianeter

4.0 mm type Cé%QhéF@ﬁtoir&iﬁatEﬁ@HbEé‘d’ ﬁ@TSﬁjﬂﬂ%f‘ﬁue%i@ﬂérﬁt@F@onmtﬁ}ﬁgHﬁ}?ﬁﬁgR- of
45 pmand a tot 0 A h port. body of =

por.e vol une, based vol u of .t he p
1 o4 by vol ume: ohe PRESHEEROE AR dNe falal pREF YIiTB® LOGHNE)-Hye e © |
(inclithtion aingicetegGhe phrecharestef hawind tbdiogestesteontiihytiondp theatotatippse 200 |. 30
Subsequegtlty, Pcﬁ]@né?@hkﬂ%ﬁeﬁé%{ﬁmé&@% ;lﬁsﬂtted iR/ Ak Ftedral cﬂfer%liﬁt’glﬁbuﬁ nozzl ed
was use O Sspr I om . 4. | [s O an, a ous S 1, DN npose
of 75% by | wel ﬁ%n?x%%t'oqz\?ﬁtbemﬁv'%ysy Jargts BnS s BRR Tt (e ihoort
bodi es wi t hi n Th&end pointis thentotad apte olume (uniess slejebpthedsey e date imiisi net al
oxi de active '@@cgmmfit bh @BteRinaticrRl sTi&el pote 06I0MeB 4AY Dh\iarhdtst distibeticrme
peri o Ia an | (0] _ mzer
Rozzt el Dur | nottRE Lo Pors VAR ol &) ferhiuBhe B uieaRin gl of BRrdlp™ T
surface of thePYAPPGHY UpBEYhe Abto FoigPédRinarimantdton Nicremaiiiss GmbHded oxi di ¢
active conposi 4040rNswas, GbswanygdandWidthdfamp Be i to. dmradsll ddtom taks acti ve

conposition po oo d i : :
(alternativel y%@rﬁ% gn p%{eﬁﬁaﬁ%/a& SB?%%Q{"%;&S a{%%%éﬁﬁ%o S%Q'Qnglssat a
rotation rate G2 ¢FeMipations i H'@Q@m steryivgiion eidhe eBedhs Bufass gyea

Annul &30 coat edofcalidd s Bsin@PEmeek Teller dBBEgastamiserphivofe)))i on of oxi dic
active conposition based on the overall conposition was 20% by wei ght. The

coating PF 55545 49 _ thi ckness, viewed both ove he surface of one support
body and over TRWS BAPHECOEe A YS FURPORI T ek BERES AaebaSen T8 pim
Fi gure 14 al so{ostinats), theangividealdiostributiens af theindivideakpoe didmeders (a@bssiasposi ti on

5 powder bef orig ghbsttéms Shici segile§ RaRb MicroB5é ravd Bafe MR polPioldrhe M2/ 9) -
On th abscissa s plotied the pore dianeter in pm(logarithmc scale). On

the right ordinate is plotted the |ogarithmof the differenti al
contri bution ikigwe/1§ shows the same as Figure 14, but for multimetal oxide active

composition subsequently removed from the annular coated catalyst by
mechanical scraping (its specific surface area was 24.8 m%g).

30 Figure 17 shows the same as Figure 15, but for muitimetal oxide active
composition subsequently remove from the annular coated catalyst by
mechanical scraping. '

_ Doping as described for the coated catalysts CCP1 to CCP6 (for example with
35 Pd or Fe or Cu content increased) and/or blending allows, instead of CCM2,
coated catalysts to be obtained for an inventive posireaction stage.

K) Description of the experimenta! arrangement for the two reaction stages of the
main reaction and for the postreaction stage, and reaction description
40
First reaction stage of the main reaction



of the particular pore dianeter to the total pore volune (0 curve). The
maxi rum 1@Fi3s%8¥8at es the pore di aneter having the greatest contribution to
the total pore volune. On the left ordinate is plotted in m/g the integral
over the individual contributions of t?ﬁ i ndi vi dual pore dianeters to the
total pore volune (?curve). The end pofnt is the total pore volume (unless
st at ed ot her wi dereaafidn tibe &/2Astehl; sxtethatdinmeter 3@ notot walhinicknesngSoimt ot al
pore vol unes apgleQRA @'ibﬁ«a%%tr% nﬁ’rhslbﬁét;thuﬁizméiﬁ ) s ErargdteRém i@ @ bdeReas/ol unes.
relate to deternl?natlons by the of mercury porosinetry using the
Auto Pore 9220?17t ument from Mcroneritics GrbH, 4040 Neuss, Ger many
(bandwidth from30 Ato 0.3 mm; all data in this docunment on -
det er mi pati ons gctigpeci f iggsiad @ge areas or of m cropore volunes relate to

determ nations to DIN 66 r ace area 20
. of solids by Brunauer-E n#gei]an'(ledﬁﬁggdp %%%%ggﬁ ?gmﬁff%h{n?@#gél Figure 15
shows, for the active coﬁ‘@ﬂ@t%Hﬂ%ﬁb\?ﬂd@?”’l@é@'éfﬂétqriaﬁ%P%Hw@dy geh i/ g

(ordinate), the individual contributions of the individual pore dianeters

(abscissa, i nsaer&ggrggom 1&9&%9&%” c scale) in the mecr opore range to t he

total pore vol une 6 shows the sane as Fi 14, but f

mul ti néPal oxi de active CeENSbENIPSWILE FNOBRIEALPYF i 98 stealipripgs o nnuI ar
coated catal yst by nechgeorceiry ScmagiZmgm(x 2 mns (edarhaldisoettax engthea was 24. 8
n2lg). 30 Figure 17 showgud g cﬁﬁﬂ@teﬁo nE'?@WJ@yJ«é&ghpéﬁthé BhnuRH drisiBbdttedoxi de
active conposition subsequ F U% fromthé annul ar coated catal yst by
mechani cal scrapi ng. Dopf# C‘@ ES MSCI’I bed for the coated catalysts CCP1 to
CCP6 (for exanmple with 35 Pd or Fe or Cu content increased) and/or :

bl endi hg al | owssectidissead|pfinC@dPom coated catal ysts to be obtained for an

v angenent For the ¢ Rosba%&st Orgt RB b an bl BB TRt or e

postreaction stage, and H&&btion description 40 First reaction stage of the
mai n reacti on PF 55545 50 A reaction tube (V2A steel; external di arret er 30

char gog f rom ¢ qoresiap ik wid hElte TR e 2 SO “S|”§”ag'“ RogsPehdihe 2%
rings 8¢ geonefAy bathifp b)"’l’ﬁ'ﬁ!'% Patassiurexraiendf % bdl%tép | iR #ndc7%
internal di anetemeighs sadipmelifratepary bed. Section 2: Iength 100 cm

Second reaction stage of the main reaction

25 A reaction tube (V2A steel; external diameter 30 mm, wall thickness 2.5 mm,
internal diameter 25 mm, Iength 320 cm) was charged from top fo bottom as
follows:

Section 1: length 20 cm v
30 Preliminary bed of steatite rings of geometry 7 mm x 7 mm x 4 mm
(external diameter x iength x internai diameter).

Section 2: length 100 cm
Catalyst charge with 2 homogeneous mixture of 25% by weight of
35 ‘ steatite rings of geometry 7 mm x 3 mm x 4 mm (external diameter
x length x internal diameter) and 75% by weight of the annular
coated catalyst CCM1 (alternatively CCM2 may also be used
here). -

40 Section 3:  length 200 cm
Catalyst charge with exclusively annular coated catalyst CCM1
(alternatively CCM2 may also be used here).



10 Catal yspg ghsysge with a honpgeneous ni xture of steatite rings of
geonetry 5 mimx 3 mmx 2 nm (external dianmeter x length x internal

di aneter) and 70% by wei ght of the annul ar unsupported catalyst UCM 15
Section 3: length 170 cm Catal yst chard® with exclusively annul ar
unsupported catalyst UCM The reaction tube was thernostatted in

countercurrentusing.a nitr - . 9 et ght

pot assi um nit r£$%%eagm% tﬁbg%e%lg %rﬁ@%@%ﬁ%nﬂﬁ%{l ?ﬁ%ﬁrgég\gﬁg%e ggfl/%ﬁ%{]%?ggodi um
nitrate). SecosrPrgachealiaih 33yby weighhrotassivm NEERS.i 40 DEWRIIPESRYYBN t ube
(V2A steel ; extigiteahd Uipieight3ddiom nivate). t hi ckness 2.5 nm  internal

di anet 25 mm length: 320 cm was charged fromtop to bottomas follows:

Section 1: lengtth 20 cm 30 Prelimnary bed of steatite rin of eocrretry 7
M Xx 7 nmx 4 sel eedractionmiadss vias Bireerd an inferasdiate B‘g‘iﬁ‘e‘ir@?ge: Sect i on
2: length 100 with Gattahatstial ctheauge whiidhhthe phomiuogasaovtirerpithe fiest ofacibho by
wei ght  of X3|5e§]t‘é %Eﬁoﬁdd&%ﬁlﬁgﬂﬁéﬂ Yo s t@ﬁ?géra%r@‘@fésdbdm hgxdgr nal

di anet’er X i nterna ianeter) and 75% by wei ght of the annul ar
coat ed cat al ys¥ (alternatively CCM2 may al so be used here). 40
Sectid® 3: length 200 cm Catal yst charge with exclusively annul ar coated

catal yst CCM TN@#iﬁs?ﬂe@éﬁngs%%’ee\%@hd@é’d BoriPub SR BRI reBBicPRAD 51  The

reaction tube V\/axﬁ_‘thg&ngsﬁ atted in c,[ounter-current by neans of a nitrogen-
sparged salt bRPHTESIEY WLTHEIRBTEESi um nitrate, 40% by wei ght sodi um
nitrite and 7% by weight sodiumnitrate). 5 Between the two reaction stages
was di sposed afforh Bti6 BB b EIuERAf BfopEha (Sf¥merraBe), nert material, through
whi ch 1t5he prodﬁJ‘IfrrI.I BQS‘%ﬂ}.é&V{aleoﬂil he first reaction stage was conducted
and was cooled toa (€ ature of' 250C by indirect cooling. 10 The first
reaction stageBy-Td-efodyoshof kPously with a starting reaction gas

from 0.9 to 1.1% by vol. of CO,,

from 0.01 to 0.02% by vol. of acrolein,
from 10.4 to 10.6% by vol. of O, and,
20 as the remainder ad 100% by vol. of molecular nitrogen.

The hourly space velocity on the Catalyst charge with propene selected was
100 | (STP)//h. The salt bath temperature of the first reaction stage was 338°C.
The salt bath temperature of the second reaction stage was 264°C. To the
25 product gas mixture leaving the intermediate cooler at a temperature of 250°C
was metered sufficient compressed air which had a temperature of 140°C that a
starting reaction gas mixture was fed fo the second reaction stage in which the
ratio of molecular oxygen to acrolein (ratio of the percentages by volume) was |
1.3. ' '
30 : _
Gas chromatography analysis at the outlet of the second reaction stage gave the
foliowing results (the condensate of the gas mixture leaving the second reaction
stage was anélyzed; all constituents whose boiling point (1 atm) is = -50°C were
condensed):
35
Propene conversion: 97.5 mol%; :
selectivity of acrylic acid formation ($*.): 81.7 mol%;
~overall selectivity of secondary component formation (Seve): 1.7 mol%.

40 - In addition, the following contents were present at the outlet of the second
reaction stage: '



m xture of lt__gg igllow ng conposition: from6 to 6.2% by vol unme of propene
(pol yner - ? ? 15 from3 to 3.2% by vol. of H2O, from 0.3 to 0.5% by -
vol . of CO from0.9 to 1.1 % by vol. O CO®, from0.01 to 0.02% by vol .
of acrol ein, from 10 4 to 10.6% by vols2a O 02 and, 20 as the renai nder ad
100% by vol . of 4) |tr§ﬁ€ The hourly space velocity on the

cat al yst charg@c %ted was 100 | (STP)/1/h. The salt bath.
t enper at'ure of a@&i@ldefhydstoﬂé%cwmﬁ-m@ ;age was 338C. The salt bath

t enper at ur e of zédiR seRE R Baedliime. st age was 264C. To the. 25 product gas
m xture leaving the internmedi ate cooler at a tenperature of 250C was
nmetered sufficient corrpressed air which had a tenperature of 140C that a
starti iy react PesrapgtiomstR@re was fed to the second reaction stage in which
the ratio of nolecular oxygen to acrolein (ratio of the percentages by

vol ure) was . 13ty G5 CORHRNBIRNMARNALYS) SrbydcRlekLols i L e

second reaction, stage gav ensat e ‘of the
gas m xture | e4¥ArnR) dianeet §‘é%§)’ﬁ‘8’ fength ?’%fhcmls‘ﬂ’%%@ %’95 cgpRrharesd owrits
constituents weae idngiil wittgomoofithe @iinzémdoates! catalpEOCLEeo GEREidhsed) : 35

(Prsgpgg‘lfb ?Og‘{er?%% {b? 1%33 Z\/Pg%eﬁnﬁ%ttt@tlﬂn' 6HuTnYer¢9jrreeg’|‘F by hean&6f & nindg Eﬁh} Io?ﬂat Con
(Swe) : 1' 7. nol /garg 43i°fﬁy ‘E%?%W’ rag%n@e(yp %Bg ‘ff{]‘é@ent at the

outl et of the BIB'(I@de T%da&:\ﬁlengirltsgldagemtrﬁ’lé)55545 52 acrolein: 500 ppm by
vol une; acetal dehyde: 0.03% by volune; acetic acid: 0.14% by volune. 5

Postreaction-s e A.reactio 2A steel; external dia

wal | thi ckness*gg?aﬁmn gﬁ‘sn%f]%%r a?ﬁ”éx%? g?cogg r?ﬁﬁ%opg Evassen Vﬁ%%s in each
case cHarged odiegctly info thernostreadtion gtagewithoubintervediatecsinieading and vathewdt

catal ysts CCPI mte@m@@ﬁﬁa co'Bh@g TBelreasioh@as Wﬂ@ré’!@éwﬁd’lﬁerﬂb%iréédﬂ@d tildE was

count erurr e m Y RS BlesRoMlihd RORA - R88) B8BEk for RS Rabish Bl miRlrgnt
P ' _ eavmg the second reactlon stage of the main reaction) analyzed by gas

, - chromatography As a function of the selected postreactor charge and salt bath
20 temperature, the following results were obtained:

C_C_I?1, salt bath temperature = 270°C:

Propene conversion: 97.5 mol%;

25 SM en: 90.8 mol%;

' Sover 0.85 mol%;
Acrolein: 90 ppm by volume;
Acetaldehyde: 0.02% by volume;

~ Acetic acid: 0.07% by volume.
30

CCP2, salt bath temperature = 250°C:

Propene conversion: 97.5 mol%;

M - 90.7 mol%;

35 Sever 0.83 mol%;
Acrolein: 41 ppm by volume;
Acetaldehyde: 0.01% by volume;
Acetic acid: 0.15% by volume.

40 CCP3, salt bath temperature = 250°C:

Propene conversion: 97.5 mol%;



nitrite angF5%4y wei ght sodiumnitrate). The reaction gas m xture | eaving
the second reaction stage was conducted 15 directly into the postreaction
stage without internediate air feeding gnd without internediate cooling.
The reaction gas m xture | eaving the po@treacti on tube was (in a manner
correspondi ng 80 that already gieBaoidhed for the reaction gas mxture

| eaving the segond reaction sta ? O/Ihe mai n reaction) analyzed by gas
chr omat ography.®As .a function 0 {The sel ected postreactor charge and salt
bath 20 tenpeASTQﬁ"é the fol WG LY ¥8HMEs were obtai ned: CCPI, salt bath
tenperature Hé)t@ldehfdeopene dbh%ltmmmmé}ﬂ 5 nmol % 25 SJ pen: 90.8 mol %
Sove 0.485 mol YinceCiHd-€i n: Pro, by, ViRITe;  Acet al dehyde: 0. 02% by

vol ume; Acetic acl 0. 07% by 'vol ufre. 30 CCP2, salt bath tenperature =
250C.  Propene conversion: 97.5 nol % SMoen: 90.7 nol % 35 Sove: 0.83

mol %  Acr ol ei RCP4]1sgipbathyerupdratues = 280%k:al dehyde: 0.01 % by vol une; Acetic

acid: 0.15% by volune. 40 CCP3, salt bath tenperature = 250C. Propene
conversion: 97_5 nol (V PE 555@% SAApen: 91.7 nmol % Sove: 0.74 nol %
Acrol ein: 20 p Fﬂp&?e\? PYRIEON: Ae? APHBhyde: 0.01 % by vol ume: 5 Acetic acid:
0.17%H) vol unB. wnCCP4, salt BRthmoBaperature = 250C. Propene conversi on:
97.5 nol % 10 SAApen: 91.7 nol@so moeye: 0.69 nol % Acrolein: 30 ppm by

vol ume; ~Acet apgdgyde: < 0.01 $hy ¥ol Hime.

Acetaldehyde: < 0.01% by volume;
Acetic acid: - 0.15% by volume.
15
' CCP5, salt bath temperature = 270°C:
Propene conversion: 98.5 mol%;
SM et 92.2 mol%;

20 Sove: 0.78 mol%;
Acrolein: 80 ppm by volume;
Acetaldehyde: < 0.01% by volume; .
Acetic acid: - 0.19% by volume.

25 CCP8, salt bath temperature = 230°C:
Propene conversion: 97.7 mol%;

SMen: 91.7 mol%,;
Sover 0.83 mol%;

30 - - Acroiein: 30 ppm by volume;
Acetaldehyde: < 0.01% by volume;
Acetic acid: 0.16% by volume.

Instead of being charged with one of the annular coated catalysts CCP1 to

35 CCP8, the postreaction stage was charged in further experiments with one of the
following coated catalysts and the following results were obtained:
CCPT7:

40 Active composition stoichiometry: Mo12VaW1 2Cup 4Big 0Oy

. The preparation was as for the preparation of CCP1, but with the difference that,



Acetic acid: 0.15% by volune. 15 CCPS, salt bath tenperature = 270C
Propene coPR&b84n: 98.5 nol % SAApen: 92.2 nol % 20 Sove: 0.78 nol %
Acrol ein: 80 ppm by volume; Acetal dehyde: < 0.01 % by volume; Acetic
acid: 0.19% by volune. 25 CCP6, salt b terrperature = 230C. Propene
conversion: 97.7 nol% SAApen: 91.7 no Sove: 0.83 nmol % 30 Acrol-ein:
30 ppm by vol uater soldien 4l helbedo stua:etﬂ)lrmwmttqn 21 dI7 dnkeg of satieBi(¥Cakic §H20. 16% by
vol ume. | nst eagn&iuf&%ﬁag AEER 4R, )VWérQ sBR&d pito m@ee@mmgl Aixtup® B fat al ysts
CCP1 to 35 CCP udd %act Q d§ $ge was charged in further experinents
wi th one of th«g':él ?HFI B"%?ﬁa&? E\| ysts and the following results were
obt ai ned: CCP7: 40 Actl ve conposition stoichionetry: _
Mo12V3WL, 2Cu2. gBsjlt: 0oOx The preparation was as for the preparation of CCP1,
but with the difference that, PF 55545 54 after solution 1 had been
stirred into solution 2, 17.0 kg of solid Bi (N03)3.5H20 (nmanufacturer:
ABCR 98% wer 8altpathiempemtse £#80 @sul ting m xture before the aqueous NH3
sol ution was aHd:fpéneEonR@wbrﬁ 97%mbl%at h tenperature = 250C Propene
conversion: 97g5 (T%WHM 91.8 nmD1% 10 Sove: 0.69 MOM Acrol ein: 20 ppm
by volume; Ac f%\ e1h|$\f/1 < 0.01 % by volune; Acetic acid: 0.16% by
vol ume? 15 pleo conposition stoichionetry: M12V3W. ZCUZ 4Col. ox
Acrolem 20 ppm by volume;

Acetaldehyde: < 0.01% by volume;
Acetic acid: 0.16% by volume.

15 ) :
CCPS8:
Active composition stoichiometry: Mo, 2V3W1,2Cu2,4Co1 00«

20 The preparation was as for the preparation of CCP1, but with the difference that,
after solution 1 had been stirred into solution 2, 10.5 kg of solid Co(NQO;), « 6H,O
(manufacturer: ABCR, 98%) were stirred into the resulting mixture before the
aqueous NHj; solution was added..

25 Resuit:

Salt bath temperature = 250°C
Propene conversion: 97.5 mol%
Sper: 91.7 mol%

30 Sove: 0.70 mol%
Acrolein; 24 ppm by volume;
Acetaldehyde: 0.01% by volume;
Acetic acid: 0.16% by volume,

35 US Provisional Patent Application No. 60/566,398, filed on 04.30.2004, is incorporated
into the present application by literature reference. With regard to the abovementioned
teachings, numerous alterations and deviations from the present invention are
possible. It can therefore be assumed that, within the scope of the appended claims,
the invention may be performed differently to the way specifically described herein.

40



20 The pr(ﬂaiggﬁon was as for the preparation of CCPl, but with the
difference that, after solution | had been stirred into solution 2, 10.5
kg of solid Co(N03)2 - 6H20 (nanufacturer: ABCR, 98% were stirred into the
resulting mxture before the aqueous BB3 solution was added.. 25 Result:
Salt bath = 250C Propene conversion: 97.5 nol % Spy,"": 91.7
nol % 30 S&/ﬁ/@é’{ﬁ%&@%ﬁggf% Acrol ein: 24 ppm by volune; Acetal dehyde: 0.01 %
by volume; Acetic acid: 0.16% by volune. 35 US Provisional Patent
Applicati dn N& préCessa6r, Beparingi dopdic eriddy. 3fera@dwousiy catatyaeppadibbd into the

present appli c3da8bn BYatlibdstbaé Y BydBERHERN BRcuMbE forhSdMadwh&relnBe
abovenent i oned ' fromthe

t eachi , hunerous alterations. a deviatio
presen inventhSF??lélgEec{]"g@soéiSB‘foé‘fjaTytco “?ﬁ*é?fé‘?%‘roar%@ ‘%%3‘[%@8'%hat, Wi t hin
t he scope of the appended clains, the invention nay be perforned

differently tqhb"p?odé@&’aé&ﬁ@ih? ko @bilhy1, daresih Bed idhen @i Relot0 PF 55545 55 What
is clained is: 1. A process for preparing acrylic acid by heterogeneously

catal yzed partial oxidation of at |east one C3 hydrocarbon precursor
conpound, 3wherlEekreagss agcasdiag i ¢laige].aderain Sy. if <3 80o®itar y conponent
f ormatipon Seve is s1.5 nmol % 2. The process according to claim1, wherein

Seve is 1ol 3 3R ibecs2acdNARILEARS SROLHSNY S Cocl Abip 1. wherein Sege i

< 1.0 nol % process accor to €Elfarm1, erein Seve is < 0.8
nmol % 5. The process according to any of clainms 1 to 4, wherein the C3
hydrocarb&n prhequocsss accoping sl ansofiaine Neo dndhédad the Quénéroeambesr si on CPe

I's > 95 nol % aﬂr%zgjr&r cgh'foﬂﬁdjﬁ%icg)ﬁeﬁﬁ%ﬂgqﬁ@&g?@n@&%n\%isé&{ ;m%r_ pé R\Ofl’/b.‘ wher ei n

.the C3_hydroc N precursor ound i s open opene
converlSion C ," is -,96 nol % 7, The process according to any of clains |
to 4, whefei n Thherdg@dshachoodiag woamy2d claires 0 ts érwitsraindbe &, hgdrpcaypeme and t he

propene 'convebsécefso%orﬁﬁémas%?bpgﬁé %d E‘:Oe &Bﬁer@r&ﬁ@%%ioﬂ@@figiarg@ rhQo@ny of

clains 1 to 4, wherein the C3 hydrocarbon conpound I's propene and the
propene - conversion CPe" is > 98 nmol% 25 9. The process according to any of
clains 1 to 8 Thehceshacdeedi@Btdgmyrafclrirboh to 4, wherein the C; hydrocarbon '

20 . precursor compound is propene and the propene conversion CF'E"_ is =97 mol%.

8. The process according to any of claims 1 to 4, wherein the C; hydrocarbon
compound is propene and the propene conversion C™" is =98 moi%.

25 9. The process according to any of claims 1 to 8, wherein the C; hydrocarbon
compound is propene, and the selectivity of acrylic acid formation SMpen is
=90 mol%.

10. The process according to any of claims 1 to 8, wherein the Cs hydrocarbon
30 compound is propene, and the selectivity of acrylic acid formation S",.; is
=92 mol%.

11.  The process according to any of claims 1 to 8, wherein the C; hydrocarbon
compound is propene, and the selectivity of acrylic acid formation SAApen is
35 =94 mol%.

12. The process according to any of claims 1 to 11, wherein acry!ic acid is initiaily
obtained in a main reaction by heterogeneously catalyzed partial oxidation of at
‘least one C; hydrocarbon precursor compound in such a way that the overall
40 selectivity of secondary component formation Sy is =1.7 mol% and the
resulting product gas mixture is subsequently, if appropriate after addition of inert
gas or of molecular oxygen or of a mixture of molecular 6xygen and inert gas, in

17 Drawings



conpound iﬁpggmene, and the selectivity of acrylic acid formati on SAApen
is > 90 nmol% 10. The process according to any of clains 1 to 8, wherein
t he C3 hydrocarbon 30 conpound is propene, and the selectivity of acrylic
acid formation SWpen is 7?92 nol % 11. 3%he process according to any of

claims | to 8 ybaicabiord d0d3h INAQARRBARBOMBIRALI iR oBiIPREABISANT t he

selectivity of acrylic acid fornmation. SAApen I1s. 35 > 94 nol % ~12. The
process accor dif PS8 SRy 2 yép%&ﬁ%aﬁwq%aAcﬁpremrj%ﬁﬁ p&g&gﬁtp@s qeftye s |
initially obtremaing suhstantiedly unekanged owhilsythe secondgermempongnisaredepkiad parti a
oxi dation of ahe plRmet gdaNfixfude BiCHtOSRE PAy BHRBUSIEPTo ERPPRPGAELS dhdsuch a way
that the overal# 40 selectivity of secondary conponent fornmation Seve is

>1.7 | % and YHE resul ti ng product gas mxture is subsequently, if
appropriate after addition of inert gas or of nolecul ar oxygen or of a

m xt ure of13molTePredese arERbing f6l clain®l 2, vildSein itk CLHydRb@bdIgseBlirs§5545 56  a

postreaction s . e ed tenperature, conducted through a catal yst
charge in suchéog%%/auﬁ&fshé{ﬁg fe acrylic acid present in the product gas

m xture remains substantially unchanged, while the secondary conponents
presentd i n4.t MEhepsrocksstacg@elingita tlalre 13/ @hatinltR@ St hpdrbédrore preleusbed to car bon
oxi des and 5 rocess according to claim12, wherein the C3
hydr ocar bon p‘r’%@fﬂoggc}%%% gnoel?nd is propane. 10 14. The process according to
claim 12, wherein the C3 hydrocarbon precursor conpound is propene. 15.
The procesl$. actier mocasstascoidmgrto £iéim whewiedraintthe propope oenvemsiveCsT irth€Pen i n

the main reachhiReddioRicd208Ral,. 15 16. The process according to claim 14,
Wherei1§ t he propene conversion open in the main reactionis > 96 nol% 17.
(o}

The pr'dcess according to any of clainms 14 to 16, wherein the selectivity of-
acrylic 26. acire frocasatacoordiBiyie nlainm 14 hehareinrthe prapen@ooriversioro0™hiolthe 18. The
process accor dhhf rés:tieR 2bs flop,Ms 14 to 16, wherein the selectivity of
acrylic acid formation SApen in the main reaction is > 95 nmol % 25 19. The
process according to any of clainms 14 to 18, wherein acrylic acid is
obt ai ned 17n tHe pre¢assaseadingrio BYy of daimsstiddgd Shebereingdos eelastivily ohactyiczed
parti @y oxi datdciforRatiodrSFOENR tha Rairdbidne JWUhdlY,. space vel ocity on the
catal yst bed of the first

18. The process according to any of claims 14 to 16, wherein the selectivity of acrylic

acid formation S’E""pen in the main reaction is =95 mol%.

25 19. The process according to any of claims 14 to 18, wherein acrylic acid is obtained
in the main reaction by a two-stage heterogeneously catalyzed partial oxidation
of propene, and both the hourly space velocity on the catalyst bed of the first
reaction stage with propene and the hourly space velocity on the catalyst bed of

~ the second reaction stage with acrolein are in the range from =120 | (STP)/i/h

30 and <300 1 (STP)I/h.

20. The process according to claim 19, wherein both the hourly space velocity on the
catalyst bed of the first reaction stage with propene and the hourly space velocity
on the catalyst bed of the second reaction stage with acrolein are in the range

35 from =130 | (STP)//h and <300 | (STP)//h. v

21. The process according to any of claims 12 to 20, wherein the active composition
of the catalyst charge of the postreaction stage is at least one multimetal oxide of
the general formula 1
40 ‘
MooV X XXX X0, (1)



reaction %&aﬁ g/ith propene and the hourly space velocity on the catal yst
bed of t (‘:” nd reaction stage with acrolein are in the range from>_120
1 (STP)/1/h 30 and : 300 | (STP)/1/h. 20. The process according to claim .
19, wherein both the hourly space velogrty on the catalyst bed of the
first reaction stage with propene and the hourly space velocity on the
~catal yst bed ¥ %e second reaction stage with acrolein are in the range 35
from> 130 1 (STP)/I/h and :5300 | (STP)/I/h. 21. The process according to

any of clai ms X2 iy N TaWOeaRd/& ¢de active conposition of the catalyst
charge of the . pQostyeacti o t,age i s-at |east one nultinetal oxide of the
general forml’y | bﬁfoﬁ'k/?fze%i‘f%g%’l%éweXSf X6gX7A (1) PF 55545 57 where X1
= W NB, Ta, ¢ =aR8/epd/ocBl, X2 = Cu, Ni, Co, Fe, Mh and/or Zn, 5 X3 = Sb
and/ or Bi, X4 x*=088e oF moRy &kl isetals, metal s, X5 = one or nore al kaline earth

metals, X6 =.3i ' = Pd, Pt, Ag, Rh and/or Ir, 10 a =
from1l to 6, B(S Pfg?gmobr};él{egﬂ%ﬂ%eéﬁg%%ala5 to 18, d =fromO to 40, e= -

from Oto2, 15% % Pbmlokigadiorgn= fromo to 40, h fromO to 1, and n = a .
nunber whi ch X =detepiyanerh byd/ohe, val ency and frequency of the elenments in
| oth t han g 2. The process according to any of clains 12 to
20, V\ﬁgrei n t%éya@?]vﬁt%cﬁczbrrposi tion of the catalyst charge of the '
postreaction é’c'—aggo'inso-%fo‘fﬁeast one multimetal oxide of the general formula-
11 25 MO VSMcREbdChto18,1) where

= from 0 {o 40,
= fromOto 2,
156 - = from0to4,
- g= from 0 to 40,
= ,fromOtoﬁ,and _
=" a number which is determined by the valency and frequency of the
elements in | other than oxygen.

20
22.  The process according to any of claims 12 to 20, wherein the active composition
~ of the catalyst charge of the postreaction stage is at least one multimetal oxide of
the general formula {1l |
25 Mo V.M' MZM30,  (1H)
where
M' = atleast one of the elements from the group consisting of Te and Sb;
30 M? = at least one of the elements from the group consisting of Nb, Ti, W, Ta and
Ce;
M® = at least one of the elements from the group consisting of Pb, Ni, Co, Bi,
Pd, Ag, Pt, Cu, Au, Ga, Zn, Sn, in, Re, Ir, Sm, S¢, Y, Pr, Nd and Tb;
35 a= from0.01to1,
b= from>0io1,
c= from>0to1,
d= from 0to 0.5, preferably from > 0 to 0.5, and
n = a number which is determined by the valency and frequency of the
40 elements in Il other than oxygen,

and an x-ray diffractogram which has reflections h, i and k whose peak locations



M = at | F’%S% gge of the elenments fromthe group consisting of Te and Sb;
30 M = at | 3 one of the elenents fromthe group consisting of Nb, Ti,
W Ta and Ce; M3 = at |least one of the elenents fromthe group consisting
of Pb, Ni, Co, Bi, Pd, Ag, Pt, Cu, Ausg&@, Zn, Sn, In, Re, Ir, Sm Sc, Y,

e

Pr, Nd and Th; 35 a = fromO0. 01 1 = fr > O taq, = from>Qol, d
om0 to 028 SPerelesim g0 61 2286 057 e hank 2 2l TR s

det ermi ned by (khandral ency and frequency of the 40 elenments in II[ other

t han oxygen, and an x-ray diffractogramwhich has reflections h, i and k

whose peak | ocatigns PFE.55545 58 .are at the reflection.angles (2 of 22.2
0.5 (np 21.5" o B8Fafiectctin Bge e it PlrshEnith iR AaReSR A%as « he

hi ghes® i ntensi t yhaifFheight widib okatmgstdi-3% ract ogram and a 5 hal f-hei ght wi dth
of at. nost 0.5, -thklehdity®nai thy réflectidn tdiR the @ity PRof thanghechen knt ensi ty Pk

of the reflection_k : r i i . . in.which Ris

the intensity rat?ag'_swzﬁé f"'ﬁ%"%@st"@ %%r%ﬁ@%?ﬁ%i’?ﬁﬁ?@&%&'Jaﬁ%nd - the

hal f - hei ght wi dt hdefined B thesfioredai on i and of the reflection k are each 5_1
15 23. The process according to any of clains 1 to 4, wherein the C3

hydr oggrbon precursor conpound ig PEIRENER,),
and

- the half-height width of the reflection i and of the reflection k are each <1°.

15 | o | o

23. The process according to any of claims 1 to 4, wherein the C, hydrocarbon
" precursor compound is propane. |



