PF 53957-27 MARCH 2007 1 Preparation of at |east one partial oxidation

and/ or amoR P23 product of propylene 5 The present invention relates to
a process for preparing at |east one partial oxidation ang/maregiaygtdation
product of propylene, in which a) crude propane is subjected to a
honbgeneously and/or 10 heterogeneously catal yzed dehydrogenati on and/ or
oxydehydrogenation in the presence and/ or absence of oxygen in a first step

to producepa.gasaticd Wieal £O0BY icHiNGaPt PPANE: dRRYR! SRV BNEmmSTi dex 13Rd D)

part of th nt r than propane and propylene present in the
gas mxturg)% %;rr(;\eédj%l OE%’EEH% rst stepis, if appropriate, separated off

fromthe gas m xture 1 and/or 20 converted i nto ot her corrpounds so as to
produce # §hs Rrsaditte inventiempridiatgspropaiEcasdspfoprararand at skpast -
conmpounds ohhepartimdn oxiygenon praiyareamnakigtadppheneoduamadthergaglaniext ure 1
and, in at iheasicione further step, 25 c) gas m xture 1 and/or gas m xture 1'
are/i S subjected as constituent of a gas mxture 2 to a heterogeneousl y '

catal yzed as artial. OXI dati.o nd/ artial gas
amoxi dat i o% f:%l ’fé’r? “pi&seh ]?Jecntergi £ %ﬁ e égﬁﬁ%rargdqs mxture 1'.
30 C FdP the p§ %%%%,n%?rus Pfec‘fﬁ%]s‘fezrﬁd fléﬂ' rGSTFEIFROPRNET s a

. propane-cont ai nm@e}@a%rqmnehle@nmwé@spneeemﬂ Vngy opaslesents ofossyasy

propyl ene but ahsa sirdteasepone,pfadageeat §ys atixdteast 1t eemprdsinhr geomame of t en
at | east four grafipMsyicaen cal conpound(s) 35 other than propane and

propyl ene. Such chem cal conpounds can be detected chromatographically,

e g gas- chrgmat ographically, in crude propane. For the purposes of the
ent 1Peg t$ an oxydehydrogenation of 40 propane is a dehydrogenation
mh h'is forced by oxygen present .and in which no free hydrogen is forned

or i s detebtabberascfarthel ppeshidicatts. okthex diftara stropane ok miviopraéne
dehydr ogenat i oOpreyéntchin phecgad miengdether faald in exydeivgl egepaisond s
exot herm c. Thgp,ppdehwdr 0ggaatd o8 Brapaie ¢ald RexCafd lleqnew&r at

el evat ed, 45 terrgg‘r,g}égdfesmﬁzg bhee P RRBGROTad UID0E géu&%ataa étﬁﬁdg%%?

wi t hout the pr esence Q anpre
" comprising propane d propylene an so compoun s other

than oxygen, propane and propylene from the gas mixture 1
and, in at least one further step,

25 ¢) gas mixture 1 and/or gas mixture 1’ are/is subjected as
constituent of a gas mixture 2 to a heterogeneocusly catalyzed
gas~phase partial oxidation and/or partial gas-phase-
ammoxidation of propylene present in gas mixture 1 and/or gas
mixture 1°.

30

.(i; For the purposes of the present text, crude propane is a
propane-containing gas which comprises not only propane and
possibly propylene but also at least one, fregquently at least two
or three and often at least four or five, chemical compound(s)

35 other than propane and propylene. Such chemical compounds can be

detected chromatographically, e.g. gas-chromatographically, in
crude propane.

For the purposes of the present text, an oxydehydrogenation of
40 propane is a dehydrogenation which is forced by oxygen present
“and in which no free hydrogen is formed or is detectable as an
intermediate. In contrast to conventional dehydrogenation, which
proceeds endothermically, oxydehvdrogenation is exothermic. The
" oxydehydrogenation of propane can be carried out at elevated
45 temperatures in the presence of homogeneous catalysts (i.e.
without the presence of a, for example, solid catalyst; cf., for



27 MARCH 2007 2 exanple, US-A 3 798 283) or heterogeneous catalysts (e.g.
over soli PRa33P§%ts; cf. DE-A 2058054 and DE- A. 19530494). The sane is
essentially true-of conventional dehydrogenation, in 5 Wh2TMARGH 2007
dehydrogenation step'is carried out without active involvenent of oxygen
(cf., for exanmple, EP-A 731 077 and WD201/96270). In this case, hydr ogen is

formed as pLijmng, BY¥-= Qr?%t 89St £Ad 0l rEQQnMsercaftQﬁgEgs' e heqcase of
oxydehydrogen_L d cat?iL _ For tthe pRUL PORES) f5 ??Qt ﬁreﬁ_%gﬁo&&ﬁ()t corrpl ete

oxi dati on Gf° e 1's conversion o e carbon present in the
propyl ene |nto oxXi des of carbon (CO CQ2). Al other reactions of propyl ene
with nol eclTher serpgen egsendriedhpacsesl dfy coneenisionals depadrdganagiprdation” in
this texts wHiehaddet demalrdgenekvetresterofis anrmiid cut whehswacidtane

charact eri zas,ARBRXhdad# Qkyglhe (pf f @rorre@xﬂtﬁﬁié aIEPaAI daii @ apd/ or

amoxi dat i % Ry gg%g@) of n %ﬁlggyég 8111 H‘ acrslil f Ié} pr esent
F

text, acroleln rile. Parti al

oxi dat i on :fﬁ’d’ PEpd ﬁﬁjfrojﬁi‘%'aﬁaidoﬁ’ p Oﬁ%%ﬂneﬁ Caf8&se| ‘?'fgortant
i nt er medi at@YIebygrogeRati® prepar at i on of pol yners. 25 Such parti al

oxi dati ob®& and/or ammoxi dations are carried out by nmethods known per se (the
anount of @BORha PiesEHs iof the prfaatt e8xgASdiipliedeesgidntdioncentrolled in
a manner knguwp, @@ﬁesfs éd?w%%@oﬁ s€aal Qﬂe%%d ir@ééﬁ?tir@@h)é eXC' usively a

partial oX] d% ?ﬁ 1:}@3(%:{[:{% LyeLy rﬁ;ge e xidalion or r[eg.cé1 Q of

superp05|t|0n actl ons 2hét erogeneous catalyzed

gas phase RFLEYIERE BVt T9orFuiar ’ﬁ’gﬁé‘r aFe AP aSSeq Y s teprE- A 27 351
G( exa*@l"@aé‘fil@iheo%ﬂeﬁﬁﬁéio@"ohnoﬁhlfﬂ ¢srtenths rmdslizsonat ol rsial vamanprofacr ylic
\d and ofampwopyl tmechentreaact yh orharsickeyizan hrimBxAI3T7209.72 (exanpl e of the
conversion of propylene into propylene oxide) may be cited by way of -
exanpl e. Asrh%xbgéﬁérré&%a'r&&@rE@ida)&%ﬁd&n (frgxf%%%&éé%zy%%d\ﬁ@ ghygmay, 40

- for exanple dded formor xture ase Ich are
.. Acro

essenti al | ¥5 oﬁ’g%?n F ??He °§r %Ip%gtooﬁgﬁ on/ a SSE. 0 g %aS Hir) to
the reacty GFrgaicntsddn é’roﬁﬁée’t‘%a‘?ﬁ%?t enf AGEH ONAERi{on gas mixture are
frequently also diluted by at |least one inert gas (e.g. N2, HO CO C(C02,

sat ur at ed IPadttdedr &oids tiengandboClenthxhdt Doardredscte. gf mpdesﬁéié)ﬁed in
DE- A 192443 LapdafP- Hhik93edddtedle ARd/ @br AnLlifrepalBr bl dredbiifemyal and to

make the reaction safe. DE-B 2251364 recommends, inter alia, the use

25 Such partial oxidations and/or ammoxidations are carried out by
methods known per se (the amount of ammonia present in the
reaction gas mixture can be controlled in a manner known per se
to give a reaction which is essentially exclusively a partial
oxidation or exclusively a partial ammoxidation or is a

w 30 superposition of the two reactions). These are heterogeneously
C:; catalyzed gas-phase reactions over solid, in general oxidic,
catalvsts.

DE-A 2 351 151 {exanmple of the conversion of propylene into

.35 acrolein and/or acrylic acid and of propylene into acrylenitrile)
and EP-A 372 972 (example of the conversion of propylene into
propylene oxide) may be cited by way of example.

As oxidant, use is normally made of molecular oxygen which may,
40 for example, be added in pure form or in admixture with gases
which are essentially inert in the partial oxidation/ammoxidation
(e.g. as air) to the reaction gas mixture. The reactants in the
reaction‘gas mixture are frequently also diluted by at least cne
inert gas (e.g. Nj, Hz0, CO, C0s, saturated hydrocarbons, e.g. '
45 C1-Cg-hydrocarbons (e.g. as described in DE-A 1924431 and :
EpP-A 293224), He and/or Ar etc.) to aid heat removal and to make
the reaction safe. DE-B 2251364 recommends, inter alia, the use



PF 53957 27 MARCH 2007 3 of butane as.inert diluent gas. As nentioned

above, amoXFda#P®h is distinguished by the additional presence of ammonia. .
Unli ke the case of |aboratdory and pilot plant experinents, 21 MARCGHSS0E i Ng
propyl ene used on an industrial scale is usually not chemcally pure

propyl ene but instead a crude propylend which contains inpurities but
neverthel esch hA%adeCoEPRatd BN eht Ofhs PUEI ﬁamg'ﬁarged aRel¥ Medmiadat i 64

chemi cal salﬁgulgﬁed*b&P%ﬁéZ&&ammml £l SQALIFODAL, ShICH

conparative y pure crude propylene 1s relatively conp Icated and expenS|ve.'
It normally starts from crude paraffinic hydrocarbons .and general |y
conpri ses afnlidgstheoprs ff fIF‘PSF?B?FBétaé’S PhGhi R PERET B8P 5&r aF RE ni
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physi cal neidiidal(sfpurd Qropyasnt utDEnAtda®2d 4ol pTbeyetd fwheahi on step
8][ z% ﬁgf gsé@ldalngo dtlh:?ﬂl% %uEeﬂ@sYéﬂrth‘éﬁeQEeﬁdé"% Qbﬁﬁ%ﬁé@ﬁ%gygggg%h:pe and
corrponentsyorl g %% rLIeosé’?r{%lir %L%i:%p gfﬁ eicpae%r %fcfalgnlrég%ydrocar bon. ¥he
abovenent i dHE ons generally require a high capital investnent and,
as a reshPt of the Si m larity of ol efinic/paraffinic hydrocarbons, are very
ener gy- i nt erts Vieoldhign 25 sueht henpfmartd veduabine entudeenpdmoyleshel hsconj uncti on
with refinefelatefatkessmAntasbaanmde raaeaksvandrarranl yy Wwiddvahickembecause
the nmajor parde 95r£f¥aﬂ¥EJ%§dEBEEB%éﬂEEaﬂﬁt8é£$¥£ﬂﬂ} EB&ﬁr¥Eﬁ% .3 1bgguired in

| ar ge quantltles . £ ECON, r_subsequen zatlons (e. 0.
prepar at { orH1 7 B T B ol 1A o A VTR S B LTI T R I case

al uetdiss Sfe@éﬁf‘ ‘-‘é EriEopr Blb%rﬁqoé’hdﬁ?etm?dc Pﬁd’@e%‘%pﬂﬁ é’ﬁ‘§§1§ﬁ‘)]r ng into
pa ial oweticdsnéchind/for sxpoR]-Satifons 3i 52 f458Ubolle newel figss i omneeerand
i s effectivel stapsecaudany cdepansk (sthiaclremsvathyo fc ol e€ins opyeanehdd produced
in such a vg%pwehé Has @o@ﬁ@?%@&lz@dﬁ@‘t\/sn&iﬂér@h% fPéﬂlC&dc]ﬂ'leﬁért i al

oxi dat i ons g uaangf@w' Hathags, JhiHneAls TBLATLh S, PLLCLA0URI e reduced

appr eci 2,_;)4 rcli 0SSl to omt part Or the separations
referre Eopi’éa% 51 %’P’g °rY lfc?’? I's probl em EP-B 938463 proposes
partially dehydrogenatlng crude propane, for exanple, in the presence of
oxygen and et ebogeneuusredt abpatationsagbnesilist epandreracick gapital
investment and, as a result of the gimilarity of
olefinic/paraffinic hydrocarbons, are very energy-intensive. They
25 are therefore usually only employved in conjunction with refinery
crackers and steam crackers and are only worthwhile because the
major part of the crude propylene obtained in this way is.
required in large quantities (“economy of scale”) for subseguent
polymerizations (e.g. preparation of polypropylene) and, in
30 addition, experiences an increase in value as a result.

The proportion of these crude propylenes going into partial
oxidations and/or ammoxidationg is of subordinate importance and
is effectively a secondary demand, which is why crude propylene

35 preduced in such a way still has an acceptable raw materials
price for partial oxidations and/or ammoxidations.

This raw materials price could be reduced appreciably only if it
were possible to omit part or all of the separations referred to.
40 o
' As a solution to this problem, EP-B 938463 proposes partially
dehydrogenating c¢rude propane, for example, in the presence of
oxygen and heterogeneous catalysts in a first step to produce a
first gas mixture comprising propylene and propane which is
45 subjected as such, i.e. without intermediate treatment, as
constituent of a second gag mixture to a heterogeneocusly



first gas m-xture corrprl si ng propyl ene and propane which is 45 subjected as .
such, i.e. BFtFA88B7internediate treatnent, as constituent of a second gas
mxture to a het er ogeneousl’y PF 53957 27 MARCH 2007 4 cat 2f yiARCHas07phase
partial oxidation of propylene present inthe first gas mxture to acrolein
and/or acrylic acid. On the question o# the purity of the crude propane to

be used, 5 &Eftd928463sSiralRs phitteol WL BicibhNer 48-dphrl chBapreschite iRUERS Y Of
the starting f@%%fasa{gl&@%a acgeieﬂ@qﬂd%%aaéa&ﬂfaﬂat:@ Further, the

starting materi al ane may be a m xtur vVarious al kanes. Typically the
feed will conprise at |east 30 nole percent, preferably at | east 50 nole
percent andoRihe FUCHE LR oM bReaPUr baS 0 T GRADFRIGRL FEERADS B Aife USFRe sour ce
of the aPkEPeB 988463 psiopase theed]wfmwr3 . udengnd® hef . pritbesss” Tie tHve ipresent
~invention ishdGitagtihyGidteriblr bhRsm®ries nbP- Bad3@403 rl gathescddl «col um 3,
line 17 fI RS, the IB:Alieh hECOVRIY a@fcaﬁ@‘%nﬂp'b@ gl I?lxéltt% rg,@gcotndens:ad
gases con C ignifica i ona
purificati ?r’lﬂ%g Qﬂﬁ%}@; eg? Slf.f? %ﬁ%eEggﬁ % 6co§n fgrlespon es?‘egpl ally to
t hose of r@%%ﬁG?r 58 t?fétlaélg A° BEEEERTEHSS &Fr yi ng out

“the het &P oeresfeesabity %‘at]aﬂafi:eé d@ﬁ%rﬁﬁj@ﬁﬁﬁb‘fﬂtﬁn@pr &paneoutiaen ofe EEP usi on of
oxygen. Furaliemenr e, g ERrdphhél §6ed cathesisenipage brockeneofl&Hef premerithe 25

subj ect of ihermheueiremdonredtiesycte stream "Since the |light and heavy
hydr ocar bon by- products such as net hane, ethane, ethylene, butane, and

lo)trJt fﬂgscgmé %(Ljh 5P esaéEpr e§3§4g£n fe'é:c%nt I ¥3t di ffer IntSELIf]I[M%);%?It g%s;e,, Lngc’r ol ein

Al ter nat +3 e} 5567 FPEANRE ¥ Gt %Pm ﬁ@r%ﬂ(?%fhe Eh§- Ip?r&ﬁmé@gs% IR FOPEE B Mhount s
may_be pur qe:‘cppan?hand%mWﬂ?9 ot thyéh sagpid ipandy r e@fd bionadcycl ed gas is
al so envi sagedicatbbh Bt3@8463 in colum 11, line 10. The necessity of
separating off the abovenentioned secondary 35 conponents prior to the

partial oxia ivanc i@%ﬁ o', @@@QE E&i@eﬂ dogregﬁérhé Reoen 266§ n—Toe'tstasg gocurent .
635%hirs,

The t 9627 t t EP- 38463
and Eﬁ?cgﬁr@?ﬁ Siebg, Hat HEH 107005 LikeorReidl e tling n the'l %) (g

gas mi xt ur AYETCHERBRYIIM ICHR2EY AR Cﬁfhyﬁrt’ﬁ%niﬁ’dé"eé@ BFORaRE ("iFBnt i on can of
cour se furtéerlusdepreSeyxyvioen.addition to the constituents nentioned above,
ot her constituents such as CO (@02, H20O, nobl e gases such as He and/or Ar,

hydrogen, purthermore, EP-A 117146 teaches on page 11, line 14 £f, on the
25 subject of the abovementioned recycle stream: “Since the light
and heavy hydrocarbon by-products, such as methane, ethane,
ethylene, butane, and butenes boil at temperatures significantly
different from those of acrolein or the C3; hydrocarbons, they may
be separated by distillation. Alternmatively, streams containing
) 30 the by-products in concentrated amounts may be purged.” The
(:f possibility of such a purge stream of recycled gas is also
envisaged in EP-B 938463 in column 11, line 10.

The necessity of geparating off the abovementioned secondary
35 components prior to the partial oxidation and/or ammoxidation is
not recognized in either document.

The teachings of WO 01/86270 follow on from the teachings of
EP-B 938463 and EP-A 117 146. Thus, it states on page 4, line

40 10 ff, that: "The feed gas mixture to the oxidation stage B in
the process of the invention can of course further comprise, in
addition to the constituents mentioned above, other constituents
such as CO, CO;, H»0, ncble gases such as He and/or Ar, hydrogen,
methane, ethylene, butanes, butenes, butyvnes, pentanes, propyne,

45 allenes and/or acrolein.”



met hane, ethyl ene, butanes, butenes, butynes, pentanes, propyne, 45 allenes

and/ or. acr @®Rig895MF 53957 27 MARCH 2007 5 Furthernore, WO 01/96270 teaches.

on page 15, line 26 ff, in” respect of the crude propane tgr maRreegoohor the
dehydrogenation step: "It is. inportant for the purposes of the invention
that the propane used iin stage A doessnot have to be pure propane. Rather,

itLQﬁeprﬁE?ﬁﬁﬁﬁéﬁ% 7 geoh u%%*a“éstte%cﬁgg"n%i e B E oS 0s,
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separat i ng IP - bf Eagg %% e:@t ,ally all, consti s ‘ot her than
pr opane and prg €ne’ and2 E regards quantrtatrve rem)val of all
constituents other t han propane, propylene and possi bly nol ecul ar oxygen
from such?dthprgh V@a&ﬁ?ﬁwfeﬂ@@r geecymends geparduinch@ffagtpheastc waak| y

pr ef er r dd, ofnyhs epat@igeonppesods dnt shbefised ghor mi2fuinehiforpadpibsetadver sel y
af fects thaecagenefiretich &hHep QAT ablpr ENGEPTophfle HAL Py 1esO MRt he
processes rtsegnﬁefwgatsnmi%r@%vegsatfm%rdesynarg %afr%aéusﬁl@ahe P

t
ggalnl etsatl\é’% Eg arraqu *t'5 Iﬁreseébsgr Sfe% /adleSor1 uop%gslgtsg rtg%]o nded in

25 WO 01/ 962?Br%trﬂ°6’ag€PEB°n%]c)]tl‘E FFPRAF M GFE CPEQ%JF ebaMiefatFOn has been
md t dSbespenbid Myl plinseenstiilitachss edpar dhangordmame exdnprepylene,

CAxhydr ocashansr$s h1C37 hyeyaaehs hoasti fdei wkeeessvdly «f adepaeastigeafk

particul ar osgES NEkary pQQﬁE@@erﬁr%pr@néf &l doieidehysiieaenati aRyedil/febn

oxydehydr o t ey fhiy rder to red th
for mat | on %ﬁggé"ﬂ Sopad nBtilte BEEOES o'd PLER L q'g‘itshe ﬁtsf‘ﬁidtzrget

oroduct | nPRRoLCHaRdt PARE SR Ir IR ERTL Braret o Fhangi ng
from cr8dERpE opyARase eeveriRly Fiépane e caprmtet i tihe ABEras recogni zed
in the citedopesorangyt seddndiauglsombechriloy papresses cmrorimougedfin lige
al t er at i onabsvéyeryioguat découmaitsofow &lcH e qhant i fedierd akpahangs @@ecor di ng
E)gr \é\g ?é/n%g»?xﬂd éJ‘%e%ﬁﬁ@f@el%f unBh9Pahte . :Iﬂ% ?ﬁ@{@ %’péﬂ'ﬂe%hefd&ar';'Oa: oni ¢
aci d; howe\%%%ﬁgfeh t%o % gb Or%tlob/ge?&tsb& 903‘ s’fr"r)é %mﬁeg%&gng‘l f Iroom t he
propyleﬁé WO 01/96270 on page ., bottom, oser examlination has

been found to be relatively unsultable for separating, for

example, Cs~hydrocarbons from Cs~hydrocarbons.

The necessity of separating off particular secondary components
) 30 after the dehydrogenation and/or oxydehydrogenation step or even
(:; before this step in order to reduce the formation of by-products
in addition to the formation of the desired target product in the
oxidation and/or ammoxidation step or steps when changing from
crude propylene to crude propane as raw material is not
35 recognized in the cited prior art. Although the prior art is -
conscious of the alteration in by-product formation with the raw
material change (according to WO 01/96270, the presence of
propane, for example, in the partial oxidation causes increased
formation of propionaldehyde and/or propionic acid; however, the
40 advantage of not separating off the propane from the propylene
formed in the dehydrogenation is not accorded greater
importance), this is not considered particularly critical since a
preliminary separation is generally more complicated than the
separation of target product and by-product. This is also
45 considered in the light of the background that a target product



forned in the deh drogenation is not accorded greater inportance), this is
not consi d&®P Ricularly critical since a prelimnary separation is
generally nore conplicated than the separation of target pradwsiyzud
by-product. This is also 45 considered in the light of the background that a
target product PF 53957 27 MARCH 2007 66 separation from by-products forned

has to be capbi-gd; Wtrddh BPYpr&diis EBiRcQRidd @1 bé %fleedog‘d'toyﬁléhaﬁl SO
shared by thase, for 5 exarrpi:J EP- A 1192987, DE-A 10122027, EP-A 608838,

EP- A 52985 DE- A 10051419 or DE-A 10119933, who reconmend carrying out the
process defi ned at the beginning of this text in a single reaction zone (it
i s usual | y T8der Peiniom iisnqaite 1ougdyr ek isbaredomesihanger £arcat al yst
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e source p er.se, AOr i xture w
an al kene 9’%% g %t?ﬁ %gonuéiwg 5 Hééé;%%g Q g‘fia.nagl rega&g#gess of
sour ce, § gﬁ% 'Ié'é'§ ? B Hi%en 8392 55 Hesi red. "

ﬂ)' et é15y aRAAPH RSP da Do q@mz?ev%aﬂﬁgosa withrate s3ying ng®85,36: " No
pakt-i cul ar lsypchi ghpterdnds Fle tramiskturgul iitsy uaeé ¢ ammdh drrt blee propane to

be used foksubbeqpsraceastohl éhiRldtivanthdinr LR186256h Istkewbsesetgens crude
propanes of the nost different degrees of purity to be useful. 30 A

di sad t b d h that th
R SN e A AR
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present onithej ﬁ%@ﬁ:e@tl may hee GrurglaspiofAreses pbrimlddpigsege widh Bat t heir
adver se ef hékese handy o35 ohhéheimpmrienas nedtbrsonet| celt) alfkack, aregdmileed duri ng

the courseofofcties f iahst tBé Pl N $HEAr LRS! bE USRSl Nehad Bet R AREESENt [N
the first Q@S Q},ﬁéﬁe 26k ASe £3} %h)é% Qﬁlipnﬁg—ﬂ m?zzsdébs‘égasﬂés on
net er oggeQusty; Caldly7od) bar Tl ,9x{Tats 1, Andl o QTR dRTLO. os

purity are placed on the propane to be used for the process of

the invention.” WO 0196271 likewise deems crude propanes of the
most different degrees of purity to be useful.

. 30 A disadvantage of the above recommendations of the prior art is
(i; that they do not address the question of which constituents which
may be present in inexpensive crude propane or chemical compounds
{(which are not present or present only in traces in the crude-
propylenes normally used, so that their adverse effects have
35 hitherto remained unnoticed) which are formed during the course
of the first step from such constituents and are then present in
the first gas mixture act as catalyst poisons in the subsequent
heterogeneocusly catalyzed partial oxidation and/or ammoxidation
by reducing the activity and/or selectivity of the catalyst in
40 respect of the desired partial oxidation and/or ammoxidation of

propylene.

As a result of detailed and careful studies, it has now been
found that Ca-hydrocarbons (chemical ccmpounds consisting of four
45 carbon atoms and hydrogen) in general and among these especially
the group of clefinic representatives {(l-butene, trans-2-butene,
cis-2-butene and isobutene) and among these in particular



by reduci ngpthe activity and/or selectivity of the catalyst in 40 respect of
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t he abovenentioned facts. 20 W ound at t %t is achieved by a
process for preparing at | east one partial oxidation and/or amoxi dat| on
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hokogeneoudihy aviekt clesdrdbed ogetdwusuysett iy pedrdelyalray dsask osrand/ or
oxydehydr ogamal abmstidatthen pawsenc amand] @dtiahs ereduet aXygepylemea first step

to give a gaschl X&Mrl@celtﬁ@”ﬁfé&d&spbgp@&e prabe REOPVARE, a30c@id ofd) part

of the conﬁl%tgg Q]}t%:q_g%! 204 opane and propyl ene present in the gas
m xture 1 forme I

t he gas xture 1 and/ or_  ‘converted into other cgonpounds so as_to produce a
gas m xt ur e have found that this object is achieved by a process for

preparing at least one partial oxidation and/or ammoxidation
product of propylene, in which

25 a) c¢rude propane is zubjected to a homogenecusly and/or
heterogeneously catalyzed dehydrogenation and/or
oxydehydrogenation in the presence and/or absence of oxygen
in a first step to give a gas mixture 1 comprising propane
and propvylene,

30

(:; and

k) part of the constituents other than propane and propvlene
present in the gas mixture 1 formed in the first step is, if-
35 appropriate, separated off from the gas mixture 1 and/or
converted into other compounds so as to produce a gas mixture
1’ comprising propane and propylene and also compounds other
than oxygen, propane and propylene from the gas mixture 1
: and, in at least one further step,
40 |
¢) gas mixture 1 and/or gas mixture 1’ are/is subjected asg
constituent of a gas mixture 2 to a heterogeneocusly catalyzed
gas-phase partial oxidation and/or partial gas-phase
ammoxidation of propvlene present in gas mlxture 1l and/or gas
45 mixture 1,

rst step is, if 35 appropriate, separated off from



1' conprising propane and propylene and al so conpounds ot her than oxygen,
pr opane andPErg§9EEne fromthe gas mixture 1 and, in at |east one further
step, 40 c) gas mixture 1 and/or -gas mxture 1' are/is subpepmtARCAI007
constituent of a gas mxture 2 to a heterogeneously catal yzed gas-phase
partial oxidation and/or partial gas-pBase ammoxidation of propyl ene
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preferably sofhtd%uechys walidre iangdr8e:a Ahehes apityr011% by vol unme or < 0.05%
by volunme or < 0.03% by volune or < 0.01% by volune. In the case of 20 gas

m xtures 2 which.no | onger contajn, any 1l-butene at all, this adyerse effect
ot Cour e ABNIEE EAngH SEPeRF LNRNRTEr  Ch Tarutaus SR B cHent of
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1- but ene i walvnegas £i kil éy2vahdne |mave 0i 4% lmontcdmtmei npatel qpderihyxt ure 2 at
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or in extrene voiaeSand hdIQOUrbYe Vol ol D the R10RESSraf ¢ ezppgsent
| nventi on, J{i%gn%beaéegwda%n%g vbidhd SrPLEbEE AP, @glg&%. ARPloheOBLY Ik t he
amount of 1-Butene 30 present In the gas mxture uf "al'so a e sane
time, intpERfetyEot %r‘l‘g‘l& oPRetondSE ERRHAUY IS poSYEFERR 2% éptestitthti ve
of the but exfeeree. effeeypf Zoputene longep-yneaie asndll sdhviedRs) , immd very
parti cul ar lovepréflenadtsenEntt hé Sasreedanomict o fthenatyobeal jaeswoifitabde bat enes in
the gas M Xdddept2zoddi LIVR@BSeffect of l-butene in the gas mixture 2 and
leave its content in the gas mixture 2 at values of > 0.001% by
25 volume or > 0.003% by volume or > 0.006% by volume or in extreme

cases > 0.009% by volume.
In the process of the present invention, the abovementioned
limits preferably do not apply only to the amount of l-butene

_ 30 present in the gas mixture 2 but also at the same time,

(:; independently of one another, to each other possible
representative of the butenes (i.e. trans-2-butene, cis-2-butene
and isobutene), and very particularly preferably at the same time
to the total amount of butenes in the gas mixture 2. This means

35 that gas mixtures 2 suitable for the purposes of the present
invention are, for example, those in which:

the l-butene content 1s < 1% by volume and the total content

of butenes is < 1% by volume; or

40
- the l-butene content is < 0.5% by volume and the total
content of butenes is < 1% by volume; or

- the l-butene content is < 0.3% by volume and the total

45 content of butenes is < 1% by volume; or



35 that gas m xtures 2 suitable for the purposes of the present invention
are, for exBRA3®5T hose in which: - the 1-butene content is : 1% by vol une
and the total content of Dutenes is < 1% by vol une; or 4Q2>MARECHL2d0Ut ene
content is < 0.5% by volune and the total -content of butenes is < 1% by
vol une; or - the 1-butene content is <90.3% by volunme and the total 45
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Is < 1% by volunme; or - the 1-butene content is < 0.5% by volune and the

total content .g6 bupenss iSntef 504 W 0VabUBP vfikie CndSchieopigcess of the
pr esent |nvent|%gt8f£e£l§ be%%%rétsljz_iél it%vxg ngmeb_l e_ways of adhering to the
abovenent i oned SV Es; “of 1 hess, *5 it s Kossfﬁ?é t0 enploy either only one
or both. 20 Firstly, the starting material can be a crude propane which

ei ther dénhtai néhgol Autgndr soatpohsisat 8- R%oby Weilsimecand afhs totk}  such
anounts of C4- lepdeenarddimtiehat idec [Lwnbisvspeei;ficed according to the
present invention for the contents of 1-butene, (total) butenes and (total)

Ca-hydr ocarbons,n Lhe 45 JI¥LUL e 2 25 Sheoadnaced Los Mhatgagtent of

whi ch of the possi e Cru ropane 1s conpatible

5N e
with the proc&S8*BFtt éﬁ‘gﬁtl"? rfvg)mslgsoﬁyd“éoﬂé’r‘fﬁé, ®Fhter alia, on the

spgfi fi d%oundary conditions enployed for the first step of the process and
cak_

be det 8hri peokdnes @fpshspreiant] edventidie cdfere nessSRikdhWw prwed i mi nary
tests, in paebibBbsavsSubjpEchdhgarimeze sphecibdvemehoitead Viieond: tébNeskl, it IS

necessary fer i LAsdvdinAeakbods 14, ke caepasatednaf b, comercial crude
propane, this can be carried out in a nanner 35 known per se, e.g. by

rectificition. es Wthout saying. that . all other separatjpn processes

such as % dEbFEFJr%ﬂ%%@SSFBFFW .eﬁ?gf)r%?étheeasﬁfﬁﬁe RFSEPPEI BA)S" ext ract i on

and/ or either contains no Cy-hydrocarbons at all ox which contains only
' such amounts of Cy-hydrocarbons that the limits specified
according to the present invention for the contents of l-butene,
(total) butenes and (total) Cy-hydrocarbons in the gas mixture 2
25 are adhered to. What content of which of the possible
Cs~hydrocarbong in the crude propane is compatible with the
process of the present invention depends, inter alia, on the
specific boundary conditions emploved for the first step of the
rrocess and can be determined by a person skilled in the art in a
) 30 few preliminary tests, in each case subject to these specific
(:; boundary conditions.

.If it is necessary for Cy-hydrocarbons to be separated off from
commercial crude propane, this can be carried out in a manner
35 known per se, e.g. by rectification. It goes without saying that
all other separation processes such as adsorption/desorption
{(e.g. pressure swing adsorption), extraction and/or
absorption/desorption are also possible,

40 Additionally or alternatively, C4—hydfocarbons in general and
l-butene or butenes in particular can be separated off from the
gas mixture 1 so that the contents of these components are at or
below the limits to be adhered to according to the present
invention before the mixture is used further according to the

45 present invention as gas mixture 1’. This measure is employved,
-for example, when the interfering Ci-hydrocarbons are formed, e.g.
from propane, only during the course of the oxydehydrogenation or



absor ption/ desorption.are al so possible. 40 Additionally or alternatively,
CA- hydrocar%rr%3£5|7general and 1-butene or butenes in particular can be
separated off fromthe gas mixture 1 so that the content S20FARGHE2007
conponents are at or belowthe linmits to be adhered to according to the
present invention before the m xture i used further according to the 45
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Of course, the removal of Ci-hydrocarbons as discussed above can
also be accompanied by removal of other constituents different
from propane and propylene. It i1z naturally also posszible to

30 separate off part of the propane and/or propylene in each case.

According to the present invention, the separation processes

discussed are advantageously directed specifically at removal of

the Cy-hydrocarbons in order to limit the total szeparation cost
35 and thus the adverse effect on the economics.

This means that, under normal circumstances, a gas mixture 1’
will, in the process of the present invention, still contain at
least > 0.1% by volume, frequently > 0.2% by volume or > 0.3% by

40 volume or > 0.4% by volume or > 0.5% by volume, often > 0.6% by

volume or > 0.8% by volume or > 1% by volume, or > 2% by volume

or » 3% by volume or > 5% by volume, gquite possibly > 10% by

volume or > 15% by volume or > 20% by volume or > 25% by volume

or > 30% by volume or > 35% by volume, of constituents other than -

45 propane and propylene and oxygen.



t he C4-hydrocarbons in order to linit the total separation cost 35 and thus
t he adver s@®fF38%7 on the economics. This neans that, under nornal
circunstances, a gas mixtufe 1' wll, in the process of tiTeMARESEIN07
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volume or > 0.3% by 40 volune or > 0:4% by volune or > 0.5% by vol unme, often

> 0. 6% by N&hﬁﬂ?yorh&u&e&% Bie VOLAHBRtQbn 0 A % LY OLEAEs Ahe? %%J@y vol une

~or > 3% hy o ol.une, te possihly 2 Vi or >
15% by vol L?WEPQHE}%%&% %fl%ms or g%gg/‘?% olu mxé‘\?/& 0%% V%E or
> "35% by PSPGRES AT Rlare Pt i) 03 Wy, Ol ypfion O KOLI® o
oxygen. PF b53957upg MARCI0%0bY valimo Prak | §0% H&\A,éf?éﬁmet% $rt8foPYion of
constituehtwlomber than propane and propyl ene and oxygen in the gas m xture
1' in the process of the present invention will be : 80% by volune or < 70%

by vol une Qf..5.-89% by, Vt@ie“B?eQént 1@9741’1193{01‘{0'1L{:rr§.soéd'§aﬁl'9a/£e®ﬁs5f¥9lHEEE

According 9 Che. phesknid fveatlon. R T

carri not 9Bhl y
conforns t GHEREYS - HRUINOLENESHECEF Fo Fha ot IePEaB‘P%teerﬁPénté of ot her
but ene iXbomepdiandle i fcamsenteadf @therobatetrtiaomessmueht < fvabphicatdssui t abl e
accordi ng totthebpt@Eserfontienventiicm Aut abitdbd esabeotdirey has thetwtadentont ent

of C4-hydrecanbons Wic at3Unbys WiReOhas . a %oi%qbaoﬂ@w%,f preferably < 2%

\%I ‘J%Ug'ra ‘?‘dh%/? 'sCHlEaE '?%S%I&gizgi&pé Yor< < 2588 ‘S(z%l 14HE, jér@ferabﬁ?y?’% by
C4- hydrocar'b lﬁlé'fet ra88| BFEh BT éﬁ&f%ﬁsl]&’ @FEEegg]Bf}f g)) > agyb‘é%]ﬁmfaound to

bﬁQUI telsgéﬁe)?iap}:if'5 divs ¥ aRe agfe cu L - HEnby neelpmer-j Ehl%x?f%é:ﬁ"éﬁsanﬁﬁ%r
Xi dat i ereeénpe opfy |ICanbyd2gcdnponke (Easpardficydsr mkuhees andhdxch no | onger
contai n anysobdtdyslr otar bess sdwrl ko bbedui tdvensearly elitsadoahvagaiusshows up
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justifiable to accept some adverse effect of the rocarbons in the gas

m xture 2 and J eave their total conten the as 25 mxture 2 at val ues of
> 0. 05%4%y WoFUReTHT® £T0 987/ HF&u ?re“ﬂajr g@%f)yc%adﬁeaﬁff > 0. 1% by
vol une or Faexdraasabersesdt 213 .29hepy Wﬁ?ﬁ@ efﬁ?%t MaRSNTRAL ShIws §Bj Bt i ves
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> 0.09% by volume or > 0.1% by volume or in extreme cases > 0.2%

by volume.

This means that the objectiVes of the process of the present

30 invention are achieved, in particular, when, for gas mixture 2,

(:; at least one of the limits imposed according to the present

invention on the l-butene content and at the same time one of the
limits imposed in the present text on the total content of
C4-hydrocarbons are adhered to.

35 ,
In cther words, gas mixtures 2 which are suitable according to
the present invention include, for example, those which meet one
of the following pairs of specifications: '

40 - l-butene content < 1% by volume and total content of
Ci-hydrocarbons £ 3% by volume; or
- 1-butene content < 1% by volume and total content of
C4—hYdrocarbons < 2% by volume; or
- l-butene content < 0.5% by volume and total content of
45 Cs-hydrocarbons £ 3% by wvolume; or

- l-butene content < 0.5% by veolume and total content of

Cy~hydrocarbons £ 2% by volume; or



limts inmposed in the present text on the total content of C4-hydrocarbons
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present ¥nhvent |10ﬁ?utﬁneo@¢féienkoﬁd§ 3y wokuwe eand togiei apprtdrdy offhe pur poses
of \the pr esentc4i-hy@mdmdmscguﬂse,byi rwopamé} cadear, those which neet one of :
25 the following pairs of specifications: - content of 1-butene < 1% by

volume and Lot gk CONMELMY Ak on DU GHRS s5md 2 e YRIUME: AL i0tgl Gpngnt of

C4-h drocar Q0nS
y rJts imposed in the present text on the total content of

20 butenes in the gas mixture 2 are particularly advantageous in the
process of the present invention.

In other words, gas mixtureg 2 suitable for the purposes of the
present invention include, in particular, those which meet one of
25 the following pairs of specifications:

< 1% by volume and total content of
butenes < 1% by volume and total content of Cs-hydrocarbons
< 3% by volume; or
30 - content of l-butene <

- content of l-butene <

i < 0.75% by volume and total content of
(:; butenes < 1% by volume and total content of Cy-hydrocarbons
£ 3% by volume; or
- content of l-butene < 0.5% by volume and total content of

butenes < 1% by vclume and total content of Cu-hydrocarbons
35 < 3% by volume; or
- content of l-butene < 0.3% by volume and total content of

butenes <« 1% by volume and total content of Cs-hydrocarbonsg
< 3% by volume; or
- content of l-butene < 0.5% by volume and total content of
40 butenes < 0.75% by volume and total content of

Cy-hydrocarbons < 3% by volume; or

- content of l-butene < 0.5% by volume and total content of

—

butenes < 0,5% by volume and total content of Cy-hydrocarbons

£ 3% by volume; or
45



< 3% by volune; or 30 - content of 1-butene < 0.75% by volunme and total
content of PE b&P8BHes < 1% by volume and total content of C4-hydrocarbons
IS 3% by volume; or - cont@nt of 1-butene < 0.5% by vol une2aMARGH 2d07cont ent
of butenes < 1% by volune and total content of C4-hydrocarbons 35 < 3% by
vol une; or - content of 1-butene < 0.3P% by volunme and total content of

butenes < 1% bye %ol dHie ofndboldlle COBL BA Pl nDY O CAIRANSonceriftdly VOI UTTE;
or - content ofblt buteQe <5Q 5% vgl u angltggal Ctontfe% 9 dr car gtenes <
0. 75% by vol une and: ot"aP content u¥1 JFocarbons by Vol -

content of 1-bufetfe R ¥ Fo59R Dy %FGI ume and tot al content -of butenes < 0 5% by
vol unme and total content of C4-hydrocarbons < 3% by volune; or 45 PF 53957

27 MARCH 20@dbceEsesoht ewitiddf nbtbabbneche abSVerb@/nnﬁ@idecam]dlﬁaﬁi@hscoﬂt ent of
but enes < 01 S%danevebdfBningid ebakl cuntteRt 6f EAnPRdresARONSnd<pddeinty
volure: et Cco i PAGeSESd Buthheh ﬂ?tth%n%;)éstlnﬁzﬂﬂ% STEOL o84 0k 131?&' ons
of 1-butene content -a total content ocar bons an 0?%

total contéeht %‘F 58{“8ngjsm€f i PRE TE Urﬁe)ﬂc‘tur‘ém? “S4RE rgﬁa‘cttb 2b@t‘ a}i’yt he
same time avyédrenirt ar@ A RYoNCATHRE F &t OF dhshy yGure, By 2 \Ol4GmEYor > 0. 2%

by vol un0 orolur@ 3% by0 Vi daye volume (A% By 6% 0ow ofadmmeopr > 0 5% by vol une or
> 0.6% by vl oF > 0% 83 Rylumel ame ar By 196 ime/ @rUBE3 BIrby> vidYauky &l urre or

> 3% by volung e v3l\§t@ Ry \sohugeb;orvoauin@%)pb vlcsl%uw Qb1 dmel 06 BY 249! >
20% by vol‘;%:(’%r ot %52/89?35 V@oggﬁ Ar 3 ?9%@ x}’oci (égyt%#faiﬁg 8<0 0% by
vol une or < vo

consti t uent¥ ot tﬂ’an— prop Xng %ﬁ’d’ uﬁ'ﬁy Jén-|55D u ¥d are

pa:@ cul %ﬁgﬂlawén?ﬁg%%lé@eamm@i%t RB Plfﬂ@é@ntanfinl?’é‘?ﬁﬁ(ﬂﬁle FAé studi es
carri ed outoxvigent he eoed exte phrthenlmrdyentvamvarsdusn ac@Ordisnge tal sise shown
that it is genenal iyvathiai.ageous in the process of the present invention
for the propane content in the gas mixture 2 to be conparatively lowin

order to av,ﬁ1 Sléngggl rcaéjrle total 0&%”%%1'1 n ofofp %gyl enseel n %an acgtl al
oxi dati on_and/ &r - AnHoX] d%tl on. ~“ACtoT g res%n‘? nvéLntl on, 1t he
propane 9% s 891?0 of Nk t4aE i xtEsnsT éllbraé#vé'ﬁléfﬁgﬁo‘&s 6]6'%‘:5? DB or

of the present invention for the propane content in the gas
mixture 2 to be comparatlvely low in order to aveid undesirable
total combustion of propylene in the partial oxidation and/or
ammoxidation. According to the present invention, the propane

25 content of the gas mixture 2 is preferably < 60% by volume or
< 50% by volume. Propane contents of the gas mixture 2 of from 20
to 40% by volume, e.g. about 30% by volume, have been found to be
particularly advantageocus.

R 30 If any ammonia content employved in the case of nitrile production
(;; is disregarded (i.e. is also not taken into account in the basis
for the % by volume), gas mixtures 2 suitable for the process of
the present invention are therefore generally ones which,
firstly, conform to the limits according teo the present invention
35 in respect of their l-butene content, preferably additionally the
" total butene content and particularly preferably additionally the
total Cu~hydrocarbon content, and, secondly, have the following
contents:

40 from 7 to 15% by volume of OCj,
from 5 to 10% by volume of propylene,
from .15 to 40% by volume of propane, frequently from 25 to
35% by volume,
from 25 to 60% by volume of nitrogen, frequently from 40 to
45 60% by volume,
from 1 to 5% by volume of total CO, CO, and Hy0 and



< 50% by volunme. Propane contents of the gas mxture 2 of from20 to 40% by
vol ume, e. ¢BF &7 30% by vol unme, have been found to be particularly

advant ageous. 30 |If any anTionia content enployed in the cazseMaROH 20071 e
production is disregarded (i.e. is also not taken into account in the basis
for the % by volune), gas mxtures 2 gu table for the process of the
present inventi mabetgh@ieg}p%lgﬁgeéglAtglegngén%g%tgi_rst ly, conformto
the limts according to the present Invention In respect of their

1- but ene content, 'pl)ref erably addjti onallﬁ the total butene caontent and
par ti cul ar I5pisr 8PREheF PaFdCHLBREY |WPRPhERe t TS MIBEURG dE ok IF6R EBRt®Nnt, and,
secondl y, Heterchenéutdlonicagalreed aursialooxidhirnt 0£ 1886 mropvlene of 02,
from5 t e H%seytvoh uthe glaspropylene fhroprdimrimgdQaebyeiolandeoof propane,
frequent|y f&9m: 255803, 35% by volume, from25 to 60% by vol ume of nitrogen,
frequently from40.to 45 60% by volune, from1l to 5% by volune of total CO
CO2 and H2Q %nd PF 53957 i& MARCH 2007 14 1%r'om 9 éo 5% b%'revol fme of ot her
const i t uent¥FESFHEES aRATHELFal?F CHPFFFSwhetP i 1o A8 CRTSETH®USYs used for a
het er ogenesi@dryyead #p3rid@lpart fatiang aati on @Fﬂo?%%ab%%%’i/lféfn@r%ﬁ%nt in

t he gas Wi dngeepasfed hy aper pngcesy olfeithe aprddsemt aovehitoradngludk helmwi se,
possi bl e gamrtlixtUses chdser whléh helrmicoggaee usilsyegaatiahy 281, BaL tddtent

oxi dati ons @RdLoE O dRkh ORS (Lfs PHAPYhENS:sik0 ENEREPBASIRMA cBYet Ne Process

of the present ventd-on .include, .n particular, those which, once again

di sregar di ﬁjgalvgn%ﬁﬂ-géicloor‘frtlgﬁt cgr?%?ﬁrﬁltofpli'l e formation (also in the basis of

t he percentages), have the follow ng conposition: 15 H20 < 60% by vol une,

ustﬁl,l y 5 2% by vol une, 6§&nky arqpmef r BARDL kb 5EPByby oraimme , Neeregidyby

vohune, usually < 70% lEromob ute,5%gdyeraltye; from 40 to 60% by vol une; 02 up

to 20% by wgl ume, usuald Bo&r e P hie? Ofeban Molkunes b2 GrORmR! ahbyedd1QR 5 tO

15% by vol ume; CO < 2%dhy vol ure, Ol%sggl {,é{hﬁﬁ];% by volune, generally fromO
¥ \ﬁ:i usua

0 . 0 0
]E :‘)O(r)n gA,)[ gyf}\%ol);nsa S)miufn c@ %’ lilrgﬁhme, usua)il?r 1Ac)mt?y2 Vt%l EHE’ b)ge\.poe.‘lﬁ:ua’nlel, y
: 2 f

0 generally from 5 to 15% by volume;
CO < 2% by volume, usually £ 1% by volume, generally
from 0 to 0.5% by volume; _
COz < 5% by volume, usually < 3% by volume, generally
' from 0 to 2% by volume; '
25 ethane < 10% by wvolume, usually < 5% by volume, generally
from 0 to 2% by volume;
ethylene £ 5% by volume, usually < 2% by wvolume, generally
from 0 to 0.5% by volume;
methane < 5% by veolume, usually < 2% by volume, generally
_ 30 from 0 to 0.2% by volume;
C:; propane > 0, < 50% by volume, usually from 10 to 50% by

volume, generally from 20 to 40% by volume;
cyclopropane < 0.1% by volume, usually < 0.05% by volume,
generally from 0 to 150 ppm by volume;
35 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,
generally from 0 to 150 ppm by volume;
~ propylene "> 0, £ 30% by volume, usually > 2, £ 20% by volume,
- 40 generally from 5 to 10% by volume;
Hy : < 30% by volume, usually £ 20% by volume, generally
from 0 to 10% by volume:; _
isobutane < 3% by volume, preferably < 2% by volume, frequently
from 0.1 to 1% by volume; : -
45 n-butane £ 3% by volume, preferably < 2% by volume, frequently
from 0.1 to 1% by wvolume;
trans-



25 ethane < 10% by vol une, usually < 5% by volunme, generally fromO to 2%
by vol une; BFhy32He < 5% by vol une, usually < 2% by vol une, generally from
0 to 0.5% by vol unme; nethane < 5% by vol une, usually < 2% pymMmascH2)07
generally 30 fromO to 0.2% by volune; C propane > 0, < 50% by vol une,
usually from 10 to 50% by vol une, gerlegally from20 to 40% by vol une;

cycl opropa %byy u 0/byv u raInyromO.
to 150 ppm y v%ﬁ%m& q% ¥§Hf 0 g%u Je% Q;Qr% 95% by
vol une, generally fro ¥ Pp OP% Sy oS adl Bhe< V6: 195 by

vol ume, usu@igy¥-® UBEG%% \?é’l ﬁﬁ%ume{:yerﬁ’é’regﬁF ]Flff SmP0 58 0P 5P HR by vol une;
propyl ene > 0, < 30% byfﬂﬂgjulQFFBlYLBLQilqo)‘ﬁ % By wolzoth by Vol¥ury, vod@mgeneral |y
from5 toslD%dren¢ol unx 142 by 30%hy, welktigBablisyalol. $%<b? 06 laneyol une,
~generally fromo to 105’40 ot 0l 4N ono@@,euw%m&% byovel U vopysL erabl y 2%

oref er ably SSHEIY) 5d¥ Y, ‘9’°“-"ﬁ1°/°1°9§f¥9$%ﬂ’i 815, i i B‘y‘%rénlc"p‘é”e
53957 27 MARCH 2007 1?9%1‘??8 01% %l‘(ﬁi‘é’mepréf% RY ¥o u%% by

vol ume, fredqudhtky > 0.003 % by volunme., < 0.1% by vol ume; cis-2-butene <
1% by voloniiener ef er ably 1% BySO"mbyna/,olpuméeréhﬂ@q&ent.B% By Ced1@3e% by vol une, <

0.1% by volume; =5 1-but:di@ertifoDyw \00Bumey kel ably. 5% bySYoinypl une,
frequently 1>20ng§_/0 by vol une, 0.1% by voI ure; isobutene < 1% by vol ung,

preferably 5% by vaol uentl OOB(V voI u < 0. 1% by

vol ume; 631 Bt a 10 dl'e'ﬁi%eg 1 g SobPle lé’f ET(Qb¥% r%"}}mﬁy vol une,

frequently > 0. 003% by freuRRtL 3& %roifb/o—b @%I Uk Ylv?hHEFi'a di ene < 1% by

volqme b? df-drglyng < 0.5%.By 6| (araime, fPéqt@*ﬂhly’ £r8n3%® Wy tvolomens by vol une;
butyne < 0.5% by \alequent by efremaldl yo <0 QLBUybyovahemmnd frequently from

0 to 0.1% bypehdae; ando.3xbpy ye1ume). pYebyramluaey . pt eferalilife s 0. 3% by

vol une, fregquently from 0 to 0.1% by volume.

20 Gas mixtures 2 which are suitable for the purposes of the present
invention also include those which meet not only the
abovementioned specifications but at the same time also meet the
following specifications:

25 total other umnsaturated Cs-hydrocarbons < 0.5% by volume,
preferably < 0.3% by volume, frequently from 0 to 0.1% by volume;
total Cs-hydrocarbons < 0.1% by volume, usually < 0.05% by volume,
generally from 0 to 3200 ppm by volume;

- 1
(:, total Cg-Cg-hydrocarbons < 200 ppm by volume, usually < 150 ppm by

volume, generally from 0 to 30 ppm by volume;

acetone < 100 ppm by volume;

35 -
C1—-Cy—alcohols < 100 ppm by volume;

Cy—C4s-aldehydes < 100 ppm by volume;

40 acetvlene < 10 ppm by volume;

total compounds containing carbonyl groups {calculated as Ni(CO}4)
< 100 ppm by volume;

45 ionogenic chlorine < 1 mg/kg, generally from 0 to 0.2 mg/kg;



frequently fromO to 0.1% by volune. 20 Gas m xtures 2 which are suitable
for the purBse¥®f the present invention also include those which neet not
only the abovenentioned specifications but at the sane timevaRTH et the
foll owing specifications: 25 total other unsaturated C4-hydrocarbons < 0.5%
by vol urre preferably < 0 3% by volunw, frequently fromO to 0.1% by

vol une; | h n b UL, UsHplly < 0.05% by vol une,
general ly f Oacalcé% é(%{) s éo@%nh%) % ]_04 ot a %% C8- hydr ocar bons < 200
ppm by vol 6% 197 fg]éy rﬁ’nby (#d"9’dEreral Iy fromO0 to 30 ppm by
vol une; acetone < 100 ppm by voI une; 35 Cl- C4- al cohols < 100 ppm by vol une;
C2- C4- al detyetes R—@_@G:qurinbycvmw}ms. aRpeessted eneF< 10 ppm by vol une; total
conpoundss cont aynkfg gechanyly fraums tocal Zulptked asdNi (C0)4) < 100 ppm by
vol une; 45 ionogenic chlorine < 1 ng/kg, generally fromO to 0.2 ng/kg; Pr
53957 27 M%%Q:% 2Q0 a t aj upds, expressed as d, <1
ng/ kg, generz_gL Ilglgf%mi?gn%'glgoé l%k% E%P%%%gggt g.l ni n’gou ds,

expressed &5 ggkd: fregrrRptly P §of fd’?ﬁ @th’og@n?r%ykg 4 ot al

S- cont ai ni riblc@ﬁ]b%%hds expressed as S,’ < 10 ng/ kg, frequently fromO to 1
ng/ kg, geherally fromO to 0.1 ng/kg; 10 with the proviso that in all the
abovenenti eAed €RSESrdiigot ehat irfAllleBhe Odbdldmehtl 6A&S$ dasepl eheradlap < 1% by

vol ume (parctanfgu.har% all %E‘ééﬁ@é s erzéx/a@y wllb; OhRS Y Qeﬁaﬂmy
preferably % L}gg lpartl Cél ar I}y R gl ar n tot cont ent
15 of C4-h & s 3By E’?E iy < 2%
by vol ume a?n(? B r Yc‘fﬂléﬂimleﬂl ﬁ%f%ﬂcyl@@wf@aﬁ%@)the L’iﬁé‘ﬁéc??ﬁt@@t

gpound‘sﬁ (fofstivdreseshons el pradf Ehabsgnndiimgr ssthtby violumefrkaferekbre, in
gas m ¥ Qreby vafunichendne&nticaniar2g Sucfergddynk xturkes valane) general |y
al so obtainable in the process of the present invention, in particular if
the separaty QBe.PEAGEISRSoIERS | AL t2EGeP! Q¥EULL 0F o CORRLEL NG A%, XL Ur es
1 i.e. undetectable, in the gas mixtures 2 of the invention.
20
Such gas mixtures 2 are generally also obtainable in the process
of the present invention, in particular if the separation
processes mentioned are employed for converting gas mixtures 1
_ into gas mixtures 1’ meeting the requirements specified according
25 to the present invention, when the first step is carried out
using crude propanes which contain > 100 ppm by weight, or > 150
ppm by weight, or > 200 ppm by weight of Cy-hydrocarbons oxr, for
example, up to 6% by volume (e.g. from 0.1% by volume or 0.5% by
volume to 6% by volume) of said Cp~hydrocarbons, in particular
30 when they meet the following specification:

propane content > 90% by volume, usually > 93% by volume,

generally > 95% by volume;

35 content of propane and propylene < 99.75% by volume or < 99.5% by-

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

total content of Cs-hydrocarbons 5 6% by volume, usually < 5% by
40 volume, generally < 4% by volume; but frequently > 0.5% by volume
or > 1% by volume, sometimes > 2% by volume or even > 3% by

volume;

l-butene content < 0.5% by volume, usually < 0.3% by veolume,
45 generally < 0.1% by volume; but frequently > 5 ppm by volume,
sometimes > 10 ppm by volume or even > 20 ppm by volume;



into gas mxtures 1' neeting the requirenents specified according 25 to the
present i nBIt33AB7 when the first step is carried out wusing crude propanes
whi ch contain > 100 ppm by wei ght, or > 150 ppm by wei ght27 MAREHRDD7ppm by
wei ght of C4-hydrocarbons or, for exanple, up to 6% by volunme (e.g. from

0.1% by volune or 0.5%by volunme to g% by vol une) of said C4-hydrocarbons,

in particulaf. §Oc¥‘@@é}ﬁt Q%ybgg? étleof 9%'}5’1‘/“\;&&89%&&%%@ Q% ne content

> 90% b 35
contentyo:‘loﬁ ﬁnggséi}?d’%rlgp‘yl 8§gg§@/e’b33%\r’}g%%ﬁ€gﬁtl¥ Qé m\3ol ume,

usual ly < 9@@@@9 VEARATETGE 2 9B byoveokene genéver|y 0 @P%By W Wiee; tot al
content of C4-hydrocarbons < 6% by vol ume, usually < 5% by 40 vol une,

gener al | y5 ethdmbycotddiex bos By eglent| yusudl19%<bys Viof urB umel, Ferldo=hy v :
vol ume, somBiLLMgSts ﬁw%gyvgglnh@p or even > 3% by volune; 1-butene content <
0.5% by vol une, usua Iy < 0.3% by vol une, 45 generally < 0.1% by vol une;

but frequen vol u oneti nes m by vol une or even > 20
ppm by vol L‘?ﬁ:iké1¥ We ?n 7= Eﬁ?g‘rf@ ‘71“917‘1%“6‘11&]5’ éoﬁ?éﬁf VG UBGt enes < 0. 5% by
vol une, us@&iﬂ?yakllo Bupp§ toof tite PygEakimegid y < 0. 1% by vol une; but

frequentdgy > 10 ppm by vol unme, sonetinmes > 20 ppm by volunme or even > 30
ppm by Vol wERhabe eddidRatcantemy olQMebyusaliayes ﬂ§lw|%lﬁm5%@éi1ék@lmge

general ly £ram0.4q %040 Qy YOI WE; ethyl ene content 5% by vol une, usually
< 2% by volune, generally fromd to 0.5% by vol une; 10 met hane content < 5%

by volunme, usually < 2% vol une, generally fromO to 0.2% by vol une;
cycl opropaﬁ@céﬁﬂ{%?ﬂn%cﬁnﬁ%"‘by— & Voltgne nBY Va5™Siopyl ene content < 10% by

me, Ipsually < 5% by vol une, general ly < 2% by volune; total content
: C3 hydr ocahopgl@idercnithan projpany anihops ompebky 206% Hy. 3¥itye vol une; tot al

content of ;ER=2hyOrPcanLRORS volim¥% by volune; and total content of
C6- C8- hydr ocarbons < 600 ppm by volune. 25 Crude propanes suitable for the

e hevemsAERE R ol AR ool Suldie LA SRRl

20 < 0.3% by volume;
_total content of Cs-hydrocarbons < 0.3% by wvolume; and

total content of Cg-Cg-hydrocarbons = 600 ppm by volume.
25

Crude propanes suitable for the purposes of the present invention
also include those which not only meet the abovementioned
specifications but also at the same tlme also meet the follow1ng
specifications:

. 30

(:ﬂ total content of oxygen-containing organic compounds < 300 ppm by
volume; :

acetylene content < 30 ppm by volume;
content of icnogenic chlorine < 1 mg/kg;

total content of Cl—containihg compounds, expressed as Cl,
- < 1 mg/kyg;
40
total content of F-containing compounds, expressed as F,
< 1 mg/kg;

total content of S-containing compounds, expressed as S,

45 < 10 mg/kg (in the case of catalytic dehydrogenations, it can be
advantageous for the reaction gas mixture to contain, based on.
the propane present therein, from 1 to 1000 ppm by volume,



specifications but also at the sane tinme also neet the foll ow ng
specificatiPmss3®®7 C total content of oxygen-containing organic conpounds <
300 ppm by volune; acetylene content < 30 ppm by vol une; 273IARUM ot of

i onogenic chlorine < 1 ng/kg; total content of C -containing conpounds,
expressed as G, < 1 ng/kg; 40 total jgontent of F-containing conpounds,

expressed as F [k on ent, S—c nt.a |n ounds
Elléfl%’ e d to o o3 {L IRy

expressed cat alsy e echy 00 ions, it

/’k: é
can bo  adveRTER e@as G FRE 7 Cif 8&%@%?%%&?—@6% ’c‘%ﬁﬁ&?‘ﬁseb FRR" i he
propane pr esigrt Yhe?@r?ﬁssflﬁfé}ﬁ?ls‘ﬁﬁll@eespp‘?ﬁwsvdpﬁn’éhe RRBIIET STCVARCH
2007 18 pmef,ecCabbyd fRoniwhith #&duqemubieytabie, cebckind wf penpanel ng
conmpoundss (£&d- sbia&@ryd/ Ao debevdnd thdl bheg)yinaeetihese. airableic firstly,
to passivatg;3ieghe ¥ Dbgek %flréakl@s[eﬁ’&éa%fc)o SBS&@? g N gfﬁe@”d Fe

(which red es n Irabl e, cr n co to activate
t he cat al ys S Yused %ﬁvens&yaﬁﬁf hogna H%r ogae lyl on g%gf@ '1 al kanes,
Resasco, DamiPelE’)7 Haller, Gary L. Un| versity Okl ahons, USA Cat al ysi s
(1994), 11, 379- 411") 10 with the pr ovi so that the 1-butene content is
preferably with the fowiclounBaanthgpdr-bueehardongenefl & aptafdradli-ot a. 1eont ent

of butenes,y odbmb %&%@%t&bm@aﬂyﬂ) e’%@i/aﬁr‘_@ Wi %BE‘al’eéahteB%r&f cularly -
preferably ﬁ.‘%% %/gt r&gngaﬂ; dbo %ﬂﬁe ane time < 3% by
) eb)é

| | i f t f
the crude FPGSARB %“’e]fy REGTaRERIY | 5?6 %%1%‘?’158 ¥ eﬁéﬁﬁch%ﬁ%fLﬁgsrB?rt he

process of Higespreseiite S ﬁ%eﬁl’l‘fﬁ’?-%ﬁ*eﬁrtfhezg%sbm Y?h‘ﬂée Prag 38chis, as a
Ers 11t ntvadium20 a gas nxxture 2, subjected to a heterogeneously catal yzed
phase partial oxidation and/or a partial gas-phase anmmoxidation of the
proroyl ene Whesepéciﬁéar&oagsf@% XHY @rbde HFdDane! Hefiéé‘a dr@l ndimted
oxydehydr o naraend/or eg pgf tll Of,.. cc%nvegfglgss oafs ?ln ovgsreal I
favor abl e gjfrfo accqr ﬁ ? he resent mr?en‘t:l on 1n th pjfl F St step of
t he proces§n8Fn ﬁ%nﬁﬂﬁgb e gas m;xtur as such 1is, as a constituent of
20 a gas mxiture 2, subjected to a heterogeneously catalyzed
gas-phase partial oxidation and/or a partial gas-phase
ammoxidation of the propylene present in the gas mixture 1. Here,
the fact that a limited oxydehydrogenation and/or dehydrogenation
conversion has an overall favorable effect according to the
25 present invention in the first step of the process of the present
invention is advantageocus. In general this conversion is
> 5 mol%, but < 30 mol, frequently < 25 mel% and often < 20 mol%,

for each individual saturated hydrocarbon present.

. 30 The above-specified (but also all other) crude propanes suitable
(:, for the process of the present invention normally 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 often at least 2.5% by wveolume or at least 3% by
35 volume, of constituents other than propane and propylene (but
frequently < 10% by volume, usually < 7% by volume and generally
< 5% by volume, of these constituents). These contents of
extraneous substances usually also apply to other crude propanes
suitable for the process of the present invention, e.g. those
40 which are free of Cs~hydrocarbons. However, these can contain
2> 0.1% by volume, or = 0.5% by volume, freguently up to 6% by
volume of Cy-hydrocarbons (e.g. from 0.1 or 0.5% by volume to 6%
by volume). In addition and at the same time, they can contain
.> 5 ppm by velume, freguently up to 0.5% by volume of butenes
45 {e.g. from 5 ppm by volume to 0.5% by volume). Furthermore, they
can also at the same time contain > 5 ppm by volume, frequently



invention is advantageous. |In general this conversionis > 5 nmol% but < 30
mol , freque®E $38575 npl % and often < 20 nmol % for each individual

sat ur at ed -hydrocarbon presént. 30 The above-specified (but 2aivecralizoen her)
crude propanes suitable for the process of the present invention nornmally
contain at |least 0.25% by volune or aigleast 0.5% by volume or at least 1%
by vol urme, {fegyentday gt vbaal ok 3%hYeddl WTE OFrgl J A% reXdMme/ ebume and
often at Ieasg%%55%%gémgflune or at least 3% by 35 volune, of constituents
ot her than pfopaﬁ% and propyl ene (but frequently < 10% by volune, usually <
7% by volunme and generally < 5% by volune, of these constituents). These
contents of Creke reuePenss st ReesPastifuiprayseubppithe forotherruipgdes
propanes 5suoit tid erfesent hinprodessabdfo tirelpdestindse mkdrhi naet exqy. ohhpse 40
whi ch are fere flovetely d606aTRRRS £ HOVEMRY buthesecAR 268NE 8hd 2140md &k by

vol unme, or %hQ-E@@fS%iK?'éEEEi ;eaysptly up to 6% by vol une of

CA- hydrocarbons (e.g. from0.1 or 0.5%by volune to 6% by valune). In
addition and at the sane tine, they can contain > 5 ppm by vol une,
frequently up to 0.3% %y ¥8Vt#e of butenes 45 (e.g. from5 ppm by vol une to
0.5% by W8l une). Fukiherlobe/kghey can also at the sane tine contain > 5
ppm by vol ume, frequent liy ug¥Fx53957 27 MARCH 2007 19 up to 0.5% by vol une of
1-butene (e.g. fromd ppmuByxyolume to 0.5% by vol ume). Crude propanes
which are particul ag x:§pibgp e for the purposes 5 of the present invention
al so include those rtg_H§2% not only the abovenentioned specifications
but at the sane ting atso*#e€¥’ the foll owing specifications: Ag < 1 g/kg;
10 At < 38 Rg/kg; RS x<Urg/kg: Au < 1 g/kg; Ba < 1 pg/kg; Be < 1 g/kg;
158i < 1 g/kg; Calx=22gpkdgkg;Cd < 1 g/kg; Co <1 g/kg; O < 1 g/kg; 20
Cu < 1 pg/kg; Fe <cd& g/ kgvkgla < 1 g/ kg;

Co < 1 png/kyg;

Cr = 1 pg/ky;

20 Cu < 1 pa/kg;

Fe < 10 pg/kg;

Ga < 1 ug/kg;

Ge < 1 ug/kg:;

_ Hg < 1 ug/ky;

25 In < 1 ug/kg;

Ir < 1 pg/kg;

K < 1 pg/kg;

Li < 1 ug/kg;

Mg < 1 ug/kg;

. 30 Mn < 1 ug/kg;

(;; Mo < 1 pg/kg;

Na < 1 pg/kg;

Nb < 1 pg/kg:

Ni <= 1 pg/kg;

3s Pb < 1 ug/kg;

Pd < 1 pg/kg;

Pt < 1 pg/kyg;

Rh = 1 pg/kg;

Sk £ 1 pg/kg;

40 Sn < 1 ug/kyg;

Sr £ 1 ug/kg;

Ta £ 1 ug/kyg;

Ti < 1 ug/kg;

Tl = 1 pg/kg:

45 V 21 ug/kg:
In < 1 ug/kg; and



Ge <1 9g/kg;, Hg <1 g/kg; 25 1n <1 pg/kg; |Ir <1 g/kg; K< 1 g/kg; Li <
1 g/'kg;, MPE 5385KHg; 30 Mh < 1 g/kg; M < 1 g/kg; Na <1 pg/kg; No 1
g/kg; N < 1 dug/kg; 35 Po <1 g/kg; Pd < 1 g/kg;, Pt < 27piARCH2807 1
g/ kg; Sb < 1 dug/kg; 40 Sn < 1 g/kg; Sr <1 g/kg; Ta <1 g/kg; Ti <1
og/kg;, Tl < 1 g/kg; 45 V 1 gg/kg; Zn <9g4 9/ kg, and PF 53957 27 MARCH 2007
20 Zr < 1 dug/kqg. Cﬂ;dg 1pro?%nes whi ch are very particularly suitable for
the purposes of the pTeséLH Phvention are those which not only 5

si mul taneously neet the abovenentioned specifications but also at the sane
time nmeet tBEudR|HXORERGS SPElE iaEgt VeRs PardAselyrht spdgebieshor thep kg/ nB;
vapor presstuepate2fCrhe horfesenl. 2nbant ionl Areatlerse< whi chghély; ordwaporat'i on
resi due <s2gimikehnebliglgnasdd ittt hpBGenditiioatads el flasedons wat enabnati ons

by means ofyg LB QUL ARRY. @_gglgyirgge%%cggi@attqrgng:absorption 15

spectronetry. The evaporation residue | ased on a gravinetric
determ nation. It generally conprises high-boili ng hydr ocarbons (e.g. green
0i1). Unspecified cOmtituest $9%r & pPaf & £oPy*FGt ipresent, i.e. 20
undet ect abl e, in thearqudeegsapanss AMREch brte pad t3 dalrar | y _
1¢ water < 10 mg/kg;

evaporation residue < 2 mg/kg.

The specifications indicated are based on determinations by means
of gas chromatography and by means of atomic absorption
. . 15 spectrometry. The evaporation residue is based on a gravimetric
(j determination. It generally comprises high-boiling hydrocarbons
(e.g. green oil)}.

Unspecified constituents are preferably not present, i.e.
20 undetectable, in the crude propanes which are particularly
suitable according to the invention.

The process of the present invention is of particular importance
when it is employed in the recirculation mode.
25
In this case, the desired target product is separated off from
the product gas mixture from the gas-phase partial oxidation
and/or ammoxidation by a known separation process and at least
the unreacted propane present in this product gas mixture, in
. 30 general together with unreacted propylene present therein, is
(:; recirculated to the oxydehydrogenation and/or dehydrogenation
step and/or to the gas-phase partial oxidation and/or
ammoxidation. The propane and propylene are usually recirculated
{recycled) in this way as constituents of the tailgas remaihing
35 after the target product has been separated off without this
tallgas being subjected to intermediate treatment or, when an
intermediate treatment is carried out (e.g. to separate off CO,
CO,, Hj and/or 0; present therein prior to recirculation), this
intermediate treatment is carried out with only limited
40 efficiency. For example, even when the crude propane used
contains conly small proportions of l-butene, other butenes and/or
" other Cj-hyvdrocarbons (e.g. total content of Cs—hydrocarbons
> 0.01% by volume, possibly up to 6% by volume), these can
accumulate in the gas mixture 2 when the gas recycle mode is
45 employed and their concentrations can exceed the limits specified
according to the present invention unless particular measures are
undertaken. These measures can, for example, comprise selectively



suitabl e according to the invention. The process of the present invention is
of particul BF B@P8idt ance when it is enployed in the recircul ati on node. 25
In this case, the desired target product is separated off fromRrEheopr oduct
gas mxture fromthe gas-phase partial oxidation and/or anmoxidation by a
known separation process and at | east 28he unreacted propane present in this

product gas pLxf €y bBrCGr30 c&eﬂ%%céﬂ%?ﬂshﬁ{; %\ééé’if‘i%@%ﬁ%&’/ QPyene
present ther eci rcuI at ed ﬁltéo the ox (%/ocgce%atl on an(?/ or

dehydr ogena?lgsc’fptjtonﬁdes i3l “Oxi dati on and/ or

anmoxi dat i ofAS S%WS&%@W&%P&M%@ aﬁ"é‘ §g%'i‘-"r PEEY PE UPRIRIFPLEREcy ¢l ed)
in this waymashedmdiremybhe stafloglerenaingay aéher rﬁh\‘:g taBgatt eroduyrs bapget
product hasbbetn:agepatatedf Hfdndvohhputitdulatitai tigataieyag satyjdctiad to

i nternedi at grépaat 1BAt pPbpy MR wBlchi t&a FRAL8LE, treatnent is carried out
(e.g. to separate off CO ~ CO2, HZ and/or 02 present therein prior to

recircul ati i nter dlaetreat is _carried out with only
i ted 40 BP18 S8 FReFTEE dnbroe RORHAMER SHE A dBUBF BRI used
cont ai ns onfythaRen i Bﬁ%?l'ﬂli‘% BEing piheges BiFe Dt efeSUehdiSr thet her
C4- hydr oéarb@lntsw(le ogidebien apwhuentg ofri@e bpydrarardforssendifils mpyvol une,

possi bl y uppti:ittfofey ¥bkufist tslhiese can accunulate in the gas m xture 2
when t he gas recycle node is 45 enployed and their concentrations can exceed

the limts EQ%& 1‘?:%1» %Ef&érdéo”%%ogéé‘er&fy%ig”ﬁ?c&é“’%@}' QFLEEA&SSS par ticul ar

neasures are erta rise

sel ecti vel y"BE ’?3‘@@ c3% M‘:’Z@G?S&gf%é’ﬁg‘?ﬁt?ﬁ 5f 2EhES Ci‘tvcﬁfdrocar bons by
gl;r fi c&Pi wrdemigeéd ebyccumsidtirnonf desbyprPearhaig/ oFostexapiliey &heYor by
rpti on/ desartptyd enthnthe pdopave naeh satopgheanPrasehy heatrianeannbehods
fromthe tabhgas foengenbig ialdt eletbeid gt RHQMICHeNased beenrgeparated of f

and only cigeidatiing Lieg gytr@eﬂem SQémJﬂdS't% 1pkopane and propyl ene which
then remai ns. EP-A 93846 egards such a separation step as unnecessary,

al though it recomrends using the gas m xture 1 as sych for the 10 partial
oxi dat i of? aNPUN TG cFﬁﬁé’ﬁﬂcﬁﬁénﬁ o PR STEREREI 17V Ry Onp Rk P fGFTERS first
step. As anowl tamceating to thiredghiereny dhsinvdeiante dasyteas inmthei oned
can al so beppiassedtto ot her uses so as to avoid 15 undesirabl e accunul ation
of C4-hydrocarbons. For exanple, they together with the propane and

propyl ene pf@ﬁﬁﬂJs&HSié@E‘é&?lage, all steps of the process of the present
25 invention are carried out in a single reaction zone and over a
catalyst charge present therein, for example as taught 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 1192987, JpP-A 10-57813,
JP-A 2000-37623, JP-A 10-36311, WO 00/29105, EP-A 767164,
. 30 DE-A 10029338, JP-A B8-57319, JP-A 10-28862, JP-A 11-43314,
(;; Jb-2& 11-574719, WO 00/29106, 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 2000-51693, JP-A 11-263745,
DE-A 10046672, DE-A 10118814, DE-A 10119933, JP-A 20007143244,
35 EP-A 318295, EP-A 603836, DE-A 19832033, DE-A 19836359,
EP-A 862253, DE-A 10119933, DE-A 14051419, DE-A& 10046672,
DE-A 10033121, DE-A 101 455 58, DE-A 10122027, EP-A 1193240 and
the references cited in thesge documents.

40 The active compositions to be used in the catalyst charge are
essentially multimetal oxide compositions comprising the elements
Mo, V, at least one of the two elements Te and Sb, and at least
cne element selected from the group consisting of Nb, Ta, W, Ti,
Al, 2r, Cr, Mn, Ga, Fe, Ru, Co, Rh, Ni, pd, Pt, La, Bi, B, Ce,

45 Sn, Zn, Si, Na, Li, X, Mg, Ag, Au and In in combination.



burnt for generating electric power and/or be used for the production of
synt hesi s g&F &B85%he |ike. 20 O herwi se, the process of the present
invention can be carried out according to the different basMAarRaHI206M S
described in the prior art. In the sinplest variant, all steps of the
process of the present 25 invention agg carried out in a single reaction

zone and ov a aught in
the docunehrs 5@%&%@% b@% g% 9&% f?%EgB@e]é&é‘é P A
7- 232071, PR/ o Hd 98 € &%ﬁz%‘?‘lﬁ 'JB‘”A ¥623. JP-A
10- 36311, \Prebyuerigs thepelemgmri§®- 30 DE- A 10029338, JP-A 8-57319, JP-A
10- 28862, JP-A 11-43314, JP-A 11-574719, WD 00/29106, JP-A 10-330343, JP-A
11- 2856375 THE-A121008%cdRrA milt4Rd84, okPdA ddmE32qbnsIPrded23R62, WO

99/ 03825, JEs Iépﬂls‘@%é aﬂgvé%he%(&qgnéé%me;l% bordirefid 640in s A 10046672,
DE- A 10118874, % }3}9%8%32933 JP-A"2000/ 143244, 35 EP- A 318295, EP-A 603836,

DE- A 1983205,5O 359 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 referencesMeiVdlc®n t e docunents. 40 The active conpositions to

be used ilm the catal yst charge are essentially nultinetal oxide

conposi ti ongh&epri sing the elenents M, V, at |east one of the two

el enents Te and Sb, and at Ieast one el ement selected fromthe group

consi sting W T|, , Zr, Cr, Nh G, Fe Ru, Co, Rh, N, Pd,

Pt, La, Bu,ﬁi%‘%ﬁ%n |,Na Li., My, Ag,. Ay and In in

conblnatlo PFa%égﬁ?tZ?nﬁwﬁk?W%ﬁﬁfrOQZH#hQIGHHb??Eﬁ%%ﬁ%WEr@Féﬂ&bﬂf'cﬁnpr|ses
egel endht s NoTi TRl WEraney oMt GRi ofiet Hal,| &0t eRhgbiup Pdf Phe lad.e®ant s,

icularly prefeambky,tbe, alement Kb.M$H Fae hel&whmn,active mul tinmet al
OX|de conposid i @neL peehigrably conprise the abovermentioned el ement
conbi nation,in ;h§t¥§30|ggaonetry | MolVbMicMed (1), 10 where ML = Te

and/ or Sb e§st one elenment fromthe group consisting of Nb Ta, W
15T|, b‘i\‘fh Ga, Fe, Ru, Co, Rh, Ni, Pd, Pt, La, Bi, Ce, Sn, Zzn,
, P K My, Ag, Au andln,'b:0.0lto 1,

Accordlng to the present invention, preference is given to Ml = Te
and M2 = Nb, Ta, W and/or Ti. M2 ig preferably Wb.

The stoichiometric coefficient b is advantageously from 0.1 to
25 0.6. Correspondingly, the preferred range for the stoichiometric

coefficient ¢ is from 0.01 tc 1 or from 0.05 to 0.4 and

advantageous values of 4 are from 0.01 to 1 or from 0.1 to 0.6.

It is particularly favorable according to the present invention
. 30 if the stoichiometric coefficients b, ¢ and d are simultaneocusly
(;; in the abovementioned preferred ranges. '

What has been said above applies particularly when the elements
other than oxygen present in the active composition of the -
35 catalyst charge are entirely one of the abovementioned element
" combinations.

These are then, in particular, the active multimetal oxide
compositions of the formula II
40
Mo VpMtaM240n  (II),

where the variables have the meanings given for the formula I and
n is a number which is determined by the valence and fregquency of
. 45 the elements other than oxygen in (II).



c=>0tol and d=>0 to 1. 20 According to the present invention,
preference PB ¥$%8h to ML = Te and M2 = Nb, Ta, Wand/or Ti. M is
preferably Nb. The stoichi orret ric coefficient b is advant ageMARGH £60Gm 0. 1
to 25 0.6. Correspondingly, the preferred range for the stoichionetric
coefficient c is fromO0.01 to 1 or fr@m0.05 to 0.4 and advantageous val ues
of d are frﬂmt@le%o}e lydn ftheMpPoded O o2 bhe piledehitPRhLLOti A i Lavorapl e

accor di ng t&tt ELESS{E;%&‘Q%%' zﬁ@d@go g'r‘:afgpé‘néé %ﬁ;ﬁ gﬁ%& g;s‘i% fE!:Eiﬁts b,

c and d are one at has
been sai d dBENG CETBAP AT T N ERCE HE R R B R R L r Ty gon

present in Qﬁwé’-hﬁcla QeSS Bﬁerﬂﬁntt ﬁ@mhyl%‘é%%sy%rch%r’g%fﬂﬁr@fehﬁ’rel y one
- of the abdvermrnitenethet eient oxgoebi manisoas. ofhdsendr et tthen,same pame i cul ar,
t he active nald iafekalapxdidFracoipodduens whidhalikenays aréﬁleéﬁlmwbl\/ucl\@dm

(1), whereyihe meg@bfhsantaageetéa@ ﬂﬁa%@%a&l\e@qnahgreéh@ Wmﬂzﬁu 0dgsl n

IS a nunber et ned. b val ence uency_o

el ement s oth\e/,\yhaf’%a gorrrgzon?yl llE %ﬁhﬁé?'%w% iia—'-ulrr’tg‘nerm)re
when the prftd&ssaysd % i eSBnPaT £F8n r%e%érnr PEJX B drlrfftrﬁét%‘i’lhgl e-zone
nmode, prid eradiveen profucad Leingi Gk radéatinn tasnEtapdoxiide d6Apo®it i ons

whi ch fir stdif feiat-hene conithiese-Theta @-5008, ahdxeveltagaed Elkenentbe

conbi nat i ongur@enti: N4d &fidls, @betberd El-pHRAGE Wi QR at-haplOXYyGRRLLEPASI st Of it

and at the 1 d1au8 AN r Iy ct pl ays
reflectlons angHEd ol vEo | Wacd Bflég é%}’ agactelt:(z)h r%%agb 2e) 22.2

ose  nma are
0 50 a°}1 H Wbl (m“g ézé ga?tor dlgp ith %I(O go@’ﬂ s éF‘?ng to an
d| F riaderyal pé%@érn Qnagl@aswwtxtrla? RAY S8 i Bt 10 pattern
pr uced uslatgcCor Kaseiadiidtlebhomscountae) At i on (Si enens diffractoneter
Thet a- Theta D- 5000, tube voltage: 40 kV, tube <current: 40 mA, , aperture
di aphragm Mz{} (u\.raﬁhaé)i a1 FSGALERE &5k thadkatd OndiaRhr agnpLQeyarhabl e) ,

secondary o] dijaphragm (0.1 nm), detector diaphragm (0.6 mm,
measurin |ntg gﬁ%ﬁ)g(ufe d. 0. 020, nmeasurement time per step: 2.4 s,

det ect or? scr ntillation counter)). The width at half height of these

reflectlonéﬁéaﬁhﬁep%¥ﬁﬂﬁﬁﬁﬂﬁﬁlthe process of the present invention,
particular preference is given to thozse among the abovementioned

active multimetal oxide compositions whose X-ray diffraction
pattern displays, in addition to the reflections h and i, a
25 reflection k whose maximum is at 28.2 + 0.5° (k).

2mong the latter, preference is in turn given, according to the
present invention, to those whose reflection h is the most
intense in the X-ray diffraction pattern and has a width at half
7 30 height of not more than 0.5°, and very particular preference is
(:: given to those whose reflection i and reflection k each have a
width at half height of £ 1° and have intensities P; and Py,
respectively, which obey the relationship 0.2 < R < 0.85,
preferably 0.3 < R £ 0.85, more preferably 0.4 < R < 0.85,

35 particularly preferably 0.65 £ R < 0.85, even more preferably
0.67 < R < 0.75 and very particularly preferably R = 0.70 to 0.75
or R = 0.72, where R is the intensity ratio defined by the
formula '

40 R = Py/(Pi+Pyk) .

The abovementioned X-ray diffraction patterns preferably display
no reflection whose maximum is at 2 © = 50 * 0.3°.

45 For the purposes of the present text, the definition of the
intensity of a reflection in the X-ray diffraction pattern is the
definition given in DE-A 19835247, DE-A 10122027, DE-A 10051419



or very pronounced. 20 For the purposes of the process of the present

i nvention, PPHa®3PBUl ar preference is given to those anong the abovenenti oned
active multinetal oxide cornpositions whose X-ray diffracti snMARH 2007
displays, in addition to the reflections h and i, a 25 reflection k whose
maximumis at 28.2 0.50 (k). Anong theel atter, preference is in turn given,
according t _ap j nyent | :nose, whgs e ef L i LS the nobst
intense in %h% - f‘agsgf Tr%'a'%{?l%nh%g? t%@%agﬁdg%as a%vﬁfg%#%%ﬂﬁ% ?hgo hei ght
of not noré" tH&h 3y BBl M9 8ry particular preference is given to those
whose reflection i and reflection k each have a wdth at half height of

10 ‘and havenantedspni e Riefdrdtbins h.edpendi ¥elthe whpvbneduionedeX-ray

rel ati onshidqi fErdceibn<péktihns predetiahd ywultdmetR €x0d85¢commy=d cppaierably 0.4
< R < 0.85,,135pabhi 68| dy pLehesadlik1Q- Gecsrding @o88ne GV AR e preferably

0.67 < R< Q. n It r ret R = 0 Q.7 or R =
0.72, '\/\here%?lé:if’ ﬁegf% 1ea§§i,f¥’1%#%€'%élf&%f: i'e’gglé?g{’/}y%sﬁem%ér rru“%réa %6 %leé Pi /

( Pi +Pk) Thef‘%}ﬂt‘}\‘?’éﬁﬁn@?gi@ftkp a?n?jir‘?sf r(gc on patterns preferably display no
reflection whose maximumis at 2 e = 50 * 0.30. 45 For the purposes of the
present 1@x@.0 tthé.defilnition of the intensity of a reflection in the X-ray
diffractiors patt eraci gt keda definition given in DE-A 19835247, DE-A
10122027, DBE-oA,1Q02d443 PF 53957 27 MARCH 2007 24 and DE-A 10046672. The
sanme applies to the definition of the wdth at half height. Apart fromthe

reflections_h, i and k, the abovepenti oned X—;ﬁy 5 diffraction Eatterns of
active mul tifmdfaPl8Ri HBGFIGSVE ERgh AR £ T & 265 80P RAKHRFBgEDuUS] y

acgor di ntf 1 spieypaesedditionpdnrebiradilopl Woda mapramumet ¢ el ifons whose maxi ma

are.at the diffdrbowiogy ahdlfer get Eonodingbes { 2.ap: (40. 9.0 0.40 (1) 6.7 0.40
(o) and 7.9 0.40 (P). It is also advantageous for the X-ray diffraction

bat tern 10 mkbxlisp) ayeanaddhlhanald eLLeckion hgseommd.mun [ s at a
di ffraction afgglcg§2 _ejt %f_géSq_ 0. & 3%) q) § X pa od(l yiraction pattern
frequent]y al SRERI s o éf FeltTon® atSg> 2 & 220° (W) 'and 35.4 0.40 (n).
' It is also advantagecus for the element combinations defined in
the formulae I and II to be present as a pure 1 phase. If the
catalytically active oxide composition further comprises k phase,
its X-ray diffraction pattern contains, in addition to the
25 reflections mentioned above, further reflections whose maxima are
at the following diffraction angles (2. 8): 36.2 + 0.4° and 50 =+

0.4° (in the present text, the terms i phase and k phase are used
ag defined in DE-A 10122027 and DE-A 10118933).

. 30 If the reflection h is assigned an intensity of 100, it is

(:, advantageous for the purposes ¢f the present invention for the
reflections i, 1, m, n, o, p, 4 to have the following intensities
on the same intensity scale:

35 to 95, frequently from 5 to 80, often from 10 to 60;

to 30;

to 40;

to 40;

to 30;

to 30 and

to 60.

40

QT 0B B o
R S Yy

If the X-ray diffraction pattern displays reflections in addition
to those mentioned above, the width at half height of these is
45 generally < 19, '



20 It is also advantageous for the el enent conbinations defined in the
formul ae | BRd539570 be present as a pure i phase. If the catalytically
active oxide conposition further conprises k phase, its XrmMmardiH fo0action
pattern contains, in addition to the 25 reflections nentioned above, further
reflecti ons whose maxi ma are at the fag lowi ng diffraction angles (2 e):

§?e2u52d4oé§ﬂ%e?|ne tgg %%E g u$%§§f%§%§iggggnﬁ§etﬁgd “ phase

reflection %onfp§sé§§?’6ﬁe %e %f”érﬁ Hafto §°°% s for the
pur poses ofPXafeTsr éBEMEIGH Rt PBna‘?tb"rvet H‘élt%fé?'ffaélctoixé% ‘Fom@S%ﬁloﬁs 0, p, q
to have t hecdmpiriewhageleneamtsicoinbtnaiprishefselpe fiqrmadsi Tyisdaleguetlys 5 to
95, frequenidon fir @e 50 tuef /80 (BET t 1Y facenadfa f mibRoged) , led@c3@iimwHert 0 40;
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MARCH 2007 hg?fﬁBa’é petT ok gg?f%%%”aer EYL5tme kR Q&L AGeC %‘Eﬁcﬁlﬁéf’afs oxi de

- conposi ti orfessribad %%r@ﬁﬂcéc’ﬁﬁdt@l Héaupsdonctt dilrgdt entiHe cpnésehtof

I nvent i ol0 artheof. aciovemuireifpetadesdndéhdsnposiddtonscledaprinsi ng el enent
conbi nat i ongareficterf asgra ach2pe27 r emsantby1 doF3y,0melat co@B1¥8/, g (BET surface
ar ea, mtr%ﬁ@) 1165@@?3' He-% %@@gswewphﬁ%@mf&s@@x dgpfA %&b@@ pattern as

descri bed 989 prﬁpﬁ{ﬁbhﬁ’&ﬁ art f%élfs Phg 00%060)( g |t|ons

descri bed |s |sc osed r'mor’ ext

Prior art r@cefEntetlHirs Hitd §ﬁbj %‘i‘ﬁmﬁlﬁél tyethy ﬁaﬂi&?ﬁ R a?locuBEn‘A?qmzzoz?
DE+A 1011933 ayDErning (33 epploy®b-o% ﬂrgiggmeuy@d« £0929338n jplat
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00/ 29106, BER0AL32988dE, 2BUnEErAGRBR838r (ddtddeneXanples in the latter two
docunents, 15 spray drying is enployed as drying net hod, e.g. at an inlet

tenperature_ of f an outlet t ture of from_, 100 to
1800, countUPLAPFORY BH CBETHY enE e THESRET e EFeLhers] o bE, EOHbASi 1 ons
descri be70° @élﬁhbélugedx.rhgaow er form} or after shaping to give suitable

geometries (cf., for example, the coated catalysts of

DE-A 10051419 and the geometric wvariants in DE-A 10122027) for

the single-zone embodiment of the process of the present

invention. They are particularly useful for preparing acrolein

25 and/or acrylic acid and for preparing acrylonitrile.

The sgingle-zone wvariant is based on the catalysts to be used
being akle to catalyze all steps of the process of the present
invention.
30
(; _ It can be carried out either in a fixed catalyst bed or in a
fluidized bed or moving: bed of catalyst. Corresponding process
descriptions may be found in the documents of the prior art. If
the process of the present invention is carried out as a
35 fixed-bed reaction, e.g. for preparing acrvlic acid in the
single—zone mode of operation, it is advantageously carried out
in a shell-and-tube reactor whose tubes are charged with the
catalyst. A liguid, generally a salt melt, is normally passed as
heat transfer medium around the catalyst tubes. As an
40 alternative, a thermoplate reactor in which the catalyst charge
is pregent as a flat arrangement between cooling plates can also
be used.

The reaction gas mixture is passed through the catalyst tubes in
45 the reactor either in cocurrent or in countercurrent to the salt

bath. The salt bath itself can have purely parallel flow relative

to the catalyst tubes. However, a transverse flow can ¢of course



20 such (i.e. in gowder form or after shaping to give suitable geonetries
(cf., for eREnPBE@37the coated catal ysts of DE-A 10051419 and the geonetric
variants in DE-A 10122027) for the single-zone enbodi nent 2pMAREH peorcess of
the present invention. They are particularly useful for preparing acrolein
25 and/or acrylic acid and for preparizmg acrylonitrile. The single-zone
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t he react orweth érisi proeess rentiaok.i n countercurrent to the salt bath. The
salt bath itself can have purely parallel flowrelative to the catalyst

tubes. Howeygr, £ . of. gaur sg. P 7s 2007 26
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coynt er cPr EMIIR dMPRBYr 83X gas nmixture only when viewed over the
reactor. Shell-and-tube reactors 5 suitable for the process of the present
i nventi on apsomhir®c| eseden f an,0exatipdre contt ERaektE0Qnddn B di decAATI00&93. The
various possible cogpasiti-ons of the reaction gas starting mixture for the
si ngl e-zone vari antl_o{o'tuq09[995§§0)qf(>bh§0 resent 10 invention can be taken
fromthe_prior art cited in connection Wth this process variant. For the
preparat? n of acrylic acid, the conposition of the reaction gas_starting
m xture i s THiaeVEFeRF1oree CHELPoLT RHSFGralby reinde SChdF &3t (@53 Propane:
oxygen : H2O other constituents (mainly inert diluent

The abovementioned ranges apply particularly when the other

constituents are predominantly molecular nitrogen., The reaction

25 temperature ig typically from 250 to 550°C (the conditions for the

ammoxidation are comparable, if the additional ammonia content of

the reaction gas mixture is disregarded (cf., for example,

EP-A 929853).

N 30 The space velocity of propane over a fixed-bed. catalyst charge in
C:t the single-zone variant of the process of the invention can be,

’ for example, from 10 to 500 standard 1/1 (fixed bed)-h. The space
velocity of reaction gag starting mixture is. frequently in the
range from 100 to 10 000 standard 1l/1-h, often in the range from

35 500 to- 5000 standard 1/1-h.

The target product, e.g. acrylic acid, can be separated off from
the resuiting product gas mixture in a manner known per se, for
example as described in DE-A 10122027, i.e. the acrylic acid

40 present in the product gas mixture can, for example, be separated
off by absorption in a high-boiling inert hydrophobic organic
solvent (e.g. a mixture of diphenyl ether and biphenyl, which may
further comprise additivesg such as dimethyl phthalate). The
resulting mixture of absorbent and acryvlic acid can subsequently

45 be worked up in a manner known per se by rectificatioen,
extraction and/or crystallization to give pure acrylic acid.
Alternatively, the initial separation of the acrylic acid from



gases) _ 1:(0.1-10):(>0-50):(>0-50). 20 The abovenentioned ratio is
preferably PR ®35):(1-30):(1-30). The abovenentioned ranges apply
particularly when the other  constituents are predon nant| 27mARCHI2807
.nitrogen. The reaction 25 tenperature is typically from 250 to 5500C (the
conditions for the anmmoxidation are cepparable, if the additional amonia
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whi ch mayl0 posshely comericsed aphdittvilees . such as di net hyl phthal ate). The
resulting mxture of absorbent and acrylic acid can subsequently 45 be
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m xture renalning after the [nitial, se anr%flon th gL
conpri ses FhRc g Y 4P SunrEadrsd gwﬁqane snd Ht eAEH85
propyl ené ﬁ%é’oﬁﬁs?hﬁlﬂo st gﬁ:@ ot e Fﬂ’éa% &Hﬁﬂun{foﬂF erte deibgeenes

and the totaILX'@é)ment of C4-hydrocarbons of this tailgas mxture and the
oxygen source used (whether pure oxygen, an 15 oxygen-containing inert gas

or air), thertail faSTXhigE bR Rions of the C; components which are
undesirable according to the present invention and/or relatively

25 high proportions of other undesirable components are present in
the tailgas mixture, the propane and any propene present in the
tailgas mixture can be separated off, e.g. by fractional pressure
rectification (the separation factor can be selected
appropriately), and subsequently recirculated to the process of

. 30 the present invention and combined with the crude propane and
(:; other constituents of the reaction gas starting mixture. Howe?er,
' it may, for the purposes of the present invention, be sufficient
to bring the tailgas into contact with a hydrophobic organic
golvent which preferentially absorbs Ci-hydrocarbons in an -

35 extraction apparatus {e.g. by passing it through the organic
gsolvent). The absorbed propane and possibly propene c¢an
subsequently be liberated again by desorption and/or'stripping
with air {which would in any case be required as oxygen source)
and recirculated to the process of the present invention. Of

40 course, the acrylic acid could also be separated off from the
product mixture using the method described in DE-A 10059122. The
active multimetal oxide compositions recommended for the
single-zone variant can of course also be diluted with finely
divided, e.g. colloidal, materials such as silicon dioxide,

45 titanium dioxide, aluminum oxide, zirconium oxide and niobium

' oxide, for use in the process of the present invention.



recirculated as such. It is also possible to divide it into two parts of

i dentical cBRp&8PH7on and to recirculate only one part and purge the other
part (e.g. to pass it to incineration or another use (e.g27MEREHQONCtI ON
of synthesis gas)). The latter 20 could of course also be done with the
total amount of the tailgas mixture. 34 relatively high proportions of the
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possi bl e rra%%r 8§Q ar € %% osition)
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course, ot hem-avaByst7 syH-@ne 9837 Hesc DEbRALS§IM5 180X BEPA €19637530; A 3- 170445

can al so bepgised ghafibhe, s MglLR- zone 2™ari ant. of the process of the present
i nvention. 10 V\hen t he process of the present invention is actualized in one

reacti on one, 515 amounts to one of the cages Wnere g
o “Moxr e than one reaction zone” means first and fdremost that at

least one step of the process of the present invention is carried
out under conditions which can, at least partly, be selected
independently from those of the other step(s) within the process
of the present invention or, but to only a secondary degree, that
) 30 reaction conditions which are at least partly independent of one
(:J another are realized within one and the same step along the
reaction path (the latter is the case when, for example, a
multizone mode (with temperature zones which can be set
independently of one ancther) is emploved for one step, as -
35 described, for example, in DE-A 19942241, DE-A 19927624,
DE-A 19910508, DE-A 19910506 and DE-A 19948248). Thus, i1f the
process of the present invention comprises, for example, two
steps, the catalyst or catalyst charge used in the first step
could, for example, be different from that in the second step, or
40 identical catalysts or catalyst charges could be used for both
steps but the reaction temperatures in the two steps could be
selected and adjusted independently of one another. Naturally, a
combination of both can also be emploved.

45



m xture 1 and gas mxture 2 are identical. The process of the present

i nvention i FUtS3I957ed here in particular when the limts specified
according to the present invention for the |evels of 15 1-buihecangyot her
C4- hydrocarbons in the product gas m xture of the process according to the
present invention are exceeded. Accordgng to the present i nvention, the

process is f Y. _cakr| ny n S
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that at Iseast one step of the process of the present invention is carried
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sane step along the reaction path (the latter is the case when, for
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199482 process o e present invention conprises,
for example, two steps, the catalyst or catalyst charge used in the first
step coul dThi®rreachipReVabAnf PEFBA®S £ (At HAENSH KRS BEBRE st'é6, or 40
i deail call5capadysirsi tar of atatsasinac katk gelve aeuitdabeoxisiat ifoor aboetdingt éps but
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i ndependent by 0f.@ne:2RQL N6 - zd}@suaﬁiférygecﬁ inCQEP] Aat hArnotnbat:h Lan al so be
empl oyed. 48Pl 90 o473 WA 2000, 28, Tg adv e ae L, ML £onE
variant is tha r} Frn es [ t 955I #é_irgr oveg
Tat ching of SPREFIARRLUEBH® CHRUFELORE T1°G ROLPRGUTIRMATELa0! CEIRA A OF dual
steps of 20h&he ppydengf te Hee ftepead ?’%\\Pé’ﬁ’toﬂéhn andrihe gavakeighdc Sevel |
known from theldistddr.ogeneoesiirstabalgzteicon gasephasmydante af aoxpdatnlon of
propyl ene tpragsndrice agi detistdlgy BRVefWAR oXygerst ask bA flldigieph®
proceeds i noiﬁ@eé%ﬁﬁ%t’léYﬁg SE}.%O%].@JHQRQ ctcl?r%ination Mo-Bi-Fe, while
catalysts based on multimetal oxides comprising the element
25 combination Mo-V (e.g. those which have been recommended in this
text for the single-zone variant) are normally preferred for the
second oxidation zone (acrolein — acrylic acid). In principle,
however, these two reaction steps can also be carried out in a
single reaction zone and over a single catalyst.
30
(:; In general, the first step will advantageocusly be carried out in
a separate reaction zone in the process of the present invention.

In the case of an oxydehydrogenation of propane, this can be

35 carried ocut as a homogeneous and/or heterogeneously catalyzed
gas-phase oxydehydrogenation of propane to propylene using
molecular oxygen. Air, pure molecular oxygen or air enriched with
molecular oxygen can be used as source of molecular oxygen.

40 If the reaction zone is configured as a homogeneous
oxydehydrogenation, this can in principle be carried out as
-described, for example, in US-A 3,798,283, CN-A 1 105 352,
Applied Catalysis, 70(2) 1991, pp. 175-187, Catalysis Today 13,
1992, pp. 673-678, and in DE-A 19 622 331. An advantageous oxygen

‘45 source is alr. The temperature of the homogenecus _
oxydehydrogenation is advantageously chosen within the range from
300 to 700°C, preferakly from 400 to 600°C, particularly



reaction coordinate, with the first step leading to acrolein and the second
| eadi ng fro®Faé&BOB&i n to acrylic acid. This reaction variant produces, in a
manner known per se, the 15 opportunity of carrying out tbEMARCHab07
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desgcribed;, for example, in US-A 4 788 371, CN-A 1073893,
Catalysis Letters 23 (1994), 103-106, W. Zhang, Gacdeng Xuexiao
Huaxue Xuebao, 14 (1993), 566, Z. Huang, Shivou Huagong, 21
(1992) 592, WO 97/36849, DE-A 197 53 817, US-A 3 862 256, US-A 3
7 30 887 631, DE-A 195 30 454, US-A 4 341 664, J. of Catalysis 167,
(:; 560-569 (1997), J. of Catalysis 167, 550-559 (1997), Topics in
Catalysis 3 (1996) 265-275, US-A 5 086 032, Catalysis Letters 10
{1991), 181-192, Ind. Eng. Chem. Res. 19%6, 35, 14-13, US-A 4 255
284, Applied Catalysgis A: General, 100 (1993}, 111-130, J. of
35 Catalysis 148, 56-67 (1994), V. Cortés Corberdn and S. Vic Bellén
(Ed.), New Developments in Selective Oxidation II, 1994, Elsevier
Science B.V., pp. 305-313, 3*d World Congress on Oxidation
Catalysis, R.K. Grasselli, S.T.'Oyama, A.M. Gaffney and J.E.
"Lyons (Ed.), 1997, Elsevier Science B.V., p. 375 ff, or
.40 DE-A 19837520, DE-A 19837517, DE-A 19837519 and DE-A 19837518.
Air can also be used as oxygen source in this case. However, the
oxygen source here frequently comprises at least 90 mol% of
molecular oxygen and often at least 95 mol% of oxygen.

45 The catalyste suitable for the heterogeneously catalyzed
oxydehydrogenation are subject to no particular restriction. All
oxydehydrogenation catalysts which are known to those skilled in
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where
Ml = Co, Ni, Mg, Zn, Mn and/or Cu, .
(:i 30 M2 =W, V, Te, Nb, P, Cr, Fe, Sb, Ce, 8n and/or La,
a = 0.,5-1.5,
b = 0-0.5
35
and
X = a number which is determined by the valence and
abuhdance of elements other than oxygen in (III).
40

In principle, suitable active compositions (III).can be prepared
in a simple manner by producing a very intimate, preferably
finely divided, dry mix having a composition corresponding to
their stoichiometry from suitable scurces of their elemental

45 constituents and calcining this at from 450 to 1000°C. Possible
sources of the elemental constituents of the active multimetal
oxide compositions (ITI) are oxides and/or compounds which can be
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20 In the heterogeneously catalyzed oxydehydrogenation of propane,

the reaction temperature is preferably in the range from 200 to
600°C, in particular from 250 to 500°C, more preferably 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
25 to 5 bar. Working pressures above 1 bar, for example from 1.5 to
10 bar, have been found to be particularly advantageous. The
heterogeneously catalyzed oxydehydrogenation of propane is
generally carried out over a fixed bed of catalyst. The latter is
advantageously installed in the tubes of a shell-and-tube
. 30 reactor, as described, for example, in EP-A-0 700 893 and
(;, EP-A-0 700 714 and the references cited in these documents. The
' mean residence time of the reaction gas mixture in the catalyst
bed is advantageously from 0.5 to 20 seconds. The ratioc of
propane to oxygen varies with the desired conversion and the
35 selectivity of the catalyst, but is advantageously in the range.
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
decreases with increasing propane conversion. For this reason,
the propane-to-propylene reaction is preferably carried out so
40 that relatively low conversions of propane at high selectivities
to propylene are achieved. The conversion of propane is
particularly preferably in the range from 5 to 40 mol%,
frequently in the range from 10 to 30 mol%. Here the term
“propane conversion” means the proportion of the propane fed in
45 {sum of the propane present in the crude propane and that present
in any recirculated gas) which is reacted in a single pass. In
general, the selectivity of propylene formation is from 50 to



converted into oxides by heating, at least in the presence of oxygen. Such
conpounds i BEl &d857i n particular, halides, nitrates, formates, oxal ates,
citrates, acetates, carbonates, amm ne conplex salts, anmhMARGHEROE and/ or
hydroxi des. The intimate 5 mixing of the starting conpounds for preparing
the multinmetal oxide conpositions (1143 can be carried out dry, for exanple
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relativel oW GO verS| nsof "propane at - ri gh sé:I T8 YR B 8t p?opyl ene
are achi &¥ed. The conversion of propane is particularly preferably in the
range from3s tapssdbhe| ognstiituguent | §he prefect angdureofra® a ¢r3gansl d. Here
the term "poolhydrogaveriinoatcordhyy ttoe the opordantn infrehtiorpreapane fed in
comprise, for example, the following components: propylene,
propane, carbon dioxide,_carbon monoxide, water, nitrogen,
_ 30 oxygen, ethane, ethene, methane, acrolein, acryvlic acid, ethylene
(:; oxide, butane (e.g. n-butane or isobutane), acetic acid,
formaldehyde, formic acid, propyvlene oxide and butenes (e.g.
l-butene). A product mixture obtained in the propane .
oxydehydrogenation of the invention typically comprises: from 5.
35 to 10 mol% of propylene, from 0.1 to 2 mol% of carbon monoxide,
from 1 to 3 mol% of carbon dioxide, from 4 to 10 mol% of water,
from 0 to 1 mol% of nitrogen, from 0.1 to 0.5 meol% of acrolein,
from 0 to 1 mol% of acrvlic 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
40 oxygen, from 0.1 to 1.0 mol% of further abovementioned components
and, as balance, mostly propane, in each case based on 100 mol%
of product mixture.

In general, the propane dehydrogenation in the first reaction
45 zone can also be carried out as a heterogeneously catalyzed
propane dehydrogenation with substantial exclusion of oxygen, as



45 (sum of the propane present in the crude propane and that present in any
recircul at eBFgA3®5Which is reacted in a single pass. In general, the
selectivity of propylene formation is from50 to PF 53957 27mvyiErb@607 33
98 nold, nore preferably from80 to 98 nold, with the term "selectivity"
referring to the nunmber of noles of prgpylene which are produced per 1 nol
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the propane® M FdBAYFOg §t e (e cPW‘%‘?ﬁ"’i"ﬁﬁnt y?;‘ih%;%ﬁ ISPESBPi S from 5
35 to 102¢mimpastupiopydferiacrepping. the oropemiidrob L besntnsiasx Nelewherf r om 1
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of nitrogensufhem On leHed JAr:i Pl 2o ACEBh&E N Furkhem Suiph ek Yoicacrylic
aci d, fr0”1fbé“%h&ohékékégéﬂ@oﬁé19£é§ﬂéiyzed dehydrogenation of propane are,
for example, CO, methane, ethane, CO,, nitrogen and noble gases

25 such as He, Ne and Ar. All diluents mentioned can be used either
on their own or in the form of various mixtures. It is
advantagecus for the diluents mentioned generally also being
suitable diluents in the partial zone or zones. As already
mehtioned, preference is given to diluents which are inert (i.e.

— 30 undergo chemical changes to an extent of less than 5 mol%,

(:; ' preferably less than 3 mol% and more preferably less than 1 mbl%)
in the respective reaction zone. In principle, all
dehydrogenation catalysts known from the prior art are suitable
for the heterogenecusly catalyzed dehydrogenation of propane.

35 They can be roughly divided into two groups, namely those which
are oxidic in nature (for example chromium oxide and/or aluminum
oxide) and those which comprise at least one, generally
comparatively noble, metal (for example platinum) on a generally
oxidic support.- ' '

40
It is thus possible to use, inter alia, all dehydrogenation _
catalysts recommended in WO 01/96270, EP-A 731077, DE-A 10211275,
DE-A 10131297, WO 99/46039, US-A 4 788 371, EP-a-0 705 138,

WO 99/29420, US-A 4 220 091, US-A 5 430 220, US-A 5 877 369,

45 EP-A-0 117 146, DE-A 199 37 196, DE-A 199 37 105 and

DE-A 199 37 107. In particular, the catalysts described in



~acid, from0.01 to 0.05 nmol % of formal dehyde, from1l to 5 nold of 40 oxygen,
fromO0.1 toPE. B3%BVd of further abovenentioned conponents and, as bal ance,
nostly propane, in each case based on 100 nol % of product27VARCER200/N
general, the propane dehydrogenation in the first reaction 45 zone can al so
be carried out as a heterogeneously cag=mlyzed propane dehydrogenation with
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reaction zqng.;ehPnPLi NGiRkes29% 1y, dehydrogenation catal ysts known fromthe
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pr opane. ,
A characteristic of the partial heterogeneouszsly catalyzed

dehydrogenation of propane is that it proceeds endothermically.
This means that the heat (energy) necessary for setting the
required reactlion temperature has to be introduced intec the
. 30 reaction gas starting mixture before and/or during the
(:/ heterogeneocusly catalyzed dehydrogenation.

Furthermore, owing tc the high reaction temperatures required,
heterogeneously catalyzed dehydrogenations of propane typically

35 suffer from formation of small amounts of high-boiling high
melecular organic compounds through to carbon which deposit on
the catalyst surface and thus deactivate the catalyst. To
minimize thisg disadvantageous phenomenon, the propane-containing
reaction gas mixture which is to be passed over the catalyst

40 surface at elevated temperature in the heterogeneously catalyzed
dehydrogenation can be diluted with steam. Under the resulting
conditions, carbon which has deposited is partly or completely
eliminated by the principle of coal gasification. '

45 Another possiblé way of eliminating carbon compounds which have
been deposited is to pass an oxygen-containing gas through the
dehydrogenation catalyst at elevated temperature from timerto
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Description such £ r | al |
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characteris artila ter olqaeneo S y cata ogenat | on of
pr opane i 'ﬁ?aet r%%aeCtdLs eﬁHS het'm car F by |§a gr t?‘?’é fe®heat
(ener gy) %é&%%@&ﬁyb%rs‘é‘%} g ethancy éﬁr?’?e]aulf%éﬂ Ghet BrRRe SUEFERAT o be
i ntroduced the oeplticd twast.i o Fasadvamteoagusriba erelpef dris alideor Hlumi ng
the C het esHarpeans| yf cdicalopzeatysie ydresgenay iian.the first about 20-30%
of the fixed bed and to heat the remaining length of the bed to
the required reaction temperature by means of the radiant heat
25 liberated in the combustion process. In this way, approximately.
isothermal reaction conditions can be achieved. Suitable intermal
diameters of the reaction tubes are from about 10 to 15 c¢m. A
typical shell-and-tube dehydrogenation reactor has from 300 to
1000 reaction tubes. The temperature in the interior of the
— 30 reaction tubes ranges from 300 to 700°C, preferably from 400 to
(:; 700°C. The reaction gas starting mixture ig advantageously
preheated to the reaction temperature before it is fed into the
tube reactor. It is possibkble for the product gas mixture to leave
the reaction tube at a temperature which is from 50 to 100°C
35 lower. However, this outlet temperature can also be higher or the
same. In the abovementioned procedure, the use of oxidic
dehydrogenation catalysts based on chromium oxide and/or aluminum
oxide is advantageous. It is frequently advantageocus to use no
diluent gas but to start out from egsentially only crude precpane
40 as starting reaction gas. The dehydrogenation catalyst, too, is
usually employed in undiluted form.
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On a large industrial scale, a plurality (e.g. three) of such
- shell-and-tube reactors can be operated in parallel. According to
45 the present invention, it is possible for two of these reactors
to be in dehydrogenation operaticn while the catalyst bed in a



Furthernore, owing to the high reaction terrperatures required,

het er ogeneoBB| §38&7Val yzed dehydrogenati ons of propane typically 35 suffer
fromformation of small amounts of high-boiling high nol ecet MARTH)2007C
conpounds through to carbon which deposit on the catal yst surface and thus
deactivate the catalyst. To ninimze 4fis disadvantageous phenonenon, the
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catal yst 40°sur eterogeneous y catal yzed
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to PF 53957 ¢ ne us_effectiv burn off the carbon
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reactor, | &Lmeée deby dioaenahi eRe CRi YebebSs, I @38AL AStf fdrxedebRdd N a
reaction t Qr o 1FUQH‘L reg%l q:O %“9§St T reg.ﬁgl]ggaé%l}esmgig heat ed

by a gas, f exanp elng burnt " in the

e ro
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of the fixedledtard ¢O theattotthé reamilonngas emgtthuref ovhe tied dagalybie
requi red reasd ifeamt enperatior a-by(mmsans of the radiant heat 25 liberated in
t he conbustion process In this way, approxi rrately isot her mal reaction
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tubes are_from ab rogéenati on

reactor %5qur9ﬁ¥F36 ?%F using a mov1ng e For examp e, the moving
catalyst bed can be accommodated in a radial flow reactor. In

this, the catalyst slowly moves from the top downward while the
reaction gas mixture flows radially. This mode of operation is
employed, for example, in the UOP-Oleflex dehydrogenation
. 30 process. Since the reactors are operated pseudoadiabatically in
(:, this process, it is advantageous to employ a plurality of
reactors connected in series as a cascade (typically up to four
reactors). In this way, exceszssgsively high differences between the
" temperature of the reaction gas mixture at the reactor inlet and
35 the temperature at the reactor outlet can be avoided (in
adiabatic operation, the reaction gas starting mixture functions
as heat transfer medium on whose heat content the drop in the
reaction temperature depends) while still achieving attractive
total conversions.
40
When the catalyst bed has left the moving-bed reactor, it is
passed to regeneration and subsequently reused. In this process,
the dehydrogenation catalyst used can be, for example, a
spherical dehydrogenation catalyst consisting essentially of
45 platinum on a spherical aluminum oxide support. In the UQP
variant, hydrogen is added to the'propane to be dehydrogenated in
order to avoid premature catalyst aging. The working pressure is



1000 reaction tubes. The tenperature in the interior of the 30 reaction

t ubes range®Ff 5835300 to 700C, preferably from400 to 700C.  The reaction
gas starting mxture is advantageously preheated to the readsARIH 2007
tenperature before it is fed into the tube reactor. It is possible for the
product gas m xture to Ieave the reacggon tube at a terrperature \/\hi ch is

from50 to OOC rrperaturec
hi gher or t% % mt%e abovenen ﬁrolgoce ure “HHe usj‘gl ofraoi'od
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start out freavessenmisatliytwond ywverutle praopdyet40s afrat abbunhg2 riead hoh. gas.
The dehydsogenati on catal yst, too, is usually errpl oyed in undiluted form
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37 third reactor is being regenerated without production in the partial
zone or 2A0nEs dHefuighert procycdardant forprhecHat €rdferadvaby agaailszea, for
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literat 3 :
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from 4 t896cheonipy exlide Tore Flamdnor @tideet Thprerdiing Pyesserfid®tly from3 to
8 atm and ttepieddlyl drnof(l tenReranurmsl itheadebhndageouslipnf tempsAdiure 620C.
Typi cal spagaqex\eahgciftcbﬁss,m doh@ob ot alTheeneht OreAS <l Kbur€hover the
cat al yst C}hd&?egag’lgﬂ 40 1@1%%0&11':&:55/)1nt-5hEh@%@i&ﬁ.%9699§£% GRL al yzed

" he

dehydr ogenatl ropan car |ed ut _usi a novi ng bed.
For exan‘gl § fhe C?e}fyaqn g?ﬁ%tldon ca%%e af([:comn%& &g Qﬁoa radi al fl ow
r eact or. emperature he a ovementlone way of carryving out the

dehydrogenatlon igs alszo known in the literature as the
Snamprogetti-Yarsintez process.

As an alternative to the above-described procedures, the
30 heterogeneously catalyzed dehydrogenation of propane with
(:; substantial exclusion of oxygen can also be carried out using a
process developed by ABB Lummus. Crest (cf. Proceedings De Witt,
Petrochem. Review, Houston, Texas, 1992, Pl).

35 The previocusly described heterogeneously catalyzed processes for
the dehydrogenation of propane with substantial exclusion of
oxygen are all operated at propane conversions of > 30 mol%
(generally <60 mol%) (based on a single pass through the reaction
zone) . An advantage of the present invention is that it is

40 sufficient to achieve a propane conversion of from 25 mol% to <30
mol% or =25 mol%. This means that the heterogenecusly catalyzed
dehydrogenation of propane can also be carried out at propane
conversions of from 10 to 20 mol% (the conversions are based on a
single pass through the reaction zone). This ig due, inter alis,

45 to the remaining amount of unreacted propane functioning
essentially asg inert diluent gas in the subseguent partial zome
or zones and later being able to be recirculated, essentially



this, the cq al é? 7slovay nmoves fromthe top downward while the reaction
gas m xture | GRS “r'adi al | y. This node of operation is enployed, for

exanmple, in the UOP- A ef | ex dehydrogenati on 30 process. SingaAREn gLt ors
are operat ed pseudoadi abatically in this process, it is advantageous to
enploy a plurality of reactors connecB&d in series as a cascade (typically
up to four whehastoriksselsn thishavaighydxeessinieny zbhghat fdretracesrdietiveen t he
t enper at urezghethe Z8aGLI on gas m xture at the reactor inlet and 35 the
tenperature at the reactor outlet can be avoided (in adi abatic operati on,
the reactio arting funct as_heat transt medi um on
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propane, Prbrdesiisrgsapealpetbe pededchem [furshpevEConBuduent - TEh@a$elag92 a,
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al um num oxpPreRarFheonyeks hep Frss sbae ¢wly a comparatively small quantity
of heat is consumed on a single pass of the reaction gas through

25 the reactor and that comparatively low reaction temperatures are
sufficient to achieve the conversion on a single pass through the
reactor.

It can therefore be advantageous for the propane dehvdrogenation
) 30 at a comparatively low propane conversion to be carried out
(:: {pseudo)adiabatically. This means that the reaction gas starting
) mixture is generally heated initially to from 500 to 700°C. (or
from 550 to 650°C) {for example by direct firing around the wall
surrounding it). A single adiabatic pass through a catalyst bed _
35 will then normally be sufficient to achieve the desired
conversion, with the reaction gas mixture being cooled by about
30°C to 200°C (depending on conversion and dilutien). Presence of
steam as heat transfer medium also has an advantageous effect
from the point of view of an adiabatic mode of operation. The
40 lower reaction temperature makes longer operation lives of the
catalyst bed used possible.

In principle, the heterogenecusly catalyzed dehydrogenation of
propane at a comparatively low propane conversion can be carried
45 out in a fixed-bed reactor or in a moving-bed or fluidized-bed



typically from1l to 2 atmand the dehydrogenation tenperature is generally
from 550 t oPBOG®BS5Fhe heat required for the dehydrogenation is introduced
into the reaction systemby preheating the dehydrogenati on7agirRén2bot o the
reaction 25 tenperature. The abovementioned way of carrying out t he
dehydrogenatl on is also known in the |gperature as the
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conpr|S| g noncentrlc mgsh Cyll %&gefécégéd wgtﬁin an outer cylindrical
wall, with the catalyst bed being installed in the annular gap
between them. In the case of adiabatic operation, the outer
cylindrical wall would once again be thermally insulated as
appropriate.

.30
(;} Suitable catalysts for a heterogeneously catalyzed
dehydrogenation of propane with a comparatively low propane
conversion on & single pass are, in particular, the catalysts
disclosed in DE-A 199 37 107, especially all those dlsclosed by
35 way of example.

After a prolonged period of operaticon, the abovementioned
catalysts can be regenerated in a simple manner by, for example,
passing air initially diluted with nitrogen and/or steam

40 (preferred) in the first regeneration stages over the catalyst
bed at an inlet temperature of from 300 to 600°C, frequently from
400 to 550°C. The space velocity of regeneration gas over the
catalyst can, for example, be from 50 .to 10 000 h-l and the oxygen
content of the regeneration gas can be from 0.5 te 20% by volume.

45



hydrogen can _al so be added as a further constituent. The nolar ratio of

‘nol ecul ar hf&‘ré&@ﬁ%o propane is generally <5. The nolar ratio of steamto
" propane can accordingly be, with a 20 conparatively | ow prepangrcareer si on,
from?0 to 30, advantageously fromO0.1 to 2 and preferably fromO0.5 to 1.
Furt her advantageous found for a node 4% operation with a | ow propane
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reactor thraugh ofdnc irbleab®actioontgasoon xt-ure fl ows axially and/ or
radially is sufficient for carrying it out, in parti cular in adiabatic

operati ony, ’}'Relllg'etter%g% mﬁ”BuS'f%} &%%?g#%'ée%%r%g C' 0%@?;8&%80&' { gn vol une,

for exarrpl e ntern m “possi bly
from O. toc?)mlf’ﬁraé:r?ﬂ’ SE WAY G PRESt FREEPEACR §§’E‘ %é‘(fr%eiin%‘ﬂ%I led on a
suppor t devPéétJ(Cle{aréYaﬁia?@alﬁﬂg’r abi Agyravrkeacket - pr opane- cont ai ni ng reaction
gas in this case flows axially 15 through the reaction volume which is

charged w t fhcatadnitstinanNfor& than one catalyst bed catalyzing the

25 dehydrogenation arranged physically separately in succession: The
number of catalyst beds can be from 1 to 20, advantageouszsly from
2 to 8 or fxrom 3 to 6. The catalyst beds are advantageously
arranged after one another in a radial or axial direction. It is
advantageous in practice to employ a fixed-bed type of catalyst

30 in such a tray reactor.

In the simplest case, the fixed catalyst beds are arranged
axially in a ghaft furnace reactor or in the annular gaps between
concentric mesh cylinders. However, it is also possible to -

35 arrange the annular gaps in segments above one another and to
pass the gas radially through one segment and into the next
segment above or below it.

The reaction gas mixture is advantageously subject to

40 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 means of hot gases or by
passing it through tubes heated by means of hot combustion gases.

45 If the tray reactor is operated adiabatically, it is sufficient
to preheat the reaction gas mixture to from 450 to 550°C before.
introducing it into the dehydrogenation reactor and keep it



thermally insulated in adiabatic operation. The catal yst geonmetry can be
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apparatus, all catalyst geonetries which 20 produce a particularly |ow
pressure drop are preferred. These arg2 in particular, catalyst geonetries

which lead {9cRi ale rEAPLYaMBILTBNGE A didt Eﬁgtwa%ﬂ,rea@eofxmﬁe@egl i ths
or hOﬂGYCOQQ{?ieJeO Aeh S¥§r£ %r%ga%%ﬁer%%ngr%%‘%&%t aj;@k@ﬂc eﬁ ' on

e on rea}lﬁna‘fﬁ%ﬁtg ec§ th rsitc‘?af1es kfed \*P\AﬁE elgcgaf’z ;é ; masbe| ng nders

| ocated witHh
i nst al | ed | Barhkcwatulthe SapPdimeneefetdrahed Byt Wy ofs exatpheli Abwsi cthe
operations btheralit gropeyti delnidralgenatiomaundbencercigsl rubeat hertrgineyy

i nsul at ed agowapiERPhitates, 3hiSw tabberiakaby s Sadwintdgleler pgangaEshy
catal yzed Gﬁgygéﬂq)%naﬁe' 880 £ 1OBANE, A ﬂl&ea corparAl 'b\éalfybé%ew epgne

- conversion gn | e pass are, in particular, thHe catalysts disclosed in
DE- A 199 37r_eL%ﬁne as scfal | y all those discl osed by 35 way of exanple. After
~a prolonged period of operation, the abovenentioned catalysts can be

r egener al8dAn nevers imekeeshedardy ar@y::omh iex &oprarry padsithg edtalviiici al |y

di l uted wi t leydragaataod/ artatheannlDy ( phetetl s edjort rxkbhelé| risd daegeneuat i on
st ages over thbeawdl-akystribal iakedRed it L htegeméaiﬂlraed@_&ei:fomssﬁ@nto 600C,

frequent |y (EomeiiRat 00 %1o£we $ can%ebe%&ye,o lo redenes alc0n0gp over

the catalyst,ca oxygen

Contonc o "FRLSe Seufe i, 208h th Hhe GRRECEST FZndi By TUbI TESE 4o P

53 7 271Rnrefeoar figevs ntl%wghuFbﬁe@lJ%SégéﬁE%x%rb@t agasontistwersl Fiefy, air
be usedsubsequegénerbilyat dedsunbeyerctiner o sthe dehyidrayenagener at i on

condl tions. catalstad¥aal ageiolSesnl ps aat ildaited fedidustthencat adngsst  with inert

gas (for exgmc?cﬂ%bngeéﬁé&ﬁtegﬁneﬁ@tf&%lén%@@%&u&%&gi pbdsiiyoensh@l |y
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het er ogeneolRiSrSRPEPYE &I Wﬂ?@@&ﬁtﬁd@ﬁ%ﬂaﬁ%ﬁep@p@ne and/or added

to the reaction gas mixture (it can also be advantageous in
practice to install catalyst beds provided with a catalyst which
specifically (selectively) catalyzes the combustion of hydrocgen
25 (and/or hydrocarbon) in the tray reactor (examples of such
catalysts are those desgcribed in US-A 4 788 371, 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 can be
accommodated in the tray reactor in an alternating fashion
. 30 between the beds containing the dehydrogenation catalyst)). The
(:, heat of reaction liberated thus makes possibkle, in a
pseudoautothermal fashion, virtually isothermal operation of the
heterogeneously catalyzed dehydrogenation of propane. In this
way, when a longer regidence time of the reaction gas in the
38 catalyst bed is chosen, a propane dehydrogenation at a decreased
or essentially constant temperature is possible, which makes it
possible to achieve particularly long periods of operation
between two regenerations.

40 In general, an introduction of oxygen of the type described akove
should be such that the oxygen content of the reaction gas
mixture is from 0.5 to 30% by vdlume, based on the amount of
propane and propylene present theresin. As oxygen source, it is

~ pogsible to use either pure molecular oxygen or oxygen diluted

45 with inert gas, for example CO, CO;, N, noble gases, in
particular air. The resulting combustion gases generally have an



conparat i vell%/ Iowﬁr opane conversion (530 nold) can in all cases be

oper at ed . at space velocities (both of the total reaction gas and
of the propane present in this) over the 15 catalyst as in Z7iarga®m0ts with
a high propane conversion (> 30 nol% . This space velocity of reaction gas
can be, for exanple, from 100 to 10 088 h-1, frequently from 300 to 5000
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catal yzed defidrogenald-q 2 ok e PI-PRANGA %d@ogé%&'ﬂi@ﬁaéfvﬂc}bangw propane
conversion can be carried out ‘particu elegantly in a tray reactor.

Thi s contains npre than one_cata al yzi ng the 25 dehydrogenati on
arranged phySecafFs” %ﬁ’ﬁf’&?@}’ tr%é’ﬁég g‘%‘?ﬁ? %H@t A ritfe PXGPR t%ﬁlg beds
can be frcﬁ‘rﬂ@d?om% izpraaragbdus |ipstpbhing alesgdointeialy H§os. expmple,
cat al yst bedsbaler athtanthajgedushich davangdchrafadgerushe lanotoer nevessarddiyal or
axi al directje@f. eﬂcda%eda%aaf@gﬁu@ ENL PERGH ¢Bel Or&fMRYtarf ixaghded type
of catalyst (Tiégeénbes&fe@ chE Wl f3LkObeal N S Eh@@h?a&tts €a3Ca14d16d | xed

cat al yst be rnace reacﬁor |.n t he

n
annul ar %t(g HEFheth b oﬁ%%%?ﬁlvenégha% Tt E’(féirs ERWeVEST
possi bl e *%b s¥5tabie 1fﬂﬁe°5n1ﬂf¥%d g4¥p éc Va?@gﬁéﬂt%r%ka@ﬁ‘éea?‘lot her and to
pass the ga®arsdFaldy ttempengtium@nsﬁegneme avdcensoabdnrindeat arGridenr above
or bel ow it rethadersc tindnrghsads Hedtewharadhentagpetsiyres ibj Below 46
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25 combustion advantageously constitute inert diluent gaszes.

The abovementioned hydrogen combustion can be achieved

particularly elegantly in the manner described in DE-A 10211275,

i.e. in a process for the continuous heterogenecusly catalyzed
30 partial dehvdrogenation of propane in the gas phase, in which

a reaction gas in which the propane to be dehydrogenated is
present is fed continucusly into a reacticon zone,

35 - in the reaction zone, the reaction gas is passed over at
least one fixed catalyst bed over which molecular hydrogen
and to at least a partial extent propylene are formed by
catalytic dehydrogenation,

40 - at least one gas comprising molecular oxygen is added to the
reaction gas before and/or after entry into the reaction
zone,

- in the reaction zone, the molecular oxygen partly oxidizes
45 molecular hydrogen present in the reaction gas to form water
vapor, and o



dehydr ogenati on autothermally, that is, for exanple, to carry out the
above- descr iPFe®3i937er nedi ate heating in a direct fashion (autothernal
operation). For this purpose, a limted anount of nol ecul a7 mxrgaeors added
to the reaction gas mxture either 15 before it flows through the first
catal yst bed and/or between the subseguent catal yst beds. Depending on the
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fashi on 30 Bbiswamrrcebe bedbampritsapnehertdte pdehjdvoydivathen cetwdlesopry. The
heat of reaebipnidindepabpdhnd il pakesbPogFioblEend Nl opsgidealitfemnmal
fashion, vichuabdtiia3obhes e RResaldRitPhal \Mt](helf t@gﬁrxeaenﬁauél%e@@t al yzed

dehydr ogenatslg eé}jedortépg%gemc;‘%at Iglfs %g\%y é si dence tine of

the reaction pro dehydr ogenati on

at a decr eaStc Yd&l"c% Tt i aﬁo s}P‘a‘?ﬁnet)zn'b% g‘tcﬂrléltf’s %s@"??}ﬁldéogﬁﬁ? hakes
- possilfl Bore afc HustbeppidRapcarPyrtorig padibHan dgfo @wnﬂatpmaﬂ@et Fedn two
5ener at i oapplids pargeeetatly ahennthoducticda ods mepyescotsttie: tsppe

descrl bed abgygen shautd Her SiHeh cohBlist it @fyBear S QRt tAlsthodegact i on gas
mxture is {Lem0 5 to 30% by volune, based on the anmount of propane and

propyl ene present therein. As oxygen source, it is possible to use either

pure nol ecul ar oxygen or oxyg n diluted 45 with inert gas, for exanple CO
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' nternal gl dvantade N0} DES825a Eom 0.3 to 10 atm

and freguently have a temperature of from 400 to 500°C, in-
favorable cases from 450 to 500°C.

While EP-A 117 146, DE-A .3 313 573 and US-A 3 161 670 recommend
o 30 using the product gas mixture formed in the heterogeneously
(:; catalyzed dehydrogenation or propane (gas mixture 1) as such as
feed to the partial zone or zones, it is usually advantageous
according to the present invention to separate off at least part
of any Cy-hydrocarbons {e.g. l-butene, n-butane, iscbutane, other
35 butenes, butadiene etc.) present in the product gas mixture (gas
mixture 1) from the oxydehvydrogenation and/or dehydrogenation
before it is used further as feed to the partial zone or zones.
If hydrogen is present in the gas mixture 1, the abovementioned
separation can be combined with at least partial separation of
40 the hydrogen or such a hydrogen separation can be carried out
beforehand.

The latter can, for example, be achieved by passing the gas
mixture 1, if appropriate after it has been cooled in an indirect
45 heat exchanger (the heat recovered is advantageously used for
‘heating a feed gas required for the process of the present
invention), over a generally tubular membrane which is permeable



been evacuated before being filled in the tray reactor in the spaces

bet ween t he rFats89%t beds. Such internals can also be placed in the
respective catal yst bed. These internals contain 10 suitabl®@ MaRic#s2007

l'i qui ds whi ch vaporize or nelt above a particular tenperature and in the
~process absorb heat and then recondengg and rel ease heat where the
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conpri si ng nol ecul ar hydrogen, water
vapor, @Popyl ene and propane is taken fromthe reaction zone, wherein the
pr oduct gasThakﬁﬂidhugwath@mbwﬁnmmmonfzmmkﬁquiadlhydkntdﬁ|cnnoalsW)hmarts havi ng

an identi cakbageigDsiuti epfachi e oh sheu taringaths Hetdrogeheskslyed as -
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accordlng‘to uc131QY%QEaP oxide added in addition to the dehydrogenation

25 catalyst, as is described, for example, in EP-A 832056.

According to the present invention, it ig advantageous to
separate off at least 10 mol%, or at least 25 meol%, fregquently at
least 35 mol%, or at least 50 mel%, cften at least 75 mol% or the
. 30 total amount of the molecular hydrogen formed in the
(;; : heterogeneously catalvzed dehydrogenation before and/or while the
remaining product gas mixture {(gas mixture 1’) is used as feed to
the partial zone or zomes. If necessary, any water present in the
gas mixture 1 can be separated off (e.g. by condensation) before
35 the gas mixture is used further in the partial zone or zones. It
goes without saying that other constituents of the product gas
mixture (gas mixture 1) other than propane and propylene can alseo
be separated off if required at the same time as molecular
hydrogen and/or Ci-hydrocarbons such as l-hbutene, etc., are
40 separated off.

A simple possible way of achieving this is, for example, to bring
the preferably cooled (preferably to from 10 to 70°C) gas mixture
1, e.g. at a pressure of from 0.1 to 50 atm and a temperature of
45 from 0 to 1009C, into contact with a (preferably high-boiling)
organic solvent (preferably a hydrophobic solvent) in which
propane and propene are preferentially absorbed (e.g. by simply



used further as gas m xture 1. 10 This process variant is preferred
particul ar| PPWMS@®S7ecycl e gas conprising propane and possi bly propyl ene and
originating from the partial zone or zones (which may, if degiresd 20Rve
been subjected to a renoval of secondary conponents (e.g. C4-hydrocarbons
such as 1-butene)) is fedinto the dehggrogenation 15 zone as further '
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dehydr ogenabPfe*efore it is used further as feed to the partlal zone or
zones. BB hydrogen is present in the gas mxture 1, the abovenenti oned
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appropri ate a en cooled in an in exchanger (the
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Suitable absorption media for the above-described absorptive
separation are in principle all absorption media which are able
to absorb propane and propene. The absorption medium is
preferably an organic solvent which is preferably hydrophobic
- 30 and/or high-boiling. This solvent advantageocusly has a boiling
(;; point (at atmospheric pressure of 1 atm) of at least 120°C,

preferably at least 180°C, more preferably from 200 to 350°C, in
particular from 250 to 300°C, even more preferably from 260 to
290°C. The flash point ({(at atmospheric pressure of 1 atm) 1is

35 advantageously above 110°C. In general, relatively nonpolar
organic solvents, for example aliphatic hydrocarbons which
preferably contain no externally acting polar group or else
arcmatic hydrocarbons, are generally suitable as absorption
medium. In general, it is desirable that the absorption medium

40 has a very high boiling peint and at the same time a very high
solvent capability for propane and propene. Examples of suitable
absorption media are aliphatic hydrocarbons, for example
Cg~Cyp—alkanes or -alkenes, and aromatic hydrocarbons, for example
middle oil fractioms from paraffin distillation, and ethers

45 having bulky groups on the 0 atom or mixtures therecf, with a
polar solvent, such as the 1,2-dimethyl phthalate disclosed in
DE-A 43 08 087, being able to be added to these. Further suitable



5 cells. As an alternative, sone or all of the hydrogen can be separated
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as 1-butene are separ at e 0SSi achi evi ng

This i, 1oPeSkai i CFauRt | MPrARE: pPeiEis 9’3@%% 5F . BPEPERRHy to from 10
to 700 &&s tﬁﬂs%%%ﬁréesrlteérgde%%ne& pPe%%%ﬁeéa@fESf r%?ﬁqﬁefapsssoh%ﬁt?ﬂd@ﬁanas
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NARCH 2007 tﬁ same time have a molecular weight which is not too high. The
25 molecular weight of the absorption medium is advantageously <
300 g/mol. The paraffins having from 8 to 6 carbon atoms
described in DE-A 33 13 573 are also suitable. Examples of
suitable commercial products are products marketed by Haltermann,
e.g. Halpasolg i, such as Halpasol 250/340 i and Halpasol 250/275
30 i, and also printing ink oils sold under the names PKWF and
(:2 Printosol. Preference is given to aromatic-free commercial
products, e.g. those of the type PKWFaf.

The manner in which the absocrption is carried ocut is not subject

35 to any particular restrictions. It is possible to use all
processes and conditions with which those skilled in the art are
familiar. The gas mixture is preferably brought into contact with
the absorption medium at a pressure of from 1 teo 50 bar,
preferably from 2 to 20 bar, more preferably from 5 -to 10 bar,

40 and a temperature of from 0 to 100°C, in particular from 30 to
50°C. The absorption can be carried out either in columns or in
quench apparatuses. It can be carried out in cocurrent or in
countercurrent. Examples of suitable absorption columns are tray
columns (with bubble cap trays and/or sieve trays), columns

45 having structured packing (e.g. sheet metal packing having a
specific surface area of from 100 to 1000 m?/m® or up to
750 méd/m3, for example.Mellapak® 250 Y¥) and packed columng



passing the gas through the organic solvent). The propane and propene are
recovered t@@eﬁﬁ@ﬁ'ﬂ n purified formby subsequent desorption, rectification
and/or stripping with a gas which is inert in the partial 2260ncROH 280M€eS
and/or is required as reactant 5 in this reaction zone (e.g. air) and are
used as feed to the partial zone or zgges (as nentioned above, in the case
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to absorb pLopane and.propens, S[he.absoral BLelerably .an
organi ¢ sol Vent Rﬁh ch™l abl Y- hydro OEI c %‘f)r ndFor - hi ﬂ’tbm | FAg. This
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50C, i ntopa? thegul an paomR8art 6rSO0C toeGehanpmerer ekefaldyl f fenm260 to
290C The ftash poi,ntnfas ednpespiiers CoPresaubecdfzdooat Mnigardicular from
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sol vents, for a j‘b’:\tlc by, rgmar ons ﬁ % ereﬁhy %ontaln no
ext er nal lé Bt %rfr% EFOBroup or e aromna 7?88 aF BT Saf&  general |y
sui t abl e 28sSEHERIIRG 6ﬁ s’ﬁ%%ﬁ"u e ﬁaﬁ’a«@ﬁér'f PF? er‘l‘s@ftf@s.lﬁagﬂéel%ﬁa t he

absor pti on sediemmm4Grhasn anipdrayeli ghobaixampdepaint Wied airtdre aanme tine a

very high sajyyanmicapabn lmixturer hgvopare ardgat apeitentExaopd avsobysui tabl e
absorption Bl 3kudbipPhat iGnhydr 28RS oul Of o XRIMAI §as GRri@0rakkases or
B al kenes aE'ﬁie aé;%ﬁ%&%ehyg{goec% 13893’01; q{urqﬁanplllg gtripping process.
25 Particularly useful gases for thilis purpose are gases having a
specific heat 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, according to
the present invention, Cs-hydrocarbons should be aveoided as
3 30 additives of this type. Bubble columns with or without internals
(:; are also particularly useful for stripping.

The propane and propene can also be separated off from the
absorption medium by means of distillation or rectification, in

35 which case it is possible to use customary columns containing
ordered packing, random packing 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 {at the

40 bottom) of from 50 to 300°C, in particular from 150 to 250°C.

A gas mixture 1’ obtained by stripping from the absorption medium
can be passed to a further process stage before it is used as
feed to the partial zone or zones, for example to reduce the

45 losses of cogtripped absorption medium (e.g. precipitation in
demisters and/or deep bed filters) and thus at the same time
protect the partial zone or zones from absorption medium or to



. mddle oil fractions fromparaffin distillation, and ethers 45 having bul ky
groups on tRE B38Pdm or mixtures thereof, with a polar solvent, such as the
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manner in whi,Ghthe é@éoa[s%laenmiﬁt&ﬁé rired,0Mie 'p%rrﬁ%lSHQAeGCt 35 to any

partlcuIE% restrictions. It 1s possible to use all processes and conditions
C

wi t h ‘whi those skilled in the_art are. fam_/liar. The gas m xture is
pr ef er abl y #tughe PR RIGOPaREIE Phich has been strippéd free of

Csz-~-hydrocarbons and the absorption medium recovered in the phase
separation can be reused for the purposes of absorption.

- 30 The gas mixture 1 and/or the gas mixture 1’ produced from the
(;; same can now be used in a manner known per se in at least one
reaction zone for supplying a heterogeneocusly catalyzed gas-phase
oxidation and/or ammoxidation of propene to acrolein and/or
acrylic acid and/or acrylonitrile with a feed gas mixture 2. As
35 oxidant, it is possible to add pure molecular oxygen, air,
oxygen—-enriched air or any other mixture of oxygen and inert gas.
If the partial oxidation is the conversion of propylene into
propylene oxide, the procedure described, for example, in
EP-A 372972 can be employed.
40
' If the oxidation reaction is a partial ammoxidation to
acrylonitrile, it can be carried out, for example, as described
in DE-A 2351151. In the case of a partial oxidation of propylene
to acrolein and/or acrylic acid, the composition of the gas
45 mixture 2 with concomitant use of the gas mixture 1 and/or 1’ (it
iz also possible to use mixtures of the two, i.e. separation is
carried out from one part but not from another) in the process of



t he absorption nediumat a pressure of from1l to 50 bar, preferably from?2
to 20 bar, ®PEr&3®Ssferably from5 to 10 bar, 40 and a tenperature of fromO
to 100C, in particular from30 to 50C The absorption canz2baisrcHi2ecr out
either in columms or in quench apparatuses. It can be carried out in
cocurrent or in countercurrent. Exanpk@s of suitable absorption colums are
tray col umhge (LA RuR0LEE8R, 1 ALS 300/ OlaSLigv Eo LE AU (68! TS ARGNAVI Ng
structured ggg n ,e.%. sﬁegt nmet al packing having a specific surface area
of from 100 YRFRBIGF up to 750 n2/nB, for exanple Mellapak(r) 250 Y)
and packed col ums PF 53957 27 MARCH 2007 48 cont ai ni ng random packi ng
(e.g. col umasoparmked prcpbn®asdf g Ot i:ndgls).: Howewer, it is al so possible to
use tricklse=t owers zand 1sprayl t-owsr s, 091 aphict @ bl ocko absorbers, surface
absorbers such as thick-filmand thin-film absorbers and al so pan
scrubbers, S- Spr.ay, scr .S . ot ar crubbers. .lt _can also be
advant ageougcgég%rfgz&vo %E‘%r %I%)%%tt (:)nggﬁémp ’a)céggi %g%‘p%?%]b e oI U with or

wi t hout i nt ERREPS . 25Fh @ BPDpaFROHY gropene can be separated off fromthe
absorption 210 Hedi dm:by-8ttidhi:ng,ftazsh vQporat? on Gandler distillation.
The propane and propene are preferably separated off fromthe absorption
medi um by st pPiIGARGLOHLARSAINt BOBorEBEP P! LRE Sk erlRe 163ERE B, 0¥byi N a
cust omary MRRRel, Dy BRASKOA HbRESEHESs Yy gad/ or tenperature change,
preferably at pressu e_oiofygptp 1 }o, 10 bar lqlggrtlcular froml to 5
bar, nore preferabl’y ‘from to 3 Bar‘, ahd & t‘ePrpera‘tUre of fromO to 200C,
in particular from 20 to 100C, nore preferably from30 to 70C, particularly
prgZerabﬂ? s omerdd onede 8l ven ideamperefengoyady seataibizedf ops20hate i pping i s
stéam but partizLulcaidarédereheeopslghy b berybiky genldibyr agens Xt ures, for
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cont ent_aboygoP U » ABLLLER dibriififlec ! dndf 32 b SUVAN 2950US) Losdd @ gas

whi ch reduces e ex ive ra ef ore .or, ren e stripptn r ocess.
25 Part i cul STTSATRLATR GRS CEIDE CAPE PSR B AUATEE RGIfNG a speci 16
heat cap&fity of > 29 J/mol K at 20C, for exanple nmethane, ethane, propane,
propene, befzbhecanttibanotquastdranol two agivkrasl wbhicmmtmilaw caebomtdicoxide and
wat er. Howevgfie nke@r dkngod©iblichénps esaitieri RMERE | Y, A4 fBydesasdrensalshoul d
be avoi ded 25,3%:20dht5VES ©fe hiosebyPss JBUDBLE SO UMMM LR O Miifhout
internals af eac'qf)%ep%“c %"%']Jn%’ ES-EJV&@{?%SEE% PRI 1 LRe, Bropang and.
propene gan also he’separated of { fromthe
two oxidation zones. Thus, a catalyst based on multimetal oxides
comprising the element combination Mo-Bi-Fe is generally
preferred for the first oxidation zone (propylene — acrolein),
while catalysts based on multimetal oxides comprising the element
30 combination Mo-V are normally preferred for the second oxidation

zone (acrolein — acrylic acid)}.

ro ‘s .
e uséﬁ can be optimized in each of the

»

Many appropriate multimetal eoxide catalysts for the two oxidation
zones have been described in the past and are well-known to those

35 skilled in the art. For example, EP-A 253 409 refers on page 5 to
appropriate US patents.

Suitable catalysts for the two oxidation zones are also disclosed
by DE-A 4. 431 957 and DE-A 4431949, These are particularly those
40 of the formula I in the two abovementioned documents.

For the first step of the partial oxidation, wviz. the
heterogeneously catalyvzed gas-phase partial oxidation of
propylene to acrolein, it 1s in principle possible to employ, as

45 already stated, all multimetal oxide compogitions comprising Mo,
Bi and Fe.



absorpti on nedi um by nmeans of distillation or rectification, in 35 which
" case it is BBsSBBPE to use customary colums contai ni ng ordered packing,
random packi ng or appropriate internals. Preferred conditzopsarRCHRIE
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absor pti onspeE-ad sdesaLpt { titsse @@&nthe firaflal feyd, ioptAheiqpeazip regi on. Water

is a preferggdy 52@3‘2'@@' BRq Bsliumosh Nge Tlfhsn% [dy ;%!%%cﬁ@&rlyz(%d rherfere in
t he subsequgr%aoﬁ%rtl al _zone aly ﬁ} e has scr bbed the

ne
absorptign ne From the ot ﬁ-. ng%étr am ac lal\%jt opane and“p pr ogpene
the wat ef? ‘ﬁ?cﬁlbttthﬁen@ﬁl%ﬁnA PRPor 25 & ﬁgég% 4 ﬂﬁaéézg%ﬁé}datl on and the
‘treated staPEimdI85bPAmTe Meaeigulealy mrefareed: Trothhe eemtdxd. zone. 25
Bot h t he absartptcudarmeehtinmmayhbhasadreef st cappiadtf deecoibedIvhydr ocar bons

and the absgrpidien 16ede UnpI£0G%6s Eshnd N (ARaPHES &yhisBPaRAl bOPArhe {eused
for the pur&’ossﬁﬁl% ARSRLPTH AN wnd0e T 192S cBhZE4N & oh BAY/ Ofe IAG,QRg M xture
L produgngffé 155 ggFezBllPogongogsox 10810,. Further catalysts worthy of
particular mention are the Example No. 3 from DE-A 19855913
(stoichiometry: Moi13Co7Fe3Big 6Kg.08S1i1.50x) as all-active hollow
cylinder catalyst of the gecmetry 5 mm x 3 mm x 2 mm (external
diameter x height x internal diameter) and also the multimetal
_ 30 oxide II - all-active catalyst described in Example 1 of
(:; DE-A 19746210. Mention may also be made of the multimetal oxide
catalysts of US-A 4438217. The latter applies particularly when
these hollow cylinders have a geometry of 5.5 mm x 3 mm x 3.5 mm
or 5 mm x 2 mm X 2mmor 5mmx 3 mm x 2 mm or 6 mm x 3 mm x 3 mm
35 or 7mm X 3 mm x 4 mm {in each case external diameter x height x
internal diameter).

Many of the active multimetal oxide compositions suitable for the

step from propylene to acrolein can be described by the formula
40 IV

1234 .
M013BiFepXoXaXeXeOn (IV),

45 where the variables have the following meanings:

¥l = nickel and/or cobalt,



same can now be used in a nmanner known per se in at |east one reaction zone
for supplyi BE &3RS&Ter ogeneously catal yzed gas- phase oxidation and/or

anmoxi dati on of propene to acrolein and/or acrylic acid andMARCH 2007
acrylonitrile with a feed gas m xture 2. As 35 oxidant, it is possible to
add pure nol ecul ar oxygen, air, - oxyges2enriched air or any other m xture of
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this case WO SUCCESSi VE OXi %o t hat 25
the oxi dPR CALH¥ALE 8 B%W%%reéoﬂn be optinized in each of the two
oxi dati on zones. Thus, a catalyst based on nultinetal oxides

Active compositions of the formula IV can in principle be

prepared in a simple manner by producing a very intimate,
preferably finely divided dry mix having ‘a composition
25 corresponding to their stoichiometries from suitable sources of
their elemental constituents and calcining this at from 350 to
" 650°C. The calcination can be carried out either under inert gas -
or under an oxidizing atmosphere such as air (mixture of inert
gas and oxygen) or under a reducing atmosphere {(e.g. mixture of
] 30 inert gas, NH3, CO and/or Hp). The calcination time can be from a
c:; few minutes to a few hours and usually decreases as the
temperature increases. Possible sources of the elemental
constituents of the active multimetal oxide compeositions IV are
oxides and/or compounds which can be converted into oxides by
35 heating, at least in the presence of oxygen. ‘

Apart from oxides, further suitable starting compounds are, in
particular, halides, nitrates, formates, oxalates, citrates,
acetates, carbonates, amine complexes, ammonium salts and/or

40 hydroxides (compounds such as NH40H, (NH4),COs, NH¢NOz, NH4CHO;,
CH3COOH, NHaCH3CO; and/or ammonium oxalate which decompose and/or
can be decomposed to compounds which are given off in gaseous '
form at the latest during the subsequent calcination can

- additionally be incorporated in the intimate dry mix).
45



conprising the el ement conbination M-Bi-Fe is generally preferred for the
first oxi deR¥ diB¥Phe (propylene -, acrolein), while catalysts based on

mul ti metal oxides conprisi ng the el enent 30 conbi nation mzmgmmmomal |y
preferred for the second oxidation C zone (acrolein -> acrylic acid). Mny
appropriate rrulti met al oxide catal ystgafor the two oxidation zones have

been descrlped ik o0z 805 WELLEKNOV, %uhassgor ga%gégu%d in the
art. For exarrp %@ Q% 0 er's on %@% cf_ﬁf}gatents
Sui tabl e cAAMYSt EUF ™ Pﬁbd%ﬁ"&?f’ﬁbﬁl es é’rFE BT—’ 1?91 8ek Y DE-A 4
431 957 andvedbE- AL44B 1M garThed ol dyar e Ity nehes@rowmsofrehe fornul a |
in the two =lventapatignedsaedcasehirs: rhedetherfd est stlepeafed ke parti al

oxi dat i ors Qailzinkbeon hetterogerbaydnd, cat adpymesbrdassphaspaeanbhal oxi dati on
of ~ propyl %%ebgracwé a.ln@.makeIﬁ:&ﬁgp&gnﬁf@éeera@%swmé@ 0%%9% @5 45

al ready st 3__5_‘&& % t rrgtﬁ com osl t uosﬂs on;ﬁ)rl S Bi and Fe.
PF 53957 2 R&la—F ’00 §f |n AT 1 Y e ac |ve rrultl net al
oxi de conpFEFSIEREBNER dihe I‘F@Wo‘?m%‘ﬁouﬁfs W%QS‘E@’?@‘ FUFEREL PR

- mul ti et al Bexitdeutamipodintinase oiry maxeer axg FhtagnedEim Bos8E28Y  the active
mul ti nmete paxcdes codsqrosibetionsemftitcheohnean| @ Ithef ebehdn /1l 8848623 eritlze

active mul tirigehal ﬂ%'dl%s%@%@sféﬂnpnﬁaﬁértﬂ? prfe(fremibﬁ}? dsedl hsagsddde .of DE-A
10101695, t%% %&:b o%)ﬁ'a‘.%ﬁeﬁofg)%%b%' &Gﬁgn OHTU| ae |, 11
and 111 of &if%‘%iﬁ' X5 %lve mul t1 nmeta oxy 03|t|ons of
the formil RESEerably Ky, Sprav fﬁrﬂﬁélA § ORI % T BFED ﬁ@u%@?Fve mul 1 et al
OXI de 10 c&ﬁﬁ‘@ﬂﬁﬁﬁg s Erppetlq rT-OE@W?G?OO?M Further nultinetal oxide

lLystds conprising M, Bi and Fe which -are suitable for this oxidation
st are tlmhecadtbed asadimatE-AiH30468575iddond 6063 GEormbiEa Cri3333:3868, DE- A

%3883222 %%eépeft%%ﬁi Qﬁa%‘r 2336/ 62, a%@ﬁgsgl% é t&%aget%éﬂlggfl DE- A
19746210 (t% LELde %g%dme?%és 1 é“ ’ % dlel\é\g” APoGh Fhaptha f
700724 CThEER oI T 155k EPEPSETYS P5 EREST ribiod: REMT CHaRTT of G0 by way of
exanpl e 3% sK<RER edo%ll}n'@ﬁflévea‘?ﬁﬁ?&ysﬂé AR e ﬁvﬁ@%cw Ty thg SBEVAEP- A
575897, DE£fArth97462k) aghdvObe Ank855614 3oariapantateleed wnpret eparedallm this
context, Raltiged PrIRmkbeNcdiodieibRASy Homdpacalioh ysd descehdeadkdiredExanpl e
|c of EP- c&@Q@s@%oﬁm@%éﬂzaka% Wi %Qbf@&xﬁe REEPAE BSh Y r8nSi M lar manner
but whose a§££¥§10ﬁ5 1t£|2ux1 ‘%xHQS s&%h As graphite or stearic acid as
25 lubricants and/er shaping aidzs and reinforcing materials such as
microfibers of glasgs, asbestos, silicon carbide or potassium
titanate being able to be added if desired. Suitable all-active
catalyst geometries are, for example, solid cylinders or hollow
cylinders having an extermnal diameter and a length of from 2 to
. 30 10 mm. In the case of hollow cylinderg, a wall thickness of from
(:, 1 to 3 mm is advantageous. Of course, the all-active catalyst can
also have a sgpherical geometry, in which case the diameter can be
from 2 to 10 mm.

35 A particularly useful hollow cylinder geometry is
5mm x 3 mm x 2 mm (external diameter x length x internal
diameter), especially in the case of all-active catalysts.

Of course, shaping'of the pulverulent active composition or its

40 pulverulent, not yvet calcined and/or partially calcined,
precursor composition can also be achieved by application to
preshaped inert catalyst supports. Coating of the support hodies
for producing coated catalysts is generally carried out in a

_ suitable rotatable container, as is known, for example, from

45 DE-A 2909671, EP-A 293859 or EP-A 714700. To coat the support
bodies, the powder composition to be applied is advantageously
moistened and dried again after application, e.g. by means of hot.



25 Mb12Ni 6. 5Zn2Fe2Bi i Po. 0065K0. 06011 OSi C2. Further cat al ysts worthy of
particul ar REnPP8R7are the Exanple No. 3 from DE-A 19855913 (stoichionetry:
Mb12Co7Fe3Bi 0. 6KO. 08Si 1. 60x) as all-active hollow cylinder7apgiidnaboof the
geonetry 5 mMm x.3 mm x 2 nm (external diameter x height x internal

di anmeter) and also the nmultinmetal 30 o%&de Il - all-active catalyst

described i giExarm @nlcRhef-df k94602)18r d\tb@'bbv@@r neMmAsS@ibe amsia <of tbhe
when these E R B e P B O o or &
mn x 2 nm x* ¢TTH% 351 %’% %h‘i%%‘gorf %%pr%@gx ‘?T‘E‘gn350r7mnx3
nmx 4 mm (Pﬁr%aééé’epéﬁf%?ﬁy dPafBt srangehEF gt 30 qon?épnféﬂ‘ di aneter).

Many of the active multinetal oxide conpositions suitable for the step from

propyl ene t s agiRitnmaaar el deder ibegodniibetd oigrllAstédbaky dordud 4r

Mb12Bi aFebXggahian a(l.{lﬁﬂnmn‘b'é{l‘d@@;resif%o‘ﬁaﬁﬂéﬁ’i@é e ibheai liqan ng

meani ngs: X}, = A %ehléizgé %9%'05 {{b 2RI ef Jh%ﬂ%%'é Qgﬂﬁs‘;%ﬂ es:.um
thallium an, (f al a I né ear maateL

phosphor us, st icdtiec °hs ‘(’fﬁlmﬁrhﬁlr]rﬁﬁ? tl%eyc@?’?u?ﬁner 33 BRTFHT Hgsten X4
= si|icoR0 HREM AdMresPeahi UmtARdLeFIgh HESRthAR 15 he=Dgosess oF, tbe— 0.01 to
5, preferabbyedergmiveotiion. (The Suppedt) bogiietecablhaver orp8lén 0, -d = 0 to
2, preferablyrdgum0s02pé®, butl@ecguFably Ghlpedl Siyald) Sboﬁﬁ.@én&vh@.g5a f =0
to 10 and ng gﬁﬂ%@r sgffé‘c!emf%%GhBé’sé hf‘e el EB&&@&%@QHM’&DC&HE%PQ

el ements ot he gen in IV bt ai_nabi e rgnner known
per se (cf. E? (?re%rre%i ‘3{.}1 % %‘{Lailéiy resuarl sgﬁape din und| | ut ed

f or ﬁFoﬂE??etlt?pﬁBPBQIt‘? |‘“H’d§hoPaE 13 rﬁ?é‘?g Brriace l?é‘édal Aol o
coa ed cat Brgmtls toj 8emmprreafayallyi Fream 4sGppdrien.bodine becopreapriiata - the
active conpisidvenn. tBk corirsk cyllhefecarnaalisg delanpihopédfasm 20 twatalysts in
powder for mind\Gd \é&t@@ﬁm&ﬂmr&aroéftmnf ar gyl 20 Invh GAN slipp®Fd NIk b
prepared in, g, SiPLE,IBIRE DY TR PAYCING BrVELYediid MBLEs as support
20 bodies, the wall thickness is usually from 1 to 4 mm. Ring-shaped
support bodies preferred for the purposes of the present
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 teo 2 mm. Rings
having the geometry 7 mm x 3 mm X 4 mm (external diameter x
25 length x internal diameter) are also particularly useful as
support bodies according to the present invention. It goes
without saying that the fineness of the catalytically active
oxide compositions to be applied to the surface of the support
body is matched to the desired thickness of the coating (cf.
30 EP-A 714 700).

Further active multimetal oxide compositions which can be used
for the step from propylene to acrolein are compositions of the
formula V ‘

35
(Y12 Y25, 0p0 1 p [ Y30 Y4q Yo Y8 Y75 Y2000y [ g (v},

where the variables have the following meanings:

40 Y1 = bismuth alone or bisﬁuth and at least one of the elements
tellurium, antimony, tin and copper,
Y2 = molybdenum or molybdenum and tungsten,
¥3 =  an alkali metal, thallium and/or samarium,
¥4 = an alkaline earth metal, nickel, cobalt, copper, manganese,
45 zine, tin, cadmium and/or mercury,
Y5 = iron or iron and at least one of the elements chromium and

cerium,



preferably fi neI y divi ded dry m x having a conposition 25 corresponding to
their stoi cRFo®8®57%es from suitable sources of their elemental constituents
and calcining this at from350 to 650C. The cal ci nati on canMsrcHRDIIEd out
-ei ther under inert gas or under an oxidizing atnosphere such as air

(m xture of inert gas and oxygen) or gsBder a reducing atnosphere (e.g.

m xture of 36 1neph g8iSorl¥iBarchth 8nd/ryrci2ina/hie Lklighbaat i on t| me can be
froma fewypinutes to aegrq:\ﬁ Pigg? at{lq:a&ﬁ’gﬁl I%/n(%ecrl%%seg as;bhe te ature
P nts. o

i ncreases. Possi bl le"Spurces enen cons the active
mul ti metal oxide EBAPOE | ef‘?/mﬁ'rg tHBs A/ €8nPouttiEidifeh can be
converted i nto oxPdésiwy i3BiREatshbicoRr PeEsInIUR.t Reafr eBEardamopnd4iSigen.
Apart from oxi desprémitrher suitable starting conpounds are, in particular,
hal i des, nitrates, formates, oxal ates, citrates, acetates, carbonates,

ani ne conpl gxes.. gnypPniding, salts and/or 40 hydrOX| des (corrpounds such as
NHAOH, (NH4) 2003, OW%\D 0 'NHACHO2, - CH3COOH, NH4CH3CO2 and/ or anmoni um

oxal ate whi Ch decgQ ose and/ or can be deconposed to compounds which are

gi ven of f i/ a’se8u $ormat the |atest duri ng the subsequent cal cination
can addiloi éhal*yob‘éoi?#ﬂ)or porated in the intimate dry mix). 45 PF 53957 27
MARCH 2007 53 Jhe teitaapwmte m xi ng of the starting conpounds for preparing
active multigmetal goxd de, conpositions |V can be carried out dry or wet. |f
it is carrigd out,dry, 4 he starting conpounds are advantageously used as
fine powderg and re subjected to 5 calcination after mixing and, if
approprlate corrp ct? ore’ However, the intimate mxing is preferably carried
out 150% tHi% ’é‘ﬁ%@ thd cBt aFR i FRFEIBARBUNRIS thre VaLERTe PN REHRGRIIR one
ano her in the foph Tie ajgeentssothar dhenard/asn dnsPeasdions. Particul arly
intimate dry,d xXefudibe Dhihasaedatib tdre tkxfngn A 1process descri bed when the

sources of the elenmental constituents are all in dissolved form Water is
preferably Hg@z(.jnga 152LVE hens: 3?1 6‘98 Qédés ”Bﬁé'%ﬂhé%&c%tit aLnsd.{ s

subsequené g Jeous M X at _
out | et earﬁtfu a5 ‘"g’fl 8ﬁf"1 5 cE thegrrig ﬁr’x}’érﬁﬁ@?? Yal oxi de

conposi t i onBawing WeGP@Pﬁﬁ}taqu\/dééﬁeﬁént e éh?h’érqu'?lp@w‘alé?oﬂf@ﬁ% epdaf t er
shapi ng to phete ubdmumcdi@hgistr Jéoneest evnhertide Iigreopeneing miweksi n”
step. Shapi 8go F@mtRe ofathé athrFalbebebonfiaf,) abt ethd imali caabsd nadingn. For
through the center of gravity) is from 1 nm to 100 um, frequently
25 from 10 nm to 500 nm or from 1 pum to 50 or 25 um.

Particularly advantageous multimetal oxide compositions V are
thoge in which ¥1 is bismuth alone.

. 30 Among these, preference is in turn given to those having the
(:, formula VI

[Bia"zzb"ox' ]p” [Z21223c"z4d"Fee"ZSE”ZGQ”Z7h"Oy" ] q” (VI)

35 where the variables have the following meanings:

72 = molybdenum or molykdenum and tungsten,

Z3 = nickel and/or cobalt,

yARE thallium, an alkali metal and/or an alkaline earth metal,
40 25 = phosphorus, arsenic, boron, antimony, tin, cerium and/or

lead, : '

Z6 = sgilicon, aluminum, titanium and/or zirconium,

Z7 = copper, silver and/or gold,
45 a* = 0.1 to 1,

b = 0.2 to 2,

[}

3 to 10,

c "



20 exanpl e al | -active catal ysts can be produced fromthe powder form of
the active &% % on or its uncalcined and/or partially calcined
precursor conposition by conpaction to give the desired cag7axXRCHEOMELTY
(e.g. by tableting, extrusion or ramextrusion), with auxiliaries such as
graphite or stearic acid as 25 |ubric#&ets and/or shaping aids and

rei nforcinggmaterigabs sgch as mcrofibers of glass, asbestos, silicon

car bi de or ROt assi ougy ]t_ét@n%_%fgggggyag}loﬁ bolb aéjded i f desi red Sui t abl e -

all -active ggatal s% ometries are,: for exanp e 'solid cylinders or hollow
cylinders h 8Ternal dianeter and a | ength of from2 to C 30 10 nm
In the case 95f ﬁoIOI &% £yl inders, a wall thickness of from 1 to 3 mmis
advant agedud” Of= foarsk; the al | -active catalyst can also have a spheri cal
geonetry, i x"Wirehuthses tid ot apet @staainka bﬂ‘;rﬂra 2raflend8 A a¥bndéance
particul arly usefuyle ggélmnpeﬁltgng@ﬁe,gq;@;ggtg Yydrédn 5_ananx 3 mm x 2 mm (external

di aneter x length Q%e%&}?o'se %@{fﬁ apgv{ ?L,fﬁ,pﬁ&f?'d A % A rﬁlceafseeragiy from

all-active cCaf Iy course e pulveru active
conp05|t|on or |t Iverulent not 'yet calcined and/or partially
~cal ci ned,10 precursor conp05|t|on can al so be achi eved by application to
preshaped i méth catwalpestisupporntfieCeonte ropioly thees uppardmpbedt éens far in

produci ng ceated g4t a yhusgksefgheraad| 32, car rimedyBaéniny ;3. Suitable rotatable
container, as is knovvn for exanple, from45 DE-A 2909671 EP--A 293859 or

EP- A 714700 To. cC SO a%]vaggg eOOr tS OOdI gdle Sq:eggo Q?I_TQ%OS| Eio t?.east
al n

applied is a&vanta E At on, e.g.
S

by greans 15 “Rofel %?@3@%7%9“%@1&3’?6 BTy Ftr 195}‘?1’% 194 ewhé O%f Bene | ayer

of powder c&apadi tYenYapPki bd ccotenhel Bippoit Obddy) iof ddeamubigemrsly in t he

range from t8ifle dG@@spmiops 6f efmalllicymetal hecikdangembpsimisist UI b ipriband

particul arl ¥opr ehe&r@llhskd éHeHARFEsEROMARALE N 280 W Npredeh€ ﬁum@rt

material s, Elm!ns i%l 11Eh 530G §E8{‘@J§’ o‘%otﬂascﬂémlci!é‘inggfnﬁck'é ‘Am num
i

d |
g)a(tlr bleZe %9 i3 cét@él Or%g]n‘% Jl'c)l,il’lmargl ??jc%fcega 5i 5?"8‘%?%‘?1 *si PF%% They

are gener al FyVEEEataPyyhaning & Chrri ¢l foePost titre ddfqeent sian cS?ﬁleiLﬁ t he
process of fheal predernnenyemd oiosFheaxsuppodiabetiéresicdn hayeraragulfapmor

i rregul ar shap@sto oo pmgul arly shaped support bodies having a significant
surface roughness, e.g. spheres or hollow cylinders, are preferred. The use

, of es.sentz'sahgyrgé)% gﬂgpiﬁé),h%ﬂa(\tahas been said in respect of multimetal
oxide catalysts IV applies to the multimetal oxide catalysts V.

The preparation of active multimetal oxide compositions V is
. described, for example, in EP-A 575897 and in DE-A 19855913.
. 30 S
'(;; - The inert support materials recommended above can also be used,

inter alia, as inert materials for diluting and/or bounding the
appropriate fixed catalyst beds or as an upstream bed to protect
the catalysts and/or heat the gas mixture.

35
At this point, it may be pointed out that all catalysts and
multimetal oxide compositions which have been recommended as
suitable for the step from propylene to acrolein are in principle
alzo suitable for the partlal ammoxidation of propvlene to '

40 acrylonitrile.

For the second step, namely the heterogeneously catalyzed
gas-phase partial oxidation of acrolein to acrvlic acid, it is in
principle possible, as mentioned above, to use all multimetal

45 oxide compositions comprising Mo and V as active compositions,
e.g. those from DE-A 10046528.



15 steatite supports which have a rough surface and a dianeter of from1l to
8 mMm preferPébI55?9f5r7om4 to 5 nm can be appropriate. However, the use of
cylinders having a length of from2 to 10 nm and an ext er rralMAREHEIQT Of
from4 to 10 mm as support bodies can also be appropriate. In. the case of
suitable rings as support 20 bodies, tbBg wall thickness is usually from1l to

et on ha e 6 hen o Cot b bl Fearorar 01 Trom 4
to 8 mm and%\égﬁgfl%ec%]%ycl%ﬁ%ssé%@l%ré’r&nll to 2 Mmm Rings having the geonetry 7
mmx 3 mmx 4 mm (external diameter x 25 length x internal dianeter) are

al so particularly useful ag, Bupperksbadkexsagcordi ngrip, the present
invention5 1t goes wthout saying that the Tineness of the catalytically
active oxide conpositioons to be applied to the surface of the support body
s matched LRcthe Pk elnl bl GRS $n0l ed11A0B! hBnkile: SO EP-A 714 700).
Further active nmultinmetal oxide conpositions which can be used for the step
from propyl ene to acrolein are conpositions of the formula V 35 ‘
| Yla, Y2bOx' ¥pfy3cWyAPyI& Y6F. 894/ 921550y, 1 q (V) where the variabl es have
the fol | @R K meafitng$t, 4. YFex M sm@/lerabone or bismuth and at | east one of
t he el enent X3 # el Enrandvoramtii nony, . tin and copper, Y2 = nol ybdenum or

mol ybdenum gmnd- t uBESt &N me¥3 FirRAL Aldedanspetal , thal lium and/ or samarium y4
= an al kal i ge ear Eﬂer@‘?rlore”ﬁ}éﬂinec%lﬁltfvm Rer, manganese, 45 zinc, tin,
cadm um a.nd§9r_ rre%cur;y, Wz kron %rq iron and at’ | east one of the elenents
chroni um an& cer Ptim™PF 83889/ 97 ABRCH 2007 55 Y6 = phosphorus, arsenic,
borgﬁi andPof anti foFY,6Y7 = a rare earth netal, titanium zirconium

ni obi'um tahktafunP.2rtredi.um ruthenium rhodium silver, gold, alum num
gallium indium sitiworns,germanium |ead, thoriumand/or 5 uranium a'
0.01to 8, gh'==0.dot®» 30, ¢ =0to 4 10d =0to 20, e >0 to 20,

e = 0 to 2,
20 £ 0 to 4,
g = 0 to 40 and v
n = a number which is determined by the valence and abundance

of the elements other than oxygen in VII.

25 Among the active multimetal oxides VII, embodiments preferred
according to the present invention are those in which the
variables of the formula VII have the following meanings:

Xl = W, Nb and/or Cr,
30 X2 = Cu, Ni, Co and/or Fe,
(: X2 = 8b,

X4 = Na and/or K,

X85 = Ca, Sr and/or Ba,

X6 = 8i, Al and/or Ti,
35a = 1.5 to 5,

b = 0.5 to 2,

o = 0.5 to 3,

d = 0 to 2,

e = 0 to 0.2,
40 £ = 0 to 1 and

n = a number which is determined by the valence and abundance

of the elements other than oxygen in VII.

However, multimetal oxides VII which are very particularly
45 preferred according to the present invention are those of the
formula VIII



f' =0to 6, gh =0to 15 h, =8 to 16, 15 x',y' = nunbers which are

det ernmi ned B¥

85%al ence and abundance of the el enents other than oxygen

~in V and p,q = nunbers whose ratio.p/q is from0.1 to 10, hawWARCH 2007

t hr ee- di nensi onal regions of the chem cal conposition 20 Yla, Y2b. Ox, which-
are delineated fromtheir |ocal envirosgent by having a conposition '
different fromtheir |ocal environnent and whose maxi num di aneter (| ongest

connecting line running between two points on the surface (boundary) of the

regi on and
frequently

goi ng t hr oughMps¥acent 8fc &P s gfaduty) i s(¥¥Fgrh 1 nmto 100 m
25 from10 nmto 500 nmor from1l Wa to 50 or 25 m Particu

advant ageous nul timetal oxide conpositions V are those in which Y1 is
bi snut h abowkere80 Anpng these, preference is in turn given to those having
the C formula VI [Bia"Z2b"Ox.]p" [Z212Z3c"Z4a" Fee"Z5fnz69"Z?h" Oy"]1q" (V)
35 where the varighlgshayg the fol l owing meanings: Z2 = nol ybdenum or

nol ybdenum

al kali neta

arl

?pq_tqggst%ﬂ, 3 = nickel and/or cobalt, Z4 = thallium an
= O, .
and/of An-'arkatine earth nmetal, 40 z5 = phosphorus, arsen

boron, antifbry, 3 MOYeFi 8Frand/or |ead, 26 = silicon, aluninum titan
and/ or zRPc¥hium Si EpdZogopber, silver and/or gold, 45 a" = 0.1to 1, b

0.2 to 2,
0.01 to 5,
to 1, x",y"
t he el enent

from0.1 to 5,~ pref

&' = Rt U), PF 53957 27 MARCH 2007 56 d" = 0.02 to 2, e"
prefergbly 1f som 0.1 to 3, f" =0to 5 ¢g" =0to 10, 5 h"
g,qynbpqﬁkghich are determ ned by the val ence and abundance
E,othe t&)@n oxygen in VI, p",q"=nunbers whose ratio p"/q" is

er be from 0.5to 2, 10 with very particular prefer

beifg gi eéng:tfcoﬁ’rﬁ&igt PBAs VI in

20

25

30

= a number which_is determined by the valence and abundance
of the elements other than oxygen in VIII.

The active multimetal oxide compositions (VII) which are suitable
for the purposes of the present invention can be obtained in a
manner known per se, e.g. that disclosed in DE-A 4335973 or in
EP-A 714700. '

Active multimetal oxide compositions suitable for the step
"acrolein — acrylic acid”, in particular ones of the formula VII,
can in principle be prepared in a simple manner by producing a
very intimate, preferably finely divided dry mix having a
composition corresponding to their stolchiometries from suitable
sources of their elemental constituents and calcining this at
from 350 to 600°C. The calcination can be carried out either under
inert gas or under an oxidizing atmosphere such as air (mixture
of inert gas and oxygen) or under a reducing atmosphere (e.g.

- mixtures of inert gas and reducing gases such as Hy, NH;3, CO,

35

methane and/or acrolein or the reducing gases mentioned on their
own). The calcination time can be from a few minutes to a few
hours and usually decreases ag the temperature increases.

" Possible sources of the elemental constituents of the active

40

. 45

multimetal oxide compositions VII are oxides and/or compounds
which can be converted into oxides by heating, at least in the
presence of oxygen.

The intimate mixing of the starting compounds for preparing
multimetal oxide compositions VII can be carried out dry or wet.
If it is carried out dry, the starting compounds are
advantagecusly used as fine powders and are subjected to

arly

C,

i um

0
of

ence



whi ch Z2b. = (tungsten)b. and 7212 = (rmol ybdenum) 12. It is al so advant ageous
for at Ieas?F2§ Prg'?%(preferabl y at least 15 50 nol % and particularly
preferably at |east 100 nold) of the total [Yla, Y2b, O, | p2coMAROH 2007
([Bia.zZ2b.Ox.]p) of the multinetal oxide conpositions V (nultinetal oxide
conpositions VI) suitable for the purf®mses of the present invention to be
present in EEcid-068n08rtdy eg-dngeasd ona appgbenstf, thepsberdcal .
conposi ti ongz0.. 4.2, Yob, O, il Hie mwm_s%sl pliCha a0 e c@§ g&aé@@ Jfdeom their

| ocal environment by having a chem cal conposi ti'on erent fromtheir
| ocal environnent and whose maxi num di aneter is in the range from 1 nmto

100 )un. 25IASEHEGSRES: SHiI Sﬁj‘rtm%tccf%uﬁééna%%l%ulaﬁlk’e@b’éﬁ BEbnERei net al
oxi de cat &l gsetharviapphe efpnm ofhaanedud welukiond deddarabyspanaionsThe
. preparati onpaftzamﬂayeyni&ﬁmnmteaarpmﬁ&es:am‘poe}btamm ¥ni 8he deiscimighed, for

exanpl e, i nyER:A5Aa897: a0 HenDEnd dQB%R913r 30 LeTbArhNesdnstYRRGAEs
materi al s r%?é’?ﬁ”g%ddf@é) %e%agoﬁks%é%%ruﬁg reféya%lga{llsid A5 JAGL

materials f | xed cata y'st beds

di ropril
or a6 an uptis ASREEA FHHIEAED . OPHASR 3F ) SUSSREPSIY ST he gas. M xt ur e.
35 At thile wffﬂrabﬂr Ra @ Yporiied Gin aﬂHﬁ?u%I”{uW&I 5teuE®E nul ti netal
oxi de conposénpamRrsunhs ot Hawe Béénte dadiffended as suitable for the step
~from propylene to acrolein are in principle also suitable for the parti al

amoxi dat i Oﬂlé)fre%ﬁwﬁ@%ﬂtqné@a@caﬂwIctofnbbgltf s, he gm&dlﬁ&eehog@ﬁel y
the heterog(gpetq}%' xrﬁ flyze gaée %g;B%fEﬂea'ac%hQ%'&&b&’ tl%%fgiﬁll&to
pri 0SSl

acrylic r1| to use all
mul Y I met gg i Wdﬁﬁ E‘Eﬁﬂ)d’s‘i taqu i’garﬁjlrrﬁgm RgPHE Jaﬁ‘n’gav g3t %e conpositions,
e. gt hose 99UALDESA. 1@@4?6@28%@@%%?12# W@ef@@@mrwf%myf@aéh
conposi ti onszlaingtibhosSsowfexBiiphe 1 98lI528t ive arrtizd vstlescan Bed prpdtibed f or nul a
VIT 5 M12Vepgkb X2e XSeidaXHoxg08 (M laotiviehesmbddie 1var babl s uh¥ecihel
_ fol I owi ng 2§¥HE Nt cggposf@&owbbyTébmﬁgbtﬁgg/ﬁg é}%e %Qe 51fQ& cghal Fe,
M and/o ? ome)é3 R Sb aqqu (?:rb e’f::|_n4 ;x re Pcl;n rg%r:er K@ I'LlSl n% Wi = one
or more &lkalTne Tl T g- us A &R ©
auxiliaries such as graphlte or stearic acid as lubricants and/or
shaping aids and reinforcing materials such as microfibers of
‘glass, asbestos, silicon carbide or potassium titanate being able
to be added if desired. Suitable all-active catalyst geometries
25 are, for example, solid cylinders or hollow cylinders having an
external diameter and a length of from 2 to 10 mm. In the case of
hollow cylinders, a wall thickness of from 1 to 3 mm is '
advantageous. Qf course, the all-active catalyst can also have a
spherical geometry, in which case the diameter can be from 2 to
30 10 mm.

Of course, shaping of the pulverulent active composition or its
pulverulent, not yet calcined, precursor composition can alsoc be
achieved by application to preshaped inert catalyst supports.

35 Coating of the support bodies for producing coated catalysts is
generally carried out in a suitable rotatable container, as is
known, for example, from DE-A 2909671, EP-A 293859 or
EP-A 714700.

40 To coat the support bodies, the powder composition to be applied
is advantageously moistened and dried again after application,
e.g. by means of hot air. The thickness of the layer of powder
composition applied to the support body is advantageously in the
range from 10 to 1000 pm, preferably in the range from 50 to

45 500 pm and particularly preferably in the range from 150 to
250 pm.



X6 =Si, A, Ti and/or Zr, 15a =1to 6, b=0.2to4 <¢=05to018, d
= 0to 40, PB 838570 2, 20 f = 0to 4, g =01to 40 and n = a nunber which is
determ ned by the val ence and abundance of the el enents obhgfagd@Bo@xygen
in VIl. 25 Anong the active nultinetal oxides VII, enbodi ments preferred
according to the present invention aresg¢ hose in which the variables of the

f la VII si e— u oreu Oo 2 = CQu,
N?rwmaand/%gaéﬁpto% m{é&valrsg E%amrws %3 tAN g\ébc@e%ﬁarplf 5 é X o

ar a =
Si, Al and/ ormplorOus glmnﬁ“é) ae : %gcgn 8]:? cgl]fmdg to 2,
‘e = 0 to 0.2roppipm_djoxife a'fﬁ 1ﬁ°n @ Prm?ﬁ]&r?a]t§sd§11‘é1?rﬁ%é‘ﬁ‘gﬁ§5’r‘ﬁ‘é
val ence andsHbiffdenes abiniTve eléherts GhReFUPRRIT begdgen fan\iave However,

mul ti net abf oxgudes Vil iweailzar ehepey, fautt reghbatly skBppdeserpedt aodmeﬂlng to
the presentndvi@nti 80gALl£iddins euetatderousanass A lly.| sBhebSOE 261MIRCH 2007

58 M12Va, Y, J%er)é%avﬁgglg Jgr(_L\!' J:&Qtu% V"Qfégpx‘féferr\é\éanﬁ'ﬂé”ué\éb,of Y2 = Qu

inglorcwl_ s§§?;§gﬁly nonQ?%%uSO pherlcéi sgeaélte supports Whléh habeba =1to

rough surface and a dlameter of from 1 to 8 mm, preferably from 4
10 to 5 mm, can be appropriate. However, the use of cylinders having
a length of from 2 te 10 mm and an external diameter of from 4 to
10 mm as support bodies can also be appropriate. In the case of
rings as support bodies, the wall thickness is usually from 1 to
4 mm. Ring-shaped support bodies preferably have a length of from
15 2 to 6 mm, an external diameter of from 4 to 8 mm and a wall
thickness of from 1 to 2 mm. Rings having the geometry
7 mm x 3 mm x 4 mm {external diameter x length x internal
diameter) are also particularly useful as support bodies. It goes
without saying that the fineness of the catalytically active
20 oxide compositions to be applied to the surface of the support
body is matched to the desired thickness of the coating (cf.
EP-A 714 700). :

™

Advantageous active multimetal oxide compositions to be used for
25 the step 7acrolein — acrylic acid” are comp051tlons which have
the formula IX,

[Dlg[E]lq (IX) .,

30 where the variables have the following meanings:

D = Moj_zvawZlbuZZCnZ3an4enZanzsgnOxu,
E = Z712CuhnHj_n0y# . .
Zl = W, Nb, Ta, Cr and/or Ce,
35 22 = Cu, Ni, Co, Fe, Mn and/or Zn,
Z3 = 8b and/or Bi,
74 = Li, Na, K, Rb, Cs and/or H,
Z® = Mg, Ca, Sr and/or Ba,
Zé8 = &i, Al, Ti and/or Zr,
40 27 = Mo, W, V, Nb and/or Ta, preferably Mo and/or W,
a” = 1 to 8,
b” = 0.2 to 5,
c” = 0 to 23,
45 4~ = 0 to 50,
e’ = 0 to 2,
£ = 0 to 5,



15 g =0to 8 and n' = a nunber which is determ ned by the val ence and
abundance BF BRB5E| enents ot her than oxygen in VIII. The active nultinetal
oxi de conpositions (VII) which are suitable 20 for the purpepSechhodne
present invention can be obtained in a manner known per se, e.g. that

di scl osed in DE-A 4335973 or in EP-A §14700. Active nultinmetal oxide

conposi tiong»sui tabhe.gajy the step 25 "acrolein -3 acrylic acid", in
parti cul ar gones of L}eofB%rnula VII, can in principle be prepared in a
sinpl e manngr by producing a_very intimate, preferably finely divided dr_y

m x having &" corfpo%i%q Y F}BFLr esponding to their stoichionetries from
suitabl e s®lrwes ofunbrsisr wblehetitaldetonniredidm shandakenas mindgabidange 30
from 350 §0 600C. Tée el eillpatnon cdrrbehasaradyednoih BX tdre¥ under inert gas

or under an,axi di=Zi fkh A0 SORBELs SiHIReasaid /4 XEUELRT1d0Nar kogast and
oxygen) or under a reducing atnosphere (e.g. mxtures of inert gas and

reduci ng gases such_as,H2,. N CO t hane_and/or _acrolein aqr the reducing
(as0s. mont | GHbdien CPRRLIAES S PPty DFREOTON A ArEUCHRDE POTHS o

m nut es to FCHRARFLERGHr 8- and usual |y decreases as the tenperature increases.
Possi bl el8ources of the elenental constituents of the active nultinetal

oxi de conpositions VIt7,gce,.axi@es and(mr, conpounds which can be converted
into oxides by heating, at least in the 40 presence of oxygen. The intimte

comost 1 ort EE e AR 2 a%?%;g%p?%ﬁ%ﬂ%ﬂ o AR oy,

the starti mMPITRFEARYRT ¢ PESLGTER &ﬁsﬂ}a{f—s"é’(? SSTPPAL- B Wder8 8P ar e

subfect edls tAAPEPUS3§8uPIONVAREBHAZREUS Sespgreiomidron Atnety Miiidgdadey if
appr-opri at epixx @fpactions ofHdhevetemadiss Mot i WatZ ,nizki ngf,i 84przff endbty carri ed
out wet. | nedritaSngéagethd dovieabht Néh&DEIOHEESs Al tusUaLbYcHiotREr bh one 5
another in the form of aqueous solutions and/or suspensions. Particularly

intimate dry mxes are obt: '1n§%_ _iig'gr gg >ﬂ<'kglg progess described when the
sources of. the el ementR&l2CoRst FIUENT € “FH 84l in“di‘'ssolved form Water is
prefer ab?gl used as solvent. The aqueous conposition obtained is
subsequent | {stdritddg comgmsdftdrabRly by tder dgsiired mgtineraquedlunesessare at
outl et tenpariagutks ofsdlrtdmy]8Quéeisl MOCrufdeande saltiningndid @eial oxi de
conmposi t i ONgredursBar oAk ibR0SEtaed R £R1dWad Wk! £r&RMR L t¥S600odOk ot he
acrol ein Oxﬁfyg'ﬂﬂg gééfﬁﬂd catalyst geocmetry.
25 |
Preference is given to multimetal oxide compositions IX prepared
by incorporating the preformed solid starting composition 1 into
" an aqueous starting composition 2 at < 70°C. A detailed
description of the preparation of multimetal oxide catalysts IX
. 30 may be found, for example, in EP-A 668104, DE-& 19736105,
(:; DE-A 10046928, DE-A 19740493 and DE-A 19528646.

With regard to shaping, what has been said in respect of the
multimetal oxide catalysts VII applies to the multimetal oxide
35 catalysts IX.

Further multimetal oxide catalysts which are very useful for the

step “acrolein — acrylic acid” are those of DE-A 19815281, in

particular active multimetal oxide compositions of the formula I
40 described in that document.

It is advantageous to use all~active catalyst rings for the step
from propylene to acrolein and coated catalyst rings for the step
from acrelein to acrylic acid.: '

45 '



15 in powder formor after shaping to particular catalyst geonetries. :
Shapi ng carPhied%¥7i ed out before or after final calcination. For exanple,
all-active catalysts can be produced fromthe powder for mOMARTH 2ei Ve
conposition or its uncal cined precursor conposition by conpaction to give
the desired catalyst 20 geonetry (e.g.62y tableting, extrusion or ram

-extrusion) ”I‘H’M tf@rs@“&éﬂ Yl %ﬁesﬂﬂﬁ %:Q@Qtic?n Orfréﬁleﬁféggylfisﬂe t@s lubricants
and/or  shaping gl caﬁ{“i'oe g&&'&& ”‘g&ﬁ als a?o%%e-? mGLOf | %ngy%%:f
T6 arﬁ 0 be

| ass, ashbestos, silic i gam ti
gdded if dedir&qr %’iﬁﬂ%ﬁﬂ e aFFn%Jcefl B BEAFY RSy ééﬁﬁ‘flrli"’é‘g rfgcéf’ﬁ 2% or

exanpl e, sclas¢réPednteE-dr 4hdL9dv cyl i nders having an external dianeter
and a lemyth of from2 to 10.mm In the case of hollow cylinders, a wall
t hi ckness @fxykeami d 6B a¥oksdamely arft #geDiShoPbnCoYr Sart Be1abht agld,ve

catal yst cahedlisg Bavs A as20horhs Ao BeaTeL s iRl ) £888chlgoh aeter can

be from2 to <c O course, shaping of the pul verulent active
conposi tion _or |ts ul verul ent, not yet_cal cined, precursor conposition can
al so be éflhee%atb@f a?ﬁis}ldna&éf’ilohs {IPNSTRd U RAF HLREr PUE A a3 SFOBUPHRA t's. 35
Coat i ng W wivgesupprerthgdsesiftorudingdwet ey \Gomreédvetime yisttendsrdglneral |y
carried outraticaosul{ahloe-r8tal ald e- eent abneferadsyi 5: (known2.8pe exanpl e,
from DE- A 2@@96715) P 23386000 1o:2R0rd 149 Qlbuad Gy Ton 0B AehigeSupinpry

bodi th d
and dr| cd 5"9{%%%' “’9& 28 SR LR ram ek %P(%?ﬁtgﬂﬁess
of the |a E%ﬂ%@% Dk Sgsgﬁ.‘é%l%%g s%?ﬁyrltenﬁoafi

ad mt ag’e%t}'é’wcﬁ 1y Heromr 4flg Of?QﬂnSfGntﬂér‘iObfb( T -preferably in the range

50 to 45 500 pm and partlcul arly preferably in the range from 150 to
250 m PF 5385fedd JARWiIx200d pdFASbIUPPIds MRter tié Ssirddle-sopessible to

Use UL OMa.Y cPRLOUISE Blod-REAPALAUSAILNBRMBRXT dESnesl i:coR edl-oxldim t hori um

di oxi de, 2| rconl(&lvm1 |a%>égoug to | consgja}{; |e %era a]h,es SUg ngls A nesi um
ddrp can have 5? ar or

e
silicate or aumnum5| e

i rregul &° Staply, b%lﬁellgéﬁngr??/taﬁ?&b‘Eld Eﬁﬁﬁ:}'c?rt(KHSél ead 1% 7Y ‘éeﬁhﬂjnf’ffl cant
surface ro@@ﬁﬁé@sﬂl@’lg‘—e dNREPDs ogr cRoPo Wy eelithber’ teb@sagun wtinateoat i ng,
are preferr(@&0;Thel is dyoteligss erft isalliym noipdteusiaphenndals sheati bt
supports whircBohawe r& crhedglnsnghace and a dianeter of from1l to 8 mm
preferably from4 10 to 5 mm can be appropriate. However, the use of
Cyllrukﬂﬁ% Q%eweg over the reactor, salt melt and reaction gas mixture can

be conveyed either in cocurrent or in countercurrent. The salt

. melt is preferably passed around the catalyst tubes in a
meandering fashion. '

. 30 If the feed mixture is passed through the catalyst tubes from the
(;: top downward, it is advantageous to charge the catalyst tubes as
follows from the bottom upward (1f flow is from the bottom.
upward, the charge sequence is advantageously reversed):

35 - firstly for a length of from 40 to 60% of the catalyst tube
length, either only catalyst or a mixture of catalyst and
inert material, with the latter making up up to 20% by weight,
based on the mixture (section C};

40 - subsequently for a length of from 20 to 40% of the total tube
length, either only catalyst or a mixture of catalyst and
inert material, with the latter making up up to 40% by
weight, based on the mixture (section B); and

45



a length of from2 to 10 mmand an external diameter of from4 to 10 mm as
support bodFePIRY al so be appropriate. In the case of rings as support
bodies, the wall thickness is usually from1l to 4 nm R mg-MAReerz@mupport .
bodi es preferably have a length of from1l5 2 to 6 mm an external dianeter
of from4 to 8 nmmand a wall thickness of from1l to 2 nm Rings having the
geometry 7 _mm XidaMMR, Xfdh rH“l(eﬁéEEWﬁ'fr%ﬁmﬁt@i 204 eRgtRe XcddH1enak

diameter) are 3l.ng.RArd G Bkl YnUpehida3aFuURROIL OH) S di oes wi thout
saying that the. Tl

ss.of t I cal act B | corrp03| tions
to be applied £6° Fﬁjé% 1508 °B s? h%l é%oPFO geﬁﬁt%‘ﬁaédl PEFRE Uesired
thi ckness of tK&°Beating (cf. EP-A 714 700). Advant ageous active nultinetal
oxi de corpositions to be used for 25 the step "acrolein -4 acrylic acid"
are conposigek@nsn i igh gra¥erakbhe u‘rmrltrul:adl X [Dp[Elg (I X), 30 where the .
vari abl es have the follow ng neanings:

MD12Va" Zl b Z2cZ3d" Z4e" ZSf A CuhnH._ph, , Zl N Ta, Cr
and/ or Ce, g ove ntlﬁneiggx\nr% %ﬁﬁlgg‘g‘zﬁ. I}%rt?c%azgaf \ééfnpa%emisZAf =L,
Na, K, Rb, Wéénaﬂ%l’?%lrysﬁs ag eéam el 8E PEg -1°§459§\7 OF[iaSand/ or
Zr, 40 AP degprikgd \in ﬁe;aané#o} cpfaDEpAe?f%%ﬁ?W Moe arrEhiandy stegtite 1 to 8,
b" = 0.2 toibgs kidvimnd the @8ometdy "' mm ® T onb®, ¢"mmr (Bxterdal 4diamet@rto 5,
PF 53957 2% NORGIt 20QAtebhal " difandte®) Sre ke ad 10830 materzad. txs 20 and

X', y" o= nuq@safd%m}@ $Ahe deterdiprdaby-d hemnsel chaiaaﬂqna%nﬂa@&ms% of the
el errents ot he an oxygen In I X and p,q = nonzero nunbers whose ratio p/q
is from 166°% and are obtai nabl.e by separately preformng a

rm(t‘i metl®  oxi de corrp05| tion E,
" The first step of the partlal oxidation, from propylene to

acrolein, can also be carried out using the catalysts described
but in, for example, a two-zone multitube fixed-bed reactor as
described in DE-A 19910506. In both the above-described cases,
20 the propene conversion achieved in a single pass is normally
> 90 mol% or > 95 mol%. The second step.of the partial oxidation, -
from acrelein to acrylic acid, can be carried out using the
catalysts described in, for example, a single-zone multitube
fixed-bed reactor as described in DE-A 443194%. In general, the
.25 product mixture from the oxidation of propylene to acrolein is
passed as such (if desired after intermediate cooling), i.e.
without secondary components being separated off, to the
oxidation of acrolein to acrylic acid.

30 The oxygen required for the second step of the partial oxidation
(; is preferably added as air and is generally added directly to the
product gas mixture from the propylene oxidation.

In general, the feed gas mixture to such an acrolein oxidation
35 then has the following composition: acrolein : oxygen : water

vapor : inert gas volume ratio {(standard 1) of

1: (2 — 3):{0 - 20):(3 - 30), preferably from

1:(1 - 3): (0 5 - 10):(7 -~ 18).

40 Here too, the reaction pressure ig generally from 1 to 3 bar and
the total space velocity is preferably from 1000 to 3800 standard
1/{1-h}. The space velocity of acrolein is typically from 80 to
190 standard 1/(1-h).

45 The feed gas mixture preferably likewise flows into the
single~zone multitube fixed-bed reactor from above. In the second
stage too, the heat transfer medium used is advantageocusly a salt



10 Z712Cuh. H . Oy" (E), in finely divided form(starting conposition 1) and-
subsequent | BF PA88 porating the preforned solid starting conposition 1 into
an 15 aqueous sol ution, an aqueous suspension or a finely2diMAREH 2067y M X
of sources of the elenments M, V, 71, 72, 73, 74, 75 and Z6 containing the
abovenenti oned elenents in the st0| chlmretry D’“’

Mb12Va. ZI b"rzgpzsqax%ta 261y Z6% cegtlsaglg( #r26bi NGy GRTRAS! bEOBosdifint he
desired ratjo.Dp (&&onﬁca‘%ﬁisibié b rdél%%tt Bg L &P !n’l%r Bé'e%ﬁwdT} % & and
i gy t :

cal ci ni ng t sor congoa tj.on. o IS Wa ocgn 250 to

600C 10 AlEEF oo e GRS ity ST 4P, B et ogers
mul ti met aI Té%(’i@é:ebdﬂﬁﬂgz)t |aé‘ﬁis7fgxb3ﬁr"éﬁ5§|héd° b§ed b rasrate n@“atl\t@e) pr&festeded
sol i d st abtoveyr ddmposetton, lsdltt pel brmrareeasict arasd mgxtonposn iben 2 at
70C. A det a&émye@eeathefiﬂﬂ dcurhenprapdnhatbomc efcufticht Metind eXitdfielt

catal ysts | @15 a%uﬁéaém_l %at!aﬂ%sElP #A388104, 319436105,
DE- A 1004693 DE A 19 493 and DE- A 1952864 Wth regard to shaprng, what

has been sal dél n respect of the nmultinmetal oxide catalysts VII applies to
the nultimetal oxide 35 catalysts IX Further multinetal oxide catalysts
whi ch ar &0 vEF ythesdegh hbrtytwe isspepsedidiwbuph the ambtpllvet abikes fremt Hese of
DE- A 1981528dp downwpadt | Tuliar adebhvayanist coetldrgxitthe canpbhgstd itabesods t he

formula | AS desCri-bRdthd Bdtdbmdeswment . It i s advantageous to use
all-active catalyst rings for the step from propylene to acrol ein and

coated catal yst_rings for t om acr ol ej r 45 PF
53957 27 MARCH ST Y6558 TR poife 2 g0 Z&h %G g&‘?y f?@‘ﬁst Raein
(gyl entSto at¥tEi neiEher R lyarprFRY Huterudi ﬂbx"tlﬁée SoFetakert iwdd
catalysts in, imsrtexatpkeal a withgkbe zatderumpkindeid upedob2e® rlmact or as
described in DEadigchéSlSEaed&roty@emiicmme(deasmmi@a;nt. If N2 is chosen as
inert diluent gas the use of air as oxygen source is particularly _
advant ageous. 2 %atleggtt o 0308L0 Ve Ay S0 ol 213 RLGRY! ene
10 oxygeg | nefengg:e%{SEIA t f%éygéin ca e:[ysta%%r mlxture (osft cagﬂ ﬁﬁand -
inert material, with the latter making up up to 40% by
weight, based on the mixture (section B); and

- finally for a length of from 5 to 20% of the total tube

.25 length, a bed of inert material (section A) which is
preferably chosen so that it produces a very small pressure
drop.

Section C is preferably undiluted.

30
If flow through the catalyst tubes is from the bottom upward, the
charge sequence in. the catalyst tubes is advantageocusly reversed.

The abovementioned charge variant is particularly advantageous
35 when catalysts as described in preparative Example 5 of
.DE-A 10046928 or as described in DE-A 19815281 are used and
sgteatite rings heving the geometry 7 mm x 7 mm x 4 mm or 7 mm X
7 mm x 3 mm (ih each case external diameter x height x internal
diameter) are used as inert material. As regards the salt bath
40 temperature, what is said in DE-A 44 319 49 applies. It is
generally selected so that the acrolein conversion achieved in a
single pass is normally > 90 mol% or > 95 mol$%.

The second step of the partial oxidation, from acrolein to

45 acrylic acid, can also be carried out using the catalysts
described but in, for example, a two-zone multitube fixed-bed
reactor as described in DE-19910508. As regards the acrolein



rati o of .1: % 3.0):(5 - 25), preferably 1:(1.7 - 2.3): (10 - 15). The
reaction pr F395% usually in the range from1l to 3 bar and the total
space velocity is preferably from 1500 to 4000 standard 1/2npARCAD®0SpPace
velocity of propylene is 15 typically from90 to 200 standard 1/(1h). The
feed gas m xture preferably flows intoéshe single-zone nultitube fixed-bed

reactor frOfBo?aQ@_‘:‘ElozﬁS MRt nhsapsdersalBdbYRe ddo1kssadvadl ageausedshdise a
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firstly fid a length of from40 to 60% of the catalyst tube Ilength, either
only catal ySh ar t@o+avdger ecdé chtaleystiamdvitinedrenat urttdler weé hof el atter
maki ng up Uuprb@u@P%dy masicghbt, rrdnsed efrdtheddoXbEr ehd SRatHian &iddAQon

subsequent | yof.05,58,1.600f Rnaf séécﬁ{ﬁ %erooéogf?e()fpagrggai Oé}?ldattﬁgﬁ &fé‘gt h,

either only Lcat I st or ur a st an I nert terial, with the
| atter maki ng Yzorfe mzfga:n%&(be ﬁx = %ase %St R ttﬂi"re fsectlon B); and
45 P 539@7@#%@@ Baygd-P % re"‘fqtﬁﬁfsl §-F cﬂ‘enérlaéﬁﬁt ﬁoxﬁfeq‘ttegm‘-liosef%e?oty of
the“total tobzed|eonpastignbin wfriesed simpterdoak/ fwectdron ok) vivhe crerss)
preferably dbosesic soddiatieit produces a very small pressure drop. 5 Section
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first step of the partial oxidation from propylene to acrylic
acid is generally from 300 to 400°C. The salt bath temperature of
. multitube reactors for the second step of the partial oxidation
25 from propylene to acrylic acid, viz. the partial oxidation of
acrolein to acrylic acid, is usually from 200 to 350°C. In
addition, the heat transfer media (preferably salt meltsz) are
normally conveyed through the relevant multitube fixed-bed
reactors in such amounts that the difference between their inflow
. 30 temperature and their cutflow temperature is generally < 5°C. As
(;: mentioned above, both steps of the partial oxidation of propylene
to acrylic acid can also be brought about over one charge in cne
reactor as described in DE-A 10121592.

35 It may be mentioned once again that part of the feed gas mixture
{gas mixture 2) for the first step (“propyvlene — acrolein”) can
be recycle gas from the partial oxidation.

This is gas which remains after the target product(s} has/have

40 been separated off (acrolein and/or acrylic acid separation) from
the product gas mixture from the partial oxidation and can be
recirculated as inert diluent gas to the feed to the first and/or
second step of the partial oxidation of propyvlene to acrolein
and/or acrylic acid.

45



regards the salt bath tenperature, what is said in DE-A 4431957 applies. 15
The first s?Ep 857 he partial oxidation, frompropylene to acrolein, can
al so be carried out using the catal ysts described but in,2fsrAraemi7e, a
two-zone mul titube fixed- bed reactor as described in DE-A 19910506. In both
t he above-descri bed cases, 20 the prope®e conversion achieved in a single
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propyl ene oxi gas £6, shie g acrol ein
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mxture re eréﬁ ‘l'i kew se flows into the single-zone nmultitube fixed-bed
ctor $¥om above. In the second stage too, the heat transfer nedi um used
dvant agbouigrazy s ak t st 153987t diye MARCEOR 007 which64heetatalyssf ehatde one

consr sti ng aft<a@%abyngetightindfl vhahals datenyst t f1ides GKNEBe anitl A0%nby wei ght

of sodi um nfltxrétt %eéb@i‘@?)s&b QEucﬁ?p@diuxfl\éﬁé r@aﬂ%&@é&&iﬁﬂ&'sﬁ&%&ﬁlé KNO3) ,
40% by wei %995”9& é"é AR W tA0 ‘4_‘%{;8 0L a%% &:Hu iitrate
(NANOB) Vi ewe 5 over 0%9 3sa % % ag re can
conv%‘g/eld' e %c g %%1 E Oge %&rre‘%t bfﬁgs sal‘s‘fl i s
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the feed nmoigiegips passedarhicbagtiva ssepat af yishe malredal romdatdon of
propylene to acrylic acid. If desired, the catalyst charge in the
catalyst tubes is interrupted by an inert bed.
25 .
However, the two oxidation zones are preferably realized in the
form of two shell-and-tube systems connected in series. These can
be located in one reactor, with the transition from one bundle of
tubes to the other bundle of tubeg being formed by a bed of inert
. - 30 material which is not accommodated in the catalyst'tube (and is
(;; advantageously accessible). While a heat transfer medium
generally flows around the catalyst tubes, it does not reach an
inert bed installed as described above. The two bundles of
catalyst tubes are therefore advantageously accommodated in
35 reactors which are physically separate from one ancother. In
general, an intermediate cooler is located between the two
shell~and-tube reactors in order to reduce any after-combustion
of acrolein in the product gas mixture leaving the first
oxidation zone. In place of sghell-and-tube reactors, it is also
40 possible to use plate heat exchanger reactors with salt cooling
and/or evaporative cooling, as are described, for example, in
DE-A 19 929 487 and DE-A 192 952 964.

The reaction temperature in the first oxidation zone is generally
45 from 300 to 450°C, preferably from 320 to 390°C. The reaction

temperature in the second oxidation zone is generally from 200 to

300°C, frequently from 220 to 280°C. The reaction pressure in the



top downward; it is advantageous to charge the catal yst tubes as-- follows
fromthe boPFoRB8pWard: - firstly for a length of from50 to 70% of the
catal yst tube 15 length, either only catalyst or a m xture7 SFARGHabgrst and
inert material, with the latter making up up to 20% by weight, based on the
m xture (section C); - subsequently fog7a.length of from20 to 40% of the
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oxi dat i on, aci d, can 0 be carried out using
the catal STEPFILdPRHRLA Hifte cﬁ‘ta Fe, a two-zone nultitube fixed-bed
re or &8 described in DE- 19910508. As regards the acrolein PF 53957 27
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In the first oxidation zone (propyvlene — acrolein), a molar ratio
25 of propvlene : molecular oxygen of 1 : 1 - 3, frequently

1 : 1.5 = 2, is set. Similar numerical values are suitable for

-the molar ratioc of acrolein : molecular oxygen in the second

oxidation zone (1 : 0.5 - 1.5 would be preferred) for the partial

oxidation of acrolein to acrylic acid.

(:_ In both oxidation zonesg, an excess of molecular oxygen generally
‘has an advantageous effect on kinetics of the gas-phase
oxidation. In contrast to the ratiocs in the dehydrogenation
employed according to the present invention,; the thermodynamic -

35 conditions in the partial oxidation or oxdations are not
influenced significantly by the molar ratio of reactants, since
the heterogenecusly catalyzéd gas-phase partial oxidation of
propylene to acrylic acid is kinetically controlled. In
principle, therefore; the propyvlene can alsc be employed in a

40 molar excess over molecular oxygen, e.g. in the first oxidation
zone. In this case, the excess propylene acts as a diluent gas.

However, the heterogeneously catalyzed gas-phase partial
oxidation of propylene to acrylic acid can in principle also be
45 carried out in a single oxidation zone. In this case, both
reaction steps occur in an oxidation reactor which is charged
with a catalyst which is able to catalyze both reaction steps. It



10 In a two-sta node of operation with direct. further use of the product
gas m xtur &® rﬁ%lﬂwe first step of the partial oxidation for supplying the
second step of the partial oxidation, two single-zone nulz2ziMaREH208Ed- bed
reactors or two two-zone 15 rrultitube fi xed-bed reactors -are generally
connected in series. A mxed connectié@n in series (single-zone/two-zone or
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al.so be br gughtraboutisogérennes charcge oh aperatieacvintclasiogesoet bestiireDE- A
10121592. 3I@chtanmpdretaenti oned once again that part of the feed gas

m xture (gas mixture 2) for the first step ("propyl ene -, acrol ein") can
be recycle _gas.fyomthe pa oxi-dat on. his i s _gas ' EITB.I fter
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and/or acryliks ftdsk 42 BPhch3® 0! MRAIIR04asES, MWeMEfor S4EhirkesyCl e gas

conpri si nghgggggg%cgﬁd possi bly propylene is preferably recirculated to the
feed to. h irst step of the process of the present invention. 5 It may

al so be 2r‘%‘iant i oned once again that a partial oxidation and/or amoxidation
accor di ng £orthe FHESEATCPRTBAUSSH BAnOPE: §PEFEY TRItCDPEf PEst#3Fhassi ng a
reacti on gasrhixf whe veheaiihingxywenorggaireowak.the catal yst charge. In this
case, the oxygen
Introduction of cold air into the hot gas mixture 1 or 1’ in the
25 process of the present invention can effect direct cooling of the

gas mixture 1 or 1*.

The product gas mixture leaving the partial zone employed
according to the invention in the case of a preparation of
. 30 acrolein and/or acrylic acid is generally composed essentially of
(:; the target product acrolein or acrylic acid or a mixture of the
latter with acrolein, unreacted molecular oxygen, propane,
unreacted propylene, molecular nitrogen, water vapor formed as
by-product and/or used as diluent gas, carbon oxidesz formed as
35 by-product and/or used as diluent gas and also small amounts of
other lower aldehydes, lower alkanecarboxYlic acids (e.g. acetic
acid, formic acid and propionic acid) and maleic anhydride,
benzaldehyde, aromatic carboxylic acids and arcomatic carboxylic
anhydrides (e.g. phthalic anhydride and benzoic acid), possibly
40 further hydrocarbons such as Cyi-hydrocarbong (e.g. l-butene and
pogsibly other butenes) and other inert diluent gases.

The target product can be separated off from the product gas
mixture in a manner known per se (e.g. by partial condensation of
‘45 acrylic acid or by absorption of acrylic acid in water or in a
high-boiling hydrophobic organic solvent or by absorption of
acrolein in water or in agqueous solutions of lower carboxylic



required for the partial oxidation is made available as lattice 10 oxygen.
The catalys?Fb§a9g§ regenerated in a subsequent regeneration step using an
oxygen-containing gas (e.g. air, oxygen-enriched air or oyyeiregRbet €d
air) so that it is then once again avai | abl e for an oxygen-free reaction
gas mxture, and so forth. ( 15 In suéary, a shell-and-tube reactor in
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acrylic acid and/or acrolein.
25 .
Propane and propene can, as described above, be separated off
‘from the residual gas remaining after the target product has been
separated off (which generally comprises 0, CO, COz, H20, N3,
noble gases and also other lower aldehydes, lower
_ 30 alkanecarboxylic acids (e.g. acetic acid, formic acid and
(:  propionic acid) and maleic anhydride, benzaldehyde, aromatic
carboxylic acids and aromatic carboxyvlic anhydrides (e.q.
phthalic anhydride and benzoic acid) and hydrocarbons, e.g.
Cs-hydrocarbons {e.g. l-butene and posgibly other butenes)) by
35 absorption in a high-boiling hydrophobic organic solwvent with
subsequent desorption and/or stripping (and reuse of absorption
medium) . Further possible ways of achieving the separation are
adsorption, rectificaticn, membrane processes and partial
condensation. The separation processes mentioned are preferably
40 carried out at superatmospheric pressure.

When dehydrogenation catalysts which are sengitive to oxygen or
oxygen-containing compounds are used, these oxygen compounds are
separated off from the recycle gas before the latter is

45 recirculated to the feed to the first step of the process of the
present invention. Such a removal of oxygen can also be useful to
avold total oxidation of propane in the dehydrogenation stage.



the reaction_g er the oxidation catalysts in both oxidation zones is
frequently ??oﬁsag%o to 2500 h-1 or up to 4000 h-1. The 5 space velocity of
propyl ene can be from 100 to 200 and nore standard 1/1h. 4mmaRocioelbe, the
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I't PF 538 % ecirculated (as recirculation stream) to the feed to the first
step of the process of the present invention. In this case, the
outlet for gas constituents other than propane, propvlene and
molecular oxygen can be exclusively between the gas mixture 1 and:
the gas mixture 1’.
~ 30
(:; It goes without saying that a further outlet can be provided
after the target product has been separated off. If the recvcle
gas recirculated to a propane dehydrogenation comprises carbon
monoxide, this can be subjected to catalytic combustion to CO»
35 bhefore fresh crude propane is added. The heat of reaction
liberated can be emploved for heating to the dehydrogenatlon
temperature

, Catalytic after-combustion of CO present in the tailgas to C0O; can

40 also be advisable when the carbon oxides are to be separated off
from the tailgas before it is recirculated as recycle gas to the
dehydrogenation and/or oxydehydrogenation of propane, since COy
can be separated off comparatively simply (e.g. by scrubbing with
a basic liquid). Such a catalytic after-combustion of C0O can also

45 be carried out in the dehydrogenation zone, e.g. over the
above-~described dehydrogenation catalysts {e.g. those of
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i nvention, Itprief enencells adisvepotswilad entderedimpdrde parwhethhdoésihads
require suglhlaesepatatii deRoasoddrtatsionr s86/ &f obd?ﬁeﬁ?&iﬁ@gﬂir&ftl@ﬁygﬁn_ _
required foghfﬁéﬁepéﬁ&'@épar%%lﬁé'gﬂ'aPEhQ%Lu@é‘déé) prd é' fef%%u b9dendhi ch is

m xed with ggée ;159 bfﬁrft I at nhothe
partial zong, &Fu % PR e &l ar 8% gen® aﬁﬁrﬁ%}ae APar 6% %Oen
diluted withe dﬁEV@rﬁ%%naﬁ}é’ﬁ ag (D oxpeehydErgidar, oRPLaRINGr 28U at ed
hydr ocar bons® the partial m&ntxag@m&ﬁ -y Instlle deatdeygenssoihee repatwing  at

| east paotpaaft bliethol edllgas bxygErantegebuehe riomblined oditdt ithie ghscold air

into the hali:gasem XdMrRslm@ktdre ity the 25 process of the present invention
can effect direct cooling of the gas mxture 1 or 1'. The product gas

Cheeof o By d3gckisabl chisgs iRP St it gﬁalﬁ?;%ﬁ;%%%gga Sr pemplierse v "

conposed es¥EFRLFE| PYC o SURE Eargetthiiobats Vephl o‘Fh%R?r y’lopéth‘&‘%t@r a

m ure B§ whvse batiimo wictihtats olwiary, thanetin ddiddhecpd it @fygba, propane,
act ed prepylene, ar®lsepulatedidffodenthadedefendangr s OigEthgasecbyorprogduct

and/ or usedias r@bjcﬂﬁﬁatg.%% c6BERO X b e St fIBE ragt 3o dW-dpy Bdueke and/ or

used as dilys F}Emgavfh hé?:..%&lés %@8”9%? L?fandotfhgém%&’\eg al Qﬁﬂé’ des, | ower
al kanecar bo I [ c g . orm.C_acl arrl’g r oni c_aci d)
and mal ei ¢ and g’ﬁzg‘i’%ee &e""l JHHISAC tedr Bo38 EB Y HTtF &Pgrrati c
car boxyl 4% aléﬁh?aﬂl%a@é Yz gt raei Eoﬁmdhlaéeﬁh@]b]éﬁ’ﬁm c acid), possibly
40 further Chytlydcardidmosssufér asca@blhy dratdrberpatated offbut ene and possibly
ot her butenes) and other inert diluent gases. The target product can be

separated off .f popidRr ngtcagt?aslyz@lix&y&ﬂﬁr@g@ﬁwfén KEOWRp&fe S& (€. 9.

by part i al condensallqn ot 88, a6 WhisCp RSkl O PLnaRIA P10 9L, 5 T € aci d
25 secondary components can also be separated off whenever molecular

nitrogen is separated off according to DE-A 19837520,
DE-A 19837517, DE-A 19837519 and DE-2& 19837518.

Examples
. 30
(;; Heterogeneously catalyzed gas-phase partial oxidation of
propyvlene in two fixed-bed reactors connected in series using
various gas mixtures 2 comprising propylene and propane

35 A} Description of the general process conditions

1. First fixed-bed reactor for the step of partial oxidation of
propylene to acrolein

40 Heat transfer medium used: salt melt consisting of
' ' 53% by weight of potassium
nitrate, 40% by weight of
sodium nitrite and 7% by weight
of sodium nitrate.
45



hi gh- b0| i y %dr hobi ¢ organi c solvent or by absorption of acrolein in
‘wat er Bq solutions of |ower carboxylic PF 53957 27 MARCH 2007 69
aci ds and subsequent work-up of the absorbates; alternativetyardmeogr oduct
gas m xture can also be fractionally condensed; cf., for exanple, EP-A -
117146, DE-A 4308087, DE-A 4335172, DBE2A 4436243, DE-A 19 924 .532 and DE-A

19 924 533)pimkeisYbhs &€ithe 2a€alyvat Sudee Sapabak®deoif1 a%ngeﬁcri bed in EP-A

982287, EP-A 982289, DE-A 19924532, DE-A 1G 7 A 59806847 DE- A
19740252, DE-A 19627847, DE-A 10053086 and % aﬁ g%f?%l Unr eact ed propyl ene
and/or acrolein are, if desired, |ikew se e Feartn@& 8??““ o eci rcul at ed

to the partial zone. The separation is prefeFRoV§itdiickaesat as in Fig. 7
of WD 0196271. Ot herwi se, significant constituents other than acrylic acid
and acr ol eigbaidtoh:he:d&@&héual'a ghsuHieraklley Bfltiadet her Hrdianges grsduct has
been separated of f, &hudgyrPEOPINA ddSeHb@NKlirrounded by a c 11ndr1cal outer
dehydr ogenati on/ oxydet&gg{lggﬁ] g#ﬂeor%agat?# a&elégﬁg ‘ﬁéape eear%rgweeaﬁe ar a5ed of f

separately and/ or be T ecire ed togefher w recycl e gas
(recirculation str&fh)5 ™-the feed to the first step of the process of the
present }%hvention. However, the 20 unreacted propane can of course also be
recircul ated i n adribet dntermal Riitemetanr e dthed optepyenadeaswheelbscimmcul at i on

stream) to this feed shteamal |diametontdNUNLS geIRO AR vagl abbier oOGASS Of
the present invention, propane is thus converted contlnuously into acryllc

acid and/ or acrol ei 5 0 a nd ene can
separ ated_of f fror%nht hé \’IE P eglasy%é s 5%?%‘?‘1 Qﬁ% E’X djtaégr’ag uct has
begn- sebirated of OG\KﬁFc%tg@}?ertSlpl #nd RS °§‘esr®%Pe‘{§GV 2, H20, N2, noble
gases and al so ot her | ower al dehydes, |ower 30 alkanecarboxyllc aci ds (e.g.
acetic acid, form cghaccdtahygst Cupeopasmacambdataddmalhel eyahingdidade, -
?enzal demfﬂei _ar OMedon€aiféF béBQgHa% agk dsppmdaaaq@&éxc eaarsbﬁfeﬂé&eanhydr i des
e.g phthalic anh n C r
C4- hydr g AT bons (e. BEQ@U‘?SQ& el bi‘ﬁ)@ ot he %‘%ﬁgresg? % 5'13 aBsor ption
ina hi g% boi | i ng ﬁ"%&'}‘oﬁ?ﬁ%l Qnéfﬂ’gﬁ S%aojl AP Vvliflh 18?1%/ sorption
and/or stripping (and reuse of absorption nedium. Further possible ways of
achi evi ng the separfaei beaarwraredsor pedbm wescendlaosd dm, thentydimgirpretesses
and partial condensahtainedherssepanati vy phLatessR ScHetalopedndirs, pr ef er abl y
40 carried out at supgfaismsRRehe BAESSWaR1 of the catalyst tube over
25 the entire catalyst tube length within the cylindrical
container (3700 mm), the heat transfer medium was
circulated by bubkling nitrogen into the c¢vlindrical

container.
. 30 The heat transfer medium was conveyed from the bottom’
(;V upward in the cvlindrical guide tube by means of the

ascending nitrogen and then flows back downward in the
intermediate space between cylindrical guide tube and
cylindrical outer container {(similarly good circulation
35 can also be achieved by pumping (e.g. propeller pumps)).
The temperature of the heat transfer medium could be
regulated at the desired level by means of electrical
heating applied to the cuter wall. Otherwise, cooling was
by means of air.
40
Feed to reactor: Viewed over the reactor, salt melt and
reaction gas mixture (the respective gas
mixture 2) were conveved in
countercurrent. The reaction gas mixture
45 : entered the reactor from the top. In



When dehydrogenation catal ysts which are sensitive to oxygen or

oxygen- cont¥ rﬁ%ﬁf%orrpounds are used, these oxygen conpounds are separated
off fromthe recycle gas before the latter is 45 recircul a3egareH fp7feed to
the first step of the process of the present invention. Such a renoval of
oxygen can al so be useful to avoid t@Bal oxidation of propane in the
dehydrogenation stage. PF 53957 27 MARCELLH07Z + RAQ The-dghydragenat i2snoc

catalysts of DE-A 19 937 107 are neh ~S€8Sidd Lel PoLXYOEN ceaPOUNds (in
particul ar those described in Exanples 1 to 4 of the DE first publication).

5 Anot her possible way of carrying out the separation_is, as_ |likew se
mentioned above, fractional distil 26 8%t BedferBReeed Sheyryeindst @dr ryi ng
out a fractional pressure distillagudfeatubowt thapeytttan @& aThe pressure
-enpl oyed can be, for exanple, fromtifpetaxiil®0TharandAlefecthd igdtindnieal ums,
it is possible to use 10 col ums pagked M akapEeM ARG RJreatpayat&@lUmms or

colums contai ni ng order packing. i t e URDS 0| Uhseudhavi ng
dual -fl ow trays, bubble cap trays grg&ﬂvafg_%%f%.e@he re%nﬁ)g@ratl o%‘clén be,

for exanple, from1 to 10. Other pdssi B 5 of performng the separation

are, forlt®xanple, pressure 15 extraCtion, (PressTE &4 ng adsor pti on,
pressure scrubbing, partial condensation and pressure extraction. According
to the pregertlisvenidcORhatet S Of seouise 2l SO cpos&Eidl e, e.g. when a

renoval of _(%%6&”9@(& Ye P BRQRGAES) (epPendd @'s'%%?&érﬁ%% (nﬁvgng =t ene,
n- but ane, isobutane and possibly EQI%,C tepes )7'n§n g{mal %Xled after the
first step of the process of the préesent .inyention orf, the interferi

g

CA¢fiydr ocar bons do not accunul ate(Eﬁi.:%’fn%élﬁa?‘ﬁ'é?/rzi’releﬁgFHtxoVé{?e@ﬁ'rnLt abl e
catalysts in the partial zone), fé@ia®festiotal amount of residual gas to be
25 recirculated (as recirculation strean) to the feed to the first step of
the process of the present inventi @actidh tBli 300a&R,1de outlet for gas
constituents other than propane, pggRyifie t3Bd HRIRE WAL QXYEEHLCaN be
excl usi vzq)I y between the gas m xture I%Oienrg ousNgs 985, ¢ f%% By vt o?oes

wi t hout "Sayi ng that a further out | ef¢ nebe, Fov] dre,d after the Jtgarge
product has been separated off. |f3ERRETRCYARES Radinebbrclprdied™ o a
propane dehydrogenation conprises @afbon 3 FENSx? dEr (axiterpah deamalisiretted to
catal yti c conbustion to CO2 35 bef deegti esinceutsl picperer) samdldad. b¥he heat

of reaction |liberated can be enpl Q¥eghf Ur Reatingi+o Jdhe1gehyeFrggenation

25 section C.

Section C: 170 om long
Catalyst charge consisting of
ring-shaped (5 mm x 3 mm x 2 mm =
30 external diameter x length x internal
(:j S diameter) all-active catalyst as
decribed in Example 1 of DE-A 10046957.

Section D: 50 cm long

35 ' - After-bed of steatite rings having the
geometry 7 mm X 7 mm X 4 mm
{external diameter x length x internal
diameter) .

40 Flow of reaction gas starting _
mixture through the reactor: in all cases 3860 g/h of gas
mixture 2.

Space velocity of propylene
- 45 over the catalyst charge: 100 standard liters/1-h.



tenperature. Catalytic after-conbustion of CO present in the tailgas to CO2
can 40 al &F B89 Wi sabl e when the carbon oxides are to be separated off
fromthe tailgas before it is recirculated as recycl e gas imoMAlReH 2007
dehydr ogenati on and/ or oxydehydrogenati on of propane, since CO2 can be
separated off conparatively sinply (e7g@. by scrubbing with a. basic

l'iquid). Such acalabyidlf & t8E- COMNRIE; Qe 0fodiPrcARna! SO dmdiBatar ri ed out
in the dehydroqena:t)tliggtzone gﬁg%e ver the above-described dehydrogenation
5

catal ysts (e.g. those  of PF 7 MARCH 2007 71 DE-A 19937107, in
particul ar those described in Ex. 1 to 4 of this DE first publlcatlon) It
i s nat ur al [Treabsedyris sfals| aixburecigapingt ehp friessf Lired-thad gaactsr uims t ered
to the dehydrogeaatimmwsandbor tiox yidekydedherrmicconing (jrdipaatlandy seeasat i ng
of f- a m xt yreaof) prapae tandudh ePHoaRect Y Eubeom &y emaipni Ag, part and

i kewl s 1 GGLECHAId N BLS- 195 dufie HeDVEageRaL] O 3l Gacerial =
oxydehydr o

_ nat p zone In the
| atter casg% % r‘?d:iel%lﬁ agbc}bé"fats i aﬁi%é & | §55c?1§tra§v§r@a %'ﬁlacrfonbl ned
with the g&&ean %%%r%f ftﬁﬁtb‘é% RO G eRavings & FAanetyiialoTibs TR ?%Ci "6 of the

t ai | gas Idagonhertek ahiplestlbeby ceaanisedf ot fliamgsuth thavenpteRastetgkmtdfal |y al |
t hose consttheuehtst flixedihbs@ baiddorg point is | ower than the boiling point

of the propylene are separated off in the ascendi ng stripping section of

the rectfigalion. ol ang, @rﬁ}&%snegégr | chlechanalheg,golum. These

constltuents are first t oget her

or.e n.,
Wt unr cadFBI=GRYITen ofatioBS pha 14 S5 &Fg B Hettindo “SHEERBEUTR ofne
bot‘l;om 1% ghert Q°ﬁn929@34$qf?}ma€é1ailb%?%9/l‘f 8F eXEAASESIcahT bes SEPpEFat ed of f.
het er sgeneeusine eababyued loxydehgdiogerati oas gii-pragpane is enpl oyed as
first step of the process of the present invention, 25 secondary corrponents

can al so bensepasafqdOkbetNeNe VRl UL 6fdd Fognki 9980 JS 286PET & 65
accor di ng EEBDEEI@e W03120, A 198373 o - & OIS, o, ﬁﬁggmw

Exanpl es C eousl]ye/]é_(é Zed ga ase par oXi on of
propyl ef@ P %"]f‘f])’("e&ob%‘arY ta&lg connect ed in serl es u5| ng various gas

m xtures 2 conprising propyl ene and propane 35 A) Description of the general
‘process coAdit Bensnd. fikedsbefli xexbtved freathorsteor of hearstieyd oklﬁatioralof

‘oxidation of acrolein to acrylic acid

25 A fixed-bed reactor which had an identical construction to that
for the first step was used. Viewed over the reactor, salt melt
and reactlion gas mixture were conveyed in cocurrent. Both the
salt melt and the reaction gas mixture entered at the bottom.

30 The catalyst tube charge (from the bottom upward) was:

Section A: 20 cm long
Prebed of steatite rings hav1ng the geometry
7 mm x 7 mn ¥ 4 om
a5 {external diameter x length x internal diameter).

Section B: 100 cm long
Catalyst charge consisting of a homogeneous mixture of 30% by
weight of steatite rings having the geometry

490 7mm x 3 mm x 4 mm (external diameter x length x internal
diameter) and 70% by welght of cocated catalyst from section
C.

Section C: 200 cm long
45 Catalyst charge consisting of ring-shaped
(7 mm x 3 mm x 4 mm = external diameter x length x internal



propyl ene to acrolein 40 Heat transfer nediumused: salt nelt consisting of
53% by wei @ DI¥9Pbtassium nitrate, 40% by weight of sodiumnitrite and 7%
by weight of sodiumnitrate. 45 PF 53957 27 MARCH 2007 72 Arensimas of
the catal yst tube: 4200 nmtotal length, 26 mminternal dianeter, 30 mm
external dianeter, 2 mmwall thicknes®s 5 Reactor: conprises a

doubl e-wal | ed cilaiadet) 0 dRitRbessc SRRl as( a¥sdfdidcah gubgierddihe
surrounded by %)%%bggdgl%%n%g‘t $Eg4g%_al ner). The wall thicknesses were

everywhere from internal diameter of the outer cylinder
was 168 mm The internal dianmeter of the guide tube was about 60 nm The
doubl e-wal | ed SAGEAGBrPiwaz® GFPod688%0ff by a |id and 15 bottom at the top and
bottom r®spectifirelrybedhef cetealtyse tirws hasingctmmagamedryn the cylindrical
contai ner so thaim kS7upper 4me | ower ends projected through the lid and

bot t om respect j@k¥na Dy Arfden kM S8a%hisess {120d Mere-seal ed into the
lid and bottom). The heat transfer nmedi umwas enclosed in the cylindrical

contai ner. To ensure very nfg%o%%nejci her mal boundary, conditions at the outer

wal | of thé CQPargstitibe’ HESeM YT LRSI YB3 LIPS EngRASH thin the
cyl i ndr i ¥hlthrepgharpre rsqcPPrdorfagton -hE fEat s t defigiess afpefeunsadiretr cul at ed
by bubbl i nFixetirbg@nreanit@rt.he cylindrical container. 30 The heat transfer
medi um was conveyed fromthe bottom upward in the cylindrical guide tube by -

of t i (2 th f k gﬂ)syglly@ I
inﬁflgfrrgdi a&g1 gilgggﬂ L{%@ﬁ&%@z, nﬁrder ‘éﬁe G%Iz\%ggﬁgnﬁ C. i%gr ;nga }b:'gut er
cont ai ner_ (Siffi-l &F T togroé”(?sms% urati 'od §g JEa""ﬁr1 186 %%r%%ﬁ('b\?é’avﬁf/sbciﬁrﬁflng
(eqy: priopeteeFepoRp)oRCtoFhEaE etfifetat 87 €3 A1°dhe heat transfer medi um coul d

be™ regul ated at the desired | evel by neans of electrical
The Tmean required as a function of the composition of the gas

mixture 2 and also the yields AR (mol%) of acrylic acid and
selectivities of carbon oxide formation SC°% (meol%), based on

20 propylene reacted over both reactors, achieved as a function of
the composition of the gas mixture 2 had the following wvalues in
the individual examples.

B) Example 1 -
. 25
The composition of the gas mixture 2 was:

6.18% by volume of propylene,
33.1% by volume of propane,
i 30 12.3% by volume of oxygen,
(:; ' 0.15% by volume of COy,
.46.7% by volume of N; and
1.63% by volume of H,0.

35 AP = 86.1 mol% Tmeanr, 1sgt reactor
§Cx = 9.2 mol% Tmean  2nd reactor

316¢°C.
274°C.

C) Example 2
40 The composition of the gas mixture 2 was:

6.04% by volume of propylene,

42.3% by volume of propane,
- 10.4% by volume of oxygen,
45 0.15% by volume of CO,



heating applied to the outer wall. OQtherw se, cooling was by neans of air.
40 Feed to PBa233P7 Viewed over the reactor, salt nmelt and reaction gas
m xture (the respective gas mxture 2) were conveyed in gpMARIKgg7ent .
The reaction gas m xture 45 entered the reactor fromthe top. In PF 53957 27
MARCH 2007 73 each case, it had a temeerature of 2500C on entering the
reaction tube. The salt nelig ent gredoi e eyl khdidecal 5 guide tube at the
bottomat a tenperature Tilncfﬂ)@db;e%l e Gyhiddrical guide tube at the top
at a tenperature Tout. The difference bet weeh Tin and Tout was about 2C:
10 Tmean = (Tin + Tout) /2. Catalyst tube charge: Section A. 50 cm | ong
(fromthe tBp dofmvbamPL3Pr ebed BF 5t daEi ¥e2¢5%yS RA¥Thg the geometry 7 mm x
7 mm x 4 5maCPS £ extderpdk di anet®F2x Pedgtérctdmt=eRR@IC. di aneter). Section
B: 100 cmlong Catal yst tube charge consisting of a 20 honbgeneous m xture
of 30% by vwi ghi.pf1eSteatite rings having the geonetry 5 nmx 3 mmx 2 mm
(external dianeter x length x internal dianeter) and 70% by wei ght of
all-active catalyst from25 section G Section C. 170 cmlong Catalyst
charge consii& iSRFP8F1 4P Ls FBHePY AR e3% A 2 mm = 30 ext ernal
di aneterl& length x internal dianeter) all-active catalyst as decribed in
Exanple 1 of DE-A 10046957.0.28&cbyonmlnmeb06fcatharng 35 After-bed of steatite
rings having the geonmetry g 108 Xy ~dlmé 4£MPropylene,
33.0% by volume of propane,
12.2% by volume of oxygen,
~ 15 0.16% by volume of COy,
(j 46.6% by volume of N; and

1.65% by volume of H;0.

316°C.
274eC,

1

ARA = 86.1 mol% Tmean  ]st reactor
20 8Cox = 9.2 mol% Tmean  2nd reactor

E) Example 4

The .composition of the gas mixture 2 was:

25 }
0.22% by volume of ethylene,
6.13% by volume of propylene,
33.0% by volume of propane,
12.2% by volume of oxygen,
. 30 0.16% by volume of CO,
(:;' _ 46.6% by volume of Ny and
1.64% by volume of HsO.
ARR = 86.1 mol% Tmean, 1st reactor = 3160°C.
35 5FOx = 9.2 mol% - Tmean  2nd reactor = 2749C.

F) Example 5

The composition of. the gas mixture 2 was:
40
0.20% by volume of n-butane,
6.14% by volume of propylene,
33.0% by volume of propane,
12.2% by velume of oxygen,
45 0.16% by volume of CO,,



(external dianmeter x length x internal dianmeter). 40 Flow of reaction gas
‘starting nmB& BEFhrough the reactor: in all cases 3860 g/h of gas mixture
2. Space velocity of propyl ene 45 over the catal yst chargeyy 3G aggar d
liters/l.h. PF 53957 27 MARCH 2007 74 2. Description of the internediate
cooling and internediate introductiorrof oxygen The product gas m xture

| eaving the first fixed-bedig @actervy@se acf Q) dd¥e purposes of the

i nternedi ate cooling (indire YR JBRLS . £0 ir) passed through a
connecting tube (length = Z%O%rs%‘hnb Vit er nglf %%Cg'rret er = 26 mm wall thickness
=2 mm material = stainless steel) which was charged in its central 200 mm
with an i @éft=bEd ofmodteat i t e Bpifer st HErAT§ra=dPaetér of 6 nm and was 10
connect.edd dicPect [9. Sbyoheans of T8, aBgé tendtoer eal@addst tube of the first

fi xed-bed reactor. In all cases, the gas m xture entered the connecting tube
at a tenpepatuyhe gh.npre than 310C and left it at a tenmperature of 15
about 140C. 290 standard liters/h of conpressed air as oxygen source were

- subsequent|ly m xed into the gas m xtyre. The resulting feed gas m xture was
fed at a't FEFRPRL G 96CT ¢ (H3F MHECFFRet-"38d reactor for the step of the
partial ¥Xidation 20 of acrolein to acrylic acid. 3. Second fixed-bed '
reactor for the step of part.ioak bxiddturencdfn-latrameei n to acrylic acid 25 A
fi xed-bed reactor which had ansiggnidicale eenstdiatdnan to that for the first

step was used. Viewed over 3t2hg%rg?c&ﬁqjmesgkt ,{@Aatne and reaction gas m xture
wer e conveyed i n cocurrent he . sal f .Mel t and the reaction gas m xture

.. B
entered at the bottom 30 %ﬁé(a%a %I PuBE ¥R (from the bottom upwar d)
vvasg S ion A 20 cm | ond-PPELRY BH9Eeeafi ¢ rings having the geometry 7
M%7 mm x 4 mm 35 (exter dal-8Yi byreradiume pErift land | nt ernal di anmeter).
Section B: 100 cm | ong Cat al.¢d% Bhargdemeoasisid.ng of a honbgeneous m xture
of 30% by weight of steatite rings having the geonetry 40 7 mmx 3 nmx 4

mm (exter ngh dhalpLey X Lenghd % a8t BR! coli ARt 8Ll AN D’ QL RY MBI, of
coat ed CzaOt %t%igaffggm ’Igégnk)i?@hin the limits of what the catalyst could

withstand.
H) Example 7
25 The composition of the gas mixture 2 was:

0.05% by volume of l-butene,
6.16% by volume of propylene,
33.0% by volume of propane,
- 30 12.3% by volume of oxygen,
C,-— 0.16% by volume of COy,
46.7% by volume of Ny and
1.70% by volume of Hy0.

35 A = 85.1 mol% Tmeaﬁ, st reactor = 318°C.
§COx = 10 mol% mmean  2nd reactor = 281°C.

I) Example 8
40 The composition of the gas mixture 2 was:

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

45 12.3% by volume of oxygen,
0.15% by volume of COy,



C. Section C 200 cmlong 45 Catal yst charge consisting of ring-shaped (7 nm
x 3 mmx 4 BHP3&%rnal dianeter x length x internal PF 53957 27 MARCH 2007
75 dianmeter) of coated catal yst as described in preparati\va MEREHN10075 of
DE- A 10046928. Section D:. 50 cmlong 5 After-bed of steatite rings having
the geonetry 7 mmx 7 mmx 4 nm (extd8nal dianmeter x |length x internal
diameter). A nom nal 4240 g/ehsef b{eesh @as offi X5 W was in all cases passed

10 through the second reactolggyTHRAM ISk #2H as for the first fixed-bed
reactor. In all the follow ng exanples, the propylene conversion in the
first reactQr was set to 97.7 nold and the acrolein conversion in 15 the
second readfor= vits 8010 99. 3 Totd. 1FherSfEsn Fed®iTed as a function of the
conposi t iDFE°GF 1 AE.gameln xt ur &P andnd| xerates §i 8 WE-AA (ol 9 of acrylic
acid and selectivities of carbon. oxide formation Scox (nold), based on 20
propyl ene rgactsdmgyeroboth reactors, achieved as a function of the
conposition of the gas m xture 2 had the follow ng values in the individual
exanpl es. Exan Ie.tl 25 TE& cor Osiixli:i on é)f the gas m xture 2 was: 6.18%
by vol unge epf81ﬁ£?se3he1,0n 8% 195 P/ EPETRT 01 pPSpane, 30 12.3% by vol ume of
oxygen, 1®.15% by vol ume of CO,, 46.7%by volune of N2 and 1.63% by vol une
of H20. 35 AA = 86.1 nol % Pnédh, b stoleecedrlb@E8E€. Scox = 9.2 nold Tnean,
2nd reactor = 274C. C) Exanmbe Ry 41le eonposivlienn,of the gas m xture 2
was: 6.04% by vol ume of prepYkeRe, voldte3%E byrddiare of propane, 10.4% by

vol une of oxygen, 45 0. 15%19y3¥0ﬂ)§1rq;01%e09f,0 ge%?3957

.. 15 0.18% by volume of COy,
(j 46.7% by volume of Ny and
1.71% by volume of H;0.

The desired propylene conversion could no longer be maintained by
20 increasing Tmean within the limits of what the catalyst could
withstand.

25

30

&

35

40

45



27 MARCH 2007 76 39.5% by volunme of N2 and 1.60% by vol une of H20. AA =
85.2 nmold Tnean, 1st reactor = 322C. 7% scox = 9.9 ol % Tnean 2nd reactor =

278C. D) Exanple 3 The conposition of the gas mixture 2 was: % by
vol une dfe ellame, 6. 14% by vol une of propyl ene, ~33.0% by vopu]#gl%}g%&

propane, 12.2% by vol unme of oxygen, 15 0.16% by vol une of CO,, 46.6% by
volunme of N2 and 1. 6%‘:/ob vol ume of H20 AAA = 86.1 nol % Trrean, | st reactor
= 316C. 120 s&5RcesH, ]?nﬁx-?%"'l‘ﬁé’é% IndPEACTYT ¥ 274R2THl BEAABELOY The
conposi ti on mfoduke gad arpeatrtiiel 2amvasiidabof. 229%oy wol puvepydfenet hyh ewteich

6. 13% by vol unme of propylene, 33.0% by volune of propane, 12.2% by vol une
of oxygen, 30 0.16% by volune of CO, 46.6% by volune of N2 and 1.64% by
vol ume of HZJ. Am 2 8BTat rifiep . TREHAS BEPareats otubiezted. to 3B Seert=0922 nol %

Trean 2nd react fehyd2ddbnat fon AR exRubhechOMPOSIH b@Nhohoddth@s m xture 2
was: 40 0.20% by .vol une of, n-butane, 6.14% by volune of propylene, 33.0%
by vol une of pré%ﬁ‘ﬁgfogﬁ%tz‘%rby BP et °€)‘¥9§%¥ﬁr0@§n€?i%’% by vol une of Co.,

PF 53957 27 MARGHEt208Fenddudlfy 6%rbYyxal @ehyafoddhandn ind5Shetntrosehusss bf

H20. catalyzed.oxydehydrogenation, in the presence of oxygen, in
the absence of oxygen, or both in the presence and absence of
oxygen to give a gas mixture 1 comprising propane and

propylene, and

b) part of the constituents other than propane and propylene
present in the gas mixture 1 formed in the first step is, if
appropriate, separated off from the gas mixture 1 and/or
converted into other compounds so as to produce a gas mixture
1' comprising propane and propylene and also compounds other
than oxygen, propane and propylene from the gas mixture 1

and, in at 1east one further step,

c) at least one of gas mixture 1 and gas mixture 1' as
constituent of a gas mixture 2 is subjected to at least one
of a heterogeneocusly catalyzed gas—phase partial oxidation
and a partial gas-phase ammoxidation of the propylene present
in at least one of the gas mixture 1 and the gas mixture 1°',

to form at least one of acrolein, acrylic acid, propylene

oxide and acrylenitrile,

wherein the l-butene content of the gas mixture 2 is < 1% by

volume.

2. A process as claimed in claim 1, wherein the l-butene content of

the gas mixture 2 is < 0.75% by volume.

3. A process as claimed in claim 1, wherein the l-butene content of

the gas mixture 2 is < 0.5% by volume.



AAA = 85.2 mol % Tnean 1st reactor = 316.5C. 5 Scox = 9.9 nol % Tnean 2nd
reactor = 274C. G Exanple 6 The co%ole on of the gas m xture 2 was:

2.02% by volunme of n-butane, 5.98% by vol unme of propyl ene, Iurre
of propane, 12.0% by vol une of oxygen, 15 0.16% by vol unme oﬁ%&fl&ojﬁéoﬁ)

vol ure Qf NggﬂQgesé Qé :B%ﬂ@ lgﬂec %F¢qp wﬁ@gé h%eq Qro lene Conv Slon
er

could no lon be mal n al ne I néreasi ng Tinean Wit |n “PRES s of
what the catke e sdurdre @ tlﬁsﬁaﬂdi‘i HY E}@éﬁme 7 25 The conpositi on of t he
gas mxture 2 was: 0.05% by vol une of 1-butene, 6.16% by vol une of

propyl ene, 33.0% by vol une of propane, 30 12.3% by vol une of oxygen, 0.16%
by vol ufre oF HBOCess48S Tohadynedoangl aim N2 sheirein @ms bybyeinargooferR (35 AAA

85. 1 nol %ddeaR, miﬁguf@alctlgu 0 318Gy vote¥e = 10 nol % Trean, 2nd reactor =
281C |) Exanple 8 40 The conpositi on of the gas mxture 2 was: 0.09% by

vol une of 1-butene, 6.16% by volunme of propylene, 32.9% by vol unme of

propaneg, 455 12-3%shYa Y O 1 el 1RXYAEM 1,0ukaPaY rYel ban@u@énec%nté’ﬁt BHS7 21
MARCH 2007 8 46.8% by volume of N2 and 1,68% by vol ume of ) = 85.0

ol % Tean, CAS 93 BEXBITE BI6C> 0 5°BZoPY=Vati®e ol d Tnean, 2nd react or =
287C. J) Exarrpl e 9 The conposition of the gas m xture 2 was: 10

7. A process as c¢laimed in claim 1, wherein the 1-butene content of

the gas mixture 2 is > 0.001% by volume.

8. A process as claimed in any of claims 1 to 7, wherein the

trans—-2-butene content of the gas mixture 2 is < 1% by volume.

9. A process as claimed in any of claims 1 to 7, wherein the

trans-2-butene content of the gas mixture 2 is < 0.5% by volume.

10. A process as claimed in any of claime 1 to 7, wherein the

trans—2~butene content of the gas mixture 2 is < 0.05% by volume.

11. A process as claimed inclaim 1, wherein the cis-2-butene content

of the gas mixture 2 is < 1% by volume.

12, A process ag claimed inclaim 1, wherein the cis-2-butene content

of the gas mixture 2 is < 0.5% by volume.

13. A process as claimed in claim 1, wherein the cis-2-butene content

of the gas mixture 2 is < 0.05% by volume.

14. A process as c¢laimed inclaim 1, wherein the isocbutene content of

the gas mixture 2 is < 1% by veolume.

15. A process as claimed inclaim 1, wherein the isobutene content of

the gas mixture 2 is < 0.5% by volume.



0.20% by vol une of 1-butene, 6.19% by vol une of propylene, 32.7% by vol une
of propane, 12.3% by volune of oxygen, 15 0.18% by volune of CO,, 46.7% by
volunme of N2 and 1.71% by vol unme of H20. The desired propyl rsjon
‘coul d no | onger be naintained by 20 8khcreasing Tnean wit hi n%@m&gﬁﬁfﬁt{@ of
what the catalyst could wthstand. 25 30 C35 40 45 79 W claim 27
MARCH 2067 2lpréacgsocessliomedrelpam Ag whefaigstthendsobueparconabnoxeidat i on

product andtﬁepeggir@ﬂxt%%véi@Qti%ﬁ.o@,f%ogg%ﬂimer?mpyl ene, in which a) in a
first step, crude propane is subjected to at | east one dehydrogenation of
t he group consisting of honbgeneous dehydrogenati on, honbgenous
oxydehydrogengtbesss dieicenogedenudninal plyzadidebydroganatdoatead s

het er ogeneouys cat al yzed oxydehydrggenatiqn, in the presence of oxygen, in
t he absence 8¥:¥%?<§/glenh,t¥1 rgﬁ%t‘ﬁ”ﬁyﬁehg b?e%e%“c?yaﬁailé%%'ence of oxygen to

give a gas mxture 1 conprising propane and propylene, and b) part of the

consti t4gnt s gLiel.d han BLoRENE: AN REOPY G o BT ERENoIAY LG OAS JU xtUre 1

formed in the first stepis, | appropriate, separate rom the gas

m xture 1 akareres denvdet ds | wg-weher 1eanpodtdbysvolsng.o produce a gas

m xture 1' conprising propane and propyl ene and al so conpounds other than
oxygen, propane and propylene_fromthe gas mxture 1 and, in at |east one
further? teg, PEJCEHS 28aSt20RRd 0 G381 kt UPETEIBNHRY LRI CoPESRE s

consti t uent bateregan mhxt gae Ridtireub) ected . ogsaby | eslkimeane of a

het er ogeneously catal yzed gas-phase partial oxidation and a parti al

gas- phase ammoxi dation of the propylene present in at |east one of the gas
m xt ur e28. aAdpréeesgaesnickaimed 1in cladmf br mhwtreliisatihe oradf capkeheiaf, acrylic

he prOpy%:e_e gxide and acrylonitrile erein the 1-butene content of
the gas m x tﬂhydfoFgggpﬁﬁbﬁgy%£¥ gas mlxturemg =
< 3% by volume.

21. A process as claimed in claim 1, wherein the total content of

C,~hydrocarbong in the gas mixture 2 is

< 2% by volume.

22. A process as claimed in claim 1, wherein the total content of

C,~hydrocarbons in the gas mixture 2 is

< 1% by volume.

23. A process as claimed in claim 1, wherein the total content of

¢,~hydrocarbons in the gas mixture 2 is > 0.05 and < 3% by volume.

24, A processg as claimed in claim 1, wherein the gas mixture 1°'
contains > 0.1% by veolume of constituents other than propane and

propylene and oxygen.

25. A process as claimed in c¢laim 1, wherein the gas mixture 1°

contains > 0.2% by volume of constituents other than propane and

propylene and oxygen.

26. A process as claimed in claim 1, wherein the gas mixture 1°'
contains > 0.3% by volume of constituents other than propane and

propylene and oxyger.



volume. 2. A process as clainmed in claim1, wherein the 1-butene content of
the gas mxture 2 is < 0.75% by vol ufd. 3. A process as clainmed in claim1,
wherein the 1-butene content of the gas mxture 2 is < 0.5%_Dby vol une. 80
27 MARCH 2007 4. A process as claimed in claim1, wherein t@Z&MARGHZAY
contentz9f athe@as FhXxiid@hed 8 <clhi3V0hY MO t12- ghs PHOGRSS @8 cl ai med
inclaiml, wherein the 1-butene content of the gas mxture 2 is < 0, 1% by
vol ume. 6. FH0EEsE As T/ FAFR ¢ 4mFEL FuRr it PeRetR2h SR E ofRENt  of
t he gas m xprorerl2nesand 0x0068%0.by vol une. 7. A process as clained in claiml,
wherein the 1-butene content of the gas mxture 2 is > 0.001% by vol une. S.
A process as clained in any of clains 1 to 7, wherein the trans-2-butene
cont ent 2%f AHrqggssnpstekained dn< adaisy lyorhersin $heAgps ouessiras 1¢] ai ned in
any of clai @@nthih@ £, 1%heF Qidlulbect raSt4t hELEN et ALkn Ofr diGed88g M Xt Ur e
2i1s < 0.5% Dby volume. 10. A process as clainmed in any of clains 1 to 7,
wher ei n t hePTYRYAREE22BHt BHETont ent of the gas mixture 2 is < 0.05% by
volune. 11. A process as claimed inclaiml, wherein the cis-2-butene content
of the gas mxture 2 is_ < %Dy vojune. 12, A progess as claimed,inclaiml,
wher ei n°T he” G2 Bufene Tohtent ot the §ag Mxitured2®i ¢ Y 5% by vol une.
13. A processntaingl ai dedoy rvadluaenedl, copsgitient heotdies- 2hntmrewagentedt  of
the gas m Xt £12nkSand bARMbY volunme. 14. A process as claimed inclaiml,
wherein the | sobutene contént of the gas mxture 2 is < 1% by volune. 15. A
process as clainmed inclaim1l, wherein the isobutene content of the gas

m xtures@. i & prdiea¥ By ¥Olik@R i8lcPinlMARCHhEAIM the. gAsPhpeas® as cl ai med
claim1, wherein the Lsabutene content of the gas mxture 2 is < 0.051 by
vol une. 17.SBY8Eeds AP VG WEE Ph U ISP Wh&r&en FRR™ (RRRP Eof®ent of
but enes i n phepydanenand usergeni.s < 1% by volune. 18. A process as clainmed in
claim1, wherein the total content of butenes in the gas mxture 2 is <
0.5% by volune. 19. A process as clainmed in claim1, wherein the total
content3bf Amnaness ha tlreingds im stajdme 12 wherein (8% bgsvixtmre 20. A process
as clainmed bdhiQlidisM 11 o9& QiluhbBeot UlstE0RLSY RherHAndly HREARRORSa I N the

gas mxture 2 is < 3% by vol une.
propylene and oxygen.

32. A procegs as claimed in ¢laim 1, wherein the gas mixture 1°'
containsg > 30% by volume of constituents other than propane and

propvlene and oxygen.

33. A procesg ag claimed in claim 1, wherein the gas mixture 2

contains up to 60% by volume of propane.

34. A procesg asg claimed in claim 1, wherein the gas mixture 2

contains up to 50% by volume of propane.

35, A process as claimed in claim 1, wherein the gas mixture 2

containg from 20 to 40% by volume of propane.

36. A process as claimed in claim 1, wherein the gas mixture 2

comprises

from 7 to 15% by volume of Q,,

from 5 to 10% by volume of propylene,




21. A process as clainmed in claim1l1, wherein the total content of C4
hydrocarbons in the gas mxture 2 is < 2% by volune. 22. A process as
claimed in claiml1, wherein the total content of C4 hydrocgﬁﬁnﬁ' :Dze gas
mxture 2 is < 1% by volune. 23. A ptbcess as clained in cl T,%%" in
the total content of C, -hydrocarbons in the gas mxture 2 is > 0.05 and <
3% by vol une. 24. fhopr DEess 4% blhavaldid BEchabpards, wherein the gas m xture
1" contains > 0. 1%Hhy volune of gonst{ fuents her..t han propane and

bl % ;. .
propyl ene and oxygen.mZg. A pr ocegs as c gl rr%gelrréecn[ aim1, wherein the gas
mxture 1' contai A&¥os D. 29085y byovekenofofc shst tetahtef 60hefO4 Bad propane and
propyl ene and oxygens £ A process as clainmed in claiml, wherein the gas
m xture 1' contains > 0.3% by volunme of constituents other than propane and
propyl ene and oxygd&Romg® &% FREH2BEYE °57°tAeHrocess as claimed in claimi,
wherein the gas m xbuseidiementai ns > 0. 5% by vol une of constituents ot her
t han propane and propyl ene and oxygen. 28. A process as clainmed in claiml,
wherein the gas mxture 1' contains > 1% by vol une of constituents other
t han pr opaméthnany propylienpreschtobeden. dRgregargedecess as clainmed in claiml,
wherein the gas mxture 1' contains > 3% by volune of constituents other
than propane and propylene and oxygen. 30. A process as clainmed in claiml,
wher ei A7t h® BEICeAAFr &131med ot £1adm>1 5ogtsyreds| the &S dvastreugnt s ot her
than proparemgpdseropyl ene and oxygen. 31. A process as clained in claiml,
wherein the gas mxture 1' contains > 10% by vol une of constituents other
t han propane and propyl ene and oxygen. 32. A process as clainmed in claiml,
wherei n the gas m Kjarse 6% bgonthimes > 30% by vol une of constituents other :
than propane and propylkene and oxygen. 33. A process as claimed in claiml, i
wherein the gas mixture g cgnt ains up to 60% by vol une of propane. 34. A |
process as clai medC re &-aismP®?% Wherdivmet he gas mixture 2 contains up to 50% !
by volune of propapg. 3%z AyreEgss, as clainmed in claim1, wherein the gas
m xture 2 contains from 20 to 40% by vol une of propane.

CO, < 5% by volume,

ethane < 10% by volume,

ethylene < 5% by volume,

methane < 5% by volume,

propane > 0, < 50% by volume,

cyclopropane < 0.1% by volume,

propyne < 0.1% by volume,

propadiene < 0.1% by volume,

propylene > 0, < 30% by volume,

H, < 30% by volume,

isocbutane < 3% by volume,
n-butane < 3% by volume,
trans—2-butene < 1% by volume,
cis—-2-butene < 1% by volume,

l-butene < 1% by volume,

isobutene < 1% by volume,
1,3-butadiene < 1% by volume,

i, 2-butadiene 1% by volume,

| A

NP

l-butyne < 0.5% by volume and

o\@

2-butyne 0.5% by volume,

A



36. A process as clained in claim1l, wherein the gas mxture 2 conprises
from7 to 15% by volunme of 02, from5 to 10% by vol une of propyl ene, 83 27
MARCH 2007 from 15 to 40% by vol ume of propane, from 25 to 60% by vol une of
nitrogen, from1 to 5% by volune of ®#4e total of CO, Co2 and?’ P¥GHANT om 0
to 5% by volune of other constituents, with any anmoni a present being

di sregar dedwi8lH.ank punpocess @msesdHral beilng nlidrelgardedwherein the gas m xture 2
conprises H20 < 60% by volune, N2 < 80% by volunme, Q2 > 0, < 20% by vol une,
CO < 2% by volunme, CO2 < 5% by volunme, ethane < 10% by volune, ethylene <
5% by véPund, PTeRaIFané %15%%% ipsitaie, 1. phegaie she, cxudg0wrbyanol une,

cycl opr opangert Hinko-0Y . ¥ 9t SR vo1RMEPY A Ecch i EHaRY s VU HETE chaR! 9RGM-eNgng 0. 1%
by vol une, aﬁ{’fﬁyl ene > 0, < 30% by volune, H2 < 30 % by vol'unme, isobutane

< 3% by vol Fbut ane < 3% by vol une, trans-2-butene < 1% by vol une,
ci s-2-butene < 1% by vol une, 1-butene < 1% by volune, isobutene < 1% by

vol une, ,,1, 3- ie <. 1% .yol 1, 2-but adi.ene._< .1% by vol une,

1- butyn%9‘< %%%%y Sv%?uﬁ%&%%e? %— Eglﬁtﬁelk’w .eg%%ytr\l/%lclfﬁléifa ﬁgWﬁVARCH 2007
with any anfemtiaingr eséftbbhernigmgi of egenrtdedued8ss #lprwddes nsowpdrad rad i ncl ai m
1, wherein phserdsde propane contains > 0.25% by vol ume of constituents

ot her than propane and propyl ene.

40. A process as claimed in claim 1, wherein the crude propane
contains > 2% by volume of constituents other than propane and

propylene.

41. A process as claimed in e¢laim 1, wherein the crude propane
contains > 3% by volume of constituents other than propane and

propylene.

42. A process as claimed in claim 1, wherein the crude propane

contains up teo 6% by volume of C,~hydrocarbons.

43. A process as claimed in claim 1, wherein the crude propane

contains from 0.1 to 6% by volume of C,~hydrocarbons.

44. A process as ¢laimed in claim 1, wherein the crude propane

contains up to 0.5% by volume of 1l-butene.

45, A process as c¢laimed in claim 1, wherein the crude propane

contains from 5 ppm by volume to 0.5% by volume of l-butene.

46, A process as c¢laimed in claim 1, wherein the crude propane

contains a total of up to 0.5% by volume of butenes.

47. A process as claimed in claim 1, wherein the crude propane
contains a total of from 5 ppm by volume to 0.5% by volume of

butenes.

48. A process as claimed in claim 1, wherein the crude propane meets



39. A process as clained in claim1l, wherein the crude propane contains >
1% by vol une of constituents other than propane and propylene. 40. A
process as claimed in claim1, wherein the crude propane contai 2% by
vol ume of constituents other than pr&®ane and propyl ene. %?89@9@7 as
claimed in claim1, wherein the crude propane contains > 3% by vol une of
consti t uent shet fiellawiag ppepahiecaandn: propyl ene. 42. A process as clainmed in
claim1l1, wherein the crude propane contains up to 6% by vol une of

C, - hydrocarbons. 43. A process as clained in claim1, wherein the crude
propane contains fPHPRBICL CHTE9E by I bweveiun® hydrocar bons. 44. A process

as clained in clai mdeaiherRieAtt b€ ﬁdﬂﬁepaﬂ@%pyq@ﬁéak N§g IRyt QGoPrmdd DY
vol ume of 1-butene. 45. A process as clained in cl'aim 17 wheréin the crude

propane contains fFemb qouFeby 9Bl Gneyder@urdonby< vet e volukebut ene.  46. A
process as clai nmed rei n Lh crude propane contains a total

of up to 0.5% by vo?‘ume g’fe é{ltgmg %roceuénse as clainmed in claim1,
wherein the crude p?@‘%)@nélonéentiansbla:em@Eat ©f5% komvElppe by vol ume to 0.5%

by volume of butengsha 48 coﬁtgﬁgcg%,a% cl,aiglgd in claiml, wherein the
crude propane neets 85 27 MARCH 20 P{e foll owi ng speci fication: pr opane

content > 90% by vo?%e%FaFt%%t_‘eﬁt’ 6Y PPUPihe and propyl ene < 99% by

vol ume, total contgedhalfe Gont&yﬁlr@cwsr Bonsorur@dp by vol ume, 1-butene content
< 0.5% by vol une, tota:L cont ent ot r%‘t)en s, <.0. S%lbﬁgvol ume, ethane content
< 10% by vol une, TETh& PBRE eReEBoeh Y - YImY 1 U8t hane content < 5% by
vol une, cycl opropawe:md@:ent:ont&tl% byb~vbjrwn§l,umepropyl ene content < 10% by

vol une, total content C3-h dro ons ot h t han ane and propylene <
0.3% by vol une, totaf® a@oﬁ?&ﬁ?x’éf"%ss ‘%‘f%&&r‘fg%% Qt %Bﬁ} PEPRARE 2AHd
total content of C ptapilpdeogad bonsoy<v6dGmppm by vol urre 49. A process as

claimed in claim1l1, wherein the 0 conversion in the first step is
from> 5 mol %to < SF cf:‘n%@lfltﬁg)‘{) %%é?°§§rEPﬁ? ed i3F OFaratyu™e widfei n of

t]be at |east one pasddialonrkfatson, andhos-SaMERdati oF RIRAWG iy oduct s
(0]
49. A process as claimed in claim 1, wherein the propane conversion

in the first step is from > 5 mel% to < 30 mol%.

50. A process as claimed in claim 1, wherein of the at least one
partial oxidation and/or ammoxidation product or products of

propylene is separated off from the product gas mixture from the

gas—phase partial oxidation and/or partial gas—phasé ammoxidation

and at least the unreacted propane present in this product gas
mixture is recirculated to the first step and/or to the gas—phase

partial oxidation and/or partial gas-phase ammoxidation.

51. A process as claimed in c¢laim 1, wherein the process of the
present invention is carried out in a reaction zone over a
¢atalyst charge whose active composition consists of at least one
multimetal oxide composition comprising the elements Mo, V, at
least one of the two elements Te and Sb and at least one element
selected from the group consisting of Wb, Ta, W, Ti, Al, Zr, Cr,
Mn, Ga, Fe, Ru, Co, Rh, Ni, Pd, Pt, La, Bi, B, Ce, &n, Zn, Si,
Na, Li, R, Mg, Ag, At and In in combination.



propyl ene is separated off fromthe product gas m xture fromthe gas-phase
partial oxidation and/or partial gas-phase amoxidation and at |east the
unreacted propane present in this product gas mxture is regLrc Ig{tﬂed to
the first step and/or to the gas-pha®& partial oxidation ang}"’M‘y% £20%
gas- phase ammoxi dation. 51. A process as clained in claim1l, wherein the
process>éf BRherogressent clavest iioncilsivafY, etheotini tha aedeoti oomgoneioder a

catal yst charge #whose aetiags@%moah&t%&qn%ﬁaé Qémpa.@tsﬂt?csﬁtwﬁﬂﬁa
mul ti metal oxide composition conprising the el ement easf'5 one of

the two el eRBhtElemengngtebcliedty] dast one el ement sel ected fromthe group
consisting of Nb, Ta, W Ti, A, Zr, C, M, G, Fe, Ru, Co, Rh, N, Pd,
Pt, La, Bi, B, Ce, Sn, OI\SDMIM”*?(’I)L' K, My, Ag, Au and in in conbination.
8 6 27 I\/ARCH 2007 52. A process as clal med in claimb51, wherein the active
conposi tion consists of at |east one nmultinmetal oxide conposition which has
the el enent stoichionetry I M) VovM2d (1), where M= Te and/or Shb, M= at
| east one edmwent fromthe group consisting of Nb, Ta, W Ti, A, Zr, Cr,
M, Ga, Fe, Ru, Co, Rh, N, Pd, Pt, La, Bi, Ce, Sn, Zn, Si, Na, Li, K M,
Ag, Au and In, b = OOltol c=>0toland d=>0to 1. 53. A process
as cl ai ned Iﬂn~c’1’%lamd52>r gherein M =Te and Mp= Nb, Ta, W and/or Ti. 54. A

process as w Qi ed cdaktChak M Rdni §§omm§ar I%u?z_gpslﬁngp‘ o' REESH, A%,
clainmed in claim51, wherein the X-ra ffrac aPg}_s’ttern of the ‘acfive

mul timetal oxi d&tcdipodFti ohr dfm- @Gwp%éi tFon&odi BRi F&| 8t i s Mrand |
whose nmaxi ma ar@s atSnI hen, dsf f nact ian angtes ad?2. A2ulaia (11, and 27.3 + 0.5 (i).
56. A process 3s 4 gl d in claimb5, wherein the X-ray diffraction pattern
addi tional 'y dISp ays a'reflection k whose maximumis at 28.2 + 0.50. 57. A
process as elaim@dtenlciad m 55 or 56, wherein the reflection h is the nost
intense in jhe Xyray diffraction pattern and has a wdth at half height of
not nore than 0.50. 58. A process as clainmed in claimb57, wherein the width
at half height of the reflection i and of the reflection k is in each case

3 1 andsi hea igiRBskt ¥ PK1 Dinddhenr 814 a€td20Nwkeddith t he_2d IVRRGELIAOO0 s, w

and/or Ti.

54. A process as claimed in claim 52 or 53, wherein M?=Nb.

55. A process as claimed in claim 51, wherein the X-ray diffraction
pattern of the active multimetal oxide composition or
compositions displays reflections h and i whose maxima are at the

diffraction angles 22.2 *0.5° (h) and 27.3 + 0.,5° (i).

56. A process as c¢laimed in c¢laim 55, wherein the X-ray diffraction
pattern additionally displays a reflection k whose maximum is at

28.2 + 0.5°.

57. A process as claimed in claim 5% cor 56, wherein the reflection h

is the most intense in the X-ray diffraction pattern and has a

width at half height of not more than 0.5°.

58. A process as claimed in claim 57, wherein the width at half

height of the reflection i and of the reflection k is in each

case 3 1° and the intensity P, of the reflection k and the



87 intensity Pi of the reflection i fulfill the relationship 0.20 3 R 3
0.85, where Ris the intensity ratio defined by the formula R=Pi/ (Pi+Pk)
59. A process as clained in claim51, wherein the X-ray diffractign pattern
of the active nultinmetal oxide conpggition or conpositions df 7
reflection whose maximumis at 2 =50+0.3. 60. A process as clainmed in claim
1, wherein the first step i.s carried out in_a separate reaction zone. 61. A
process as (::LFE?%%%H r?ic?gi‘?ﬁ%ﬁ,&é\ﬁﬁ:’e?rhJﬂfré&ﬁjritlplﬁ &G 1PE1gnsIHR & 8fentousl y
catal yzed dehydirogesnawhefe ®2is AHRr 0ae&ssias ¢haloedkfihe@ aMmBd Arudla
wherein a part conprising at |east one C, -hydrocarbon of the constituents
ot her than propane and propylene present in the gas mxture 1 is separated
off from the gas mixture 1. 63. ARpPOO&scPds claimed in claim60, wherein a
part conprising at |east one butene of the constituents other than propane
and propylene present in the gas mxture 1 is separated off fromthe gas
m xt ure52. Bdprokesmoeesslabnagl dnmedlath dilm 6Berahergien &-payt conprising at

| east  1-bupenglsbheoLonst dienhs oliiel, Lhap;pLapans,aad propy! ene

present in the gas mxture 1 is separate romthe gas mxture 1. 65. A
process as EPERIFEFIPR BF afPIBE1thREE diPlsyshaecroiyanddesl y catal yzed

gas- phase pakddaalma®iindat i ®n@andlep,paidi al gas- phase ammoxidation is
carried out using a catalyst whose active conposition conprises the

el ements Mo, Bi and Fe. 66. A process as clained in claim®60, wherein the
het er ogeneosspyoceeat akyzedigads-iphasdeipar t ivlerexhdetié ofiramdceeppagti al

gas- phase 8.8, 2 %@g"ia()g?seﬁm i ggg%gnoni szocarri ed out using a catal yst

v
whose active rcoerrposmlon i S & multinetal oxide of the formula IV
Mb12Bi aFebXel xd2Xe3Xi On (1V), where the variables have the foll ow ng

meani ngg; X}a:%fgdéﬁl a8Ne1 OIn&PRA LiaXg=ed Nkl Ak #Hikaki sPB s 4 an
al kaline earth netal, X = zinc, phosphorus, arsenic, boron, antinony, tin,
cerium | eaBetHRFBEOLERYsERRLYRed Sphydyenabf num titani um and/ or

zirconium a=0to 5 b=0.01to 5 «c¢=0to 10,
€2. A process as claimed in claim 60 or 61, wherein a part comprising
at least one C,~hydrocarbon of the constituents other than propane

and propylene present in the gas mixture 1 is zeparated off from

the gas mixture 1.

63. A process as claimed in claim 60, wherein a part comprising at
least one butene of the constituents other than propane and
propylehe present in the gaz mixture 1 is separated off from the

gas mixture 1.

64. A process as claimed claim 60, wherein a part comprising at least

l1-butene of the constituents other than propane and propylene
present in the gas mixture 1 is separated off from the gas

mixture 1.

65. A procesgs as claimed in claim 60, wherein the heterogeneously

catalyzed gas-phase partial oxidation and/or partial gas—phase
ammoxidation ig carried out using a catalyst whose active

composition comprises the elements Mo, Bi and Fe.

66. A process as claimed in claim 60, wherein the heterogenecusly

catalyzed gas-phase partial oxidation and/or partial gas-phase



d=0to 2, e=0to 8, f=0 to 10 and n= a nunber determ ned by the val ence
and abundance of the elenents other than oxygen in (IV). 67. A process as
claimed in claim60, wherein the heterogeneously catalyzed ?2@!@%@2 .
partial oxidation is carried out usi 8§ a catalyst whose acti Y% on
conprises the elenments Mo and V. 68. A process as clainmed in claim®60,
wher ei n t heaheterdagepaois| yariaidabyr eds Gas aphaselpad twilscoxbdakd on i s
carried out i cat.al yst..whase. actiye conpposition is.a rmultinmetal oxide
" of the for ?r%ﬁéaé%tﬁoﬁiﬁ\%%‘i&clg%gg}(ooﬁa%@%m@f\)%?Turlav\%‘efre the vari abl es
have the follow ng neanings: X =W Nb, Ta, C and/or Ce, 89 27 MARCH 2007
X2= Cu, Ni, Co, Fe, Mh and/or Zn, X = Sb and/or Bi, X = one or nore alkali
netal s, X5= one or nore alkaline earth netals, X6= Si, A, Ti and/or Zr, a=
1to6, b=0.2to 4, c340.8; 2 6=49 to 40, e=0 2, f=0to 4, g=
0 to 40 and n= a nunber a\g?grﬁﬁﬁF%@%ﬁ%ﬁf{e?}ﬁeg?/al ence and agﬁﬁﬁance of the

el ements other than oxygen in VII. 69. A process as clained in claim1,
wher ei n t he"pRig ithe SRFHP 1o PaxRdFBR ERMO¥iLagt PoRri9Sduct or products of
propyl ene conprise(s) at |east one conpound fromthe group consisting of
propyl ene Xi de, .acrol ei,n, acrylic acid and acrylonitrile. 70. A process as
clainmed in %i(_airﬁilcfeavﬁgrgé?ﬁ cégk?%llrtSt step conprises subjecting crude propane
to a het er o¥fencchmslyivgat ahyabicelideleydl oge rmat iadhail hiné heayntesense, and/ or
absence of 29k ANGLOSHLEE!] NGRS AINE Lnt 8nBulILALOIROEAUR] Y ead
catal yzed gas phase "ammbxi dation of propylene present in the gas m xture 1.
71. A process aAYlox FeHIPRERI aim 1, wherein a first step conpri ses

subj ecti ng grudei WRRANG1 LRI Ruh et Qg ens Qs hrCat abyZRd:, dehydrogenation in
the pr esence angl/t%r 5absence of oxygen and al so

b= 0.01 to 5,

c= 0 to 10,

d= 0 to 2,

e= (0 to 8,

f= 0 to 10 and

n= a number determined by the valence and abundance of the

elements other than oxygen in (IV).

67. A process as claimed in claim 60, wherein the heterogenecusly

catalyzed gas-phase partial oxidation is carried out using a
catalyst whose active composition comprises the elements Mo and

V.

68. A process as claimed in c¢laim 60, wherein the heterogeneously

catalyzed gas-phase partial oxidation is carried out using a
catalyst whose active composition is a multimetal oxide of the

formula VII

Mo12VaXp % X X K7 X0y (VID),

where the variables have the following meanings:

X'= W, Nb, Ta, Cr and/or Ce,



in the presence of water vapor and condensing all or sone of the water
vapor out of the gas mxture 1 fornmed in the first step to obtain a gas
m xture 1' which is subjected to a heterogeneously catalyzed_gas_phase
partial oxidation and/or partial gas gghase anmoxidation of &Fgﬁ%ﬁ‘éﬁéow
present in the gas mxture 1'. 72. A process as clainmed in claim1l1, wherein
a first stegacoppri§es csUeeClihngngrdidespropane to a heterogeneously
catal yzed dghydrogeﬁrll/ation which is autothermal. 9 0 27 MARCH 2007 73. A
process as & ai ABI™™Y ¥ &2m 1, wherein the gas nmixture 1 and/or gas nixture
1' are subj &ti ednason mwanskilkaeNtmefalad,gas m xture 2 to a heterogeneously
catal yzed pisjigheggrs rpoh s%linrf?ﬁ(édea;gt%nmgé l&ropyl ene present in the gas
m xture 1 and/or gas m X ure 1 aLes

X*= 8i, Al, Ti and/or Zr,

as= 1 to 6,

b= 0.2 to 4,

c= 0.5 to 18,

d= 0 to 40,

e= 0 to 2,

£= 0 to 4,

g= 0 to 40 and

n= a number determined by the valence and abundance of the

elements other than oxygen in VII.

69. A process as claimed in claim 1, wherein the partial oxidation
and/or ammoxidation product or products of propylene comprise{s)
at least one compound from the group consisting of propylene

oxide, acrolein, acrylic acid and acrylonitrile,

70. A processg as claimed in claim 1, wherein a first step comprises
subjecting crude propane to a heterogenecusly catalyzed
dehydrogenation in the presence and/or absence of oxygen and
subjecting gas mixture 1 to a heterogeneously catalyzed gas phase

ammoxidation of propylene present in the gas mixture 1.

71. A process as claimed in claim 1, wherein a first step comprises
gsubjecting crude propane to a heterogeneously catalyzed
dehydrogenation in the presence and/or absence of oxygen and also
in the presence of water vapor and condensing all or some of the
water vapor out of the gas mixture 1 formed in the first step to
obtain a gas mixture 1' which i1s subjected to a hetercgeneocusly
catalyzed gas phase partial oxidation and/or partial gas phase

ammoxidation of propylene present in the gas mixture 1°'.

72. A process as claimed in claim 1, wherein a first step comprises
subjecting crude propane to a heterogeneously catalyzed

dehydrogenation which is autothermal.



73.

90 27 MARCH 2007

A process ag claimed in claim 1, wherein the gas mixture 1 and/oxr
gas mixture 1' are subjected as a constituent of a gas mixture 2
to a heterogeneously catalyzed partial gas phase ammoxidation of

propylene present in the gas mixture 1 and/or gas mixture 1°'.



