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0050/ 50793 Cit al ytic gas-phase oxidation of propene to acrylic acid
The- present invention relates to a process for the catalytic 5 gas-phase
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the acryllc ac1d ormation balanced over both reaction stages is =
80 mol%, based on propene converted.

30
The abovementioned process for the catalytic gas-phase oxidation
of propene to acrylic acid is generally known (cf. for example
DE-A 3002829). In particular, the two reaction stages are known
per se (cf. for example EP-A 714700, EP-A 700893, EP-A 15565,

35 DE-C 2830765, DE-C 3338380, JP-A 91/294239, EP~A 807465, WO
98/24746, EP-B 279374, DE-C 2513405, DE-A 3300044, EP-A 575897
and DE-A 19855913).

Acrylic acid is an important monomer which is used as such on its
40 own or with alkyl esters for producing, for example, polymers
suitable as adhesives.

The object of every two-stage fixed-bed gas-phase oxidation of
propene to acrylic acid is in principle to achieve a very high
45 space-time yield of acrylic acid (STY¥an) (in a continuous
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total amount of acrylic acid, in liters, produced per hour and total
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In principle, the multimetal oxides suitable as catalytic active
materials can be used in powder form in the fixed-bed gas-phase
35 oxidation of propene to acrylic acid described at the outset.
Usually, however, they are shaped into specific catalyst
geometries before being used, since active material powder is
unsuitable for industrial use owing to the poor gas permeation.

40 It is an object of the present invention to select the geometry
of the catalyst moldings to be used in the two fixed catalyst
beds of the catalytic fixed-bed gas-phase oxidation described at
the outset so that, with high loading of the fixed catalyst beds
with starting material and a given conversion of starting

45 material, a very high selectivity of the desired compound acrylic
acid results in a single pass through the fixed catalyst beds.
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may be used as a basis. The conventional processes for the catalytic
fixed-bed gas-phase oxi dation of propene to acrolein or of acrolein to
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(maximum propene loading = 112 1 (S.T.P.) of propene/l - h) and
EP-A 575897 (maximum propene loading = 120 1 (S.T.P.) of
30 propene/l - h).

Furthermore, in essentially all examples of DE-C 3338380, the
maximum propene loading is 126 1 (S.T.P.) of propene/l - h; only
in Example 3 of this publication is a propene loading of 162 1
35 (S.T.P.)/1 - h realized, the catalyst moldings used being
exclusively solid cylinders consisting of active material and
having a length of 7 mm and a diameter of 5 mm. '

EP-B 450596 discloses a propene loading of the catalyst bed of

40 202.5 1 (S.T.P.)/ [sic] of propene/l - h, with the use of a
structured catalyst bed in an otherwise conventional procedure.
The catalyst moldings used are spherical coated catalysts.

45
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25 which the two oxidation phases are operated with both a high
propene loading and a high acrolein loading of the respective
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Amongst the exceptions are EP-A 253409 and the associated

30 equivalent, EP-A 257565, cited above. Another exception is EP-A
293224 cited above, spherical coated catalysts being used in the
acrolein oxidation stage.

The basic possibility of using annular geometry for the catalyst
35 moldings to be used in the two relevant oxidation stages is known
from the prior art.

For example, the ring geometry in DE-A 3113179 is suggested very
generally for exothermic fixed-bed gas-phase oxidation from the

40 point of view of “very small pressure drop”. However, this
publication points out that the influence of the geometry on the
selectivity of product formation may differ from reaction to
reaction.

45 Otherwise, these catalyst moldings having ring geometry for the
catalytic gas-phase oxidation of propene and/or acrolein is
disclosed, for example, in EP-A 575897, DE-A 19855913 and EP-A
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30 = 80 mol%, based on propene converted, wherein

a) the loading of the first fixed-bed catalyst with the propene
contained in the reaction gas starting mixture 1 is = 160 1
(5.T.P.) of propene/l of catalyst bed - h,

35

b) the loading of the second fixed-bed catalyst with the
acrolein contained in the reaction gas starting mixture 2 is
= 140 1 (S.T.P.) of acrolein/l of catalyst bed - h and

40 c) both the geometry of the catalyst moldings of the first
fixed-bed catalyst and the geometry of the catalyst moldings
of the second fixed-bed catalyst are annular, with the
proviso that

45 - the external ring diameter is from 2 to 11 mm,
- the ring length is from 2 to 11 mm and
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have a length of from2 to 10 nm (or from3 to 6 mm, an external

di aneter of fi aiRe2nbPel Grobets admilar uAstppdrtiEd) caadlyswlaJrethl ckness of
froml to 4 g7adelbniyOfica Ul theZei¥le rYREViHR M ?ﬁ Yarh{filo?" 88deq L N€

support rin

| nlto gr nal % égﬁgg%g:g%]he sﬁcoﬁn rsesac)gfwfl m%%?“al W’egﬁﬂ y1 aétsl 3% [OA] %@
material APptiseyPess ch%aFP pger ke Sambinationtoreatedyery general ly from
10 to 1000 [@YFlystiersuppartedapttalvesgth 50 tensBERoEted] m particul arly
preferably feamly8d/unsdi®ritedr ¢atalyety partcaatledr byt 3bysy/eoatalll y from 150

to 250 [err]e¢atalystThen sihidt ewenéscdiid vaboygct R cdhgss | he preferred
geonetry of the support rings of coated catal ysts sui tabl e according to

the 25 According to the invention, the preferred coated catalysts are

those whose support rings have a length of from 2 to 10 mm (or
from 3 to 6 mm), an external diameter of from 2 to 10 mm (or from
4 to 8 mm) and a wall thickness of from 1 to 4 mm (or from 1 to
2 mm). Very particularly preferably, the support rings measure

30 7 mm x 3 mm x 4 mm (external diameter x length x internal
diameter). The thickness of the catalytically active oxide
material applied as a coat to the annular support is very
generally from 10 to 1000 pm, very preferably from 50 to 500 um,
particularly preferably from 100 to 500 um, very particularly

35 preferably from 150 to 250 um.

The statements made above regarding the preferred geometry of the
support rings of coated catalysts suitable according to the
invention apply in the same way to the supported catalysts

40 suitable according to the invention.

In the case of unsupported catalyst rings suitable according to

the invention, those of which the internal diameter is from 0.1

to 0.7 times the external diameter and the length is from 0.5 to
45 2 times the external diameter are particularly suitable.



I nvention ap$9§/°4?1°'{?1% same way to the supported catal ysts 40 suitable
according to the invention. In the casée of unsupported catal yst rings
s_uitabl e accordi ng to the i nvent i on, 7t hose of Whl ch the internal

s Trom 0. 5 4 e agbons el L e e ol o
is : . X :
0050/ 50793 according {:gﬁ&e 1%v8n£10n Ehave.: gn égtex%la d@éﬁ?%.teero L?S )éﬁgﬂp%%’cf ed
catal yst ri s ®hi(eR tf‘e‘f&s@d“““)' 2 draeriet siameterhidtoterate an
external di aht @m,oft ¥abinthickness 16f fyopol @ dnmh « ©r 7nef)morgn tharer nal

di aneter o hi5 memysand a Nehgtin oft fuyadn 2t bockhams (@ £rom A Hoo 62mmyn (I not

nore than 5k 2288k 8Ahinbuppbgtéd Hatlal 98t 2rifysl GuikhbPé ddc¥PRa3nhoLé HY -
In the Caﬁﬁr%n%&o#?sﬁ{;&;‘?ie&ﬂ?cé&}é" brhb9§; tteébglg ?fc@?%dltggstxgxh} he

i nvention, frequent Y Jlt’ ‘ﬁ1ex el na |am._=lt§r E ﬁrom ﬁt{O MM b e
internal di ah& ePTPERRT FHAPCESE o1 H L -PhEC 1) T ERpSALL thifkpgss o o
1.5 mm and tHem dnft ke flomm® epdethimlength fnop 8 #eahs™hat unsupport ed
catal ystsl®@n the formof a holl ow cylinder nmeasure (in each case
external di armlscmedngetigt wasuppodrtiedl kakallyet@tiar khd O of @h¥lLowm 5 MM
ﬁ’m 2 TSn X ZS"E}’S{liQﬁgg} Neasure S%Xe%masélg?f%r&hlmi&\?é?@%n%?glgﬂg}ﬁ S’J lrrm x 4
t hose V\hoseumc%ll%vgln% %‘%‘%ﬁ i ga%“ﬁ ’?? g"fn gng '-?5 &?‘-gaznd{m x éeg‘lctzlbn?a{'imhi%g
MUl timetal GkiteX DB T EaAdm e BF i hdPhiFe3alt ¥ I8 nul ti met al

oxi des whtZh are disclosed in DE-C 3338380, DE-A 19902562, EP-A 15565,
DE- C 238(FEFabER- fi80IA-bel, c&talystE037 dor DiheA n8360D0gxiocds2- ArE758BD7,

US- A 443821 %hdske- #hdS8atlide MELETad4 146at Dieadstl 90461830, (Hinogagof t he
formula 1) relRoftih 2R dd e ifEed) 2x34e4 and EP-A 700714 can 25 be used as

active materials for fixed-bed catalysts 1. This applies in particular
to the ex |.ary enbodi nents in, these publ i cations, anmong which those of

EP- A 155650 EPSATS3RggRatpin principlgsaty DENAtiBREo P¥1dpE Which
parti cul ar | 246 8igelespd in PEr€| 3RA8360y PBtRWRRP62 n Elviks 105ABexBEdT e t he
mul tinetal ®@3808630 ER4A \BOTABS crERA 208374 ME-20 3B80094 £ EPcACE7EID 7 15565
and an aais-ne 4088217 alpEwAi cHgdE3a 3t Owbes §r Byalse dpkla a1 /AL E6 PEFKHd of
e M schasd o ommog s e LSSl o eiktybon e vt
exanpl e V\nﬁfcﬁb%t %ggge%él)aﬁ&(niﬁ ﬁb%‘%génfa;li\r%@é- %lxgd'f‘figS%@ﬁ%ﬂ%ﬁsqilc h'lhbjnset ry:
[err] as an applies 1n particular to the exemplary embodiments in these
publications, among which those of EP-A 15565, EP-A 575897, DE-A
19746210 and DE-A 19855913 are particularly preferred.
Particularly noteworthy in this context are the multimetal oxide
30 active material according to Example lc of EP-A 15565 and an
active material which has to be prepared in a corresponding
manner but which has the composition Moj;Nig,52n;FesBiiPo.0065K0.060x
+ 108i07.

35 Fixed-bed catalysts suitable according to the invention which may
be singled out are the example with the serial number 3 from DE-A
19855913 (stoichiometry: Moj;CojFe3Big.eKg.08Si1.60x) as an
unsupported catalyst in the form of hollow cylinders (rings) and
measuring 5 mm x 3 mm x 2 mm (external diameter x length x

40 internal diameter) and the unsupported catalyst comprising
multimetal oxide II according to Example 1 of DE-A 19746210.
Other examples would be the annular unsupported multimetal oxide
catalysts of US-A 4438217. The latter applies in particular when
these hollow cylinders measure 5 mm X 2 mm x 2 mm, or 5 mm X 3 mm

45 X 2 mm, or 6 mm X 3 mm X 3 mm, or 7 mm X 3 mm X 4 mm (in each
case external diameter x length x internal diameter).



unsupport ed %oaﬁ%ig-{g?f n the formof hollow cylinders (rings) and
nmeasuring 5 mMmx 3 mMmx 2 nm (external dianmeter x length x 40 internal
di aneter) and the unsupported catal yst gonpri sing mul timetal oxide II

according tq EP&%EE' Surbe&Y JeEtRe LAMAGMLRal oxagéﬂ'%rct.e;i?érmét?ei'l‘éq I d
e A ey e e ey v

| atter applles |n particul a rs nmeasure 5 mm x
2rrmx2rrmor5rrmx3rrm45x2nmor6mnx3mnx_3mnor_7nmx3
mm x 4 mm (in each case external dianmeter x length x internal dianeter).

0050/ 50793 1,234 8 (1) A | arge nunber of the
mul tinmetal oxide active nat ellz Febxﬁ’l“{xﬁgfo fo(r )f | xed- bed catal ysts 1 can
be subsuned under the formula | 5 [err] _

[err] 10 X[ err] i's nickel and/or cobalt, X err] S
thal I ium an a ali nmetal and/or an al kaline earth met al ,

X[err] I s zinc, phosphorus, arsenic, boron, antinony, tin, cerium

| ead and/¥# x;lungstl@nnlqseb(éﬁnd/oirscgbﬂt)on al um num titani um and/ or
zirconium X2 a is thalliwwp @nS5alkabi metal and/érs &y amk&l{de tear®h
preferablyfromzn{eQai c Is fromO to 10, preferably from3 to 10,

20 d s firom Qgtg Bh8RLY, [d¥0e0%d 006, antifiony, ¢i%," EQHLOn O

8, preferably fro f'gc
gjteé‘fi %/CPID}HPHE"-%‘] ency and frequency of the

nunber which is d
el ements YR Ré&r t hdf SkbiRepq @lpmipem, tifssjun andfarazaneteiumth a manner
known per se (cf. for exanple DE- A 4023239) and according to the .

i nvention are, forisefaspl®.5 to Bjther shaped as such into rings or used in
the form of yannul g froﬁwt@dteasalyfé&rabl ff&@rzt téueports preshaped into

rings and 3Q coat rinciple, active
mat er i aI 2 t abl ggf ﬂ&Fkg h:%' % gi blyg%r st s Bh particul ar active

materi al s olf%fthef1 ﬁﬁ? npre 002 to 2,
is from 0 to 8, preferably from 0 to 5,
f is from 0 to 10 and
n is a number which is determined by the valency and

frequency of the elements other than oxygen in I.
25 '
They are obtainable in a manner known per se (cf. for example

DE-A 4023239) and according to the invention are, for example,

either shaped as such into rings or used in the form of annular

coated catalysts, i.e. inert supports preshaped into rings and
30 coated with the active material.

In principle, active materials suitable for the fixed-bed
catalysts 1, in particular active materials of the formula I, can
be prepared in a simple manner by producing, from suitable

35 sources of their elemental constituents, a very intimate,
preferably finely divided, dry blend with a composition
corresponding to their stoichiometry and calcining the said dry
blend at from 350 to 650°C. The calcination can be carried out
either under inert gas or under an oxidizing atmosphere, e.g. air

40 (mixture of inert gas and oxygen) or under reducing atmosphere
(e.g. mixture of inert gas, NH3, CO and/or H;). The duration of
calcination may be from a few minutes to a few hours and usually
decreases with temperature. Suitable sources of the elemental
constituents of the multimetal oxide active materials I are those

45 compounds which are already oxides and/or those compounds which



be prepared 99\53/29?&?e manner by producing, from suitable 35 sources of
their elenental constituents, a very intinate, preferably finely
divided, dry blend with a conposition 9 corresponding to their

stoi chi onet r¥a b cBheePtdW ik 8Ridedby heabifgd Al 1668H BpGHeO ptabistd ] C

The cal ci nat [ on, ope carried out ei'ther under inert gas or under an
oxi di zi ng atnospHere, e.g. air 40 (mixture of inert gas and oxygen) or
under reducing at nosphere (e.g. mxture of inert gas, NHerr], CO and/or

Herr]). Thelmadgitdancoto the grdfes: i vHtakjebetafiuinda creprwRdfudsthdsa f ew
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parti cul alOhshbstspenti calaigmtipor hat@ive ofatampaunds escapimesompietales,

car bonat es, i qseoQBPEERie Snayaadaitivhaddlyt Be indoxboratbydimeo dde (conpounds
such as NH effdimate b8Yyrd1&aed/.or ammoni um oxal ate, which deconpose
and/ or can be deconposed at the |atest during the 10 subsequent cal cination

to give of conpounds escaping ¢ | et el .__in gasequs _form ma )

addigt i onal | yT‘bn’lg T BREDr ’Edl%i ﬁ?ggﬁese“)étﬁﬂ?i- “&%ﬁ B?Jén{Be. &epaﬁi_‘elm

i nti mate APxehguditippeakiaidengatefiiinds CRBrPe IRATELEHaPRE i 8h dry eF in

mul timetal owetdeformtekf aits ils edfetieed dity Aoy Horm, rehér ptarting compeundsor m
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constit uent smehdudeschibert dhehngxdRisdiedlySdidsclvedr 8baredd Ybfughd sol vent

is water. T}t@&&:ﬁ%amsqaﬁqt?ﬁhtebé@ heda aflétémi&agdﬁ?ﬁ&iémoﬂrylm _n)g(t o at
rocess | p

gn out | eltoﬁt§ %%5%8?2 0 CFrsc?%%Egl%% e 50@&3‘%{ qéegg% %%grgu ?lgﬁ%%% dJoxi de
material s suttatit® fHitode PFYRE BEgeess.: 2ply being etferted &Y ¢ hose
mul ti metal oSR%RY FRYERY dihe GAueous MEFtyraph 30 oxtdeshbgrretatuse aof ofnam ar

cat al yst geolH: rp 150°C.

30 The multimetal oxide materials suitable for novel fixed-bed
catalysts 1, in particular those multimetal oxide materials of
the formula I, are shaped into an annular catalyst geometry
before being used for the novel process, it being possible to
carry out the shaping before or after the final calcination. For

35 example, annular unsupported catalysts can be prepared from the
powder form of the active material or its uncalcined and/or
partially calcined precursor material by compaction to give the
desired catalyst geometry (for example by extrusion), it being
possible, if required, to add assistants, e.g. graphite or

40 stearic acid as lubricants and/or molding assistants and
reinforcing agents, such as microfibers of glass, asbestos,
silicon carbide or potassium titanate.

The shaping of the pulverulent active material or its pulverulent
45 uncalcined and/or partially calcined precursor material can of

course also be effected by application to inert catalyst supports

preshaped into rings. The coating of the annular supports for the



bef ore bei ngoqg%/os‘??)??’the novel process, it being possible to carry out
the shaping before or after the final calcination. For 35 exanple, annul ar
unsupported catal ysts can be prepared fyeom the powder form of the active

material or He}:a%%%ﬁ'{iq:h%”%%ed caR-_%rlS; @L' Ys G G Qﬁg? p&?ﬁ‘ir %05 r?rai al

by conpaction .o
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sui tabl e 1@t atabl e contai ner, as disclosed, for exanple, in DE-A
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material to (RE-afBtRethi4 d00Ne surface of the support is of course
adapted to the desired coat thickness (cf. EP-A 714 700).

Al ternati velalterfativel UEBRSEhdfpuipaBENgf SMMpiagHuLne &HRNAE! support
30 can also be impregnated with a solution and/or suspension
containing the starting compounds of the elemental constituents
of the relevant multimetal oxide material, dried and finally
calcined, as described, to give supported catalysts.

35 Advantageocus multimetal oxide active material to be used
according to the invention for fixed-bed catalysts 1 are
furthermore materials of the formula II

[Yla‘Yzb‘ox‘]p[Y3c‘Y4d‘Y5e’Y6f'Y7g'Y2h'oy‘]q (11),
40
where
yl is bismuth, tellurium, antimony, tin and/or copper,
y2 is molybdenum and/or tungsten,
45 y3 is an alkali metal, thallium and/or samarium,
Y4 is an alkaline earth metal, nickel, cobalt, copper,

manganese, zinc, tin, cadmium and/or mercury,



30 can al so wq/rﬁﬂ.’e%at ed with a solution and/ or suspension cont ai ni ng
the starting conpounds of the elenental constituents of the rel evant
multimetal oxide material, dried and fijpally cal cined, as described, to

gi ve supportgd cat : ang, i . 0xi de active materi al
to be used 2 acco%di)i%té:fgc}f%gé‘gme%_gf%%%&w%%%%@ g?‘)é(at alysts 1 are
1

fur't her nor e Yat er i28 PIGPPPRIT/ o ARAFR] Joron ap f‘?’ﬁd‘m.l\’}&ﬂ@’e _ Y[err]

i s bismuth, el | urisu® Take i $AFHR PeFAL ardit@nisgppeirconijme pjobium,g

mol ybdenum and/ or tantgduen, riemivingr rithenijum, anhodikmt, sidver, dgdial,l i um
and/ or sam@rium alpméhth, galldufp Shd&dimNeitdedh, Rraanithfkedad,cobal t,

copper, NI I0RSEnd A Grahidn, CADdM UM and/ or nercury,

0050/ 50793 11 Y[err] is iron, chromum cerium
and/ or vanadi,um \é&er r& i s_phosphorus, arsenic, boron and/or
antimony, 2'y[errf TXORsY Py &e8earth metal, titanium zirconium niobium
tantal um rHEni umisr §raen® vintor B8edi um silver, gold, 5 al um num

gal lium 1hdi‘um sisl ifcom, 0 gar #gni um | ead, t hori um and/ or

urani um d-alerris froihso feemo). 01 to 8, b[err] is from0.1 to 30,
10 c[err] As fr, o} dlerr] is fromO to 20, e[err] S
fromO to 20e, %ﬁfmﬁl oi4tsof2r()6m0to 6, g [err] is fromO to 15, 15
h' is from 8 tdjslé,om 0,k0 &ud y' are nunbers which are deterni ned by the
val ency and 9’ is from O f4Qd@ency of the el ements other than oxygen in Il

and p ¥nd’'q dsefnemb®rte Mese ratio p/qis from0.1 to 10, 20

cont ai ni ng t#r eeddy hensd anmberegitdech ahé cdetsramideli by tiak faQehcy ddiei r

I ocal environnment ow Pgeduerichebf €RERASMEnES siHdreihll é%¥YBn int Be dpeal
envi r onment ARAaNgVe 4 nbheli & AlndsaTBasls oMy 8T Hom o ATdovhgSe. Maxi mum

di aneter (| ongest "di stance passing throug center gravity of the

region a connecting two points present 25 on the surface (interface) of

t he regi 27% Sentaipning threepdivgngionalnFegions whicht 2xe rdeddmibed finam 500 nm

or from1 [ &heim lecd) epvipenfienty joming to their composition differing from
the local environment and have the chemical composition ¥1,.¥2,.0y.

and whose maximum diameter (longest distance passing through the

center of gravity of the region and connecting two points present
25 on the surface (interface) of the region) is from 1 nm to 100 pm,

frequently from 10 nm to 500 nm or from 1 um to 50 or 25 um.

Particularly advantageous novel multimetal oxide materials II are
those in which Y! is bismuth.

30
Preferred among these in turn are those of the formula III

[BiawZ2pwOxwp» [2212Z3cnE4gnFeent5enL6gng7ha0yn lg~ (I11),
35 where

22 is molybdenum and/or tungsten,

z3 is nickel and/or cobalt,

z4 is thallium, an alkali metal and/or an alkaline earth
40 metal,

z5 is phosphorus, arsenic, boron, antimony, tin, cerium and/or

lead,

z6 is silicon, aluminum, titanium and/or zirconium,

z7 is copper, silver and/or gold, '
45

a” is from 0.1 to 1,

b” is from 0.2 to 2,



Particul arl y°23%r"{t°§3é*ous novel multinetal oxide materials Il are t hose
i n which Y[err] is bismuth. 30 Preferred anong these in turn are those
of the formula |11 [Bia"[err] 35 wh2re Z[ err] i s ol ybdenum
and/ or tungsten, isZfsfon |3 to 16, ni ckel and/or cobalt, Z[err] S
thallium angal kal ignetsd cand/ e #n al kaline earth 40 et al »

z[err I s_phosphgr reenic,- b ' tin, cerium and/ or

I [ead, ! Z[ e‘reg] pt‘?‘lgsﬂg?nf fbc?ril kél %’m%;f%%er?ﬁ‘%% gﬁg/ §? %’I rconi um

Z[err] i sfCoppet® &M & t*qndfor gold, 45 a" is from0.1to 1,

b" is fPoaf0.2 £ fxom 0 to 19p50/ 50793

12 c" hg frois3ftamn DOto 1,d" Is from0.02 to 2, e" Is from

0.01 to 5, gkef @ﬁdﬁt}}”y alreOfftufbelr o Qrthﬁch ard "deterinanédi%? Q:h%ovélen@g\gi'i'ntib | Z
fromO to 10, " N y" Q%H_p

determ ned by the val efnfce%ufgﬁgg] & &elmeme%tfféquer?ggégf t e%é{?grrenf [rgj:lrlc]
ot her than oxygen in 1314 and 1(')' p" and_ q" are nunbers whose
ratio p"/ 40 P& andg02aretpumpers whose ratio piy/gf etmi5Pnf Dot Ot 0 2, _
very particularly prefmrefedahby efic 9.5l fobi ng those in which Z[err] is
(tungsten)[err] and Zerr] is (nolybdenum[err] 15 It is also
advant ageousybiy Hadt3@alasby [Blcferpea! fialyiX18! 11 £a%ing +RB:8TL %wf,\éeﬁy

preferably a&zdneggtgg&%sggbﬁﬁ g]fngt ?let an{wﬁggggkgl)ﬂ]&[err] [sic rr] of

the mul tinggtal” oxid 1=“('mul € materials I11)
sui tabl e &Ccording 20 to the invention as fixed-bed catalysts 1 are present
in the nufti Fetadiscorfvantagesusait at leastt 2henel® dprefenebly iakl deast)
sui t abl e acc®? dhal it verheprefiegabilynat nledsr lO00Mmald) oft hheetakiaierscansl
regi ons whi chyhr, e2gl@ 1 tedcfr oreifreks.okoga) of the multimetal oxide
materials II (multimetal oxide materials III) suitable according
20 to the invention as fixed-bed catalysts 1 are present in the
multimetal oxide materials II (multimetal oxide materials III)
suitable according to the invention in the form of
three-dimensional regions which are delimited from their local
environment owing to their chemical composition differing from
25 their local environment and have the chemical composition
¥'a,¥%,0x [sic], [Bign22u,#Ox+) [sic] and whose maximum diameter is
from 1 nm to 100 pum.

Regarding the shaping, the statements made in connection with the
30 catalysts comprising multimetal oxide materials I are applicable
regarding catalysts comprising multimetal oxide materials II.

The preparation of active material comprising multimetal oxide
materials II is described, for example, in EP-A 575897 and DE-A
35 19855913.

Usually, the first reaction stage of the novel process is carried
out in a tube-bundle reactor loaded with the annular catalysts,
as described, for example, in EP-A 700714.
40
In the simplest manner, this means that the fixed-bed catalyst 1
to be used according to the invention is present in the metal
tubes of a tube-bundle reactor, and a thermostating medium
(one-zone operation), as a rule a salt melt, is passed around the
45 metal tubes. Salt melt and reaction gas mixture can be fed in
cocurrent or countercurrent in a simple manner. The salt melt
(the thermostatic medium) can however be fed in a meandering
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13 manner around the tube bundl es, considered over the reactor, s
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medi um f r om &hkoywioft vatieud metals| nio gdreicahaiy ddvahbegeaisit of exit
fromthe reactor is from[err] O to 10[err]C frequently fromJ[err] 2 to

8lerr]C, @p ﬁ@rreéa%rt 3 bn3gdo sﬁc[ﬁl%rtah %teﬁ é} SHna{eatc%slg;t t&% *19

exchange med Lkl lit erl e reactor g?e from

% ture b
310 to 360[ err requBht fFp J’f‘r‘?%ﬁ? Eladi el %
suitabl e hEaaFe ﬂdhaﬁ@gth%d? edr ¥ariapty Q%éf“ﬁ'og%’é‘-ﬁ TeestigRlistadthe use of
mel ts of sal g€escwilkeld aboyri dddisufsnfreaueatly fpeon &9 tm 36890, t eftemdinom
nitrite and/ 320 saxdi3dnP@i trate, or of netal s having a |l ow nmelting point,
such as segium nercury and all oys of various netals, is particularly

advant ageousy, 2GaHREr" EAd XA tIaS S LALA0L B KMol 185 10623080 Y Sinded 1

I's first reaction stage of the novel process is carried out in a
two-zone tube-bundle reactor. A preferred variant of a two-zone
tube-bundle reactor which may be used according to the invention

30 is disclosed in DE-C 2830765. However, the two-zone tube-bundle
reactors disclosed in DE-C 2513405, US-A 3147084, DE-A 2201528,
EP-A 383224 and DE-A 2903218 are also suitable for carrying out
the first reaction stage of the novel process.

35 In the simplest manner, this means that the fixed-bed catalyst 1
to be used according to the invention is present in the metal
tubes of a tube-bundle reactor, and two thermostatic media
essentially spatially separated from one another, as a rule salt
melts, are passed around the metal tubes. According to the

40 invention, the tube section over which the respective salt bath
extends represents a reaction zone. In the simplest manner, this
means that a salt bath A flows around that section of the tubes
(the reaction zone A) in which the oxidative reaction of the
propene (in the single pass) takes place until a conversion of

45 from 40 to 80 mol% is achieved and a salt bath B flows round that
section of the tubes (the reaction zones B) in which the
subsequent oxidative reaction of the propene (in a single pass)



0050/50793 :
expediently preheated to the reaction tenperature before being fed in.

In the novel variant of the first reaction stage descri bed above, this
is Yrequently from 310 to 360[err]C, ofk%n from 320 to 340[err]C. 25
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flow of the salt melt parallel to the reaction tubes, so that the
individual reaction zone corresponds to a tube-bundle reactor as

30 described in EP-A 700714 or in EP-A 700893 and, in longitudinal
section overall, a meandering flow of the exchange medium results
through the catalyst tube bundle.

The reaction gas starting mixture 1 of the catalyst bed 1 is
35 expediently preheated to the reaction temperature before being
fed in.

In the abovementioned tube-bundle reactors (this also applies to
the one-zone tube-bundle reactors), the catalyst tubes are

40 usually made of ferritic steel and typically have a wall
thickness of from 1 to 3 mm. The internal diameter is as a rule
from 20 to 30 mm, frequently from 21 to 26 mm. In terms of
application technology, the number of catalyst tubes housed in
the tube-bundle container is expediently at least 5000,

45 preferably at least 10,000. Frequently, the number of catalyst
tubes housed in the reaction container is from 15,000 to 30,000.
Tube-bundle reactors having more than 40,000 catalyst tubes tend
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15 to be fidvm exneepéadiionV\bbhé N(duee toOBhEI d¥thelrhic Cidtlres bt thes are
usual |y homoganequs) Yofliflon But&dsoches db stdddahi Rg %%@' eRbbNtion *%%“9
chosen so 6h§Jo Q\ ngi eadu‘ﬁ, pl%?erhlogle C@Qt{d%'c | nn )ﬁe%°3§(? a%jtace

cat al yst tubes cata t'ube Spacing) % o
for exanple Y6 468290) : Particul arly sui tabl e heat exchange nedi a are
fluid thernostatic medi a. The use of nelts of salts, such as potassium
nitrate, Angoaddnantaiithel tieyestoidinymthet tenperatndior of odiel et t extlanger of
10 metal s handdigmaoh oswmtEdlihigngesdiithn, 2646 A ais wedhUNy fRICBNY 8HMB400cal | Oys
of Var'Ouﬁsrﬂﬂd%kalnésténﬂﬂe'QHbéﬁéﬂbnad{ggtfﬁﬁﬁ@fﬁture of'Stie hidh€, *éhéﬂii
shoverent UG QA e A S w51 290 hubie by e
reactors, tgio 9?% (§§0 ¥ an on t e other hand, simultaneously at least
5°C above the temperature of the heat exchange medium on entering
reaction zone A.
30
Preferably, the temperature of the heat exchange medium on
entering reaction zone B is at least 10°C above the temperature of
the heat exchange medium entering reaction zone A. The difference
between the temperatures on entering reaction zones A and B may
35 thus be, according to the invention, up to 20°C, up to 25°C, up to
30°C, up to 40°C, up to 45°C or up to 50°C. Usually, the
abovementioned temperature difference will however not be more
than 50°C. The higher the chosen propene loading of the catalyst
bed 1 in the novel process, the greater should be the difference
40 between the temperature of the heat exchange medium on entering
the reaction zone A and the temperature of the heat exchange
medium on entering the reaction zone B.

According to the invention, the temperature of the heat exchange
45 medium on entering the reaction zone B is advantageously from 330
to 370°C and particularly advantageously from 340 to 370°C.
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tube-bundle characteristic within an individual reaction zone can
30 be designed as described in EP-A 382098.

According to the invention, it has proven expedient to cool the
product gas mixture leaving the first reaction zone before entry
into the second reaction stage, in order thus to suppress

35 subsequent complete combustion of parts of the acrolein formed in
the first reaction stage. For this purpose, an aftercooler is
usually connected between the two reaction stages. In the
simplest case, this may be an indirect tube-bundle heat
exchanger. The product gas mixture is as a rule passed through

40 the tubes and the heat exchange medium whose type may correspond
to the heat exchange media recommended for the tube-bundle
reactors is fed around the tubes. Advantageously, the interior of
the tubes is filled with inert backings (e.g. stainless steel
spirals, steatite rings, steatite balls, etc.). These improve the

45 heat exchange and trap any molybdenum trioxide subliming from the
fixed catalyst bed of the first reaction stage, before entry of
said molybdenum trioxide into the second reaction stage. It is
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nol % pentane, butane, CO;, CO, steam and/or noble gases, is recommended
30 for the reaction gas starting mixture 1 for the novel process.
However, these gases and their mixtures may also be present at
lower novel propene loadings of the catalyst bed 1 in the
reaction gas starting mixture 1 or may be used as sole diluent
gases. It is surprising that the novel process can generally also
35 be carried out with good selectivities in the case of
homogeneous, i.e. chemically uniform, catalyst bed 1.

With increasing propene loading, the two-zone procedure described
is preferred compared with the one-zone procedure described in
40 the first reaction stage.

In the normal process according to the invention, the propene
loading of the first fixed-bed catalyst usually does not exceed
600 1 (S.T.P.)/l-h. Typically, the propene loadings of the first

45 fixed-bed catalyst in the novel process are < 300 1 (S.T.P.)/l-h,
frequently = 250 1 (S.T.P.)/1-h.
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[err] 70 or fertlje girst feaction)sbage elods 26% bycassl IS bar. nol ecul ar

ni t rogen. In the case of propene | oadings of the catalyst bed 1 above
§5|0 1 t25 (S & racflarhoz é}%spiﬁsﬁigz%eﬁf:ti&ﬁréaesd'sltufgin@%@&ug:gei Snud Bkl

il uent gase r

preferablg gcgo’{}ﬁ % Eé 1gﬁ%nr!"vnerg‘l%gﬁ T u n‘%ﬂ lgs]s:a rougﬁ 3. t he
respectiv rEﬁ%‘B‘?%‘ﬁ'lé’t' %}é? mokeg Qa: p‘é?i °€t"‘ﬁ he ’F@?%ﬁé gas $fafting,

but ane, CQO eriftumgDl isearsenrdisg hobthe g@yegtwrs, redefmerdet] 230-f or t he
reaction gas starting mxture 1 for the novel process. However, these

gases and thgiit4B1el BbEEcéBoAhhe RE1NARRNbxPGen réqw@édnﬁva!hepmpgee
| oadi ngs of Lé&ﬁ%aéké?&e%% both Lbe and §3ChL tfé%slﬁtgf @ xture 1 or
u&?t I

may be used as uent as S ,SUr pri novel
process cag’ ge%%orgﬁnl P50 39§% g S]rlfm(?doguf’z og‘g by i¥4es in the

case of honogeneous, i.e. chem cally uniform catalyst bed 1. Wth
i ncreasi ng phopuriingosdi he imventionzdie propewrirfyagéioni dbdhe resction
preferred cogparscrtihg nihtureclznae hy,0FetduegamiaiGr iflbesl 4 neatQst,he first
reaction stagfequentlyNfidif NAMRL, PE AL FD18R6 064 1Dt § tHE83 BERbLRRe the

propene gl Stinf d-hed ¢al t usual | y doés not exceed
600 1 (S. T 0P )/ é?’ﬁllgﬁ%{;&‘ga‘ﬁge, E>'¥lh{él>l((€ropene ?&hé/ngs of the first 45

fi xed-bed catal yst in the novel process are [err] 300 1 (S.T.P.)/I.h,
frequent|y [ER¢]RYS8 Brecess ps) FFe‘ﬁuenﬂY carpiesh/ot7e4 a volume ratio of _
18 | n t hepyepasie ppoexyaen ttheingetr gaseg pirchudimg stedm) fim she reaction
stage may bereadtien bes ostattingphixtureprnessul £(1.® o BPo): (3 @dd25)par) or

above at rrnsppgéfgraylgsw(f'ps Bwpbcay d pro klee1s). operating pressure in the
first reaction stage is fromlto 5, 5 frequently from1l.5 to 3.5, bar.

age does not
g;s(ggleljyloghg a?r eatthlrglrI]l &£ Sc%lﬁ\%oneml:sn, tageaf i‘tl;fe {h%a%glagglosrg g%s start:r.]ng

mixture 1 contains essentially no further components.

30 In terms of application technology, the product gas mixture of
the first reaction stage is expediently cooled, in the
abovementioned aftercooler, to a'temperature of from 210 to 290°C,
frequently from 220 to 260°C or from 225 to 245°C. It is entirely
possible to cool the product gas mixture of the first reaction

35 stage to temperatures which are below the temperature of the
second reaction stage. However, the aftercooling described is by
no means compulsory and can be dispensed with as a rule in
particular if the path of the product gas mixture from the first
reaction stage to the second reaction stage is kept short.

40 Usually, the novel process is furthermore realized in such a way
that the oxygen demand in the second reaction stage is not
covered by a correspondingly high oxygen content of the reaction
gas starting mixture 1, but the required oxygen is added in the
region between the first and second reaction stage. This can be

45 effected before, during after [sic] and/or for [sic]
aftercooling. Suitable sources of the molecular oxygen required
in the second reaction stage of both pure oxygen and mixtures of
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The nmolar [err] 1n the reaction gas starting m xture 1 nust be,

according to the invention, [err] 1. Usually, this ratiois [err] 3. 10
Frequently, t he nol ar [err] rati o and t¥t reaction gas starting ~ mxture
1 is, accor doxypeno aheihemtenfaisone.§erair brSasndidplietld2if. moleculdict abl e
Eou[]ces of tRe8Y eacwéag QX WO.Nby G&B!Ltﬁr%dofno% he fm%zﬁ vo]ilﬁl%c})f SR t%ﬂs are
oth air an r o} 0

vol une of qd% j glrhre'ig % dggl\;o e ¢'§'NFielr%]§ﬁqn %mgjé%o%}a r?’é’ o0 t he

i nventi on, tﬂe ¢t'i on of the reaction gas starting mxture 1
may be, fo? exarrple from4 to 15, frequently fromb5 to 12, % by vol une
or from5 t AEwUdingotanhe@ngbatich, theaehrebsin dirathion ctfaltheokraaedion
The novel proeestarsihg amiiitiirky 2 cetivs qﬂoau&eatma@ bR, URBr léddnip1@f, fromrppene
to oxygen tord ngt fgaa@&l&lynekaﬂlmtétﬁarm b§‘ JdK Yame OEG]?f&.;g%*t a§§%§”' ng
m xture 1 of ?’Llu%\é gnbgge i e(aghtg se5)dn % e )-110 to

15). sal d ‘conponents, as a ru?%a é’l}rllg‘?i?:tlon gas starting
m xture 11%ontains essenti al | y no further conponents. 30 In terns of
appl i cati on Aqaayddrggtio thee ipventien.giheninglay ©gfcroledre rhitiot im ettt i on
stage i s expssictibhyge®ddtecting mirture abaustsd izones &f tiar vsakEly, tthia
tenper at ur e @ftilr @8 219, treedBOhEIY¥, Ghe moiaﬁmeahkaléi:p@a%%g bRaaaferr]C
or T om 225 Jf,34hessd Grarkihg £RHE ¥ 1o LR LT e

as mxtu T | - fgactio 5 efote dtu re'below
tghe terrpe?itftjre gf tPhe £% rgco%d{[‘]or giact i ggeg? ely'HgREv’é‘?veS]t R&ECSFER %0l i ng
descri bed |S°Wled ﬂﬁtﬁﬁé‘r?sacﬁﬁﬁm%ﬂlanﬁl & - 3) sPErRsEPlfiibhtas a rul e
in parti Ci¥gen totskeamath dhexthaasr dduthe grenctiirh uges fatamttiing hixtatre
reaction stageft d:(he5 sacandor Bpct(roskage (3 Hoepd) sherdferdBlissonliy, the

novel procesd its Byet fersmoe1opal {zad n1bysuch a way that the oxygen
demand i nzg he second reaction stage is not covered by a correspondi ngly

hi gh oxygen n t he reaction as starting mxture 1, but t he
regui reégox e t°%e]:""dlcfle%l PISSPRES 10 1R gﬁc%’e \ﬁ?@ﬁt?ﬂ’e F4398; ma¥ (P RiFRGT
reaction st °WTP1F§°%PJWIB€ BEesfYrE Srb%’F%'FR}e 88r Fa 0 & bar) [ eF cabawed/ or
for [sic] abHmospbenlid ryessurealllwpiceliyesths operahibhe @remsuseyipertheequi r ed
i n the secormecosdcteartivnagenefidjotaecpudin®xtgeheadvertilon,esréh 1 to 5,

0050/ 50798 frequently from 1 to 3, bar. Usually, tHe refR¥idN §Qgsﬁlg§rtrl gas,
c,0. 3t o g e el PRI, o0 gt L FPPBHE LY ol

of Jerr] 10% by volune o oxygen source I's added regularly in

a form corrpressed to the reaction pressure.
Like the first reaction stage, the second reaction stage of the

novel process can be carried out in a simple manner in a
30 tube-bundle reactor loaded with annular catalysts and as
described, for example, in EP-A 700893.

In the simplest manner, this means that the fixed-bed catalyst 2
to be used according to the invention is present in the metal

35 tubes of a tube-bundle reactor, and a thermostatic medium
(one-zone procedure), as a rule a salt melt, is passed around the
metal tubes. Salt melt and reaction gas mixture may be fed
cocurrent or countercurrent in a simple manner. The thermostatic
medium can, however, also be passed in a meandering manner around

40 the tube bundle, considered over the reactor, so that, considered
only over the entire reactor, there is cocurrent or
countercurrent flow with respect to the direction of flow of the
reaction gas mixture. The volume flow rate of the thermostatic
medium (heat exchange medium) is usually such that the

45 temperature increase (due to the exothermic nature of the
reaction) of the heat exchange medium from the point of entry
into the reactor to the point of exit from the reactor is from = 0
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According to the 1nvention, the acrolein fraction of the reaction gas
starting m xture 2 thus produced may be, for exanple, from3 to 15,
frequently from4 to 10, % by volune o26rom5 to 8% by vol une (based in

each case ortd heotpt ftequentlip) frdd = 2 A6 cerdiongfiomthe itbverd ahe t he nol ar
Qerr]: acrolinper-atife |6k the heat CRElHaAGeOREd S dn BALEY X he? MUSt be
Lerr] 0.5 Oreche WRHANL Veoddiod 5o 48d Quis EEGE 23t obF SRRD! Ie¥eablifeiiP! &
qerr].acrolofeln L3LI o aﬂgﬁge reg%glon S S grtl% Xt UT € 'S,
accor di ng t e 2PRVERLTHNC 95 F5BeE>t 5° Cr r gHH42 egt ex 1y,

t he novel Pprpdd@sarg the fPuidegheyposiaticamediafhatabpave (beepsdgseribedyf -
acrol ei n t o abovexfgenthe fSirsanreéactiver stggs.in the reaction gas starting
m xture 2 of 1:(0.50or 1to 3): (0to 20): (3 to 30), preferably of 1:-

L el (g selihotn 54, 0 0 LBt
bed) 2. 15 pyehsated Fo' che reaction ‘emnsrakbire Sethre Paing fadc

exanpl e up tO : :
oper at i ngf‘br’é’s‘sGPetP‘h Reyel varianh L &het PP Feartion 98 AgSEhikaske

i nvention, fahevel this ipFreguentelyt [frofir 839 1ta G09°Chapfteds dabhy345 e
reacti on prexsseCeor Nfrom 2B6 BeCZESICLeacti on zone does not exceed 100 bar.
Like the first reaction stage, the second reaction stage of the novel
process can fe L£a4ike%h WUile-1:8nd I JBURrERHE Ynd 1220 d BB G TRACt Of
| oaded W'H‘ anpul ar- ¢ a@gsts and as descc#S : o%é(fxarrpl e, Tn - A
700893. GHROLRE sY PRRERE PFORPEVHR I RaPeTIR HeREEiBR Sl yst
2 to be Udhedrgeabitr fdovoof hehe FREFELOR 928 Prssure and thermestatizs t ubes
of a tube-bureflismr batndrchoged to theeridestitak iredhentwo gtamgeszone
procedure), as a rule a salt nelt, is passed around the nmet al tubes.

Salt nelt antbwe9as) i it FaSoHEXLeH&A ITRY sBEgd & theCRAGYET YHocBEs can of

counterc ' . 5Jh medi an.. however,
al so be B%%gcreb&r%% gléfr%a@r%dgrelggﬂg%nn&ng%?%é?}%g%h%p ?%%le'%ﬁﬁg}: fé? fcl({nsg’l dered
over the redSF o8 1%, a8 oh¥s dsé:i‘gd‘"f‘ Y otHSFegFare t FAor aore& oy
there is codiier éRPPRFature; gfinthe HAACEAPT | FORG | enPedigntdy beipgefxnfim @30i on
of flow of tHee270°C ek itba temperiatuyeecof Tihe vwehotiod |zpner bt fraf 250e to

t her npst at i Gooocnat Wo theasamx dimeget NhsHdt 0PS dbsuv@l k)e Ststipdriadtirt her 45

t enper at Wi dHaCkeas€ididyenkoct he exotherm c nature of the reaction) of

t he heat exchange nmedium fromthe point of entry into the reactor to the
point of exit fromthe react 0/.50793
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6[err]C. Th&®f from 65 to 80 mdl%. Moreover, the temperature of the reaction
zone C is advantageously from 245 to 260°C. The temperature of the
30 reaction zone D is preferably at least 20°C above the temperature
of the reaction zone C and is advantageously from 265 to 285°C.

The higher the chosen acrolein loading of the catalyst bed 2 in
the novel process, the greater should be the chosen difference

35 between the temperature of the reaction zone C and the
temperature of the reaction zone D. Usually, however, the
abovementioned temperature difference in the novel process is not
more than 40°C, i.e. the difference between the temperature of the
reaction zone C and that of the reaction zone D may be, according

40 to the invention, up to 15°C, up to 25°C, up to 30°C, up to 35°C
or up to 40°C.

In the novel process, the acrolein conversion in the novel
process may be in general = 92 or = 94 or = 96 or = 98 and

45 frequently even = 99 mol%, based on a single pass of the second
reaction stage. The selectivity of the acrylic acid formation may
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tenperature of the heat exchange nmediumon entry in the t ube- bundl e

reactor is as a rule from230 to 300[err]C, frequently from245 to
285[err]C or from245 to 265[err]C. Suidlabl e heat exchange 5 nedia are the
fluid thernisd ataisc anedle, t=hak bave dicawligsfreduecitly abib/ exf er 96 her fir st

reaction stage7 molspPiceihl ¥erdEin @daléPredlas starting mxture 2 of the
cat al yst bed 2 is preheated to the reaction tenperature before being fed

10 in. Int novel ;vari ant of theg $§¢0 d_reactian tage des iged

above, this TIE PPESHORTISFT: o SBbEHESA8T P IS Gr L8RP G CIAS E o

285[ err] C dreatdieiqBed & Bf5pett§ @ (S-T-Rs) ALTUPE, 23l hd- A6nE-Br bdeBuPE of

the first readtblod ¢80P .i)d11B eorbildedl MS4T .8 -0hdlx@rezpldEeure of the

second react{SuT.®.3@e:h or theso el Fis.werf ) AWHQf bhibealfAEorOBcHSEeiH Xt Ure and

}-12\% Ugft at 'hgloadi'ﬁ%g' Hf“é}?éi Q%tﬁ'ﬂ?%@rboéd) ZESf' Q\G;‘fhlté Q?(s'.'i‘,sﬁhe/lt-l‘i?o??%?? L
(ST LGP 8Na56 W70k bIP/TRVEL DIAPSS (62,1 A0nCaUESe

al so be reall'zed, in a mafcner éoiresp nd 29 t o

as two spi?ifey Joedirg At/ & FEUct i Gt TzBnéél@ oB 2 23¢ He (SefpBr M1iPe©8f t he
reacti on zomAWClexpeBiRt/ilybpet Ry 2500k £8OT-P.)/d-R70[err] C and the
tenperature of the reaction zone D from 250 to 300[err]C and at the sane
time at | easthelAhekt] fasiltOnechheantlPeoabel €s&f adeokend AaF theNigedtR ibn

The reacti on r.al ei ensi of _from
7R o 4 g S eSS g€ P 08
advant ageousi y¥ % Pom 245 o= 280 [ % A &° The PenpRY af e Pt RRefflakact i on
zone D is prEfEr9Bly at |east 20[err]C above the tenperature of the
reaction zone C and i s advantageously from 265 to 285[err]C The hi gher
t he chosen &xpedéentlypadiheginért hbtiluensl yss ifredh2 bécond tdeacRAuR| stgRCeSS,
the greater ishenkdnbeel Hroeckes efondrlils@EehEsn 30 thebvpery Wl ghempermjour e of
the reacty@n #aGaNthd #rst IEIRALA! LS JACELGRCH XY 488%Pvatild! | V.

however, theo N abovenenti oned tenperature rence I n € no process
I s not nmore than 40[err]C, i.e. the difference between the tenperature
of the reaction zone C and that of the reaction zone D nmay be, according

40 to the i rArexti Srom (et gompprentsCstaped oim3hdsr pdhligattion30tker | C, up to
35[err]C  mmactipob ogak[stariihg mixthuret Reuswmldly poncelss esBenttfallyeind
conver si ozs i farther nédhPonentBl 0CeSS may be in general [err] 92 or [err] 94
or [err] 96 or [err] 98 and 45 frequently even [err] 99 nol % based on a
si ngl ?ofﬁifi% thg?asgee% a6l P g3diRbs e che®sBEonS Fikett bl datanfit' ' ©
above 250 1 (S.T.P.)/1l-h, the presence of inert diluent gases,
such as propane, ethane, methane, butane, pentane, CO;, CO, steam
30 and/or noble gases, is recommended for the reaction gas starting
mixture 2. However, these gases can of course also be present at
lower acrolein loadings. The novel process can generally be
carried out with good selectivity using a homogeneous, i.e.
chemically uniform, catalyst bed 2.
35
In the novel process, the acrolein loading of the second
fixed-bed catalyst usually does not exceed 600 1 (S.T.P.)/l-h.
Typically, the acrolein loadings of the catalyst bed 2 in the
novel process are s 300 1 (S.T.P.)/1'h, frequently = 250 1
40 (S.T.P.)/1-h, without a significant decline in conversion and
selectivity.

As a rule, the acrolein loading of the second catalyst bed in the
novel process is about 10 1 (S.T.P.)/l-h, frequently about 20 or
45 25 1 (S.T.P.)/1-h, below the propene loading of the first catalyst
bed. This is primarily due to the fact that, in the first
reaction stage, both conversion and selectivity with respect to



21 be, a50050/ 0?9?6”1 92 or [err] 94 nol% frequently [err] 95 or

[err] 96 or [err] 97 nol % based on acrol ein converted. The novel
process is suitable for acrolein loadi % of the 5 catalyst bed 2 of [err]
140 1 (S. T. Radr¥dleinOdo [ st Jas120rdld Sebch 1HbE errddihetmore | ettid o&g‘zaeﬂ
Egrrlplégllfhéﬂédﬂeﬁﬁ]tﬂgwgékoﬁg Eééé&i&n Qtﬁ e[f%'dsuki&ylcoveﬁéa glégtglggt
s ool i e, o i

200 1
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( ¥hgh (e &neraag? r@%""@l‘iu &rr] 220 1
(S.T.P. )/|5h:a3rrrlxed299t1n( s;hP peyond freactionogtage.(S. T.P.)/| h or > 250 1
(S.T.P.)/I[err]h. The inert gas concomtantly to be used according to
the inventior is hatédv&aﬁp@mdt;eﬁctﬁw nval eprBese) "Bhé sgael[e%rt&}zlsiﬁ &f

40 I/ 90
%E;H 95%0Ly1[}f‘é aker nng é‘:lﬁiegfgaFﬁLt% Orba[l‘éhélzd et b[:%ﬁ g‘l e&%l%rn Egé{;l nertor

TN X vealleld 04D be as BDS

di | uent gas thr?gege%%rﬁf PEact T on s’igéié Y tﬁ t4%e %n tonpri ses
from 5 tol@obrasgpensiy & mALé P & 5§ (“P%?nélﬁ?er’n‘ £he0 f’i“?]s%t °Fe§§t‘i“b]n%rst age)
and from 70 everO@% bire visigiieist prepend @nd] acrolefpaldicafiings { he conponents
stated in this publication, the reaction gas starting m xture 2 usually
cont ai ns eSS@HHdr%E|YlﬁﬁﬁigidfHEEQE?S&EDQPQBeBésused ackBréitey naf acrolein

| oadi ngs  of Ixﬂfé@?éﬁﬁﬁhf%ﬁ%@ebgglgﬂﬂ ARk the UBLBna0 éi ,-ﬁyhﬁ ; petofbid N

presence

but ane, pg% &BPet? |t ecéecg’?%a‘fﬁa\?%lgﬂd?*é%%@ﬁﬁeabgs °sq g Pﬁﬁoﬁ‘ﬁ%’ﬁ’&ed
for the read%ﬁ"tﬂ’r‘l&&sl%taér fieagt ongiMa- AR V-RRKALEANG  FekteineAad soxide of
course al so be present at | ower acrolein | oadings. The novel process can
general | y besuch esafitaisIe Giil timétal) @xidechetive/ iratesal§ rd@eBgLBSASin,l . €
;2?2} g?'nl Yy Udof ‘é'k@]n téf fﬁs\é-%t 35?7‘15 ?47435§s-A' % éﬂels@gz%sm %f%@%oggfear%d
exceed 60 0 )é‘ '? E3iﬁi?iﬁ paréllgéﬁ r?g s %ﬁ% 5 rfe#% I“xlgm%tﬁ)f t he
catal yst bed*3%enachive SR1% Y s a? (39§ D§Oﬁ 18 f78r) PF-G 3
frequently [ r8]°525@e§“34’0 PPBJ‘JFSIPE‘; /qP[PéllethI\‘M‘:t Bu r 82 &4 &R f PEaht‘*%létZ i ne
in conversi dPlan8P-A Tl SOBi,vVERPYA 714 708 and (IE=A flBe7Xc61dSei Rakbick kay lgf
the second qatefleysédbfxdl thist Béntexth@vrel the ot lasyabmbdditients(& Ri2a) /| h,
frequent | ¥5 aQuty 080454 dk.E-A252917:§ $1bsP- )/ 1 h, bel ow the propene | oadi ng of

the first catalyst bed. This is prlmarlly due to the fact that, in the
first reag:tlon st age, %ttt'n COnV rS|on and, sel ecti vi tg/ wi.th respect to
large numbér o he mul 1metal oxide active mdterials suitable

for fixed-bed catalysts 2 can be subsumed under the formula IV

30

Molzvaxlbxzcx3dx4ex5fxsgon (IV),
where:
35 x1 is W, Nb, Ta, Cr and/or Ce,
X2 is Cu, Ni, Co, Fe, Mn and/or 2n,
X3 is Sb and/or Bi,
x4 is one or more alkali metals,
X5 is one or more alkaline earth metals,
40 X6 is s8i, Al, Ti and/or Zr,

is from 1 to 6,

is from 0.2 to 4,
is from 0.5 to 18,
is from 0 to 40,

is from 0 to 2,

is from 0 to 4,

is from 0 to 40 and

45

a o Q0o e
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0050/ 50793 22 acrolein do not as a
rul.e reach 100% Furthernore, the oxygen demand of the second reaction
stage is usually covered by air. W t28 i ncreasi ng acrol ein | oading, the

two-zone progedureis a Grmberbeidls igr aéeérmiherpbpathe wdldncyhen@ne- zone
procedure 5 Carr'f%hdﬁﬂhc&nokh@hé“ﬂ?@ﬁgn£§a§ﬁﬂé¥1tﬁhﬁggkygen iht 7¥r$ noteworthy

that, in the novel procesS, the selectivity of e dcrylic acid
forrrati on, baI a ed ov ?f?Oth rea tion stages and based on Ipropene
convert ed, 8%“‘?@%1 eomp} et 9x128% 11V 58 R0l % or

[err] 88 nﬁl%oﬁﬁ tcéntPerf?rmanﬁVWhﬁr@S mol % even at the highest
propene and acrol ei n | oadi ngs. Annul ar fixed-bed catalysts 2 to be used
according toxthe jisiwvemli aRardy &r,are suitable for the gas-phase

catal ytic acgpl ei nlslthxhgatbgrﬁddyot:hgesecond reaction stage are all those
whose active mat er I's at l'east one Mb- and V-containing nultimetal

oxi de. Sﬁch sut® 'e multimetal oxide active materials are descri bed
in, f okOe¥hnpl els B3 AnG/9YKu74, US-A 3 954 855, US-A 3 893 951 and 20
US-A 4 339 3%5. Al &9 Qear Sccahdfdxy Bayi t abl e are the nul tinetal oxi de

active materx@l s ofs ER3-,Aad2dndE TR A 2 909 671, DE-C 31 51 805, Gernman
publ i shed apgpl i catigrhlgﬁ, B.2.££6,887, DE-A 43 02 991, EP-A 700 893, EP-A
714 700 and DE-A 19 73 ?1195 1Egrztl cul arly preferred in this context are

the exenplgry enrbods ? ¥P2A 25 714 700 and DE-A 19 73 6105. A

| arge nu of tht® °f“lﬂe§a1"r°c?x|de active materials suitable for

fi xed- bed cafal ystk® £remnOpko Absuned under the fornmula IV 30

[err] (rv)e is viveme0 t@3.Z,err] is W Nb, Ta, C and/or Ce,

X[ err] i sfCu, Ns fzem Beto M) am@d/ or Zn, X[ err] is Sb and/or Bi,

Xerr] i Snone Ofs D hGmBLK Ak JHEY 8! &eterm:.)x%ﬁrﬁ thé %aqgﬁc9rarm)r e al kaline
earth met%s )greeréiu%ngz Jj? t%e ef‘lements ‘r;l{)m _%fitonggf‘ in ] fromlto :

6, b |sfrom is from

0 to 40, 45 e is fromO to 2, f is fromO to 4, g is from
0 to 40 and Very particularly preferred multimetal oxides IV are however

those of the formula Vv

25
Mo12Va: Y1y ¥2,.Y5¢.¥64.0p. (V)
where
30
vyl is W and/or Nb,
¥2 is Cu and/or Wi,
¥5 is Ca and/or Sr,
Y6 is s8i and/or al,
35 a’ is from 2 to 4,
b’ is from 1 to 1.5,
c’ is from 1 to 3,
£'  is from 0 to 0.5,
g’ is from 0 to 8 and
40 n’ is a number which is determined by the valency and

frequency of the elements other than oxygen in V.

The multimetal oxide active materials (IV) suitable according to
the invention are obtainable in a manner known per se, for
45 example disclosed in DE-A 4335973 or in EP-A 714700.
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decreases with increasing temperature. Suitable sources of the

15 elemental constituents of the multimetal oxide active materials

IV are those compounds which are already oxides and/or those

compounds which can be converted into oxides by heating, at least

in the presence of oxygen.

20 The intimate mixing of the starting compounds for the preparation
of multimetal oxide materials IV can be carried out in dry or in
wet form. If it is effected in dry form, the starting compounds
are expediently used in the form of finely divided powder and,
after mixing and any compaction, are subjected to calcination.

25 The intimate mixing is however preferably carried out in wet
form.

Usually, the starting compounds are mixed with one another in the
form of an aqueous solution and/or suspension. Particular

30 intimate dry blends are obtained in the mixing process described
when exclusively dissolved sources of the elemental constituents
are used as starting materials. A preferably used solvent is
water. The aqueous material obtained is then dried, the drying
process preferably being carried out by spray drying the aqueous

35 mixture at outlet temperatures of from 100 to 150°C.

The multimetal oxide materials suitable for fixed-bed catalysts
2, in particular the multimetal oxide materials of the formula
IV, are used for the novel process after shaping to give annular
40 catalyst geometries, it being possible to carry out the shaping
before or after the final calcination, in a manner particularly
corresponding to that in the case of fixed-bed catalysts 1. For
example, annular unsupported catalysts can be prepared completely
analogously from the powder form of the active material or its
45 uncalcined precursor material by compaction to give the desired
catalyst geometry (for example by extrusion), it being possible,
if required, to add assistants, e.g. graphite or stearic acid as
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t h
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30 4 mm. Annular supports preferably to be used according to the
invention have a length of from 3 to 6 mm, an external diameter
of from 4 to 8 mm and a wall thickness of from 1 to 2 mm.
According to the invention, rings measuring 7 mm x 3 mm x 4 mm
(external diameter x length x internal diameter) are also

35 particularly suitable as supports. The fineness of the
catalytically active oxide materials to be applied to the surface
of the support is of course tailored to the desired coat
thickness (cf. EP-A 714 700).

40 Of course, the multimetal oxide active material of the fixed-bed
catalysts 2 can also be shaped into annular supported catalysts.

Advantageous multimetal oxide active materials to be used
according to the invention as fixed-bed catalysts 2 are
45 furthermore materials of the formula VI
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geonetry (for exanple by extrusipmp EI& bei ng paagi,bl e, if required, to
add assistants, e.g. graphite or stearl c acid as 0050/ 50793

25 | ubricants and/or nolding assistants and reinforcing agents, such

as mcrofi béf%6f gl ass, asbestos, silicon carbide or potassium

titanate. Suitable unsupported catal yst geonetries, as stated above, are
hol | ow cyl % rler $s Mot Vigr Zapr 28xiZ3pitde-ZRcolt@f-,and a 5 length of from2 to
10 mMm A walg t s cimess,-pf.okpm 1 to 3 mmis expedi ent . Of course,

the shapi ng £f 19%'pllhlbverrgl q?}_l a%@it/b ecémt erial or its pul ver ul ent
uncal ci ned 2ecurs r EEB o asg/o arried out 10 by application to

i nert cataly up dr S pre”shape i At T1 (j’g. The coating of the
supports f or2% nes ﬁé‘ 4PF Btof the coat ed catalysts is carried out as a

rule in al@ud% ab$ diolNai akl Rb, CsoardierrH, as disclosed, for exanple, in
DE- A 290967135 ERs Mg, Ca9385%mi/oEPBA, 714700. 15  For coating the

supports, thg poywdgar, matepiadnd/Rrberppplied is expedi ently noi st ened

and, after t d.c ] N, n pgdpagai n, for exanple by neans of hot
air. The coa tﬁg%dezqté gf t Zanglé T material applied to the support is

expediently chosen to be from 20 10 to 1000 [err]m preferably from50 to
500 [err]ﬁ%l Parti &8Iy toReferably from 150 to 250 [err]m Sui t abl e
support mat &'t al siarfrogofveante dnal porous or nonporous al um nas, silica,
t hori um di oxéde, Zbsrfrem ontélizsi de, silicon 25 carbide or silicates, such
as magnesi urgssi | i gatioar oatymMgum silicate. The supports having
substanti al urfag ggnggsz are preferred. It is suitable to use as
supports iew C g/\,hose length is from2 to 10 mm and whose

ext er nal ter Z to 10 nm The wall thickness is noreover
usual | y frorﬁl tolS(frA’mrr% t‘Arﬁﬂ;I ar supports preferably to be used according
to the i Menti éa fixamedatdadflygth of from3 to 6 nm an external dianeter
of from4 ta”8 mMmisftom Vatd Athiadkdness of from1l to 2 mm According to

the inventi gm ahidNgs AMATMIbESs WHIBHX ade"HeterhifBl by (€hd Sfaehcdi A@t er x
length x jgternal diggg s&ﬂ @[ﬁcgbg%f’&e@&f sﬁubaééyeégi‘r%ﬁs&f%g?%e%p%} res.

The fineness of the active "oxl mat e appl'i ed

to the surface ﬁe support is of course tailored to the desired coat
t hi ckness ((ﬁ_angqu § &9 qgmhers other than zero, whose ratio p/q is from

160:1 to 1:1,

yLF rom

30 and [sic] which are obtainable by separately preforming a
multimetal oxide material E

2732CupwHi»Oyn (E),

35 in finely divided form (starting material 1) and then
incorporating the preformed solid starting material 1 into an
aqueous solution, an aqueous suspension or a finely divided dry
blend of sources of the elements Mo, V, 21, 22, 23, z4, z5 and Z6,
which contains the abovementioned elements in the stoichiometry D

40

Mo12VarZlpn22cn234qn2lenBSengbgn (D),

(starting material 2), in the desired ratio p:q, if required
drying the resulting aqueous mixture, and calcining the dry

45 precursor material thus obtained, at from 250 to 600°C, before or
after it is shaped to give the desired catalyst geometry.



40 O course, o?%/s%?%l metal oxide active material of the fixed-bed
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A 856 %‘r refergﬁ NPT GF cB st} zpﬂg el emants M,
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However, the two-zone tube-bundle reactors disclosed in DE-C

2513405, US-A 3147084, DE-A 2201528, EP-A 383224 and DE-A 2903582

are also suitable for carrying out the second reaction stage of
20 the novel process.

In a simple manner, this means that the fixed-bed catalyst to be
used according to the invention is present in the metal tubes of
a tube-bundle reactor, and two thermostating media essentially

25 spatially sepafated from one another, as a rule salt melts, are
passed around the metal tubes. The tube section over which the
respective salt bath extends represents, according to the
invention, a reaction zone.

30 In a simple manner, this means that a salt bath C flows around
those sections of the tubes (the reaction zone C) in which the
oxidative reaction of the acrolein (in a single bath) takes place
until a conversion of from 55 to 85 mol% is reached, and a salt
bath D flows round that section of the tubes (reaction zone D) in

35 which the subsequent oxidative reaction of the acrolein (in a
single pass) takes place until a conversion of at least 90 mol%
is reached (if required, the reaction zones C, D to be used
according to the invention may be followed by further reaction
zones which are kept at individual temperatures).

40 '

It is expedient in terms of application technology if the
reaction stage 2 of the novel process comprises no further
reaction zones, i.e. the salt bath D expediently flows around
that section of the tubes in which the subsequent oxidative

45 reaction of the acrolein (in a single pass) takes place to a
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the reaCtI(NLs%ng§ made o%ofgg}iﬁﬁgjsteel and typically h

ypically have a wall

thickness of from 1 to 3 mm. Their internal diameter is as a rule
from 20 to 30 mm, frequently from 22 to 26 mm. In terms of

30 application technology, the number of catalyst tube housed in the
tube-bundle container is expediently at least 5000, preferably at
least 10,000. Frequently, the number of catalyst tubes housed in
the reaction container is from 15,000 to 30,000. Tube-~bundle
reactors having more than 40,000 catalyst tubes tend to be the

35 exception. Within the container, the catalyst tubes are usually
homogeneously distributed, the distribution expediently being
chosen so that the distance between the central inner axes of
adjacent catalyst tubes (i.e. the catalyst tube spacing) is from
35 to 45 mm (cf. EP-B 468290).

40
Particularly suitable heat exchange media are fluid thermostating
media. The use of melts of salts, such as potassium nitrate,
potassium nitrite, sodium nitrite and/or sodium nitrate, or of
metals having a low melting point, such as sodium, mercury and

45 alloys of various metals, is particularly advantageous.
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30 entering the reaction zone D. Preferably, the temperature on
entering the reaction zone C is from 245 to 260°C and the
temperature on entering the reaction zone D is from 265 to 285°C.

In the novel process, the two reaction zones C, D can of course

35 also be realized in tube-bundle reactors spatially separated from
one another. If required, a heat exchanger may also be mounted
between the two reaction zones C, D. The two reaction zones C, D
can of course also be designed as a fluidized bed.

40 Furthermore, in the novel process, it is also possible very
generally to use catalyst beds 2 whose volume-specific activity
in the direction of flow of the reaction gas mixture increases
continuously, abruptly or stepwise (this may be reflected, for
example, by dilution with inert material or variation of the

45 activity of the multimetal oxide).
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novel twolQoapplgicetadurkE-R [2e 20&npRY aay beohsedcfdregarryimx cluwdngbenedi um on
ent eri ng t hes¢wart ireaczbone stage of utld yokebnprocedd) Wwhidl HeRictbE tiypd he

second react ﬁblﬁeégéhe-rﬂ%stl@ﬁmffﬁtdf Q:r%ixsk@ﬁr:.n Ileﬁhr@)(&f'mer@gfﬂf%y
entering th?x#@%%ta 08 l?a[}]egsD baj F%&Q %;9‘1 { lﬁethné’l?{tzle%@tlg uglly on
t he one han Iom f fn %;m a,

si mul t aneousY y*hC*AgRst L 2y é’eat PR tze‘"rﬁ%r"ﬁf‘u?%s (ﬁtalrﬁénﬁeat

exchange #@driFRvESst éerh’gCht Hé F@ﬁc‘f‘?% or a;gpkd @ecyclegr gdser Fyrhermere,
t enper at ur e Yfe ttubehbundlex changetemiditiin watRin emt dndihgidiel reactiom zomee D

is at | east & ekr Hesbmwri taldedbsePiveat UneEP-A (I8 lpegheat exchange nedi um
entering the reaction zone C. The di fference between the terrper atures on

entry into tﬁee rn sszgggs é:c%%% %t e cord| ng f t he
i nventi on,, err %6? ) & SiB9t%
35[err] C &7 'tz(?nﬁo ‘é’? ] ndﬂﬁ F35Foro8s ‘?fe’rb d't'h °€1b‘?ﬁfé‘}?€rﬁt’| RERE-C
t enper at ur e 1830166 'e‘\t%&ﬁl%?fei EReA '-'Fﬁé224 oglkbe firstciveechior ratiagen
| oadi ng of time irplemgstedda fhenfire: reanbi@l zonecessd,thd@egpedt esaction d
be the diff estaitee ihetheaRcolE readtimekahe! &f Ghet BRobesie @xsBapggaTEdi UM On
entering thedRaskion zone C and the tenperature of the heat exchange
medi um on,30 entering the reaction zone D. Preferably, the tenperature on
entering t reaction zone C,is fraogm 345 to 2604)erHEC and the
t enper at ur e é‘ﬁf’gi) 8 LB RITGTULBRLY FHLPlEFOB P COPSRBERNT | C.
In the novelPTNCEEBE]; Thdst ABTPEkRiMdofhabntls RETmMbteagrast sedersevidbied 0 be
realized i n thegbhdobnatiian odatherdesiped proguesedar at sihdYeomass with high
loading of the fixed bed catalysts with starting materials.
30
The novel process gives not the acrylic acid in pure form but a
mixture from whose secondary components the acrylic acid can be
separated in a manner known per se (for example by rectification
and/or crystallization). Unconverted acrolein, and propene and
35 ipert diluent gas used and/or formed in the course of the
reaction can be recycled to the gas-phase oxidation. In the novel
two-stage gas-phase oxidation starting from propene, the
recycling is expediently effected into the first oxidation stage.
If required, the novel procedure can of course alsoc be used in
40 the case of conventional propene loadings.

Otherwise, in this publication conversion, selectivity and
residence time are defined as follows, unless stated otherwise:

45



one anot her.°9$°(§ﬂﬁ??ed, a heat exchanger may al so be nounted bet ween

. the two reaction zones C, D. The two reaction zones C, D can of course
al so be designed as a fluidized bed. 4§ Furthernore, in the novel process,
it is also possible very generally to use catalyst beds 2 whose
vol ume- speci Ei e activi Ly i n the Yomberoh mofles| ofy sifantiiegr eacti on gas

m xture incrgases; y, _BBtepial aanversedi se (this may

reflected, for negxm%fe?ﬂé‘jéoééal | Ut Nembart I moees oBtsaralingr varlgfllooon of

the 45 activity of the mul timetal owmatkeyial used 0050/50793

30 The Bnert diluent gases (e.g. only propane or only nethane, etc.)

recomrended in EP—A 293224 and in EP-B 257565 may al so be used for the

novel proced Eék second r dgebeprokimedes Shisgkartidgl materigdses can, if
B

required, aI fed wi t hcenverted herpxpdu¢tic activity of tRe100
catal yst bed®2° sﬁ“ﬁ 1PR T hetumbetti pEcholes of Btartifgthe reaction gas
m xt ure. It should once agaimatesripdi comebrgid here that in particul ar

t he t we0zone tube-bundl e reactor type descri bed in German published 10
application DE-B 2,201, 52 e r carr t he second
reaction sta de%hf nove 3 %%%‘%%’am cumlgegé th% provi des the

possibility qf e[rl at x exgdrange
medi um of reacJt | o Zon D'RhéotlﬁbP\F*eabﬁ reackéer gas Stantingler, if required,

to heat up a reaction gas M#&&arengt 1S -H-Re uf) 2 which is too cold or a col d
recycl ed &8s. Furthernore, t he tube-bundl e characteristic within an

I ndi vi dual rkcmidles andiecompataBibe elesipiesd as described in EP-A 382 098.
The novel process can of course al so be realized in a single 20 two-zone

t ube- bundl e a cld he e EXHRE 2830765, EP-A
911313 and Eé A%8§f%§tg§% c%% ?lmr’é? Eeact [ on g | s inplemented in
the first_geaction zone ,and the second reaction stage In the second
reaction Qénje of PRERETARLOD fife StapEipgRpterial, dactor. 25 The novel
process is particularly suitable for a continuous procedure. It is

surprising t3m.3 kgpef nturgysgaodasid gi2i. Pk g weight dbhewy areret benradd,t he
desired produafilienad &ities RRSSs,t hnbbos kd e%daﬂga@i‘eohgebiém bed
catal ysts W'dﬁ fshartd irg?ibgﬁh@llfnl nltrIQea&%j 1p£Q cor?g X%Sopoél t he

acrylic agid from conpdnent s

i
the acryl 2 %9 dBc{é‘ﬁ %by V&8 S?a?fe reﬁ ﬁlT'rﬁJn?l@rc aﬁn % ot - &l e
by rectificatiZdng/mobhg/ e EF?E%%H‘J PIUPOHS . mmﬁviﬁ% e‘ﬂ‘ed’clsﬁP-EFﬁi farda
propene and further 2 hours at 25°C and then spray-dried.

The spray-drying was carried out in a rotating-disk spray tower
30 by the cocurrent method at a gas outlet temperature of 300 + 10°C
and a gas outlet temperature of 100 + 10°C. The spray-dried powder
obtained was then calcined at from 780 to 810°C (in a rotary
tubular furnace through which air flowed (1.54 m3 internal volume,
200 m® (S.T.P.) of air/h)). What is important with regard to the
35 exact setting of the calcination temperature is that it is
tailored to the desired phase composition of the calcination
product. The phases WO3; (monoclinic) and BiW;09 are desired; the
presence of y-Bi,WOs (russellite) is undesired. Consequently, if
the compound y-BiWOg is still detectable after the calcination on
40 the basis of a reflection in the powder x-ray diffraction pattern
at a reflection angle of 20 = 28.4° (CuKa radiation), the
preparation should be repeated and the calcination temperature
should be increased within the stated temperature range until the
reflection disappears. The preformed calcined mixed oxide thus
45 obtained was milled so that the Xs5¢ value (cf. Ullmann’s
Encyclopedia of Industrial Chemistry, 6th Edition (1998)
Electronic Release, Section 3.1.4 or DIN 66141) of the resulting



35 inert di I%%%?/%%gg%lsed and/or fornmed in the course of the reaction
can be recycled to the gas-phase oxidation. In the novel t wo- st age
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W wer e
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25 from 3 t adB%Ecus eebajltit ndtrateesoliution at2 di% dynweight fafoo). 22 €arc.
1.27 g/ nol ) .THEh@oleBidn iBgrag(uRen puipeducentifududey Shis rad fiaitfally

further 2 haiienabo?ol &30 hCoBE 4 L i9Br 8¥- 0 ifidutes wiile L
carried out fll{é 8060t Egt'l'}g gbvaaQQ: h3%h E:Qiaf":{ed out for 15 minutes

ﬁ¥a9&i’ﬂd‘9 Vas

at 60°C.

20 Thereafter, 19.16 kg of a silica gel (46.80% by weight of SiO,,
density: from 1.36 to 1.42 g/ml, pH from 8.5 to 9.5, alkali metal
content max. 0.5% by weight) were added to the resulting aqueous
mixture and stirring was then carried out for a further 15

minutes at 60°C.
25

Spray drying was then carried out in a rotating-disk spray tower

by the cocurrent method (gas inlet temperature: 400 +

10°C, gas

outlet temperature: 140 + 5°C). The resulting spray-dried powder

had a loss on ignition of about 30% by weight (3 h at
30

3. Preparation of the multimetal oxide active material

6000°C) .

The starting material 1 was homogeneously mixed with the starting
material 2 in the amount required for the multimetal oxide active

35 material having the stoichiometry

[BizW209 - 2WO3]0.5[M0O12C05. 5Fe2.945S11.59K0.080x]1

Based on the abovementioned total material, in addition 1.5% by

40 weight of finely divided graphite (sieve analysis: min

. 50% by

45

weight < 24 um, max. 10% by weight > 24 um and < 48 um, max. 5% by
weight > 48 um, BET surface area: from 6 to 13 m2/g) were mixed in
homogeneously. The resulting dry blend was compressed to give
hollow cylinders having a length of 3 mm, an external diameter of
5 mm and a wall thickness of 1.5 mm and then subjected to heat
treatment as follows.
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The m | led rhtSATAPIWERES 960 1RISHE Pt ARSI Wd h%l £ B é%‘&l on t he

mlled nat erfeAPEIgEuFe ﬁ@%/m&i’-w%l’e‘l?%lf@f’ef‘rlf (blpeg of *a%sqe(syltseg gl l;
X[ err] valRansupppstsi gatedyst cr ingsyformed| @ mavelafiixedrdbed cBEalyst flace
area was 100 n2/g). 5 2. Preparation of a starting material 2 A

sol ution A vils pPneParedidy dH 8SAbveN O ikba-ked da Ri gm hept anol ybdat e
in 600 1 of water at 60[err]C while stirring, and 10 adding 0.97 kg of an

aqueous pot assi xi de ution 6. 89 of KOH) _at
20[err]C z;oafhelﬂrpeggg?gm J‘sgklfoﬁa\:/ﬁﬁ(ﬁ ca{i}‘r&?ﬁ%’% nPg dfaheriel and
stirring. AYoapYR “B%)Q@s prepared by introducing 116.25 kg of an
aqueous 15 iron nltrate solution (14.2% by wei ght of Fe) into 262.9 kg of
an aqueous cdbdal g of tearipergal yt acetate2méfolydrategherofdisyplababdjerr] C
The sol ution B vwagot jess maﬂéedtsog\iwlao@shutm{q LBgoi yids %&:%mumt aken

sol ution A over 3 pehbhActhffee30 @}Qﬁ%cﬁ% whi [lg:3 @ 5 g,_? rr] C.
Sti th t t he
S o T e mp i e bl

to 1.42 g/m, plqllsFB %d5mt augcssswmanl Sﬁ%?aa of WabR¥ Mt %P3%. t@ Feehp
wei ght) were add@edutgon Hd .+ Bbareafipraqdbeusolutivny fuves sskirsedr alhgatwas
then carried outonter igtd whehepldition IT,nahé@stiwn GORBErd€rendeh by Spéight
drying was then agaeba€NiUboL it forf Hadl h8GedliiSK aBPEAYultOWRFficient to
30 form a solution again. This was spray-dried at an outlet
temperature of 110°C. The resulting spray-dried powder was
kneaded with 0.25 kg of a 30% strength by weight aqueous
acetic acid solution per kg of powder using a kneader of type
Z81-80 from Werner & Pfleiderer, and then dried at 110°C for
35 10 h in a drying oven.

700 g of the catalyst precursor thus obtained were calcined
in an air/nitrogen mixture [(200 1 of N;/15 1 of air)/h} in a
rotary tubular furnace (50 cm long, 12 cm internal diameter).

40 During the calcination, the kneaded material was first heated
continuously from room temperature (about 25°C) to 325°C in
the course of one hour. This temperature was then maintained
for 4 h. Heating was then carried out to 400°C in the course
of 15 minutes, this temperature was maintained for 1 h and

45 cooling was then effected to room temperature.



by the cocur®@B®/88¥88d (gas inlet tenperature: 400 [err] 10[err]C, gas
out] et tenperature: 140 [err] 5[err]C). The resulting spray-dried powder
had a | oss on ignition of about 30% by ggight (3 h at 600[err]C). 30 3.
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[err]m max. 5% by weight > 48 [err]m BET surface area: from6 to 13
n2/g) were njxed_in homogeneousl.y. The resulting dry bl end was
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1. b) Prepargid atoffzér nl1el ixechd edmeapal ¥sd. duringlehd'@RRAaL| on of
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. r
copper (11) aceta{_;hee n ¥drate wer e_di sso Ve wat er to

give a solution THe SEEBAYES. ARt AP, Agotonera lﬂ'ag?faﬁdﬁeysaa?ivtd&%ﬁgdrate,

143 g of aﬁnDni m% 3G ﬁ\éﬂéqaé:erial was observed. After the end of the
addition of powder and aqueous solution, hot air at 110°C was

blown into the coating pan for 20 minutes at a speed of 2
rpm. Drying was then carried out for a further 2 hours at
250°C in the stationary bed (tray drier) under air. Annular
30 coated catalysts whose proportion of oxide active material
was 20% by weight, based on the total material, were
obtained. The coat thickness was 230 + 25 um, both over the
surface of one support and over the surface of different
supports. A bed of the resulting coated catalyst rings formed
35 a novel fixed-bed catalyst 2.

c) Preparation of a spherical comparative fixed-bed coated
catalyst 1

40 1. Preparation of a staring material 1

209.3 kg of tungstic acid (72.94% by weight of W) were stirred, a

little at a time, at 25°C, into 775 kg of an aqueous bismuth

nitrate solution containing nitric acid (11.2% of Bi, from 3 to
45 5% by weight of free nitric acid; density: from 1.22 to
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was thengrotd%)e;gg%i %fﬁgﬁg%qﬁé?ﬂéﬁ%ﬁ%% §§£§E%O%Q§Ean‘g Ry bgtl ng
&Méz%

. . consi
of 75% by weisdf#tto : _ %IG{}BéFSF M@(Eb%léyed
onto t he ¥uHASHSEEY Vi s vajuehef the SiOp pargdcdes MpsildutEs. the t he
same tinme, BHysoffade 2@a wascHiGimifgcal |y active oxi de powder from a)
wer e continuously netered in via a vibrating channel outside the

spray cone of. preparati¥® 8EOF #@{rt19gZhtériding sane period. During the
coati ng,
30 A solution A was prepared by dissolving 213 kg of ammonium
heptamolybdate in 600 1 of water at 60°C while stirring, and
adding 0.97 kg of an aqueous potassium hydroxide solution (46.8%
by weight of KOH) at 20°C to the resulting solution while
maintaining 60°C and stirring.
35
A solution B was prepared by introducing 116.25 kg of an aqueous
iron nitrate solution (14.2% by weight of Fe) into 262.9 kg of an
aqueous cobalt nitrate solution (12.4% by weight of Co) at 60°C.
The solution B was then pumped continuously into the initially
40 taken solution A over a period of 30 minutes while maintaining
the 60°C. Stirring was then carried out for 15 minutes at 60°C.
Thereafter, 19.16 kg of a silica gel (46.80% by weight of SiO,,
density: from 1.36 to 1.42 g/ml, pH from 8.5 to 9.5, akali metal
content max. 0.5% by weight) were added to the resulting aqueous
45 mixture and stirring was then carried out for a further 15
minutes at 60°C.



t he powder f@ASOA5QE®3conpl etely adsorbed onto the surface of t he
supports, and no aggloneration of the finely divided 25 oxi de active

mat eri al was observed. After the end of3 he addi ti on of powder and
aqueous solution, hot air at . 110[err] G was . blown ipto the coating
pan for 20 né?ﬁﬁy’egrﬁlln% A5 8Bt Lyrie% °u%r b 2 Br]fatg R dadi $h SPTEYr FPERF out

for a furthefy Xhgogpunggrcurrent pehqed (gesi inlefe temperakars: HOQ &t 108C,

dri er) undergas routAghutempe3@ture: cbil dd 58Q) al Bhet seshdsingraprayt-dohedf oxi de
active nat erpddder had aVisss20% byniwidphiof BBSEeE 30y bReweDi (Tghetish, were
obt ai ned. ghfs,caath Lpi ehdregs was 230 + 25 [err]m both over the

surface of one support and over the surface of different supports. A
bed of the resulting cpated c tal‘}/st, rings formed 35 a novel fixed-bed
catal yst 2. 3- Prepa '&b%ﬂé’t'&ﬁeo‘f‘ Ltimetal; exide Aftdve: Pakedialed- bed coat ed
catalyst 1 40 1. Preparation of a staring material 1 209. 3 kg of
tungstic aciThe B2afdihdymateirdhl bfwdl hombgeséouslgdmined with the stadtingre,

at 25[erri@ mdtdr@al’? kg e aRodait iPEaNESP a muikihédL THidki 98¢ ive

cont ai ni Ng N dddrS 2R Ch &kl +2% 9f o Blk 1 ol 3 to 45 5% by weight of free
nitric acid: atdﬁréér’fsf"tyzg‘fr'g:?rln pe3 ‘t”?hm BREY 1050/ 50793

35 1.27 g/njew. The_resul ting aqueous m xture was then stirred for a

further 2 holHeWaRs 25P¥P3Ipes [Meaz¢sesFagpeiiidsokedsOx11- The spray-dryi ng was
carried out in a rotating-disk spray tower 5 by the cocurrent nethod at a
gas inl et 15 edgsedabor theofakddemprt idnelDfceta] Graterdad , aigasdditibat 1{ ssmef at ure

of 100 [err]weliQher bk Cfin-al? Sﬂ{rﬂdedjrdﬁﬁhﬁ?gé@dgieve ahh ey dad ‘ﬁﬁﬁ.tﬁ@s? @l ci ned

at from 780 OLess] 0.a Yoo ulgr fu C hr ou whigh air
flowed (1. 54"; g%%rji ﬂt@r’n&é‘éxflo{é} %,ry wel%@%l nﬁ%&%&g)ié T /g'}lu&}’j S&hg? S
i nportant wi'th rggar%é]t“én’t, Tlf)ure’{%& 28R i PP FRe!T M EPhaTEER

t enper at ur e HOTOgRAGOVFLI% dxPE bR The ZpFBlEing @ryhblerdiwasdcpmpressed to
conposi t i #h wvet hellew ¢iyddndens havimgdaclendiie ofhasmes, \WE extergabnocl i nic)
and [err] ardatheserest 5 I andpd @RANCEhdEkyedd DAOD. § s $@ld €Bni S

undesired. GupSedHEN Y a hbat tidHtheRn®NROUFLH 18I, 2WO6 is still detectable
after the calcination 15 on the basis of a reflection in the powder X-ray

di ffraction at nat a reflection le of 2[err] =_28.4[err]C
(CuK[ err]_rdd 3? Tm(’)%f[,e tﬁ’&nace PR, Y’B%&gtﬁ)‘lﬁ 518%3‘? eéﬁeoatle&nﬁ‘[ﬁ’ff‘aﬂ]he
cal ci nat | ¥h odiper at ti/d of akpReF YEARNRf artdyenwneterialhPrecureer),
t enper at ur e heasgng uwas Icaritded outefateet hemtidigs appears.18M8e/ by efmittiadly
cal ci ned ni xEemoxode temperaOuebt@seeyl vmsvet| erhiso tehpbritiereX®@sval ue (cf.
Ul mnn's maintained for 1 h and then increased to 210°C at a heating rate
of 60°C/h. The 210°C were in turn maintained for 1 h before being
30 increased at a heating rate of 60°C/h to 230°C. This temperature
was likewise maintained for 1 h before it was increased to 265°C,
once again at a heating rate of 60°C/h. The 265°C were then
likewise maintained for 1 h. Thereafter, cooling was initially
effected to room temperature and the decomposition phase was thus
35 essentially complete. Thereafter, heating was carried out at a
heating rate of 180°C/h to 465°C and this calcination temperature
was maintained for 4 h. '

The calcined catalytically active material was milled to a finely

40 divided powder, 50% of whose particles passed through a sieve of
mesh size from 1 to 10 pm and whose proportion of particles
having a maximum dimension above 50 um was less than 1%.

45



Encycl opedi PQF0[5R1R3Iri al Chenistry, 6th Edition (1998) El ectronic

Rel ease, Section 3.1.4 or DIN 66141) of the resulting particles was 5
[err]m The mlled material was then mxed with 1% by wei ght (based on
the mlled nmaterial) of . finely divided ™S O2 (bulk 25 density 150 g/l; X50
val ue of thet<si GFSFarerires aIBd[‘é?'?a] 5t he BET surface area was 100
merr]/g. 2. Preparation of a starting material 2 30 A solution A was
prepared by di ssifl kigngf2dgheiicall auppoxtsm(4 -hgptrandilapedate haviegOal of
water at 60[ err]darsacker&ighindsayrz aa&ordlathegzﬂ-ﬁmlmoofoﬁrwwaaa

pot assi um 4y dr 0Xjig n50L WAl (0e8061undy LUELEN oe‘ C?K%aua; 3Plgpr1C to the

resulting sol utign or!t of d

al ni err SULIrI
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then carried outcdndinaodsiyt véa aSvibratimgeshagnéljoatslide the spra@066ied0793
36 Spreg dryidfy thesatditizezahbiele Qiff the Samdtpdirieg- dbekimpPrar tower
bytltht(:a ;:ounter;:lgora%%i ﬁp(ﬁro%é:? tdd F:‘Ltnr gﬁgpgé&;fﬂe% célﬂ le PohtS ¢ v\ijher ﬁ:g
outl et tenpera
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The starting mat®fi additigss oforeyder@nsl paneqesl splukione hatedrngt 1010°C
materi al 20in t Wasabbown ingguihedcdatring puht foret2dl mdrutkes aai iavepeed re eri al
havi ng the stoi chirpii®tDyying whe tien HarBasglowt) foheaabevei@mnti ABGHs LAl al
nat er i al , ' n ad@'Sbb@nJ.nl R QXatJ.or}’éﬁ?gBEdOLtlfé{}p%EXegb é g[lgphé l'?ezv.%

SERE R (e et e bt e n g

and < 48 [err]m

to 13 ”9/293 wer &as 30% based on the total ma erJ.al were obtained. The coat
thickness was 280 + 25 um, both over the surface of one

support and over the surface of different supports. A bed of

the resulting coated catalyst beads formed the spherical

comparative fixed-bed coated catalyst 1.

30 d) Preparation of a spherical comparative fixed-bed coated
catalyst 2

1. Preparation of the catalytically active oxide material
_ Mo;2V3W;,2Cuz,40,
35
190 g of copper(II) acetate monohydrate were dissolved in
2700 g of water to give a solution I. 860 g of ammonium
heptamolybdate tetrahydrate, 143 g of ammonium metavanadate
and 126 g of ammonium paratungstate heptahydrate were
40 dissolved in succession in 5500 g of water at 95°C to give a
solution II. Thereafter, the solution I was stirred all at
once into the solution II and then a 25% strength by weight
aqueous NH3 solution was added in an amount sufficient to
form a solution again. This was spray-dried at an outlet
45 temperature of 110°C. The resulting spray-dried powder was
. kneaded with 0.25 kg of a 30% strength by weight aqueous
acetic acid solution per kg of powder using a kneader of type



honogeneous| 90#P488794. The resulting dry blend was conpressed to 20 give
hol] ow cylinders having a length of 3 mm an external di aneter of 5 nmm
and a wal | th| ckness of 1.5 mmand the subj ected to a heat treatnent as

foll ows. f Ief nace th n'11wh|ch |rflowed(60 | nt er nal
vol ume, 1 1/ h of :{né u‘rg 50%%%1%‘*& Fﬁa Tt §rd6H) at Onga??ﬁg was
carried out at alh ‘ﬁrﬁ lPa?éhii‘flnﬂsefé?r] C/ h, ini t ially fromroom
tenperature (25[err]C) to 190[err]C This tenperature was mai nt ai ned for
1 h and then incTemsedft 6hd IdtalyE€ precurdat ithgs r@&ﬁmedot:eﬁ@[o%lrc]lﬁéb The
210[ err] C gere i{n tdff BidRhitAldead meQ'Euile foOrLeoP%')gs?»Q w%‘ié}?ﬁ

heating rate of P% Pié{ ]l:%g'l%zo f%%gggy c I%n ::g;at Lt %ernaf\aﬁagl g?ﬁ ot a

mai nt ai ned for I.NC r Sse once

heating rate of R hcaLﬂ?é‘afégf‘er? & Pée 1aFL| Ra%i S stappeteded
for 1 h. Ther eaf ¢@ttingeBingEneds rpamt temperaturef (akaudd 268C Y dem3R&fPeimt ur e
and t he deconposthe eouphasef iasicuhusTiRis aemperatiite/ wasnpheh anaithaiaalt er,
heating wae carrigd o0ubudé. arherel@dbi ngléa%tlﬁgoaaé%%&éh%& tiQ 49ber £ C

and this calci natt_HéD'th?ngéf‘tl'-ﬁr ﬁu.nut&?s {ils mt?'{né%&éu(}re ?& Talnm-gggel for,

cal ci ned cat al yt aII tilyve
powder, 50% of yv}]g‘s 3P i c? Haggeﬁo?%gﬂ‘gﬁrat%ﬁee\yés Fi‘en tefre from
1to 10 [err]mand vvhose proportlon of particles havi ng a nmaxi num

di nensi on above B® [celrinedegatiadysicably Artive marerial was 00BI0/EB0EO3give
37 4. 1%reparatfimelgf diwiaieeld poadet y 0% of whose HarkdcDés gdueldcal
supports (4 - 5 {HRHGANBt &levd 3¢ RESI size fromSHIdAAD MUM%SSBZ

according to EP- nﬁo@ 199 Ry TR

vol une, based o uppor err By vol une,

manuf act urer: Ceraflel gan “18. i ntroduced into a coating pan

(angl e of inclination 90[err] Hi coater fromL[err]dige, DE) of 200
1 internaf®v®i uRrepanation of coebaqlrcrn}qda'ﬁtwas then rotated at 16 rpm 2500
g of an aqueous 10 solution consisting of 75% of H err] O and 25% by

vei ght of 30 g:bY6£r£ﬁhéﬁE:§lSQﬁ§b&Q:so 405t e SWRRPEE S MeatdrBozzle in
the ] Coggﬁm § &% {Pﬂlétee§ou Glinddle %agscéllés@ R éﬂ.é’ t1850 of

cont i %uousl ny| a a”{?l B? i@“@hanﬁ%‘ra‘ Pd¥OTH® /s Pﬁ?dc?}hé‘hf5V°lum%f°ft he

atomi zer fdzzl e T1F FRBPREH R P&r Folf MUMPAYME hnanufacturer: Caramtec DE)

were introduced into a coating pan (angle of inclination 90°;
Hicoater from L&dige, DE) of 200 1 internal volume. The
coating pan was then rotated at 16 rpm. 1600 g of an aqueous
solution were then sprayed onto the supports via a nozzle in
30 the course of 25 minutes. At the same time, 5.3 kg of the
catalytically active oxide powder from a) were metered in
continuously via a vibrating channel outside the spray cone
of the atomizer nozzle in the same period. During the
coating, the powder fed in was completely adsorbed onto the
35 surface of the supports and no agglomeration of the finely
divided oxide active material was observed. After the end of
the addition of powder and aqueous solution, hot air at 110°C
was blown into the coating pan for 20 minutes at a speed of
2 rpm. Spherical coated catalysts whose proportion of oxide
40 active material was 15% by weight, based on the total
material, were obtained. The coat thickness was 210 + 5 um,
both over the surface of one support and over the surface of
different supports. A bed of the resulting coated catalyst
beads formed the spherical comparative fixed-bed coated
45 catalyst 2.



coating, theOPBOMBO788d i n was adsorbed conpletely onto the surface

of the supports and no aggl oneration of the finely di vi ded oxi de
active material was observed. After th nd of t he addition of
powder and aqueous sol ution, hot air a 10[err]C 20 _ . was blown into the
coating pan Fbr DYFRATALER @f 3 copwagapive fixed-bed gylindtyrad was t hen
carried out for wun$uppdyded2catakystai 250[err]Cin the stationary
bed (tray drier) under air. Spherical coat ed catal ysts whose
proportion of, opdearachiby o Bl @thAting materiW®s1 30% based on the total
material, were obtained. The coat 25 t hi ckness was 280 + 25 [err]m

bot h over th face o ort_ and over the surface .o
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190 g of §ePRgIddde) ndGehal %J@‘Eﬂ@){déﬂfréﬁe&‘&désﬁgtﬂé o2 rhoune. at 3500 b
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paratungst ate heptahydrate were 40 di ssol ved in succession in 5500 g of
wat er at 95[ Bhe |aprey grying was carrigd @uitodn| & roteddingfdiesk spraystbwer on |

was stirred byl|thet cocurrentomethodt at téheyasolinlebnenpezadutdest 3085% sosengt h
by wei ght 15 and a 3ReceusldHZnpbubi@Ft WIS 180ded o, a@h@%-ayiéa Gitfert O

forma sol utamlml flas Hiich ‘Q@ic§9§£’;@rf'r%ﬂ #ho &b bbe! (£p a ratés,gnpefat ure

of 110[err] sutln DI a th 0.25
kg of a 30%%1 % i‘é’# ugdu °"é";c%ttllcséc’f‘d %Fﬁf‘?

of powder usfty™ Kﬁe%t?e'r) pipeh)) . What ppSigposkent with regard to the

38 zsiacsn setbimg\athdhegert¢imatdonr tempenatarredis ethatt it16heuld ®ef or
10 hours RO wailoriedgtovete desired phake) compbsitionCatfatyetedlicdnuatson t hus

obt ai ned wergrddicti.Nele phases W3 %@b&iﬂhlép%ﬂa Bl X660 Catd a%ﬂ:egt the

Nerr]/15 1 ﬁ? cL/Qk QJ%1§W05 ( usseff& 1%“9Héé§1 é&’néﬁgs{‘ eé?f fon 12
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25[err]C) to ’@aaérlﬁ]@f i reflection Hé‘ &her BRvdar K- ﬁeurdlﬁﬂﬁ@tﬂeﬁp@'@ﬁqme
was then #Ri3k & gedlection ahgleofidAW 5. 2847 d&Kor radigsttiiony , welse carri ed out
to 400[ err] @reparation sHduddcbersepestedsand ntliee calthhst i@Memnpbusumas
mai nt ai ned f&liould be increased within the stated temperature range until the
reflection disappears. The preformed calcined mixed oxide thus
obtained was milled so that the X5 value (cf. Ullmann’s
30 Encyclopedia of Industrial Chemistry, 6tP Edition (1998)
Electronic Release, Section 3.1.4 or DIN 66141) of the resulting
particles was 5 um. The milled material was then mixed with 1% by
weight (based on the milled material) of finely divided SiO, (bulk
density 150 g/l; Xso value of the SiO; particles was 10 pm, the
35 BET surface area was 100 m2/g).

2. Preparation of a starting material 2

A solution A was prepared by dissolving 213 kg of ammonium

40 heptamolybdate in 600 1 of water at 60°C while stirring, and
adding 0.97 kg of an aqueous potassium hydroxide solution (46.8%
by weight of KOH) at 20°C to the resulting solution while
maintaining the 60°C and stirring.

45 A solution B was prepared by introducing 116.25 kg of an agqueous
iron nitrate solution (14.2% by weight of Fe) into 262.9 kg of an
aqueous cobalt nitrate solution (12.4% by weight of Co) at 60°C.



1 hour and co050/50793room tenperature was then effected. The

calcined catalytically active material was mlled to give 15 a finely
di vi ded powder, 50% of whose parti cl esélooassed through a sieve of
mesh size from1l to 10 [err] m and whos proportion of particles
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fed in was Cifblaeler§ eRSEEEAORMH ahowt3B0% by sigdghte( Hfh tate 68QFPLr t s and
no aggl oneration of the finely di vi ded oxi de active material was
observed. Af3erpreparedibmfof the multiigneaddi bkide Qfctpoatfataidlagqueous
solution, kot air at 110[err]C was bl own into the coating pan for 20
proporti on fbgidzeing materidl, e MARbLER oMY, ieSE Mot the 0EE R sng o
fotal matSrARLa? inhe BBPURHAFIUHRECESE o ARLkHRERA L axidecactive
[err]m mategdah bywing desgkeirhdogrtske support and over the surface of
different supports. A bed of the resulting coated catal yst beads
formed theosiBigwiaal- eWORIR! Aoy sCds, Xk bt caxb dodh catal yst 2.
0050/ 50793 39 e) Preparation of a
rative 4jxad-he | | ted catal yst 1.
Pr epar at i on "ysea o Ehe Mdihkiflonen cora1 U, 5, ‘HRABh L0y pv
(72.94% by W& 8? n‘%%é'rglgﬁﬁ? SFaRbite Owmyye pRAIRP 7 P8 kg0t Bih
aqueous bi sHALIINE €rét ¢™ol Beron Wobyaraialt > 24i wnj andic§ ¢8( B, 298%y Skei ght
of Bi, fr3mky wmeigbtby 4feiught BEF surflceecared s ifroachdto densitfy) werem 1. 2 to
1.27 g/1). THumogeaddblislyg mixed in. The resulting dry blend was compressed to
give solid cylinders having a length of 3 mm and an external
diameter of 5 mm and then subjected to a heat treatment as
follows.
30
In a muffle furnace through which air flowed (60 1 internal
volume, 1 1l/h of air per gram of active material precursor),
heating was carried out at a heating rate of 150°C/h, initially
from room temperature (25°C) to 180°C. This temperature was
35 maintained for 1.5 hours and then increased at a heating rate of
60°C/h to 200°C. The 200°C were in turn maintained for 1.5 hours
before they were increased at a heating rate of 60°C/h to 220°C.
This temperature was likewise maintained for 1.5 hours before it
was increased to 250°C, once again at a heating rate of 60°C/h.
40 The 250°C were then likewise maintained for 1.5 hours. Thereafter,
cooling was first effected to room temperature and the
decomposition phase was thus essentially complete. Thereafter,
heating was carried out at a heating rate of 180°C/h to 465°C and
this calcination temperature was maintained for 4 hours. A bed of
45 the resulting unsupported catalyst formed the comparative
fixed-bed catalyst 1 in the form of solid cylinders.



10 aqueous npesoysomes then stirred for a further 2 hours at 25[err] C and
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at 60[err]C in a 56589 gn mlxture [(20 151 of air)/h] zip a
Whi | e mai nt ai ni FPtERE bepekay curppee sdLucmokomnds gonrpeternnit diavetéy) .
into the 2%itialduringkehe szdlgtinehidn ovde &npadedohateri8l nbaritfdisst heated
Stirring was theontahtbeshp Hroofodh tEnpelasusd (&Ho@li:r.’e@C)lQolﬁz&ﬂz qh a
silica gel (46.83% byu¥ss W loiio&%hl(ierﬂéinﬁeYraQul%Gw%Q tRent nfd n@h Theq PH
from8.5 to 9. 5’fo§‘I baheu@t allheggg}.i?&t Iﬁ%atl gSW/asb)é:arrJ.ed out to 400°C in

the course of 15 minutes, this temperature was maintained for
30 1 hour and cooling was then effected to room temperature.

The calcined catalytically active material was milled to give
a finely divided powder, 50% of whose particles passed
through a sieve of mesh size from 1 to 10 um and whose

35 proportion of particles having a maximum dimension above
50 pm was less than 1%.

After admixing 3% by weight (based on the active material) of

graphite, the catalytically active material thus obtained was
40 compressed to give solid cylinders having a length of

3 mm and an external diameter of 5 mm.

A bed of the resulting unsupported catalysts formed the
comparative fixed-bed catalyst 2 in the form of solid
45 cylinders.



wei ght )" wer ep0be,sarged to the resulting aqueous m xture and stirring
was, then carried out for a further 15 mnutes at 60[err]C. Spray drying
was then carried out in a rotating-disk spray tower 10 by the cocurrent

met hod (gas inlet tenperature: 400 [er rﬁz 10[err] C, gas out | et

t enper at ur e: 9114(G§ephpss] eatqlyticTReidatidn ofgprppelye o egrpbigieicid had a

|l oss on ignition of about 30% by weight (3 h at 600[err]C). 3.
Preparation pf tdwe mikktneéadtidal @eaggt ive materi al The starting
material 1 was honpbgeneously m xed vvlththe startlng material 2 in the

anount required a. multimetal oxi terial, having the

st oi chi orrggry 2% {l&sﬁ reactjon &y B ?{? SMéﬁﬁﬁt 2d 28t TP SHEPRAI, in

addi tion 1.5% bydiamekergng mh WaiHeFK)l‘éllFf%ﬁscfedZér%hlr‘%"@r(néﬂ-eébafeﬁ%rym s min.
50% by wei ghtlength:[ é89]¢n, haning18%lermadi ghbe X L4 extémmaind < 48
[err]m max. 5%Q@faneteri ghriteredSihetlid MiddEé &8s aeatdon f B Goko 13
nferr]/g) were re&ﬁ%ﬂ@@oﬁl‘%ﬁﬁ\o@bﬁﬁﬂe'ththTh%hi?lZUll.ﬁé RQ géi‘amxeeng,nw@ﬁe

conpr essegyt o R Ogulge Cc.yan' ﬂgeéét@uv' 42 Swas adﬁéaffr? P e

ext er nal di ane

fol | ows. 30 I'?Ppa °|"1’qu F%t"’flcﬁsr’fac"‘lép??ﬁ u}&ﬁlgﬁhi(éﬁ R rlongdnetirsd Wf-*—Pnt er nal

vol ume, 1 1/ h ofstgatiperbegdgnhavingt # \eouglt epritcer@@gmséryo 5 maheati ng was

carried out at adiweteng imdm: chtébDikridrCheating tile Irpactidm qpasr oom

temperature (25[@crarﬂt@hgtﬁlﬂ48ﬁ{eer1r)] &ved N S ehgiRES ALY @mVasid 3EndRAakai ned for

%Og[ hou]r Z‘g?ﬂet bt dngégaé%@tstalhgfé %@gg gaeapf or @Oé §'&d Gt H aver
err

t hey were |ncrease tll IE:E‘I@ ol ? kSl ???’C?%wtag p g?‘? dC°Ver "‘Thl s

tenperature was % QE X R él’llﬁBdﬂP%rabPVSmﬁBH%n%FGFé e bea\ﬁ&sas a

i ncreased to ZSQ@SP}IEenbrh%d-ag‘aﬁnr@na@maﬂﬁn'gﬂrceﬁ cashlBef erubjeCvere40 The

250[err] C were tlehiv empewi se naintained for 1.5 hours. Thereafter,
cooling was first effected to roomtenperature and the decorrp05|t|on

ohace, vas | s ARIGAELI I AP LELE. HIRIIBD! Elbe, inibfnkii bl lsgagaed out

n
at a heating ratet%f e

t enperature was THi nﬁgﬁﬁ%éﬁ or hﬁrﬂ%ﬁr‘% Belae?ﬁs 29§ tlhe f P?g

unsupport ed cat #3pt 1PoFrkndnigal ofpym Méd the jtube. ped %%&*hlh;‘%ﬂng #n the

formof solid Cy]|qn|g§§r gf 30 cm andm%(ymgged by electrical heating tapes

41 f) #Bepar adoopanitive @xparihenmss fitddabedsk aipohishg Zrdactiba £ahen

of solid cylindafeated by means of a salt bath through which nitrogen was
bubbled showed that the thermostating by means of aluminum
block was capable of simulating thermostating by means of a
salt bath). The first six aluminum blocks in the direction of

30 flow defined a reaction zone A and the remaining aluminum

blocks defined a reaction zone B. Those ends of the reaction
tube which were free of solid were kept at 220°C by means of
steam under superatmospheric pressure.

35 2. The second reaction stage

A second reaction tube (V2A stainless steel; 30 mm external
diameter; 26 mm wall thickness; 26 mm internal diameter,
length: 439 cm, having a thermal tube (4 mm external

40 diameter) centered in the middle of the reaction tube for
receiving a thermocouple with which the temperature in the
reaction tube can be determined) was loaded from bottom to
top on a catalyst support ledge (44 cm long), first with
steatite beads having a rough surface (from 4 to 5 mm

45 diameter; inert material for heating the reaction gas
starting mixture 2) over a length of 30 cm and then with the
fixed-bed catalyst prepared in b) (or in d) or f)) over a



1. Preparatposopéotys catalytically active oxide material 5 [err]

190 g of copper(ll) acetate nonohydrate were dissolved in 2700 g of
water to give a solution |I. 860 g of ammoni um hept anol ybdate
tetrahydrate, 143 g of amoni um net avarftlat e 10 and 126 g of anmoni um

par at ungst at e helergbhdpéit 20ame before thi doeldind was swopéste coveém a5500 g
of water at 95[ ererddtht 0fgB¥ecr with the &tvidimefBibhed Biteataté Bbeads@s a

sol ution I was Séfélrﬁrﬁnaﬂr Bdd. The rem&¥ihd @Bocﬁ\k@f %&ItQE.&Q‘E' 'tl_dbea%rtehen a
25% strength byg@tg %ngt% Iaqueous NH3 “sol ut1 on was added 1 n an anount
a so

sufficient _to 1 ution again. This was spray-dried at an

out | et s tenperature of 110[err]C. The resulting spray-dried powder
was kneadEptiPeRt 00D 3-hey serond Axeacttioantabe high had bepredgaded
acetic acid sol witdn spéidkepsftheemdstatesi by aeckneasferi2obhltuyfxeum blocksZS1- 80
from Werner & Pfé¢givaneeydivlidiRan iRtk unkdlOherfdve hal €8:h havlﬂ;l haur s in

a drying oven. 1ength oZO§’o Gl cbmsafﬂﬂ'ley%tig% ﬁ%ogl % 1§ % %

cal ci ned n al ni t.r oge xture

: 18t ary ISRSILER. PO AR EA PR MR O 18 Baht Rt

During the cal C|"h’é’cr|°6ﬁn &R W&Gdsm@r ptykke fﬁW@OHEa‘E&B by means
continuously fr o rdemitenpgeierckuwas (capahle? SEes ifdatting3ebéEmast@tiing by
the course of 1 deains ofhassdlanbarthy Urrhevedd rebesixtiltimindfdblocks inf ehe 4
hours. Ther eaf t edirda®abhNgs WaDWCAEEL RSN Qlltrehot #O0[Rinkl 6 kR4 the remsbﬁm

course of ;45 m %;gluinb%@,?tbelmgaggf&ém PRLOE Al SdnE L%, Hfhase engs oyf° and

cooling was the ecte
e

catal ytical ly acti®&REFETR eﬁut\ﬁa’é’ fr‘l’lF |V & grﬁ?v%f solid werg |]?'F'é:ltya8| W&
powder, 50% of o&eapsaref Gteampundey superatmespharjle arssauxe.of nesh size

from1l to 10 [err]mand whose 35 proportion of particles having a
nmexi num di meNsi athealgasephase oxiG@tieir] mwas | ess than 1% After
adm xi ng 2§0 by wei ght (based on the active material) of gr aphi te
o et 5 oy AREEHE BAUER Y QA 01 fy g0 OB RS
di aneter of a reac%%egaﬁst%lf’@sﬂFﬁW @ﬁé’&ﬁgoﬁ%dﬁ@-&f’%%
fornmed the °°"E’8Frf3‘é%%ﬁ4 reef Leadinge dndathe yshermoshat g faft phef fsmt d 45
cyl i nders. reacf@60/BH®OPeing varied: 42
25

from 6 to 6.5% by volume of propene,

from 3 to 3.5% by volume of H,0,

from 0.3 to 0.5% by volume of CO,.

from 0.8° to 1.2% by volume of CO,,

30 from 0.025 to 0.04% by volume of acrolein and
from 10.4 to 10.7% by volume of O,
the remaining amount to 100% comprising molecular
nitrogen.

35 A small sample of the product gas mixture of the first
reaction stage was taken at the outlet of the first reaction
tube for a gas chromatographic analysis. Otherwise, the
product gas mixture was fed directly to the subsequent
acrolein oxidation stage (oxidation to acrylic acid) with

40 introduction of air at 25°C through a nozzle (reaction stage
2). A small sample of the product gas mixture of the acrolein
oxidation stage was likewise taken for gas chromatographic
analysis. Otherwise, the acrylic acid was separated from the
product gas mixture of the second reaction stage in a manner

45 known per se, and a part of the residual gas was re-used for
loading the propene oxidation stage (i.e. as recycle gas),



g) Gas- phaseoggbggw,gg oxi dation of propene to acrylic acid 1. The

first reaction stage 5 A first reaction tube (V2A stainless steel; 30
mm ext er nal dianmeter; 2 mmwall thickness; 26 nminternal dianeter,
| ength: 439 c¢cm having a thermal tube (4% nmm external di aneter)

centered in the whitH expllaihe theaacirobeinlrntent of the raboeemengianhed
t hernocoupl e Wit feadigals bhe € RMadlUGSridhtsh@nlbhe fed®dohpOSitidie can be

determ ned) was | oaded from bottom to top on a catal yst support
| edge (44 cmlo first wt st eat | beads having.a ro h surface
(from4 to 5 rrmnﬁ)lé presgh 5%13?1: the, ﬁgFfarr‘r%ﬁ erflt gpe +r§1te§t 2GRS act i on

gas 5st ar t Y¥giaf x B8r @ fl‘)n‘i?\?-QF‘ 9f | EhRytahosen3preRanendorAERI mi ki a15

fi xed-bed cat al ysange fropad e@l ion 03P bar. iAn @nadysis pdintowes also pregent

| ength of 300 crat hgfeoendt 6 tradieagties aiERl al ed. OMRY peessure atl @hgt h of
30 cmwith the abomenRat benetk ge%@hﬂt fedO3th 28b8 varled, §.Eb§eﬂﬂﬁ:@logegf

The remaining 3 ‘%t?éna%fro‘igg.glf di X\B{% brg.élﬁel (}I‘dz TPLYs ba]i'h sol i dThat

part of the first reaction tu

t her most at@d by means of 12 al um num bl ocks cast in cylindrical form
around the tube Birl tesuhtaaachHgved for the giggdpusfcamlystabeddain@ heat ed
by el ectrical heatnatgonapéstldh chosefcbogdimatsi wed eap ethienmehbsemi dumd num
Correspondi Ng regkdrmdathdey and thehgdd exbdey inpaatertfed (satér batd fiksough
LT 580 o, KU St Il s e o
salt bath}> The ?xa“?t SCRR 8| °rﬁ°r%188|§é€:ﬂlshe_m"gn£’a‘f o BLE8PB e 33% S
defined a reactith °Z’(?né°$\ea1fﬂf’“clﬁé F%ﬂ‘é\"‘?ﬁsndnaFuﬁ?’Fﬁﬁﬁpm‘img PARSEs (de®i ned

a reaction zone Br Fxezplerithofthehsanregkaading); the temperakixsh imetbef r ee
of solid were kefirstt s229¢ eshidquldbyheraswpegfiently be SiremnBR0des 360°C and
super at nospher i cthdteSaUEBe setond: sta_\ﬁé HGOR5 €8047500; S1R%his context)
second T eggt | fgkineeig% effenolild) 889 209Rl, 1A0CHE £ P.g!act:hon ﬁ duangger
“having a therrralr?p_ﬁceglghemﬁded;t ﬁ %%egabﬁﬁe?aewyégn e?’édien t he

mddl e of the reERtLoyHE fprd %ﬁten mg OMF: GVET g LendtEr RECHIHI® i t h whi ch
t he tenperature imn theedirection efcflom, tfiFstcanmiztutret elfnﬁféd)y’ wed uine aele d
frombottomto £fixed-bedpcatelystalaandi3stupyovdlimdgE cddatimd arigys first
with 25 St eafditRrRaddsidietenx aidtdigAa1SHl dncteed ik 8hdei & 5 B 453 mm
di ameter; inert JBteamh véxor *1%%{:19 df %or %ﬁcé & h%%sa mixt ::eS %%bg%y
m xture 2) over 3’ l eng %Obceig' cat § n% .’E by volume o)%e

catal yst prepare
y prep steat:n.te 1ngs ove a le th of 170 cm;

it was also advisable in this context, in the second reaction
30 stage, to replace the 300 cm bed of the fixed-bed catalyst 2

by the following bed of corresponding length:

in the direction of flow, first a mixture of 70% by volume of

fixed-bed catalyst 2 and 30% by volume of steatite rings

(external diameter x internal diameter x length = 7 mm x 3 mm
35 x 4 mm) over a length of 100 cm and then 200 cm of pure

fixed-bed catalyst 2).

he above

Ta, Te, Tc and Tp are the temperatures of the aluminum blocks
in the reaction zones A, B, C and D.
40
Cpa 1is the propene conversion at the end of the reaction zone
A.

Cps is the propene conversion at the end of the reaction zone
45 Bl



0050/ 50793 0os50/50793 43 | ength of 300 cm

before the | oading was conpl ete over a | ength of 30 cmwith the
abovenenti oned steatite beads as a prelimnary bed. The remaining
35 cm of catal yst tube were | ef45 enpty. 5 That part of the

second reacti on Sgsbeisvtiheh shadc'dai_ae'nyl ofdehke acroleinmféhnaﬁgJohdaMSof ‘the
ther nost at ed by meangr8fi¢2aeidMyp+rddabecksrmation to%m{eﬂ Rre¥ki fel 1 Galst

form around the tube.apd;gac i m (conpar ati ve
experinments with a g%rreslggn%}:;n%é/f&g Bas?%a%r% ip(#r?gleg eccﬁrevé%g'gsby means of a
salt bath through whjch . ni trogen was bubbl ed showed that the

t her most at P ng byFagealfs acrolein qanvergiPn dt Hihec ket ddisapeachionianeati ng
t her nostati ng by means of a salt bath). The first six alum num
blocks in the cap is dihecattoleinf cohowrsidn radtaer &L idORNE0PEadt Y t he
remai ni ng 15 Si Xzl num bl ocks defined a reaction zone D. Those ends
of the reaction tube which were free of solid were kept at 220[err]C
by neans gé st eam under suBerat nospheri c, pressure. 3. The gas-phase

oxi dationt®0  Cep ndbei PEPPIECOPBRTEIMR atedbri BRI bbb hRactiap zone
conti nuously vith a reaction gas starting m xture having the

fol |l ow ng conposition, the |oading and the thernostating of the

Li rStl f reashi Ok ttﬁbesbﬁédlﬁ.v\ig&i 6ﬁé:l?e5 acrylic acid foiRBtfon artk® 6j %%
y vol une of propengy : 0 0 rr] O
from0.3 ,-to 0.5% by evgleﬁ?r%doﬁ‘eaéa bRTtage anl bg?éo%]cgyg‘f%%‘%@ﬁ%%%;%/ed.

vol ume of err 30, from0.025 to 0.04% by vol une of acrolein and
from10.4 to 10TFesbis VOrUfB2GR-GMer Yfeld of acrylic agid pgnbai eitambunt
to 100% conpri si ng ridleeserand reaction tubeni trogen. 35 A smal |l sanple
of the product gas m xture of the first reacti on stage was taken at

the outlet of the fifsSkheensidOatio of MdlRRuIAE Skh ¢Br 28RS RAARAI Ene

anal ysi s.agx herwi se, i@ ion gas SQEQQE&% & bxsure was fed directly to the
subsequent acrol el n oxidation stage (Joxi dation to acrylic acid) with

40 introduction of air at 25[err]C through a nozzle (reaction stage

2). A small samite of the #rIFcPigair nfsd dretbroudie aaapardte fter the

oxi dati on stage was firgtwreactigteateae. gas chr omat ogr aphic anal ysi s.
O herwi se, the acrylic acid was separated fromthe product gas

m xture odsthe second reaction stage in a manner 45 known per se, and a
part of the residual gas was re-used for | oadi ng the propene

oxi dation stage (i.e. as recycle gas),

30
35
40

45
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acrol ein content of the abovenentioned

variants in the feed conposition.

44

whi ch expl ains the

feed gas and the small

The pressure at the entrance of

the first reaction tube 5 varied, afga function of the chosen propene
| oading, in a rarLg.efran’Hoogba S poi nt was al so
pr esent at the end of §hqg rgagtion zongs A [ Dr essure at the
entrance of the second rjeacti ¢g |Lupg|varied, as agf of t he
acrolein loading, in thg rang¢mfiropn2 to 0.5 bag 1 The results
achi eved for the variouq catalydq+ peds as a B n of the chosen
| oadi ngs and of the chogen al gim|num t hér nost nd the air feed
i npl emented (after the fH+st eaction $tage) wn on the tables
bel ow (the top 15 ejanpke|cgn, | ag¢cording to the|inpvention, also be
carried out in one- z?o.ne tlubpl ar reactots 4n p gorfrespondi ng manner
(i.e for exanpl 4 w,;h & B2 | oadi ng) ; Lt hEv{e fature in the
first stage should then |expgdi®ertt |olhbe from 320 50 3B0Ler? | C and
that in the second stag¢ from245 to|275[err] | hils |lcoptext, 20 it
is furthernore advisablg¢, ivw {hg f|lrg$t reactipn stage, tlo repl ace
the 300 cm bed of fixed{bed catglypt |1 by the ol olvi ng bed
extending only over a |gngth of {27D ¢m in theldifjregtion of flow,
first a mxture of 65% Ry %ol ywgvofn fikedbepe ¢atlad yst 1 and 35% by
volume of steatite ringg 23 |3 |fepbernal diafetgr peigtlernal diameter x
length = 5 Mm x 3 mMm o X i my) - over a | ehgth of” 19d°%m and then a
m xture of 90% by <« vol upre |of | f i xed- bed ¢atal yst |1 Jand 10% by vol une
of the above Bst egtt+te—+gsToyer a | engrim off I[O[C it was
al so advisable in this ¢ontex{, |in]the second|reactjop JO stage, to
replace the 300 cm fed ¢f Fhe|filxel;bed catal yst® 2 |~ v |m py the fol | owi ng
bed of corresponding lenmgtt: |12 lsin the di[eciom ¢bh |l pw, first a
m xture of 70% by vQlung of | & [$ 1] xed-bed tatpl yst |2 [&hd 30% by vol ume
of steatite rings o (%xt prrjal | diameter xjinterjnal di apeter x length =
7 mMm x 3 mm 35 4 over 1a | ength of 1pS—cmamg—tiren 200 cm of pure
fi xed-bed cat al yst 'ﬁ) [lert] and [efr] arfe thg tenperatures of
t he al um num bl ocks} Ai n{the yeacti on zohese A |BlemGand D. 40
C[err] is the prope"ﬁe conver s(B®at{he end of tThe frhctliph zone
CPB is t'@e pf opgne TqAVEY $i on at theénd"b ™t|fe} reacti on zone 45
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0050/ 50793 0050/50793 45 S[err] is the

selectivity of the acrolein formation and of the acrylic acid
byproduct formation together after the first reaction stage and
based on propene converted. 5 CAC i acrolein conversion at the end
of the reaction zone G . Cherr] is crolein-conversion at the
end of the reaction tone D. 10 CPD|i s| t he propene
conversion at the end |of th l\re‘\la:ct,‘i on zone = D Slerr]
is the selectivity of |thg ag¢aylu ¢ngci d for tﬁqn B2 t he
second reaction stage [and basejcs d |propene ¢oRvarfRdN K% STY[err]
I's the space-tinmeyyielld of agcrlyl{clacid at the ex|t |of t he
second reaction t§pe. Rl Jis the mplar ratilo pf | nol ecul ar oxygen
to acrolein in thg 20 reqctlion gas gtarti pg|mpxtpre 2 M
is the amount of #ir fledJinjthrough a nozzl ¢ aktef the first
reacti on stage. 5 |Z2~30(o fin |8Y 401 < (79|
o] E.C‘. g b Bl K
] = e N | D [\ 5 aloy |y
+ %] n
o ~—
0
&)
o
m — —
0 ® |fofn 2 (22
m L) . L ] m m N
ﬁ & gl B Py oﬁ oo |
P n
V)]
>
-
& "
g o <« |lo o ~ 1 R
0, - . . . a L a0 K=o o]
g 2 oo & 5 e
9] o &
4] 9)
™~
—
® ~ < i
o0 il . . .
> ~ 8 A o o~ oy
- < 0| |on P n
P ™ ~ &)
il &)
¢
o
b —_
3 o & |olo|w
3] 0 v lo|n = |2 In =
—t O | | a NN N
o] m i jmn B
Q m
Q B
e
Q
Bs —
H — c? w0 |
o) § |nle]o =R SIS
> — o |nn |w (3}
- ™| | 2]
L <
o Bt
H
@
a o
o oy, 5% —
© for~ R
e Lo = 8AH
S 7 .
g on;d "'Q:E ol-|%
0 — s @ o [Ie] o GE"‘"H o™ <p [+
Haelei~|e o e D] [0
4 (0] e @ ~ I | N mml—i -
N @ Swu — - 2
> (TG o vl
S m 6§ B g
Q Rl 9-
] © o7}
B O




[err]

47

0050/ 50793

46 [err]
[err]

‘OOSOM@%B¥§gg93

0050/ 50793

45

48

0S2 8°26 v V6 £°66 2°69 L92 852 091
€22 €°€6 E£°V6 £°66 €°L9 £9¢2 vse 42"
602 1°€6 £°76 €°66 £°2L 65T 0S2 I€T
AC.H\DV HS.H\GHOHOHOM
Wz Is (g) ¥g (3) 99 () a¥p (g) 2 [00] 91 [D0] o1 3o (-a-x°'s) 1l
butprol uraroIOY
v9°1 00L 8°68 V" b6 z°89 0z¢ 0T¢€ 002
9G°1 068 1°06 £°76 €°69 SI¢€ 80¢€ GLT
Ly T oLY 2°68 £°76 v €9 01€ v0€ 091
(u/ (y.1/9uadoxd
i (*d-5°s) () 49g (%) 84 () ¥dp [00] €5, [00] ¥ Jo (-a*x*s) 1l
T) W

. butprot suadoxg

Z 3IsA1ered TeoTapurTdo pojzoddnsun
Peq-poxTy aATjeIedwod / T 3sATe3zeo T[eoTIPuTT[Ad pajioddnsun paq-pexT3 aaT3erxedwod :paq 3siTeied

¢ °STqeq




0050/ 507935 0050/50793 " 49 —\é clai m -

process for the catalytic gas-phase oxidation of propene to ercryl—rc
acid, in which a reaction gas starting mxture 1 ’m

propene, nol ecul ar oxygen and at | east &he I nel ’E’" m&gﬁns
t he nol ecul ar oxygen and the propene in a mlar ®rrj

ratio of [erfd chdigm.Lirst passed, in a first reaction stage at

el evated tenperatures, over a first 10 fi xed-bed catal yst whose active
material is | east one mul ti netal oxijde containi ng nol ybdenum
and/ or tun S?En Argrocess for fihe,cakalyetq AdSnBPagRt PHSIRFIOR] L R¥pRSRe to

copper, in3such @rylic aciggyin wadchhe rRastdon gan\aragitdngi mixtwiendl e pass
is [err] 90 nol %hich compaised Ipropeserimdletulalkectyger Yndf at hEesdds @hei N
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a) the loading of the first fixed-bed catalyst with the
propene contained in the reaction gas starting mixture 1
is = 160 1 (S.T.P.) of propene/l of catalyst bed - h,
35
b) the loading of the second fixed-bed catalyst with the
acrolein contained in the reaction gas starting mixture 2
is =2 140 1 (S.T.P.) of acrolein/l of catalyst bed - h and

40 c) both the geometry of the catalyst moldings of the first
fixed~bed catalyst and the geometry of the catalyst
moldings of the second fixed-bed catalyst are annular,
with the proviso that

" 458 - the external ring diameter is from 2 to 11 mm,
- the ring length is from 2 to 11 mm and
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30 3& 2490 mol%, wherein

a) the loading of the fixed-bed catalyst with the propene
contained in the reaction gas starting mixture 1 is

= 160 1 (S.T.P.) of propene/l of the catalyst bed - h and
20

b) the geometry of the catalyst moldings of the fixed-bed
catalyst is annular, with the proviso that

- the external diameter of the ring is from 2 to 11 mm,
25 - the ring length is from 2 to 11 mm and

- the wall thickness of the ring is from 1 to 5 mm.
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Catalytic gas-phase oxidation of propene to acrylic acid
Abstract

A process for the catalytic gas-phase oxidation of propene to
acrylic acid, in which the reaction gas starting mixture is
oxidized, with an increased propene loading, in a first reaction
stage, over a first fixed-bed catalyst and then the
acrolein-containing product gas mixture of the first reaction
stage is oxidized, in a second reaction stage, with an increased
acrolein loading, over a second fixed-bed catalyst, the catalyst
moldings in both reaction stages having an annular geometry.



