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product of propylene 5 The present in¥_ention relates to a process for
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c) subjectlng gas mixture 1 and/or gas mixture 1’ as a
constituent of a gas mixture 2 to a heterogenecusly catalyzed

25 gas phase partial oxidation and/or partial gas phase
ammoxidation of propvlene present in gas mixture 1 and/or gas
mixture 1’.

In this document, crude propane refers to a propane-containing

30 gas which, in addition to propane and, if present, propylene,
comprises at least one chemical compound, frequently at least two
or three and in many cases at least four or five chemical
compounds, other than propane and propylene. The latter is the
case when such chemical compounds can be detected in crude

35 propane by chromatography. e.g. gas chromatography.

In this document, oxydehydrogenation of propane refers to a
dehydrogenation which is forced by oxygen present and in which no
free hydrogen is formed as an intermediate or can be detected. In

40 contrast to the conventional dehydrogenation which proceeds
endothermically, the heat of reaction of oxydehydrogenation is
exothermic. The oxydehydrogenation of propane may be carried out
under the action of elevated temperature, either homogeneously
{i.e. without the presence of, for example, a solid catalyst:

45 cf., for example, US-A 3 798 283) or else heterogeneously



The sane applies substantially for the conventional 5 dehydrogenation in
whi ch the dehydrogenation step is effected wthout active participation of
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The implementation of such partial oxidations and/or
ammoxidations (selecting the ammonia content to be controlled in
a manner known per se in the reaction gas mixture allows the
reaction to be configured substantially exclusively as a partial
30 oxidation, or exclusively as a partial ammoxidation, or as a
superimposition of both reactions) is known per se. These are
heterogeneously catalyzed gas phase reactions over solid,
generally oxidic, catalysts.

35 DE.A 2 351 151 (example of the conversion of propylene to
acrolein and/or acrylic acid and also of propylene to
acrylonitrile) and EP-A 372 972 (example of the conversion of
propylene to propylene oxide) are cited by way of example.

40 The oxidizing agent used is normally molecular oxygen which may
be added to the reaction gas mixture in pure form or in a mixture
with gases which behave substantially inertly with regard to the
partial oxidation/ammoxidation (for example as air). Frequently,
the reactants in the reaction gas mixture are also diluted for

45 reasons of heat removal and for reasons of safe reaction control
by at least one inert gas (e.g. Nz, H;0, CO, COz, saturated, for
example C1-Cs, hydrocarbons (for example according to DE-A 1924431



whose use is recommended by DE-B 2251364 is butane. The anmoxidation
differs, as already nentioned, by addit3onal presence of ammonia. 5 The
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and propad® Midresarbons, very energy-intensxve They are therefore

customarily only applied in an integrated system with refinery
crackers and steam crackers and only pay off because the vast
majority of the crude propylene obtained in this way is on the
one hand required in large amounts for subsequent polymerization

30 (e.g. preparation of polypropylene) (economy of scale) and, on
the other hand, experiences high addition of value in these
polymerizations.

The proportion of these crude propylenes flowing into partial

35 oxidations and/or ammoxidations is rather of minor importance and
is an inconsequential secondary consumption stream, which is why
crude propylene obtained in this way still has an acceptable raw
material price for partial oxidations and/or ammoxidations.

40 This raw material price could only be noticeably reduced if at
least some of the separations mentioned or all of them could be
dispensed with.

A solution to the problem proposed by EP-B 938463 is, in a first
45 step, to partially dehydrogenate crude propane, for example, in

the presence of oxygen with heterogeneous catalysis to obtain a

first gas mixture comprising propylene and propane which is



subj ected as such, i.e. without internediate treatnent, as a constituent of
a second gas nlxture to a heterogeneously catalyzed gas phase parti al
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given in B 938463 and in EP-A 117 146. For instance, it sets out on page
4, line 10The. teaqlyingopfsEP-A Hd71d6dcorresnonds: Substant ipddyokosERR B in
t he novel pHdsécly apaary fooprikay lil7ldGdiecammendinhethe implementation of

the heterogeneously catalyzed dehydrogenation of propane with the
exclusion of oxygen.

25
with regard to the abovementioned recycle stream, EP-A 117146
further teaches on page 11, lines 14ff.: “Since the light and
heavy hydrocarbon by-products, such as methane, ethane, ethylene,
butane, and butenes boil at temperatures significantly different

30 from those of acrolein or the C; hydrocarbons, they may be
separated by distillation. Alternatively, streams containing the
by-products in concentrated amounts may be purged.” The
possibility of such a purge stream of recycle gas is also seen by
EP-B 938463 in column 11, line 10.

35
The necessity of removing the abovementioned secondary components
in advance of the partial oxidation and/or ammoxidation is seen
by neither document.

40 The teaching of WO 01/96270 follows the teaching given in EP-B
938463 and in EP-A 117 146. For instance, it sets out on page 4,
line 10 £f.: “Of course, the feed gas mixture of oxidation stage
B in the novel procedure may comprise, in addition to the
abovementioned components, also other components, e.g. CO, COp,

45 H,0, noble gases such as He and/or Ar, hydrogen, methane,
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not renovi ngfd@xample, to the absorption/desorption process recommended in
WO 01/96270 on page 16 at the bottom, which, on closer
‘ examination, proves to be ill-suited in order to separate, for
30 example, Ci~hydrocarbons from C;-hydrocarbons.

The necessity when changing the raw material from crude propylene
to crude propane of removing certain secondary components after
the dehydrogenation and/or oxydehydrogenation step or even before

35 this step in order to reduce the formation of by-products
alongside the formation of the desired target product in the at
least one oxidation and/or ammoxidation step is not seen by the
cited prior art. Although it is aware of the changing by-product
formation with the change of raw material (according to

40 WO 01/96270, for example, the presence of propane in the partial
oxidation results in increased propionaldehyde and/or propionic
acid formation; however, the advantage of not removing the
propane from the propylene formed in the dehydrogenation is
valued more highly), it does not regard this as particularly

45 critical insofar as a preceding removal is generally more costly
and inconvenient than the separation of target product and
by-product. This is even against the background that a target
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regard to ph@e§hb§@q35n35/36 “The propane to be used for the novel
process does not have to meet any particularly high regquirements
with regard to its purity.”

30 WO 0196271 likewise regards crude propane of differing purity as
usable.

A disadvantage of the above prior art recommendations is that
they do not analyze which of any constituents already present in
35 inexpensive crude propane or which chemical compounds forming in
the course of the first step from such constituents and then
being present in the first gas mixture (said compounds only being
present in traces, if at all, in the crude propylenes normally
used, so that their negative effects remain hithertoc unnoticed)
40 act as catalyst poisons with regard to the subsequent
heterogenetously catalyzed partial oxidation and/or ammoxidation
by reducing the activity and/or selectivity with respect to the
desired partial oxidation and/or ammoxidation of propylene.

45 As a result of detailed and careful investigations, it has now
been found that Ci-hydrocarbons (chemical compounds which consist
of four carbon atoms and hydrogen) generally form such catalyst
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first ste W, th the

i
excl usi ong@fmﬁad)% Ant @04/ 9f AgEXAdRtiqn Braduct of Rropyiens geHctusiy
catal yzed detpntregbnte i priomartr poogeksesdr bgkemtacoount obtehen a propane- and

propyl ene- cYoviembAgiGwsd Maxitgr.e 1 and 35 b) optionally renoving and/ or
converting to other conpounds a portion of the constituents other than

propane and propyl epe.. present i,n the gas m xture formed in the first step
to obtain, ‘F)er 3’(?|¥'th°‘¢%‘€ %‘3& &Pésl?blf‘%aé'sn‘?ﬁ‘?{ﬁ‘ée 'bYCBrTB1':‘i’%?§‘Fg 28 propane
and propy®ererepagingsat ckeastucte pertial exidakieerand/or ammoxidation

product of propylene by

a) in a first step, subjecting crude propane in the presence of
and/or with the exclusion of oxygen to a homogeneously and/or
30 a heterogeneously catalyzed dehydrogenation and/or
oxydehvdrogenation to obtain a propane- and
propylene-containing gas mixture 1

and

35

b) optionally removing and/or converting to other compounds a

portion of the constituents other than propane and propylene
present in the gas mixture 1 formed in the first step to
obtain, from the gas mixture 1, a gas mixture 1’ comprising

40 propane and propylene and also compounds other than oxygen,
propane and propylene, and, in at least one further step

¢} subjecting gas mixture 1 and/or gas mixture 1’ as a
constituent of a gas mixture 2 to a heterogeneously catalyzed
45 gas phase partial oxidation and/or partial gas phase



propane and propylene, and, in at |east one further step c¢) subjecting gas
m xture 1 and/or gas mxture it as a gaonstituent of a gas mxture 2 to a

het er ogeneously catal yzed 43 gas phase partial _oxidation and/or partial gas
phase 8 anmoxAEBEFiEHtdENyPE pHY M eBgnFaR kN ach 1§agaf Rithurel lagBRMPT gas
mxture 1', whgasimixthreha@’total content of C4-hydrocarbons of gas mxture 2
s < 3% by voI une. The anount of the constituents other than propane and
propyl ene #Hch are renmoved fromgas m xture 1 and/or converted to other
conpounds on’t' € route to gas mxture 1' may, based on the anobunt of these
constituénts present in gas mxture 1 in the process according to the

i nventi on, the tgralo csasent wff ghthydroagrbions1080 gas mieityke, 2 oks up ko bP0% by
wei ght, or vopuh®. 30 or 40% by weight, 15 or up to 60% by weight, or up to 70
or 80% by weight, or up to 85 or 90% by weight, or up to 94% by weight, or

up to 96 of, 98% b [ to,_99% ht or more. Accor di ng to t he
i nventi on, &P‘ﬁ IW% gg%n‘fm}ﬁtl 2 %r%%%bgﬁgg €y 229 PToR Y Lens

pr ef er a0y wkich %ebyemeva@efrqywpérmu@m/olbynd{/@r mﬁz-wegfcreﬂl tpeethar < 1 5%

by vol une, coafipeunis0¥nbyhe ataute tor gas midteby  iedyndazed pnstheraommabl y <

0. 30% by Vekuﬂ?esé)'boﬂsg1@@eﬁt%ﬂéggﬂﬂ'eln Zas! EAﬁcB@r&als‘%‘mOfthQaﬁrG&éQé”es 2

whi ch no Iongg;c} %%nttg P?gn:s{nven 1I3¥dr8é:ad %%Ssét al | ? dqt_tbwok‘l oaplpyt'%ﬁgl at ed

that their negati nger . appear s ver

pur poses oPY a¥fiddFar 8F| URCh ARt PXppeightal oF Pprrﬁ?/ b ﬂruép%fp}ib‘l’%lq}{’}'accept
a cert ddnodeny itee60&| befweightof orhep G Pdoucfbdns weighss of xapirte 36 2,

and to | eaufe soeiny wegat] SORIERD bmww@imhareoﬁ W teabgesr Sd% 1yO. 05% by
vol une, s 0%{) ’BiS &8 %ﬁ?’b (we?ngt (X}M, gvolune, or a 0.1% by vol une
% b C

or, in extrelk*% cases, cording to the invention,
.concurrently with the abovementioned 35 overal |l contents of CA- hydrocar bons,
pr ef er enceAteoxflipgn tpothecinyrmtdee. 1thomatal opntent mikCarby@rdnanhgns 18 by
vol ume, 20r of ¢hd%Mixhvreol L&E,px@fefaﬂliS%m)B%vbyuwlun@ ¥eltodo by2 ¥ Wye, or

;vgnSZ%rgyvar‘ erag'ltﬂlil<h9t€y@b:y \cl)l u 1Vdm£n\%epéff@[lgfdybg ?8/%1:‘?‘@4 dpl(utrjrerre or
< 0.05% bvaﬁ v%lulggoa &}’qu nF??ga%g‘ 8 gq%o%’y Vo\}gfnﬁrr% o £ q{ﬁgl%case
of gas mxplﬁr‘é%l“ﬂ‘%l ch nolonger contain any butene-1 at all, it will be
appreci ated that their negative
25 In the case of gas mixtures 2 which no longer contain any
C¢~hydrocarbons at all, it will be appreciated that their negative
effect no longer appears at all. However, for the purposes of an
overall economic appraisal, it may be justifiable to accept a
certain detrimental effect of the Ci-hydrocarbons in gas mixture
30 2, and to leave their overall content in gas mixture 2 at values
of > 0.05% by volume, or > 0.07% by volume, or 0.09% by volume,
or > 0.1% by volume or, in extreme cases, > 0.2% by volume.

According to the invention, concurrently with the abovementioned

35 overall contents of C,-hydrocarbons, preference is given to the
butene~l1 content of gas mixture 2 being < 1% by volume, or < 0.9%
by volume, or £ 0.75% by volume, or < 0.6% by volume, or < 0.5%
by volume, or £ 0.4% by volume, more preferably < 0.3% by volume,
even more preferably < 0.2% by volume and even better < 0.1% by

40 volume or < 0.05% by volume, or < 0.03% by volume or < 0.01% by
volume. In the case of gas mixtures 2 which no longer contain any
butene-1 at all, it will be appreciated that their negative
effect no longer appears at all. However, for the purposes of an
overall economic appraisal, it may be justifiable to accept a

45 certain detrimental effect of the butene-1 in gas mixture 2, and

to leave its content in gas mixture 2 at values of 2 0.001% by



effect no | onger appears at all. However, for the purposes of an overall
economi ¢ appraisal, it may be justifialge to accept a 45 certain detrinental

rerfiteﬁ: 60f2 ;?%mﬂégf@r 3 lo“o@ﬁil}? Wﬁﬁe EW' 0. %Gl‘egye‘b%%}‘?'bso%reﬂfr{‘el “O?ag
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pur poses of the present invention, preference is given to 5 the
abovenenti ofed theripunppsesl afstleppreisegt Dwremtrioant pyefertdncet he gteal to
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concurrentl
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pref erence ilsdegemmle' theredby sroncurvently itn evegyvethass peissdbiepl yi ng

concurrent I rebeeﬁéuetataval aidRy NEheobukehesesi jd) &a»s tFanéLhtede-RD tot her

wor ds, i 8SbQledA) Wkl U CSschutdhnkiD! Qgtié’u reBYELd O 2T €
e e et s, CGER, S AL B

Cg- hydr ocar [f@RsuErentsy He tbeumtaa)n@mpunhl of th@@nsem gﬁs mixsnee = I by
vol ume; or -otherakoxiw)t exampleiofh\yisonixbares 2 Zultable wricoraingdtd aihzl

content of tilﬂ'ﬁ,@ﬂg_‘s_mf ard RYio¥e! {iBihih:25 - total content of C4-hydrocarbons
< 1.5% by olume and total content of butenes < 18 by volune; or - total

cont ent o]f C4- hydrocarbons < 1. 0% by volunme and total content of butenes <
0. 75% by vol'urret"GPlS‘FPntﬁl‘Hté’lf Eﬁrhwpcéfm@-il?&r Syavebyme and §95dY vol une
and total cont eentent nf dwdenesO< 5oLy vodlmer omr - total content of C4
hydr ocarbons < 0.5% by vol une and t ot aI 35 content of butenes < 0.30% by

Vol ume; or -_ toak,go .ﬁg{u ROl e < £s37pPywyAluranandod of ol

cont ent ,11 butenest 1% er“to keep to t
abovenentf®ned CORFER estﬁe S?o Emﬁtc?ﬁ ding to the invention
offers substantially two possibilities, of which either only one or both
may be appli-ed. toBat posterdt loft ¢4+lsyydrocarbois f4 mo@sr bgevolumgaaadwbotdl ei t her

no 45'|onger corbatBAt sy Hutehrdr QCH BN Yo %mé“ cont ai ns
C4- hydrocarbons only in such anounts that fulfi II the limts to be

25 - total content of Ci;-hydrocarbons < 1.5% by volume and total

content of butenes < 1% by volume; or

- total content of Ci—hydrocarbons < 1.0% by volume and total

content of butenes < 0.75% by volume; or

30 A
- total content of Cs;-hydrocarbons < 1.0% by volume and total
content of butenes < 0.50% by volume; or
- total content of Cs~hydrocarbons < 0.5% by volume and total
k 1 content of butenes < 0.30% by volume; or

- total content of Cs~hydrocarbons < 0.3% by volume and total

content of butenes < 0.1% by volume; etc.

40 In order to keep to the abovementioned limiting values, the
process according to the invention offers substantially two
possibilities, of which either only one or both may be applied.

One possibility is to start from crude propane which either no

45 longer contains any Cy-hydrocarbons at all, or contains
C4~hydrocarbons only in such amounts that fulfill the limits to be
observed according to the invention for the total contents of



observed according to the invention for the total contents of 10
C4- hydrocar bons, total butenes and al¥® butene-1 in gas mxture 2. Wich
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di sproportionation and/or netathesis. actor which increases the
probability thereof is_the use of the partial cycle gas _method of DE-A
10211275 ié@?ﬂeﬁnﬁnﬁéﬁ&e@%‘ﬂt RéLRFRAYIVELYacbr tF IRPASIPLRe P AT ON (i n
the case ofs-thydabakyboms 30 dehpdadbgenhibtuseehe-Examiutenet isgfadtisejarati ng
processes EpGh U miRCueO®NDiitRad0Eneé ASREPELShan thgdeaEBEADRY Ao Thel PPi Ng
(pref er 38! Yo @ bl SSSPLE MBRRLR11OMNo HRECRLDELLL hah 1EPI 20Ky eSSU e
swi ng adsorption, rectlfilcati,on_and/qr Kt ractlve pracesses.. I'n the case of
stri ppi ng, 2533 ke WH&“%SIIF&IEEnt?ﬁé? ‘ﬁ’@ea‘?ﬁyﬂ? n&°aFR€ i nt r oduced
via the stinygntigngasr asedelwwethene Prispasesure 7 aporeptiate exfaml e
absor pt i vebyarplE)V &tienf then tdemb)dF eds (CGhgdfbadrbohsOofare Coimedt ifor
dehydr ogenglifie 42-ACEHIBEAL EEn1P hRPIRLPER NG St i pped free of the
abso_rbe?% ’§¥ e@?ﬁs of ?l [ th%ﬁg‘oﬁ?l nation mag %eréor}e of tgeﬁrocess
conbi nafPofSY HEREFAFRGRT ™ IRF CRIZAT YDA ORNP EFP 1t KOS SXPRE % 1
obt ai ned b§¢iERrqReFTtAgRAtEen ANA/RE AOLHIREIE - nEpe TARGPn which increases

the probability thereof is the use of the partial cycle gas

method of DE-A 10211275 in the first step of the process

according to the invention (in the case of a catalytic

30 dehydrogenation). Examples of useful separating processes include

the combination of absorption and desorption or stripping

(preferably as a pressure absorption), described in

DE-A 10131297, pressure swing adsorption, rectification and/or

extractive processes. In the case of stripping, care has to be

35 taken that ne Cs-hydrocarbons are introduced via the stripping gas
used,

when the propane and propene (for example absorptively removed
from the product gas mixture of a catalytic dehydrogenation)

40 accumulated in the absorbent are stripped free of the absorbent
by means of air, the combination may be one of the process
combinations according to the invention in which the gas mixture
1’ obtained by stripping free of the absorbent may, when the
amount of stripping gas is selected appropriately, be used

45 inmediately for the partial gas phase partial oxidation and/or
the partial gas phase ammoxidation and thus be identical to gas
mixture 2. In this case, the content of components other than



anmount  of stripping gas is sel ected apgpopriately, be used 45 inmedi ately
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limt th ts ahd I nconvenience require 15 ove

t her ef or?f%@g gé%cr}[%ﬁ fromthe economc viability. 1in other words, a gas
m xture 1' in the process according to the invention will normally still
contai n at Ihegetding Gol%heyinvéniiimn, theosepudatingOpPétdysesodiseussyd > 0. 3%
by vol une omnoad&érmag%@uwwae,t&r eted- w)aoxe&ebuﬂemfla- BYocatone;_ 0- 6%

by volume, Qf grqde %353&6&9' HHE o o oHiars 1) Nogtel WIE. FR@@&%& efée Yedifty ugeorm

> 38 by nolune o ent| er ﬁg_
> 15% byt OVERB! s;owfcme degrastiogg M&han%cormmsmwwm
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al ﬁo oxngnlnl-bmrwr;Edi,t h;ig@rmr:adarease ,id RheDp@POESS UiWrdingste tﬁlﬁntﬁ
ot her than gge fo ﬂr Sy u md?n t he
.process acc rd?ﬁ)g 5 Le?ﬁggvg{;jt:?y% ]%I égn 1}§§%)% T/(r)q étr?ebgﬁj&l % by
vol une, or 2¥88Y ’BE/P ¥ & ob -voq oLund B¢ Jo
al ready SAGVOAUME; 0L 2@ SRt BYcWRMIMEe c R IPARY (COBERC | %v%th?oﬁ‘)lw ql'hé.
renoval s pr @uiBdubsy yvalivmeyseed> al'e byavoleme ouwdftien su2® by WHumey éhat 38as
m xt utrje 2 P%&t E@iuﬁ”d&: ws%taja\}omﬂt ,CBhEi 1A tﬁxeamiraqu SY'?@ﬂnﬁvm ]
accordi ng e n ren nte ic
Is < 18 by \(/%(gltl' lég\ﬁpytﬁgn\g \S/%‘u iﬁ ‘4 Irr o wérlg'@e tH:Ea-‘t argets
of the procalrBY 2¥QUMEMGTt S 3 by, NS’&H!"F(RF Sopstihpeny qtﬁeEaF‘ﬁ‘tul ar
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for the total

However, in the general case, the proportion of constituents

other than propane and propylene and also oxygen in gas mixture

1' in the process according to the invention will be < 80% by

30 volume, or £ 70% by volume, or < 60% by volume, or < 50% by
volume, or < 40% by volume.

As already stated, it is advantageous according to the invention

when the removals previously discussed are carried out in such a
35 way that gas mixture 2 has not only the total contents of

Ci;-hydrocarbons suitable according to the invention but also

concurrently a butene-l content which is < 1% by volume, or <
0.9% by volume etc..

40 In other words, the targets of the procedure according to the
invention are achieved in particular when, for gas mixture 2, at
least one limit set according to the invention for the total
content of Ci-hydrocarbons and, concurrently, one limit set in
this document for the butene-l1 content are fulfilled.

45



content of C4-hydrocarbons and, concurrently, one limt set in this
docunent for the butene-1 content are fulfilled. 45 12 |In other words,
exanpl es of gas mxtures 2 suitable acggrding to the invention are those

whi ch concuntept]¥- fddds | ok i&l' ts' 9NSai %Fc%' 8%‘&6‘{“ of
Ca- hyd Bons 25 ; F d ! 13/1%
o R T I

by vol ume; ¢onditiprg: content of C4-hydrocarbons : S 3% by voI ume and
butene-1 10 content < 0.5% by volune; or - total content of C4 hydr ocar bons

<_ 2% by l_ume Sl ofC aPbor 0 ent
of C4- hyd\rlsgcar bggeggﬁ‘%b]gxﬁﬁlfgggﬂagogutene ?_5’3\(?0% gﬁ?h‘i}ﬂe 5% %eg%niurre

or 13 - total con bSns < 2% by vol ume and but ene- 1
content < 0.775% a%'o‘FQﬂﬁsﬁnton Cethydrocarbens & Zédbﬁyt!?%‘élﬁﬁ [Pk beteng bl

vol ume and but emententahitidntby<vOlvumé byorvol une; or - total content of

C4- hydr ocar hons +5£3% &ontetl && aMﬁ&beaeb&ns&Onowe%mm@ £hé But¥RéLE; Or

- total tent agho y volunme and butene-1 content <
0.4% by vo C%tgé h&/q{% by 1 Qh drocarbons < 3% by vol une and

en
but ene- 1 cd‘nter’fPthO"%%W 3 EPCES n§ % 4% BnYﬁm%fa@bHWP%‘C]ar bons
< 2% by vol une sodtéotend.bd anelnm ®x38 by volune; or - total content of

CA- hydrocar hons t6thl SonterltoE eM}*ﬂtbeaEbéns cOBehy olum@odid Bakefie-1etc.
30 Particularly ady a.gqp%*ggg .egr2 for the process according to

th t t iy t t t hi t
for the (A coRERA CORalh Boberty 3@%@?&@?} by Bkt B pyene-
ful filled. 35 | ﬁOBFﬁEF St dS¥ hEsvedunesr 85 2 suitable according to the

i nventi on are i ropaltecteérr cifthCgchydronarbbons he Ftoblyowohgme cand]ibutene-hr e
concurrently fulcbh{;égg < -0 laat dly GoMimt oof C4- hydrocar bons < 3% by vol une

and total 40 cogigy 5 %ogggfégﬁ@ AU E0ES L Myhe Sy 1%
1

by vol une:_ or - co ons < vol unme —an al
y 20 ontent Jﬁb vo

- total content of Cy-hydrocarbons < 1% by volume and butene-1
content < 0.4% by volume; or

- total content of Cy-hydrocarbons < 3% by volume and butene-l
content < 0.3% by volume; or

25 - total content of Cy-hydrocarbons < 2% by volume and butene-1

content < (¢.3% by volume; or

- total content of Cy-hydrocarbons < 1% by volume and butene-l
content < 0.3% by volume; etc.

30 Particularly advantageous gas mixtures 2 for the process
according to the invention are those in which at least one limit
set in this document for the total content of butenes in gas
mixture 2 is concurrently fulfilled.

3% In other words, gas mixtures 2 suitable according to the
invention are in particular those in which the following
conditions are concurrently fulfilled:

- total content of C4-hydrocarbons < 3% by volume and total
40 content of butenes < 1% by volume and butene-l1l content < 1%
by volume; or
- total content of Cy-hydrocarbons < 3% by volume and total

content of butenes < 1% by volume and butene-l content £

0.75% by volume; or
45 - total content of Cyq~hydrocarbons < 3% by volume and total

content of butenes < 1% by volume and butene~1 content < 0.5%
by volume; or



" content of butenes < 1% by vol une and Rgtene 1 content < 0.75% by vol une;
or 45 - total content of C4-hydrocarbo < 3% by volune and total content
of butanes & 19¢B¥altenen@Intsdiusirocashersit< S$0bguvobyme gindneotal 13

total content otofXeiydrhdmtlenss < BPobyy vebhmetar Gutehall Eontient<0f, 33
butenes < 1% bypy o{,gmhé\.nq,ﬂ)utene 1 content < 0.3% by vol une; or total

content of C4-h a % b Iune and t ntent of but enes <
0. 75% by vol une)ég%gfb{#&ﬁ g Qcaﬁb%’é/% til(?\t’ Lﬁ Fotdht ent of
C4- hydr oc & bonscsanse/t}*bwﬂxch“&#eeanﬂ Q-o't5at| bycvetune apd batemsl comtg%bs/

vol ume and but efe5% byntcdumes o6. 5% by vol une; or 10 - total content of

04I hydrocgr EO?SthZ%&ynﬁéﬂtUEQ émoyfcﬁbéhrkl)&%@%‘ét 8§ @ai&%e%na Dotz

vol une an ute ol u etc.

i nvention, part ?guﬁ &lﬁ? %&gﬁf‘ggmus prg’geggg%me 724, ﬁgg?ﬂ%sg%"ﬁ%\ﬁﬂ c% not
only the aboven@npt ‘tlb‘ﬂ'ﬁl'nafl ons of total content of C4-hydrocarbons
and tot all@&ent ekotal drntents ofind;-aidzrocepbommna (23 byt evbame @mdt eatal n gas

mxture 2 are fgbhtéhehf Hatenasse,o0.Hs b?evém tan@® pufelesS] HontBhe 4 i S
used which stilly g o%é dﬁm@- L; st > 0.1% by volume, or > 0.2% by vol ure,

or 20 a 0.3% by Vo i)by vol ume, or > 0.5% by volunme, or > 0.6%
by volune, or > 0.8% by voI une or > 1% vol une, or > 2% by volune, or >
3% by vol unﬂCCQFdESB%Obyhﬁommtmnop @geuﬁarlvoadmtageonslﬁmmsm ume,
or > 20%1%y avel thsse din whZ6R0 iyt omllyuthe mo\mnaa%qbue«c&mmnawuﬁs uﬁmal ly <
80% by vol ugBta®lcomtent’ 88 6)- %@ﬁrb@ﬁs a0 QleégrfEE?rt Bk ﬁl ¥nd
vol une) of onstlt%&#ﬁyoﬁhg Egne an R} €‘é nzg and 1§-| o gen.
The studies 3?r?%td" VRS T ot (975 PAEVRYT i O TS SP owed
that, for tREtpAIFRsES Gheatmmrmnaegw @P@@reoﬁrblbﬁéimbé?hmldfl
‘propyl ene i sohhaipmrat dleaexi galih knebddume Aroroxi dakk doy vdlume,general ly
fadvapt ggez/?Js WQQ%\ By dlufBNEr ﬁgmtﬂnb 'G?Hﬁi% mo%ture 5% Ib?yt %'tiﬁﬂéatdﬁ/e' y
imte cgo i r ce. § &P e e
cont ent i 1 a0 bk ot BY RS A, B Vo Hi6r 2 8 i iglubey L TN
Particul arl Y35°$‘b%nt°<§g§oa§ ’BY ‘{%?r\’é‘ecoﬂ{-'eht%% iby gaéulmm;ra éoﬁrla’from 20
to 40% by wollume, dmr> dd&nbyevalone, 8092 b0V dyunoluide oy 28kmioyni a content
to be used Woluhé} rdr & GOREHRvETumeS MBht WAlANy R 90E WypivdAkmk] o (i . €. is
al so not Fgakenpyngp GO ok"< 60% by volume, or < 50% by volume) of

constituents other than propane and propylene and also oxygen.

The studies carried out for the purposes of this invention
further showed that, for the purposes of avoiding undesired

30 complete combustion of propylene in the partial oxidation and/or
ammoxidation, it is generally advantageous when the propane
content in gas mixture 2 is comparatively limited. According to
the invention, preference is given to the propane content in gas
mixture 2 being < 60% by volume, or < 50% by volume. Particularly

35 advantageous propane contents in gas mixture 2 are from 20 to 40%
by volume, for example about 30% by volume.

When any ammonia content to be used for nitrile generation is not
taken into consideration (i.e. is also not taken into account in

40 the basis for the percentages by volume), gas mixtures 2 suitable
for the process according to the invention are generally those
which, on the one hand, fulfill the limits according to the
invention with regard to their total C;~hydrocarbon content,
preferably additionally with regard to their butene-1 content and

45 more preferably additionally to their total butene content, and,
on the other hand, have the following contents:



40 the basis for the percentages by volune), gas m xtures 2 suitable for the
process according to the invention are generally those which, on the one
hand, fulfill the limts according to fjge invention with regard to their

total C4- hydr oc n.,cont.ent additionally with regard to their
Fdflor o S my SO &

but ene-1 cont ent and ditionally to their total butene
content, and, &&%Fhe E‘?h’é’r Ran¥olumg ©F PEOPYLERRN ng contents: 14 from7 to

15% by vol une offrof 15 ote 510%0 by0Yebymey @ifu propane; diregguesatlyr fwmom 25t 4040% by
vol ume of propangsg ngy from25 to 35%Dby volume, 5 from25 to 60% by
vol ume of |tro f L g& ? S fanf @M1 to
5% by vol urre of% w%&& romnd'ﬁ'fgo/&%%% ntfy #%"Fﬁlgr €8
constituents. 18%FhBY dﬁ%ygmbtatenent applies in partlcular when gas m xture
2 for a heterogesunuef yfxom dl $2ebt poy tvadiumexoflatd o€ Caf andcBa8r @pdll ene

contai ned i n gafrom<bUt® A by wokOmé Qb RtARE’ boEsBiywRIntisn and/or acrylic
acid. 15 O herwi se, useful gas m xtures 2 for all heterogeneously cat alyzed

parti al | dati ops._and/ amoxi dat i ons of propyl en enco sed hy.the
rocees At da ARSYS THAemRTE APRILes Ay Rarbidiiax men: HES FLCER. 2060 n

di sregar di ncg wewmmﬂm cptelysad pestialtoxidatiennafithe @mowlanet he

ref erence baminthinédeimidas miRtutd 2 fial heed nfor preparingnagrilednnantl?ér < 60%
by vol une, %Iﬁg scZP% by volunme, generally fromO to 5% by volunme;, N2 <
80% by vol une, “usually < 70% by vol une, generally 25 from 40 to 60% by

vol ume; 02 up to 20% by vol unme, usually from2 to 20% by volune, generally
from5 totd F8f uritsefnd gasomxturssy defor Akl heteredensousdiyunme,

general ly foatal@zed paridialyoxiddatinns3@n@iar <ammdxiviatdbnseof opylens 3% by
vol ume, gengimohmpasséd®ByP the ﬁ%'é)é/sé/@dé@dlﬁé hanane iA%ehyiowlaseeinusual ly <

noual 1y -] BATRICELEL thode AHLEN, %&é%b ity at e, ﬁ°§4é9¥ fhane <
5% by vol unEfor g‘b’éﬂ- 5%&35}0901 1&eﬁ€?a¥?“;ﬁrelnf’8np6 %’6)0 SPune;

20 the followmg composition pattern-

H,0 £ 60% by volume, usually < 20% by volume, generally
from 0 to 5% by volume;

N2 < 80% by volume, usually < 70% by volume, generally
25 from 40 to 60% by volume;
02 up to 20% by volume, usually from 2 to 20% by volume,
generally from 5 to 15% by volume;
COo < 2% by volume, usually < 1% by volume, generally
from 0 to 0.5% by volume;
30 Co; < 5% by volume, usually < 3% by volume, generally
from 0 to 2% by volume;
ethane £ 10% by volume, usually < 5% by volume, generally
from 0 to 2% by volume;
ethylene < 5% by volume, usually < 2% by volume, generally
35 from 0 to 0.5% by volume;
methane < 5% by volume, usually < 2% by volume, generally
from 0 to 0.2% by volume;
propane > 0, < 50% by volume, usually from 10 to 50% by

volume, generally from 20 to 40% by volume;
40 cyclopropane < 0.1% by volume, usually < 0.05% by volume,
generally from ¢ to 150 ppm by volume;
propyne < 0.1% by volume, usually < 0.05% by volume,
generally from 0 to 150 ppm by volume;
propadiene < 0.1% by volume, usually < 0.05% by volume,
45 generally from 0 to 150 ppm by volume;
propylene > 0, £ 30% by volume, usually > 2, < 20% by volume,
generally from 5 to 10% by volume;



propane > 0, < 50% by volune, usually from10 to 50% by volune, generally
from20 to 40% by vol une; 40 cycl oprdd®ne < 0.1% by vol ume, usually < 0.05%

by vol une, g, general |y §ram @yt ¢olsfe by 1yOk
T T A ALk o o, Y,
% b

propadi ene, < 0.1% by voOI U vol une, 45 general |y from 0

to 150 ppmt#sPYREREne: BrhP o Bm'a narezteﬂ;@layym?tﬁrbv yeliane y fxeapently 20

by volune, generally framn051t bom%kbyvmébmae 15 H2 < 30% by vol une,

usual |y 5 RO8adanevol une, B%JQ’?GEIGILhﬁ!e,f rsyeE@rhply 020243y vyokHEne | Fooghenery< 3%

by vol une, preferably frgnﬂ)ob)i y%r%},f‘;oggﬁ{gnt ly fromO0.1 to 1% by vol une;
a

5 n-butane_< 3% by vol une, prefer y volune, frequently fromO.1
to 1% by v'bﬁﬂf'é’; trans- butene-2 < 1% by vol une, preferably < 0.5% by

vol ume, fPetRRET2 y > < OLDEIvVBYumel (Arefezablyl ok . Sobyneolue ci s- but ene- 2 :
18 by vol unme, preferabfyeguethti% By Vi03& TRy vblemgiert Dy1% bP. by vol une,

< 0.1% U Renel t,@ I 4 by vol une,
frequen?l yagéo 0(%1% gy llfr}r’%vgﬁ/w };&FeggﬁaPPyeiQf%l% é 5’\%‘?&( 1% by vol une,
preferably < 0.58 by 1% & ‘6“?3050 Wi T 0. 1% by

vol ume;  bettanecre- 1 3k 1%1%beom‘wre§p§#bhab$>ﬂ é%obsswcbl,ww une,
frequently a 0.003% byfrm;tuelmly<> 0. dAsb by vedlums, kubDals e -viol2me; 1% by

vol une, preéshaleng : &Sf»émyweh% pzferfagasr%wdrsq Polrgndd- 1% by vol une;

20 buty 1 < 0.5% by r r yne fr uently from
0 to O 51154 faé‘ﬂ{;&tﬂﬁ g8 39 b9 810y qqume? Mooy

vol unme; an
vol ure, ‘é‘iféjrfﬁ“? ~Lrdns OV?WB?/ R3ef 9r PYXY‘EH“E‘? 2 suitable

accor di ng to the i nvenilrmue@rtéya}:sﬁ) Q038s by whlwhe.f 3] 10| L% mwtvadmine; t he
abovenent iﬂmi%m@cnttcatiwb? vbyﬁmeﬁlp&@fatabbp St b?evémﬂé,l | the

"followi ng specificatio qu(%, g&/o pSat uroagzgd %tl rg&sol tnot 8t i!% ;yo 5%

by vol uge,. 30 pr eraby vOTl une,

vol une; gsc%‘-"fﬁﬁer%car boh<® 2% @P’a}"ﬂv) é’rf%aﬁ I%r?e sBRIY]Fu®eg 0504 by
vol ume, generally fronfrequensdy Qmmtg/b@opuh’b bsasm@@met;oa@ hydr ocar bons in
total < 20Pupniadzy vol unke,swudbyakbunte, preferably < 0.3% by volume,

frequently from O to 0.1% by vol me.

25 Gas mixtures 2 suitable according to the invention are also those
which fulfill not only the abovementioned specifications, but
also at the same time fulfill the following specifications:

other unsaturated Cy~hydrocarbons in total < 0.5% by volume,
30 preferably < 0.3% by volume, frequently from 0 to 0.1% by volume;

Cs-hydrocarbons a total of < 0.1% by volume, usually < 0.05% by
volume, generally from 0 to 300 ppm by volume;

35 C¢- to Cg-hydrocarbons in total < 200 ppm by volume, usually <
150 ppm by volume, generally from 0 to 30 ppm by volume;

acetone < 100 ppm by volume;
40 Ci3~ to Cy-alcohols < 100 ppm by volume;
Cy- to Cyi~aldehydes < 100 ppm by volume;

acetylene < 10 ppm by volume;
45



150 ppm by volune, generally fromO to 30 ppm by vol une; acetone < 100 ppm
by volune; 40 d- to C4-alcohols : 100 ppm by volunme; C2- to C4-al dehydes :
100 ppm by volune; acetylene s 10 ppmfpgy volune; 45 16

car bonyl - cont aj ni C A Lo total (calcul.at ' 1), . 00 ppm by
vol une; | oni® %éﬁ?gg'fcr?&r{%?%lgrg/%gl?p °3’é‘§8r éi?l@oﬁﬁlorﬁ%glgglgké&:%/ )Igd‘;fcoé‘) "P

C1- cont ai ni A§0cBPMRINFSLIURes ot al and expressed as O < 1 ng/kg, generally
fromO to 0.2 ng/kg; F-containing conpounds in total and expressed as F 10

< 1 ny/ kg, Q%H?éaéﬁ]\bzfﬂn@msoltﬁgﬂc% Henkdal AP ronr Q0BbaD M Ny AQFPOUNdS i n
total and 5expressed as S < 10 ng/kg,” frequently fromO to I ng/'kg, general ly
fromO to” 0.1 ng/kg;, 15 with the proviso that in all ;the abovenentioned

cases, the C3rpntaiHinghcompoRnds dn kpapsanthSIPre§sed 88 il vol une (nore
preferably <<12f@hyg,y gemeradbyl fimt Opteof @r2mgikg;18 by vol une) and the total
content of butenes is at the sanme tine nore preferably < 1% by 20 vol une

(preferably < {59 L Tl r rably. <. Q. 5%, by vol une).
Nonapeci f i eg'sg%%ln%ﬁ{gs\é M%‘??Slenﬁg)%agr@%r?#ggfg %gtF present in the
gas ni xt A& 3 BRI QiIeFer8LinstTam dntpoh: 2 im .kgrioﬁnéS detectabl e. For the
pur poses of the present invention, such gas m xtures 2, in particular when
?pp! yi ngt_thg-&eﬁaamir@ dampgeﬁa@amthmna@kli dxpre@gBycas iy gas mxtures 1
o inventiv S ur. eper s i ng
crude pr opa%:%ai %éﬂ%ﬁe’ #r%gtaeng?%gf% ghggoﬁtdg/]ﬁi ?88%%%?’%&?&?5 or >
150 ppm b TgM8/X%%r > 200 ppm by weight of C4-hydrocarbons, or, for

exanpl e, to 6% by volune (for exanple fromO0. 1% by vol une or 0.5% by
volunme to 68thythe prosjisocsheti il lallwkhe aliweyenfenitiohédtdesdsgl thei sgt8b

ohe o f;t | @BntBAORM W1908, Hydrociboll ¥9!UT bySysline Tmite gi‘ei;é’éo/&ﬂi'?
0 .
vol une or <59 {58 byyﬂdviogi aﬁémﬁés%%il%egagb&gg%vg&uﬁéfﬁeﬂ /ogfl %%%?/m
general |y <gogy%5>p:§,aqm§s is at the same tinme more preferably < 1% by
20 volume (preferably < 0.75% by volume and more preferably < 0.5%
by volume) .

Nonspecified components (constituents) are prefgiably not present
in the gas mixtures 2 according to the invention, i.e. not
25 detectable.

For the purposes of the present invention, such gas mixtures 2,
in particular when applying the separating processes mentioned
for converting gas mixtures 1 to inventive gas mixtures 1/, are
30 generally also obtainable by using crude propanes in the first

step which contain > 100 ppm by weight, or > 150 ppm by weight,
or > 200 ppm by weight of C4-hydrocarbons, or, for example, up to
6% by volume (for example from 0.1% by volume or 0.5% by volume
to 6% by volume), especially when they fulfill the folleowing

35 specification:

propane content > 90% by volume, usually > 93% by volume,
generally > 95% by volume;

40 propane and propylene content < 99.75% by volume or £ 99.5% by

volume, usually < 99% by volume or < 98% by volume, generally <
97% by volume;

total content of C4-hydrocarbons < 6% by volume, usually < 5% by

45 volume, generally £ 4% by volume; but frequently > 0.5% by



total content of CA-hydrocarbons < 6% Ry vol une, usually < 5% by 4% vol une,
generally < 49 vl o Qut frequently > 0.5% by 17 volune, qor > 1% by
vol une, sone%fr‘@é'f’é(%ra/% ¢ Uﬁé‘,‘“g%'r qq‘fé&ﬁ?ﬁs % e PY>VIIPRE, \AF eSOt ene- 1
content < 0.95#EHy>y3% bk valamelily < 0.3% by volune, 5 generally < 0.1% by

vol une; but frequently >_ 5 ppm by volunme, sonetinmes > 10 ppm by vol ume, or
in some casamtandllPEeRtAt OOUER: by YAhmEONY

irent ﬁull <b¥;[50 Eﬁlﬁrcﬁuﬁé, by
volure. usyld iz, § S0 10 VL. e a5 B er
cases > 30 retapes o Uit Ped R¥nEORR Rt in 150mehwapsruze20 BRFabYY < 5% by

vol une, genemdimg; 15 fromO to 2% by vol une; ethyl ene content < 5% by
vol une, usually < 2% by volune, generally fromO to 0.5% by vol une; 20

nmet hane cont < h% V. sual <. 2% vol une eneral ly. fromO to
0. 2% by vol t}%falcflgv%%toﬁgng’g%gﬁ%%rg d<)é(5 bY, ¥ W'uﬁﬁ}‘aégyé&pfl%emé cont ent
_< 10% byl@dalwpe, y3engrally so0plt \ky (yedume bty fiveguentdy (3 Mobpmeby t ot al
content of G®lupeyosamdtimesoh20 pimibypropane, xd i 8pié ereses< >0 38%Ry

vol une; 30 4t blreees ent of Cg- hydrocarbons < 0.3% by vol ume; and total

content of - to Cg-hydrocarbons < 600 ppm by vol unme. 35 Crude propanes
suitabl e according to the invention are also those which fulfill not only

t he abovenetthOREICIPERNY i ORORE, Yhme , susvakly thEtshwevelune f geperalinhe

f ol | owi ngl% fgomf Dctei hdy tvollaimegont ent of oxygen- cont ai ni ng conmpounds < 300
ppm by volune; 40 acetyl ene content S 30 ppm by volune; ionic chlorine

content < 1 4 tent,. of C1- I.Ni_NgaC expressed as
ad < 1 ng/ ;yﬁ.gnetéo %%ﬂo$§2tggfv uggmgi?\?#f]l éo%%ogﬁgg%r'essed as F <
1 my/ kg; t TRLLY HOM O 89: 88 iBY ¥§1BBRHounds expressed as S < 10 ng/ kg
(in the case of catalytic dehydrogenations, it nmay be 5 advantageous when

the react2@methsher contEarted 68 Py Opsliume’ 866411y (@%CbR, véDtAedi Genbfallyl tO

1000 ppm by #Qin1GEtoPs S€HRP W1 hReM 1

cyclopropane content < 0.1% by volume;

25 propylene content < 10% by volume, usually £ 5% by volume,
generally < 2% by volume;

total content of Ci;-hydrocarbons other than propane and propylene
< 0.3% by volume;

30
total content of Cs-hydrocarbons < 0.3% by volume; and

total content of Cg- to Ca~hydrocarbons < 600 ppm by volume.

35 Crude propanes suitable according to the invention are also those
which fulfill not only the abovementioned specifications, but
also at the same time fulfill the following specifications:

total content of oxygen-containing compounds < 300 ppm by volume;
40
acetylene content < 30 ppm by volume;

ionic chlorine content < 1 mg/kg;

45 total content of Cl-containing compounds expressed as Cl <
1 mg/kg;



to 100 ppm by vol unme, of sulfur-containing conpounds (e.g. H2S and/or

di met hyl sulfide), since these, on the one hand, passivate steel conponents
(-of the reactor) such as Ni, O and Fejgwhich 10 reduces undesired cracklng
of propane) on_ the o

hand are capable of activyati alysts
of Bropane) endy on L oUher hand . oS capable o seliyeling § he e
Hal ler, Gary L., UnlverS|ty of Okl ahoma, USA, Catalysis (1994), 11,
379-411); 1%omalhcdheept wf Secohaainiragy mmpbuthﬂﬁreekeMahysirgdmr ngrikgi s
e T AN R T B A g (e N YR
vol une. 2 'ﬁ%’ ?ng??‘f‘%d'fl}%‘ngg& r?ﬁ‘gtl%a‘é ?5%3#’@9‘&% Phe rﬁ%‘é" Jﬂ%ﬁggBFow SO
are gener al |5hezgipapFentains rféc’ﬂrbc"'e%smﬁ@cak’m% vadumge PROESTARIY fXRBnlt he
gas m xture th 189 ppmdmstudlumel, of sulfar-contaiminy compounds epegyrl #gSsuch to
Sagegﬁ;ggeg%ﬂﬁw Hﬁ@éﬁ?ﬁ@uﬁ%id@hgsﬁ&% Ef;é&é ﬁ'torpﬂhggbhenh@r'i@/ Cﬁas%:.ﬂﬁ’téﬁ : 2'
Gonnect on. TEEets Bﬁ%n%{ts‘ 15 Chgoaaspel 3 M@nyér”één;% o(nhéﬁﬁl
dehydrogehﬁtqqﬁrcean%q!%#w frasking af @pegner Al GRot B8 SOthR%. BadRng t o
the i nventi ;are sapabbe ahf e@chivetihg ddeorcdtajysts tisedd3@efnveCatalytien
general , tf“dhu?@&&@éﬁaﬁibn1bi'136§P &IKHﬁéquﬁésaéﬁﬁlJm%h@dlhﬁdf(HENﬂ&Qn

P e iry’ 3y oBn Ners By BE  ox flflori 693"1)&4”1;;5&5“?35%%&,' 135 it and

in many cases 9 (he dboVe! speci so’all other,
crude propaﬁg?féé Shftabl e for the process according to the invention
contain al5 |east 0.253 by volune, or at |east 0.58 by volune, or at |east
1% by vol ungith thguprdvisatthlaeashe J:cﬁ%lby:oueémmrc@hyaﬁaﬁrb%%bxa voI ume

and in many prézstably |@a§¢ 5&%V%ﬂ®205%%}5ut 3 /er DY P“t,z{;e éoo/ by

constiven Seljist e ‘*f’?%&'iaﬁﬁg"g%ht"% ﬁéwtrmseu

const i t uent sghe ?PrE‘Set-"-’E‘?(tor e BYsvebitent s usual |y al so apply to other crude
propanes 28uitable for the process accordi ng to the invention, for exanple

t> hogel\oghlb ch 'ﬂfees eewéaﬁfbrﬁy@lfosﬁéme é{ﬁf .ddfifeq Hﬁd%/w.alﬁfé iﬁ'o@@ﬁb?i n
0
C4- hydroczlr bons ne?élﬁ Os‘ﬁga?ﬁ ?J@Pﬁ ESS#&Q Aé’q[c’%ég}lgbtg EIPJ \G)Q)eﬂgﬁ of
and at the SHR® Fre a3 HUyrture on?%u%‘: Stlt‘Se’i!ﬁ)rﬂﬁo? FBPthqzree(?ruel’rﬁl y up
to 0.5% by vahjested &sitsyeds to a heterogeneously catalyzed gas phase
25 partial oxidation and/or a partial gas phase ammoxidation of the
propylene present in gas mixture 1. In this connection, it is
advantageous that a limited oxydehydrogenation and/or
dehydrogenation conversion in the first step of the process
according to the invention is favorable overall according to the
30 invention. In general, this conversion, for each individual
saturated hydrocarbon present, is at values of > 5 mol%, hut <
30 moly, frequently < 25 mol% and in many cases < 20 mols,

Rormally, the above-gpecified, but also all other, crude propanes
35 suitable for the process according to the invention contain at
least 0.25% by volume, or at least 0.5% by volume, or at least 1%
by volume, frequently at least 1.5% by volume or at least 2% by
volume and in many cases at least 2.5% by volume or at least 3%
by volume, of constituents other than propane and propylene (but
40 frequently < 10% by volume, usually < 7% by volume and
generally < 5% by volume, of these constituents). These
extraneous contents usually also apply to other crude propanes
suitable for the process according to the invention, for example
those which are free of Cj;-hydrocarbons. However, these may also
45 contain > 0.1% by volume, or > 0.5% by volume, frequently up to
6% by velume of C4~hydrocarbons (e.g. from 0.1 or 0.5% by volume
to 6% by volume). Also, and at the same time, they may contain



{(e.g. from5 ppmby volune to 0.5% by
sane tinme also contain > 5 ppm by vo

uﬂglu

Furt her,
frequently up to

they may at the
0. 5% by vol une

of but ene- 12(%.Rpm byoNpbubmm ineauenbhy U t©. H95byby ralsimenef . bukenesdi ng to
the inventi pa,g pariomc 8| pph ybys widlahketsruda pyoPalese) .ansezrahef). tﬁmemwl ch

ful fill

not 5 n&ne ts'a&ea@w@rﬁ&d %ﬁéuﬁpﬁcs ﬁ.a Oaéluﬂwt fi‘

tim the f Oh HX'py Pg “‘ge%ﬁf C’f i O?kbe

2 pal kg; §OVQiPmB)1 pg/kg,

po/ kg;

10 pg/ kg;

po/ kg;
pg/ kg;
pg/ kg;
po/ kg;

35 NS
20 PETS &

25 Ga 5 1 pg/kg;

30 Kasc m{ g% the ivbridbky: paddicurbeBy/ ksisade Lrdd kﬁopgg‘@z L

s[r)?g/tg‘gse Hhich 3?&5 Moy @s/wve"@n tggégpg/ kg;

ce < 1 pg/kg;

1 pa/kg;

efr2m1 p@gﬁkgb}’ vgluge

Bg <1

pg/kg,
"/ kg;

Cu < 1 pg/kg,
In 1 pg/kg;

45 Tgpequﬁﬁgtggns, but also at the same tlme he following

10 specifications:

15

20

25

30

35

40

45

Ag
Al
As
Au
Ba
Be
Bi
Ca
cd
Co
Cr
Cu
Fe
Ga
Ge
Hg
In
ir
K

Li
Mg
Mn
Mo
Na
Nb
Ni
Pb
Pd
Pt
Rh
Sb
&n
Sr
Ta
Ti
Tl

MIAIMIAIMIAIMIATIAIAIATIAIAIAIA A A A A A A A JA A A TA IA JA N IA TA TA A TA TA A

T T T I e R ol

1

rg/kg:

10 pg/kg;

1

N N S S

10 ug/kg

ng/kg;
ng/kg;
ng/kg;
ng/kg;
ng/kg;
ug/kg;
ng/kg;
ug/kg;:
ug/kg;
ug/kg;

ug/kg;
ug/kg;
ug/kg;
ug/kg;
rg/kg;
ug/kg;
wg/kg;
ng/kg;
ng/kg;
ng/kg;
ng/kg;
ng/kg;
rg/kg;
ng/kg;
ng/kg;
rg/kg;
ug/kg;
ng/kg;
ug/kg;
ng/kg;
ng/kg;
nwg/kg;
ug/kg;

-

“’f’isq

Ca <

Ir

Sr

Fe <
1

<1



Ti < 1 Kg/kg; Ti <1 pg/kg; 20 V <1 g/kg; Zn < 1 g/kg; and Zr < 1 g/kg.
5 According to the invention, very particularly preferred crude propanes
are those which not only fulfill the abgvenentioned specifications, but

al so at the sane thge fugfu)ﬁ#he follow ng specifications: 10 density at
20C - 500 2.0 kg/ 'essure at 20C = 7.6 0.2 bar; water < 10

mg/ kg; evaporation ﬁ@sﬁd&eﬂgfggrn@n g. 15 The specifications stated relate to
determ nati ons by mZzang dfpglkags chromat ography and by neans of atomc
absorption spectroscopy The vapori zation residue relates to gravinetric

oreen o1 12 Dot 189Q§t;§é§ Vorll Gl P01 100, UPL AGAIDIO U uale 9

green oil )~ cons resen not
det ect abl e, Hrﬁ’PPﬁ% AR hﬁﬁ&p‘& dﬂé‘fé’?‘&ﬁl Jsfﬂr]tlal'iﬂ"@ aboysmRoned the

i nvention. 2pethéipatigiyr bubicalsaliaty the same itimentfndfiill die Foldowihgr
signi fi cancepaegfitdtisnsapplied in a recycle nmethod. In this case, the
desired target product is renoved fromthe gas phase partial oxidation

and/ or annDX|dat|on roduct m xt 0.b of the known separating
processest? and at Eﬁc%ﬂegtpeﬂ %#%paﬁeo isznf in this product gas

m xture, generall vagethecswrtma&nab?ﬂ/e’rﬂed hropd/Itars present therein, is

recycled into the ox&ﬁehydrp@ n and/ or dehydrogenati on step and/or
into the gas phase p ?Lt ;30 0% Qe xi dation. 35 Customarily,
this recycling (C|rcu of t he prﬁpané’a d propylene as a constituent

of the residual gas renalnlng after the target product renoval is effected
wi t hout i¥8 &heegpacificationg: phated celatpdtal defeymipatione by means of
i nt er nedi at ejag cheahecbgraphy endnpy aneansDufl avdmicOabed2ptBan and/ or 02

present thergiedt48sb65 P! THeCTpd i‘fﬁblotnh&'ési&ﬁ@rx@i‘i'téketér ViRl rk e
practiced ondoye k[ Ll 14T &%dgggﬁfa% JoREPRYE f'}& h-iaB n&tﬁ%@i:n&é{se”

when the crude propane used tarns sSma opor |on
C4- hydr ocar H6ng> $EPeR@iddle n- butane i so- but ane, butene-I or other
but enes (2®r exanple total content of C4-hydrocarbons

Unspecified constituents are preferably not present, i.e. not
detectable, in the crude propanes preferably suitable according
to the invention.

25 The procedure according to the invention is of particular
significance when it is applied in a recycle method.

In this case, the desired target product is removed from the gas
phase partial oxidation and/or ammoxidation product gas mixture

30 by one of the known separating processes, and at least
unconverted propane present in this product gas mixture,
generally together with unconverted propylene present therein, is
recycled into the oxydehydrogenation and/or dehydrogenation step
and/or into the gas phase partial oxidation and/or ammoxidation.

35 Customarily, this recycling (circulation) of the propane and
propylene as a constituent of the residual gas remaining after
the target product removal is effected without intermediately
treating the residual gas, or, when it is intermediately treated
{for example removal of CO, CO;, H; and/or O; present therein

40 before recycling), this intermediate treatment is practiced only
with limited cost and inconvenience. In other words, even when
the crude propane used only contains small proportions of
Cq4—hydrocarbons, for example n-butane, iso-butane, butene-l or
other butenes (for example total content of Ci-hydrocarbons >

45 0.01% by volume, possibly up to 6% by volume), these may
accumulate in gas mixture 2 in a recycle gas method and exceed
the limits according to the invention unless special measures are



45 0. 018 by volume, possibly up to 6% by volune), these may accunulate in
‘gas mxture 2 in a recycle gas net hod gnd exceed the limts according to

the inventi nl sures .are 21 take These ds nm
invol ve, fo?ékee%a ﬁﬁésés ac{,:ll Y 1“‘f°é1¥8v % ?P@"@g-en EPBEhE’?fGH'ngromyt he
resi dual ga<eNo¥HR nﬂﬂ% (gﬂ"&'ﬂpm?ﬁébqf& gépmpﬂww@mdanﬁvms reegmaiiniea td fitelry
and/ or by tissdaggebnprebmiprenoval demt ifticappesiy and/or by 5
adsorptlon/mﬁaﬂ&bﬁmeéw;&riohyaﬁ@r&e@%%&b Bng rﬁt{c%rb)b ”E‘”brane processes,
G5 roma 5 bt b adid gsﬁesﬁi%ﬁé%ﬁe §H§%n§mp EF RT peBahe
unnecessar ypg’é’\?éﬁesioa’t t e?eﬁfﬁ'ﬁ& ating n"ﬂ’egal’&"’ﬁﬁk?ur@dl as such for

t he parti alprapyilénercontaihing ngsidusle gasopemainming khereafted. y any desired
purity for the first step. Alternatively to a recycle nethod, the residual

gases may 5 ( r e | ons of
4- hydro 1’(S)ns E4 63 é&%#& QPEE a%?%ﬁ“%ogrbé%:}g EH‘?% sagca%nuggé‘%
propane rEnES BALRS; 985 6'1""?“%3 r"g?o?é@ ofor dthec pPartial

gener at i on mﬂobeame&m cpude praopgneyof hsuhstangdallynany deskizeduses. 20
Q herw se, purdtyr goesshackhiasdi Bgepo the invention nay be carried out in a
simlar manner to the different basic vari ants descri bed in the prior art.

25 In other rds t Ies varla s.of the process
accor d| n é‘“h H h%:h aangcgcé h83( T'ﬁ P&r R i '@a{ aiﬁﬂepeand
over 25 adsitoc REREE HIess &Mt ﬂVﬂl‘? t“ndﬁ‘l!-'adg#ﬁcmﬁ@tl@kan%f e, in the
docu me nt s ER-Ay808s&thorisR- Rob Zéﬁﬁ@ld;)Etney 1itB8 Tievl ¢ombis ¥ed Aad@thed Reikh

7-232071, JhepkbpAfE: i‘%gpg %, tHEedi ol Go278R8, Ppﬁe%0991376§§
35215, Sl ) il O AL 3 S A o ot 815 30
11- 285637, W'A‘ﬁﬁgﬁt SFpUReEt- 42434, IP-A 11-343261, JIP-A 3423262, WO
99/038252039 A 7-53448, JP-A 35 2000-51693, JP-A 11-263745, DE-A 10046672,
%2 igéég%ﬂxer@ﬁepx 40d e s 8 ) Ecdoring 35638144,11'15%1!%53& beERafr HEBB36,
DE- A 100462‘%t lBEaAs Rg%sg@mgg ﬁb%g%zgégf%e'ﬁ: KEEiE sy %Eéfggﬁﬁésmo
and the IitH &6 Br(’:?feﬂ"?'n these 40 documents. The active conposition of
the catal yst charge to be used is
25 In other words, in the simplest variant, all steps of the process
according to the invention are carried out in a single reaction
zone and over a catalyst charge present in it, as taught, for
example, in the documents EP-A 608838, EP-A 529853, DE-A
19835247, EP-A 895809, JP-A 7-232071, JP-A 11-169716, EP-A
30 1192987, JP-A 10-57813, JP-A 2000-37623, JP-A 10-36311, WO
00/29105, EP-A 767164, DE-A 10029338, JP-A 8-57319, JP-A
10-28862, JP-A 11-43314, JP-A 11-574719, WO 006/29106, JP-A
10-330343, JP-A 11-285637, JP-A 310539, JP-A 11-42434, JP-A
11-343261, JP-A 3423262, WO 99/03825, JP-A 7-53448, Jp-A
35 2000-51693, JP-A 11-263745, DE-A 10046672, DE-A 10118814,
DE-A 10119933, JP-A 20007143244, EP-A 318295, EP-A 603836,
DE-A 19832033, DE-A 19836359, EP-A 962253, DE-A 10119933,
DE-A 10051419, DE-A 10046672, DE-A 10033121, DE-A 101 459 58,
DE-A 10122027, EP-A 1193240 and the literature cited in these
40 documents.

The active composition of the catalyst charge to be used is

substantially a multimetal oxide composition which comprises the

elements Mo and V, at least one of the two elements Te and Sb and
45 at least one of the elements from the group comprising Nb, Ta, W,



substantially a nmultinetal oxide conposition which conprises the elenents
Mo and V, at |east one of the two elenments Te and Sb and 45 at |east one of
the el ements fromthe group conprisingZNb, Ta, W 22 Ti, A, Zr, C, M,

Sa’ Ze’ Rg’ I'lqo,_’ ABD’ ;f)u 1C15d1llﬂ,t Galrgeﬁlnulchotr Cﬂhr Sni-'r. éla’t. ﬂl‘ Iw‘l d’ilrl’ B:;(i My,

\g, Au an i R_coppl i Q. refer. %éﬁﬂ% nat i atter

el enent grou‘%"c%rlﬁbrl sks ﬁi&é é’?éneht@Né 'Tgl,? an ?P %? and hore
preferably the elenent Nb. Preferably, the relevant nultinetal oxide active
conposi t i onsPreferpblye the cupbisation mfedhel dattrr cdepentit goenp rcompsises

st oi chi ome§ rahd e1bhdyd/MePbal ! i, andVsy @ilSahll mdre Préferabby dfe edembfest
one of the ments fromthe group conprising Nbo, Ta, W Ti, A, Zr, Cr,

M, G, Fe, i, Co, Rh, Ni, Pd, Pt, La, Bi, Ce, Sn, Zn, Si, Na, Li, K M,
Ag, Au and In, 20 b a from0.01 to 1, ¢ - from>0to 1, and d . from> 0
to 1. Preferkudfiprabdyorthegelevant mntimetad, oxiide argdiyadeqmposiNion®a, W 25
agd/or Ti . Pdcﬁ:tp]griabl ¥he|\&oTvé(i)\hgthCn;ec$tdlieabg.enB?niﬁihdﬁmhf ﬁfﬁiemédb i s f
advant ageQy sl if-4 t . 6. rrespondi ngly, the preferred range for
t he stoicﬁ?dﬁé?fﬁgghg%e f?cient c extends fromO0.01 to 1 or fromO0.05 to 0.4
and 30 advantageous values for d are from0.01 to 1 or fromO0.1 to O.6.
According to the i nMn¥p¥heMat (I9.particul arly advant ageous when the
stoichionetric coefficients b, ¢ and d sinmultaneously lie wthin the
abovenent i onggbder ef erred ranges. 35 That which was said above applies in
particul agwhen the active conposition of the catal yst charge consists of
one of the %povenentioned el ement conbinations with regard to its elenents
other than d% gehe a1g/9Fe8Rr are then in particular the multinetal oxide
active Conﬁbéi't&torlsﬂét ohe ofortdeaklensitohifyomt the | groug) CompEsRaDONK, | ) 45
23 Ta, W, Ti, Al, Zr, Cr, Mn, Ga, Fe, Ru, Co, Rh, Ni, Pd, Pt,
: La, Bi, Ce, Sn, Zn, Si, Wa, Li, K, Mg, Ag, Au and In,

20 b = from 0.01 to 1,

¢ = from> 0 to 1, and

d = from > 0 to 1.

Preferably, according to the invention, M! = Te and M2 = Xb, Ta, W
25 and/or Ti. Preferably, M? = Kb,

The stoichiometric coefficient b is advantageously from 0.1 to
0.6. Correspondingly, the preferred range for the stoichiometric
coefficient ¢ extends from 0.01 to 1 or from 0.05 to 0.4 and

30 advantageous values for d are from 0.01 to 1 or from 0.1 to 0.6.

According to the invention, it is particularly advantageous when
the stoichiometric coefficients b, ¢ and d simultaneously lie
within the abovementioned preferred ranges.

35
That which was said above applies in particular when the active
composition of the catalyst charge consists of one of the
abovementioned element combinations with regard to its elements
other than oxygen.

40
These are then in particular the multimetal oxide active
compositions of the general stoichiometry II

Mo1VpMlcM290,  (II)
45



- where the varlabl es are each as definegawith regard to the stoichiometry |
and n = a nu %I ch is eterm ned. b val ency and frequency of the

el ement s ot H&f Sﬁbﬁ'ﬁ ¢ aF© pach 34 ‘Per‘fénﬁﬂe“'iblh§%é‘tfﬁoﬁofbﬁe t he process
according t@t@mlwwtlowdm@f ér pnoker whiight herdefiemmined bgithe t hose

mul timetal vakenby anti feequemnsicfi ene sldémihtsOBthée Qe bapdeneid hamr)contain
one of the abovenentioned el enent conbinations or, with regard to the

I t t th d h 10 ti h

an X ray 5 Ehrod SReSEVOR as o3k, Ehe e el R0 poak
| ocati ons atBVeRtiofe PEefexencs ignfgpeshen@ivep tousing t@"&ﬁ)mmlaé 0. 50
(i) (all thexidd @ativeonompdsitiiops wmm, % aedohé riexidygednhen ddntain
ggc?ggng( :gbﬁé?f tehed Rbdvemdnt Wreld! éﬁéxﬁét{@%%&ﬁbﬂf&hw%rngrg}éh Kaeg{a%él t&l on

i u
vol t age; ¥%%/ ejt%e%%uggléé‘{ %38\ ?’r))%% c't%%roag gzggeti'r)ger'?aa&ldélgé tor
V20 (vari ngé‘?ef haven aar J-ran SIS ARES “é‘bé‘lhtlﬁ?"eex’é it s rpfleetien
aperture (0Oasdnnwhoseapeak nipdatiiensasze (£6)he0rog]ecteixsuragieas tZGTeoﬁer step
: 2.4 s, deRecioF 0.59C{HY ldddaQUQBI +2<95©0w; ﬁ”&llt ¢he) infoEndtdlon- belﬂ@ingM dth
of these re{:hﬁ'f% {TEX é’t?cf aﬁnﬁhlt J.S cﬁ%cﬁﬁeﬂ@r}yel@cr I§eq° gr? }F yt

process acc nven gl’ f'erence i'ven“to those

of the abov ‘?Fe‘l C%-&q Fedigbhon 4% |t(5‘ﬁsxmﬁ e X-ray
di ffract dgr aﬂdlﬁw%dﬁhﬁbﬁa-t—hﬁtm@ﬁﬂ@ﬁI%xﬁtme@ﬁsdhfémhﬁomeh‘&gz atekd | ecti on k
whose peak worwddenn 4di0sk¥| tulfe Zur@ehttkjo md) Aperguidevdoaiirariallenf,erence is

ﬁgge?thﬁ%ébﬂﬂ:ﬁ%ﬁrhezbnwﬁ%me,I Nsbitiiidry hBRGEn: ShadrClipkieute | ection
_maxi mum ha?ﬁ ‘Iﬁémdﬁt ﬁof)f %r%urgn& {er%)pafnf’?%‘&ﬁ m&egyg (SJI%Q §i ven
35 to those® %F‘@Hsﬂﬁm fLime BRF Shemr i 85 dthe W&E’Fl bns‘?lné'—ﬁé agion he
reflecti @@ koontirg tmbe)sane tine < 1 and the intensity Pk of the

reflection k and the intensity Pi of the reflection i fquiII the
rel ationshi t nef R <
0.85, parti (@ 19 }%fff %ezp E‘f‘dég &£Ehgﬁgge4§eﬁtgg§§ Ve bﬁréo‘r%e lgfy 0. 67

rega
< R < 0.75 &h@e WB&FP ularly preferably R - fromO.?Oto 0 75 or R =
0.72 where Ris the intensity ratio defined by the formula R = Pi/(Pi +Pk)

45 24 25 For the process according to the invention, particular preference
is given to those of the abovementioned multimetal oxide active
compositions whose X-ray diffractogram, in addition to the
reflections h and i, has a reflection k whose peak location is at
28.2 + 0.5° (k).

30 i .

Among the latter, preference is given according to the invention

in turn to those in which the reflection h has the highest

intensity within the X-ray diffractogram, and also a maximum
half-height width of 0.5°, and very particular preference is given

38 to those in which the half-~height width of the reflection i and

of the reflection k are at the same time < 1° and the intensity Py
of the reflection k and the intensity P; of the reflection i
fulfill the relationship 0.2 < R < 0.85, better 0.3 < R < 0.85,
preferably 0.4 < R £ 0.85, particularly preferably 0. 65 < RZ

40 0.85, even more preferably 0.67 < R < 0.75 and very particularly

preferably R = from 0.70 to 0.75 or R = 0.72 where R is the
intensity ratio defined by the formula

R = Py/(Py+Px)
45



Preferably, the abovenentioned x-ray diffractograns have no reflection
whose maximumis at 28 = 50 * 0.30. The definition of the intensity of a
rreflection in the X-ray 5 diffractogragdain this docunent refers to the

LT B b 0 il i 19 I

hal f - hei ght TR R 3F A et | ect-l i and k, the
abovenentioned X-ray diffractograns of nultinetal OXI de active conpositions
to be used mdvdefﬁgmnml yfacherihtensityt 68 a mefliechosoit athe i-rhly furt her

Egg') ect1i509 § Qﬁaihﬁﬂsdﬁnﬁne%: ngex‘f'é)lﬂd)‘i‘.’hagdefﬁfxiﬁ@d Qﬁzanﬁéﬁ r
advant ageous"r\/\/&g #1 %?g 5% gnTgr dﬁ%zg%?q m'ldcﬁ]ts‘ooﬁ'gl E'Azﬁl aE'ltlr?é@am'H’i
reflection dghelQPths el B%l%ﬂ?ﬁ’@s 5@ the é’lelfééﬁ-?‘bﬂna?fgl"@e( 20) a 45.2

0.40 (q). Fredfeheight twleit)i»ray di ffractogram al so contains the reflections
25 29.2 0.40 (m and 35.4 0.40 (n). It is further advantageous when the

il Cmglnghg%fmf‘i{& 5 {af'lé&fiofxx‘%rg‘;'%‘e dd %Bdth% ﬁﬂnge%ii g> a pure

| - phase. P4 ns

k- phase, it X-¥8Yxd} "}FI’HFEE?O %&H‘FEF%ﬁx-‘rq? é‘EfHF'Y?o‘FP”ER?Et’-ﬁé‘mS to
abovenent i orted usedf adwantageously taggonddhcte i thes invebbipe gontadat sbhdl are at
the followifigthet! eetlievtiang! whode Peak3bodationd) azedabOthd) FHl10WlARg ter ns

i - and k-phgsgia &thd1B thbg docunent as defined in DE-A 10122027 and
% %gﬁ %he |nten5|ty 100 is assigned to the reflection h,

DE- A lolcljgg

it 1is a nt ageous accordl ng to the invention when the reflections i, 1,

m n, o, p ah@ & Br¥tHd)sane intensity scale have the following
intensities:6.40+i 8.4 dm)5ahd 95, frequently from5 to 80, sonetines from 10
to 60; 1: fr,gnx_tlotpq%;), m from1lto 40; 45 n: froml1l to 40; o: from1lto
30; p: froml to 30 an

20 It is further advantageocus when the X-ray diffractogram
additionally contains a reflection angle whose peak location is
at a reflection angle (20) = 45.2 + 0.4° (q).

Frequently, tiae X-ray diffractogram also contains the reflections
25 29.2 + 0.4¢° (m) and 35.4 + 0.4° (n)

It is further advantageous when the element combinations defined
in the formulae I and II are present as a pure i-phase, When the
catalytically active oxide compesition also contains k-phase, its

30 X-ray diffractogram contains, in addition to the abovementioned
reflections, further reflections whose peak locations are at the
following reflection angles (20): 36.2 + 0.4° and 50 + 0.4° (the
terms i- and k-phase are used in this document as defined in
DE~-A 10122027 and DE-A 10119933).

35
when the intensity 100 is assigned to the reflection h, it is
advantageous according to the invention when the reflections i,
l, m, n, o, p and g on the same intensity scale have the
following intensities:

40
i: from 5 to 95, frequently from 5 to 80, sometimes from 10 to
60;
l: from 1 to 30;
m: from 1 to 40;
45 n: from 1 to 40;
o: from 1 to 30;
p: from 1 to 30 and



25 q: fromb5 to 60. Wen the X-ray diééract ogram of the abovenenti oned
contains additional_reflections, theiT " half-height width is generally c 1.
5 The speci ffc IR 49682 of nmultinetal oxide active conpositions of the
general formula Il to be used according to the invention or of mnultinetal
oxi de ?C]E i vnhaorﬁllm; Xrapsditfrittegrnn 62 teﬂeeaaatrem&:mn@atB i:@ﬂéaﬁ;s the
general for : g%:y e X ; c ea,
ni t rogen) %é%aﬁﬁqagurgf elré}%ﬁ;ei%%{g(ﬁaéft F% g‘r‘gg’f%%éhgrjﬁgl %ésllg elgcgi gJe'd.
The preparr'ation of the nultinetal oxide active conpositions described can
be found i nTR®FAREALLAR AR¥fraehiazrea oEdnpttiigetalt oxide apkiive eetpusdsipns
particul ar GE-thel e2RDAY, fa¥mAalA1100 Xk JdedAadOOBRikil toEbhd dddd28én DE- A
001 29105, VB iy S Lae S o iEs, Ao 30d Fompogifiis MlcIkofipl P Mbhkent on
exanpl es Bf ?Iﬁ%q‘{aag't% 9 \/\Bgd%}ﬁéu%%?g,gltﬁ%m&r]ﬁ %ggﬁe%‘ﬁd‘gf Wogﬁgeﬁgp nﬁi %8 S
spray dryPnd® ®dg 4RERpIcIace aRedninidrogendnpth RantdCuULRT f¥han 1¥o 350C
and an exit X+papatififosctofrdm s a60descrdi@d. cocurrent or countercurrent).
The nul tinmetal oxide active conpositions described may be used as 25 such

(i.e. in po r S | I ' : exanpl e,
t he coated ’fg?aﬁazfega?%?& -él:‘%og’?i?%‘ﬁ@,gr"ggg?%‘%“‘}:"z#ﬁ%’?%téﬁﬁ ants of
DE- A 101220§97°‘7%th ﬁ&“o%%- ; &Bn??@‘lﬁ%’i"&n"&htwgspr‘ggegs’?rh%&r&rng to
t he i nvedBi 3his dngludes in pargrkcelar PRk 10322P27 orDhrRef8AARAR3Acr ol ei n
and/ or acrybDk€A aldi033120, sEP-2|1902087, (DB221100Q9388 y | TN 20be-1{3mtdhasi s of
thf Fne:zonﬁpmetmcismfﬁ?ax 8952093 BEVR 1838209, URE o /292 082PRb | € gf -
catal yzing S zaf. SpHC N . ey may
be carried ghkzﬁot%ﬁerzgi il gﬁ%?'g%%c Fglﬁﬁﬂggg &rgnign#g mg’l\ig%il’ggeltcf'%at al yst
" bed (movi ng®kuEBiesASE BBT’?}&‘E% ﬁr"’&cagg r Ehei SREING PekBog ot e n t he
prior ari0dapphied 48 spraytdryingsofersexampdedi A§ an entyangechenparatyre
| npl ement edofisEport i300dtbeBiseHY maackh kit @empEpaflre foF £PORPEO0 RS 3509d;i C
acid in the,gpger € or"Bb rd&rbﬁt?gvant ageously carried out in a tube
bundl e react or ose catalyst tubes"are charged with the catal yst.
Normal ly, a liquid, generally a salt nelt, is conducted as a heat carrier
around t he TheMukhimetpdsoxine active epmpositinas ndesenibedemay dhe s5efdndsbe
used, i n2shsubthcase.t le pavddry formhacyeshapedi sposeitatslen geometries (cf.,
for example, the coated catalysts of DE-A 10051419 and also the
geometric variants of DE-A 10122027) for the one-zone
configuration of the process. according to the invention. They are
suitable in particular for preparing acrolein and/or acrylic acid

30 and also for preparing acrylonitrile.

The basis of the one-zone method is that the catalysts to be used
are capable of catalyzing all steps of the process according to
the invention.

3s
They may be carried out either in a fixed catalyst bed or in a
fluidized catalyst bed (moving bed). Appropriate process
descriptions can be found in the prior art documents. When the
process according to the invention is implemented as a fixed-bed

40 reaction, for example for preparing acrylic acid in the one-zone
method, it is advantageously carried out in a tube bundle reactor
whose catalyst tubes are charged with the catalyst. Normally, a
liquid, generally a salt melt, is conducted as a heat carrier
around the catalyst tubes. Alternatively, a thermoplate reactor

45 may be used, in which case the catalyst charge is disposed as a
flat arrangement between cooling plates.



flat arrangenent between cooling plates. 26 The reaction gas m xture,
viewed in the catal yst tubes over the reactor, is conducted either in
cocurrent or in countercurrent to the sg@lt bath. The salt bath itself may
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The | oadi ng With ¥his@Precaseyanipnt.charge with propane in the case of the
one-zone variant of the process according to the invention nmay be, for

exanmpl e, fropp2Oelied pr@patat SIN)del ackiyxed adirf]) the Jb@pdﬁae%agow the st arting

(ac! on gas s{zmﬁrg fegctﬁasggﬁ%&twet 4G pwgb%gﬁf%gngﬁgl o The

target pr@Quée! 4/‘&1195 ¥2Rgec(mlan TatiGBY nmy be renoved from the resul ting
product gas m xture in a manner known per se, as described, for exanple, in

DE- A 1012202propanet:h@ixygends, Bjohe éﬁhﬁﬁrc)drﬂstlﬁﬁeﬂt@r(aﬁﬁ@hrmubﬂ‘ tialeat up
fromthe product gasdlméqyrg%sefs?r exanpl e, by absorption with a

hi gh-boiling inert 1:(0.1-10):(>0-50): (>0-50).

25
Preferably, the abovementioned ratio is 1:{(0.5-5):{(1-30):(1-30).

The abovementioned ranges apply in particular when the other
constituents used are predominantly molecular nitrogen. The

30 reaction temperature is typically from 250 to 550°C (the
conditions for the ammoxidation are comparable, apart from the
fact that the reaction gas mixture additionally comprises ammonia
(cf., for example, EP-A 929853)).

3% The loading of a fixed bed catalyst charge with propane in the
case of the one-zone variant of the process according to the
invention may be, for example, from 10 to 500 1 (STP)/1 (fixed
bed)+h. The loading with starting reaction gas mixture is
frequently in the range from 100 to 10000 } (STP)/l-h, in many

40 cases in the range from 500 to 5000 1 (STP)/l-h.

The target product, for example acrylic acid, may be removed from
the resulting product gas mixture in a manner known per se, as
described, for example, in DE-A 10122027, In other words, the

45 acrylic acid present may be taken up from the product gas
mixture, for example, by absorption with a high-boiling inert
hydrophobic organic solvent (e.g. a mixture of diphenyl ether and
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In the case of increased portions of the C4 components undesirable

30 according to the invention and/or increased proportions of other
undesired components in the residual gas mixture, the propane and
any propene contained in the residual gas mixture may be removed,
for example by fractional pressure rectification (the separating
factor may be selected appropriately), and then recycled into the

35 process according to the invention and combined with the crude
propane and other constituents of the starting reaction gas
mixture. However, from the inventive standpoint, it may suffice
if desired to contact the residual gas in an extraction device
with a preferably Ci-hydrocarbon-absorbing hydrophobic organic

40 solvent (e.g. by passing it through). By subsequent desorption
and/or stripping with air (which will be required as an oxygen
source in any case), the absorbed propane and any propene may be
released again and recycled into the process according to the
invention. It will be appreciated that the acrylic acid could

45 also be removed from the product mixture by the procedure
described in DE-A 100559122. It will be appreciated that the
multimetal active compositions recommended for the one-zone



invention. it will be appreciated that the acrylic acid could 45 al so be
renmoved fromthe product mixture by th@8procedure described in DE-A
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preferencgis given to realizi ng the process according to the invention in

nore than o reaction 25 zon s descr|bed exanpl e R- A 938463,
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731077, DE- A99988%2@nq}E9R9198317’!F1FaBBE- As 19987 300 Whied /gam ggxsuge bE- A
19837520, DiBnd §843dé&trend BEe Aldéitlitdl5. Tha(pridmesst haconding ¢acthen zone
'rreanst pri nerinkéntieh 24 ds%asinoﬁﬁtﬁﬁﬂroﬁhéxhetﬂﬁ %ﬁ%&necﬁlliﬂsnﬁcbarab@g
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process accdf§i RECTeSS mﬁgéﬂglﬁ‘httﬁr m&??ﬁ’o‘ifbt?r&nﬂfcgﬁ ‘i‘condarlly, t hat

at | east partial I y independent reaction conditions may be realized within
one alnd t he mﬁtdﬁ?@mcmmﬁgg.ggggtg?ﬂC@kgBEﬁ?;&e (:Ishegiiérahteas n:am%ggggfg? uﬁgr
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DE-A 3313573, GB-A 2118939, US-A° 3161670, WO 01/96270, EP-A
731077, DE-A 19837520, DE-A 19837517, DE-A 19837519,
DE-A 19837518, DE-A 19837520, DE-A 10131297 and DE-A 10211275.

30 More than one reaction zone means primarily that at least one
step of the process according to the invention is carried out
under conditions which may be selected at least partially
independently of those of the at least one other step within the
process according to the invention, or, although only

35 secondarily, that at least partially independent reaction
conditions may be realized within one and the same step along the
reaction path (the latter is the case, for example, when
multizone methods are used for one step (having temperature zones
which can be adjusted independently), as described, for example,

40 in DE-A 19948241, DE-A 19927624, DE-A 19910508, DE-A 19910506 and
DE-A 19948248). In other words, when the process according to the
invention comprises, for example, two steps, the first step could
be carried out, for example, using another catalyst or another
catalyst charge than for the second step. Or, another procedure

45 could be to use identical catalysts or catalyst charges for both
steps but to select and adjust the reaction temperatures for the



40 in DE-A 19948241, DE-A 19927624, DE-A 19910508, DE-A 19910506 and DE-A
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25 at the acrolein and the acrolein to be isolated). For instance,
the preferred catalyst for the first oxidation zone (propylene —
acrolein) is generally a multimetal oxide based on the element
combination Mo-Bi-Fe, while the catalyst preferred for the second
oxidation zone {(acrolein — acrylic acid) is normally a multimetal

30 oxide based on the element combination Mo-V (for example also
those which have been recommended in this document for the
one-zone method) . However, these two reaction steps may in
principle also be carried out in a single reaction zone and over
a single catalyst.

35
Quite generally, the first step in the process according to the
invention will advantageously be carried out in a separate
reaction zone.

40 In the case of an oxydehydrogenation of propane, this may be
carried out in the gas phase as a homogeneously and/or
heterogeneously catalyzed oxydehydrogenation of propane to
propylene using molecular oxygen. The source of the molecular
oxygen used may be air, pure molecular oxygen or air enriched

45 with molecular oxygen.



40 In the case of an oxydehydrogenation of propane, this may be carried out
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When the propane dehydrogenation is configured as a
heterogeneously catalyzed oxydehydrogenation, this can in
principle be carried out as described, for example, in the

35 documents US-A 4 788 371, CN-A 1073893, Catalysis Letters 23
{1994), 103-106, W. Zhang, Gaodeng Xuexiao Huaxue Xuebao, 14
{1993) 566, Z. Huang, Shiyou Huagong, 21 (1992) 592, WO 97/36849,
DE-A 197 53 817, US-A 3 862 256, US~-A 3 887 631, DE-A 195 30 454,
US-A 4 341 664, J. of Catalysis 167, 560-569 (1997), J. of

40 Catalysis 167, 550-559 (1997), Topics in Catalysis 3 (1996)
265-275, US-A 5 086 032, Catalysis lLetters 10 (1991), 181-192,
Ind. Eng. Chem. Res. 1986, 35, 14-18, US-A 4 255 284, Applied
Catalysis A: General, 100 (1993), 111-130, J. of Catalysis 148,
56-67 (1994), V. Cortés Corber&n and S. Vic Bell6n (Ed.), New

45 Developments in Selective Oxidation II, 1994, Elsevier Science
B.V., S. 305-313, 3rd World Congress on Oxidation Catalysis, R.K.
Grasselli, S.T. Oyama, A.M. Gaffney and J.E. Lyons (Ed.), 1997,
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M1,MO;_pM?p0x (III)
35 where

M! = Co, Ni, Mg, Zn, Mn and/or Cu,

M = W, V, Te, Kb, P, Cr, Fe, Sb, Ce, Sn and/or La,
40

ﬂ = 0.5-1-5

b = 0-0.5

45 and
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catalyst supports. Useful catalyst supports are customary, porous
25 or nonporous aluminum oxides, silicon dioxide, thorium dioxide,
zirconium dioxide, silicon carbide or silicates, 'and the support

bodies may be regularly or irregularly shaped.

For the heterogeneously catalyzed oxydehydrogenation of propane,
30 the reaction temperature is preferably in the range from 200 to
600°C, in particular in the range from 250 to 50N°C, more
preferably in the range from 350 to 440°C. The working pressure is
preferably in the range from 0.5 to 10 bar, in particular from 1
to 10 bar, more preferably from 1 to 5 bar. Working pressures of
35 above 1 bar, for example from 1.5 to 10 bar, have proven
particularly advantageous. In general, heterogeneously catalyzed
oxydehydrogenation of propane is effected over a fixed catalyst
bed. The latter is advantageously charged into the tubes of a
tube bundle reactor, as described, for example, in EP-A-0 700 893
40 and EP-A-0 700 714 and also in the literature cited in these
daocuments. The average residence time of the reaction gas mixture
in the catalyst bed is advantageously from 0.5 to 20 seconds. The
ratio of propane to oxygen varies with the desired conversion and
selectivity of the catalyst, and is advantageously in the range
45 from 0.5:1 to 40:1, in particular from 1:1 to 6:1, more
preferably from 2:1 to 5:1. In general, the propylene selectivity
falls with rising propane conversion. The propane to propylene
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For example, the oxydehydrogenation may be carried out in a
single reactor or in a battery of two or more reactors, between
30 which oxygen is optionally introduced. The possibility also
exists of practicing the homogeneous and the heterogenecusly
catalyzed oxydehydrogenation combined with each other.

Examples of possible constituents present in the product mixture
35 of a propane oxydehydrogenation according to the invention
include the following components: propylene, propane, carbon
dioxide, carbon monoxide, water, nitrogen, oxygen, ethane,
ethene, methane, acrolein, acrylic acid, ethylene oxide, butane
(e.g. n-butane or isobutane), acetic acid, formaldehyde, formic
40 acid, propylene oxide and butenes (e.g. butene-1l). Typically, a
product mixture obtained in the propane oxydehydrogenation
according to the invention comprises: from 5 to 10 mol% of
propylene, from 0.1 to 2 mol% of carbon monoxide, from 1 to
3 mel% of carbon dioxide, from 4 to 10 mol% of water, from 0 to
45 1 mol% of nitrogen, from 0.1 to 0.5 mol%t of acrolein, from 0 teo
1 molt of acrylic acid, from 0.05 to 0.2 mol% of acetic acid,
from 0.01 to 0.05 mol% of formaldehyde, from 1 to 5 mol% of
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possibility of increasing the proportion of the diluent gas HN; in

the further use of the modified product mixture obtained in this
way in the at least one partial zone. Examples of further
suitable diluenta for the heterogeneously catalyzed propane

30 dehydrogenation include CO, methane, ethane, €O, nitrogen and
noble gases such as He, Ne and Ar. All diluents specified may be
used either alone or in the form of highly differing mixtures. It
is advantageous that the diluents specified are generally also
suitable diluents in the at least one partial zone. Generally, as

35 already stated, preference is given to diluents which behave
inertly in the particular reaction zone {i.e. of which less than
5 moly, preferably less than 3 mol% and even better less than
1 mol%, chemically change). In principle, useful catalysts for
the heterogeneously catalyzed propane dehydrogenation are all

40 dehydrogenation catalysts known from the prior art. They can be
roughly divided into two groups, i.e. into those which are of an
oxidic nature (for example chromium oxide and/or aluminum oxide)
and into those which consist of at least one generally
comparatively noble metal (for example platinum) deposited on a

45 generally oxidic support.
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Alternative Dehydrogenation Processes”, Study Number 4192 oD,
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of t hose

It is characteristic of the partial heterogeneously catalyzed
dehydrogenation of propane that it proceeds endothermically. This
means that the heat (energy) required for the attainment of the

35 necessary reaction temperature has to be fed to the starting
reaction gas mixture either beforehand and/or in the course of
the heterogeneously catalyzed dehydrogenation.

Owing to the high reaction temperatures required, it is further

40 typical, especially for heterogeneously catalyzed
dehydrogenations of propane, that small amounts of high-boiling
high molecular weight organic compounds, up to and including
carbon, are formed which deposit on the catalyst surface and thus
deactivate it. In order to minimize this disadvantageous

45 accompanying phenomenon, the propane-containing reaction gas
mixture to be passed over the catalyst surface at an elevated
temperature for heterogeneocusly catalyzed dehydrogenation may be
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heated by t F®acsRBusThh Meeng fhat the dehydrogenation catalyst is disposed
25 as a fixed bed in one reaction tube or in a bundle of reaction
* tubes. The reaction tubes are heated by the combustion of a gas,
. for example a hydrocarbon such as methane, in the space
surrounding the reaction tubes. It is advantageous to apply this
direct form of catalyst tube heating only to about the first 20
30 to 30% of the fixed bed and to heat the remaining bed length to
the required reaction temperature by the radiant heat released in
the course of the combustion. In this way, virtually iscothermal
reaction control is achievable. Suitable internal diameters of
reaction tubes are from about 10 to 15 cm. A typical
35 dehydrogenation tube bundle reactor comprises from 300 to 1000
reaction tubes. The internal temperature in the reaction tubes
varies within the range from 300 to 700°C, preferably within the
range from 400 to 700°C. Advantageously, the starting reaction gas
mixture is fed to the tubular reactor preheated to the reaction
40 temperature. It is possible that the product gas mixture leaves
the reaction tube at a temperature which is lower by from 50 to
100°C. However, this starting temperature may also be at a higher
or at the same level. For the purposes of the abovementioned
procedure, it is advantageous to use oxidic dehydrogenation
45 catalysts based on chromium oxide and/or aluminum oxide.
Frequently, no diluent gas will be used, and the starting




.for exanple a hydrocarbon such as et in the space surrounding the
reaction tubes.,it is agvantageous to pply this direct formof catalyst
tube heati FBROHSP 938aK¥bLd infteed, sybstamy aldysbe, erudenPreparel alodeand t o
‘heat the r&heidehyiriogenation lcatalysheis exlisior aduaEbhe tus®ed uadphuitdalr e by t he
radi ant heat released in the course of the conbustion. In this way,
virtually 0, I t copLr l.evab I tabl e i.nternal
di amaterg bﬁ Eﬁﬁgni geés&(}reé 19' %or% aé)oss&tlg% g‘g ﬁ;gera%é % tt 33§l
dehydr og@nEBFRrt “Bﬂ 81 ELGRATSof e cPmpiiresd iR oPIRRId edo mdll“@aEPl on
t ubes. Thethetinventipsaptveataff &heset heactexet mey bebis thearies within the
range fromigRgdtoyetadfonpspéwatdleny whild theheatadyge 499 to 700C.
Advant ageoldner asagrs'ﬂglfqe%sﬁg&p%nmt £hé ¢ xja%gb 4 thel Wl ar

react or h 0.t eact | |s pOSSI Ie t at t he
pr oduct g ﬁ?a?tcm'eeplaﬁ ) zqr}?e%féﬁgt?&?ctt&%e at a t enperature which is

| ower b9 rom 50 to 100C. However, this starting tenperature may al so be at
a higher stchta tfreoceduee! by aldvahtagédies D Foposamplie ! H6 2hevBRsMIriiaged
procedure, gkg pare Qﬂ.y@g}a%gno ggeg)gltfog,gdggg rOgeNakle@drdre Cat al ysts

based d tl, d t
wil o usBIveushy oo 18 PPREECERt pediRdis b P | oy

be crude pR&PAe SHCHnE. t“%é’%ﬁdi’ﬁm |1Gnséﬁfé¢3y%ﬁt-l s al so usual ly used

undi luté& On the industrial scale, it is possible to operate a plurality of
5 sucth tubsueyruﬂ f;ﬁ:dc@ﬂﬁk@réar( Q%o bBrefad ik RALaksEdam %%QGQ'M&:@&:)&PE

i nventi on, wl I e ration,
whi le the é ﬁ%ﬁﬁs CTRECR rg o0 ueyi b0 tﬁf%@%??a%é%% U the
oper ati on °Feg fi 419%% 88 %ePigh et 1195 887 A

procedure 553&ﬂ\/%ﬂ&)aggbes¢ehxﬁrmaspim datallyet Bassd Limdde ﬁ’l‘hipmcess
dehydr ogenasi advaqitagesaskpoplatinum tostdiniega ybﬂotewwve&ncit i's

si gni fi cant ﬂmgsbgngfeaiq:\h%nghg% tsere ef ; ﬂpl%ucﬁ G tube bundle

t t he - st
active ref 8 hGeRSTAR C t3865 a%w%‘é?aﬂs' COURRLRR

Pet r ol eum peeceqac,.eéhef eroemce beu@ewdrwasag wsmud:eggtsl@wm US-A 5
389 342). ThethelgRhroproees®n K alyplipal mslad ratidecoSsieap aoepropane is
advant aggoys! 'Mhé"z@édg@u'ﬂéﬁ”i awlmgwaé%&ﬁ& 9 aw& dreagnesi N spinel as
the suppo ;&#g\g Sir1yP gﬁggagpg?iag a2e e Ok Pabeibl EQHdARG-EC1d e
advantageously se ected from 480 to 620°C. Typical liquid gas
hourly space velocities (LHSV) with the total reaction gas
mixture are at from 0.5 to 10 h-1,
30
The heterogeneously catalyzed propane dehydrogenation may also be
effected in a moving bed. For example, the moving catalyst bed
may be accommodated in a radial flow reactor. In the reactor, the
catalyst moves slowly from top to bottom while the reaction gas
35 mixture flows radially. This procedure is applied, for example,
in the UOP-Oleflex dehydrogenation procese. Since the reactors in
this process are operated virtually adiabatically, it is
advantageous to operate a plurality of reactors connected in
series as a battery (typically up to four). This allows
40 excessively large differences in the temperatures of the reaction
gas mixture at the reactor entrance and the reactor exit to be
avoided (in the adiabatic mode of operation, the starting
reaction gas mixture functions as a heat carrier, upon whose heat
content the drop in the reaction temperature is dependent) but
45 nevertheless allows attractive overall conversions to be
achieved.
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25 the state of regeneration from time to time without negative
effects on the overall process. The active composition used is
chromium oxide or aluminum oxide. The working pressure is
typically from 1 to 2 atm and the dehydrogenation temperature is
generally from 550 to 600°C. The heat required for the

30 dehydrogenation is introduced into the reaction system by
preheating the dehydrogenation catalyst to the reaction
temperature. The abovementioned dehydrogenation method is known
in the literature as the Snamprogetti-Yarsintez process.

35 Alternatively to the procedures described above, the
heterogeneously catalyzed propane dehydrogenation may also be
realized with substantial exclugion of oxygen by a process
developed by ABB Lummus Crest (see Proceedings De Witt,
Petrochem. Review, Houston, Texas, 1992, Pl).

40
Common to the heterogeneously catalyzed dehydrogenation processes
of propane with substantial exclusion of oxygen described
hitherto is that they are operated at propane conversions of
> 30 molt (generally =60 mol%) (based on single reaction zone

45 pass). It is advantageous according to the invention that it is
sufficient to achieve a propane conversion of from = 5 mol% to
= 30 mol% or =25 mols%. This means that the heterogeneously



20 of a heterogeneously catalyzed propane dehydrogenation in a fluidized
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of the effgct a%fe %ggvgpgioc;nh%@ ¥ePore %e from =2 0 to 30, expediently

from 0.1 to 2 and favorably from 0.5 to 1. It also proves to be
advantageous for a procedure with low propane conversion that
only a comparatively small amount of heat is consumed on single

30 reactor pass of the reaction gas and that comparatively low
reaction temperatures are sufficient for achieving the conversion
on single ractor pass.

{0

It may therefore be advantageous to carry out the propane

35 dehydrogenation with comparatively low propane conversion
(virtually) adiabatically. This means that the starting reaction
gas mixture will generally initially be heated to a temperature
of from 500 to 700°C (or from 550 to 650°C) (for example by direct
firing of the wall surrounding it). Normally, a single adiabatic

40 pass through a catalyst bed will then be sufficient in order to
achieve the desired converszion, and the reaction gas mixture will
cool by from about 30°C to 200°C (depending on conversion and
dilution). The presence of steam as a heat carrier is also
noticeably advantageous from the point of view of an adiabatic

45 method. The lower reaction temperature allows longer on-stream
times of the catalyst bed used.



dehydrogenation to be conpensated for and, on the other hand, the dilution
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reaction gas, the reactor may, for example, consist of two

concentric cylindrical grids disposed in a shell and the catalyst
bed may be arranged in the annular gap. In the adiabatic case,
the metal shell would in turn be thermally insulated.

30
Useful catalyst charges for a heterogeneously catalyzed propane
dehydrogenation with comparatively low propane conversion on a
single pass are in particular the catalysts disclosed in DE=-A
199 37 107, in particular all of those disclosed by way of

35 example.

After a prolonged operating time, the abovementioned catalysts
can be regenerated in a simple manner, for example, by initially
passing air (preferably) diluted with nitrogen and/or steam in

40 first regeneration stages over the catalyst hed at an entrance
temperature of from 300 to 600°C, frequently from 400 to 550°C.
The gas hourly space velocity of regeneration gas may be, for
example, from 50 to 10000 h-! and the oxygen content of
regeneration gas may be from 0.5 to 20% by veolume.

45
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dehydrogenation in spatial succession. The catalyst bed number
may be from 1 to 20, advantageously from 2 to 8, or else from 3
to 6. The catalyst beds are preferably arranged in radial or
axial succession. From an application point of view, it is

30 advantageous to use the fixed bed catalyst type in such a tray
reactor.

In the simplest case, the fixed catalyst beds in a shaft furnace
reactor are arranged axially or in the annular gaps of concentric

35 cylindrical grids. However, it is also possible to arrange the
annular gaps in segments above one another and to conduct the gas
after passing radially through one segment into the next segment
above it or below it.

40 Advantageously, the reaction gas mixture will be subjected to
intermediate heating in the tray reactor on its way from one
catalyst bed to the next catalyst bed, for example by passing it
over heat exchanger ribs heated by hot gases or by passing it
through pipes heated by hot combustion gases.

45



be carried out at the same gas hourly space velocities (wth 15 regard both
to the reaction gas overall and to the propane present init) as the
variants with high propane conversion (g 30 nolt). This gas hourly space

locity of i be, .f le, f 100 10000 h-1, .
:‘/rGegE:an%/IS f eac_%bgnl‘ggg 5 9%, 8 I"é@e‘iﬁéﬁgﬁaﬁge%%%@ ‘%?‘8%1255%%qy506%t 53000
hi'. 20 I n Ssyffdcient afox tecganired hropaneneOpvarsionsnss 39 pothlal yzed
propane dehyshpeginaly owhen tusingnphe atdtedlysts odegrmiieede inobRek si%n 37cadA7be
refll : zed i nt@sﬁe@mwagwe q%StEeiéx.s@mt_ &;seﬁba@mﬁtmntan@oﬁ?i@d ‘h bgd
cal a Zl n 1.ON . S, | o .
marber - o ARRcELBR 448 3R 05hEe A g@?@%g% §?Q§%8€|§4§“%%t983 to

-advant ageous fro
6. The cat alf@ FERECRIVILS é’ffelctiéﬁ?y‘ 2ngeld’¢ padhFrakesp 1t yif 1§uEglé§si on.

From an appltemperebupei rangs insdde the itwyaglredcton.afbhdgsmeans sthathghei xed
catal yst bocae bﬂ;&“ﬁﬂ;ﬁ”’?"g”;mﬁgg oot A e ea s Tt he
annul ar gaps e#ggﬁée T CIHL ‘ig ?I ndr.1 Cafiééag‘g%ug £ |tyl.i\és) al so
possi bl e i‘g ofeERgam™: hme, Al ééﬁ% i%@@@ #’X%t Mey’ﬁﬁge%o?‘ﬁ’er and to

conduct the zggenezptéPnpassing radi ally through one segnent into the next
segnent above it or belowit. 40 Advantageously, the reaction gas m xture

wil'l be subjpctigdeben hokeHERirabeallag) icAdryNotb ey @4ta8PELOr ON its way

fromone catalyst bed to the next tal yst” be ror _exanple b assing it
over heat _eX 899%’?%’5%@6\%%8&%8% ,Y'g§‘§85'o$drofx6§‘?§fghg ?tca}}trprf)’ﬂ hgpi pes
heat ed bylhdthe GheUerPetl g dntatmediatg, bratiRg (3 AdEEEHWA% ot herwi se
oper at ed adi Ghetotbearing] methogl) .sTefikiseend,oa 1imtecsamounprapamdecular
conver si ons dyyeen Bl 8dded ampebeatésctiivin gusi kil @dtabyShetsiasari bed in
DE- A 199 37 d0fs +6586GH Alley iBRE % BYE"RAYor PRRGdLREMS, to conduct
the 5 reactio as xture 1nt heéﬁa rogenation reactor preheated to a
t enper at ur e s%%ﬁﬁh%“f%%%eéﬁd epandapg; on Fhe, ?lyﬁf:gge TS at ur e
range i ns?@atadystaysedact dimitad sconmssippaef tthe hyfrprarperp present
dehydr ogenatimrtheaneattisorhgjasc ali ktere atanyecpké cor dokepdikeucamspousdsch i s
particul arl ya 8@sant agpssteddiont BRe 16h11yak! SartdddRand/obhRydtdith FRemed
catal yst beds, heEheen 1d0e e REtaldfiiRoubly’ CatiiYbedpEoERET ' o 2l 1O
carry out thde c%ra I C, A , ,
ehydrogénation and/or added to the reaction mixture is thus
25 effected (it may also be advantageous from an application point
of view to introduce catalyst beds in the tray reactor which are
charged with catalysts which specifically (selectively) catalyze
the combustion of hydrogen (and/or of hydrocarbon) (examples of
useful catalysts include those of the documents US-A 4 788 371,
30 US-A 4 886 928, US-A 5 430 209, US-A 5 530 171, US=A 5 527 979
and US-A 5 563 314; for example, such catalyst beds may be
accommodated in the tray'reactor in alternation to the beds
containing dehydrogenation catalysts)). The heat of reaction
released thus allows virtually isothermal operation of the
35 heterogeneously catalyzed propane dehydrogenation in a
quasi-autothermal manner. As the selected residence time of the
reaction gas in the catalyst bed is increased, propane
dehydrogenation is thus possible at decreasing or substantially
constant temperature, which allows particularly long on-stream
40 times between regenerations.

In general, oxygen feeding as described above should be carried
out in such a manner that the oxygen content of the reaction gas
mixture, based on the amount of propane and propylene contained
45 therein, is from 0.5 to 30% by volume. Useful oxygen sources
include both pure molecular oxygen and oxygen diluted with inext
gas, for example CO, CO;, N; or noble gases, but in particular
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i nternal s na'r¥xe abovementioned hydrogen combustion can be particularly
elegantly realized as described in DE-A 10211275. This is a
30 process for continuously partially dehydrogenating propane in the
gas phase under heterogeneous catalysis by

— continuously feeding a reaction gas containing the propane to
be dehydrogenated to a reaction zone,

35
-~ conducting the reaction gas in the reaction zone over at
least one fixed catalyst bed, over which molecular hydrogen
and at least partially propylene are formed by catalytic
dehydrogenation,
40

~ adding at least one molecular oxygen-containing gas tc the
reaction gas before and/or after entry into the reaction
zone,

45
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The product gas mixture formed in the heterogeneously catalyzed

25 propane dehydrogenation in the process according to the invention
generally comprises propane, propene, molecular hydrogen, N,, HzO,
methane, ethane, ethylene, butene-l, other butenes and other
C4-hydrocarbons (n-butane, isobutane, butadiene, etc.), CO and
CO;. It will generally be at a pressure of from 0.3 to 10 atm and

30 frequently have a temperature of from 400 to 500°C, in
advantageous cases from 450 to 500°C.

While EP-A 117 146, DE-A 3 313 573 and US-A 3 161 670 recommend
using the product gas mixture (gas mixture 1) formed in the

35 heterogeneously catalyzed propane dehydrogenation as such for
charging the at least one partial zone, it is usually
advantageous according to the invention to remove at least a
portion of any Cy-hydrocarbons (e.g. n-butane, isobutane,
butene-1, other butenes, butadiene, etc.) present therein from

40 the product gas mixture (gas mixture 1) of the oxydehydrogenation
and/or dehydrogenation before its further use for charging the at
least one partial zone. When gas mixture 1 contains hydrogen, the
abovementioned separation may be accompanied by at least a
partial removal of the hydrogen or such a hydrogen removal may be

45 carried out in advance.
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heterogeneously catalyzed dehydrogenation, for example by

oxidation by means of at least one reducible metal oxide
30 additionally added to the dehydrogenation catalyst, as described,
for example, in EP-A 832056.

Advantageously, according to the invention, at least 10 mol%, or
at least 25 mol%, frequently at least 35 mol%, or at least

35 50 mol%, in many cases at least 75 mol% and often the entirety of
the molecular hydrogen formed in the heterogeneously catalyzed
dehydrogenation will be removed beforehand and/or
simultaneously, before the remaining gas mixture (gas mixture 1')
is used for charging the at least one partial zone. If required,

40 any water present may be removed (e.g. condensed out) from gas
mixture 1 before its further use in the at least one partial
zone. It will be appreciated that, if required, it is also
possible to carry cut a removal of other constituents of the
product gas mixture (gas mixture 1) other than propane and

45 propylene when removing molecular hydrogen and/or C4;-hydrocarbons
such as butene~l, etc.
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A preferred alternative to the separating step via absorption
described for the purposes according to the invention is
therefore fregquently a pressure swing adsprption or a pressure
rectification.

30
Useful absorbents for the absorptive removal described above are
in principle any absorbents which are capable of absorbing
propane and propylene. The absorbent is preferably an organic
solvent which is preferably hydrophobic and/or high~boiling.

35 advantageously, this solvent has a boiling point (at an
atmospheric pressure of 1 atm) of at least 120°C, preferably of at
least 180°C, more preferably from 200 to 350°C, in particular from
250 to 300°C, with greater preference from 260 to 29%0°C.
Advantageously, the flash point (at an atmospheric pressure of

40 1 atm) is above 110°C. In general, useful absorbents include
relatively nonpolar organic solvents, for example aliphatic
hydrocarbons, which preferably have no externally active polar
groups, and also aromatic hydrocarbons. In general, it is
desirable that the absorbent has a very high boiling point and at

45 the same time very high solubility for propane and propylene.
Examples of useful absorbents include aliphatic hydrocarbons, for
example Cg-Cyp-alkanes or -alkenes, or aromatic hydrocarbons, for



100C. Subsequent desorption rectific -}on and/or stripping with a gas
whi ch behavgg gertlg gﬁ %eﬁgrd to t at | east one partlal zone and/ or
i s required BaH gl o1, ftRcticrs qqm19263§€$ReQ¥?ﬁjl &ti9ns &overs a
m xture of SHRELH HNABRI Pelky dSFrchealln dearnfing) faraupshoohtienoxygensed f or
char gi ng thetcm, lozamixtures fheriesk, zom avtdghahl SETHr raﬂtvleaaﬁdfoﬂ Rxahpléase of
3; ;I pﬁ}l ng \rnuw 1 Q'—Hm&@&yﬂap%ﬁﬁalh’ééedﬂs;cél%%@ﬂri‘ﬂeﬁh f%y:xsb% gﬁ“' bﬁo tgeat
| east onegpg? |d F?Sﬁégp %ﬁt%rs?g‘ge%w& gﬂﬁiui%rﬁséﬁeﬁf;na t he
absor pti on ¥ phtbalicoapid "’15@ stppithieghagni alkanols sonbaiming gamalu on
and t hen, itoré&cqarbed, atdms hyaichges memtyddbensyates, weetylobertwiateogeneous!y
catal yzed péﬂﬁﬂ“%eﬁﬁb&@é?@tﬁ'iﬁth?@ phaihlli%exﬁa did¥hyl phthalate, and
C3- hydr ocar / h r or,d P ove ntioned

B se T TE S, BROR 0 diBpeRih e vdeheni fRH) 4

separ at i na ['OCess 1S éprrpara 've icient for
the requt ureg.ef, g @Re %MM ghheDsom gl éf’f’e@e%’r"taé:r N&8ive to
t he separ atthgrmfepandatsm}ﬂptlkenesdemrr leganipler t he purposes according to

t he lnventlﬂ-l’-tnétfhylt-h@-l‘-BéﬁE Jxrpeeuzn&é%aa:epaﬁasyw Sa¥magtgadsor ption or a
pressure r a |,o ]ggaﬁ{gents for the absorptive renoval
descri bed ovehéﬁ 22 2Ben nc%%%e a sdrbants whi ch are capabl e of

absor bi n -’B'iHWé na ﬁ)‘;ﬂ hane,~B is preferably an organic

sol vent i thydr-ef EMMWWBEMMMMQ mixgyreasooifi ageh B!Bomers A
Advant ageoussefull absosbeénenis Msclvent Inikgupei 8f didhedy 1 ah

pressure of éhé’;t rQEeﬁ&b tiaEOQz &E{cg:%a%ﬁ?&% o.g.ton %g
ferabl 2 6
SEEERp ok gy i et
at nospher i c"’?ﬁ @fcdéphenyl P%eﬁ) fer yarele b qqmgeﬁéphly Qhtaipable
absor ben9 Dmﬁ}d@ (fioz! example obtajiakdr foongdayersakvieigeselldschattipl e

al i phatic rlbqnﬁmmghemeﬁﬁaiw cB £i88s X igy1veht Ysw@df iage pol ar

r n I DAy re
?hguggso?bgnﬁ#ﬁﬁagmaﬁ O('ml | ng p0| nt &g g sz‘?t 2I§i bgeéélt ?’léevterst
hi gh sol ublp?ﬁﬂapé‘r %Foé‘éﬁ#}g rﬁ? NEBHyEtture. E?%ﬁf:ﬁ‘ébl’&'ﬂ-yugé?gﬂ absor bent s
i ncl ude al i pbsarbentgdadsaringindef octanemnplosa®ss Cxizcanesncundecangskenee, or
aromat i c 2bydéderinRe)Stridécabes, tetradecanes, pentadecanes, hexadecanes,

heptadecanes and octadecanes, and tetradecanes-in particular have
proven particularly useful. It is advantageous when the absorbent
used on the one hand attains the abovementioned boiling point and
on the other hand at the same time does not have too high a

30 molecular weight. Advantageously, the molecular weight of the
absorbent is < 300 g/mol. The paraffin oils having from 8 to
10 carbon atoms described in DE-A 33 13 573 are likewise
suitable. Examples of useful trade products include the products
sold by Haltermann including Halpasols i, for example Halpasol

35 250/340 i and Halpasol 250/275 i, and also printing ink
distillates sold as PRKWF and Printosol. Preference is given to
aromatic-free trade products, e.g. those of the PRWFaf type.

greater

The performance of the absorption is subject to no particular
40 restrictions. All processes and conditions familiar to those
skilled in the art may be used. Preference is given to contacting
the gas mixture with the absorbent at a pressure of from 1 to
50 bar, preferably from 2 to 20 bar, more preferably from 5 to
10 bar, and a temperature of from 0 to 100°C, in particular from
45 30 to 50°C. The absorption may be carried out either in columns or
else in quenching apparatus. It is possible to work in ctocurrent
or in countercurrent. Examples of useful absorption columns
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same tinme daasried bauemcaodmgb GratimleeCbiod py¥sgire AfdAsE ageously, the

i eoul ar woldihleratut§ocndhis) Eei»ébxz? D% géf@ésurﬂﬁ%fpﬁat 411 did s having
from38 to on ato e

suitabl e BT Bp RALTIFUIAL, GEOR, ahe | TES PRETRFARLE SFoR § fony
Bal t er mann ihd&iagdi P:le-ﬁl‘iﬁ%@t}‘ref%ﬁ freanpl @I—%QQS’QSOF"SBB fremd®

Hal pasol 25(c22B0FC, amaken|prefprably nyamBo te s1090,apastsoikardy pPxeFerssbly
Printosol. FeRiyenes 66ocdi WaNekamp 1&!%&‘&&' érﬁﬁttaméefsfqﬂmtpiun% gs those
of the PIW o pealt%[wo%rp%rrf&(} ggggg 1% é’t]'%ﬂgﬂi %ﬁ’-%@%?f‘? bj'ect "to no

particul ar StT1 ¢ process liar to those
skilled |?Ft9ﬂ¥§§P{nﬁ§§°?ﬁPlﬂ%é&“rFFef%9 gxample Al WEN-BAF 2% ing the gas
“mixture wtoxyigendbstrogen mixtaresebs whdcbf the ormyigeno cbotent , ipraboyeahbdy
from2 to 2Gpablufier fré&nafedd,abkymiy @8 BehBible to add a gas before or
, during the stripping process which reduces the explosion range.
Particularly suitable gases therefor have a specific heat
30 capacity of » 29 J/mol-K at 20°C, for example methane, ethane,
propane, propene, benzene, methanol, ethanol, and also ammonia,
carbon dioxide and water. However, Cs-hydrocarbons are to be
avoided as such additives according to the invention.
Particularly suitable apparatus for the stripping also includes
35 bubble columns with and without internails.

The propane and propylene may alsc be removed from the absorbent
by a distillation or rectification, and the columns used may be
those familiar to those skilled in the art and have structured

40 packings, random packings or appropriate internals. Preferred
conditions in the distillation or rectification are a pressure of
from 0.01 to 5 bar, in particular from 0.1 to 4 bar, more
preferably from 1 to 3 bar, and a temperature (in the bottom) of
from 50 to 300°C, in particular from 150 to 250°C.
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oxygen/ ni troges Binitapsirath@’, exanpl e air. Wien air or oxygen/nitrogen
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may be sensible to add a gas before or__ during the stripping, process whi ch
reduces t &P P PYBPRFE r*d??géePaP&H-‘F%lﬂféPF?'SHP‘E%Hﬂaésg&&‘é%eﬁ?é}geFBP have a
speci fi ¢ heatqueédchipaciunface ar€® mdyrbleKianst2DRd fior tbeagupénchimghapace,
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carbon di oxi dg .9 Qgti\%ﬁ?ra{nd—'ﬁW‘ﬁlﬁ ? viddk. hydrocarbons are to be avoided as

c I'n 1 n

such additives a gto vention. Particularly suitable apparatus
for the stripping also includes 35 bubble colums with and wi thout

i nt er nal s. 25¥ateropand prefeyredyvashkinmpedive irnaatarpasdit rdgas metabsor bent
by a distill aidrmaldy imtddfereatinothe aubseftent!atnivastcdnetparidall bone.

famliar to tfiaee the!dfihy RabNGashdd AHe BBYSrSEdUCuY B¢ the propane- and
- propylene-~laden starting stream, the water/absorbent mixture may
be fed to a phase separation and the treated starting stream may

30 be fed to the partial zone as a gas mixture 1’.

Both the absorbent stripped to free it of C; and the absorbent
recovered in the phase separation may be reused for the
absorption.

35
The gas mixture 1 and/or the gas mixture 1’ generated from it may
then be used in a manner known per se in at least one further
reaction zone for charging a heterogeneously catalyzed gas phase
oxidation and/or ammoxidation of propylene to acrolein and/or

40 acrylic acid and/or acrylonitrile with a charging gas mixiture 2.
The oxidizing agent used may be pure molecular oxygen, air,
oxygen-enriched air or any other mixture of oxygen and inert gas.
When the partial oxidation is the conversion of propylene to
propylene oxide, the procedure may be, for example, as described

45 in EP-A 372972.



40 packi ngs, random packings or appropriate internals. Preferred conditions
in the distillation or rectification are a pressure of fromO0.01 to 5 bar,
i-n particular from0.1 to 4 bar, nore sgreferably froml to 3 bar, and a
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An exanpl e dheappoeéss rastozdiingi tertheofinvenhion rthagyv she follawimgpmopases of
t he process ggesdire i fihgednvention is the quenching of the starting
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I's washed out of this |aden starting streantmnth water and the starting
streamis atP*PBapfe’ PEAPEDENE NadeP2wi tH2dt 8FNeE%i s washing or the

quenchi ng, =dyobeled ftxt2®d: Lor £xam®l.d, tat4® he firom 0f1atelddbrptfrom €ol um
using a |iquwed200k!| £6dn g tor @y by counterspraying of water or in its own
apparatus. 20 To support the separating effect, internals increasing the
guenchi ng . area Ln taII n, the enchi.n pace, . as known to
t hose ski *féifcoﬁ e 19 t]&%r ﬁtv?‘é 1% ?glf ve mejﬂ:g.gpsfl xg?li rarﬁft&ggoPﬁ?r ons.
25 Water is a3VBREREFIWRLKrashi ng medi um i nasfar as it does not normal |y
interfere irr tfremsZbsedifent lat freast0.Gneéopadt i aframo0e5 td\fl er fixom V@0kr has
washed the agsaobentremito @b tthe propane- and propyl ene-1aden starting
stream the mater/absorbent nixture nay be fed to a phase separation and

t he treat startL g rea naz e fed to the partL zone as a gas

m xt ure ’ﬁ&f’ﬁd §§’Poéﬁf’ Et"r‘?'bpé& £8 #13R favogpdble whep he apsor bent
recovered .mhpwempnm%mﬂanmm age reused for the absorption. 35 The
gas mxturesl f&aﬁt/mrtd ree :93s :MExomire th 1genefrded feoom ttfxawy 0.1hes Re:used
in a manner ghawg sg in at |east one further reaction zone for charging
a heterogeneously catalyzed gas phase

25 As already mentioned, the heterogeneously catalyzed gas phase
partial oxidation of propylene to acrylic acid with molecular
oxygen proceeds in two successive steps along the reaction
coordinate, of which the first leads to acrolein and the second
from acrolein to acrylic acid.

30
This reaction sequence in two successive steps offset in time
opens up the possibility in a manner known per se of implementing
the at least one partial zone of the process according to the
invention in this case in two oxidation zones arranged in series,

35 and the oxidic catalyst to be used in each of the two oxidation
zones can be optimized. For instance, for the first oxidation
zone (propylene — acrolein), preference is generally given to a
catalyst based on multimetal oxides containing the element
combination Mo-Bi-Fe, whereas, for the second oxidation zone

40 (acrolein — acrylic acid), preference is normally given to
catalysts based on multimetal oxides containing the element
combination Mo-V.
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successi ve §Fg 15 d?????ltﬁo?gdggt%ﬁeﬁ%“?ﬁ?%:? i? t?ﬁ’# gﬁﬁﬁhﬁéf known
per se of i Pewrﬁwgalt fride active mwrttlpap obricherigenpeaprinamd ae
accordi n@ot @, t b andgdt o6nDE-+R t1011916852 the tmdtimetisl icxideoaesive ranged in
series, 35 aBfpbéditiVHsdbe €Ré %éﬁﬂraﬁoféﬁwfa%dl:,nrfaﬂh ofryt B¢ two oxidation
zones can b0 |48 il R84l 1Tl 8l d1Rel bEELVEUABLELLIORE R che

ropyl ene acrole| erence 'S
(propy general rmBl I, II and 1II of Déia 19955168, and also the

multimetal oxide compositions specified in EP-A 700714.

25
Further suitable catalysts for this oxidation step are the
multimetal oxide catalysts containing Mo, Bi and Fe which are
disclosed in the documents DE-A 10046957, DE-A 10063162,
DE-C 3338380, DE-A 19502562, EP-A 15565, DE-C 2380765,

30 EP-A 807465, EP-A 279374, DE-A 3300044, EP-A 575897,
US-A 4438217, DE-A 19855913, WO 98/24746, DE-A 19746210 (those of
the general formula II), JP-A 91/294239, EP-A 293224 and
EP-A 700714. This is true in particular for the exemplary
embodiments in these documents, and among these particular

35 preference is given to those of EP-A 15565, EP-A 575897,
DE-A 19746210 and DE-A 19855913, In this context, particular
emphasis is given to a catalyst of Example lc from EP--A 15565 and
also a catalyst to be prepared in a corresponding manner whose
active composition, however, has the composition

40 Moj;Nig. 52nFe;BiPo, oo65K0.060x°10810;. Emphasis is further given to
the example having the serial No. 3 from DE-A 19855913
(stoichiometry: Moj1;CosFe3Big.¢Ko.0851;.50x) as an unsupported hollow
cylinder catalyst of geometry 5 mm x 3 mm x 2 mm (external
diameter x height x internal diameter) and also to the multimetal

45 oxide II unsupported catalyst of Example 1 of DE-A 19746210.
Mention should also be made of the multimetal oxide catalysts of
US-A 4438217, in particular when these hollow cylinders have a



catal yst based on multinetal oxides containing the el enent conbination
Mo- Si - Fe, whereas, for the second oxidation zone 40 (acrolein -- acrylic
acid), preference is nornmally given togscatal ysts based on multinetal oxides
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10101695, t hpere! théBialiaBiedcass (defdnedOAPOEdliowas Of the general formul ae
I, 1l and Il of DE-A 19948248 and the nultinetal oxide active conpositions
of the general fornulae |, 11 and Il of DE-A 19955168, and also the

mul timetal Oxide CHREBS MYRE & Be%ﬁ ed in EP-A 700714. 25 Further suitable
cat al yst sI¥ & * hi $bakliemi o alkplireetale andyipr amtalikadingeeant mesagd,
cont ai ni ng B, =Bi zdnd, r phodphoirus), carskrsici ,obetdon ) drftmbngynennhs ddidm,
10046957, DE--A 1qggalgga/5§5f§n§2?§§§o, DE- A 19902562, EP-A 15565, DE-C
2380765, 3Q4EP-A : - 93/4 - 44, EP-.A 575897, US-A
4438217, DE%AEEQSggS¥§$§VV§iiﬂi? 46?1$i§%§”?5§§g§€cfiﬁ4§§% 5f  the general
formula I'l1), JP-A 91/294239, EP-, A 293224 and EP-A 700714. This is true in
parti cul 220 faor =t h&reredp? &y 5,enbodi ments in these docunents, and anong
these parti @ul @ar fZomp0ciErRNGE pfeférvaily ErbRoser®fq EP- A 15565, EP-A

575897, ¢ = from 0 to 10, preferably from 3 to 10,

d = from 0 to 2, preferably from 0.02 to 2,
‘e = from 0 to 8, preferably from 0 to 5,
25 £ from 0 to 10 and
n = a number which is determined by the valency and the

frequency of the elements in (IV) other than oxygen.

They are obtainable in a manner known per se (see, for example,

30 DE-A 4023239) and are customarily shaped in undiluted form to
spheres, rings or cylinders or else used in the form of coated
catalysts, i.e. preshaped inert supports coated with the active
composition. It will be appreciated that they may also be used as
catalysts in powder form.

35
In principle, active compositions of the general formula IV may
be prepared in a simple manner by obtaining, from suitable
sources of their elemental constituents, a very intimate,
preferably finely divided dry mixture corresponding to their

40 stoichiometry and calcining it at temperatures of from 350 to
650°C. The calcination may be effected either under inert gas or
under an oxidative atmosphere, e.g. air (mixture of inert gas and
oxygen), or else under a reducing atmosphere (e.g. mixture of
inert gas, NH3, CO and/or H;). The calcination time may be from a

45 few minutes to a few hours and typically decreases with
temperature. Useful sources for the elemental constituents of the
maltimetal oxide compositions IV are those compounds which are
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and are 2&ttdeafory chaeagueousdidlutddnf andfomw suspessien. rRargdcotacly i nders
or else usedntimhbe dify MiGkuges! Lt cbtadh¥d!in theSmiRiRghMRRGgsNert supports
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| n
al so be USCGne’ eléheftdl tcsonlstiggents present in dissolved form. The solvent

used is preferably water. The aqueous composition obtained is

25 then dried, and the drying process is preferably effected by
spray drying of the aqueous mixture at outlet temperatures of
from 100 to 150°C.

The multimetal oxide active compositions of the general formula

30 IV may be used for the step “propylene — acrolein” either in
powder form or shaped to certain catalyst geometries, and the
shaping may be effected before or after the final calcination.
For example, unsupported catalysts may be prepared from the
powder form of the active composition or its uncalcined and/or

35 partially calcined precursor composition by compressing to the
desired catalyst geometry (for example by tableting or
extruding), optionally adding assistants, for example graphite or
stearic acid as lubricants and/or shaping assistants, and
reinforcing agents such as microfibers of glass, asbestos,

40 silicon carbide or potassium titanate. Examples of suitable
unsupported catalyst geometries include solid cylinders or hollow
cylinders having an external diameter and a length of from 2 to
10 mm. In the case of the hollow cylinders, a wall thickness of
from 1 to 3 mm is advantageous. It will be appreciated that the

45 unsupported catalyst may also have spherical geometry, and the
sphere diameter may be from 2 to 10 mm.
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constituents of th ositions

mul t dJ[ orrg GO ounds
whi ch are 55°"EPPEERP d‘g‘é gﬁby%;u ﬁ{%‘ B 85%%%5?“%?(‘:%"%’%% gﬁ fert ed
to oxides HPth¥BE wgd/%& Pecsinlly, hean cadsined may glpgehe ¢#wmdt P¥n to
t he oxi des, appdkihgstarprneashapedpbnets catalpsts suppeorts.arbeicogEing ofl ahe

hal i des, nitghppest HOUIEY 2> pPEpasd Gthe c@hiéétﬁual%ﬁhaigsgeﬁﬂﬂq tes,
am e Corig %%Easﬁ@%%%?ﬁ i Sleiadss ess&%‘f@%%%ﬁ?fu%‘%xsﬁé}%ﬁ“ =
whi ch on  sufsé gn@@aﬁ@vn?ﬁg"aﬁ%@ 0xt ERTA L 4800 s 80t 602% L f¥PPRRT ch 10
ar e rel easeddadiegasthr pdwdemn aonpesitienotpobe, appliedddst advantageonsly
e S

b f 1 (o] n £ O
The ot ar tR QPROABALFOLEHE SuBBORR bds ¢ ﬁéﬁé%ﬁéﬂ%@. REFSSTRY I BoRRe
and, after rmnﬂangr@mcﬂ%mq 3Ra0 wanmnrefenably withimegheorange ifirom 5@, to

However, thegonpinnand moire pgefersbbyf ariahliy thd aningd Fpomel50 WaN250 um.
Customarily, the starting conpounds are m xed with each other in 20 the form

of an aqueo S r.suspens AL S |nt|mate dr

m xtures ar el'ﬁ’ob?ll##)&['1 n%rl:t%/ﬁg.a%ﬁ Peci] “‘P%nBS u%%osm'#rgbéér ’f He T EP %ang
mat eri al sz%ﬂéue&emsqmegﬁ:saa;e%en l°"t’-ﬁSreF%‘é’ﬁ’tnhldl&’6 ?f t%l’e‘?ﬂ@lﬁf“esent in
di ssol ved f alioxidbe siblicom cagbide ior midficatés ysuwht as. magresiimesidicate
conposi ti on gibadtMesun siddcake théyeGeneradll Q)él{a‘ﬁlenﬁuﬁéﬁsﬁ'@fan% Ahekeipbl y

ef fected by “f%@‘ ¥g%¢¥'ﬂ:9t(ﬁfe EFE?QQ%S'%%%X VTR leu%_lg %@%atures of

from1 per al
formila 30 45GOREIIBEQ,HE ABVERTiPRy dbe: ngfe%@dlgsam%% ‘worelBlat n
powder f o#Inady 1§na9@bmt @hapey aphtkougll preferens riisegivandte eequwiazgyng my
be effect ed shapedesoppait todibe havialg @aaldisbiid¢tOBurface roughness, e.g.
spheres or hollow cylinders. Supports suitable for use include
substantially nonporous, spherical supports having surface
roughness and made of steatite having a diameter of from 1 to
30 8 mm, preferably from 4 to 5 mm. However, other support bodies
suitable for use are cylinders whose length is from 2 to 10 mm
and whose external diameter is from 4 to 10 mm. Furthermore, in
the case of rings which are suitable as support bodies according
to the invention, the wall thickness is typically from 1 to 4 mm.
35 Annular support bodies to be used with preference according to
the invention have a length of from 2 to 6 mm, an external
diameter of from 4 to 8 mm and a wall thickness of from 1 to
2 mm. Support bodies suitable according to the invention are in
particular rings of geometry 7 mm x 3 mm x 4 mm {external
40 diameter x length x internal diameter). It will be appreciated
that the fineness of the catalytically active oxide compositions
to be applied to the surface of the support body will be adapted
to the desired coating thickness (cf. EP-A 714 700).
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For exanpl e, unsupported catal ysts nmay be prepared fromthe powder form of
the active conposition or its uncal ciggd and/or 35 partially cal cined
precur sor 0sition conpr essi ng the desired catal yst geonetry (for
exanpl e by thg!gqnat,aﬂ,gozg} e AGYLYS RETPOBMisarFgd afRE tdeassPRIERRS, for
exanpl e graphiytlener toseexwleimard adsd durpoabtsomndiforthehgehewplassi st ant s,
and reinfegedla Fgents such as mcrofi bers of glass, asbestos, 40 silicon
carbide or potassiumtitanate. Exanples of suitable wunsupported catal yst

georretrl i nc ol i ders aor hollow cylinders having an external
i anet er ah‘épﬂa{"ﬁéﬁgﬁm%? ffyﬁﬁﬁge e Y ' OYEMRY ‘‘a the d¥de of the hollow
cyllnders a wall thickness of froml to 3 mmis advantageous. it will be

appr eci at edhéattHeh@adbabledipper Hedissd alsy $b108Ys Al so have spheri cal
geonetry, and the sphere di amster may be from2 to 10 mﬂ 54 A

particul ar adva ageous hol | nde metry i nmm X 2 nmm
(ext er nal gl amet%? H é Egrrrglte&s)t °§§p%fc|%q ?%ﬁe’f?ﬁe case of
unsuppoiPed cat at?]s]t\sflual mnwtmn}be tappae@mrbhat t he shapi ng of the

pul ver ul eny2 actum@lymm@swmumelnm aud wairigseeh, pr ecur sor conposi tion

whi ch has ynqt y 19" mBaLt | ﬂayilggﬁnmg@)&l peymal so be effected by
appl yi ng t pres I.nert catal yst . supports. e_coating of the support
bodi es to repar%nt a(}d‘EFeﬂ ’é%ﬁé’%/ gg i&g}/ 10 PERF or RRRITRESE -

suitable rotary %@s%eltmascaﬁ@t%m/orome@mpl e, in DE-A 2909671, EP-,A
293859 @5 EP-A 7idaid@r Teonoahd tdte leapposte diodheseléhentowhebmienpasi tion
to be applied |sc@@l\4§‘{lt ageousl y noi st ened and dr| ed again after the
applicatio for hot _a .coating thickness of the
powder con%_spa tl%}?&(%gpz’é%fl'l &t s?‘b“i h%%ﬁ’ﬁp%rﬁ/%o ‘3 Hvant ageousl y sel ected
within the? rang® ¥ Fmesdthomeemb Grhtafi%‘é‘f‘erza}lﬂcﬁn\%}mqumémr ah#etdd®wm 50 to
500 m and nore priérerambl yurhehiumt rhodaduge filomrl5gold, 28@minumThe support
mat eri aky used Nyl PRINCUIHATERY AW, Ofe AU US2E, AHIFIRANARX/ SIES,
silicon dioxide, o Hm di oxi de, zirconium dioxide, silicon carbide or
silicates such as nagnesiumsilicate or alum numsilicate. They generally
behave substantially inertly wth regard to the target reaction underlying
t he process'aceofdemdP t03 tthe8i nventi on. The support bodi es may have a

regul ar 2p-or=ifr@gw.ar tohapg, al though preference is given to regularly
shaped sgpport_ bg S v 4Ng a di stinct surface roughness, e.g. spheres or
hol | ow cyl | nders p(gortg suitable for use include substantially

nonpor ous, spher Prs havi ng surface roughness and nade of steatite
havi ng a deanet efr@n Gr‘-‘@mzi? to

£f* = from O to 6,
g* = from 0 to 15,
30 h* = from 8 to 16,

X',y'=numbers which are determined by the valency and frequency
of the elements other than oxygen in V and
P.q9 = numbers whose p/g ratic is from 0.1 to 10,

35 comprising three-dimensional regions of the chemical composition
Y1,.Y¥2,.0, which are delimited from the local environment owing to
their different composition from their local environment and
whose greatest diameter {longest distance between two points
present on the surface (interface) of the region and passing

40 through the center of the region) is from 1 nm to 100 jm,
freguently from 10 nm to 500 nm or from 1 pm to 50 or 25 pm.

Particularly advantageous multimetal oxide compositions V
according to the invention are those where Y! is only bismuth.
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30 8 mm preferably from4 to 5 nm However, other support bodies suitable
for use are cylinders whose length is from2 to 10 mm and whose external
dianeter is from4 to 10 nm Furtherno® in the case of rings which are
sui tabl e as mmmgothebedimeferencdi g givent kA taventd Ahoskhehyert | thi ckness

is typically, chrr%?P&n&Otélﬁ’HE genefRT Ut G¥midPRert bodies to be used with

preference according to the’invention have a length of from2 to 6 nm an
external dianeter of from4 to 8 nmand a wall thickness of from1l to 2 mm
Support bodi Bias¥ivr8i le~ abiortiata-Beettesi dyeditnrOyprlare in pdVEdcul ar rings
of geometry 7 nmx 3 mmx 4 mm (external 40 dianmeter x length x internal

di aneter). | APHRAGs2 of the catalytically
active oxi de‘shcégﬁlp(lgls]??‘(ons o hgga%%f@gg tlag tihg surface of the support body
will be adapted to the deS| red coating thickness (cf. EP-A 714 700). 45 55
Mul timetal o3 ge AQlybdepumperinglybdepumand tunggtehep from propyl ene to
acrol ei n ar ez3akso makedsahdoes awbafilte general fornula V 5

[ Yla' Y2b' %' 2pY3Gnéda ¥me. Xﬁfalﬁwa}at&)ylachd/\% aﬂhﬁi&iﬁ% LartR Bre

defined as f | 1o bi sut h east one t'he
el emonts 101 &) Y?Phc'&#maﬁ?f FRIAEr noShe . SRRy, Elny, EPETER, Apdor
nol ybdenum and turﬂgfsetden, = an alkali metal, thallium and/or samarium y4

= an al kal i &% ear tdilieval , alunu‘lmim tobahiym (amddel: ziwowdivege, zinc, tin,
cadm um and/ g =erdgpper, 18i¥eer- dnd9BrOgoid,on and at |east one of the

el enent s rom um an cerium Y6 = phosphorus arseni c, boron and/or
antinony, Y7 = a rare earth tal, titanium zirconium niobium tantalum
r heni um rut'ihenf‘urﬁa gdrluh? 1 lver, gold, alumnum 20 gallium indium
silicon, gerbfanFurframefd2 t-thoh umand/or uranium a' = from0.01 to 8 b
= fromO0.1 tew 3@ frdm g ts fgpmO to 4, d = fromO to 20, e > fromO to
20, f° = fromQ tgoh 0.62 gof—_;'omo to 15, 30 h' = from8 to 16,

20 e = from 0.01 to 5, preferably 0.1 to 3,
f* = from 0 to 5,
g” = from 0 to 10,
h* = from 0 to 1,
x”,y"=numbers which are determined by the valency and frequency

25 of the elements other than oxygen in VI,
p”,q"=numbers whose p*/g~” ratio is from 0.1 to 5, preferably from
0.5 to 2,

where very particular preference is given to those compositions
30 VI where 22p. = (tungsten)y~ and %2;; = (molybdenum);,.

It is also advantageous when at least 25 mol% (preferably at
least 50 mol% and more preferably at least 100 mol%) of the total
proportion of [Yl3,Y?%,,0x,]p ([BiseZ2p~Oxnr]p-) of the multimetal

35 oxide compositions V {multimetal oxide compositions VI) suitable
according to the invention are present in the multimetal oxide
compositions V (multimetal oxide compositions VI) in the form of
three-dimensional regions of chemical composition Y1,,¥%,,0y,
[Bias2Z2psOx~] which are delimited from their local environment

40 owing to their different chemical composition from their local
environment and whose greatest diameter is in the range from 1 nm
to 100 pm.

wWith regard to the shaping, the same applies with regard to
45 multimetal oxide composition V catalysts as was stated for the
mualtimetal oxide composition IV catalysts.



" X', y'= nunbers which are deternined bysyhe val ency and frequency of the

el enments ot q ers ose p/q.ratio is from
0.1 to 10, g@& % ) Sl )ré'%% ?enmél}/ﬁ%ﬁgloﬂ’é}&? §é’“}?ﬁ’§m’g?‘mﬂ h‘g a%l’f ¥Fcal
conposi tion® idard dEPF nX WP Yoo Nt BB-A 75892 n8nd gHidnt
owing to tHsi BE-dAfI9eﬂ5§t9t13@orrp05| tion fromtheir |ocal environnent and

whose greatest dianeter (longest distance between two points present on the

f f th
regi on) .('51?‘%”?‘1’@%"%? “E‘?%‘dimO'*h%”q“&??S*%%Qlﬁ'“g*”?ﬁ%%cgﬁ‘%@ Pom 1 m
to 50 or Ve pX§ i FCa G 'éhv’é’ﬁFg %E%%rﬁ}lstl 0K g lusingk °€92ﬁ55| tions V

accordi ng tdeﬁwtmmonparwlmfMeds!mlimtohegsblcumﬂshthe45 56 Anong

these, pref epstrean degl watichNpidiettiso them SEndMorC heatd! €106 RRRInE R i, gener al
formula VI [Bia.zZ2b. OX ]p [ Z212Z3c. Z4d. Fee. ZSf - 26" Z7hoy ]q’\ (Vl) 5 where

the vari g def. S, foI | .ows: enu bdenum and
t ungst enally %% g{‘ r‘1’anc} ot RAfHted .OLBE Shat Fﬁgl FFﬁg}r %ﬁ‘ QF ali netal
and/ or an amétim%taelarqmdﬁemmposzz@oasmbs@hdm baes erpapmmesded, amnt i nony,
tZ |7 n, ceri umsaﬁléilﬁble ﬂdii&d:heZEEEp sfrlonC pRopplens dMackoléin Larreariﬂ]{ pnﬂdonrpzlem ur2n

= copper g Emé%pm +hnt m to
co = from 3al§b %@{t%‘ Q?r % 0 tlglz anl’Prg%]%r (#%leneS{: preferabl y
0.1t03, lr?‘?‘?‘Pd‘ %0 5, g" - from0O to 10, h" =fromO to 1, x",y"-
nunbers Vi ch are determ ned by t he val ency and frequency 25 of the
el ements ot Fer thersevongestep, Mhe hetetogenedhmly vhoakyzEd agfasr phasei s from
0.1 t0t5 tﬁ@@&ﬁi&tléﬁda&&bnooﬁ A&oaeLMSéeazﬁ Dicp?Ei&Clﬂ?é)qur gEgigace is
given to 0 S re n gﬁ&%
(ol ybdenun) ?5‘98%) Gcﬁst P%g la\g;gn%amgig V\%en 3 adﬁ,» g@g&%@ 4311 ﬁ?pre era 1bI y at

xide composxt:.ons conta:. ing Mo and V, e.g. those of
20 DE--A 10046928.

A multiplicity of these, for example those of DE-A 19815281, can
be encompassed by the general formula VII

28 HO12VaX pX2cK3uX4aXSeK6g0, (VI

where the variables are defined as follows:

30 x! = W, Nb, Ta, Cr and/or Ce,
X2 = Cu, Ni, Co, Fe, Mn and/or 2Zn,
X3 = Ssb and/or Bi,

X4 = one or more alkali metals,

X5 = one or more alkaline earth metals,
35 6 = Si, Al, Ti and/or zr,

a = froml to 6,

b = from 0.2 to 4,

¢ = from 0.5 to 18,

d = from 0 to 40,
40 e = from 0 to 2,

f = from 0 to 4,

g = from 0 to 40 and

n = a number which is determined by the valency and frequency

of the elements in VII other than oxygen.
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| east 50 nolt and nore preferably at |east 100 nolt) of the total
proportion of [Yla, Y2b, Ox,]p ([Bia.Z2b. OX.]p.) of the multinetal 35 oxide
conpositions V (nultinet al  oxi de composi&ions VI) suitable according to the

invention argnHydements i pird fee redl hemcﬁngomdehecmmmwnoastmxﬁ nafd i met al

oxi de conpos S h r 0 m cal
corrp03| tion ﬁ%ﬂé{&lﬁ até %x}%@ aEJEL, %ﬁoar emgﬁ{h n%?teeéﬁﬁf q%’l %R?ocal
envi r onnent RY defitidiiong; pfcth tva(?l’réﬁi’-%%l"%&?ﬁogief‘%ﬁ f“r%"tlﬁel r

| ocal envi n@irent and whose greatest dianeter is in the range from1 nm to
100 pm W;h regard to the shaping, the sane applies with regard to 45

mul ti et al qf) {18?:}/ tal ysts as was stated for the nultinetal
oxi de conpos| | t| on 1V cét ? if? The preparation of nultinmetal oxide
conposi tion ¥ #cti®% NlenbBsi DY QE F€rdescribed, for exanple, in EP-A 575897
and al so i rk3DE- AS855913. 5 Anong other materials, the inert support

materi al s repowengedndzbeVve, are al so useful inert materials for diluting

and/or deliyd Li ng.t hg.a e fixed catalyst beds, or as the upstream
bed whi chi}f‘or%g ectg: 'hegr BHQ%J{ %éats the gas m xture. 10 At this point, it

i s pointed ot "t hatlsa 'cé’t‘%‘? Tdrand nuitinetal oxi de conpositions which
have been rexormerfrsm ds5 Smﬁ.abl e for the step frompropylene to acrolein
are in prinaple foxo0ssitebte for the partial anmoxidation of propylene to
acryl on| tr| |&. =15 £ ohs §gc_f,pnd step, the heterogeneously catalyzed gas
phase %d"‘l oméf{l gn 8 acrolein to acrylic acid, useful active
corrp05|t| s are i 3 as already stated, aII mul tinmetal oxide
conposi ti ons® cAnt HGAM Q n*jv V, e.g. those of 20 DE-A 10046928. A

mul tiplicityfof=thezm 0f bo bxampl e t hose of DE-A 19815281, can be
enconpassed py < he GRides! whOERaA d¥tbrRindd) biv aké Dy Landix Ao EXbgsendy/! | )

Wnere the varia,blgnglr{}% g%%')*%ﬁﬁhL%Lm@b° 3}% WI Nb, Ta, C and/or Ce,

, lf\l %4 - one or nore
aI kal i me%ls XS - one or nore al kaline earth rretals,
However, multimetal oxides VII which are very particularly

preferred according to the invention are those of the general
formula VIII

25 MO12V, ¥1pi¥26.¥5¢ . Y600y, (VIII)

Yl = W and/or Wb,
30 Y2 = Cu and/or Ni,

Y5> = Ca and/or Sr,
Y6 = 8Si and/or Al,
a’' = from 2 to 4,
b = from 1 to 1.5,
35 ¢’ = from 1l to 3,

fr = from 0 to 0.5
g’ = from 0 to 8 and
n’ = a number which is determined by the valency and frequency
of the elements other than oxygen in VIII.

40
The multimetal oxide active compositions (VII) suitable according
to the invention are obtainable in a manner known per se, for
example as disclosed in DE-A 4335973 or in EP-A 714700.

45 In principle, multimetal oxide active compositions suitable for
the step *acrolein ~ acrylic acid”, especially those of the
general formula VII, may be prepared in a simple manner by



35 X6 - Si, Al, Ti and/or Zr, a fromg to 6, b=from0.2to 4, c¢ = from

0.5 to 18, rom fromO to 4 = from
Q0 to 40 and ogtalglﬁ%nhgraﬁvéggﬁéglf BSPES?ﬁI? dgg lfh%i%ﬂﬂ ychﬁF¥9“§&géncy
of the el enBnY&FY ﬁ“VFF"aB?heﬁ’rQﬁ&&'#béYyéwlmsllgsdeEMd|ﬂm!rhtlsepreferred
accordi ng tooxrrespomddngi bo their stobehiamtirye amil talwirdingoitdes VI are
Eﬂgsee\gglr CPt@ﬁﬁbﬁ%ﬁ&éQ?df by dmra s 0f eblmmdﬂﬁé'éuﬂd1%§leﬁ :P.Sgﬁlﬂé%k'ﬁ@é Or
Fe, gX3 _3 %iagéfw ¥ i'gﬁ % f_%v 9(@499:%2’ °§ld%%i‘f Oratg\gsph%e, eSI N‘
and/or Ti, llBeYY)Q?B Bnd PXYGRT) SOFgedse ynder aokedueing 3, 15 d
- fromoO toaﬂmospharEr®ﬁ1® tixuzes 6f —ifexrmg@st and xedbcing gasesvimachwasch is
dﬁt \ellrlm ned By, wnrs,veé.ewmaé Eg@mﬁ%soléint&ﬁ tQieeE‘EaIxéx sgfslhanl oxygen
I .\/ i r
preferreg accordﬁ% to tﬁégﬁég) n?hgnéé&%gﬁﬁglog %&$ éﬁg?é h #Jf% ya VI
25 MD12VAPYRER %P Hhours, gpd) tYRna: Ymegr%%ﬁﬂjwhmﬁempwwzea Cu
and/or N, Usastul @auanasofoxsmhe ¥demeigialacdnetithents of the multimetal

oxide compositions VII are those compounds which are already

oxides and/or those compounds which can be converted to oxides by

heating, at least in the presence of oxygen.

15

The intimate mixing of the starting compounds for preparing

multimetal oxide compositions VII may be effected in dry or wet

form. Where it is effected in dry form, the starting compounds

are advantageously used as a finely divided powder and, after

20 mixing and optional compacting, subjected to calcination.
However, the intimate mixing is preferably effected in wet form.

Customarily, the starting compounds are mixed with each other in
the form of an aqueous solution and/or suspension. Particularly

25 intimate dry mixtures are obtained in the mixing process
described when the starting materials are exclusively sources of
the elemental constituents present in dissolved form. The solvent
used is preferably water. The aqueous composition obtained is
then dried, and the drying process is preferably effected by

30 spray drying of the aqueous mixture at outlet temperatures of
from 100 to 150°C.

The resulting multimetal oxide compositions, especially those of
the general formula VII, may be used for the acrolein oxidation

35 either in powder form or shaped to certain catalyst geometries,
and the shaping may be effected before or after the final
calcination. For example, unsupported catalysts may be prepared
from the powder form of the active composition or its uncalcined
precursor composition by compressing to the desired catalyst

40 geometry (for example by tableting or extruding), optionally
adding assistants, for example graphite or stearic acid as
lubricants and/or shaping assistants, and reinforcing agents such
as microfibers of glass, asbestos, silicon carbide or potassium
titanate. Examples of suitable unsupported catalyst geometries

45 include solid cylinders or hollow cylinders having an external
diameter and a length of from 2 to 10 mm. In the case of the
hollow cylinders, a wall thickness of from 1 to 3 mm is



=from2to 4, b, - fromlto 1.5 35c - fromlto 3 f, - fromO to
0.5 g, =fromO to S and n, - a nunber which is determ ned by the val ency
and frequency of the elenents other t 8 oxygen in VIII. 40 The nultinetal

O)l:()lt de aglt | vaadiamRagebh NIt Wil Beli dpfre idaeeQr €hatd thieOuhBGphomady | %rEl are

obt ai nabl e | a 0 n DE-
4335073 or 1 GEERYAC PhY G0 S0, BT gﬁh ol SIS, S5 SHLOGoHLAL |

conposi ti onsdlsaﬂﬁe?"ﬁﬁl’éax faom & I ein -+ acrylic acid", especially
those of the general formula VI, may be prepared in a sinple nmanner by 59
obt ai ni ng, 5 fnoramml b@béppﬁmraeea Ohat h-.ener sBhpieg iy tﬁ@n’éﬁlﬂlﬂﬂ!‘r&t aetyeéy
ntimte,  prefaabhyod el st ges g:gwffor %%%a@g% Nhich hag! T

st oi chi onetr c cini e

cal ci nation '¥F§yYBE E??‘écﬁagg:lgegl mr% ehiteqtef OYoAPRLYERS 49 oxi| dat | ve
at nospher e, preghaped ifertiicatalypetisupporgss ﬁh@lQDQH}@B)OfothQHQuPn@m&er a

r educi ng atmm&bete fpremaretitheucostef dataliys@asisr@needlUly NSerfamedsiah as

HZ, NH3V eaﬂsiéa&r YekbEe] rhé”dfs?ioﬁ@ﬁ’“@d}gfg(ﬁﬁﬁf tnﬁpt'oned "
hoore ang ﬁ&eﬁ@ %Lﬂf?g%&&ﬁ?ﬂ#@-&m% Thetul Sour ces for the

hours and t
el emental constituents of the nultinetal oxide conpositions VII are those
conmpounds whia lroatethe rambortobodbss artdveo powdes canpusdtiids vdieh appliba
cgtnvrer; E gd t 0f PaladRALRY e%m wgstaﬁed%aﬁ&meakﬁ%gfigese Phe oxyggn 015d1he
inti X] | Xi
corrp05|t|‘g$1 a‘?ﬂqllgéaggﬁ éc%[ ',‘?ﬂaf?%lﬁ&%g? %tﬁ)m? Sr’ S\Hgng"é?ﬂﬁ% effected
in dry formthigkness et GﬁﬁGEﬁd%DmﬂﬂﬂétéBOdﬂﬂéH§5h§Pythge%PEﬁ?Q% Pra¥ v

di vi ded powdisr adwdptagearsly0 seileched aridhipt theatangerfaomn 19, teulfdcuad to
cal ci nati on.prefleaity , witttin RhienBafge!i pHiord 50 Ster B b hiidonhdes @ feRabey
form CustWn&hhn&%ﬁé&&b@%&@%%%s re mxed with each other in the

f or m of ag aqueous sol uti®on and/ or suspens on. Particularly 25 intinmate dry
mxtures &e obtained in the mxi ng process descri bed when the starting
materi al s arthecguPpart dnaterialecused mayhdecruptopany PONOUS QR NONRGXEYENt in
di ssol ved f crlumihbm sxidewt siddednidigwigleqr thoyivmidioxidee AfpRMiitm

conposi tion HRYx3Ha¢dsiFicon carbide or silicates such as magnesium silicate

or aluminum silicate. The support bodies may have a regular or

25 irregular shape, although preference is given to regularly shaped
support bodies having a distinct surface roughness, e.g. spheres
or hollow cylinders with a grit layer. Supports suitable for use
include substantially nonporous, spherical supports having
surface roughness and made of steatite having a diameter of from

30 1 to 8 mm, preferably from 4 to 5 mm. However, other support
bodies suitable for use are cylinders whose length is from 2 to
10 mm and whose external diameter is from 4 to 10 mm.
Furthermore, in the case of rings as support bodies, the wall
thickness is typically from 1 to 4 mm. Annular support bodies to

35 be used with preference have a length of from 2 to 6 mm, an
external diameter of from 4 to 8 mm and a wall thickness of from
1 to 2 mm. Suitable support bodies are in particular rings of
geometry 7 mm X 3 mm x 4 mm (external diameter x length x
internal diameter). It will be appreciated that the fineness of

40 the catalytically active oxide compositions to be applied to the
surface of the support body will be adapted to the desired
coating thickness (cf. EP-A 714 700).

Advantageous multimetal oxide active compositions to be used for
45 the step “acrolein — acrylic acid” are also compositions of the
general formula IX,



then dried, and the drying process is greferably effected by 30 spray drying
of the aqueous m xture at outlegnﬁe ratures f% from 100 to 150C. The
resulting multinmetal oxide conpdsi'? , espec ¥1y t hose of the general
formula VII, may be used for the acrolein oxidation 35 either in powder
form or shaphere cheeveziables anesdefénedtas dollowad t he shapi ng may be
effected before or after the final calcination. For exanple, unsupported
catal ysts y ke .zilLem the .8 eraformof the active conposition or
its uncalginggd“= pgggﬁggg% zdh%o ?t?gngﬁggéknp?essing to the desired catal yst
40 geonetry gfor X&npreinyyt abl eting or extruding), optionally adding

assi stants, 2f o e¥amiP= Tfrafhi aedar £2earic acid as |ubricants and/or
shapi ng assg3t ant sy, anid, e, nFe| cumaamyyert Znsuch as mcrofi bers of gl ass,
asbestos, sihbiconggafiidfr @4, potassium titanate. Exanples of suitable
unsupporé%d gaLalgst eo tﬁLes 45 include solid cylinders or holl ow
cyl i nder #%h8vi fg &b SBrefMaf®r FRAKPTaAd a I ength of from2 to 10 mm In
the case of Zth& Mot |Gy &F PRELPE Ba&y wal | thickness of from1 to 3 nmis 60
advant ageoug$ kt 8i} |ahe Tippndéomt®r t hat the unsupported catalyst may al so
have spherigal =geggptvy v Ang Eﬁ@/&lphlﬁ{,eprgféfﬁl‘? MEBYUn@fof WM 2 to 10 mm 5
It will be appreciated that the shaping of the pulverulent active
conposition or its pul verul ent precursor conposition which has not yet been
cal ci ned} alsd'bgr%ﬁf%dea'by applying to preshaped inert catalyst
supports. Th& coati fgomflihaoshpport bodies to prepare the coated catal ysts
is generallg~perforgesmion 60 23,suitable rotary vessel, as disclosed, for
exanpl e, inanE-A=299&@%;1m586,293859 or EPA 714700. To coat the support

bodi es, the_powder gquqgitign to be applied is advantageously noistened
and dried afain artafofhe % dpplication, for exanple by nmeans of hot air.
The coat i%9gE”t hi cknésamdt ®h& powder conposition applied to the support body
i s advant aggdus| y= séremt@®donS0hi n the range from 10 to 1000 pm preferably
within the pange £repprQy t¢ 300 m and nore preferably w thin the range from

150 to 250 i, 20 Th rt ials used may be customary porous or
nonpor ous Al umi num?B;g#ggg:,o Szl%?lggén di oxi de, thorium di oxide, zirconium

di oxi de, si Ki"eBh TaRBRRrsHWhich; age detaraingd by ghes vadensy jand £regpency

al umi numasi | i cate. Ofietheimiemenbsdotisemahahaoeygen dgullarand 25 irregul ar

shape, althgugh niehefiee¥s dthedl ¥Rin £ercPUHbaE | /P AREE is from 160:1 to
1:1,

and which are obtainable by initially separately forming a
30 multimetal oxide compositicn E

2712Cup«Hi Oy~ (E)

in finely divided form (starting composition 1} and then

35 incorporating the initially formed solid starting composition 1
into an aqueocus solution, an agqueous suspension or a finely
divided dry mixture of sources of the elements Mo, Vv, 2!, 2Z2, 23,
zé, 25 and 26, each of which comprise the aforementioned elements
in the stoichiometry b

40

MO12VarZlpeZ2cuZ3ga24g-25£0 26w (D)

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

45 precursor mass oObtained in this way before or after shaping to
the desired catalyst geometry at from 250 to 600°C.



support bodi es having a distinct surface roughness, e.g. spheres or holl ow
cylinders with a grit layer. Supports suitable for use include
substantially nonporous, spherical sup@ts having surface roughness and

nmade of st eaiddfarBare Nds didiedebem Dfifddt@l o2faed écﬁnp%sm:)ﬁ’é efﬁf@a@:}é Ehom 4

to 5 nMm Ho Vigh, h e rs whose
I'ength is f\r,%m a‘tlﬁ? ﬁ%m%@%%cﬁf&d %g%llte%gsgﬁé?gé Jfre elr Fsl??%fmégfa‘[ 810 nm
Fur t her nor e, %9 Pﬁeaﬁ‘é&%‘%FWﬁ@Egﬁ%GFPnb%cﬁfesa tempefatyre thi @Rﬁes% i s
typically f rderhad led desexiption af thepprepabaties db rddthnetalkoxdiden

pr ef er ences hibtipoa itesdtvr Gatan m;a i® ontdlinéd, g ¥xaa Flél ajgeter of from4

to 8 mm and g, %Iakawgcms 187361681 b 50100 FES25 el S99HPREY oot e are

in particular rlgg 8 ometry 7 sun anmeter x
| ength x i R é ﬁ&ner It wll be appreci ated that the fineness of 40
the catalytically active OX|de conpositions to be applied to the surface of

the support widy reightd beo ahapehdping ) hedgame esbpridd iingrébacidiexd (cf. EPA
714 700). @d&ﬁﬁ%%ﬂﬂsoﬂ&é I:aeetcalca 24ChhY S LA Tl £ hifydiketagd T Of

45 t he step olern -+ are a SO conposli tions genera

formula IX, ?fﬁ e(Efﬂ?%Sifﬁqﬁﬁ ?%P % ari abl es are defined as follows: 5
D - MOl2Va. Z1b. 22c. Z3d. Z4e. Z5f. Z269. Ox. E - Z712Cuh"Bi"Oy. , Z1 - w, Nb, Tat

Cr and/ or CeMulZimetf&l, odide @ataEgstﬁﬁhauingoouEkmandihg—sﬁbtabiﬂxny Bbt tﬂeZ4 =
Li, Na, K, |%i:epcs'aé.‘f‘gié’:lin dery1iWactadr ¥e alldHoOthBSe &6 pE-N 1961528
and/ Or, [ 15 % c'YQ@,lgV @(r:gl\&bmﬁixd.iﬁétgf‘todc‘idﬁf g@i’xlé’ c'g%pf:?%ﬁ%n%’\(’) %%h . Lrom
fromOto dezgrp forppla & ©F this gdocumepsm o' to 50, h" from4to 30 i "
- fromO to 20 and x",y" = nunbers mhlch are determ ned by the val ency and
frequency Advantageously, unsupported catalyst rings are used for the step

from propylene to acrolein and coated catalyst rings are used for

20 the step acrolein to acrylic acid.

The carrying out of first step of the partial oxidation, from

propylene to acrolein, may be carried out using the catalysts

described, for example, in a one-zone multiple catalyst tube
25 fixed bed reactor, as described by DE-A 4431957.

The oxidizing agent used is oxygen. When N; is selected as the
inert diluent gas, the use of air as the oxygen source proves to
be particularly advantageous.
30
In general, operation is effected at a propylene : oxygen : inert
gases (including steam) volume (1 at STP) ratio of 1:(1.0 to
3.0):(5 to 25), preferably 1:(1.7 to 2.3):({10 to 15). The
reaction pressure is typically in the range from 1 to 3 bar and
35 the overall gas hourly space velocity is preferably from 1500 to
4000 1 at STP/(1-h). The propylene gas hourly space velocity is
typically from 90 to 200 1 at STP/(l-h).

The charge gas mixture preferably flows into the one-zone
40 multiple catalyst tube fixed bed reactor from above. The heat
exchange medium used is advantageously a salt melt, preferably
consgisting of 60% by weight of potassium nitrate (KNO3) and 40% by
weight of sodium nitrite (NaNO;), or of 53% by weight of potassium
nitrate (KNO3), 40% by weight of sodium nitrite (NaNOz) and 7% by
45 weight of sodium nitrate (NaNO;).



- 25 of the elenents other than oxygen | B3 Ix and p,q - nunbers other than zero
whose p/q rngo %s fro mhlch are obtainable by initially

0
separately ver %enﬁ???rrfﬁ'a aiiil ARG FERGRIQN BeE| BiKtEe ®MAY(E) in
finely divi §edcerduntes: githey omesurrenn qr) nangouhm@&nemorpmaamg t he
initially feeteditadlifd ist préfeunbiynpeonticesd hrouRdothe cHiGes Sebed iign, an

aqueous suspefshieSn ?amghﬁg}:y divided dry m xture of sources of the
el enent s , V, Z1, 2 24, 25 and Z6, each of which conprise the

af orementi“oned el enents in the stoichionmetry D 40
MOL2Va" Z1b. ¥pensehe fAdopsthrouch (the catalysthgubsspdsi £rem top te beftalesired
p:q ratio, it appadyarntageousryo raharige theuldtalysaquebes from boetomrtsh
cal ci ni ng th.egsay é&mcwﬁ@ﬁ tFRS $1601 84 NGl BokBbi E@thg%f ehe asaﬁilhar
gl

shaping to eﬁigél eng?_b@%%qsqgggg ¥%e Jrom250 to

Pref erence | Ven & Osi tions IXV\,herethe initially
formed s8 d starti ng conposition | is incorporated into an aqueous
starting corposiniviallyttonat depgtlataf érom?@(({: toA 608epdi thel akadyspt tube of

]Ehe pr epalr ationlghg ﬂmléiﬁn%txangl@&ai @ﬁlélnﬁ%\d&ecgta&s{ﬁﬁjawag@nt algnedd
or exanple, ing RIE an

DE- - A 15228646 gi regar i N Er?td%é%qgﬁ %es h'rA]\ <:‘r"gl ﬁ%’n to

10 mul timetal ofPde Y){"%aﬁhé'l'ygf‘% W\ég’esgéi‘wq drseFFré }inetal oxide

conpositidh VII catalysts. Miltinmetal oxide catalysts having outstanding
suitability«for nelke, steap d' dengtricf axiow 'no s i 4t mfetnésméﬂuaetaﬁe DE- A
general formul a prgpt ittt B *Adva O o e e e
g o Lor M P anet e AR a Atinh a0 el RSB PRLR BRT b Y
rings are used f8% byreimhts: bpsed on e Mbxbere | (aecEdPR. Birhen¢arrying out
of first 2 ep of the partial oxidation, from propylene to acrolein, nay be
carried out -usi rfgnabgy,cadﬁ:y%t ;engewﬂ Betm [OrtS0VMWbE, the GvedadlzZonske
mul ti pI e catal yﬁhn lt?e a%&( )fegn Pg\ﬁﬁ:ggklgi g@c{ﬁﬁfi&bﬁﬁhﬁ QE A 4431957.
The oxi di zi ng agen uée 'S gﬁ neyt
di l uent gas, gEerap %l¥1§§ e”b%@nasﬁﬁ‘c@% d\y.egagges 2 very low
pressure drop.
25
Section C is preferably undiluted.

The abovementioned charging variant is advantageous in particular
when the catalysts used are those of Example 1 of DE-A 10046957
30 or of Example 3 of DE-A 10046957, and the inert material used is
steatite rings of geometry 7 mm x 7 mm x 4 mm (external diameter
x height x internal diameter). With regard to the salt bath
temperature, the same applies as is stated in DE-A 4431957.

35 However, the carrying out of first step of the partial oxidation,
from propylene to acrolein, may also be carried out using the
catalysts described, for example, in a two-zone multiple catalyst
tube fixed bed reactor, as described in DE-A 1%910506. In both
cases described above, the propene conversion obtained on single

40 pass is normally > 90 mol%, or > 95 mol%. The carrying out of
second step of the partial oxidation, from acrolein to acrylic
acid, may be carried out using the described catalysts, for
example, in a one-zone multiple catalyst tube fixed bed reactor,
as described in DE-A 4431949. In general, the product mixture of

45 the propylene oxidation to acrolein is conducted as such
{optionally after completed intermediate cooling of the same),



be particularly advantageous. 30 in general, operation is effected at a
propyl ene : oxygen : inert gases (including stean) volune (1 at STP) ratio
of 1:(1.0to 3.0):(5 to 25), preferablGAl(l?toZS) (10to 15). The

ety DTSR SibRoSd MRy b ifieiISeRo0i | fpdshET BRIy |1

qQverall gas ha ce vel.qcl LS preferab 1 at
STP/ (1h). hoéuaa&é%“e 2 %!HSuP¥§7 Space velocity is typi cal ly from90 to

200 1 at STP/ (I h). The charge gas m xture preferably flows into the one-zone
40 mul ti pl e Tt alkygéntréxm friede dobethe amcond stepnafbhahe. pabeidbaixidacdbange

medi um usegl jgs ‘féf‘&ﬁﬁf%&iieﬁ dsSalt Jf ls géﬁéﬁm@ %ddeanaisdding ¢b SR&0 by
wei ght of pota L 3% nd 40% of sodiumnitrite
(NaN02), or %&@nﬁg v{%ﬁ&ﬁ? po’f%spsm@% eﬂ%t?’gede 40% by wei ght of
sodiumnitrite (NaN02) and 7@6by 45 wei ght of sodlun1n|trate (NaN03). 63

Vi ened over Irthgenezalprthesahargel gas ancktueacot suduanraeroieimoxida¢ion
Conguct ﬁf' ei ey hhﬁ @H@L!Edqu&uﬁ e Qh&h@uiéﬁmemmeoiﬁbén miﬂeahtselg i's
prefera c ange n

fhen the 17 Gl 588 ﬁ%ﬁgﬁ tu% BErHE 5B 35 59 tomdI e R
advant ageous®%ls E’Hﬁ &%ak 3 is?"t-’!)bég PrB%JOQ)’t't Jtho lop as foll ovvs

(when the flow is from bottomto top, the charging sequence is
advant ageousite redetsed)preburei Dhititld Yabe ali®nigd henbral Dyn fibd @ €6% of
the catalyst, tﬂé‘}eanheé‘ﬂé 'bfértaﬁ&r Q&"ﬁ’mﬁf’l laEéée ﬁao%ﬂl.}(x‘ib”ﬁréiezr%?&g yst and

wei gt bk, 108, £ ac eac%fffn’hcﬁh Ko 'Sistle 18, gbb Sowsay weaber om

20 to 40% of"qqﬁ’éléi!e%%l#m%ﬂ?é Y| EFQM B0 &pt B3P LAty STRY4LyBl: or a mixture of

catalyst and inert material,.'the latter in a proportion by weight of up to

40% by wei ghthe kagege Ofad haxmuxéuisﬁeﬁe&%tl omlﬂéms'wcn%%f ingd | she Over a

length of fr %gn méé?ﬂ#?é Eg%af g 4) QQQ &Qac@opegrgm éﬂgq% Th?

mat eri al se I on era y se d in such

Causes a $8MpatoRxchpiGe padimohsedcin the second stage is
advantageously a salt melt, preferably consisting of 60t by
weight of potassium nitrate (KNO3) and 40% by weight of sodium
nitrite (NaNO;), or of 53% by weight of potassium nitrate (KNO3),
40% by weight of sodium nitrite (NaNO;) and 7% oy weight of sodium

25 nitrate (NaNO;). Viewed over the reactor, salt melt and reaction
gas mixture may be conducted either in cocurrent or in
countercurrent. The salt melt itself is preferably conducted
around the catalyst tubes in a meandering manner.

30 when the flow through the catalyst tubes is from top to bottom,
it is advantageous to charge the catalyst tubes from bottom to
top as follows:

- initially to a length of from 50 to 70% of the catalyst tube
35 length either only catalyst, or a mixture of catalyst and
inert material, the latter in a proportion by weight of up to
20% by weight, based on the mixture (section C};

- next, over a length of from 20 to 40% of the overall tube
40 length, either only catalyst, or a mixture of catalyst and
inert material, the latter in a proportion by weight of up to
40% by weight, based on the mixture (section B); and

45



"~ Section Cis preferably undiluted. Theggbovenentioned charging variant is
advant ageous in_part{icular when the catal ysfs u are those of Exanple 1
of DE-A 1004695% Rativy °§F’E§aﬁﬁ1‘%‘t&é o EBEQAA 1%}3’35# ’éﬁ%_‘?‘f?é" heFEbe
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temperature, thgrgag®raRi¥dprs as is stated in DE-A 4431957. 35 However, the

carrying qut of first step of the partial oxidation, from propylene to
acrol ein, rras)écal_so be carried out using the catalysts described, for

exanpl e, i nSgSEHRR oni® PErfepARLY Andifutedy ype fixed bed reactor, as
described in DE-A 19910506. In both cases described above, the propene
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this case aksgdVi b alPl 5f¥°‘6fr'f1 to 3 bar and the overall gas hourly
space vel#tity is preferably 15 from 1000 to 3800 3 at STP/(1h).: The
acrol ei n gasiowevely tiRacarrythgcodty dfs seyond adtlep bEOEh80pdrrikl0 1 at
STPI(1h) . TheiaBRi6e, HoraktbdieiP R abablyc |ddsal pay’ AWs wtcaﬁkted out
one-zone nul ti.ple ‘gat alé’.—@% ;cgbg f"‘j&% e eactor. from above. The 20 heat
exchange medi®dRILER TH 8L 2RO gg
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sodi um 25 ”'é&%&gd(w a 2?:8!?%&%&1:& fe r@&%l%t 28bé fHlda Ba4 reaction
gas mxture 'S¥%eor also, the charging gas mixture will ad 1y be
' gas mixture will advantageously

generated by directly using the product gas mixture of a partial
30 oxidation directed to the first step (optionally after

intermediate cooling) (as has been described above). The oxygen

required for the second step of the partial oxidation is

preferably added as air and, in the second case, added directly

to the product gas mixture of the first step of the partial
35 oxidation.

In the case of a two-stage method with immediate reuse of the
product gas mixture of the first step of the partial oxidation to
charge the second step of the partial oxidation, two one-zone

40 mulitiple catalyst tube fixed bed reactors or two two-zone
multiple catalyst tube fixed bed reactors will generally be
connected in series. A mixed connection in series (one-zone/
two-zone or vice versa) is also possible.

45 Between the reactors, an intermediate cooler may be disposed
which may optionally comprise inert beds which may perform a
filtering function. The salt bath temperature of multiple



countercurrent. The salt nelt itself is preferably conducted around the
catal yst tubes in a neandering manner6630 \Wen the fl ow t hrough the catal yst
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oxidation from preopylene to acrolein and/or acrylic acid.

25 However, preference is given to recycling such cycle gas
comprising propane with or without propylene into the charge of
the first step of the process according to the invention.

It should also be mentioned that a partial oxidation and/or

30 ammoxidation according to the invention may be carried out in
such a way that a reaction gas mixture which contains no sxygen
is initially passed over the catalyst charge. In this case, the
oxygen required for the partial oxidation is provided as lattice
oxygen. In a subsequent regeneration step using an

35 oxygen-containing gas {(e.g. air, oxygen-enriched air or
oxygen-depleted air), the catalyst bed is regenerated, in order
to be available again for an oxygen-free reaction gas mixture,
and so on.

40 In summary, a tube bundle reactor within which the catalyst
charge along the individual catalyst tubes varies appropriately
with the end of the first reaction step (such propylene partial
oxidations suitable as reaction zone B according to the invention
are taught, for example, by EP-A 911313, EP-A 979813, EP-A 990636

45 and DE-A 2830765) constitutes the simplest way of realizing two
oxidation zones for the two steps of the partial oxidation from
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accordi ng t o xiBNENén Vhtalysts with reaction gas in both oxidation zones
is frequently from 1500 to 2500 h-! or to 4000 h-!. The gas hourly
space velocity of propylene may be from 100 to 200 1 at STP/l-h
30 and more.

In principle, the two oxidation zones in the process according to
the invention may be configqured as described, for example, in
DE-A 19 837 517, DE-A 19 910 506, DE-A 19 910 508 and

35 DE-A 19 837 519. Customarily, the external heating in both
oxidation zones, in multizone reactor systems where appropriate,
is adapted in a manner known per se tc the specific reaction gas
mixture composition and also catalyst charge.

40 The molecular oxygen which is required overall as an oxidizing
agent for the at least one partial zone required according to the
invention may be added beforehand in its entirety to the charging
gas mixture of the at least one partial zone. However, it will be
appreciated that it is also possible, for example in the

45 preparation of acrylic acid, to supplement with oxygen after the
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* propylene to acrylic acid in a single oxidation zone. In this
case, both reaction steps are effected in an oxidation reactor
which is charged with a catalyst which is able to catalyze the
conversions of both reaction steps. It will be appreciated that

30 the catalyst charge may change continuously or abruptly within
the oxidation zone along the reaction coordinate. Of course, in
one embodiment of the at least one partial zone to be used
according to the invention in the form of two oxidation zones
connected in series, carbon oxide and steam present in the

35 product gas mixture formed as a by-product in the first oxidation
zone and leaving the first oxidation 2one may, if required, be
partially or completely removed before it is passed on into the
second oxidation zone. According to the invention, a procedure
will preferably be selected which does not require such a

40 removal.

The source of the molecular oxygen required in the at least one
partial oxidation and/or ammoxidation which is admixed with the
gas mixture 1 or 1’ before its use for charging the partial zone
45 may be either pure molecular oxygen or molecular oxygen diluted
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gas. Fbméﬂ%r, |t is also possible in principle to realize the 25
het er ogeneoThkeytanget \predugasmpn dse remotved| £xon daki pprodict gas mixture in
a manner known per se (for example by partial condensation of
acrylic acid or by absorption of acrylic acid in water or in a
high-boiling hydrophobic organic solvent or by absorption of
30 acrolein in water or in aqueous solutions of lower carboxylic
acids and subsequent workup of the absorbates; alternatively, the
product gas mixture may alsoc be fractionally condensed; cf., for
example, EP-A 117146, DE-A 4308087, DE-A 4335172, DE-A 4436243,
DE-A 19 924 532 and DE-A 19 924 533). Acrylic acid removal may
3S also be carried out as in EP-A 982287, EP-A 982289,
DE-A 19924532, DE-A 10115277, DE-A 19606877, DE-A 19740252,
DE-A 19627847, DE-A 10053086 and EP-A 982288.

Unconverted propylene and/or acrolein are optionally likewise
40 removed and recycled into the partial zone.

Preference is given to removing as in Fig. 7 of wWO/0196271.
Otherwise, the substantial constituents other than acrylic acid
and acrolein of the residual gas remaining after the target

45 product removal may, depending on need, crude propane used and
dehydrogenation/oxydehydrogenation catalyst used, each be removed
separately and/or recycled with the propane as cycle gas (recycle
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25 when dehydrogenation catalysts are used which are sensitive
toward oxygen or oxygen-containing compounds, these oxygenates
will be removed from the cycle gas before recycling of cycle gas
into the charge of the first step of the process according to the
invention. Such an oxygen remcval may also be sensible, in order
30 to avoid a total oxidation of the propane in the dehydrogenation
stage. The dehydrogenation catalysts of DE-A 19 937 107 are not
sensitive toward oxygenates (especially those of Examples 1 to 4
of the DE-A).

35 As likewise already mentioned, another removal possibility is
offered by fractional distillation. Preference is given to
carrying out a fractional distillation at low temperatures. The
pressure to be applied may be, for example from 10 to 100 bar.
The rectification columns used may be randomly packed columns,

40 tray columns or columns having structured packing. Useful tray
columns are those having dual-flow trays, bubble-cap trays or
valve trays. The reflux ratio may be, for example, from 1 to 10.
Examples of other separating possibilities include pressure
extraction, pressure swing adsorption, pressure scrubbing,

45 partial condensation and pressure extraction.
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menbrane  prAEHSECSasid J.E.Qﬁihﬁil ﬁﬂﬂﬁ%ﬂﬁﬁé&ﬁht %a%ﬁ@ﬁ@ﬂ@&:d Totb¥BidP may
also be carried out in the dehydrogenation zone, for example over
the above-described dehydrogenation catalysts (e.g. those of
30 DE-A 19937107, in particular those of Ex. 1 to 4).

Another possible procedure is, of course, to recycle a portion of
the residual gas unchanged into the propane dehydrogenation
and/or oxydehydrogenation and only to remove propane and

35 propylene in a mixture from the remaining portion and likewise
recycle them into the propane dehydrogenation and/or
oxydehydrogenation and/or into the at least one partial zone. In
the latter case, the remaining portion of the residual gas is
advantageously combined with the gas mixture 1 or gas mixture 1°‘.

40
For the purposes of a fractional distillation of the residual
gas, a separating line may be defined, for example, in such a way
that, in the rectifying section of the rectification column,
substantially all of those components are removed and may be

45 taken off at the top of the column whose boiling point is lower
than the boiling point of propylene. These components will
primarily be the carbon oxides CO and CO; and also unconverted
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Dimensions of the catalyst tube: total length 4200 mm,
internal diameter 26 mm,
30 external diameter 30 mm,
wall thickness 2 mm.

Reactor: consists of a jacketed stainless steel cylinder
{(cylindrical guide tube surrounded by a cylindrical
35 external vessel). The wall thicknesses were always from 2
to 5 mm.

The internal diameter of the ocuter cylinder was 168 mm.
The internal diameter of the guide tube was approx.
40 60 mm.

Above and below, the jacketed cylinder was enclosed by a
lid and a bottom respectively.

45 The catalyst tube was accommodated in the cylindrical
vessel in such a way that it projected beyond the lid or
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one partial zone. | e latter case, the remaining portion of the residual
gas is advantageously conbined with the gas m xture 1 or gas m xture 1'.
40 For the purposesTbé migirarinitnagenlicinvelyaeti tie dieathexchangrialedigas, a
separating |ine mayfpemdsdtdind tof 86p xRrNee cyl Indtidala ghdde €dlR, ihn the
rectifying section gfabpeyd Gah bagk! @iaf@iMn iy RicAkbalide Fohcp! thOSE
conponent.s are reno eg and nay he. aken of] at fhe tOp 0 hereo ugn
whose boi¥ ng poi nt PPEVPRRSY LipRLiceh SUiGe ERBe tCY&F-nBbe) SHEerRflse
conponents wi || prvREsel y(emadly geed@rireulatiowmaih@leopbe nmrhileyed by
]lcmconvertefl 72 Fx%/génzmlﬁmﬁﬁygfm qu.nptdsg&H&m@uﬁgs)N tgg’ébotmm
or exanple, relatgygerit£h-naakkihg mdutteadbaCend Wik afRet MNGREd en
a het erogeneously cghglg Icg%ggh gragﬁeql%taitogx&ga&eoﬁguhsté &sed as the
first step of the procesS‘according to the invention, 1 Is_always still
possi bl e 4% carry oEPn§§%Jrﬁ$ra}' &bt d Lengl al Trefte Hag AR Tof

mol ecul ar nitrogen &eeltmd@ysied out in the docunments DE-A 19837520, DE-A
19837517, DE-A 19837519 and DE-A 19837518. 10 Exanpl es Heterogeneously

catal yzed 938aphas cpigehal OXi dat i 0egly HBPYhENFeddtdy!0 sbh etk i dng
RBagils 5 38F

reactors connected in sSeries using ferent pr e an <
propane-contai ning gas mxtures 2 £ G igﬂFi ﬁxg‘ﬁ)]'y? h&%eﬁ&?a’f‘l’btr“&?egs
conditio® 1. First fixed bed react dp eagh qased: wprefconducted &% dati on of
20 propylene to acrolein countercurrent. The reaction gas mixture

entered the reactor from above. It was
conducted into the reaction tube in each
case at a temperature of 250°C.

30
The salt melt entered the cylindrical
guide tube from below at a temperature
Tin and left the cylindrical guide tube
above at a temperature Tout. The

35 difference between Tin and TOut was about
20C,
TavVe = (Tin + Tout) /2,

Catalyst tube charge: Section A: length 50 cm
40 (from top to bottom) initial bed of steatite rings of
geometry 7 mm X 7 mm X 4 mm
(external diameter x length x internal
diameter).

45 Section B: length 100 cm
Catalyst tube charge with a homogeneous
mixture of 30% by weight of steatite



Heat - exchange nedi umused: Salt nelt consisting of 53% by weight of
potassiumnitrate, 40% by weight of sodiumnitrite 25 and 7% by wei ght of
sodium nitrate. Dimensions of the cat’# yst tube: total |ength 4200 nm
internal dianeter 26 no, 30 externalindsaotigromd®@rymd mmat I3 i kkpems 2 nm

Fube Surrounded by a cyl i norical 35 oyrarne] pedeses Actenddhy BALLFRL 00T
TRRERET A 2B py Y of

were always from2 to 5 mm The intér .cylinder was
168 anp. The internal diameter of {UREVERPHeed GaEal4Et FFam 8eckdoBoC mm
Above and %el ow, the jacketed cylinder was enclosed by a |id and a bottom

respectively. 45 The catal yst tube wegtdssaméayed Lnotde cylindrica
vessel in such a way that it projec Lh O t t the
upper or | ower end thereof (sealed)%gqaggégqﬁ%%gﬁ g%g% %2§§3a1$ﬂ§ ﬂ%g

3c0m ot W~ eBtoERab diamgtsr X length

exchange nedi um was encl osed in the-cy ]
ensure very uniformthernmal boundar ¥ isbtexnal sliemgter heunsupporiedwal | of the

catal yst tobe over the entire catakpshlysbef exginpldi oS ok-AN10066957.
cylindrical vessel (3700 nm, the heat exchange nmedium was circul ated by

bubbling in nitrogen in the cylindrigcal, 1Q vessel e rising nitrogen
FERHgR R ARRGtR 3

conveyed the heat exchange nedi um epgtpo it he cylindrica

guide tube, in order to flow back déRAhcbef i9f skeatite NiRGsa0f gpamets
bet ween cylindrical guide tube and Gyfmnxir? o=l xe#t mmnal vessel (equally

good circgg ation may also be achi evqdxbyrn£l 'didmdtedNx DherdytHixNdntérral
propeller punps)). Electrical heathg&%¥¥%2ed on the outer jacket allowed
the tenperature of the heat exchange nediumto be 20 controlled at the

desired level. There was also air cooling. Reactor charge: viewed over the
reactor, sallcaging efdthe &ga€LORH gas nixture (the gas mxture 2
with reaction gas mixture: in all cases, 3860 g/h of gas

20 mixture 2.

Propylene gas hourly space velocity of the
catalyst charge: 100 liters at STP/1l-h.

25 2. Description of the intermediate cocling and oxygen
intermediate feeding

The product gas mixture leaving the first fixed bed reactor was
conducted for the purposes of intermediate cooling (indirectly by

30 means of air) through a connecting tube (length = 400 mm,
internal diameter = 26 mm, wall thickness = 2 mm, material =
stainless steel) which was accommodated at a length of 200 mm and
centered, charged with an inert bed of steatite spheres of
diameter 6 mm and flanged directly to the catalyst tube of the

35 first fixed bed reactor.

In all cases, the gas mixture entered the connecting tube at a

temperature of more than 310°C and left it at a temperature of

about 140°C, The gas mixture was then admixed with 290 liters at
40 STP/h of compressed air as the oxygen source.

The resulting charging gas mixture was fed at a temperature of
220°C to the fixed bed reactor for the step of partial oxidation
of acrolein to acrylic acid.

45



"~ .25 in each case) were conducted in coupgercurrent. The reaction gas mxture

entered the,reagtor ir%%bgg | t vvas co ducted into the reagtion tube in

each case af a ?%?% T BT THRS SheP Rf) Pakthad e¥idpkion of
cylindrical gup@ee %Fﬂbtpréﬁ?fbé’r%\ﬁ"dtd a tenperature Tip and left the
cylindrical guide tube above at a tenperature Tout. The 35 difference

bet ween Ti naaﬂﬂx@lﬂed\/\@ﬁaé@@#twaeaz@sea&biﬁlﬁ (w-E'sn identEd) to fhat dAltdkyst

Steatite B EuibEdtib:Deat EMIL Hag"Sbale o] Yy ’f@reb“%etr%"lsné?“&e%* iBogth x
internal dFERRERENE V&E“SQC?Y%W@ F@ﬁﬁ?‘l‘F'lG@'ec @ﬁt’&? entgbed fedmhe with a
hormgeneousbemvx.tmhe oragdiomgasecimintuné Likesmisee 74 rings of geonetry 5 mm

x 3 mmx 2 mm (external dianeter x length x internal diameter) and 70% by

wei ght of t C. length 170 cm
Cat al yst %hgir%e gn%ﬁ &%%Q?kgﬁ%é% t%ﬁt%aﬁgr}al di ameter x
| ength A% nternal di arreter) unsupported 10 cat aI yst of Exanple 1 of DE-A

10046957. Sect Pentipn |Aengdength 2mam nal bed of steatite rings of geonetry

7amx7mx 4 mm 1infeidebedl odi atedtiteX rliaggtdf gdonetpal maliaTetr x. 4 smpadi ng

of the reactor %i&fﬁcqﬁ‘%gef A1 Pt R x 'fh@ézlr#aﬁaﬁﬁ 0 g/h of gas 20
y

m xture 2. Propylene gas hourly space velocity of the cat al'yst charge: 100

liters at STP/ 1h.
15 Section B: length 100 cm

Catalyst charge with a homogeneous mixture of 30% by weight
of steatite rings of geometry 7 mm x 3 mm x 4 mm

(external diameter x length x internal diameter) and 70% by
weight of coated catalyst from section C.

20
Section C: length 200 cm
Catalyst charge with annular
(7 mm x 3 mn X 4§ mm = external diameter x length x internal
diameter) coated catalyst of Preparation Example 5 of
25 DE-A 10046928.
Section D: length 50 cm
final bed of steatite rings of geometry 7 mm x 7 mm x 4 mm
(external diameter x length x internal diameter).
30

In all cases, the second reactor was nominally loaded with
approx. 4240 g/h of charging gas mixture. Tave is as defined for
the first fixed bed reactor.

35 In all the examples which follow, the propylene conversion in the
first reactor was set to 97.7 molt and the acrolein conversion in
the second reactor was set to 99.3 mols.

The Tave required depending on the composition of the gas mixture
40 2, and also the yields YAA (mol%) of acrylic acid which are
achieved depending on the composition of gas mixture 2, based on
propylene converted over both reactors, and selectivities of
carbon oxide formation S$€0x (mol%) in the individual examples have
the values which follow.
45



25 2. Description of the internediate cooling and oxygen internediate
feeding The product gas mxture leaving the first fixed bed reactor was
conducted for the purposes of interrred}aate cooling (indirectly by 30 neans
of air) through a connecting tube (length - 400 mm internal dianmeter = 26
m wal | tHHickfeeg®Pleol ym naterial  stainless steel) which was accommodat ed
at a length of 200 mm and centered, charged with an inert bed of steatite
spheres of TtHdi aBRbEEL 6 oHcENGak | miyardedpregé! y to the catal yst tube of the
35 first fixed bed reactor. In all cases, the gas m xture entered the
connecting tube at a terrpeerihgr of nmore than 31000 and left it at a
tenperatute of about 140C°- gﬁs"‘?ﬁ%f’ REPY radmi xed with 290 liters
at 40 STP/ h of conpressed &3 1&sbyheolamegefi Boepane. The resul ting charging
gas m xture was fed at a teazpngsabyrvcliime 3200Ryden,t he fi xed bed reactor for
the step of partial oxidatigRqgg0 ya\‘?éﬂin@ gfteoa,c_ryl ic acid. 45 75 3. Second
fi xed bed reactor for the step.of pariial oxjdatiaon of acrolein to acrylic
acid A fixed bed reactor Wef'ss'ﬁge VOFF?](}H‘E‘WQS #’H’er‘?ﬁ al to that of the 5
first st¥). Salt nelt and rle&8®i by wekne REulCwere conducted in cocurrent
viewed over the reactor. The salt nelt entered from below, the reaction gas

m xture |ikew segg Thgegat al yst faubegsehggfa &f compqitomto top) was: 10
gfrst atit_ezf,ig&gs of geonmetry 7 nmx 7

Section At Jlspat 0 cminitial.,be
mm x 4 nmm ext'e:;ngl ™t neter X e%é‘th 89T er nd aneter). 15 Section B:

| ength 100 cm Catal yst charge with a honogeneous m xture of 30% by wei ght
of steati3 &€)ri Myampleg2onetry 7 nmx 3 mmx 4 mm (external dianeter x length
x internal diameter) and 70% by weight of coated catalyst fromsection C

20 Section .éﬁ:e 'g?@ﬁé?igio& X ?ﬁt‘)ﬁ:{’ﬁ*{”gcaa'f'gg’\,“th annular (7 nmx 3 nun x 4

mm - extern er X Ien rnal " di aneter) coated catal yst of
Preparation Exanple 5 of 25 DE-A 10046928. Section D. length 50 cm
6.04% by volume of propylene,

29 42.3% by volume of propane,
10.4% by volume of oxygen,
0.15% by volume of CO,
39.5% by volume nf Nz, and
1.60% by volume of H;0.
25
YAA = 85.2 mol% Tave 18t reactor
§C0x = 9.9 mol% Tave 2nd reactor

3220C.
278¢°C.

D} Example 3
3o
The composition of gas mixture 2 was:

0.20% by volume of ethane,
6.14% by veolume of propylene,
35 33.0% by volume of propane,
12.2% by velume of oxygen,
0.16% by volume of CO,,
46.6% by volume of Nz, and
1.65% by volume of H30.
40
YAA = 86.1 mol% Tave 15t reactor
SCOx = 9.2 mol% Tave 2nd reactor

316¢°C.
2749C,

E}] Example 4
45
The composition of gas mixture 2 was:



final bed of steatite rings of geonetry 7 mmx 7 ant x 4 nun (external
di ameter x length x internal di aneter)?730 In all cases, the second reactor

was nomnally | oaded with .é,g Id¥ Q@ ging gas mxture. TaVis
as defined for the first f f‘%é‘?od;f %Eg#?éﬁ t he exanpl es which
fol low, the propylene conve P’nv't" qurglr"P% °Ur was set to 97.7 nolt

and the acrol ein conversi on3:1-r13’ii bievebatem P fr PxoPBRemas set to 99.3 nolt. The
T6Vt required dependi ng on 1heicoyposlin®pfobxiyjengas m xture 40 2, and

al so the gields YM (nmolt) of & ¥y GoBahd othiceh, are achi eved depending on

t he conposition of gas m xt %2 baSﬁd on %o %ﬁfne converted over both
reactors, and selectivities T PXrHS i Ge RO ion Sc (nmolt) in the

i ndi vi dual exanpl es have thé%lbérek'c’m%f?ff HPow. 45 76 B) Exanple 1 The
conposition of gas mxture 2 was: 5 6.18% by vol une of propylene, 33.1% by
vol ume of pyxpangs.1 kp13% by vohdvae;f .gx yg@ln 396358% by vol unme of COX

46. 7% by, y0 ébQ'B_ nd 10 039%%4b 0. YAA =86.1 nolt Tave
| et reac or = 312§Cé\|¥'§é§x = 0. 2%#03%/ T%S%‘? %mrg;’étt%r = 274C. 15 C) Exanple

2 The corrp05|t| on of gas mxture 2 was: 6.04% by vol une of propylene, 20
42. 3% by voFuneExdgmgdreopane, 10.4% by vol une of oxygen, 0.15% by vol une of
co, 39.5% by volune of N2, and 1.60% by volunme of H20 25 YAA = 85.2 nolt

Tave | et e,gﬁ:ér °§g€§?|°}§9§f m?x@uf@lzt Igve 2nd reactor = 278C. D)

Exanpl e orrp05| gas T ture 2 was: 0.20% by vol une of
et hane,
0.20% by volume of n-butane,

6.14% by volume of propylene,
32.0% by volume of propane,
12.2% by volume of oxygen,

20 0.16% by volume of CO,.,
46.6% by volume of N, and
1.65% by volume of H30.

YAA = 85,2 mol$% Tave 18t reactor = 316.5°C.
25 SCOx = 9.9 mol% Tave 2nd reactor = 274°C.
G} Example 6

The composition of gas mixture 2 was:

30
2.02% by volume of n-butane,
5.98% by volume of propylene,
32.4% by volume of propane,
12.0% by volume of oxygen,

35 0.16% by volume of CO,,
45.8% by volume of N;, and
1.64% by volume of H0.

The desired propylene conversion could no longer be maintained by
40 increasing Tave for reasons of catalyst compatibility.

H) Example 7

The composition of gas mixture 2 was:
45



6. 14% by vol ume of propylene, 35 33.0% by vol une of propane, 12.2% by
vol une of oxygen, 0.16% by volune of CO, 46.6% by vol une of N2, and
1. 65% by vol une of H20 40 YAA = 86.17®It Tave let reactor = 316C. ScO0* =

9.2 nolt pave 2nd reactor & 145‘}, - ‘un@‘%rfpbﬁténé—i The corrp03| tion of gas
‘m t hyl ene 13% by vol une of

m xture 2 was: 77 O. 22% lggl F d%
propyl ene, 33.0% by volu E;,re n'@“e 2P5OPY, %/%I ume of oxygen, 5 0.16%
by volume of CO,, 46.6% B3 -981 bevetune ofapgopansado, by vol une of H20. YA =
86.1 nmo1% Tav' 1st react orl2s 3316 volnéSadx ofy@emtpl d Tav(r) 2nd reactor =

274C. R Exanple 5 The cqpgsi o‘po;gjmegqﬁ ﬁbxture 2 was: 15 0.20% by
vol unme of n-butane, 6. 14%#3)6 of progg ene 33. 0% by vol une of
3x§ 6 R c‘/ol

propane, 12.2% by vol une ume of Cox, 46.6% by
volume of N2, and 1.65% By 708 We"%*%@f H2QA = 85.2 npl % Tave in reactor
= 316.5C. 25 Scox 9.9 nol % Tave 2nd reactor = 274C. G Exanple 6 The
conposi ti gpaoct @n3 mgure 2 wase 1s80rZa®d2e Ry3ygeéeme of n-butane, 5.98% by
vol ume P@gﬁbpp-y G015 32 4% byj.,vplzl,;aerggctpg opapgyec 12. 0% by vol ume of
oxygen, 0 16 by “vol une of

I) Example 8

The composition of gas mixture 2 was:

15
0.09% by volume of butene-l,
6.16% by volume of propylene,
32.9% by volume of propane,
12.3% by volume of oxygen,

20 0.15% by volume of CO,,
46.8% by volume of N, and
1.68% by volume of H,0.

= 8§5.0 mol% Tave 18t reactor
25 SC0x = 10.2 mol% Tave 2nd reactor

320°C.
287¢°C,

J} Example 9

The composition of gas mixture 2 was:

a0
0.20% by volume of butene-1,
6.19% by volume of propylene,
32.7% by velume of propane,
12.3% by volume of oxygen,

3s 0.18% by volume of CO,,
46.7% by volume of N;, and
1.71% by volume of H;0.

The desired propylene conversion could no longer be maintained by
40 increasing Tave for reasons of catalyst compatibility.

45



45. 8% by volunme of N2, and 1.64% by volune of H20. The desired propyl ene
conversion could no | onger be maintadgned by 40 increasing Tave for reasons
of catalyst conpatibility. H Exanple 7 The conposition of gas mxture 2
was: 45 78 0.05% by vol une of butene-1, 6.16% by vol une of propyl ene,

33. 0%Wy odeliwme of propane, 12.3% by volume of oxygen, 5 0.16% by vol une of
COx, 46.7% by vol une of N2 and 1. 70% by voI une of H20. YA = 85.1 nol %
Tave Ilgt r_elxgctor = 318 ]10 ave 2nd rea

Io G r a t one ar C g lon rogd“gc O)}
Exanpl & 5&68& Pf oR %‘? [Qle{*sg Mot Waar 5o 59/315 (ﬂ of
but enepﬂgpylﬁné6%eb@’cﬁmi Ui o ft hgr @pyhgneons&&ﬁ% by \aoh:ummm,f progpaneacid2. 3%
by volu %g% 0. 15({%%3 vol une 46. 8% by vol unme of N2, and
1.68% B3 \%PB t ‘P’fz‘ﬁle'viil CﬁsﬁoF‘B/mprfa‘\fé“POt reactor = 320C. 25 Scox =
10. 2 nol % Tave 2nd reactor = 287C. J) Exanple 9 The conposition of gas

m Xturg) 2 Wagjecd@ng. 20%ibypyobae of but esgstd, ond. ﬂ‘-&g/@@i}anCﬂél@t@B from
propyl ene, 32.7% by volune of propane, _12.3% by vol une of ox 35 0.18%
by vol thfe of9"6ER, 28 3L\ Uol Gfe of NZhO%ﬁ%enefufl%lS’? VS??ﬁf"‘é; OPIQO The

desi r ege tyeR¥Eheses cpNVer i 1geuld no hengefenBeibR| nt ai ngd by nhékbdemenbgasi ng
T6Ve for reasons of catal )Ast conpatibilit 5, ,
oxydehydrogenation, erein the reactidn(s) is/are carried out under at
least one condition selected from the group consisting of 1) in the
presence of oxygen and 2) with the exclusion of oxygen, and a
heterogeneously catalyzed oxydehydrogenation, to obtain a gas mixture 1

comprising propane and propylene,

b) optionally removing, converting to by-products, or both removing and
converting to by-products, a porticn of the constituents other than
propane and propylene from all of or a part of the gas mixture 1 to
obtain a gas mixture 1' comprising propane, bpropylene, and comnpounds

other than oxygen, propane and propylene, and,

c) subjecting a gas mixture 2 comprising the gas mixture 1, the gas
mixture 1', or the gas mixture 1' and the remainder of gas mixture 1,
£0o a heterogenecusly catalyzed gas phase partial oxidation of the
propylene contained in the gas mixture 1, the gas mixture 1', or the

gas mixture 1' and the remainder of gas mixture 1,

wherein the total content of C,~-hydrocarbons of the gas mixture 2 is <

3% by volume.

2. The process as claimed in claim 1, wherein the total content of

Cy~hydrocarbons of the gas mixture 2 is < 2.5% by volume.

3, The process as claimed in claim 1, wherein the total content of

Cs~hydrecarbons of the gas mixture 2 is € 2.0% by volume.

4. The process as claimed in claim 1, wherein the total content of

Cy-~hydrocarbons of the gas mixture 2 is £ 1.5% by volume.



79 We claim 1. A process for preparing at |east one partial oxidation
product of propylene selected fromthe group consisting of acrolein,
acrylic acid and propyl ene oxi de, &&i d process conprising: a) subjecting
crude propane to at | east one reaction selected from the group consisting
of a honogeneous dehydrogenation, a heterogeneously catalyzed

deoxygenat i Bif, quﬁﬁﬁﬁg@ﬁeéﬂ§lm@§yéehyh@egehatW%ﬁfe%Muﬁﬂﬁr?qq%é ceaEeTones)

i s/ arQZCﬁgiﬁf@éjar%léBsUBgefhéitgasl gagtuane qandi{ien sekeehrd. fromthe group
consisting of 1) in the presence of oxygen and 2) with the exclusion of
oxygen, and a heterogeneously catal yzed oxydehydrogenation, to obtain a gas
m xture 1 Tonmiicsiesg peopanémaddipr opglend, Wexspin did |Sotednwenhgnt of
converd -igal Qe RsOdHCle fs Rokbyremouisng andk £omerkLNg Lo by-products,
a portlon 0 constifuents other than~ propane “and propyl ene fromall of
or a part of the gas mxture 1 to obtain a gas mxture 1' conprising

pr opang, prmpylgﬂdﬂesandscaﬂnmmadsinotheﬁnthanwhe®Qﬁntth(nnﬂme andtpnopyt ene,
and, c ectin m xture conpr.i si, e xture 1, the gas
m xturée” ﬁigkoca qﬁi 5985 ﬁ%%dqﬁﬁemixg%ﬂ% HE T ﬁa@ﬂh VPTbas mxture 1, to a
het er ogeneously catal yzed gas phase partial oxidation of the propylene

contaised ithd r&cgﬁ%sma)ét WiQitkedt e gasiMmi X} uw@eﬁem Oofhd & tagasomcshur ef 1'
and the remmi nder gas m Xture 1, mherel @ 3%$I content of
C4- hyd?“oéé{ijﬁ%?%rb(?rnst RE T RSk gEBuEe & 1 3@/0 v fe"™2: The process as

claimed in claiml1, wherein the total content of C4-hydrocarbons of the gas

mXxture 2 ifhe <p2oedsdy M0l emgmé’u The progess aswﬁéeémedgla@ ChBlihrk 1
wherein the total content of C4-hydrocarbons of the gas mxture 2 is <-

2. 0% b§PRESILgRE. 0415 The ﬁpééegsoésC@WEPH%QF|9FQ§%N?H%P KFEIESI n HrIRE2pdt apd
cont ent - Hfy1eH4- hydrocarbons of the gas mxture 2 is <- 1.5% by vol ume. 80

5. The process as clained in claim1l1l, wherein the total content of

C4- hydrocarbons of the gas mxture 2 is < 1.0%by volune. 6. The process as
cl ai metPi n Thani mr@cesxheraa' nCtlhemtabt dn cohtamt lof wtArdidr gear bokstuwfe t he gas

Thet L ofaferises byléé/l %y rocar bonspggu(?&ﬁs&wfaeqt %h%h”‘égy!%@n Clgdg} %”7% §r o

the tota content o as mxture
vol umepr@ylEne-process as claimed in claiml, wherein the total content of
CA- hydrocarbons of the gas mixture 2 is ? 0.05%by volune. 9. The process as
cl ai e |l aim 1, wherein gas m, xt.ure } cqnpr ises 0.1% by vol une 05,

8 aim

conpouﬂﬁs olherpFﬁﬁﬁs%xfﬁ%n 6?%%%né‘ erein = gas’ mixture

comprises 2 0.3% by volume of compounds other than oxygen, propane and

propylene.

12. The process as claimed in claim 1, wherein gas mixture 1°
comprises 2 0.5% by volume of compounds other than oxygen, propane and

propylene.

13. The process as claimed in <c¢laim 1, wherein gas mixture 1°'
comprises 2 1% by volume of compounds other than oxygen, propane and

propylene.

14. The process as claimed in claim 1, wherein gas mixture 1!
comprises 2 3% by volume of compounds other than oxygen, propane and

propylene.

15. The process as claimed in <c¢laim 1, wherein gas mixture 1°
comprises 2 5% by volume of compounds other than oxygen, propane and

propylene.



propyl ene. 10. The process as clainmed in claim1l, wherein gas m xture 1'
conprises Z 0.2% by vol ume of conpounds ot her than oxygen, propane and
propyl ene. 11. The process as claingd in claiml1l, wherein gas m xture 1'
conprises ? 0.3% by vol une of conpounds ot her than oxygen, propane and
propyl ene. 12. The process claimed in claim1l1l, wherein gas m xture 1
conpriXes e 596BgesD| @fe §f~atfb?ﬁ)o&ﬁdscb%%r 1y hamhes&iden 9apr opariarandt '
propyl &nerilds Ih@o@r%?e%@l@ﬁe cbAi ABehdunat! kAL l, «MOLT Sk JhAAS JHXEHE €add
conprises ? 1% by vol ue of conpounds other than oxygen,” propane and
propyl@ﬁé’ylﬂe The process as clainmed in claim1, wherein gas m xture 1'
conprises ? 3% by vol une of conpounds ot her than oxygen, propane and

propylgne. ?SCQ OCESS 2%l g‘é‘?x D a?in?' M1 MOl 6] ”SQQS xﬂlﬁ‘éu‘%re i

conprises 2 5% by vo ume of conpounds ot er than oxygen, propane and

propyl eamwriges 2630F¥hbyprotess af ctmiowedsi etobai Mdn ehesssi.n yavanextude 1'
corrpriélq%ﬂ Q% by vol une of conpounds other than oxygen, propane and
propylen 77 The process as claimed in claim1, wherein gas mxture 1
conprises ? 30% by vol une of conpounds ot her than oxygen, propane and
propylehe. W& ghecqusocesscasimédi ted dlainl di, muhershier eilre t ges gasxmind uze 2
conpri ses up _to nme. of %rfogane 19. The process as clained in

60%
cl ai m S RIHSEr&i Lr11ptt't"|O %&SBHI JART ] %es up to 50% by vol une of

propane. 20. The process as clained in cI aim1, wherein gas mxture 2

conprises fHONp2bedsr 4890 Byavebanmenofciprppane. wiklreihher iy ogessmastelaai ared

inclaiml, wherein the gas mixture 2 has the followng contents: from?7 to
15% byCWr&ﬁ@S ofP 0 FEoRY 5V BT ROPIbY LA e of propyl ene, from 15 to 40%

by vol une of propane, from25 to 60% by volune of nitrogen, a sumof froml

to 5% 4y, vofmr%fcegg 2§02 A aH20, cangh frr, O%Qréanar:a@ b 06N Qimgh BEE

conpounds. 22. process as clainmed in claiml erein the gas mxture 2
has t&eo™ @0 6 ‘ih%f dohtveauge of propane.

21, The process as claimed in claim 1, wherein the gas mixture 2 has

the following contents:

from 7 to 15% by volume of O,,
from 5 to 10% by volume of propylene,
from 15 to 40% by volume of propane,

from 25 to 60% by volume of nitrogen,

a sum of from 1 to 5% by wvolume of CO, CO, and H,;Q, and from 0 to
5% by weight of other compounds.

22. The process as claimed in c¢laim 1, wherein the gas mixture 2 has
the following contents:

H;C £ 60% by volune,

N, £ 80% by volume,

G, > 0, 20% by volume,

CO £ 2% by volume,

C0, > 0, 5% by volume,

ethane £ 10% by volume,



H20 - 60% by vol ume, N2- 80% by volune, 02 > 0, 20% by volunme, CO S 2% by
volunme, @02 > 0, 5% by volune, ethane < 10% by volune, 82 ethylene < 5%
by vol une, nethane <- 5% by vol une, 82propane > 0, 50% by vol une,

cycl opropane 5 0.1% by vol une, propyne < 0.1% by vol une, propadiene < 0.1%
by vol une, propylene > 0, < 30% by volune, H2 S 30% by vol une, isobutane 5
3% by vol un®thyl§ngufane ¥ V8949, vol une, trans-butene-2 <- 1% by vol une,
cis-butene-2 S 1% by_vol une, butene-1 5 1% by volune, isobutene < 1% by
vol une, buteldia@@Re=158 R¥ VB¢ vol ume, but adi ene-1, 2 <- 1% by vol une,
butyne-1 -< 0.5% Db volyrre and butyne-2 < 0.5% by volunme. 23. The process
as cl ai med PYPRA"E %\Q{ hdtte Py YREURFude propane conprises 2 0.25% by

vol une of constituents other than propane and propylene. 24. The process as
clai med in SYRHWPP2RRer &l % RE ¥P ‘propane conprises z 1% by vol une of
conpounds ot her thgn propane and propylene. 25. The process as clainmed in
claimil, wheFERe felctudy FPoP3Re conprises z 2% by vol ume of conpounds

ot her than propane ang (ﬁrocp)él ene 26. The process as clainmed in claim1,
wher ei n t hePt? Spfopanet® é’nﬁPngré%' ? 3% by vol ume of conpounds other than
propane and propyl ene. 83 7. The process as claimed in claim1, wherein

t he crude pP’gcﬁﬁ}r)}gneCBn%rigse@%uBytﬁog‘%‘edy vol une of C4-hydrocarbons. 28. The
process as ¢l %leggg }I&? claim1, wherein the crude propane conprises fromO.1

to 6% by volu R Gear bons. 29. The process as clainmed in claim i,
wherein the, crude pr gﬁggeb meet s et he follow ng specifications: propane
| Une; ’

content ? 9B3BMRFAPS y volum

n-butane £ 3% by volume,
trans-butene-2 £ 1% by volune,
cis-butene-2 £ 1% by volume,
butene-1 £ 1% by volume,
isobutene £ 1% by volume,
butadiene-1,3 £ 1% by volume,
butadiene-1,2 £ 1% by volume,
butyne-1 £ 0.5% by volume, and
butyne-2 £ 0.5% by volume.
23, The process as claimed in claim 1, wherein the crude propane

comprises 2 0.25% Dby wvolume of constituents other than propane and

propylene.

24. The process ag claimed in claim 1, wherein the crude propane

comprises 2 1% by volume of compounds other than propane and propylene.

25. The process as claimed in claim 1, wherein the crude propane

comprises 2 2% by volume of compounds other than propane and propylene.

26, The process as claimed in <laim 1, wherein the crude propane

comprises 2 3% by volume of compounds other than propane and propylene.



total content of propane and propylene < 99% by vol une, total content of
CA- hydrocarbons S 6% by volune, butene-1 content < 0.5% by vol une, total
content of butenes S 0.5% by vol uneg3 ethane content < 10% by vol une,

et hyl ene content S 5% by volunme, nethane content S 5% by vol une,

cycl opropane content - 0.1% by vol unme, and ropyl ene content S 10% by

vol ume?7 whePid nerdreesot aF EAteAE dn C3LadHydr bcalbehsint ke tHEAe pgpaRRe and

propyl &0 diSes 9%3%9 % %ol Ve BumA Rt wﬁ{ﬁf’rec%bsoﬁso_t al content of

C5- hydr ocar bons . 3% by volunme, and "total content of C6- to
C8- hydrocarbons is 5 600 ppm by volune. 30. The process as clainmed in claim
1, whe?®in The propesre sonversined inn st (b) Whefeom BhE molides traoSaBe nol

% 3L Jhe Reacess, as i FEd | ALAETLL cWiehel 0 D at Teast one partial

oxi dat1on product of propylene is renove e product gas mixture of

t he gas phase partial oxidation and at |east unconverted propane present in
this producthgasorexsuse ¢saimeaydchedlaind d,swapréfn tlandiradei ptopdriee rgass
phase gr?rtstj %ll oxi dat i on.f.84t. 32. The process as clained in claim1, wherein
the protess i §Wta? ri%éd "Gt “tH'H reacti on zone over a catal yst charge whose
active conposition is at |least one nultinetal oxide conposition which

conpri ses Mpr&@GheVeon8ént easipzope @f1uke,and Sb, and at | east one sel ected
fromthe group consisting of Nb, Ta, W Ti, A, Zr, C, M, Ga, Fe, Ru, Co,

Rh, N, Pd, totdL cbateBt oBpre@an®nandibropyleMd, < lgss Ky Miudg, Au and In, in
conbi nation. 33. The process as clained in claim32, wherein the active

conposi ti ontodss @bnkeastoONg-AtddEbahs 0Xi ke 1yOKPOShE ) On whi ch conpri ses
the elenental stoichionmetry I MJVoOMC Md2 (I) where ML = Te and/or Sh, MZ
= at | east wpe:melieebetedt amot.he gyormpgensi sting of Nbo, Ta, W Ti, A, Zr,
C, M, &3, Fe, Ru, Co, Rh, Ni, Pd, Pt, La, Bi, Ce, Sn, Zn, Si, Na, Li, K
My, Ag, Au adithll RonBert f6OMUReBisto d,55¢by f6Dme, O to 1 and d = from> 0
to 1. 34. The process as clainmed in claim33, wherein ML is Te and M is at

| east one oétidhe Fant¥Wand 1% by volume,
ethylene content £ 5% by volume,
methane content £ 5% by volume,
cyclopropane content £ 0.1% by volume, and

propylene content £ 10% by volume,

wherein the total content of Ci;-hydrocarbons other than propane

and propylene is £ 0.3% by volume, and

wherein the total content of Cs—hydrocarbons £ 0.3% by volume, and

total content of Cg~ to Csg-hydrocarbons is £ 600 ppm by volume.

30. The process as claimed in claim 1, wherein the propane conversion

in step {a) is from = 5 mol % to £ 30 mol %.

31. The process as claimed in claim 1, wherein the at least one
partial oxidation product of propylene is removed from the product gas
mixture of the gas phase partial oxidation and at least unconverted
propane present in this product gas mixture is recycled into step {a)

and/or into the gas phase partial oxidation.



35. The process as clainmed in claim33, wherein M is Nb. 36. The process as
clainmed in claim32, wherein the X-gay diffractogramof the at |east one
mul ti metal oxide active conposition has reflections h and i whose peak

| ocations are at the reflection angles 22.2 0.5 (h) and 27.3 0.50 (i).

37. The2 pr oties orasetbabpedlhmed aimMc3@imWer @hdrdite thel d¥ocdsd f racdaegham
additionally has a reflection k whose peak is at 28.2 0.500. 85 38. The
proces%u%sl%laairr?@&tilﬁnc}za’i‘?n 6> iherdin YPhePRFI% iR ROhA%® THEHIIGHBEL

i Nt ensiiyatwi 1ddsht the Xul aymehd1f raGiegkampesit i@ nmasii BH Meohigt fsdieimghtanai df h of
0.5. 39. The process_as claimed in clajm38, wherein the h%%j-hei%ht wi dt h
of the?teffatti O i%antt of 'Y helr efPecET ok ar B at it Hddit ifdl 1N Cat? °FhRe
sane tiéomsistihgasd mhe 1ant @ensirty £k, ofr,t ke, reh) ecd,i o,k randcb hern,i mtiensify
P1 of the reflectign i _fulfill the condjtion 0.20 S R < 0.85 wﬂgre R is the
intensfty Fati 8tdefi'nedf by the?Por mara B = v {r; ¥Bk) 29/ 40" THE pfbcedd as
cl ai medonpiretabm 32, wherein the X-ray diffractogramof the at |east one
mul ti metal oxide active conposition has no reflection whose nmaxi numis at
28 = 50 0.3. 41. The process as clained in claim1, wherein step (a) is
carri et out Th¢ PrPceEparat el 3:Eect itonCEdHR. 342 "heRel priote SStage cPAMRRSE HiRD
claimis wherebnsst @Re( aduisSirdtalet & Qaenegusd i Gakhal ygesh debydeogenathen.
43. The process as claimed in claim1, wherein a portion of the

const i BLEMTS-3dt REPLFHPS/EYpane and propyl ene contained in the gas mxture
1 is renoved which conprises at | east one C4-hydrocarbon. 44. The process as
clainmed in clainhg§,MwQ§r?Ep t he heterogeneously catalyzed gas phase
partial oxidation i'§ catried out with a catal yst having an active
conposition conprising Mo, Bi and Fe. 45. The process as clainmed in claim
41, whehete t he heterogeneously catalyzed gas phase partial oxidation is
carried out with a catalyst having an active conposition of fornmula IV
Mb12Bi aFebXc1Xd2Xe3X90" (1V), where the variables are defined as foll ows:

X1 = nffcKelCafd? - Sbhalt, 86 X2 = thallium an alkali netal and/or an

al kaline earth netal, X3 = zinc, phosghorus, arsenic, boron, antinmony, tin,

|, )
cerium’ Iedd 1§AGFoPPE URGSTEFY Jrom ENPi GNP AWTIAGMIt Pt AR umaand ot

zirconpumzr, ¢r, Mn, Ga, Fe, Ru, Co, Rh, Ni, Pd, Pt, La, Bi, Ce, Sn, Zn, Si,
Na, Li, K, Mg, Ag, Au and In,

b = from 0.01 to 1,

¢ = from > 0 to 1 and

d = from > 0 to 1.

34. The process as claimed in claim 33, wherein M! is Te and M* is at

least one of Nb, Ta, W and Ti.
35. The process as claimed in claim 33, wherein M® is Nb.

36. The process as claimed in claim 32, wherein the X-ray
diffractogram of the at least one multimetal oxide active composition
has reflections h and i whose peak locations are at the reflection

angles 22.2 + 0.5° (h) and 27.3 * 0.5° (1i).

37. The process as claimed in claim 36, wherein the X-ray
diffractogram additionally has a reflection k whose peak is at 28.2 #+
0.50°.



=fromOto5 b =from0.01to5 ¢ =fromOto 10, d =fromO to 2, e
=from0Oto 8 f =fromO to 10, and n = a nunber which is determ ned by the
val ency and the frequency of the e8knents in (1V) other than oxygen. 46.
The process as clained in claim41l, wherein the heterogeneously catalyzed
gas phase partial oxidation is carried out with a catalyst having an active
conpostti onTROMHACSEAg 2Rk CAREMSA YUY CI@ pifocebsTadn chas nerffiastéPai in 833

wher ei fhd he; et &r ogeneausly «oalial yaed Qa§a§9h@§@f9§&‘idgﬁlanpxérqﬁt 'ao'?na|x§mum
carried out wth a catalyst having a nultinetal oxide of forrmula VII

NDlZVabﬂnll&@EX@BReWW@GOq W 1) , where the variables are defined as
fol | ows: W Nb, Ta, O and/or Ce, X2 = Cu, N, Co, Fe, M and/or Zn,

X3 = S?eandﬂpg HloceX: asgdefa_f@rf{;emgle ca'akfa' kg ”B&x?liizsel%%he ﬂg?fgﬁerrHNtehélikﬁl i ne

earth netals, X6 = lor Zr, oml1 fromOo0.2
to 4, ef=theg omfolesrttlgnlg and off rtdyy etfdeqpion ek aﬂeoﬁ@@ht@d@ltlfonﬂlwoﬁto to

4, 9 =dd 0§’%rﬁe tleAeO <apd pr3 @hé‘“&‘?@%né’!‘dyc'b I edeter r?e’ﬁ@c‘?)(oﬁ he vahengy and

frequency o) el enents in VII er than oxygen. . process as
cl ai nethiansgltai ﬁ‘l 10T wHer gieflectiden pf opahfe lils th§u§Pe@I@€PQ dJ e?Ohét & 69€n8busl y

cat al yaed 8N dr 0enat0n 20406, GRS ol HyiGel b sl ected Lo a

het er ogeneously catalyze ase parti OXi atlon of propyl ene present
in gas mxture 1. 49. The process as clainmed in claim1, wherein crude
propane is subjkRcted/andPal so in the presence of steamto a heterogeneously
catal yzed dehydrogenati on, and steamis partly or conpletely renoved by

condens tion fromgas mxture 1 fornmed in step (a). and the resultin as
m xtur% 1" TR suBfEd¥d 13 a At Ersyendousty? a?@zed”ﬁ&selﬁhasté‘e pg‘r f:g
oxi dat 4 pfrefctpyepy| enerpe esentiehft gase Maxithim@ethl. oxide active composition

has no reflection whose maximum is at 26 = 50 + 0.3°.

41, The process as claimed in claim 1, wherein step (z) is carried out

in a separate reaction zone.

42, The process as claimed in «¢laim 1, wherein step {(a) 1is a

heterogeneously catalyzed dehydrogenation.

43. The process as claimed in claim 1, wherein a portion of the
constituents other than propane and propylene contained in the gas

mixture 1 is removed which comprises at least one Cs-hydrocarbon.

44. The process as claimed in claim 41, wherein the heterogeneously
catalyzed gas phase partial oxidaticn is carried out with a catalyst

having an active composition comprising Mo, Bi and Fe.

45. The process as claimed in claim 41, wherein the heterogenecusly
catalyzed gas phase partial oxidation is carried out with a catalyst

having an active composition of formula IV
Mo,Bi.FepX X4 X X0, (IV),
where the variables are defined as follows:

X' = nickel and/or cobalt,



50. The process as clained in claim1l, wherein crude propane is subjected
to an autot hernal heterogeneously catal yzed dehydrogenation. 51. The
process as clainmed in claim11, whergn in advance of said process

C, -hydrocarbons are rectificatively renoved fromthe crude propane.

X? = thallium, an alkali metal and/or an alkaline earth metal,

X* = zine, phosphorus, arsenic, boron, antimeny, tin, cerium, lead

and/or tungsten,

X' = silicon, aluminum, titanium and/or zirconium,
a = from 0 to 5,

b = from 0.01 to 5,

c = from 0 to 10,

d = from C to 2,

e = from 0 to 8,

£f = from 0 to 10, and

n = a number which is determined by the valency and the frequency of

the elements in (IV) other than oxygen.

46. The process as claimed in claim 41, wherein the heterogeneously
catalyzed gas phase partial oxidation is carried out with a catalyst

having an active composition comprising Mo and V.

47. The process as claimed in claim 41, wherein the heterogenecusly
catalyzed gas phase partial oxidation is carried out with a catalyst

having a multimetal oxide of formula VII
MOV Xp 'K "X X XK, °0,  (VIT),

where the variables are defined as follows:

>
|

= W, Nb, Ta, Cr and/or Ce,

X? = Cu, Ni, Co, Fe, Mn and/or 2n,

X’ = sb and/or Bi,

X' = one or more alkali metals,

X° = one or more alkaline earth metals,
X% = si, Al, Ti and/or Zr,

a = from 1 to 6,



87

b = from 0.2 to 4,

¢ = from 0.5 to 18,

d = from 0 tc 40,

e = from 0 to 2,

f = from 0 to 4,

g = from 0 to 40, and

n = a number which is determined by the valency and frequency of the

elements in VII other than oxygen.

48. The process as claimed in claim 1, wherein crude propane is
subjected to a heterogenecusly catalyzed dehydrogenation and the gas
mixture 1 is subjected to a heterogeneously catalyzed gas phase partial

oxidation of propylene present in gas mixture 1.

49, The process as claimed in claim 1, wherein crude propane 1is
subjected and also in the presence of steam to a heterogenecusly
catalyzed dehydrogenation, and steam is partly or completely removed by
condensation from gas mixture 1 formed in step {(a) and the resulting
gas mixture 1' is subjected to a heterogeneously catalyzed gas phase

partial oxidation of propylene present in gas mixture 1'.

50. The process as claimed in claim 1, wherein crude propane 1is

subjected to an autothermal heterogeneously catalyzed dehydrogenation.

51. The process as claimed in claim 1, wherein in advance of said
process {;-hydrocarbons are rectificatively removed from the crude

propane.



