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it is commonly known that partial and heterogeneously catalyzed oxidation of a very
wide range of organic compounds using molecular oxygen in the gas phase allows
numerous basic chemicals to be obtained. Examples include the conversion of propyl-
ene to acrolein and/or acrylic acid (cf., for example, DE-A 23 51 151), the conversion of
35 tert-butanal, isobutene, isobutane, isobutyraldehyde or the methyl ether of tert-butanol
to methacrolein and/or methacrylic acid (cf., for example, DE-A 25 26 238, EP- -
A 92097, EP-A 58927, DE-A 41 32 263, DE-A 41 32 684 and DE-A 40 22 212), the
conversion of acrolein to acrylic acid, the conversion of methacrolein to methacrylic
acid (cf., for example, DE-A 25 26 238), the conversion of o-xylene, p-xylene or naph-
40 thalene to phthalic anhydride (cf., for example, EP-A 522 871) or the corresponding
acids, and also the conversion of butadiene to maleic anhydride (cf., for example, DE-
A 2106 796 and DE-A 16 24 921), the conversion of n-butane to maleic anhydride (cf.,
for example, GB-A 14 64 198 and GB 12 91 354), the conversion of inrdanes to, for
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Usually, heterogeneously catalyzed gas phase partial oxidations, in particular those
30 mentioned above, are carried out at elevated temperature (generally a few hundred °C,
typically from 100 to 600°C).

Since most heterogeneously catalyzed gas phase partial oxidations proceed highly
exothermically, for reasons of heat removal, they are appropriately carried out fre-

35 quently in a fiuidized bed or in isothermal fixed bed reactors where they are disposed in
a reaction chamber around which a heat exchange medium is passed for the purpose
of indirect heat exchange (for example, the catalyst bed may be disposed as a fixed
bed in the catalyst tubes of a tube bundle reactor around which a salt melt is conducted
for heat removal).

40
However, heterogeneously catalyzed gas phase partial oxidations may in principle also

" be carried out in catalyst beds disposed in adiabatic reactors.
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in a como®@sR PAYR OXdRtigh S case oxi dant can be suppl enented between 30
successive reactors; nultiple stages are enpl oyed especially when the
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of organic compounds, the gas phase partial oxidation, in contrast to the one-stage
heterogeneously catalyzed gas phase partial oxidation, is carried out not in one, but
rather in at least two, reactors connected in series (which can merge into cne another -
seamlessly in a common casing), in which case oxidant can be supplemented between
30 successive reactors; multiple stages are employed especially when the partial oxidation
proceeds in successive steps; in these cases, it is frequently appropriate to optimize
both the catalyst and the other reaction conditions to the particular reaction step and to
carry out the reaction step in a dedicated reactor, in a separate reaction stage; how-
ever, it can also be employed if, for reasons of heat removal or for other reasons (cf.,
35 for example, DE-A 19902562), the conversion is spread over a plurality of reactors
connected in series; an example of a heterogeneously catalyzed gas phase partial oxi-
dation which is frequently carried out in two stages is the partial oxidation of propyiene
to acrylic acid; in the first reaction stage, the propylene is oxidized to acrolein and, in
the second reaction stage, the acrolein to acrylic acid; correspondingly, the preparation
40  of methacrylic acid is usually carried out in two stages starting from isobutene; how-
ever, when suitable catalyst charges are used, both aforementioned partial oxidations
can also be carried out in one stage (both steps in one reactor) heterogeneously cata-
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can be operated substantially continuously over prolonged periods over one and the
‘same catalyst beds. The reaction conditions may generally be kept substantially con-
stant.

30
However, the catalyst bed loses quality in the course of the operating time. In general,
the activity in particular of the at least one catalyst bed deteriorates. This is disadvan-
tageous in particular because the reactant conversion is thus reduced with increasing
operating time of the at least one catalyst bed under otherwise constant operating con-

35 ditions, which reduces the poésible space-time yield.

EP-A 990 636 and EP-A 11 06 598 attempt to take into account the aforementioned
development in the long-term operation of a heterogeneously catalyzed gas phase par-
tial oxidation of at least one ofgenic' compound over one and the same catalyst bed by
40  gradually increasing the temperature of the catalyst bed in the course of the operating
time under otherwise substantially constant operating conditions, in order to substan-
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maximum the exchange of the catalyst bed in the isothermal reactor.

However, a disadvantage of this procedure is that it requires an increased number of
30 reactors and thus increased investment. '

In view of the prior art described, it is an object of the present invention fo provide an

improved process for the long-term operation of a heterogeneously catalyzed gas

phase partial' oxidation of at least one organic compound in at least one oxidation reac-
35 tor and over at least one (one and the same) catélyst bed. '

Accordingly, a process has been found for the long-term operation of a heterogene-
ously catalyzed gas phase partial oxidation of at least one organic compound in at least
one oxidation reactor, in which a starting reaction gas mixture comprising the at least
40  one organic compound, molecular oxygen and at least one inert diluent gas is passed
through at least one catalyst bed at elevated temperature, which comprises, in order to
counteract the deactivation of the at least one catalyst bed, increasing the working
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30 (holes in the simplest case) which may successively be partly or fully closed.

The pressure regulating unit does not necessarily have to be mounted directly down-
stream of the relevant oxidation reactor. Rather, it is sufficient to realize the inventive
procedure when the pressure regulating apparatus is introduced into the further flow '

35 path of the product gas mixture leaving the oxidation reactor in question and the pres-
sure increase is propagated into the oxidation reaction as a result of back pressure. In
other words, when the product gas mixture leaving the oxidation reactor is subse-
quently conducted into the lower region of a column for absorbing the target product in
an absorption liquid introduced, for example, in the upper region of the column, the

40 pressure regulator may also be disposed at the top of the absorption column. However,
this variant will generally be less preferred, since column pressures are typically com-
paratively restricted for safety reasons. The absorption behavior might also be ad-
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30 Advantageously in accordance with the invention, the inventive pressure increase will
be undertaken continuously and as a function of the deactivation rate of the at least
one catalyst bed (a measure of the activity is the temperature which is required in order
to achieve, at the same hourly space velocity on the catalyst bed and the same working
pressure, the same reactant conversion based on single pass of the reaction gas mix-

35 ture through the catalyst bed). However, it may also be undertaken in stages.

The highest value of the inventive increase in the working pressure is generally
achieved when a further increase in the working pressure is accompanied by a signifi-
cant reduction in the selectivity of target product formation. The latter may occur, for
40 example, when excessively iong residence times of the reactants over the sites on the
catalyst surface which are still fully active lead to increasing full combustion, which re-
duces the vyield of target product. However, such a reduction in selectivity can also be
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out in tube bundle reactors in two stages, of propene to acrolein or of acrolein to acrylic

30 acid, as described, for exampie, in the documents EP-A 700 893, EP-A 700 714, DE-

A 19 91 0508, DE-A 19 91 9596, DE-A 10351269, DE-A 10350812, DE-A 10350822,

EP-A 1159 247, DE-A 10 31 3208, DE-A 102004021764, DE-A 19 94 8248, EP-

A 990 636, EP-A 11 06 598, DE-A 30 02 8289 and DE-A 10232482.

35 The process according fo the invention is suitable for a heterogeneously catalyzed gas
phase fixed bed partial oxidation of propene to acrolein especially when the catalysts
used are those whose active composition is a multielement oxide which comprises the
elements molybdenum and/or tungsten, and also at least one of the elements bismuth,
tellurium, antimony, tin and copper, or is a multimetal oxide comprising the elements

40 Mo, Bi and Fe. Multimetal oxide compositions of the aforementioned type which
comprise Mo, Bi and Fe and are particularly suitable in accordance with the invention
are in particular the multimetal oxide compositions comprising Mo, Bi and Fe which are
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example 1 of DE-A 19746210. Mention should aiso be made of the multimetal oxide
catalysts of US-A 4438217. The latter is true in particular when these have a hollow

30  cylinder geometry of the dimensions 5.5 mm x 3 mm x 3.5 mm, or
Smmx2mmx2mm,or5mmx3mmx2mm, or&mmx3mmx3mm,or
7 mm x 3 mm x 4 mm (each external diameter x height x internal diameter). Likewise
suitable in the context of the present invention are the muiltimetal oxide catalysts and
geometries of DE-A 10101695 or WO 02/062737.

3B
Also very suitable in the context of the present invention are example 1 of
DE-A 10046957 (stoichiometry: [Bi,W.Qg X 2WQ3]y 5 * [M012C05 6Fe204Si1 50Ko.0s0x]1) @s
an unsupported hollow cylinder (ring) catalyst of geometry 5 mm x 3 mm x 2 mm or

~ 5mm x 2 mm x.2 mm (each external diameter x length x internal diameter), and also

40 the coated catalysts 1, 2 and 3 of DE-A 10063162 (stoichiomeiry:

Mo12Biy oFesCo,8is 6K 0s), €Xcept as annular coated catalysts of appropriate coating
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mul ti netal oxi 3@1%6\%%6%%}%% ons particularly @{u table for the 5

catal ysts of a propene partial oxidation to acrolein in the context of the
present10 i myehichdie eaiables aew catpadest®ed abyollolve: general fornul a |

Mb12Bi aFebX1cX2dX3eX4fOn (1) 10 in which the variables are each defined as
follows: X1,= nickel %nd/or cobalt, X2 = thallium an alkali nmetal and/or an
al kal i ne edY th Rf@landiescaball.nc  phosphorus, arsenic, boron, antinony, tin,
cerium | edd =andhatium, @angiitad metalEhd¥t an afiidine earth mdetali num tit ani um and/ or

zirconi um ya_= i i I o4, cC =
fromo0,to %,_ p‘;zgf@ g%@rﬁf%@?'oé}s?lé’ﬁ?@ae%éﬁ'Enﬁ‘%grgnﬁﬁre?g agdfﬁgreﬁ etretgbl y from
0.02 td°2, %= FIIERR GlUTgnym. Haripmandidr ZreQli™® to 5, f = from 0 to 10 and n
= a nunber which is determ ned by the val ency and frequency of the el enents
in | othep thagegxy§eNs, 25 They are obtainable in a manner known per se
(see, for exanple - A 402323 nd,.are customarily shaped undiluted to

gi ve spherés; r%rﬂ@sd?ET(Aéc@lqr 8'@%13’%?’“&1‘% ‘used in the formof coated

cat al yst s, Ci Te. rpmekiedidedreaferably froopptr 10.bodi es coated with the active

20 d = from 0 to 2, preferably from 0.02 to 2,
e = from 0 to 8, preferably from 0 to 5,
f= from0to 10 and
n = anumber which is determined by the valency and frequency of the elements in |
other than oxygen.
25

They are obtainable in a manner known per se (see, for example, DE-A 4023239) and

are customarily shaped undiluted to give spheres, rings or cylinders or else used in the

form of coated catalysts, i.e. preshaped inert support bodies coated with the active

composition. It will be appreciated that they may also be used as catalysts in powder
30 form.

In principle, active compaositions of the general formula | can be prepared in a simple
manner by obtaining a very intimate, preferably finely divided dry mixture
corresponding to their stoichiometry from suitable sources of their elemental
35 constituents and calcining it at temperatures of from 350 to 650°C. The calcination may
be effected either under inert gas or under an oxidative atmosphere, for example air
(mixture of inert gas and oxygen) and aiso under a reducing atmosphere (for example
mixture of inert gas, NH;, CO and/or Hy). The calcination time can be from a few
minutes to a few hours and typically decreases with temperature. Useful sources for
40 the elemental constituents of the multimetat oxide active comipositions | are those
- compounds which are already oxides and/or those compounds which can be converted
to oxides by heating, at least in the presence of oxygen.



conposition. It will be appreciated that they may al so be used as catal ysts
in powder pEségygm | n principle, active conpositions of the general fornula
| can be prepared in a sinple manner by obtaining a very intimte,
preferably finely divided dry m xture corresponding to their stoichionetry
from suitable sources of their el enentall135 constituents and calcining it at
tenperatures of from 350 to 650C. The calcination may be effected either
under an oxj dative atnosphere, for exanple air m xt ure

under inert gga’ or

of inert gdd2ddifonR %H)"d%é”éh gaefu'rﬁi@?m%cwga@m ﬁd‘%‘i%@ﬁﬁ@&cé'a( fglidegxanpl e

m xt ur e of nitredes, fgamted\bBgalales) dinaténracktaled) carbheates |amminatoraplekésre can be from
a few  m ningfodiom3aledhdIBMfaraitbs! (hinbalrd sder 68 REEOHINM)ICRIDREAKDYL©

Usef ul r 40 n nstituents o Yiinetal oXi de
active onﬁ@‘i‘éﬂ'{ QHPCQE% ﬂ#@gg é@é?ﬂf@ﬁrﬂi@mﬁﬂf‘@wxé[aée yﬁcgg‘ﬁﬁor&?%s and/ or

t hose conpandis cambe klecempdsed corater taldning at theilatest th givieeatrpogndsawhickast i n
the pr eSGnQ@IeQ&ecpiﬁ)gﬁgébusRErﬁéépﬁe &adltldd&”?ﬁ\‘ébltdo%e& (td 1h8 ifih&te giry such useful

starting co ds “include in particular halid nitrates, forrrates
oxal at es, es acet ates, carbonates, am ne corrpl exes, anmoni um sal ts
and/ or hydrOX|des (corrpounds such as NH4C]-| (NH4) 2CQC3, NH4NCB 5 NH4ACHO2,

CH3COO0Hp NH%%%% eoHlh &fndamrtyaéwh@wm@tamcféhc@eéemﬁaéﬁnor%n%ﬁrbecan be

d d.g h
ot oncoq 1 i8R reaR uBt ity Wi e A i oy B TR St e
dry mi xt urcenpoyndsiie advantegenysyispoanfisely dwnq@dmaderﬁganﬁﬁuble@t&ddp oxi de

?ﬁt | ve conparirationsftér hijing2Ad obfidrdiBérabactii Xesvéver Jirkfefinck s ¥ioén fcprm V\IhencI
e ar e e use
ho T nety Gk g g %@aﬁﬁw % o R ReRey RE Y QERE 2, 0o
opti ondP céﬁwm thﬁdormﬁﬂfmueow é@lémm@/t?@ugm%m Barticylerlyrigtiaats stiyng i n wet
form Cust onrurdsyare bb®irkdan thengixng g desdridediwhed thd §tartid f@ﬁhté@l@bi‘eer in
the form Ofexa[] yﬁ&g%eé&’tﬁ& e%ﬂwe% c8ﬁstﬁ}é§.?se %BNBE’ gdrb%“rH ?ﬁlet'J&PrQﬁ;e dry

m xtures are O Process escr sta
materi al s @f@eraéwai@r %P%@GG‘&%@? Qﬁuepﬁ%cwmﬁéfmnaﬂbt@w%lsmaérﬂr@ tha
di ssol ved fdeyimg probesssis breferably 2¢fdcted by gpelyeirby thevaiuebus Sixdereguexit |y, the

aqueouségcggg)r{sq%érg{up ﬁ)&ﬁ%é]ﬁg t%mQFb%m%Stéjﬂﬁ) cdrying process is preferably

effecte ray- aqueous m xture at exit 20 tenperatures from
the spray tower of from 100 to 150C. Typically, the multinetal oxide active
conposi t i ofTypicéliy, the rgeitidetl ofide attive cormpositiorsesf the gertdral fomudal | amtudeddt bed

e Sy nd B bed 415 pRIARET A RuhSihibe SR ol 00, 700
For exanpl Seorﬂ?ﬁg'ﬁﬁpaﬂdtt@ﬁ spaping sy Se cHRCtad efiherbaiarg of Aideh e Bngl saAGERlPHr m of
the ag@bi v&orexgusetumopmortedtcataystatari mpl'epmadmnpmetpoafdbyfonalottmaed
precursor  GafROSIHd8RioRYr its uncalcined and/or partially calcined precursor composition by
compacting to the desired catalyst geometry (for example by tableting or extruding),
optionally with the addition of assistants, for example graphite or stearic acid as
lubricants and/or shaping assistants and reinforcing agents such as microfibers of
30 dlass, asbestos, silicon carbide or potassium titanate. Examples of suitable
unsupported catalyst geometries inciude solid cylinders or hollow cylinders having an
external diameter and a length of from 2 to 10 mm. [n the case of the hollow cylinder, a
wall thickness of from 1 to 3 mm is advantageous. It will be appreciated that the
unsupported catalyst can also have spherical geometry, and the spherical diameter can
35 befrom2to 10 mm.

A particularly advantageous hollow cylinder geometry is 5 mm x 3 mm x 2 mm
- (externa! diameter x length x internal diameter), in particular in the case of unsupported
catalysts.
40
It wilt be appreciated that the pulverulent active composition or its pulverulent precursor
composition which is yet to be calcined and/or partially calcined may also be shaped by



conpacting to the desired catalyst geonetry (for exarrpl e by tableting or
ext rudi ng) PF&%80fonal |y with the addition of assistants, for exanple
graphite or stearic acid as lubri cants and/or shaping assistants and
reinforcing agents such as mcrofibers 30 glass, asbestos, silicon
carbide or potassiumtitanate. Exanples of suitable unsupported cat al yst
geonet r i esapplging depreshapkdoinert natelyst supphids. [Tiwe coglingnefdne supporirpdies toext er nal

gl ?Fﬁég: a ﬂ)d@cé ﬁiézgéd&téaf caftél P é?leﬂéﬂ erdtlﬁ'@ stisfe fdtatabrR \J&@Jséloéi‘é be
a);;pr eci ate 'SF|W§ f‘f"w'hexg %ﬁﬁ I*&%@%%? Agg%é@l ?&R&ggzg(ﬁsrﬂ eorret ry,
and the spRépRAEEROdiRSa thetRawdes ROMBSSIting tﬂrb@rﬁDQ"QCb'S advaniagenuglmagistaned | y
dean: ageound baéd ayaig witérgplicaean®t é)leérhpﬂeﬁ m@ahs 3f RaDak, ?héTE@Jath gxter nal

I anet er X f I n
ineuppor t odAge, ?f‘th%‘@%ﬁﬁ%a%"%vaﬁﬁ‘ﬁﬁ%éﬁ'geg RSk by b AaBEaRI o
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appl ying t Bopi&shanedsbAR! be SANRLYSL SUPROLLS gﬁled 410feSRbbP fofbe b uppor
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bodies to "pro sui tabl e
rot at abPe ff@@ﬁwspagsmlaP%%Cr"di@@dhefﬁe (fenexamP nwfq_ﬂz A 2909671, EP-A 293859
or EP-A 714700. To coat the support bodies, the powder conposition to be

2)‘22;{)?2 Ibfl %gfgﬁgﬁpggﬁ%?éﬁal@r‘eﬁihg @E&o Gafjg% ﬂhé c?r%ﬂé@r‘o% [uh%‘ﬁurﬁ" ngdlegat fon, for -
conposi ti ofiliegRAipede. ttBori%d'gﬁ'EB&‘rtcoﬁ'H ipxide, giligen ﬁﬂéﬁﬁéﬂr?”'c%téfﬁ 8YEME8 i t hi n
the range fragnediOmtstica@Qd apmingnaflieatebThewdanbratly bbeavessupetahtiailyibértiyo 500 pm

and noge pgfh ?éqaa% o tWétté} & é?&lc{gad?\gﬁ'uétf f?l@p%g'&sg %Flgozg nggé ibInRah ivRky, the

powder co on to € support bodies
directly nﬁ@?fqa@m%s §Q%Bé¥?§g%nﬁ@r3”§§?’ﬁpﬁj‘gﬁs F‘i‘{bﬁ%’&fa Teeylar exigReH! 5P§rha%t er).
Usef ul suppitrdugheredeicats xsamerttbeegnjaﬂythpgd puppoithodiesrianing rchnmscfalumne um

oxides, _StdugfifBsslidPekaBple! ?Héﬂe@@rﬁbw mn?&grltsers'uuémft&efééﬂ@bs@nlns

bi d I i t Th
Genor al |y BRIV SUEPPANr o HErToR) SURporf Fiec £) SieaEqe Shalea et cac | on

on whi 2 tﬂemrﬁeramgec)animecﬁxaigeteolsﬁﬂom 1 tovie i, ereferabiytfeom Bite Stmmeact i on st age

i s based. ﬁBﬂe%fPQﬁtrabl R0Ah6% b6&Bs Q@H%c%d'éf‘cﬁ}hﬂo%rrs Rhodd I QH'u@fror%*ﬁBe
al though p es h

t
di stinct s u genc r%mB'H \Q/SN?‘OP% P’r(@&?r'r% Iag%égeﬁ Fﬁa&%@ 435%6?%%9(:@ mrﬂhﬁ/@’% t is
sui t abl e t casgsef ringdstitabid a8 $ypporidogies eosqordieg td thednventighdhewal fiicknessls
supports ”BI@@ tﬁﬁcaﬁ‘} ?raltn' {® 4 fnd Ac§(§r@ f't& ﬁhqu‘?é}ltlglq afrfnGIE\' %p’ﬁﬁT&ﬁ)esWB%e

di anet sui tabl e
suppor ?é boﬂ?%gprg}eé%bw hRY&# ng{pl qfﬁag} @Eb al"éeﬁ‘gﬁr ali déar?‘?‘t%rrﬁv}gr%‘n 19 mm (e. g.
8 mm) and &inusendatvalitbickatsambirem i to X mowSaitalde a9 supnofidhagiesacapidingia t he

the invention are in particular rings of the geometry 7 mm % 3 mm x 4 mm or 5mm x

3mm x 2mm (external diameter x length x internal diameter). It will be appreciated that

the fineness of the catalytically active oxide compositions to be applied to the surface

30 of the support body will be adapted to the desired coating thickness (cf. EP-A 714 700).

Multimetal oxide active compositions which are particularly suitable for the catalysts of
the fixed catalyst bed of a propene partial oxidation to acrolein in the coniext of the
present invention are also compositions of the general formula Il
35
Y'Y O Y Yo Y Y Y200, (i)

in which the variables are each defined as follows:
40 Y'= only bismuth or bismuth and at least one of the elements tellurium, antlmony, t|n

and copper,
Y2 =" molybdenum or molybdenum and tungsten,



case of ri ng__ sui tabl e as support bodi es accordi ng to the invention, the
wal | thi ckP&s%808 also typically from1l to 4 nm According to the

i nvention, annul ar support bodies to be 25 used preferably have a | ength of
from2 to 6 mm an external dianeter of ,from4 to 8 mmand a wall thickness
of from1l tg 2 mm Suitable as support bodies according to the invention
are in par i cuparlkefi mptalothalile agdmsamaridnnm x 3 nmx 4 nmor 5mm x  3nmm x
2mm (ext er Yk dhan@tlieg et @BEH, Mickel, @bl@éltn%pp@re}ﬁﬁ’ﬁg%rn)ese IAncMih, | cabidRpr eci at ed
that the:fi nepess Rmerctug(e) cat al yti cal | y active oxlde conmpositions to be
applied to the sur?ace of the support body will be adapted to the desired
coating t hiYCRn&83 of ien arEi:etAeasi@neob§)ﬂe elavents Mmluro)andleemd ve conpositions

whi ch abe Kart bhodphblys, stsehiebaof gnd/bh@qtmﬁingl ysts of the fixed catalyst bed
of a propere pa éﬂeaéartﬂ)?hé@lt h@ﬂmﬁ?gﬁ%ﬁdrﬁ'rﬁoﬂﬂp l{gﬁta l,trﬁérltniurgf riurk " €sent

invention are ner a

[Y a' YzZb' OX' 1thP3’64m S"‘éer' 9@@ akéfv'n(irrggal"urﬁ, ipgivo, giiiggn, gpfingirareathe vari abl es
are each defi néwriam draldravaiiu0 Y = only bisnuth or bisnuth and at | east
one of the elements tellurium antinony, tin and copper, Yz = nol ybdenum or

nol ybdﬁnum and tun sten PF 55606 13 Y3 = an alkali netal, thallium and/or
samari Pn 947= Qé‘PBne earth netal, nickel, cobalt, copper, manganese,
zinc, tin, bbadrframnTD 1et060pr mercury, Y5 =iron or iron and at |east one of

t he eI enents- cq,r ttgrhand cerium 5 Y5 = phosphorus, arsenic, boron and/or
ant i nony, Y7 =.arare earth netal, titanium zirconium niobium tantalum

r heni um tﬁerﬂr 0 2604 um silver, gold, alumnum gallium indium

sil i con, ge‘r rarfoony Olte&d, thorium and/ or ur ani um 10 a' = from0.01 to 8§,

b* = frg mp__ltf,qm;%@toac = fromO to 4, d =fromOto 20, e = from>Oto
20, 15f = romg £ g =fromO to 15, h' = from8tol6, x',y' =
nunbers whfchi 4109 A48 $m ned by the val ency and frequency of the elenents in
Il other tharF dioyg@to #d 20 p, g = nunbers whose p/g ratio is from0.1 to 10,

x',y*= numbers which are determined by the valency and frequency of the elements in
II other than oxygen and
20  p,qg = numbers whose p/q ratio is from 0.1 fo 10,

comprising three-dimensional regions of the chemical compdsition Y1, Y%,0, which are
delimited from their local environment as a consequence of their different chemical
composition from their local environment, and whose maximum diameter (longest line
25  passing through the center of the region and connecting two points on the surface
(interface)) is from 1 nm {0 100 um, frequently from 10 nm to 500 nm or from 1 um to
50 or 25 ym. '

Particuiarly'advantageous multimetal oxide compositions 1l are those in which Y' is
30  only bismuth.

Among these, preference is given in turn to those of the general formuta Ml

[BiysZ?yOuly [221:2°Z sFeeZ’cZ%eZ Oy} (Ill)
35 o
in which the variables are each defined as follows:

Z?>= molybdenum or molybdenum and tungsten,
Z®= nickel and/or cobalt,
40 Z*= thallium, an alkali metal and/or an alkaline earth metal,
Z°= phosphorus, arsenic, boron, antimony, tin, cerium and/or lead,
7%= silicon, aluminum, titanium and/or zirconium,



conpri sing W@ﬁ'ﬁﬁi mensi onal - regi ons of the chem cal conposition Yla.Y2b, Ox
.which are delimted fromtheir |ocal environnment as a consequence of their
different chem cal conposition fromtheir |ocal environnent, and whose
maxi mum di anmeter (longest |ine 25 passinggthrough the center of the region
and connect'?mg-tvvoprgoi rllts on th dsurface (interface)) is from1 nmto 100
pm frequenfly 58 rlalvrﬁeﬁ]ap%(ors nmor froml1l pmto 50 or 25 pm

Particul arly advant ageous nulti netal oxide conpositions Il are those in

whi ch Y1 isa” 30fromlQ/1kd $nut h. Among these, preference is given in turn to

t hose of therge mula 11l [Bla Z2b"Ox") P
[ Z212Z3c" ZdﬁFeeﬂE@?d'%gééé’Eh" oy"]qg" (I'll) 35 in which the variables are each

defined &s FolFl @& 3o, = np ybdenum or nol ybdenum and tungsten, Z3 =
ni ckel and/ dt =cobal 0.02 #602,Z4 = thallium an al kali nmetal and/or an al kaline

earth netal .» Z5¢= r L &, ron, antinony, tin, cerium and/or
lead, 26 =.sil Frgrgw]@g%pﬁ%%a%ﬁ%ﬁﬂ??hd/or zirconi um PF 55606 14 Z7 =

copper, sil¥ef HH@/Q)‘IOEQMd, a" =from0.1to 1, b" =from0.2to 2, 5¢c¢" =
from3 to 16 =dfrom Gtool®, 0. 02 to 2, e" = fromO0.01 to 5, preferably fromO.1
to 3, %o =pfiromAdR o, 9" =from0O to 10, 10 h" fromO to 1, x",y"

A
nunmbers whi ch ,are detefm ned by the val ency and frequency of the elenents

ool J Dy
in 111 othef¥Hhan oRYHesrs whichpre defermingd Oy W \salenpy/aid fregueacy Fthe om 0. 1 to
5, preferably felemedtsinilbotber thab oaygényery particul ar preference is given to

those conpogi §i.ons hd,rhbéremgéevé%&or—sféé\phvaa%gaﬂpgf@ras%%@g%t% %,r eferably at

(nol ybdenu . It I's also advantageous en a east
| east 50 nol % and nore preferably at |east 100 nol% of the total
proporti®n ahd yarypudicuiak pref¢rpBienZ 2ive0 o Jhosé compositktsitilin whieb al oxi de

conposi ti ong? |4 ((iRadiéd)IRhalZ20% (HRIyBAERMAR), L1 ons I'11) suitable in accordance
with the invention in the miltinmetal oxi de conpositions 11 (nultinmetal oxide

conpositions 111) suitable in accordance with the invention are in the form
of three- Itis also advantageous when at least 25 mol% (preferably at least 50 mol% and more

preferably at least 100 mol%) of the total proportion of [Y'.Y3,0x], ([BixZ?Oy]y) of the

20  multimetal oxide compositions 1l (multimetal oxide compositions l1l) suitable in
accordance with the invention in the multimetal oxide compositions 1l (multimetal oxide
compositions [1I) suitable in accordance with the invention are in the form of three-
dimensional regions of the chemical composition Y', Y%,y [Bis-Z%-Ox] which are
delimited from their local environment as a consequence of their different chemical

25 composition from their local environment, and whose maximum diameter is in the
range from 1 nm to 100 pm.

With regard o the shaping, the statements made for the multimetal oxide | catalysts
apply to the multimetal oxide |l catalysts.

30
The preparation of multimetal oxide active compositions Il is described, for example, in
EP-A 575897 and also in DE-A 19855913, DE-A 10344149 and DE-A 10344264.

Suitable active compositions for catalysts of at least one fixed catalyst bed suitable for

35 the partial oxidation of acrolein to acrylic acid in the context of the present invention are
the multimetal oxides known for this reaction type which comprise the elements Mo and
V.

Such multimetal oxide active compositions corhprising Mo and V can be taken, for
40 example, from US-A 3775474, US-A 3954855, US-A 3893951, and US-A 4339355, or
EP-A 614872 or EP-A 1041062, or WO 03/055835, or WO 03/057653.



di nensi onal PES8L5eMS of the chem cal conposition Yla'Y2b' Ox' [Bia' Z2bOx]

. which are deI Imted fromtheir |ocal environnment as a consequence of their
di fferent chem cal 25 conposition fromtheir |ocal environnent, and whose .
maxi mum di ameter is in the range from&mto 100 pm Wth regard to the

shapi ng, ¢ Nesalephs UElig. SRS A &%&@L&f&&k{e%@g&d. Adal ysts_ apoly to

the multine mul ti metal oxide

active conpB5th 1@A3 5487 prd a@g@wﬁeﬂwﬁar&é anmple, in EP-A 575897 and al so
in DE-A 19855913, DE-A 10344149 and DE-A 10344264. Suitable active

conposi ti °”§ls{> ‘ﬁ'é\rtf&gfaﬁ#/ Ol?]l{a? Phs é&t1vla @8 MpoSiihs/ bR ﬂ?@é Béd’ éétﬁl &d f&l’ché abl e for

35 the partia OX| acro acrylic acid cont ext gf t he

present 3 nvR&tRlSxidgpen of dEolgin i Pﬁ'@i‘%f’c'giﬂ t&@é:oﬂli%\/ﬁ’f ttpq)pregqepténwe@gg@ PEANEy pe
whi ch conpr insitimelted ogide wempssititinsaofEP-N.4286@8) DE:AZ9MS 671, DE-C 81&d t80%e

conposi ti OnéE@ﬁ@QB%Bf‘%é@\ c?fﬂéb ¥o £ &Hp- R‘?’Ob%@@rEP %07144’%0‘33&%%% 19 19H 45 A
3775474, USA 3954855 " S A A 4339355 or _EP- A. 614872 or

EP- A 104106 R PEE fb’@ﬁ%@'ge“ Bktﬁkﬁé%%f‘b@%%§xerﬁ'fﬂa'§%@%>di’§e”E ecially
sui tabl e arEPeHE‘Gl T0eanmdft et 8 706009 active conpositions of DE-A 10 32
5487 angpy al so of DE-A 10 32 5488 Al'so particularly suitable as active

conpositions for |xed s for the 5 partial datio

cororei n toRadldeobesk iR Byie BEhe sormestEpe el bR EGH T e he

mul ti met al and Meat beposimpansed bf tiergenetd Tgosila IME- A 29 09 671, DE-C 31 51
805, DE-B 26 26 887, DE-A 43 02 991, EP-A 700 893, EP-A 7147 00 and DE-A 19

73 6105. Particular prefer MEN, 4 hi,s,,context to the exenplary
enbodi nents of EP-A 714 70dﬁ%ﬂ|§\2‘*){)§(&)§5&$?® l% 10 A nultitude of these
mul ti met@l oxi de active conpositions conprising the el ements Mo and V can

be enconpasiaehidhtht RarigRearelealh dBined dsoldws?Vax' bX2CX3dX4exst X590 (1V) 15
in which the varlables are each defined as follows: X =W Nb, Ta, C

and/ or Ce, Xg = Ni, Co, Fe, M and/or Zn, 20 X3 = Sb and/or Bi, X =
one or mor eXgF k‘éll an’éﬁéirs%\ndé%cze one or nore alkaline earth netal s, X6 =S,

A, Ti and/xgt=Ztu, Ni, Co, Fe, Mn and/or Zn,
20 X*= Sband/or Bi,
X*= one or more alkali metals,
X®= one or more alkaline earth metals,
X® = Si, Al, Ti and/or Zr,

a= from1te6,
25 b = from0.2to4,
¢ = from0.510 18,
d = from 0 to 40,
e = from0Q0fo2,
f= fromOto4,
30 g = from0to40and
n = anumber which is determined by the valency and frequency of the elements

in 1V other than oxygen.

Preferred embodiments among the active multimetal oxides IV in the context of the
35 present invention are those which are encompassed by the following definitions of the
variables of the general formula IV:

X' = W, Nb and/or Cr,
X2= Cu, Ni, Co and/or Fe,
X’ = 8b,

X*= Na and/or K,

X®= Ca, Srand/or Ba,

40



a = from1l ppsgng25 b = fromO 2to 4, c from0.5 to 18, d =fromO to
.40, e =from0Oto 2, f =fromO to 4, 30 g =fromO to 40 and n = a nunber
whi ch i s determ ned by t he val ency and frequency of the elenents in IV

ot her than oxygen. Preferred enbodi ment siganong the active nultinmetal oxides
[V in the CR“‘LE%AP% 4},&3[ 35 present invention are those which are
enconpassed by Wi ng definitions of the variables of the general
formula Iv:aX EOWIL¥9 Bnd/or O, X2 = Cu, Ni, Co and/or Fe, 40 X3 = Sh, X4
Na and/orbks nﬁm@mz Sr and/ or Ba, PF 55606 16 Xe = Si, A and/or Ti, a
froml S ta S mle'tof omO0.5to 2, ¢ from0.5to 3, 5d=from0O to 2,
e =fro Oé % omOtolandn:anunber which is determ ned by
the val cy efhdfr?m@de@ncy of the elenents in IV other than oxygen. 10
However, nuét# niedrald toXizjes |V which are very particularly preferred

- according tp-t on are those of the general fornmula V

- MD12V,'Y' Db ZC%Wg}élqrgHé yz 15 where Y = Wand/or Nb, Y2 = Cu and/or N,
20 Y5 = Ca B 7/ dpurgper w dstergingddyy the valency and frequency of the elements

in IV other than oxygen.

10
However, multimetal oxides [V which are very particularly preferred according to the
invention are those of the general formula V

M012Va-YTb-Y26-Y5pYGQ-On! (V)
15
where

Y'= W and/or Nb,
Y2= Cu and/or Ni,
20  Y°= Caandfor Sr,
Y® = Siand/or Al
a'= from2to4,
b’= from1to 1.5,
¢’ = from1to3,
25 f= from0Oto0.5
g'= from 0to 8 and
n’ = a number which is determined by the valency and frequency of the elements
in V other than oxygen.

30  Multimetal oxide active compositions (1Y) are obtainable in a manner known per se, for
example disclosed in DE-A 4335973 or in EP-A 714700. In particular, suitable
multimetal oxide active compasitions comprising Mo and V in the context of the present '
invention for the partial oxidation of acrolein to acrylic acid are also the multimetal oxide
active compositions of DE-A 10 261 186.

35
In principle, such multimetal oxide active compositions comprising Mo and V, especially
those of the general formula 1V, can be prepared in a simple manner by obtaining a
very intimate, preferably finely divided dry mixture having a composition corresponding
to their stoichiometry from suitable sources of their elemental constituents and

40 calcining it at temperatures of from 350 to 600°C. The calcination may be carried out
either under inert gas or under an oxidative atmosphere, for example air {(mixture of
inert gas and oxygen), and also under a reducing atmosphere (for example mixtures of



a'=from2 p 06b from1ltol.5 c¢'=froml1lto 3, 25 f" =fromO to 0.5
.9 = from Clo ang a nunber which is determ ned by the val ency and
frequency of the el enents in V other than oxygen. 30 Miultinetal oxide
active conpositions (I1V) are obt ai nabl e 4 a manner known per se, for
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geometries, and the shaping may be effected before or after the final caicination. For
25 example, unsupporied catalysts can be prepared from the powder form of the active
composition or its uncalcined precursor composition by compacting to the desired
catalyst geometry (for example by tableting or extruding), optionally 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
30 potassium titanate. Examples of suitable unsupported catalyst geometries are solid
cylinders or 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 o 3 mmis
advantageous. It will be appreciated that the unsupported catalyst may also have
spherical geometry and the spherical diameter may be from 2 1o 10 mm.

35
It will be appreciated that the pulverulent active composition or its pulverulent 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
catalysts is generally performed in a suitable rotatable vessel, as disciosed, for

40 example, by DE-A 2909671, EP-A 293859 or by EP-A 714700.



spray-dryi P?és'&ﬁ aqueous m xture at exit tenperatures of from 100 to 150C.

20 The nul t1 et a? oxi de active conpositions conprising Mo and V, especially
those of the general formula IV, nmay be used for the process according to
the invention of a partial oxidation ofgacrolein to acrylic acid either in
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acrylic acid are aiso compositions of the general formula Vi

{DI(E]q Vi)

30 :

in which the variables are each defined as follows:

D = MoyVeZ'wZ2eZieZ e Z% 2550y,

E = ZCupHiOy.,
3 Z' = W,Nb,Ta, Crand/or Ce,

¢ = Cu, Ni, Co, Fe, Mn and/or Zn,

Z* = SbandlorBi

Z¢ = Li, Na, K, Rb, Cs and/or H,

Z5 = Mg, Ca, Srand/or Ba,
40 Z° = Si Al Tiand/orZr,

zZ = Mo, W, V, Nb and/or Ta,



accordance wth the invention as support bodies, the wall thickness is also
typically PF5808 to 4 nm Annul ar support bodies to be used with preference
in accordance with the invention have a length of from3 to 6 mm an
external dianeter of from4 to 8 mMm angga wall thickness of from1l to 2 mm
Sui t abl e support bodies according to the 20 invention are also in particular
rings: of géomet:ry ol %0 8, nm x 4 nm (external dianeter x length x internal
dianeter). bft will fleneproeci ated that the fineness of the  catalytically
active oxi de canpo Otnjlgrgg go be applied to the surface of the support body

i s adapted fo the desired _coating thickness (cf. EP-A 714 700). 25

Advant ageotqs ndl ti P RPde acti ve conpositions conprising M and V and
which &reeto be udmih 0o 2he context of the present invention for an

acrolein parti al o>§c P"E? to acrylic acid are also conpositions of the
gener al fornula VI a (M) 30 in which the variables are each defined

as foll ows9 ¥~ z2cAZ3d" Z4e7Z5r Z69 Ox E = Z7I 2Cuh"H Oy, 35 Z' =
W Nb, Ta, hCr and/ dronGé,toZQ Cu, N| Co, Fe, Mh and/or Zn, Z3 = Sb and/or
Bi, Z-Ll,nl\la K, ,%tpn gz@g%or , ZS-I\/g Ca, Sr and/or Ba, 40 7B = Si,
, 18nd/,pr,, Zr, &/ ﬁPI g/or Ta, PF 55606 19 a" = from1l to
8 b fr5n¥0 2 tB”@berSd’m' 3P Sriepmingd Py the ﬁa'emyqu@rﬁWSBWOféh%" = from 0
to 2, f, from Celemehts otgdr thard oxyged in ¥l &@ h" = from4 to 30, i" = fromO

to 20 and &Q; Y nmﬂ&%ﬁétm'ﬂao@heséig/h%ﬁa .e%nwed ) va' ency and

frequency of the el ements ot her than oxygen in and p,q = nunbers ot her
than zero whose p/q ratiois from160:1 to 1:1, and whi ch ar e obt ai nabl e by
separ at el yapd whish@irengbtairablettiyrsepaiatedx prédormingposiuttimeatal Bxide composition E

15

27120uh»H;~wa (E)

in finely divided form (starting composition 1) and subsequentiy incorporating the
preformed solid starting composition 1 into an agueous solution, an agueous

20  suspension or into a finely divided dry mixture of sources of the elements Mo, V, Z', 22,
28, 2%, Z°, Z° which comprises the abovementioned elements in the stoichiometry D

Mo1 Vol 2o Z o e 200 2o (D)

25  (starting composition 2) in the desired p:q ratio, drying the agueous mixture which may
result, and calcining the resulting dry precursor composition before or after drying at
temperatures of from 250 to 600°C to give the desired catalyst geometry.

Preference is given to those multimetal oxide active compositions VI in which the

30 preformed solid starting composition 1 is incorporated into an aqueous starting
composition 2 at a temperature of < 70°C. A detailed description of the preparation of
multimetal oxide composition 1l catalysts is contained, for example, in EP-A 668104,
DE-A 19736105 and DE-A 19528646. '

35  With regard to the shaping, the statements made for the multimetal oxide active
composition IV catalysts apply to the multimetal oxide active composition V| catalysts.

Further multimetal oxide active compositions comprising Mo and V which are |
advantageous in the context described are also multielement oxide active compositions
40 of the general formula VI

[Al{B,[Clr (Vi)



15 Z712CuhHL. (%. (E) in finely divided form (starting conposition 1) and |
subsequent IRF § porating the preforned solid starting conposition 1 into

" an aqueous sol ution, an aqueous 20 suspension or into a finely divided dry

m xture of sources of the elenents M, Z1, 72, 73 Z4, ZS Z6 which

_conprises the abovenentioned elenents inthe stoichionetry D

Mbl2Va" Z1Vz2c" Z3d" Z4e25r' 769" (D) 25 (starting conposition 2) in the desired
p: g ratio, iflwhicRdhé harizaBLeny Sabh Yéfited asbigvsey result, and calcining the
resulting dry precursor conposition before or after drying at tenperatures
of from 250 to 600C to giyve 3t)gl}e desired catal yst geonetry. Preference is

gi ven to tHbse FrulMe X exiteXaci®wve conmpositions VI in which the 30
preformsd i e stafcuA@,composition 1 is incorporated into an aqueous
starting q_-g)rrpo_;si?{'1 Kt a tenperature of < 70C. A detailed description of
the preparat,ion o mil t1“met al  oxi de conposition Il catalysts is contained,
for exanpl & i EPYANBGI® &4 andiopCa, nrefessln®, Mppndtor £r19528646. 35 Wth
regard to tife sha@uii, Cd)EFesMatamiaronizs, prfealiip Cuf R Osnidioreeal oxi de active

-conposi tiongsl V_ca e multimetal oxide active conposition Vi
L APt Aty 80

catal ysts. _,Further ox1 d€ active conpositions conprising M and V
whi ch” 8Pe Xadvant i@é\!ﬁ!é( FR: hengehtleRielealy Nedd/oske al so nulti el ement oxi de
active conmp@si t= omdg, GH) Soknd/beBganefcedblyf Oa,8dand\driBal Al p[Bl [ Cr (V1) PF

o o e ST g e (S, 22
¥

i
MDI 2VaX1bX26X3dX4 X
Ta, Cr and/or Ce(?\i;}w \? gndgr T PErfereBly Mg andior W, oy Ni, Co, Fe, M and/ or

Zn, preferafl y =Cu,Cu\Nj, Z0p CanBié,did, idn, Mg<&a=SBbndiacBa prd&erabyr@d er abl y Sb, 10

X4 = Liyg Na, K, Rngfes zANHLR JHiehgrably Na and/or K,, X5 =M, Ca, Sr
and/or Ba, preferably Ca, Sr pa{nd}-orfBa', X5 =S, A, Ti and/or Zr,

preferably Si, Al and/or Ti, X = M, W V, No and/or Ta, preferably M
and/ or W X6 ==CufroN 1 tafh préferabfefront@,to®h, My, Ca, Sr and/or Ba, preferably

Cu 15 andior Zn, iR &2k gfﬁg@péb(y% Psmpskoml to 8, preferably from2 to
6. b =1Tromo0.2 te 2ol & Sralabyiaoib% 3 1o 23
20 d = from O to 50, preferably from 0 to 3,

from O to 2, preferably from 0 to 0.3,

= from 0 to 5, preferably from 0 to 2,

= from O to 50, preferably from 0 to 20,

from 0.3 to 2.5, preferably from 0.5 to 2, more preferably from 0.75 to 1.5,

= from O to 2, preferably from 0 fo 1,

= from 0.1 to 50, preferably from 0.2 to 20, more preferably from 0.2 to 5,

= from 0 to 50, preferably from 0 to 20, more preferably from 0 to 12,

¥,Z2 = numbers which are determined by the valency and frequency of the elements

in A, B, C other than oxygen,

30 p,g = positive numbers

F = 0 or a positive number, preferably a positive number, where the p/(g+r) ratio

= from 20:1 to 1:20, preferably from 5:1 to 1:14 and
more preferably from 2:1 {0 1:8 and, in the case that r is a positive number,
the g/r ratio = from 20:1 to 1:20, preferably from 4.1 to 1:4,

35 more preferably from 2;1 o 1:2 and most preferably 1:1,

[¢]
I

25

>< r L) — D- (D —
1l

which contain the fraction [A], in the form of three-dimensional regions (phases) A of
the chemical composition

40 A: MoiVaX'yXiXiX XX 0,



fromO to 23, preferably fromO to 4, 20 d fromO to 50, preferably from
3, e PFPBBOSO to 2, preferably from0 to 0.3, f = fromO to 5,
erably fromO to 2, g = fromO to 50, preferably fromO to 20, h = from
.3 to 2.5, preferably fromO0.5 to 2, noje preferably fromo0.75 to 1.5, 25

= fromO to 2, _prefe.rabI?/ fromO to 1, ] =fromO0.1 to 50, preferably from
0.2 to 20, terfackereiBlyinins formehthoeedimpnsionaldegions (ihages)d3 eidhe ghemisabbl y from
0 to 20, nogsmpdsitforr ably fromO to 12, x,y,z = nunbers which are determ ned
by the val ency and frequency of the elenents in A B, C other than oxygen,
30 p, q = positjve nunbers r = 0 or a positive nunber, preferably a positive
number, wheBeXKanBy@9d) ratio = from20:1 to 1:20, preferably from5:1 to
1: 14 anddnore preferably from2:1 to 1:8 and, in the case that r is a

10, 35 mor gogegion G e R bPyTec Sy ot ier@ T A MR, T 1

contain t he®dPRRSYOBN [A]P in the form of three-dinensional regions (phases)

A of the chem cal conposition 40 A : MJ12VaX1bX2cX3dX4eX5f X6gOx, PF 55606

21 the fragt:i)@s% in the formof three-dinensional regions (phases) B of

the chem cal conposition B: X 7CuhH, Oy and 5 the fraction [C], in the

f orm of "1 hree-di nensi onal regions (phases) C of the chem cal conposition C
X, BSb HkOvherelige mgions A, eande giherespréser® Gad; dishibuted peletheriv each ather as

a oLy di v Bl O AP AGRed N Mefdlyidol Bl Khifpratet MRlguga 51 A
Lo abt as S e B vai e SRS B Pectad WitkLe Pl ge g S Bl Oube i <o
t hat the _rmiha’r thﬁmaﬂaﬂfmtim ofthe elﬂncgmMo iMﬁ}ei fota lamouot_td!allaiﬂm&nts oftha |
oxygon 15 {TuEicAlnbbiile SUEERDIpBSAPYABING M AHGE 't X0 Inopl 7t AT

Xy [ rese i e
ont Syt | cal $9MalEes R mAta Pt ot B peskitin T Blialbly sfverRulistitotdd . "o ¢ ne
cat al yt i cal ¢ampasitione/IhtalM presentimtheetalidicalyrgntive muflislemgnt oxine Rempgsitieom 15: 1
to 1:1, thevganeRsrRaRM NS RN Al tHéokrdspaHdirg hélaf MBICBR:3 is ford 38:1 to 1:3

and the corresponding molar Mo/(total amount of W and Nb) ratio is from 80:1 to 1:4.
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20
In the context of the present invention, preferred multielement oxide active -
compositions VIl are those whose regions A have a composition within the following
stoichiometric pattern of the general formula VIIi:
05 MO12VaX 5 X2 X8 O, (VIil)
where
X' = W and/or Nb,
30 X? = Cuand/orNi
x> = Caand/or Sr,
X8 = Siand/or Al
a = from2t086,
b = from11to 2,
3% ¢ = from1to 3,
f = fromQto 0.75,
g = from0to 10, and
x = anumber which is determined by the valency and frequency of the elements
' in (VIIl) other than oxygen.
40

The term "phase” used in connection with the multielement oxide active compositions
VIIl means three-dimensional regions whose chemical composition is different to that of



and the correspondi ng nolar M/ (total amount of Wand Nb) ratio is from80:1
to 1:4. 20PFA56%¥e context of the present invention, preferred multiel ement

" oxide active conpositions VIl are those whose regions A have a conposition
within the followi ng stoichionetric patiern of the general fornmula VIIl: 25
Mb12VaX1bX2cXSf X690k (VI11) where X ="Wand/or Nb, 30 X2 = Cu and/or N,
X5 = Ca andhgif egyironmept. Ihgiphgaed ae nat necegsarily k-oay-nomegaieols.Angeaenal to 2,

35 ¢ = fromrbst® Brmé aeohtirRdud phaselin Whichdartidiéssnfhat® BlRd, @Rere)present imber
which is depergnpd by the valency and frequency of the elenents in (VIII)
ot her than oxyggn. 20 The term "phase" used in connection with the

mul ti el ement oxide active conpositions VIII neans three-dinensional regions

whose cltem Trad fireyngivided poasesB ghid, vbieanprebentt O ativarftaddously@dhsigiof paktiies I
envi r onment :no z eneral ,
-phase A f ormoggq%@gﬁ%g%ﬁ 6’%3‘%3&%?1 ﬁﬁ&i?%#%atﬁclrug?{ jéiboo @gﬁgé Bagﬁgg wher e
present, C angrcongeelingrtwa points amihersufacs ofdhe padiglepragedo BOQAD, Pmﬁéiypr esent,
C advant ageonms Dyt to@08is, nodre peefeiablydom GdSds &0 |.ar gebsinost mofetably fromel. tol ongest

i ne passt ngh iy AUBerNSrbOA 1R o RGeRUABLES o RPBDAR Ayt P10l N1t S

on the surface of the partic ,
200 pm@or@%pﬁrﬁﬁéﬁ 5‘1’@“'@’ 0.5 to 50 pmand nost preferably from1 to 30
pm However, particles having a |ongest dianeter of from10 to 80 pmor from

P esent . C RRrELR! eBhador il 8L inerd RS iy od muIBRe dhadh B0 ot ©
oxi de acti \Féy%ﬂﬁ%‘!?fw%&? r@‘ﬁﬁeﬁeﬁ'g”{ﬁ%@% Wipﬁﬁ?’gp?ﬁﬁpnﬁ&!{mr es on which the

mul ti el ement oxide active conpositions of the general formula VII are based

gg?i ‘\’/\Qi 1?; | ap; Hgi itﬁtiimﬁlg%ﬁ‘ﬂﬁigwre& 8{1 %idhg tﬁéhﬂﬁhe‘ié?ﬁéd’(l%km abf?\ae Gd?ﬁbﬂ%,'ftidon_é Bemﬁt Y
docunent s WBeH BrSulR Vigre SRedahd imichae SURTBLG Y 1500 FR5ld Rty 10
' convert them to active compositions may be obtained, for example, as described in the
documents WO 02/24327, DE-A 4405514, DE-A 4440891, DE-A 19528646,
DE-A 19740493, EP-A 756894, DE-A 19815280, DE-A 19815278, EP-A 774297,
20 DE-A 19815281, EP-A 668104 and DE-A 19736105,

The basic principle of preparing intimate dry mixtures whose thermal treatment leads to
multielement oxide active compositions of the general formula Vil is to preform, in finely
divided form, separately or combined together, at least one multielement oxide

25  composition B (X;'CuyH0,) as the starting composition 1 and, where appropriate, one
or more multielement oxide compositions C (X,°Sb;H,O,) as the starting composition 2,
and subsequently to intimately contact, in the desired ratio (corresponding to the
general formula VII), the starting compositions 1 and, where appropriate, 2 with a
mixture which comprises sources of the elemental constituents of the multielement

30 oxide composition A

M012VaXp XXX XX SOy (A)

in a composition corresponding to the stoichiometry A, and optionally to dry the
35 resuliing intimate mixture.

The intimate contacting of the constituents of the starting compositions 1 and, where
appropriate, 2 with the mixture comprising the sources of the elemental constituents of
the multimetal oxide composition A (starting composition 3) may be effected either in
40  dry or in wet form. In the latter case, care has to be taken merely that the preformed
phases (crystallites) B and, where appropriate, C do not go into solution. In an aqueous
medium, the latter is usually ensured at pH values which do not deviate too far from 7



DE- A 19740%355@- A 756894, DE-A 19815280, DE-A 19815278, EP-A 774297, 20
DE- A 19815281, - A 668104 and DE-A 19736105. The basic principle of
preparing intimate dry m xtures whose thermal treatnent |eads to

mul ti el ement oxi de active conpositions @ the general formula VII is to

f in finel j vided f | ' her, .at | |
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oxi de NP QS hint ( [ j dal i 1 i n 40
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pr ef or med %1551 §[{% 1ystal lites) B and, where appropriate, C do not go into
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t her rral15y_ treated in accordance with the invention (for exanple by
spray-dryi mslite defefdl mORHEaPExidE YotV XoRBosiBSE [V @ AT ¥ataHSs may Obt ai ned

automatically. 1t wll be appreciated 5 t t.he phas re
Sppropr | at @ovatageall neoRitBl Fadofianpelf ins BRalos 8 A AL ANPRE, at oo
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el emental constituents of the nultinetal oxide conposition A as reconmended

b DE-,A 1Q046 .The ipntimte contacti f .t copstituents 1 :
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In other words, in the simplest manner, the fixed catalyst bed is disposed in the
uniformly charged metal tubes of a tube bundie reactor and a heating medium (one-
zone method), generally a salt melt, is conducted around the metal tubes. Salt melt

30  (heating medium) and reaction gas mixture may be conducted in simple co- or
countercurrent. However, the heating medium (the salt melt) may also be conducted
around the tube bundle in a meandering manner viewed over the reactor, so that only
viewed over the entire reactor does a co- or countercurrent to the flow direction of the

_ reaction gas mixture exist. The volume flow rate of the heating medium (heat exchange

35 medium) is typically such that the temperature rise (caused by the exothermicity of the
reaction) of the heat exchange medium from the inlet point into the reactor to the outlet
point from the reactor is from 0 to 10°C, frequently from 2 to 8°C, often from 3 to 6°C.
The inlet temperature of the heat exchange medium into the tube bundie reactor is
generally from 250 to 450°C, frequently from 300 to 400°C or from 300 to 380°C. The

40 associated reaction temperatures also then move within these temperature ranges.
Suitable heat exchange media are in particular fluid heating media. It is particularly
appropriate to use melts of salts such as potassium nitrate, potassium nitrite, sodium
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applicati orpFo%%bge process according to the invention) from propene to
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froman application point of view, in a24ube bundl e reactor charged with
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preferably flows around the secfion of the tubes (fhe reaction zone ?ln which the

subsequent oxidative conversion of propene (in single pass) proceeds until a

conversion value of generally at least 93 mol% is achieved (if required, reaction zones
30 A, B may be followed by further reaction zones which are kept at individuai

temperatures).

Within the particular temperature zone, the salt bath may in principle be conducted as
in the one-zone method. The inlet temperature of the salt bath B is normally from at

35 least 5 to 10°C above the temperature of the salt bath A. Otherwise, the inlet
temperatures may be within the temperature range for the inlet temperature
recommended for the one-zone method.

Otherwise, the two-zone high-load method for the propene partial oxidation to acrolein
40 may be carried out as described, for example, in DE-A 10 30 8836, EP-A 11 06 598, or

as described in WO 01/36364, or DE-A 19 92 7624, or DE-A 18 94 8523,

DE-A 10 31 3210, DE-A 10 31 3213 or as described in DE-A 19 94 8248.
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i nvention on appropriate shaped catal yst bodies having nultinetal
oxi de active conposition or else substantially honbgeneous m xtures of
shaped 26at dihggieclmetty efsuchvnerysmpletidite¢rd bodies deay in principle be as desired. In

other words, they may be, for example, spheres, polygons, solid cylinders or else rings.
According to the invention, the inert shaped diluent bodies selected will preferably be
those whose geometry corresponds to that of the first-stage shaped catalyst bodies to
be diluted by them.

30 |
In general, it is favorable when the chemical composition of the active composition
used for the described propene partial oxidation to acrolein does not change over the
fixed catalyst bed. In other words, although the active composition used for an
individual shaped catalyst body may be a mixture of different multimetal oxides

35 comprising, for example, the elements Mo and/or W and also at least one of the
elements Bi, Fe, Sb, Sn and Cu, the same mixture is then advantageously used for all
shaped catalyst bodies of the fixed catalyst bed.

In the propene partial oxidation to acrolein, the volume-specific (i.e. normalized to the
40  unit of volume) activity preferably normally increases continuously, abruptly or in stages
within the fixed catalyst bed in the flow direction of the starting reaction gas mixture.
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Of course, mixtures of catalysts having chemically different active compositions and, as
a consequence of this different composition, different activities may also be used for

30 the fixed catalyst bed of an inventive propene partial oxidation to acrolein. These
mixtures may in tumn be diluted with inert dituent bodies.

Upstream and/or downstream of the sections, having active composition, of the fixed
catalyst bed of an inventive propene partial oxidation to acrolein may be disposed beds

35 consisting exclusively of inert material {for example only shaped diluent bodies). These
may likewise be brought to the temperature of the fixed catalyst bed. The shaped
diluent bodies used for the inert bed may have the same geometry as the shaped
catalyst bodies used for the sections of the fixed catalyst bed having active
composition. However, the geometry of the shaped diluent bodies used for the inert

40  bed may also be different to the aforementioned geometry of the shaped catalyst

" bodies (for example, spherical instead of annular).
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pr opene pa'rntth%f'rsé?é‘i"@at ion to acrolein in the flow di rect i on of the reaction
gas m2Fure in the process according to the invention. First, to a | ength of
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aforementioned structuring, both the shaped catalyst bodies or their support rings and

30 the shaped diluent bodies in the process according to the invention advantageously
have substantially the ring geometry 5 mm x 3 mm x 2 mm (external diameter x length
X internal diameter).

The aforementioned is also true when, instead of inert shaped diluent bodies, shaped

35 coated catalyst bodies are used whose active composition content is from 2 to 15% by
weight lower than the active composition content of the shaped coated catalyst bodies
at the end of the fixed catalyst bed.

A pure inert material bed whose length, based on the total length of the fixed catalyst

40  bed, is appropriately from 1 or 5 to 20% generally begins the fixed catalyst bed in the
flow direction of the reaction gas mixture. It is normally used as a heating zone for the
reaction gas mixture.
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of catal yst%"et vHioEmly Gharaed dagtalduibes ofiiube By ?Eﬁ?%@ggla hee Y 6‘@92@’ 000 to 30
000. T@be lomdianermethbd), gelsaaliiyasalt malbe corafucted around the metal tubes. Sait

melt (heating medium) and reaction gas mixture may be conducted in simple co- or
countercurrent. However, the heating medium (the salt melt) may also be conducted
around the tube bundle in a meandering manner viewed over the reactor, so that only
viewed over the entire reactor does a co- or countercurrent to the flow direction of the
30 reaction gas mixture exist. The volume flow rate of the heating medium (heat exchange
medium) is typically such that the temperature rise {caused by the exothermicity of the
reaction) of the heat exchange medium from the inlet point into the reactor to the outiet
point from the reactor is from 0 to 10°C, frequently from 2 to 8°C, often from 3 to 6°C.
The inlet temperature of the heat exchange medium into the tube bundle reactor (in this
35 document, this corresponds to the temperature of the fixed catalyst bed) is generally
from 220 to 350°C, frequently from 245 to 285°C or from 245 to 265°C. Suitable heat
exchange media are in particular fluid heating media. It is particularly appropriate to
use melts of salts such as potassium nitrate, potassium nitrite, sodium nitrite and/or
sodium nitrate, or of low-melting metals such as sodium, mercury and also alloys of
40  different metals. lonic liquids can also be used.
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hourly space vel o el n _on the process
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acid is apperoperebred)y carried out in a two- or nultizone tube bundle

. Within the particular temperature zone, the salt bath may in principle be conducted as
30 in the one-zone method. The inlet temperature of the salt bath D is normally from at
~ least 5 to 10°C above the temperature of the salt bath C. Otherwise, the inlet
temperatures may be within the temperature range for the inlet temperature
recommended for the one-zone method.

35 Otherwise, the two-zone high-ioad method of acrolein partial oxidation to acrylic acid
may be carried out as described, for example, in DE-A 19 94 8523, EP-A 11 06 598 or
as described in DE-A 19 94 8248.

~ Accordingly, the process according to the invention is suitable for acrolein hourly space

40  velocities on the fixed catalyst bed of <701 (STP)/I*h, or =70 | (STP)/I*h,
>80 | (STP)/l*h, =110 | (STP)/eh, =130 | (STP)/I*h, =180 | (STP)/!*h, 22401 (STP)/I*h,
=300 | (STP)/I*h, but normally <600 | (STP)/I*h. The hourly space velocity is based on
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mat eri al . pare the at | east one fixed catalyst bed, it is possible to
use, for an i nventive 5 partial oxidation of acrolein to acrylic acid, only
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change over the fixed catalyst bed. In other words, although the active composition
used for an individual shaped catalyst body may be a mixture of different multimetal
oxides comprising the elements Mo and V, the same mixture then advantageously has
to be used for all shaped catalyst badies of the fixed catalyst bed.

30
For an inventive partial oxidation of acrolein to acrylic acid, the volume-specific (i.e.
normalized to the unit of volume) activity preferably normally increases confinuously,
abruptly or in stages within the fixed catatyst bed in the flow direction of the reaction
gas mixture.

35

The volume-specific activity may, for example, be reduced in a simple manner by

homogeneously diluting a basic amount of shaped catalyst bodies prepared in a

uniform manner with shaped diluent bodies. The higher the fraction of the shaped

-diluent bodies selected, the lower the amount of active composition, i.e. catalyst
40  activity, in a certain volume of the fixed bed.
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mixtures may in turn be diluted with inert diluent bodies.

Upstream and/or downstream of the sections of the fixed catalyst bed having active

compaosition may be disposed beds consisting exclusively of inert material (for example
30  only shaped diluent bodies). These may likewise be brought to the temperature of the

fixed catalyst bed. The shaped diluent bodies used for the inert bed may have the

same geometry as the shaped catalyst bodies used for the sections of the fixed

catalyst bed having active composition. However, the geometry of the shaped diluent

bodies used for the inert bed may also be different to the aforementioned geometry of
35 the shaped catalyst bodies (for example, spherical instead of annular). '

Frequently, the shaped bodies used for such inert beds have the annular geometry
7 mm x 7 mm x 4 mm (external diameter x length x internal diameter) or the spherical
geometry having the diameter d = 4-5 mm. '
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30 | |
The aforementioned is also true when, instead of inert shaped diluent bodies, shaped
coated catalyst bodies are used whose active composition content is from 2 to 15% by
weight lower than the active composition content of the shaped coated catalyst bodies
at the end of the fixed catalyst bed.

35
A pure inert material bed whose length, based on the total length of the fixed catalyst
bed, is appropriately from 5 to 20% generally begins the fixed catalyst bed for acrolein
partial oxidation in the flow direction of the reaction gas mixture. It is normally used as
a heating zone for the reaction gas mixture.

40
Typically, the catalyst tubes in the tube bundle reactors for the inventive acrolein partial
oxidation are manufactured from ferritic stee!l and typically have a wall thickness of
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the acti veggiaRsithtorwiiOREE Bhs 8f with MofRaReexyeeAp itk oM gkatanodi es  at the

end of the fixed catalyst hed. 35 A.pure inert. material bed whose | ength,
based on t MBISERLPRIGBRL FF0 ¥ ARPPSA of sRPipN B Stect pad BB et ey 7 om
5 to 2% gisirsmediale ensljngded dicedtly ke thesgrand repcliondstags. acrolein partial
oxidation in the flow direction of the reaction gas mxture. It is normally

used as ayheati ne fagr the reacti.o m xture. 40 Typically, the
catal yor +anseen® GBOBundE riiork SFkirPy AR g thH Fencich PR SRR 1

partial oSibRREcd@n inteemedialafcaelenwbish frayraptienaliytcootadt ipert badsl t ypi cal |y have a
wal | thickness of PF 55606 33 from1l to 3 nm Their internal dianeter is

gener aﬁé y Iql\fvﬂl' t];eoépnarggiat% Wt %hoe ftnx%d?égta% bed of the propene partial oxidation and the

fixed catalyst bed of the acrolein partial oxidation for the inventive process of a two-
stage partial oxidation of propene to acrylic acid may also be accommodated spatially
successively in a single multiple-catalyst-tube tube bundie reactor likewise having, for
example, two temperature zones, as described, for example, by WO 03/0569857, EP-

30 A 911313 and EP-A 990636. This case is referred to as a single-reactor two-stage
process. In this case, one temperature zone generally extends over one fixed catalyst
bed. Between the two fixed catalyst beds may additionally be disposed an inert bed
which is, if appropriate, disposed in a third temperature zone and is heated separately.
The catalyst tubes may be continuous or interrupted by the inert bed.

35
The inert gas to be used for the charge gas mixture of the “propene-to-acrolein reaction
stage” (the starting reaction gas mixture 1) may, irrespective of the propene hourly
space velocity selected for the fixed catalyst bed (and irrespective of whether there is a
downstream “acrolein-io-acrylic acid reaction stage”), consist, for example, of =220% by

40  volume, or 230% by volume, or =40% by volume, or =50% by volume, or =60% by
volume, or 270% by volume, or >80% by volume, or =90% by‘ volume, or =95% by
volume, of molecular nitrogen. |



frequently from21 to 26 mm._ Appropriately froman application point of
view, the MufBI6 of catal yst tubes accommpdated in the tube bundl e vessel
is at |east 5000, preferably at |east 10 000. Frequently, the nunber of
catal yst tubes acconmpdated in 5 the reagtion vessel is from15 000 to 30
000. Tube bundl e reactors having a nunber of catalyst tubes above 40 000
are usual ly exceptional for the acrolein partial oxidation. Wthin the
\é_estse!b Ehel-l@ﬁév%hﬁﬁé irieﬂhﬂﬁelﬁrg%?mﬁh’y@éd YorRIst, 3HAHA tnwjdlb,bf’il’i‘@rﬂfzﬁlg%sor 20%hby

i stributi . [ r iately selected in such a way
that the g@%%’?tar}? ik%ﬁeagﬂ f%%%ééé{eén%ér%}glby?'ﬁ@g%nongaxes of i mmedi ately adj acent
catal yst tubes (known 10 as the catal yst tube pitch) is from35 to 45 mm

(ﬁf . fcﬂlr ebtawalee, at BRpBnd B8RR0IpacdverLitiesdy tHiebeticaeilist bed bf théeprppeene and
t he acrol el ‘ ; O} ) ventl on
may be car rt?'eagp%%llt.' ﬁ%ar?ﬂéﬁng@%%née% 385"‘% ?@q \PAQ-_ zgfﬁg’ tp ggggkuﬁgﬁghgpé%g@)p? When
the two red¥PFaSH 26egiB9 Qe ipvnee cemert qliluent gases suchias pspranepetbandl e for 15
only the fimsthangactinenpaitags A, 0O, sikam &di/@uiobieyadeottowsns itwibeebundl e

reactor a”%ﬂprﬁiﬁtﬁfg'%g%eégﬁgéé]sgﬂ%f%%gBeiu@e@altlWéFB‘BEer?é‘l?ﬁggf%?géee reactor (or

vi ce versa). ase, ct gas mxture o rst reaction
st age i@, i“leio&ﬁﬁﬁopri ate after supplenentation with inert gas or with
nol ecul ar oxygen or with inert gas and nol ecul ar oxygen, and also if

appr opri at ersilyGRARRIdAR 1A indbd P oL rREntyRdak @hbsd aril icERGh Bt heC00! | N,
fed directly to the second reaction stage Between t Eﬁu})e ugjﬂ,&f r‘ﬁgc_tors
of the firdtOREE ipREr &ﬁ?&e?@@cqtl%stéftgﬁgwemr%@g timesyi &g A BeHedi at e
cool er whi chaybg eitier beload dtyospheriaipnessney (forlesesipledip tot0.5vbéd) obabavepr eci at ed
that the ! iaedsarbiRioressubedysitalyMheRidhrg roddilifinedesdabPadad the i xed
cat al yst bed, &th acrolejin p? tial fo | %tlgn fqr the i1nventi % rocess of
& Lo st agidptiR PERTOB TRl P6ia KRG AR 1o beFJTeato i ity 4Peb be

accormodat ed spatially successively in a single nultiple-catalyst-tube tube
bundl e r eaqi@maliy, teMe2etidiede8slire frothe ifEARR ggéﬂ@pérﬁém&fd@ﬁéﬂ% ZPOIBIRWIRRS

A
d i bed, f , WD 03/.059857.,. .E A,9113 d, EP- A 990636.
Thie cace o0 Pateen 10 Sep PHaneres fyig Bererbal b e Tyeptel Ioad the Pariba s oy s
case, &fe tdsmipe the epesatingriiseyefiee al legstone dined catalyst haddor invpartichexdation  bed.

Eefj Wem t Eeb_fb\/&ﬁ)_ef\é ¥e8cr6RI bisdd AeatsideRticapAsliry paad Vo8 tHeeBR Sestafting Ner t
e I C | S

heat ed sepaﬁ%&t@h{sa?%ﬁ%étﬁéﬁ%%'ﬁﬁﬁ%Ziﬁgrﬁ'agjﬁﬁ SR o GONE"a Heh er rupt ed by
t he inert seactvaorpethe aéleasiyie fixgd isatalystided. dhe ressoreangebe iisrafsgdi? e of the |
" propene-t Qh@éﬁt@hﬁi%%cmﬁe%lqh irmé"'genrﬁetraa%@&tlioﬁntdmw Hgéd\;ﬁel“m. Iit RAGe a?jbr?ﬁietﬂfiﬁrﬁ ﬂ\ g 1)
T s e GG bl AR08, R Hnbve AOREIRLAR L KR EheRACH e,
"acr ol ei n- trsocesliugasifer prelonging i ervpirearatjere)of acatalyst bed rasemeandpd i thef > 20%
b>>/6613 \éol ura%cuments:&_@f’/%lggg/mb,@/m ﬂroﬂg&ﬂw&mh @R, DEIA 1((5;@8@@32,gol urrs,oI S;re
o5 05% byﬁﬂ-go’rﬁr&éé,mgfaqw‘;[ﬁ’%&ﬁgg%q. i 8 Folaioil b YEReve batdlyst B Bh- :
stream times of several years.
30
The molar O,:propene ratio in the starting reaction gas mixture 1 for the propene partial
oxidation to acrolein which is conducted through the appropriate fixed catalyst bed in
the process according to the invention will normally be =1 (substantially irrespective of
whether there is a downstream acrolein partial oxidation stage to acrylic acid).
35 Typically, this ratio will be at values of <3. Frequently, the molar Oz:propene ratio in the
aforementioned charge gas mixture will advantageously be from 1:2 to 1:1.5. In many
cases, the process for the propene partial oxidation to acrolein will be performed at a
propene:oxygen:inert gas (including steam) volume ratio (I (STP)/*h) in the starting
reaction gas mixture 1 of 1:(1 to 3):(3 to 30), preferably of 1:(1.5 io 2.3):(10 to 15).
40
The propene fraction in the starting reaction gas mixture 1 may lie, for example, at
values of from 4 to 20% by volume, frequently from 5 or 7 to 15% by volume or from 6



PF 55606 34pp ggém%ver, the inert diluent gas may al so consist, for exanple,
of from2 to or 20% by weight of H2O and from 65 to 98% by vol unme of N2
5 However, at propene hourly space velocities on the fixed catal yst bed of
the "propene- to-acrolein reaction stag@s of above 250 I (STP)/1h, the use

gases such e griagebtforuh B 85 SR Rl VBB (hSed R BEN bRE e 3 [ ™

and/ or nobl@ui®es. However, it will be appreciated that these gases may
al so be used at | ower propene hourly space 10 velocities. The working

pressure i : I avent | Lale oxkdati on of the
pr opene to%%@ﬁgﬁﬁﬁg%éga Iﬁ%ﬁgkﬁéﬁ%@%ﬂw ?HBE@SE&%’?@ gl_t%iHr?e%& a
fixed c& alSpace ¥elaglty seiRrtaskand ifragrechys hwhathe SPASFsIein prBBs axidationde exanpl e
up to 0.5 bmnjlicaciddbitone) biayatompsipd drel follgwirg samponehygi cal | y, the worki ng
pressure in the gas phase partial oxidation of propene will be at val ues of
froml to 5 bar, frequently, f 1 to 3 bar. Normally, the reaction
pressure in the invent i%i?ﬁ‘ F%ég%]bb ‘éfﬁ‘fm%P‘gU?P%ﬂ'i on to acrolein will not
exceed 100 bar. Howevefrfrom 8 ta 3.5¥slseviraé ofl9-Q,he i nventi on that the working

pressurqg 20 during the ;0aeH38kb 8% bitoiGhelbhEcat | east one fixed catal yst bed
for the partial oxidation gf Erg/pg%e to a(];r 'ein, based on an identical
&8ic 4% Py

hourly space vel ocity 195} ¥QIUMG Of E84ct i on gas mixture 1 in |
(STP)/1h, is increased,rom0.02%&r 0.04%dywmetusrenaftacrdiein, deacti vati on of the at

| east one fixed catal ygionPfsle 1d e 70 185%Mrke BRY, My, i ncreased to the extent.

described in the general ,section, of t docunment. It will be appreciated
that 25 the/this i nvenfPVeE ISMRARAR, AL 1%@’ B@Feé’%fﬂwgﬂeﬁui te generally in

conbi ndion with the procedures for prolonging the on-streamtine of a

catal yst bed regomendegdio, B R/B@meCB?%PBFHé,S EP- A 990 636, EP-A 11 06 598,
EP-A 614 872, DE-A 10 %a gz lDE- Afl 23 2748 and DE- A 10351269. It is thus
possi bl e to achi eve cat'al?y/$ Y bAYTE P! O%(9EBam ti nes of several years. 30 The
nmol ar 02: propene rati o 1id¥% bheokimerafiG8y. reacti on gas mixture | for the

propene partial oxi dago®y bpvaameloENyali ch is conducted through the

approprj.ate fixed catal,y ed | process according to the invention
will nérmally be >1 (s&tﬁ’gﬁf’&é{m@ﬁwémpecti ve of whether there is a

downstream acrol ein partial oxidation stage to acrylic acid). 35 Typically,
this rati o HdwdveheheddtaMiaf Uesction gasSmitlireduenthkpropshe paeiahbxiBatidnrepene rati o

| n the  af oepmptienad cAEAs. 85 wmlleHEy Udd A ANIAGGRNSbIoREbLom 1: 2 to

1:1.5. In many caseés, process for- propene par oXI| ron to
acrolein will be perforned at a propene:oxygen:inert gas (including stean
volunezeatio (I (STP)/ kb 6 fd 13% bg valuiiend rf@@ag,ti on gas mxture 1 of 1:(1 to

D
3):(3 to 30), preferab Hﬂmoc{ toléo(%lbf? v&le%'(ﬁgd ﬂy Fr8m1§t)o'15%) by volume) of
water,
from =0 to 10% by volume (preferably from =0 to 5% by volume) of
constituents other than propene, water, oxygen and nitrogen,

30 sufficient molecular oxygen that the molar ratio of molecular oxygen
present to molecular propene present is from 1.5 o 2.5, and, as the
remainder up io 100% by volume of the total amount, molecular
nitrogen. '

35 Anocther possible starting reaction gas mixture 1 composition for the propene partial
oxidation to acrolein may, in accordance with the invention, comprise:

6.0% by volume of propene,
. 60% by volume of air and
40 34% by volume of H,0.



The propene fraction in the starting reaction gas mxture 1 may lie, for
exanpl e, alPF 3806es of from4 to 20% by vol une, frequently from5 or 7 to
15% by volune or from6 PF 55606 35 or 8 to 12% by volume or from5 to 8%
by volunme (based in each case on the tofal volune). A typical conposition
of the starting reaction gas mxture 1 % rrespective of the hourly 5 space
vel oci ty sélteratelgstarting espirt gaseniafuredebhibe campasition atdardhay td Btangpié dat i on

to acrylig greipda bob b@é’!‘,’sc)raE@é/rd@%rfgE%(%lﬁgl%%ﬁ’;ﬂéﬁ-k‘ﬁ%%é&%@%ﬂ%bffrom 6 to

6. 5% by volLune of ne by vol u o} rom0.3 to
0. 5% by voF§AgPIE: W&’rb‘?ﬁ %‘588‘3’{ acoprding [ﬂ/ﬁ’%ﬂ'%ﬁ o ERdp! 196 688.02r025 t o
0. 04% by veétepreingfo BxaropleiSa of EPrAh100.5981 mayl 8ls3 Yehised fir e podpedi-tand, as t he

renai ndgr agrolkPlbactiod fsgd-ar nitrogen, 15 or: 5.4% by volume of propene,
10. 5% by vol une of oxygen, 1.2% by volune of CO, 80.5% by volune of N2

and 20 2.4% by volune of H20 However, the starting reaction gas mxture 1
for the prbpdes starfing egactnn gast hixtures 1 fardhelpedpenedy-aciateimoz=cticasiage™i t h t he

invention, whlcaréaviRbldia skediamdegittPEIAZhtibrPMhay lid Withihahe RibRing5% by vol ume
(V?(,by vol unme (frequently from6 to 15% By vol une) of

of propene m 4 30
wat er, froﬁ?@ﬁ%qo@f&%@/ﬁ%ﬁ vol une (preferably from?0 to 5% by vol une) of

constif@ents other than propene, water, oxygen and nitrogen, 30 sufficient

nol ecul ar oxygen that fdf 7rel1aw r%{ﬁ\ﬁbl&ﬁeﬂpélﬁﬁéﬂe?}r oxygen present to
by

nol ecul ar propene pres | gom 1.5 to 2.5, and, as the remainder up to
100% by vol une of the f@%gltgg%hnt, ‘?%Lfrﬁ%aq\g?ter’nitrogen. 35 Anot her possible

starting reaction gas ¥Rttt 5t cdpedine ehcanstituenie Heameprppens, al
oxi dation to acrolein may, in accaoystenefygentahdiiieodenyention, conprise: 6.0%

by vol gre of propene, sﬁf?g@rﬁ%oYé)éuW%x%enathét tﬁlQﬁjnoIar(ge:-xt?od'c%O o%gé’noér%geent% H20.
: molecular propene present is from 1.4 to 2.2, and,
as the remainder up to 100% by volume of the total amount,
molecular nitrogen. |

20 The propene to be used in the starting reaction gas mixture 1 is in particular polymer-
grade propene and chemical-grade propene, as described, for example, by
DE-A 10232748.

It should also be mentioned at this point that, irrespective of whether an “acrolein-to-

25 acrylic acid reaction stage” follows, a portion of the charge gas mixture of the "propene-
to-acrolein reaction stage" may be what is known as cycle gas. As already described,
this is gas which remains after the product removal, in the work-up (acrolein and acrylic
acid removal) which customarily follows the last reaction stage, from the product gas
mixture of this reaction stage and is generally recycled partly as a substantially inert

30 diluent gas to charge the propene reaction stage and/or any subsequent acrolein
reaction stage.

The oxygen source used is normally air.

35  The hourly space velocity on the fixed catalyst bed (excluding pure inert sections) of
starting reaction gas mixture 1 in the process according to the invention will typically be
from 1000 to 10 000 | (STP)/Ih, usué!ly from 1000 to 5000 | (STP)/I+h, frequently from
1500 to 4000 | (STP)/I*h (irrespective of whether an “acrolein-to-acrylic acid reaction
stage” follows).

40
When the propene partial oxidation to acrolein is followed by an acrolein partial
oxidation, the product gas mixture of the propene reaction stage is, if appropriate after



PF 55606 36 Alternatlvely, starting reactlon gas m xtures 1 of the v
conposi ti offF88bdi ng to Exanple 1 of EP-A 990 636, or according to Exarrpl e
2 of EP-A 990 636, or according to Exanple 3 of  EP-A 1 106 598, or .
according to Exanple 26 of -EP-A 1 106 528, or according to Exanple 53 of
EP- A 1 106 598, may al so be used for the "propene-to 5 acrolein reaction
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to-acrolein reaction stage" nmay bewhat is known as cycle gas. As already
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h I
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reacti on ga®5% byt woleme, of maldveigndogss. according to the invention wll
typically be from 1000 to 10 000 | (STP)/Ih, usually from 1000 to

50001( STP) uen 50 400 [1h (irre ect ve of

oot ner  anroRgys) B Thlien] §4Rn 1 chefda, 645 e aEEEn edstiPOSEBE Wb Winen ¢ he

pr opengld pafrechwantimomtuobfnomcﬁ tad5air &0 Prsweight ke (byayde farmnesl, &m parti al
example, in a preceding propene reaction stage and/or added if appropriate) and of

from 70 to 90% by voiume of Na.

However, at acrolein hourly space velocities on the fixed catalyst bed for the partial
25  oxidation of acrolein to acrylic acid of above 250 | (STP)/I+h, the use of inert diluent
gases such as propane, ethane, methane, butane, pentane, CO,, steam and/or noble
gases is recommended for the process according io the invention. It will be appreciated
that these gases may also be used even at relatively low acrolein hourly space
velocities.
30
The working pressure in the inventive gas phase partial oxidation of acrolein to acrylic
acid (especially at the start of the operating time of a fixed catalyst bed) may be either
below atmospheric pressure (for example up to 0.5 bar) or above atmospheric
pressure. Typically, the working pressure in the gas phase partial oxidation of acrolein
35  will be at values of from 1 to 5 bar, frequently from 1 {0 3 bar.

Normally, the reaction pressure in the inventive acrolein partial oxidation will not
exceed 100 bar. However, it is essential to the invention that the working pressure
during the operating time of the at least one fixed catalyst bed for the partial oxidation
40 of acrolein to acrylic acid, based on an identical hourly space velocity thereon of
starting reaction gas mixture 2 in | (STP)/l¢, is increased, in order to counteract the
deactivation of the at least one fixed catalyst bed. The pressure may be increased {o



oxi dation, the product gas m xture of the propene reaction stage is, if
appropri at (?Faﬁﬁgp PF 55606 37 internediate cooling, fed to the acrolein
reacti on stage. The oxygen required in the acrolein reaction stage may

al ready have been added to the starti ng3§eaction gas mxture 1 for the
propene reaction stage as an excess and thus be a constituent of the
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| east one 104&@ I148TBYI5t bed for the partial oxidation

When the process according to the invention is performed, a fresh fixed catalyst bed
for the partial oxidation of propene to acrolein, after it has been conditioned, will

30 normally (i.e. irrespective of whether a partial oxidation of the acrolein formed to acrylic
acid follows) be operated in such a way that, after determining the composition of the
starting reaction gas mixture 1 and determining the hourly space velocity on the fixed
catalyst bed for the propene partial oxidation of starting reaction gas mixture 1, the
temperature of the fixed catalyst bed {or the iniet temperature of the heating medium

35 into the heating zone of the tube bundle reactor) is adjusted in such a way that the
conversion CP™ of propene on single pass of the reaction gas mixture 1 through the
fixed catalyst bed is at least 93 mol%. When favorable catalysts are used, values of

-+ C™ of 294 mol%, or =95 mol%, or =96 mol%, or =87 mol% and frequently even

more are also possible.

40 ‘

' When the heterogeneously catalyzed partial oxidation of propene to acroiein is

performed continuously, the composition of the starting reaction gas mixture 1 and the



40 of acrolein to acrylic acid, based on an identical hourly space velocity
t her eon of - ing reaction gas mxture 2 inl (STP)/I1, is increased, in
order to counteract the deactivation of the at |east one fixed catal yst
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oxidation, appropriately in accordance with the invention, is in turn interrupted at least
30 once, in order to conduct the gas mixture G through the fixed catalyst bed in the
inventive manner. Afterward, the partial oxidation, advantageously in accordance with
the invention, is started up again as described, etc. However, the inventive measure of
increasing the working pressure will appropriately be allowed to exert its influence
“together with increasing temperature of the catalyst bed over the operating time of the
35 catalyst bed. This can be effected in stages or uniformly.

in a corresponding manner, when performing the process according to the invention, a
fresh fixed catalyst bed for the partial oxidation of acrolein to acrylic acid, after it has
been conditioned, will normally be operated in such a way that, after determining the
40 operation of this reaction stage and the composition of the sta'rting reaction gas mixture
2 and determining the hourly space velocity on the appropriate fixed catalyst bed of
starting reaction gas mixture 2, the temperature of the fixed catalyst bed (or the inlet



fixed catalyst bed is at | east 93 nol % When favorable catal ysts are used,
val ues of 7506 > 94 mol % or > 95 nol% or >_96 nol% or >_97 nol % and

" frequently even nore are al so possible. 40 Wen the heterogeneously

catal yzed partial oxidation of propene B"ﬁ acrolein is perforned
continuously, the conposition of the starting reaction gas mxture 1 and the
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inventEQe treatnent with the gas mixture G Starting fromthis tenperature
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bt St sl %\fgfe?@% fdeiken <Srail terse Prheur n e
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oxi dati on, pREheAB bRIBSINSH actdleiRCA @ tempeRtiM bithe fixed catalyst bed of from 200 to
450°C. Subsequently, the partial oxidation is continued while substantially retaining the
“process conditions (the acrolein hourly space velocity on the appropriate fixed catalyst
30 bed is preferably restored slowly, as described, for example, in DE-A 10337788) and
the temperature of the fixed catalyst bed is adjusted in such a way that the acrolein
conversion attains the desired target value. In general, this temperature value, for the
same conversion, will be at a somewhat lower value than the temperature that the fixed
catalyst bed had before the interruption of the partial oxidation and the inventive
35 treatment with the gas mixiure G. Starting from this temperature value of the fixed
catalyst bed, the partial oxidation of the acrolein is continued while substantially
retaining the remaining conditions, and the fall in the activity of the fixed catalyst bed .
over time is appropriately in turn counteracted by increasing the temperature of the
fixed catalyst bed from time to time. For example, before the temperature increase of
40 the fixed catalyst bed which has been carried out is permanently =10°C or =8°C, the
partial oxidation is, in accordance with the invention, in turn interrupted at least once, in
order to conduct the gas mixture G through the fixed catalyst bed of the acrolein partial



the i nvent i g s5d e started up again as described, etc. However, the inventive
measure of increasing the working pressure w II appropriately be allowed to
exert its influence together with increasing tenperature of the catalyst

bed over the operating tine of the 35 catial yst bed. This can be effected in
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30 The process a'ccording to the invention is especially advantageous when, in the case of
a propene partial oxidation to acrolein (in the case of an acrolein partial oxidation fo
acrylic acid), it is operated at an hourly space velocity on the fixed catalyst bed of pro-
pene (of acrolein) of =110 | (STP)/I*h, or =120 | (8TP)/I*h, or =130 | (STP)/I*h (under
higher reactant hourly space velocities, catalysts generally deactivate more rapidiy). In

35 the case of a two-stage partial oxidation of propene to acrylic acid connected in series,
the hourly space velocity on the fixed catalyst bed for the acrolein partial oxidation of
acrolein may in each case be up to 20 | (STP)/i*h below the propene hourly space ve-
locity on the fixed catalyst bed for the propene partial oxidation.

40  When the process according to the invention is combined with the procedure for the
intermediate regeneration of the catalyst bed, it is possible to operate the catalyst bed
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that, at a given hourly space velocity on the catalyst bed of Starting reaction gas mix-

30 ture, it is possible at best fo pass through a working pressure range of up to 0.5 bar.
Accordingly, to realize the inventive procedure, advantageous air compressors (for
example the radial compressors mentioned) for the reaction gas mixture are designed
in such a way that, at a given hourly space velocity on the catalyst bed of starting reac-
tion gas mixture, they can pass through a working pressure range of from > 0.5 to

35 4 bar, frequently from 0.6 to 3.5 bar, in many cases from 0.7 to 3 bar, and often from
0.8 to 2.5 bar or from 1 to 2 bar (i.e. the maximum possible working pressure by means
of the compressor may be up to 4 bar above the minimum workihg pressure). The
aforementioned is especially true when the hourly space velocity on the catalyst bed of
starting reaction gas mixture is =1500 | (STP)/I*h, or 22000 | (STP)/i*h, or =2500 |

40  (STP)l<h, or =3000 | (STP)/I*h, or 24000 | (STP)/I*h. In general, the aforementioned
hourly space velocity in the process according to the invention is at values of <5000 |
(STP)/I*h. Optionally, other constituents (for example cycle gas) of the starting reaction



25 The progpsgeggcording to the invention thus enables on the one hand

| onger on-stream tines of the catal yst beds, especially fixed catalyst
beds, in the reactor systens before they have to be partly or fully
exchanged. On the other hand, the react4st conversions achieved, integrated
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oxi dation. 40 khe&n t he process according to the invention is conbined with
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The renovadctigé muttenetargdidec acid from the product gas m xture and associ at ed
cycle gas 5 formation may be effected as described in WO 97/ 48669.
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respectdvely will be configured in such a way that, as described in EP-A
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tenperature sensitivity are very low. Finally, it should be enphasized that,
in all gas phase partial oxidations addressed and discussed in this
docunent , 2093 kgetingstie acidoi7@ 848 hynweigbt ofdY kiverg stired fupartionsyiniod 7édrkg afer t aken
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t wo- st age ¢prgpen@i. partial oxidation of propene to acrylic acid, it has been
found to be advantageous, in the case of fresh catal yst beds, to begin the

reaction operation with an inlet pressure into the propene reaction stage of
from 1. 4 toeepray-dryingrwaseeftectes in acpiatingdiskspray tovear ipeewdercerrerd at p@@s2.5 to

3. 0 bags ovigket {ehpePRBleadf 300 + 10°0Rind lalgasbdembeatite mpdrsiaes] thmt the
per f ormance a

east one Eping npLbateTaaGR sieatounienio WiaiE 3wy TReshiBRel) oiygen
sour ce (f diondssingfl1@%aby welight (ignitesit 68&'6x undet air &irdh)tvasDELECALBREY OB
verted to a paste in a kneader using 16.8% by weight (based on the powder) of water
and extruded by means of an extruder (rotational moment: < 50 Nm) fo extrudates of
30 diameter 6 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 freated at a temperature in the range
from 780 to 810°C (calcined; in a rotary tube oven flowed through by air (capacity
1.54 m®, 200 m* (STP) of air/h)). When precisely adjusting the calcination temperature,
35 itis essential that it has to be directed to the desired phase composition of the calcina-
tion product. The desired phases are WO; (monoclinic) and Bi;W,0g; the presence of
1-BizWOs (Russellite) is undesired. Therefore, should the compound y-Bi, WO still be
detectable by a reflection in the x-ray powder diffractogram after the calcination at a
reflection angle of 20 = 28.4° (CuKa radiation), the preparation has 1o be repeated and
40 the calcination temperature increased within the temperature range specified or the
residence time increased at constant calcination temperature, until the disappearance
of the reflection is achieved. The preformed calcined mixed oxide obtained in this way
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was subsequént Sy stirred at 2 or a further 2 and subsequently

spray- dri efinutes.

25  Subsequently, the mixture was spray-dried in countercurrent in a rotating disk spray
tower (gas inlet temperature: 400 + 10°C, gas outlet temperature: 140 + 5°C). The re-
sulting 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.

30 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

35 [Bi;W,0q- 2W03]{).5[M012005.5Fez.943i1.59Ko,050x]1

in a mixer having bladed heads. Based on the aforementioned overall composition, an
additional 1% by weight of finely divided graphite from Timcal AG (San Antonio, US) of
_ the TIMREX P44 type (sieve analysis: min. 50% by weight < 24 um, max. 10% by
40  weight > 24 pm and < 48 um, max. 5% by weight > 48 ym, BET surface area: from 6 to
13 m*g) were mixed in‘homogeneously. The resulting mixture was then conveyed in a
‘compactor (from Hosokawa Bepex GmbH, D-74211 Leingarten) of the K200/100 com-



The spray Fzyqsgg was effected in a rotating disk spray tower in
countercurren ? a gas 25 inlet tenperature of 300 10C and a gas outl et
tenperature of 100 10C. The resulting spray powder (particle size a
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solution B 'was continuous ed i nto the initially charged solution A
over a period of 30 m nutes. Subsequently, the m xture was stirred at 60C
for 15 m nlbhemneadi@ethentsgvavé carried dakwith the fAbwingapareimefargm Dupont (46. 80% by
wei ght of SiO2, density: from1.36 to 1.42 g/,
Initial force: 0.5 N.
30 Rate of initial force: 10 mm/min.

Testing rate: 1.6 mm/min.

The upper die was initially lowered slowly down to just above the cylinder surface of the
annular shaped unsupported catalyst precursor body. The upper die was then stopped,

35 in order subsequently to be lowered at the distinctly slower testing rate with the mini-
mum initial force required for further lowering.

The initial force at which the shaped unsupported catalyst precursor body exhibits
crack formation is the side crushing strength (SCS).

40
For the final thermai treatment, in each case 1000 g of the shaped unsupported cata-
lyst precursor bodies were heated in a muffle furnace flowed through by air (capacity



pH from8.5 to 9.5, max. alkali content 0.5% by weight) were then added to
the resul t prigagpogqueous m xture, and the m xture was stirred afterward at
60C for a further 15 mnutes. 25 Subsequently, the m xture was spray-dried
in countercurrent in a rotating disk spray tower (gas inlet tenperature:
400 10C, gas outlet tenperature: 140 4). The re- sulting spray powder had
an ignitio fo 0 I a7l 4t @t for 3
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K200/ 199 cearifhtidnt6RPerbture Paiitaied Yosr HQvi ng concave, fluted smooth rolls
(gap width: 2.8 nm sieve width: 1.0 nm |ower particle size sieve wdth:

400 pm target conpressive force: 60 kN, screwrotation rate: from65 to 70
revol ut i onAnpéar yrsHpeesied cRialyste S wveregpteineg iemdbhe anmier haned HpwBPPosed 10 N
and a subsgaalstadrboursoridodie) particle size of from400 pmto 5 1 mm The
conpact ate was subsequently m xed with, based on its weight, a further 2% by
wei ght of the sane graphite and subsequently conpressed in a Kilian rotary
tabl et g Thye srecifigrsufaee arer Szdna il Ppreoiung Vathe noresdiamstard ogrEch under a
Bi Ej r 'ogenf ainaikePine igeediost Longibuioratonhie @ital bapeturhiasngnos pedectated dnytho;;ﬁH ecur sor
odies o [ r ' j 5 mm x
S x 2 e SardtelsT W @ poft R Ehindse GALls & § Pl BERFIR ), o
docunent, kSHENG AORHATHISEPPEIRG Rt Es VB 3HelIeWRishi ng strength when the
annu- 15 | ar shaped unsupported catal yst precursor body is conpressed at
ri ght Q@glgg-}gxﬁa@ cylinder surface (i.e. parallel to the surface of the
ring orifice). ,Side crushing strengths in this document relate to a
determ natVo‘rp-BZ/CWE@ns of a mterial testing machine from2Zw ck GrbH & Co.
(D-89079 UNTH [wof] tte. Z 2.5/ TS1 S 20 type. This material testing nmachine
i s designegof @f _giasi static stress having a single inpetus, stationary,
dynamic or varying profile. It is suitable for tensile, conpressive and
bendi ng tests. The installed force transducer of the KAF-TC type fromA S. T.
25  In addition, the ratio R of apparent mass density to true mass density p (as defined in

EP-A 1340538) was 0.68.

On the industrial scale, the same annular catalyst was prepared by means of a belt
calcining apparatus by thermal treatment as described in Example 1 of DE-A 10046957

30 (except that the bed height in the decomposition (chambers 110 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 1.40 m? (caicination) and were flowed through from

35 below through the coarse-mesh beli by 75 m?® (STP)/h of supply air which was
aspirated by means of rotating ventilators. Within the chambers, the temporal and local
deviation of the temperature from the target value was always <2°C. Otherwise, the
procedure was as described in Example 1 of DE-A 10046957.

40 B) Preparation of a catalyst C, (coated catalyst) to be used in the acrolein partial
oxidation to acrylic acid and having the stoichiometry Mo;2VsW+ 2Cuz 40y of the
active composition



(D01307 havi ng the manuf acturer nunber 03-2038 was calibrated in
accor - dance W DIN-EN | SO 7500-1 and could be used for the 1-500 N
measur enent. range 25 (relative nmeasurenment uncertainty: 0.2%. The
measurenents were carried out with the 40ollowi ng paraneters: Initial force:
0.5 N. 30 Rate of initial force: 10 nmmn. Testing rate: 1.6 nminin. The
upper die was initially |lowered slowy down to just above the cylinder
surface of 1t heGeapmlidercritinnm dnareians puhetfemacauaed for cplcisetionsor body. The
upper die was then stopped, 35 in order subsequently to be | owered at the
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V0. 11- % = 79.
The rotary tube rotates freely in a cuboid (2) which has four electrically heated

(resistance heating) heating zones which are successive in the length of the rotary tube
and are of egual length, each of which encloses the circumference of the rotary tube

25  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.

.30

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
the right, the material remains in the rotary tube; in the case of rotation to the left, the
material is conveyed from inlet (3) to outlet (4). The inclination angle of the rotary tube

35 to the horizontal may be variably adjusted between 0° and 2°. in batchwise operation, it
is in fact 0°. in continuous operation, the lowermost point of the rotary {ube is at the
material outlet. The rotary tube may be rapidly cooled by switching off the electrical
heating zones and switching on a ventilator (5). This aspirates ambient air through
holes (6) in the lower base of the cuboid, and conveys it through three flaps (7), having

40 variably adjustable opening, in the lid.



25 In addition, the ratio R of apparent nmass density to true nmass density p
(as define®Fi¥%60BP- A 1340538) was 0.66. On the industrial scale, the same
annul ar catal yst was prepared by nmeans of a belt calcining apparatus by
thermal treatnent as described in Exarrpjhg 1 of DE-A 10046957 30 (except
that the bed height in the deconposition (chanbers 1 to 4) was
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lifting | a . : ) equidistantly around the circunference
(separ atioﬁ%?e}agg%rﬂb'@géggggo)_ Along the rotary tube furnace are di sposed

ei ght such quadruples (each 23.5 cmapart). The lifting | ances of two
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heat t&2 appweys'i gltsggqr@fagy@ntw%éaqqtgdn wgich the gas stream is conducted over

' 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 récycling

30 the gas stream conducted through the rotary tube. The recycle line required for this
purpose is connected to 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

~ streams (11) supplement the gas stream conducted through the rotary tube at the inlet

35 into the rotary tube and at the outlet from the rotary tube. Appropriately, the rotary tube
narrows at its start and at its end and projects into the tube of the recycle line leading to
and away from it respectively.

Downstream of the outlet of the gas stream conducted through the rotary tube is
40 disposed a cyclone {12) to remove solid particles entrained with the gas stream (the
centrifugal separator separates solid particles suspended in the gas phase by



t enper at ures bet ween roomterrperature and 850C. The maxi num heati ng out put
of each hEEt398B86zone is 30 kW The distance between el ectrical heating zone
and rotary tube exterior surface is about 10 cm At the start and at the
end, the rotary tube projects approx. cm beyond the cuboid. 30 The
rotation rate may be variably adjusted Detween O and 3 revol utions per
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whi ch 2he cal cination atnosphere or generally the atnosphere of the thernal
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possibilit rotarg betothe
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1 ch
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made by the three-way valve principle. When the gas stream consists substantially of

air, it is 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 fube pressure is
30 less than the ambient pressure.

In the case of continuous operation of the rotary tube furnace apparatus, the pressure
downstream of the rotary tube outlet is advantageously set -0.2 mbar below the
external pressure. In the case of batchwise operation of the rotary tube apparatus, the
35 pressure downstream of the rotary tube outlet is advantageously set -0.8 mbar below
the external pressure, The slightly reduced pressure serves the purpose of preventing
contamination of the ambient air with gas mixture from the rotary tube furnace.

Between the cycle gas compressor and the cyclone are disposed sensors (18) which _
40  determine, for example, the ammonia content and the oxygen content in the cycle gas.

‘The ammonia sensor preferably operates by an optical measurement principle (the

absorption of light of a certain wavelength correlates proportionally ta the ammonia



25 However, it is generally an electrical heater in which the gas streamis
conduct ed Bfﬁso%t al wires heated using electricity (appropriately a 97D/ 80
CSN fl ow heater from C. Schni ewi ndt KG 58805 Neuerade, Gernmany). In
principle, the rotary tube apparatus prgyides the possibility of partly or
fully recycling 30 the gas stream conducted through the rotary tube. The
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centrif gaf®M8f-ce and gravity; the centrifugal force of the gas stream
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pressufge is generally above one atnosphere. Downstream of the cycle gas
conpressor_i s .di sposed._a cycl e s qutlet (¢ e s may. .be di scharged via
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rR gg;lt aﬂ% ngeyiﬁ.h fhe WdRBing el A% SRIREeSRIucldFtodRGphbBRiti Wi5sibh Bastainged.
IV
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the rotar yﬁ?‘:i;‘glés(?gﬁ?rl(g?” I!?’p ? %eé'egéf Pag ﬁlferél){%wé,osé @&%'Br{hgyaﬁggg@bcfﬁggi gher
and, for eigdligshergedpFinally, hcperatian id efigsted in prmeffle\8mnagsr ds, the pressure of
the gas streamflow ng through the rotary tube nmay be bel ow the anbi ent

th it | th .20 th
Phtent 1 on psefiger (@Y KUBZ MG e o iR OFAT o 4859 BRGRL o ¢ hr ough
t he roR%r yistused fo measwreane conton thechoxerte oiibe gae siraam whieh iz ias te thpotary
conpr essor tuhd FhdiiSdiffeRAtolNe bafiet §aS@etBireHRnY Srindil@Ghéhi-caflecansl t he gas

streamis condHct ed di rectw . .
mass flow measuremeént dsing an isothermal anemometer).

In the case of continuous operation, material and gas phase are conducted through the
30 rotary tube furnace in countercurrent.

In connection with this example, nitrogen always means nitrogen having a purity of
> 99% by volume.

3B 2 Preparation of a precursor composition for the purpose of obtaining a multiele-
ment oxide composition of the stoichiometry Mo.;VsW, 2Cu, 40y

16.3 kg of copper(ll) acetate hydrate (content: 40.0% by weight of CuO) were dissolved
with stirring in 274 | of water at a temperature of 25°C. A clear solution 1 was obtained.



into the oé.f:g &I eani ng apparatus (23). The connection to the offgas
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25  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 pre-
cursor composition {calcination of the precursor compasition) in a rotary tube fur-

30 nace apparatus

The thermal treatment was carried out in the rotary tube furnace described under
“B) 1.” according to Figure 1 and under the following conditions:

3B - the thermal freatment was effected batchwise using a material amount of 300 kg
which had been prepared as described in “B) 2.";

- the inclination angle of the rotary tube to the horizontal was =0°;

40 - the rotary tube rotated fo the right at 1.5 revolutions/min;



fine dust filter (generally a series of bag filters) fromwhose interior the
_ penetrant 6is di scharged. Finally, incineration is effected in a
~muffle furnace. A sensor (28) fromKURZ Instrunents, Inc., Mnterey (USA) of
the 455 Jr nodel 25 is used to neasure de control the flowrate of the gas
streamwhich is fed to the rotary tubeand is different to the barrier gas
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obt ai ned. PF 5525}63(EEH’P)tEpabengrgmpﬂlr@geal(w); herefrom 6141 of water were

heated to 40C agyd¥ of PRI anol ybdate tetrahydrate (81.5% by
wei ght éﬁf MbO3) wa§és-¢ﬁiq/rhr ea I n \R}%ﬁrgm)ﬂ%ﬂht aining. the 40C. The m xture was

then hdSted wi t19 8t {$FMRy ebresiet!ated pYse 685 %%  and, while retaining this
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Sol uti on 2 was 51988 sirgaras E g é%é%ﬁ%ﬁ{?rl: yag ) eAGhHIese carauctad ipfadhei nt o
solution 2. Thetanetsibé bl the ternpenatuse Wes thednatedal haidtith eA@0cdsedd the @&y by wei ght
aqueougsNH3 solygd on 10 which had a tenperature of 25C. Wth stirring, a
clear solution was fornmed which briefly had a tenperature of 65C and a pH .
of 8.5. To this were once again added 20 | of water at a tenperature of

25C. Aft er war d,withire1Q kripe neteriabteoiperdtarerof 26F € wag heeledtin asubstast@liptjaear t o 80C
and the sol uti gRaastd wAcspray-dried using an S-50-N R spray drier from -

Ni ro- At om zer enhage s jnlet tenperature: 350C .gas oytlet tem 15
per at ur e: 110C§3.g8 eg&g‘iﬁ %g%ggfrte 8raét“rﬁé{‘fa§?@?{§dd4"§wbggﬁ'9815“?${8ﬂtf Yto 50
pm 6@0kg of tlihear rodnrer ed6®&Pr ay powder were netered into a VM 160 kneader

(Si gma bl ades)s bsfileAKiHAsRABREMME Rl WaRJedRRLTBSSEHRR didbiahkyand
kneaded with the additl 1 of acetic acid (=l 00% by wel ght,

on, of, 5.5
gl aci al aceti c "98F'dV@Ylk W@h'ﬂf Bt water (rotation rate of the screws: 20
rpm . After a Khendtie mptedaiienaferatusmwas beated to 420°6dn agubgantially hegarénd-1 of

vat er wer e addegdr aiin eak@RIhAGHATORESBUEHaS BBl dVeedo Wik | 30 m nutes
had el ggsed (kneadi ng tenperature fromapprox. 40 to 50C). Afterward, the

kneade@“material was enptied into an extruder and shaped by neans of the
extruder ¢f r ofrdBotha 80 nCABIRIY of ahirothe gas dstam GondBteddthnugh3mktEr8"  Ext r uder

W Packer) to 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

30 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; |

- over the entire thermal treatment, the pressure (directly) downstream of the
35 rotary tube outlet of the gas stream was 0.2 mbar below the external pressure.

The oxygen content of the gas atmosphere in the rotary tube furnace in all phases of

the thermal treatment was 2.99% by volume. Arithmetically averaged over the entire

duration of the reductive thermal treatment, the ammonia concentration of the gas at-
40  mosphere in-the rotary tube furnace was 4% by volume.



ektrudatesp&gﬁggh: 1-10 cm dianmeter 6 mm). On the belt drier, the

ext rudat es 5 dried at a tenperature of 120C (material tenperature) for
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streans, comng fromthe heater, was 1 n each case conducte to the rot ary
tube at the te erature that the material had in each case in the rotary 15
tube. - wi #hi nShaping ofithe mdtirestalaixidecaniies adropesitin 25C was heated in a
substapgially linear manner to 300C subsequently, the mat eri al tenperature
was heat ed W|t a_subst ant.i a J near to 360C,
subsequent-lr %ﬁ&tlﬂygﬁv&m taing “'}\;3552?) uw%sdgrloan gb@elaﬂsg a

subst ant i aBRp00 BIN@WOMQW@E!MMW millAfram Hosokawvadipiee Avgshiurg)dopiveat ure was

- heated to ﬁr@&w&r@fﬁﬁhﬁ‘{i@%dﬁhé Mowdé?%aﬁucr@ag:aséwthvwghlaﬂs@etbfm H hi's

T s SN 100 U AR e i R SIEL P o

50 ,um was less 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

25 diameter 4.0 mm,; type C220 steatite from CeramTec having a surface roughness R, of
45 pm 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 Ladige, Germany) of capacity 200 I. 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

30 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 mul-
timetal oxide active composition (whose specific surface area was 13.8 m%/g) were
metered in continuously within the same period via an agitated channel! outside the
spray cone of the atomizer nozzle. During the coating, the powder supplied was fully

35 taken up on the surface of the support body; no agglomeration of the finely divided oxi-
dic active composition was observed. On completion of addition of active composition
powder and water, hot air (approx. 400 m%h) at 100°C (alternatively from 80 to 120°C)
was blown into the coating tank at a rotation rate of 2 rpm for 40 min (alternatively from
15 to 60 min). Annular coated catalysts C, were obtained whose proportion of oxidic

40 active composition based on the overall composition was 20% by weight. The coating
thickness, viewed both over the surface of one support body and over the surface of
different support bodies, was 170 + 50 ym.
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Augsburg) to give a I ne powder o I C o Of e powder particles passed
t hrough a %‘?"Qggy@FU’??é‘_ﬂTE”WQhTI‘?”?"r@%Ti9?%3‘15{9FNW6(H@))-VWose proportion of
particles of |ongest dinmension above 20 50 pmwas |ess than 1% The shaping
vas then efbEREhAR, fPhiPysive EOmbBsifkn ?awagrgafowmogﬁapgaqh Riiig((Bxhi-er nal
di aneter 7. I engt .2.mm interngl . 25 dianeter 4.0 nmm gpe C220
Stoatite {9aiAh B BABKRIE0 RYLGDSE e BEMdaR TG SETRIETB AabSEB SR hBBHG @ t ot al
por e V20 ungrivadeghrithmit lseale pihdine midrogdre rangedo the toted porafvolun®.% by  vol une; cf.
DE- A 2135620) were charged into a coating tank (inclination angle 900;
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sequently removed from the annular coated catalyst C4 by mechanical scraping (its
specific surface area was 12.9 m%g).
25 |
Figure 8 shows the same as Figure 6, but for multimetal oxide active composition sub-

sequently removed from the annular coated catalyst by mechanical scraping.

C) Performance of a two-stage partial oxidation of propene to acrylic acid (on the
30 industrial scale)

L. Description of the general process conditions in the propene reaction stage
(propene - acrolein)

35 Heat exchange medium used: Salt melt consisting of 60% by weight of potassium
nitrate and 40% by weight of sodium nitrite.

Material of the catalyst tubes: ferritic steel.

40 Dimensions of the catalyst tubes: Length 3200 mm;
internal diameter 256 mm;



set into red i at 16 rpm A nozzle was used to spray from3.8 to 4.2
_liters of a queous sol ution conposed of 75% by wei ght of water and 25%
by wei ght of glycerol onto the support bodies within 25 mn. At the sane
time, 18.1 kg of the ground nul- tinmetapsoxide active conposition (whose

specific surface area was 13.8 nR/ wer e tered in continuo i thin
the sanme period via an agitated chg%fﬁ@afﬁﬁ?'gfeﬂ Oifg (nggﬁ‘géfnﬁﬁng%d%”whe
atom zer nozzle. During the coating, the powder supplied was fully 35 taken

up on the MRS f edtalyauSsIR®id tuBOBYndIBO Aggd@meration of the finely
di vided oxi- dic active conposition was observed. On conpletion of addition

of active conposition powder and water, hot air (approx. 400 n8/h) at 100C
(al t er nat i @agtor ofyigulrica vessabpf diametas 680 mMnmtanntlady ecangasdiubabundie a
rotation rate of 2nh#&pg & Gee4bntfiBpécd. ternatively from 15 to 60 mn).

Annul ar coated catal ysts CA were obtai ned whose proportion of oxidic 40
active conposition_based on the overall conposition was 20% by wei ght. The
coating thicknessDiameigiad theotantiallisge snesesifO0ipe. Bistanse of thepuitermestly and
over the surface otataliftliessceiidm sepResé! validi EBmm\abriofenedis mlydthuhb606 54
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{(zones).

The uppermost and the lowermost deflecting plate had annular geometry, the internal
30 annular diameter was 1000 mm and the external annular diameter extended with
sealing to the vessel wall. The catalyst tubes were not secured and sealed to the
deflecting plates. Rather, a gap having a gap width of < 0.5 mm was left in such a way
that the transverse flow rate of the salt melt was substantially constant within one zone.

35 The middle deflecting plate was circular and extended up to the outermost catalyst
tubes of the tube bundle.

The recycling of the salt melt was brought about by two salt pumps, each of which
supplied one longitudinal half of the tube bundle.

40 _
The pumps compressed the salt melt into an annular channel which was arranged at
the bottom around the reactor jacket and divided the salt melt over the vessel



25 Figure 8 shows the same as Figure 6, but for nultinmetal oxide active
conposi ti oRFAM08sequent | y renoved fromthe annul ar coated catal yst by
mechani cal scraping. C) Performance of a two-stage partial oxidation of
propene to acrylic acid (on the 30 indgsstrial scale) 1. Description of the
general process conditions in the propenhe reaction stage (propene -.

acrol ei n) gEuRatenes.ciingrigd meldieashagstbel tubsaiundiedh theclowsinsasit Fpgisiding % by

wei ght of pedtias shrooyh Windbas ¢ madeé’&afojbckewm%lt eleltapeh oWt 4d dik@ted NRL eri al

of "'the catg| r teel. 40 Dinensions of the catal yst tubes:
Lengt h BZO@Jﬁ?ieEtih%ﬁartﬁ%ﬁth %@fe%CSZS mm PF 55606 55 external dianeter 30

mm (wal | thickness: 2.5 nm. Nunber of catalyst tubes in the tube bundl e:
25 500.55 Reactrom th€plisdrineald, vessel of dianeter 6800 mm annul arly
arranged tube bundle having a free central space. D aneter of the central
free space: 1000 nm D stance of the outernost catalyst tubes fromthe
vessel walt: 150Mihe nadeydw@dus catal yst tube 10 distribution in the tube
bundl e (6 equi di stant nei ghboring tubes per catalyst tube). Catalyst tube
pitch: 38 mMm I t ubes were secured and sealed by their ends in
catal yst tube atﬁ%gﬁ%*d%n \lﬁ%:rlghess 125 mm and opened with their orifices
each i o a hood connected to the vessel at the upper or |ower end. Between
t he upper hoodfromrte ifs@leuqbpeardcat al yst tube pl ate was di sposed, nounted:
centrally, an irrpi ngerrent plate, toward which the fed reaction gas m xture
fl owed and, 20vva n def]ected in a distributive nne o0 the catal yst
tubes. Fel@ P qqn@al éﬁ?a"é?l%'ﬂﬁﬁlf’é‘”ﬁ%éf|eﬂ’ﬁpt%e‘ilﬁév? é?t# Pt (R bundl e
was di vi desaltapelt holieeteddhtoagh wirglopks at@sitdd initiok ngsesmpst |ergifodindbsectise 10 nm) ‘

mount egk i ”ar%Hﬁ&ﬁ%%e@Qel%EMﬁ%’?eﬁc@qn S8 LAhNSE cHarR& rﬁétﬁfteﬁf?t'tﬂeE dparolitghet udi nal

The unper et ekelana) ol iralio 164 Sl yish SABS RIS s rano et tas ¢ he

i nternal B herwerrandulanehamellgsthe @dpam and t he external annul ar di aneter
extended with sealing to the vessel wall. The catal yst t ubes were not

aﬁegﬂlegf az lbéseal ed%%\ qfihe[ stpﬁ%gﬁ%#tlggagl >8ure 13%1fﬂure of air, &%mlgé/l'g?gd a gap

20 propylene and cycle gas) over the operatlng time was within the following framework:

from 5 to 7% by volume of chemical-grade propene,
from 10 to 14% by volume of oxygen,
from 1 to 2% by volume of CQO,,
25 from 1 to 3% by voiume of H,0, and
at least 80% by volume of N.

Reactor charge: Salt melt and reaction gas mixture were conducted
in countercurrent viewed over the reactor. The salt
30 melf entered at the bottom, the reaction gas mixture
at the top.
The inlet temperature of the salt melt was 337°C at
the start.
The outlet temperature of the salt melt was 339°C at
35 the start. |
The pump output was 6200 m® of salt melt/h.
The starting reaction gas mixture was fed to the
reactor at a temperature of 300°C.

40 Propene loading of the fixed
catalyst bed for the propene ‘
partial oxidation: “from 100 to 120} (STP)/I-h



that the transverse flow rate of the salt nmelt was substantially constant
within onePFd80635 The niddl e deflecting plate was circul ar and extended up
to the outernost catalyst tubes of the tube bundle. The recycling of the
salt nelt was brought about by two salt.punps, each of which supplied one

| ongi tudi nal half of the tube bundle. 40 The punps conpressed the salt nelt
into an annul ar channel which was arranged at the bottom around the reactor
j acket andCatalystietbetdnargealith ikt over the vessel PF 55606 56 circunference.

The salt ”B%%{é‘el?eﬁ‘?ﬂté‘te?)g%#%e bundl e in the | owernost |ongitudinal section

t hrough wi ndo; n or jacket. The salt nelt then flowed as dictated
by the dePRdat®rigdption ff@8 M t he sequence 5 - fromthe outside inward, -
fromthg i tsbhawmutward, - from themeqMtspighe i nward, 10 - fromthe inside

outward, in a substantially neandegi pg. i ver f{he v el, from
bottomto top. The salt nelt col %ﬂgﬂ@@%ﬁjﬁ#ﬁ%ﬁ&d@q@ oﬁgﬁértngt@-/ ?rsﬁqlﬁ(e

upper most | ongi tudi nal section 15 AFPuxd nmdéexierggediarpies yigretentéena an

annul ar- channel nounted at the topdianhetnd the reactor jacket and, after
cooling to the original inlet tenperature, was conpressed back into the

| ower nul ar channel by the punps, I~ | The conposition of the starting
reacti gas mixture | (mxture ofZo%eB: 10A&M cal - grade 20 propyl ene and
cycle gas) over the operating ti nmeatagstshame withiehdnaddepsbmomixtuae®nesdk: from

5to 7% by volunme of chem cal-gra : . 9 of
oxygen, - from1l to 2% by vol une O?@%@g@?ﬁe@gﬁrﬁmp%%gé/é’%rﬂré‘tﬁogf)}&nnii?lgf 20, and
at | east 80% by volune of N2. ReactdMmifxiqyeal dameterplepgindniedi®@ti on gas

m xture were conducted in count erdiameterjtandicS¥ebly weight dfftke ueaupported The sal t

30 nel §gentered at the bottom thq:qé?:%q' iAixgture at the top. The
inlet tenperature of the salt rreltawas ?@?%p%t?&lth "start. The outl et

tenperature of the salt nelt was 339C at
Zone C: 170 cm

catalyst charge with the annular (5 mm x 3 mm x
2 mm = external diameter x length x internal
20 diameter) unsupported catalyst C, prepared in A).

The thermal tubes (their number was 10 which were uniformly distributed in the central

region of the tube bundle) were configured and charged as follows:

{they were used to determine the hotspot temperature (maximum temperature along a
25 thermal tube) to control the inlet temperature of the salt melt; this is an arithmetic

average of independent measurements in the 10 thermal tubes)

Each of the 10 thermal tubes had a central thermowell having 40
temperature measurement points (i.e. each thermal fube contained 40

30 thermoelements which were integrated into a thermowell at different
lengths and thus formed a multithermoelement by which the temperature
could be simultaneously determined within the thermal fube at different
heights).

35 At ieast 13 and at most 30 of the in each case 40 temperature
measurement points were in the region of the first meter of the active
section of the fixed catalyst bed (in the flow direction of the reaction gas
mixture). '

40 The internal diameter of a thermal tube was 27 mm. The wall thickness
and the tube material were as in the working tubes.




35.the start. The punp out put was 6200 nB of salt nelt/h. The starting
reaction gaggmsgpaire was fed to the reactor at a tenperature of 300C. 40
Propene | oading of the fixed catalyst bed for the propene parti al

oxidation: from 100 to 120 1 (STP)/1h PF 55606 57 Catal yst tube charge with
fixed catalyst bed for the propene partdgal oxi dation (fromtop 5 to

bottom: Zone A

7 mMmx 4 nm (extern

50T Riefld Blahior POk ALRh@ANdces Fngs of geometry 7 mm x

Iameter X aneter) 10 Zone B: 100

cmcatal yst charge with a hormgeneous m xture of 35% by weight of steatite
ri ngs of geonetry 5Thentherdahtbeskw@reromalgextagrfolidwsetli aneter x | ength x internal
di arreter) and 65% by wei ght of the unsupported 15 catal yst Cp prepared in

r})e C 170
ext er nal* di anet er
prepar ed in A)

cmActal%ﬁEpcha e wth the annular (5 mMm nMmx 2 mm=
x A 1BeE ﬁ%ﬁedz’bthdi‘%ﬁﬂ'ﬁlé?’)“ﬂ?HEﬁzﬂi’E%irqaéﬁiY%&ipal yst Cp
TherephedrinalA)tioladdition, roataiysmamdjlefahmmmdlﬂemmrm éromni form y

distributed in the Eh%rﬁnrn@'ar uﬁﬁﬂ)‘p@ﬁe@&atélg?té% l@cﬂ{%ﬂoﬁ%‘eéﬁf dfgrlbrnfg and

charged as fol |l ows

(maxi mum t enper at

et €rm ne otspo rrpera
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tube at different
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20

haes!sgg tthr))ugh a worklng tuge f%r this pgjurposenProm 53 to 2%% w \evve%g%t each

of catalyst spall were required based on the active section of the fixed
catalyst bed (i.e. excluding the inert sections) in the thermal tube). At the
same time, the particular total fill height of active and inert sections in the
working and thermali tubes was the same and the ratio of the total amount
of active composition present in the tube to heat exchange surface area of
the tube in working and thermal tubes was set at substantially the same
value.

Il.  Description of the intermediate cooling

25  The product gas mixture leaving the propene reaction stage at a temperature
corresponding substantiaily to the salt melt outlet temperature was, for the purpose of
intermediate cooling, conducted through a one-zone tube bundle heat exchanger made
of ferritic steel which was cooled with a salt melt composed of 60% by weight of
potassium nitrate and 40% by weight of sodium nitrife and had been flanged directly

30 onto the reactor. The separation of the lower tube plate of the reactor from the upper
tube plate of the cooler was 10 crn. The salt melt and the product gas mixture, viewed
over the heat exchanger, were conducted in countercurrent. The salt bath itself flowed,
in the same manner as in the first-stage one-zone multiple catalyst tube fixed bed
reactor, in a meandering manner around the cooling tubes through which the product

35 gas mixture was passed. The length of the cooling tubes was 1.65 m, their internal
diameter was 2.6 cm and their wall thickness was 2.5 mm. The number of cooling
tubes was 8000. The diameter of the heat exchanger was 7.2 m.

They were distributed uniformly over the cross section with uniform tube pitch.

40

Into the inlet of the cooling tubes (in flow direction) were introduced spirals of stainless
steel whose cross section corresponded virtually to that of the cooling tubes. Their



nmeasur enentpPRddies Were in the region of the first meter of the active
section of the tixed catalyst bed (in the flow direction of the reaction gas
m xture). 40 The internal dianeter of a thermal tube was 27 mm The wall

t hi ckness and the tube nmaterial were as9in the working tubes. PF 55606 58

The extern I he t rm II Th her b wer e
char ged as 115t SRS Bk 700 i 1960 MR Sler BRal (B cop e Sy e T HeHen
unsuppor t edereairgrisatedyl ringsk g5 geivad 1 imprevedhel ﬁ?@tdf@nsf%lt al yst spall which
had been generated from the annul ar unsupported catal yst C, and had a

Longest 4! RRYaicPlad B it MeTEange ChABASS LAarklie dibessel ube. 10

The catal yst 458% eous on qver the entire
active §ect3”@ﬁe%enp}‘ré3°mgf%$&e€é!rdf teppperateren 1¢P Cawas mixpshwill itinube i n

such a way atnfmoariﬂefamc@ssmoenﬁr(spppﬁh sBesite pssit aithg @B mipoxition Bestdibed passed
bassed t hr G B PR G AGBEo PRI ob DB A AT GRE 4060 20% by wel ght 15
of catalyst spall were required based on the active section of the fixed
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secti on® H‘P”?T?@ne\%m ""h@a %Mﬁtk'!i’ﬁef”ﬁi’l elddﬁégo'i/ﬁ ?ﬁ‘é’o@ﬁ‘rf@agf?ﬂ' E3Rio0 of the

t ot al anoume¢mpearbtuee bf 220°Conposition present in the tube to heat exchange
surface area of 20 the tube in vvor ki ng and t her nal tubes was set at
substantial |y t sanme val ue. Description of the intermedjate cooling
25 The pr odlret ORRSTIGR AN EP S ioRRS CHTGIRA Mo ToR e1gt Stioo
tenperature cdeceEpondasrgicadiitantially to the salt nmelt outlet tenperature
was, fQg the purpose of internediate cooling, conducted through a one-zone

tube bundl e heat exc itic steel L.C cooled with a
Salt el donfocl DtagorohEps Rt P fsris Bis ped WHGR D58 The Y8 by et oh
of sodi um miesigntas taidf thediréietagef | anged directly 30 onto the reactor. The

separation of the |ower tube plate of the reactor fromthe upper tube plate
of the cool was o The salt t he roduct S xture, .vi ewed
over the. ndb LREREARER thg8heSE s TUKLES PG TRPERD e SR oA g

i tsel f 201 owealfollowing frlaseswnieoven thecopesatingrtimeaie first-stage one-zone nultiple
catal yst tube fixed bed react or in a nmeandering manner around the cooling

t ubes throygh I t he 35 gas m xture was passed. The length of the
cool i ng tugrg %{/&g% bgfyopr{)e[ éalclrc’l?'ﬂt ernal dianmeter was 2.6 cmand their vvaII

t hi ckness \irem 2 168%hy VPhmeoffer of cool i ng
from 1.2 to 2.5% by volume of CO,,
25  from 6 to 10% by volume of H,O and
at least 75% by volume of N,.

Reactor charge: Salt melt and charge gas mixture were conducted in
countercurrent viewed over the reactor. The salt melt
30 entered from the bottom, the charge gas mixture from the
top.

The inlet temperature of the salt melt at the start (on
completion of conditioning of the fixed catalyst bed for the

35 acrolein partial oxidation) was approx. 263°C. The
accompanying outlet temperature of the salt melt was
approx. 265°C at the start.

The pump output was 6200 m® of salt melt/h.
40 :
The starting reaction gas mixture was fed to the reactor at
a temperature of 240°C.



t ubes was 8000. The di aneter of the heat exchanger was 7.2 m They were

di stribut e®Fu¥608 iy over the cross section with uniformtube pitch. 40
Into the inlet of the cooling tubes (in flow direction) were introduced
spirals of stainless steel whose cross éecti on corresponded virtually to
that of the cooling tubes. Their PF 55606 59 Iength was from 700 nmto 1000
mm (alternatively, the cooling tubes may be filled with |arge inert

mat eri al risegsgin loHaRly Faieved to inprove the heat transfer. The product gas

m xture | ef; Later jate cooler at a tenperature of 250C. 5
Subsequent F’%?&g%ﬁ%%e%ggg%?r whi ch had a tenperature of 140C was m xed with

it in an aAlaR Petiakaiation7oofrem 90ITRNPI (STRYAs to result in the
conposi i on descri bed hereinbel ow of the charge gas m xture for the

acroleinr t e,. . The resultin hayr ge.gas nixture (starting reaction
gas m xtur gﬂg)cg'i%ﬁ’é?#"@g cparog H‘@tﬁ[fﬁd Sﬂté'g’?@?‘?éhﬁm iaﬁfcgé'eg?ﬁ'lai/éﬁ'éq%ﬁ?ﬂe 19 i xed bed
react or of ({97 teciodiolipm) wesict | deneshage at a tenperature of 220C. I11.

Description of the general progees gramslhdr, ®8a of Stekite rAgs of 'dﬂnét@_aﬁﬁin?n st age
(acrolein - acrylic acid) 15 A

ne- zoghe |tiple catalyst Tub i xed bed
reactor was used whi ch had thex.zmxaidggin%ﬁteg%!ﬁﬁg{ea%ﬁ?% i’etg’fnait age. The
corrposi‘@i on of the charge gas @i#Xei@e (starting reaction gas mixture 2) was
within 20 the follow ng franmework over the operating tinme: from4 to 6% by
vol une of acrolein, fromb5 to%f%%é),y volunme of 02, from1l.2 to 2.5% by
volume of COx, 25 from6 to 1 oeby' vol ume of H20 and at |east 75% by
vol ume of N2. Reactor charge: ¥ em gafalystehdrashefraeorgegeneous mbduramf e

conducted in countercurrent vigEpedwaitt of éteatite AngO6F gebitsad hmes im0

enteregd=fromthe bottom the g@g ' { th .. The.inlet
terrpergti ure of the salt nelt g’?gbﬁﬁo(s aP?ﬂ éorﬁétg%%gki)f@ﬁer%?q%éagﬁeggrt)i oni ng of
the fixed catalyst bed for theand3E% by weighholihe @navlabiapawmxi M KSsMabpr ox.
263C. The acconpanyi ng out | et s 4rpeycdatodecatdlydt iR psepdreddl B). was  approx. 265C

at the start. The punp out put was 6200 nB of salt nelt/h.
' Zone C:
20 200 cm catalyst charge of the annular (approx. 7 mm x
3 mm x 4 mm) coated catalyst C, prepared in B).

The thermal tubes (their number was 10 which were uniformly distributed in the central
region of the tube bundle) were configured and charged as follows:

25  (they were used to determine the hotspot temperature (maximum temperature along a
thermal tube) to control the inlet temperature of the sait melt; this is an arithmetic
average of independent measurements in the 10 thermal tubes)

Each of the 10 thermal fubes had a ceniral thermoweli having 40

30 temperature measurement points (i.e. each thermal tube contained 40
thermoelements which were integrated into a thermowell at different
lengths and thus formed a multithermoelement by which the temperature
could be simultaneously determined within the thermal tube at different

heights).
35
‘ At least 13 and at most 30 of the in each case 40 temperature
measurement points were in the region of the first meter of the acfive
section of the fixed catalyst bed (in the flow direction of the reaction gas
mixture). o
40

The internal diameter of a thermal tube was 27 mm. The walt thickness
and the tube material were as in the working tubes.



40 The stag'gggg%eactlon gas m xture was fed to the reactor at a

t enper at ur 0C. PF 55606 60 Acrolein loading of the fixed catal yst bed
for the acrolein partial oxidation: from90 to 110 1 (STP)/Ih 5 The

catal yst tube charge with fixed catal ysgq bed for the acrolein parti al
oxidation (fromtop to bottonm) was: Zone A. 20 cmprelimnary bed of
steatite rings of geonetry 7 mm x 7 mmx 4 mm (external dianeter x |length x
internal 10 di anet dhg extefwaidiabetdr0f trentheamavelistaschange of a honbgeneous

m xture of 30% by wei ght of steatite rings of geonetry 7 mx 3 mm 15 x 4

mm (ext ernal di anme X le h x intern neter) and 70% by wei ght of the
“annul ar (appr ox. trﬁﬁ]t@gr@aﬂﬁti)%(wgrerﬁhar aﬁsgal?%al yst CA prepared in B).

Zone C520 200 cm catal yst charge of the annular (approx. 7.mmx 3 mmx 4

m) coated catal ysmﬁé‘mm ﬂﬁ)@r\ﬁ‘éi‘. dHr wﬁmﬁetahﬁulgla{;oattébb@a?al (sl greparger was
10 which were unlfor[?;eﬁ1 ¢f§t ! %e gﬁg& ﬁlgl oh of" ﬁe t ube

bundl e) were confi gu & lo&aﬁbe@&a afeg) 98 (spene 21X CRRPRSItiLEs t o

det ermi ne t he hot sfstanngiay spated catalysh tadiameenptihatSieaitaC82Q) (Geratrec)ral
tUth)h tO control tB@pﬂd’r‘ﬂ@?jweFe%W?B%ﬁrﬁ thé abfR @Nﬁosﬁ&h?racﬁdﬂﬁaé ?0%@) v )

ari aver ag i,nde nt neas ubes

Each o the 10 theﬁﬁ&ht thig, B sepﬁ'gﬁoréwggﬁf‘:d ”@ﬁ@?%&%?“”%%ﬁﬁ"ﬁge n?aé t

t enper at ur e neasur Enegtcepidhattbe pinder W@@amapmpmme amobet ovaten) wed 40

t her noel enent s whi gharged Rtd the@Bsrdiseflbent o a thernmowel | at different |engths
and thus forned a nultithernoel enent by which the tenperature could be

simul taneously determned within the thermal tube at different heights). 35
At least 13 and at h®sphesigalsoataskcatalyss aer charged Foherapgarnegus distribations ur ement

poi ntstdvere in t heoverghoontt athe ddctio offthé Bxeddatélii bad lof ¥e pasidron of the
fixed catalyst bEdth(ehﬂalttnt?e ! < S5 Hha R Blesbl dr6R6f the PefSh gas
mixture as it passed through the thermal tube corresponded to that when
the reaction gas mixture passed through a working tube (based on the
active section of the fixed catalyst bed (i.e. excluding the inert sections); for
20 this purpose, from 5 to 20% by weight of spherical coated catalyst were
required in the thermal tube). At the same time, the particular total fill
height of active and inert sections in the working and thermal tubes was
the same and the ratio of the total amount of active composition present in
the tube to heat exchange surface area of the tube in working or thermal
25 tubes was set at the same value.

[, Long-term operation (results)

~ The fixed catalyst bed of the tube bundle reactor for the propene partial oxidation to
30 acrolein has been freshly charged 1.5 years before the catalyst bed of the tube bundle
reactor for the acrolein partial oxidation to acrylic acid.

The target conversion for the propene fo be converted in single pass of the starting
reaction gas mixture 1 through the fixed catalyst bed of the propene oxidation stage
35 was set io 97.5 mol%.

Gradual increase in the inlet temperature of the salt melt into the reactor of the propene
reaction stage allowed this conversion vaive to be maintained over time in the course
of continuous performance of the process.



m Xt ure). Zﬁp The internal dianmeter of a thermal tube was 27 mm The wal |

_ thickness ano® qcﬁie tube material were as in the working tubes. PF 55606 61
The external dianeter of the thermowell was 4 nm The thernmal tubes were
charged as follows: 5 A thermal tube wagpcharged with the annular coated
catal yst CA prepared in B). In addition, spherical coated catalyst (sane
active conpdi Bidshcerversionsion teacieleis dape gorvarigdys singleasspthe starting rer he
Steatite Czflot Ges ahifere)2 theowpghdin fixeahuatatyst bas oPthd aeraleih heactior stage @eRpPOSi ti on
fraction vvasgt%)og@ )ﬁ.lom wei ght the preparation was as described for the '
annul ar coate atalyst CA, except that the binder was an appropriate
anmount of water) was charged into the thermal tube. The spherical coated
cat al ystd wd3raduairineasenn lfteninipé teempesatd resafrthdo st melt intd thevreactohaf temnacnoeiract i ve

section of rEQéhoW l‘é’g@éﬂ%ﬁv@a Y}ﬁéc ré?cﬁn Val§e 1085d iaitfled dV/aetimelin ﬂ‘#é%ul’é& such a
way that t O«?Fgressure 81%88‘:&10{ reaction gas mxture as it passed through
I

the therna BROUEYS P EPRAShen the reaction gas m xture passed
t hrough a worki ng tube (based on the active section of the fixed catal yst

Eﬁd Wg e %bvéih ér%lehﬂ@r’rhor%ﬁ%b%ﬁ?al oﬁa&no%%shh@rreﬂ{ee%g,,naréég@,ﬁ tabg)O%

{ t |
A (O lr{ffg?emm%rawgﬁ BB o5 Ml b theteRctof S St on S8t TR |
sect i ons i rthe Reoutondlitiry intercliptibe mee lalwaylsex0.0k3and kd G anméheagasetohtherraicior of t he
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surtace ar e

e er nal et at, the sane
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t ube bundl estawamdon theointermedipteapetes waa rétaimked anid degasonixuce GI0npesed ef n has
been f r1%s hlgg, Bia%igmé ok R a)ﬁ@@'fs% Qﬁvcﬂurﬁe blﬂﬁ2 wak ably&rcté&ecﬁrdabh Ttrkbeeﬁtik@ﬁ'eéaundl e

reactor for, the ac

o ersi o toh AStRE 15t & peis e Bamanty B4k of $h Bk sppaiaSey Srine Bt | g
reacti on gastahistbed ef the propengmeadion lage df 3at BN M-hbaliervfard, ifee partaleaxe

oxi dation fa88¢waseoNfttied @hd tife iRiét @n@r&@re@f@ﬁ’é@élt meﬁl‘nﬁﬁtﬁ@ pafticul2® ré4t- et

f.th
ermer o Ry 05060t B b 5 PR QB B o1 °79°
cont i ndus straefwrnsitiéehieved.-he process.

After operation as described for more than two years {calculated from fresh charging of
the propene reaction stage) of the reaction system, the operating conditions and re-
sults, after the gas mixture G had been passed through the reaction system and the

25 partial oxidation had subsequently been continued, after the 13th operating day were
as follows (d = operating days after continuation of the partial oxidation; SV = hourly
space velocity on the propene reaction stage of propene in | (STP)/Ish; CP™ = propene
conversion based on single pass in mol%; C** = acrolein conversion based on single
pass in mol%; Y** = yield of acrylic acid based on single pass and propene converted

30 in mol%; A = undesired secondary yield of carbon oxides in mol% based on single
pass and converted propene; T' = salt bath inlet temperature in the propene reaction
stage in °C; T = salt bath inlet temperature in the acrolein reaction stage in °C; P'=
working pressure at the inlet into the propene reaction stage in mbar; P? = working
pressure at the inlet into the acrolein reaction stage in mbar):

35 '

d v [ Y™ co cP™® Yoo T T PT | P*
13 | 1129 | 89.8 | 993 | 977 | 521 | 348.1 | 2695 | 2270 ; 1810
14 | 1128 | 895 | 99.2 | 975 | 528 | 348.1 . 2701 | 2265 | 1805
15 11106 | 89.4 | 994 | 974 | 53 348 | 270.1 | 2268 | 1802
16 | 1135 ] 89.7 | 993 | 975 | 517 | 348 | 270.1 | 2267 | 1809
17 | 1133 | 89.7 | 993 | 975 | 5.17 | 348.1 | 270.1 | 2268 | 1809
18 | 1134 | 89.7 | 991 | 975 | 514 | 348 | 270.1 | 2265 | 1809




PF 55606 62PF;F>§§ 4 arget conversion for the acrolein to be converted in
.single pass o ?1e starting re- action gas mxture 2 through the fixed
catal yst bed of the acrolein reaction stage was set to 99.3 nmol% 5 G adual
increase in the inlet tenperature of the3salt nelt into the reactor of the

acrol ein peacttonSstage;akt-m th-Sseconverstonsyapestohesmtntained over
time in the_cdur ﬂ%f c%%%m’fﬁ%?e i mﬁég 13 géef‘ 2i@bu nge per
cal endar nmontdd, {Hd3FartBAP oxPAUAt | 0¥ -has $Aberr a8 ed A70He | i 2BCeastBAn; 10
the inlet tegeisiative Xbmpleg salt nel't Tnto the reactor of the acrolein
reaction stage up to the about nmonthly interruption was always >_0.3C and
< 4C; in the case of the reactor for the propene reaction stage, the

i ncreased vAfterdge peifjsiretating Wautthe gas piviwatt wae pgain sondudat) as dersribed et

te gp_er at ur et_hﬂ{ughhﬁe Felctior™®sterh aRd tr%l”ﬁétrﬁa{@%détﬁbrt\h@s Qﬁfsbhl_@éﬂttl?rcoﬁtﬂﬁﬁebia%n 3 t age
an In e | Qol.er Was, ret,al n an re C osea o
15 606 by? vor P aT SBvE GGG Rnnt HaWEaBTorue B LR Pt Rene
entire reacactenfenthepartiahpxidation gb@eriotan to@anylictacisinfor shenpurgosesoftiagreasingour | y
space vel octheywodking Prskiiréed pedarhildySdphegfin Abs ifdealiBl O @amere bf B prage of
"ol et compefh dﬁééh%%&?F@sg;%mﬁé‘%@ht?heﬁémgﬂéﬁlf shPlet g Wit ligpb

adj ust ed i nfeswere aunigymihem. Afts theat b opersting day (salcotatadhisorp gprtinsation of eact i on
20 st agE) Wathe lartial oxdgdtiony,else ofdrbfiy epditiohs afd ASuRewerd ediidw: nore than two

years (calculated fromfresh charging of the propene reaction stage) of the
reaction system the operating conditions and re- sults after the gas

mxture G hadd been SYassed™t hf o&gh 1 h€™F ehckTon| syt em dnd t hé'25] pdfti al
oxi dat i on had3Subsagee(itse/1 DFesn.2011SMgell,5 62 Pi33BIoe| LaBIT DFEzet | nBirgay vier e

as foIIows—eekT bRttt Ragays et ‘“‘nfi"i”‘* 8 Gye exizetat i on;
SV = hourl épa‘pﬁg‘el c@)\i rf %e p?r-{g,e 35$ a"\:J“?{";)L “;2 ‘éap 23&?0 ?@l 0|
(STP)/ I h; (pfiS= pridgéne 8%6nVe¥%8 on Wabe DS s| 3§64 pa68.4i h 286y 1 +
acrol ei n convigr s| gAzRasegh §n| SHGIPT £ 9PESH 888 mD‘S%’Q\AY'%SE.ﬁZA el42107 2@pylic

aci d based M?gt mi.prM%': m.ﬂ"'J“,]an REe—C6Rv-efL-e +h am.e, A'*&L— ﬂrde;i red
secondary ieTId pf Eir aoqggx o@ in %I 9 bgé d oﬁygsi n&og' gg a1d2J(,YZn verted
propene; T; =8sajtl1Bdtn 8hbei IEhperét@re b® th@Sp.lﬁopéﬁa.G_r eddZlon 2180age in
C T2 = salt {gatlT Y SF JEHPCTGYSTE §7ig ! I1e5 BT DIBRT | BB DThaskANCE [ P

= V\o\,\l(r)lr(:(lngg s sir'd34t tq’ﬁasi B30 ntY2 hE i@? ol ePFP rE&é?-ison @?gg b 3181 a;;r) !32

- 35 d SV Y Gaaxafpled Y T T P P 13 112.9 89.8 99.3 97.7 5.21 348.1 269.5 2270

1810 14 112.8 89.5 99.2 97.5 5.28 348.1 270.1 2265 1805 15 110.6 89.4 99.4

97.4 5.3 348 270.1 2268 1802 . ,
The comparison of the values of T' in the example under the elevated working pres-

15  sure P' at the same propene conversion shows a distinctly reduced salt bath inlet tem-
perature into the reactor of the propene reaction stage without it being éccompanied by
a significant increase in the CO, by-product formation. In the acrolein reaction stage,
the activity-enhancing effect of the increase in the working pressure is likewise clearly
recognizable. However, since the catalyst bed of the acrolein reaction stage was

20  brought onstream 1.5 years after the catalyst bed of the propene reaction stage, the

| deactivation of the catalyst bed of the acrolein stage is not as far advanced, which is

why the effect of the increase in the working pressure is not yet as marked.

D) Performance of a two-stage partial oxidation of propene to acrylic acid (on
25 _ the laboratory scale)

l. Description of the experimental arrangement for the two reaction stages

Propene reaction stage



16 113.5 8%5;‘%?%?63 97.5 5.17 348 270.1 2267 1809 17 113.3 89.7 99.3 97.5
5.17 348.1 .1 2268 1809 18 113.4 89.7 99.1 97.5 5.14 348 270.1 2265 1809
PF 55606 63 19 113 89.6 99.1 97.4 5.18 348 270.1 2270 1807 20 113.2 89.6
99.3 97.4 5.15 348 270.1 2269 1805 (= epnparative exanple). After the 20th

operating day, the n r : i nduc SGI I hr ough
the reaction systeﬁgﬁcg%ﬁ%b%p@? fc'éiSé&?’oe%%gg%idgaﬁn%rsé@%@}&ﬂgﬂ%vgggrﬂ"ilnnued as
5 described, but whaindlKianster 24 BRL @ centered Wisrewelimaesommedagiathar- of t he
tube bundl e re actmoelbornt)eepana dbmeidrdahnpiength: 320 ehpivas teargéed ftoic  aci d,
for the purpose of;, &5 .working pressure, a perforated di aphragm
was install ed. Thetogirig%\eterggfmﬁtij e perfo- rated diaphragmwas 1.23 m It
contained 37 uniformy distributed holes whose dianme- ter were a uniform9

cm After the Bictioroper atength 8ym(cal cul ated from continuation of 10 the

partial oxidation), the At g Ll : ws: d
SV Y Cacr G YW T T2 p Boolt rl{'?gogg%‘%thggﬁ'ﬁg"%ﬁé‘%@ﬁ%%{e?%%j@é%ﬁzo
2178 14 113.4 89.5 99. 4XENIN xinkgnalsapmetoggs# paysinandied. 15 112.8 89.7 99. 3
97.7 5.45 336.4 268.4 2425 2181 16 113.1 89.5 99.2 97.6 5.48 336.4 268.4
2421 2382 17 Kk3tidn 89. 71981 Rep- 66 339 268.6 2420 2177 18 113.1 89.6
"99.5 97.9 5.6 338.5 268.8 42% 2180 _ 19 113 89.6 99.2 S?? 8.5.52 38.5 268. 6
2424 2181 20 113.4 89. 6-8&i¥st gharge gf ghormagensess gixiursof sipgiite ngsQf 9kn| ¢) The
conpari son of the val uesowetrifs mm xthemex amph éexterdardiameteek angthex intemidi ng
pres- 15 sure P' at the ggmidt) IRETSLBYWERIR P BRI WRsBoibrticatysy ¢, educed
salt bath inlet tem perature |nto éhe reactor of the propene reaction stage
wi thout it being acconpaf@RABY3S D aPgnificant increase in the CO

by- prod®ct formation. In the acrolein reaction stage, the
activity-enhangeagores:f eClength 47decnh Ncrease in the working pressure is

| i kewi se clearly recognjzabl e.. However, since the catalys ed of the
acrolein reaction stage %%nygcw%%aﬁxc%y{agﬁw% gnwgpéeé\?%%&sﬁé%a%at al yst
bed of the propene reactperpestienyd, the deactivation of the catalyst bed of
the acrolein stage is not as far advanced, which is why the effect of the

two- ot 206 par t 1E Tespan e Ra gl i b oIR8 ey 7 sffqRACe '
| abor at ory scalsejrged sgibathi(p3% & vetioht e petrpsiym mirate 405y PYawgeReeitsodiim t he t wo
reaction stagesitrite and 7% by weight of sodium nitrate).

Acrolein reaction stage

25
A reaction tube (V2A steel; external diameter 30 mm, wall thickness 2 mm, inter-
nal diameter 26 mm, a centered thermowell (to accommodate a thermoelement)
of external diameter 4 mm, length: 320 cm) was charged from top to bottom as
follows:
30
Section 1: length 20 em
Preliminary bed of steatite rings of geometry 7 mm x 7 mm x 4 mm
(external diameter x length x internal diameter).
35 Section 2: length 100 cm
Catalyst charge of a homogeneous mixture of 30% by weight of
steatite rings of geometry 7 mm x 3 mm x 4 mm (external diameter
x length x internal diameter) and 70% by weight of the annular |
coated catalyst C, (prepared as in B)).
40

Section 3: length 200 cm



Propene reaction stage PF 55606 64 A reaction tube (V2A steel; external

di amet er 3@*FA60Aal | thickness 2 nmm internal dianeter 26 nm a centered
thernowel | (to acconmopdate a ther- noel ement) of external dianeter 4 mm

| ength: 320 cn) was charged from top tg bottomas follows: 5 Section 1:

|l ength 50 cm steatite rings of geonetry % mmx 7 mm x 4 mm (external

di aneter x |length x int &atedyist dhargepéesciusively annelar noatad patalydt C48s Berct i on 2:

| ength 100 cm Catal yst chagigg 20f a honobgeneous m xture of steatite rings of
ge- onetry 5 nmx 3 nmx 2 nm (external dianeter x length x internal

di aneter) and 70% by wei ght of annul ar unsupported catalyst Cp (prepared as
in A)). 15 Secti onl[® reagti tHba pas dharbasiatiod th eovategeursht by alears okd pitrennul ar

unsuppost ed cat al ygdn-&pargsd sadesatts 5304 BPwaighR8F pbtessipRAtra RN 409405 Waght
thernostatted in c&%%%,'cmrﬁee%drZ%egﬁg%%tgo&/s%p@hﬁt?%%p- sparged sarl bath

(53% by wei ght of potassiumn sodium nitrite and 7%
by weight of sodiumnitrate). Acrolein reaction stage 25 A reaction tube

(V2A steel ; exiBetwedn tHe anetettici)states wad bispdbcalnaftermediie doblefEhargéd

xtornal.dt anetit GRS, LRSATIUEEN 1! fodlet QETRAANE Bl IBBUEITT ) L
fol l owd? 30 Se&taosrnvas: condugiethandceqiedpioa temnesatyred #581C by bdireeteoplingys of

geonetry 7 mx 7 mmx 4 nm (external diameter x length x internal

di ameter). 35 1 4 cl neous
T e e T R
(external di an&taE¥ng reaptiondias mixiurs efrthefollavimecaiPpsiEigy 70% by wei ght of the
annul ar coated catalyst CA (prepared as in B)). :
15 from 5.5 to 5.7% by volume of polymer-grade propene,
from 3 to 3.2% by volume of H,0,
from 1 to 2% by volume of CO,,
from 0.01 to 0.02% by volume of acrolein,
from 10.4 to 10.6% by volume of O, and,
20 as the remainder at 100% by volume, molecular nitrogen.

The hourly space velocity on the catalyst charge of propene was selected at
130 | (STP)/I*h. The saltbath temperature of the first reaction stage was T' (°C).
The saltbath temperature of the second reaction stage (acrolein— acrylic acid)

25 was T2 (°C). Sufficient compressed air which had a temperature of 140°C was
added to the product gas mixiure leaving the intermediate cooler at a tempera-
ture of 250°C that a starting reaction gas mixture was fed to the second reaction
stage in which the ratio of molecular oxygen to acrolein {ratio of the percentages
by volume)} was 1.3. Downstream of the outlet of the second reaction stage was

30 disposed a throttle apparatus which enabled the working pressure to be regu-
lated.

Depending on the working pressure (specified in each case is the pressure in bar
directly upstream of the first reaction stage), T' and T* were each adjusted in

35 such a way that the propene conversion was 97.5 mol% and the acrolein conver-
sion 99.3 mol% (based in each case on singie pass of the reaction gas mixture
through the reaction system).

_ Depending on the working pressure, the following resuilts of the table were ob-
40 tained. The results are based on a reaction operation after a preceding uninter-
rupted aoperating time of 100 h at a working pressure of 1.1 bar and the same
conversions.



40 Sectiong E gth 200 cm PF 55606 65 Catalyst charge of exclusively
annul ar coa e(? catal yst CA as per section 2. The reaction tube was
thernostatted in countercurrent by neans of a nitro- 5 gen-sparged salt bath
(53% by weight of potassiumnitrate, 4086 by weight of sodiumnitrite and 7%
by wei ght of sodiumnitrate). Between the two reaction stages was di sposed
an internediate cooler charged wth inert material, through which the
product gas m Jhatemperaiues T1 7 andrieae arethe maxiguageacis teppriakresinafd cool ed
to a tenper at uirethefpaltit@r byaction staget AR'QpId ARF. ard e fressire depstsufieresitiange

(propene- acr ol“ﬁ)ﬁmm @Q&fo%‘?aq%, rgtrt])br““°“5| y with a starting reaction gas

m xture_of the OW Nng conposi 15 fromb5.5 to 5. 7% by vol une of
pol yrrer5grade propene, from3 to 3.2% by volume of H2O0, from1l to 2% by
vol ume of Taplefrom 0. 01 to 0.02% by vol ume of acrolein, from10.4 to 10.6%

byvolune%—gﬁ—a'nﬁ-r 20 Lm::a e D Lar
nitrogen & hour [ ace veI 0[261 oﬁwt?]h -?grlygt chargﬁr] mr% - éﬁe S
sel ect ed APressdg | (STP)/IIJ. The sa t bat h terrperature of the first reakction
st age was| [Bar]( C) The sal tfbath tenperature [of the second reagtion stage
acrol ein rytrc 725 T2y Suffricgnt—conprassed—artpwhith had a
'Eerrperatu'p m%I 14 \/‘\I';L arﬁz to #z nrgdur:édﬁaq myp.'.r&; | ea IPJSS(Q the

i ntermedi af&7cool er32& a temSBra- t (P88 of 250Ut hat 4 0stfarti ng0®3acti on gas
m xture was.oRed t ol 3due secc r;lygzr eact gasn st agezgan whi C‘lm,g:he ra.{),q7of
nol ecul ar —exygen—to—acrotetn—trat+o of thepercentages—by vorume)—was 1. 3.
Downstream of the outlet of the second reaction stage was 30 di sposed a
throttl e apfdrravisiongimiaientpaticatian NoeSNET &il &4 f\!ﬁde@s@frg ¢9.26804ds inegporated ed.
Dependi ng pifo thegressnk apicRlicsSLiteralus fsterehes] With k3eR! oaseabsvetiemtipn@ssure in

03" 1o 18, e HatagE AR S £l dg\ﬁstfows%mhagﬁasenmnvaﬂgy% o JEkg, each

adj usted in ene conveé and the

acrol ei n cblgviéean ﬁle&fo@@%aﬁwm(ﬂbﬁs‘é@"m thecsgone ebibe apperdasdgtiaimsae of t he
reaction gmsertiottrisEbe péarHel diffeterityas ticomaysstsiciiohily dospesudi geian t he wor ki ng
pressure, the following results of the table were ob- 40 tained. The results
are based on a reaction operation after a preceding uninter- rupted
operating tine of 100 In at a working pressure of 1.1 bar and the sane




conversions. PF 55606 66 The tenperatures T' a' and T2ma< are the maxi num
reaction teppgsgpgires in C in the particular reaction stage. AP and AP2
are the pressure drops suffered in the particular reaction stage in bar. 5
Table Working T[C T max[C T[C T 2 max[C] AP [bar] AP [bar] pressure
[bar] 1.1 334 382 273 308 0.52 0.30 1.7 328 380 268 311 0.41 0.21 1.93
320 382 260n28disQiadde®isl7 US Provisional Patent Application No. 60/572,124,
filed on 05.19.2004, is incorporated into the present application by
literature reference. Wth regard to the abovenentioned 10 teachi nﬂs, .
numer ous al 1-er af\iREPRESE R toriphatteronapdratinn efircheleregenrousiycatalvized gas ehpesssi -
ble. It can thepatiorsidationspatmestt bhabrgamid dbmpouhe irsaaesst he bligatappeaded

claim, ghe LR a0 RELh BED il SLARY Lo bieadite SpBRId | cal 1Y

descrlbed herein
| ong- t er m oper a€PMBRPW BOIRSHIBF BYOREGIE |3 legst @ne/per it B%@é’aSWt i al
oxi dation of atthreatattsxst ongedtalpstdea edatied tahpéraass, wiieh compheson reac- 5

tor, in which aar%ﬁ‘{otddﬁlﬂferré‘&?ﬁé Qébcﬂ@a‘igﬁ"oi‘ﬂtér lé["a%'ETHﬁé éétQ%ttt%‘a %re'a%gt one

organic conpoun | ecular oxygen an
passed through theewqrking Pressereda gas Phese; %ﬁseﬁloé\?ﬁt'%‘“?@r?ﬁé'ﬂﬁﬁﬂﬁc@ vq}m ch
conpri sk, in mydetheta! leastionecatalystttied of stecingwabction gab nikiereain [ (EERYI-gne

cat al yst bed '8&%@% eraiul?@tl %kt%%a@é]yﬁs?%@&e in the gas phase, based on an
e

i denti cal hourl el oc on t | east one catal yst bed of
starting reaction gas mxtureln | (STP)/1h, during the operating tine of
t he cat al y32 bedl prizesshaqoondies & @ainot, dvhegein thecdtdeast dne niganieicompbendis dteast

one organi ¢ conpauithelenibount #8RINOBRERGUKY dTABYIIR, BEBIR, SRR NG Of

| , b
Dy A O e, aBHi Behzerba PEes RS Ione CE T FOBHBHE, Lt o et her

of tert-butanol butanodylseméyraidabmmm%‘néethebuftt&dfbelmol oriyldneneaphthaleng, ene,

propane or met hg@hGibRs réthfmneApﬁfp%ﬁégpraﬁw&lrﬁaha@oﬁlralmI or 2, wherein the
at | east one oxidation reactor is a tube bundle reactor and the catal yst

bed is a fixed catal yst bed.
3. Aprocess according to claim 1 or 2, wherein the at least one oxidation reactor is

20 a tube bundle reactor and the catalyst bed is a fixed catalyst bed.

4.  Aprocess according to any of claims 1 to 3, wherein the heterogeneously cata-
lyzed gas phase partial oxidation is the two-stage partial oxidation of propene to
acrylic acid.

25 _

5. The process according to any of claims 1 to 4, wherein the increase in the work-

ing pressure is at least 25 mbar.

6.  The process according to any of claims 1 to 5, wherein the increase in the work-
30 ing pressure is from 50 to 3000 mbar.

7. The process according fo any of claims 1 to 6, wherein the increase in the work-
ing pressure is undertaken continuously and as a function of the deactivation rate
of the at least one catalyst bed.

35
8.  The process according to any of claims 1 to 7, wherein the increase in the work-

ing pressure is undertaken in stages.
9. The pfocess according to any of claims 1 to 8, wherein the at least one organic

40 compound is propylene and the active composition of the catalysts of the at least
' one catalyst bed is a multielement oxide comprising the elements molybdenum

8 drawings



4. A procepg sgeRr ding to any of claims 1 to 3, wherein the heterogeneously
cata- |yzed gas phase partial oxidation is the two-stage partial oxidation

of propene to acrylic acid. 25 5. The process according to any of clains 1
to 4, wherein the increase in the work-68ng pressure is at |east 25 nbar. 6.

The process aceappf npokenay Ao & BhdBol of e etk Sl Sl REREaRE. | 1 the

wor k- 30 ing pressure prdcess "according to
any of clains 1NYY: @"a%%ﬁ’@ieﬁ the increase in the Work ing pressure is
undertaken conti nuously and as a function of the deactivation rate of the

at | east o9, catglesbatbordi b a1t AEI33 526686 1Y ot RaBibhedrgahigl 1 1 o

7, wherein the in essure |'s under n st ages.
9. The grocess QE'EBP'Hfﬁ@CF%e"&ﬁQX@F Eéﬂt"é‘? g%rﬁﬂoﬁ'fﬂf’”@ft%%?téb’ﬁtsﬂﬁg’eeﬁt §3S4st one
organi ¢ 40 cowpewathlyistbex ispyhelticesedt diide arprisengdbepsdniomMoahdtvhe

catal ysts of the at | east one catalyst bed is a nultiel enent oxide
conprising,the_el enents nol num ravm PFE 55606 68 and/or, tungsten,
and al so atﬁl ed S PEESH PCEH ”%f fh?‘?ﬁo WSR3 RIFSWRTSIUIBHGy tin
and copper. 10aprfaretqsr|s;mseted(d©wndhreagn pbthamytleifof theadtrisast one oSidatidrereecn t he
at | eagp one ogganic 5 conpound is acrolein and the active conposition of
the catal ysts of the at |east one catalyst bed is a nultiel enent oxide
conprising the elements Mo and V. 11. The process according to any-of clains
1 to 10, whar eilhe prgness scearding tpudlaim hig whepsiathet presduse-negutatiod agpanatitsrieam of

the outlet of Gherodle VaRRSEr #08nPehdRidr @Pa peASratetibfiragrh2. The process
according to claim 11, wherein t hé pressure-regul ati ng apparatus is a

throttle valve, or a vane regulator or a perforated di aphragm 15 13. An
appar af¥is &@rrpﬁnﬁnngra&us camprisingras lagst o exidatiopdeacser andot daast ers@prate- appar a-

tus,tdl SD?SGd dvash 6§t=,@fﬂdi)\fnstr8ﬁn®ﬂtHeﬂfutI@foﬁtﬁ@aﬂbaét?ﬁéfox@@ﬁor@ﬁadﬁﬁ"f@ﬂ dat
react or or 0 re 1n S one oxi dation
reactor. Ali‘i r%%lé b%}gmh%%é\gé?uﬁg ﬁe%gfegﬂ%}? Xb%%aaﬁ?acﬁqr eactor, at

Ieafst one coI um con- 20 nected downstream of the oxidation reactor and
havi ng sepa4at IAIMaplpBia@Jsftﬂin’q‘pr%m@ at fAasboiadadation resuierest iegstdpunrsfufrgadoref t he

0X1 dat b9 et Bl Bl O b1 BRAbAS: oOEK LS B PSR B adeast one

oxi datTon reac goara us acc oXI dati on
reactor conpri §8gprpar@saconnected downstream of the omdatnon reactor, for controfling the

working pressure in the at least one oxidation reactor.

15. The apparatus according to claim 14, whose oxidation reactor comprises a cata-
25 lyst bed and which additionally inciudes an air compressor which is designed in
| such a way that, at a given hourly space velocity on the catalyst bed disposed in
the oxidation reactor of starting reaction gas mixture, a working pressure range
of from > 0.5 to 4 bar can be passed through.

30 16. The apparatus according to any of claims 13 to 15, in which the at least one oxi-
dation reactor is a tube bundle reactor.

17. The apparatus according to any of claims 13 to 16, in which the apparatus for

controlling the working pressure is a perforated diaphragm. '
'35 |

18. The process according to any of claims 1 to 12, which is carried out in an appa-
ratus which comprises an air compressor which is designed in such a way that,
at a given hourly space velocity on the catalyst bed disposed in the oxidation re-
actor of starting reaction gas mixture, a working pressure range of from > 0.5 to

40 4 bar can be passed through.



25. | yst bed and which additionally includes an air conpressor which is
desi gned i rpp g4 @ Wway that, at a given hourly space velocity on the
catal yst bed disposed in the oxidation reactor of starting reaction gas
m xture, a working pressure range of from> 0.5 to 4 bar can be passed
t hrough. 30 16. The apparatus according6®o any of clainms 13 to 15, in which
the at | easio ONfudiipardld LORARGE Ghinl f5, Mrelh? rRUNhdLAPEb ALe veldeity b
of clalns [ IC

apparatus according to an ] to n he apparatus for
control ling theg@\ﬁgﬁf??é’%ﬂa/%%ﬁ‘l"@”r!aés 5@%@\‘@&2’9’5@- di aphragm 35 18. The
process according to any of clains 1 to 12, which is carried out in an appa-
rat us whi clyocOmpd S8eeBbilirABRIRASE! whblbfiftné SivBR AbGIACE yBIdeR & way
that, at a given hourly space velocity on the Catalyst be I sposed in the
oxi dation re- aX@dng (ﬁacg‘?'ég@ﬁ ’f'i‘dj‘“l'@é%?—ﬂé@p W&IPl %t ure, a working pressure
range of from> 0.5 to 40 4 bar can be passed through. PF 55606 69 19. The -
apparatus according to claim 15, wherein the given hourly space velocity of
starting reaction gas mxture is > 1500 | (STP)/I h. 20. The process
according to claim 18, wherein the given hourly space velocity of 5
starting reaction gas mxture is >_ 1500 1 (STP)/1 h.



