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PF 53957 1 Preparation of at |east one partia
BRi 8395%n and/ or ammoxi dati on product of propylene 5
The present invention relates to a process for
preparing at |east one partial oxidation and/or
ammoxi dation product of progylene, in which a) crude
propane is subjected to a honogeneously and/or 10
het er ogeneously catal yzed dehydr ogenati on and/ or
Bssrpcprdeagehatt dieash Phe marddaedcexidnt/ion abdéer emgoxidation
pxydyet of NnpAocgyleaie Step to produce a gas mxture 1
conprising propane and propylene, 15 and b) part of

e tLtuent s .ot her ropape. and propyl ene
B St IR F b A Y 2P A ORI i g, gt Least
Pre RArtighpeiftdtcd aBEHAF ATBYX6HRtIT RrOAECYHRE mEapyLene.
in awkd/cdr 20 converted into other conpounds so as to
produce a gas m xture 1' conprising propane and

Y OPYLERe p3RdaAl Sos %@gggﬂ% ol %eﬁom&&%&ogz%gegﬁ%/or i

propane and propyl en S mX :
ot IR oRE P EE Th a%egge Pt R
gas PFEdalveregenatelans 1o bherasease apway eheRRCefof oxygen
gas ima Jies2 soem treperdyen eo gsisyniatate Aedomgass jpitageopane
par tard p¥epgakhen and/ or partial gas-phase
ammoxi dati on of propyl ene present in gas mxture 1
and/or gas mxture 1'. 30 For the purposes of the
sent text, crude propane is a propane-containing
gas which conprises not only propane and possibly
br opydEnefbbhe at g tdttuesast ottdes, thapqoumsddne ahd| pasgylene

tWo pisdnftr €8 enel Rfd eRxatrd eaForhedr iOrtHd terseherdcals, it
Conp%}:l%(xﬁ)iagé, Oé rattggnopf anane th dgepg QrB.XJtﬁQS 1 SaH:ﬁP/ or
chem™ca onpoun an be detecte .

ohr OTRTSFERANTRE? [JFHeE G ot o A g S e
crude’ FIBPAAELINFRTARESpARY dEPYI e b rad$entoreaundsy pther
oxydeimrdrcaygant i mopahe 404 progariene st rondethpd yagenhttiare 1

Whi cdhd,S ihoheetleddt G400 Bi&S @pand in which no free
hydrogen is formed or is detectabFe as an

internedi,ate. In coptrast to, conventional, ,

oy AT D GUREEF oL THTEH SpF JLeRaE SohdotTerin capigoted as
oxydednEhisyenat ore i9aseRbYHETSZc LoTheheterogeneously catalyzed
oxydﬁwdﬂmgenp&fn‘mlofoxmﬂapm andiobepaarirdledasdphade

el evan@tkidiatt SANSS Hridp9Ichd JABEESENGE AfixRAPRIENSRASr gas

cat ¥§; (h.e. wthout the presence of a, for
exa%% e,§§oFid catal yst; cf., for PF 53957 2 exanple,

US-A 3 798 283) or heterogeneous catalysts (e.g. over
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, frequently at least two
or three and often at least four or fiwve, chemical compound(s}
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
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, oxydehydrogenation is exothermic. The
oxydehydrogenation of propane can be carried out at elevated
temperatures in the presence of homogeneous catalysts (i.e.
without the presence of a, for example, solid catalyst; cf., for




10

15

20

25

30

35

40

45

solid catal ysts;  cf. DE-A 2058054 and DE- A 19530494).
BRe5388A2 is essentially true of conventiona
dehydr-ogenation, in 5 which the dehydrogenation step
is carried out without active involvenent of oxygen
(cf., for exanple EP-A 731,077 and WO 01/96270). In

this case e forned as primary Dby-product
SRt BP-Rhe (o 0833 orhuir i P REcRiR Gase vebs (5. over
BxVidbinpdrdyenat icfn. DEOARMISEA% pudplRds 19630484 br esent
text, conplete oxidation of propylene is conversion of

Bthd slalﬂ'@e ?c@r@%ﬂ;rl%slq tth‘ﬂe th coHﬁQﬂ'é’icﬁﬁq 'd@h?dﬂ%%&?a%ﬁﬁ, in

0] r.eact
RO R R g, eynaéﬁO%rsete&&gnﬁgggle%d it RaCRG bapsive
imeglivieReng x e § %% (ALt hifon expmpime ERtdi B5NAT7 and
W@nﬂﬂﬁﬁéﬁﬁﬁt ofn thmspnaaei rhydregerals | fonrmelasacheinaags
ByrEROdlati ORstddi® off eherwatPEobhal AXitgat baBe agig/ or

SEPRRH AR bEORA ﬁﬂgpucts of propylene are, for the
purposes of the present text, acrolein, 20 acrylic

aci d, propyl ene oxide and acrylonltrlle Partia
7% PG BHTRPRIFOIOTa FHBXPERIS™ON tAKBd IR et eppsidatama afe
prgEorleart 18 ntervedilatesf allg.thbocatihvn prepanat imrthef

PUpYTRLS. 1RG0 JiGMcRabt | @dridd dabl ofs,)andi Prother reactions of
ﬁfqg%eﬁat W02 RBLILE! S U ABY AR TR LRE o2
£ r.eact |

e A B E i St S B mepye of
Ympnia iBathe gieamtiien ¢harmactentires |ymoxdtatiorl y a
partial oxidation or exclusively a parti al
?Hﬂnﬁ&béékféalﬁHrﬂfﬁlaogfhéﬂﬂ@%rBﬁ§y$f(Ehd5&153€1$ﬂﬁ?roducts of

leggsgre Th@asretﬁge elggége%éc'#es%gfzaom i

% hase éeactlo S O %f

?ﬁ%ﬂ%ﬁs?gl EI?5Q9¥ 88% LY &R nﬁ?%?%ﬂanﬁé Eonver3|on of
propyl ene into 35 acrolein and/or acrylic acid and of
Frmpleneidat ioraanydl oni dnmdxdat Aol grlddbcBE200 Akropylene are
{npaRhe ofrdARGARKE! Sd QN %rpmpxﬂ&eﬁraewn &fw&ﬁefs
oxi de) may be cited by way of exanple oxl dant, use
is.normally made of nol ecul ar oxygen mhlch nmay, 40 for
ichpretip %?&Pdié'&lf’ﬂs PR oo ARREF 194t ioaf 2 areangieq out by
ridedswiinein gy esséhhe anopnitnef t anmwntikeppasentalin the
rpdatd bhogd amindudat tan bd eoftrasléed rn hombhfer eatiinOper se
wglnpexauwactﬂ% WRack afy %ssanw&u %&%&heﬂvgﬂ? Aftpéwisl

| ut t.on ot NEJ as
%a.t:. %ycl%%g%gsé at tQX% za:m?]ox %atl ons se. g
°ﬁ E}%a&fb&‘n’@ Fee gre%laagbr.%% ﬁrBEl'lﬂ“-‘%L@E&&‘STHSIY
Qﬂﬁ#lEPEQ‘QEﬁﬁEbﬁFe Feaatidingr oXer eselid,t dnagendmslt oxidic,
dgeermyaksand to make the reaction safe. DE-B 2251364
reconnends inter alia, the use PF 53957 3 of butane

a3 'EGPE diél“e(%t jf%hcgfs ”tcl:r‘%@édm%%o‘é 8rg%¥°£<'ndeatlhl9_”

- acroleln,

shed ) itro S n
acro e1n agg}or acrylic acid and oP ré%fiene into acrylonftrlle)

and EpP-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,
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 one
inert gas (e.g. Nz, H;0, CO, COy, saturated hydrocarbons, e.g.
C1-Cs-hydrocarbons (e.g. as described in DE-A 1924431 and

EP-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
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Unli ke the case of | aboratory and pilot plant
BRpB3PR®Nts, the 5 starting propyl ene used on an

i ndustrial scale is usually not chemcally pure

propyl ene but instead a crude propyl ene which contains
I mpurities but neverthel ess has a conparatively high

rit Y. ade Qr "chem c rade
Bttt dintt MThadl 3y B omentianen, sBopa  dmaig tion
purdstingeipheshyavekde addiieionely B §s @ Iofc areenhd
expensive. It normally starts from crude paraffinic
tﬁmflééi?%h€08§sélfl§k qemetatddyy GORPEE 568 ﬂadteéﬁﬁerﬂﬁlﬁlts, the

ﬁzidétfln r?eousgdv\’gﬁ CJL li@ﬁd?@?%fgl %réﬁfgr ig 1lxsua11y not

IS S ron1t
By Fr‘é‘é‘?]?ré’ﬁ’ gﬁ%%‘ﬁi‘ ingtepd R qruee, PFBPYJGQWPéch
PR 1S5 2mpusigiesThut puevéitdwilesn kaem compstapstvely high

pisticdyl ecouprpslafmey gra®emvwal "ehewl €1 Rgagkherct han
pE-gp\loenezgpd, of other by-products different from
propyl ene, including the secondary conponents
griginally present in the 20 crude paraffinic

TRRIFGCAREDN h&UaBoFRFRATATINEY SRR ArUGRsPHARIEaRE s
relptiively ool icapietlabnd i apesisieat Bnderasliyrssadts diom
¢helesiplirh 8f idde Aydrobefbdi</apar géhérd 10 vy enpeBEdO RS, least
SHE PRl ¥1 E0EI Gl JtREERR | MErchl EYe 20t M Qale %%?{;% $ydrocarbon

Ln_conjunct [ on
49 Sovate e S BaHC Pt e A re e gnysical
MgSe (Fhe: TR GXapRte: FEPhé 83LdP8iropYrepier dhicatien step
9m stieps wayally cosguisets)i m remgealjushioilef éss (SEzonahyn
mforsdahe” and O f Btheequebroduehy N8I f ZaHdn®NSr bR . Wropylene,
fﬁém&%ﬁﬁb'Eﬁb<§edyﬂd59§Qﬂﬁhﬁﬁﬁkténgrldﬂhé¥iy ?gé§%4¥hln the

r|en0ﬁ§ | g{gas I'n val ue as resu
propo ot ﬁlﬁg &°cP élpropylenes going into parti al
oxi dati ons and/ or anmoxi dations is of subordi nate

Thep eboaruen tdwhed sepéfatidnselgpnerskloondauyreeadndth capital
ietmeat Wayd Cragda peapyd e tBe prmeducadyi BfSUCh a way
Sﬂéélhlg?ﬁa f& %pBQEL Jfﬂ@ngatgféeﬁé%¥ %E#% then51ve They

a a Xl datl o
#a shRxeBOte Mardlin Bibo RAEn b sdonahy ORIy Fefinery
GRAEeFES AN | T SHRERPET g 28f| oY Merthiwhhleithesayse the
magicer pedttof e Asude spramvilenet obtdiredpiabteiy wed- Bs
RA63dPLAPDGSfe RRRhtaties (debyAsRPaIMlsicAUeCl UL subsequent

1%@@@ zaf PonSXATR! epréﬁ!azta!?;% opr &8 eﬁk?l%zg‘}fo 95%(:9)6 %n%l’) din
ogeneous .catal ysts p P% e a

?ﬁ?&l B SRS S B ORDr TATEGoBr by TEnE aRd2 pF
which is 45 subjected as such, i.e. wthout
The ervedratien tafedheeat crate pc:opglénasergtomf; inseqaxdighs
St Dealth 6nb Oardi 9! QFAERIGMLITNE PE 68 %ubotdisatdl #gREtance and
QAREREEVORS d BlocOXifAl Il PUORH 936 CSAMe iobDfene
f|Q§ gas mxture to acrolein an ciylic acid. .3
produce 1 suc a way s5ti as an accep e rYaw macterlals
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.

As a solution to this problem, EP-E 938463 proposes partially
dehydrogenating crude 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
subjected as such, i.e. without intermediate treatment, as
constituent of a second gas mixture to a heterogeneocusly
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On the question of the purity of the crude propane to

BE 53887 5 EP-B 938463 states in colum 3, line 40 ff,

that: "The purity of the starting material al kane is

not particularly limted." "Further, the starting

mat erial al kane may be a mijyture of various al kanes.
T%gical%y the feed will gngr'se at least 30 nole ,

g, et GRETRREMN PAar 1R EaSI B IAD| oF RAPAAENGNRE FiFE in the
O- 9 sfoSr AabKYuEg Yeasrodeimping/ger aeviylisr epade. The

source of the alkane, e.g. propane feed, for use in

bRecHY QRRSSi16h dMaH §eeNMy JMVRR! LA Hraghns! i ikdlused,

Burd hegiipee, L. b 3ty terches ool B A LI

: nce, AfTer O eCover v 1BF the c8esi n, TiHe

Rof Ui ABE derrde e Bhkansi ify Nosr BeaneWay liel pritard -&d
Wertdher . sthei $todiing adtetionallkpoeihiayc e enmskxops: 'of

Jaei deaehikagss ofTvERcA1 1} 7dH feedr @sPDbnpsseBt a@l 1848030

hoS bekane) profinaddf dy BHANL0 A0le Perbell 1480 more,

BEFOITRENG f LR B0 L Kenclat LRt ThE §oving, of the
Hdfer fofe, PTgRaRe) frede fRndisesinnthmgeoress| phechp present

{fverdrionhés 26t sudijtécelo?t t he abovenentioned recycle
stream "Since the |light and heavy hydrocarbon

fﬁ{é}%lé‘}la?%ﬁ-t%@s%isgefé‘&f}%s eLhalfumn &L NYLEDS 7 ££. ~Hence,

t ane, and_bu s boil.al tegperature ’S|gn|f|cant'l C
Y FeREGEPRBIRT H68e 0T 4l &R BY™S ‘gases’ containing
PRRIBECaFBYnke X9 irayWithowesapni birant dirdditiendlon.

Pt igrimative| gtemst.'eans containing 30 the by-products in
concentrated anounts may be purged.” The possibility

'ﬂfxe %‘.Lé“aI&h nByrche E%I—'Ae%ﬁ IG rc%@f‘%lssgngaecss{eitﬁgﬁ%( those of
V] I'n_EP- 463 1N I 11, line . tﬁwe

'?%-c@?i%?éi*m@é%ea% ERERCEBTA Ll Bbe S € Ty 1ha out the

heksrgangonsly cﬁ?ﬁéﬁé!ﬁ?g drhvskeogena ko @ft PaPPang dwitihon

el i canmrbxoxdatenon is  not recogni zed in either

docunent. The teachings of WO 01/96270 foll ow on from

LN - d - A117.146,, Thus
PAEREE e 41710, S Bpete v Ladf g B oem ene
FHSAT e OF 0 B A BNISHRRF bIPRY Z56VBLE [FE 147 pf SRS OF fhEnt
0y vy he@rr Gir kosu by eryefuchér  ewdlprass @ethane gRfibEnen
¢tthitllemecohstaralering beténendedidbavetempidratucensdidnidgitantly
S1EALras t CBr o Ohodd20f 80P 1018058 StRAICH RFatcHUINR! fhey may

. ne, u I |
é(u ?ge%gg"gtedr@} hﬁ%@:nlf&bﬂx? %ligyéﬁféﬁeélﬁ Eg?%%ns containing |

es, pentanes, propyne, n .

& SePhoRugRs SrosoRechiRntad ARBERES \iBY PPoBIHERd <athEs
R PRid 183, of iswcpe prroe ptreampeftresfyalled gasds also
giEagedt on bEP+BE a3 8168 imeccdelmpdlbgehniatd an. step: "It

Is inportant for the purposes of the invention that the

ﬂgeg%ge%gsga\g?hdéﬂp st Qgﬁgﬁ@o&% ReL g%\/xgeé&ﬁ%t%ng&@econdary

o&yen\tisl Bﬁ:bo%]’ctoolthgrp%o'p n%xlijaatlon an 9gtralanrt]mo%dta%ion is

not recognized in either document.

The teachings of WO 01/96270 follow on from the teachings of
EP-B 938463 and EP-A 117 146. Thus, it states on page 4, line

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, COy, H20, noble gases such as He and/or Ar, hydrogen,
methane, ethylene, butanes, butenes, butynes, pentanes, propyne,
allenes and/or acrolein.”
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such as et hane, nethane, ethylene, butanes, butenes,

PF OPY9®7 acetylene, H2S, SO2, pentanes, etc." Al though
WD 01/96270 al so recommends separating off at | east
part 10 of the hydrogen present in the first gas

m xture fornmed in the dehydpogenati on step and
conprising propane and propylene before this first gas

Fysgheraors. eI/ GERRRr t9astieshen paggs di5 okidat3orff.ofn
Tdepegitopy| e queiseptopdrer eionbandsed rfcdrhehe odeslseiralgenation
gt "3€p§£ aim;mtaﬁlet EonalHey phepas & idig tﬁEI h@&élfﬁ'{;l.’on' that the
0 S_0 er an
a'h% u;é e5P %%ﬁ%néyd&is! (510& H%\trt%st%b% Lér% ; opane Rather,
ﬁFPPﬁ’F?v &b fBPaFOBYat e SRS e lume HRh atRgR gases
Pradpaseetprpy Imetbanad Punsiebky bwtasmsl, abubsygen propyme,

sunlylant| rs4s,089, Nipdntseecbefote. 4t is used further as
parti cuI arly preferred, any separati on process to be

r pur pose adver aff
econo WOZ&}%z%gveig reSSroc é%%n%% s gRast part
ehy %%%’sé’s‘feﬁ@%n%ﬁarﬂ’&d ilﬁs’f r@s &Béﬂﬁ%nﬁm@ﬁ*@dm the
dRivdregena fiom steh anduenrpiriat ny epsuparatnd rpromyleheubdfore

it hEiret agds/ alixtupsuid aldled FibehdifcRr tBOPbAES a1f ledation

I t d6SQL Pt 0 e
SX R Sr%ﬁﬂédéefggégﬁP Y, qiﬁ QLRLIQN t% & ‘S‘? . Of this

96 a
Ser?arggeg? e??ati*h ?(\D ?%asr Bé‘gnO?gLP%gletro b e‘eﬁ:'aﬁeldvel Y
qRfsgGtiably aldr SOPEELEIFS PEher shmfppEopane and propylene,
€l BPdB ot Bn s ebrods Clrantditet ave arsnovalheo fiedlds Siohg t bfuents

SeRA 8haf pfaneal bt 6py BIneS ABANEEE 35 HIQTRONEA Kar %ngen from
éfcthe'é Ebfstgq%d egen Im&edéerlso%%h;é Fogenald ald on

% 1 I1r eore t seeg Eh e% tg re < ce thg or
'%%”r ﬁ‘ﬁ{‘ dhoP EFS‘EUC?%’ Baat et STOFESE nk oft
B¥i st RETERSS Y Sr 8Pyt a%fret?&@ctthe neqenigsi aht thsh oxsap bt
mneessdatd orsesioedlyr stepoinvhbe mhergiseg feommerkdedein the
JPRRER Dot ao@daeﬁt@pzaﬁe sQ8h! AWn{EHte kh 84 vé Ssdiira8Pon are
£ Y EbZ}?&' f‘élattti%ef#{ a%&ea“fhe /'Na‘tﬁg}!g ;Slgk%pf QF
art (040 | OUS O teration In
EPRAE! oF° i1 2PREEP awn/r?‘%ﬁsrpaJrowgﬁgsS% Sregetoin
WRD0312882F o0 tiReept bsdiridont whigihare clpeer exttamiinatipp has
hedea faubd ato e dal abivaelausesui navleafed séparstingn &br
dNeplenat dehydecansény RoAPEMHErachdhodpever, the 40

advant age of not separating off the propane fromthe

ropyl ene, d in the dehydro en tlon i S pot
e BERERS L% Ao PPR TR L L) oty bR Sndiey gemeqpents
afderi Ehe delydrogenatlonianddoy oprdahydrageyasepusiepopr even
befogenehid [stepoie ondgxt itwatredutdathe Hermsepat atfi ky-ptoducts
ﬂrﬁraﬂﬁﬁtﬂéﬁwtth@ndobﬁatﬁr&ﬁ%(ft th%_rtie%lir%da{:é & product in the

e

Sl 8 el m%ha%e&ﬁaﬁm
%&% = B R Lhe, RIS (KRR B
TAFeeRi a8y i Bushyg SFE%dswﬁroé‘dasy tfr-ﬂotévéugrlolah% RigFppEt is
EmsAL019 298 theDEL petQURRO AT, bEFPOBRIZEBrmERich 528858he 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
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
considered in the light of the background that a target product
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DE- A 10051419 or DE-A 10119933, who reconmend carrying
PERt53987 process defined at the beginning of this text

in asingle reaction zone (it is usually carried out

in at least two reaction zones) over a catalyst charge
whose active oxide conp03|t on 10 consists of at |east

one multinmetal oxide _conprjsing the elenents , M, V and
SPAFELGR Spom HYe Pﬁ&é}lgngffqrme b%cféﬁ@ﬁecragr%%towthén any
¢agevant active oxide conposition is able to catal yze

both the oxydehydrogenation of propane to propyl ene

'ﬁlﬁfs 0 1950§X?§T%ﬁte BBy B g“@% Lhoge 3¢ E:f)

r da or V e}
e B Aol 335 et dsl s,
ded@ipédiheegdE-Ai APUFVB. ¥ esé%r:caene@écﬁamurtm@ut the
puirssgudaf ipad tatalthexbeainmomgand/ orisarmeaxxi dat 2 onirstlep
BlaliepSzoMNeVerd Nl a88a1 EP-Arkl8d9%8 sk ihohtexa8ddt &wo reaction

E&fe%mog§ 2nedfag s% h%ogé wgsz.fS %t};lve §§%Laé+r§eosate§

ati.on e source

t %
STPURESHE Her 8T GR | TELTSER br @14 FOBRE L& e oloments
Navd Moangt Ferandear Sbi eBhe Masasvef , thife pgpkedere is that the
redgoatdicesstiwd oddec eomprgd tiilbe abkamaa toegataless bath the

e@19dr ndE N erd QOPe% d:%sbﬁgﬂrlen@gELfet ef dr exa:nngée,
%%* %%f'él i ?59% TR, BeRPpaL gpeidalisn
yaﬁ?‘%x &J6F 6h P @Wanétt%%“’%%“i‘o’?ﬂflﬁ’@ that in
w@besereﬁedwﬁe theyveas i BikturgOl 0196ERE kisk ewtk ef e dhre

subierupnhoppanasi adf ofkhéat bars tandi/ b earenix idagt eeSs 0dp U st§ps.
to be useful. 30 A di sadvant age of the above

L1985 400 16569 Pr I QL %!(Lm . tab, LhsYe do% Qe
géé;sz Eﬁ L5A°o% ﬁ%fltue ts mﬁ Eﬁ% 2

|
lﬁvé‘{géénsF%‘ecrlﬁdB°erH?Hﬁ§18F %e?ﬁecélc’“ ce of
ehenpddans . wmaahbar purchasedespar 7. prespnadminturienwith an
dIames ahdl/ dh eottieid émppr Dpdse nESraovrem| IcheUatllanes,0 rejatdless
dtheiduredVesss @ld atkendaviegdaibiHedd QLeRBl Ned, be blended

40 ged) - W 65, LRGN ot e 500558, 0L baE on

|rst S suc Ycons § and are pr esent
rage ﬁhel?F?%t:’sdé”? m XP Lﬁ’%r%f‘llaglbé éflﬁhyglemﬁﬁﬁi%dﬁ‘s tiegms of

nWd tyubseqekaned leat hegarmsasl $ocks alsedefopathe¢ girocess of
the dakieabiamnd! WO aneB37Udlikewisbyddéedeiroget eomtidsv bEythe

RN o r3el ot 1t of hRuGatakySte ikt espect of the
desired part| al "oxi dati on and/or ammoxi dati on of

ropylene a result of detailed and careful st.udi es

t #?zi'éi"ﬁﬁ’v'\?%%é# RS uRABC Y e SCRIRYHR o CDSh BA st](‘%r%ﬁ‘%alart is
Yertp dbassde ol sxddmgsof theowuessicardfowharbneongil tuents which

iasd heg epes et gigh dhakpansi wergde hesmepeei ahéwicdlheompounds
213010 QEeOﬁS%'ﬂyé%eh€p5F5§¥H§ahEV8§lf]1AJQESESS in the crude
é{éﬂ1 eneQutene CIS butgiiﬁag% 5§ QH% ng)efgkcq?ng

e in
ghs%ﬁ-%r ur1ng the course

7o, ¥ %a? et
eepheshratister fremt BecTotaRas L Feen a’r’{f@dal’e then present in
tleprissent ads weisctalrsoachave catadyse mpfifsenbsin the subsequent

heterogeneously catalyzed partial oxidation and/or ammoxidation
by reducing the activity and/or selectivity of the catalyst in
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 Cy-hydrocarbons (chemical compounds consisting of four
carbon atoms and hydrogen) in general and among these especially
the group of olefinic representatives (l-butene, trans-2-butene,
cig-2-butene and isobutene) and among these in particular
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5 CA- Hydrocarbons (e.g. n-butane, isobutane,
PFaP3937but ene, cis-2-butene, isobutene,

1, 3- but adi ene, %, 2-but adi ene, 1-butyne and/or

2- butyne) are, however, ubi quitous conpounds
accompanyi ng propane and a&e therefore usually present

#ﬂ?% ni f.i cant nnuntz i.nexpensi ve crude propanes.
FeRsoEPER Pt CRUPLYFY R SPHE - 10PHEHSTr abag saturated
eRIfFRseht voh A Shewhtler amspbasatesbmerskeentitives also
ladren ydiver ae befisctaspeci al |y the particularly

troublesone 1-butene, are invariably forned under the

Part hydr natlo and/
H?fd% S5ndls, 1Bl hBueaS Bty QAR SR RRE P hucepe.
e o ot b e baton o Itpperme
%FE%/@-’] Bebubtyneheargut bevevayn, poégaifoup sompeasds areompanying
medangl andi ahed | terafidtoruAMINYi gadsdt Phodughi Pfcant amounts

™ qmélxseﬁmquiae B%bé&?eg h‘?‘hl@% 0&5&1&%@ é&#b&ﬂfg&f 5g the

e vgnenti,one

%c[ave a%%én Of: ﬁlrgo% I Of" Vg %& eV&qs s%f“%ro&(‘? 48ic
G4ihydy ?%%‘?cmfg gerpetat Yoﬁéepa‘ilﬁlézlul@%ﬂﬁa{?@#lﬁ?@ﬁl@rl butene,
armoxvdatably fmoedcundér ;hepybeditidns wiii @ hp&s: i)l
dsHidR opEARBIGh I8hdTUb] 68§Eihy\iR 0gehOrMEE REOPSbyarand/ or

het er ogeneousl y catal yzed dehydrogenation and/ or

xydeh dr atl n in the presence. and/or absence
oA PRISAC e g et T9ALE AL U YAy & process of

8 @S‘b‘f%ﬁ%ét AR PHEEY Epe, PIRPAFARIDYL pkaastopne

pértigdnoxidarsimrs aptiier anxigabpameradtepr ofypeiylene,
HiRSENLnl Dké thed@Fobbxdal fl therpeibd ArkhecdikdStactbant of

it abbvane PR i£gLes . separated of f fromthe gas
m xture 1 and/or converted into other conpounds so as

to_produce a gas mixture 1' conprising propane and
W S8YPefieunt d-hats 5hé s ngloiasds 16t aeieviesh Ry ox yeearess for
nnem@amegamd Jmamyy beacpdromlt beidasion xhdv er lammand dak hon

odueasbf OpodilahBer i st@dchd0 c) gas mi xture 1 and/or
gas mxture 1' are/is subjected as constituent of a

)&ture 2 to.a heter %41 ousl t al ? gag Johase

Bar (1HCORERTTD A Sarth a%% Sap Hoicynebpsly &
amMmUA@EPIBRSH S 1) SpFReVeed debdt cosnafaomipredee 1

and/mtydghydrdgend titonr énlthe PEe5805F #hd/wrerpbbantderf oxygen
1- butrerae £6 98t esiepPftol BevEas JglsXnlikBure 11S comb¥i P¥ng propane

vol ujyes ;gg g@gynt of the constituents other than

propane and propylene 5 that are renoved fromthe

m xture 1 and/or converted into other
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 least one further step,

c) gas mixture 1 and/or gas mixture 1’ are/is subjected as
constituent of a gas mixture 2 to a heterogenecusly catalyzed
gas-phase partial oxidation and/or partial gas-phase
ammoxidation of propylene present in gas mixture 1 and/or gas
mixture 1°,
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conmpounds on the route to gas mxture 1' can be in the
PFoB238570f the present invention up to 5% by wei ght or
up to 10% by werght or up to 20% by weight or up to
30% or 40% by weight or up to 60% by weight or up to
70 or 80% by weight or up tg 85 or 90% by 10 wei ght or
tq 94%\% wei ght or up to 96 or 98% by weight or ug
TRIHSISr cRBERLt RfsdheofRt M XEwEEnE § % HdseY
‘é@hsmatuents which is present in gas m xture 1.
According to the present invention, the 1-butene

PODEne! 03 Jc%nmwé&%dtﬁef &a%/oﬁégxgg {gfd Hrobylene

75% kéy | u

gt BV I Eﬁr‘[‘ i 1S5 Sempeed oindg, Byner

wwdSveﬁyt%er ?|qﬁﬁomﬁéﬁaﬁ| €ag, mllbythmlnméess of

bl presenpr efierrdiilon wpOtd % pyveeighe: @r d4p0t8520h by weight

MO UHTROROK By Qadighy M@Iuﬁr&ooraos QrOﬂdl@ lzxx Vele.od Bp to 60%

SV B S G s

‘1' 95?‘ g&l we%%?ﬁe\?gr °5v38 | py weight or up
#gnvemhtt lfr @esRokassed pp hlw %@qn@splfftlmee to

CaII[EEZpItuBDHE witivdr de ptésedit dihh gabutiermrienlt he gas
m xture 2 and | eave its content in the gas m xture 2

V.oc[ o‘éleH t8 f i%gél{% byrll\?e%t\iglnu en & r]t—%ugegg 3c/819¥ent of gas

B lm b YRR Gzessdof5k Y FPLYBROT < 0.68 by
Y%}@m Pén< 9 ¥ dpovekEre iBned 0. BF by yoiumber Bt §iqyd andy
Bpfierabily<t®. Ihdyanolume ofvetybpaeniecd@rpyepeaterabliyhe 0.2%
¥ASrd it UAR dndie pabseratly e oS aeeny v umel BEEPENGBAL by
&cgluﬁ’r%e gngt@e(b% tb_Q{ ggf&u@tcj}er 8051?% yevoﬁ.gﬁ%esﬁ{]tt%t I %gse of
- 2“b , CI'S ut'en %
J3HBUEHETS %ﬁﬂ‘ﬁ?@r §}°pL‘?‘EQI%u|°8PF§‘111braé’err1aBF§e%? q4thall, this
arrse] gEfetth atheocussal naPnger ofPRRAIENES ARl { Howgysr, in an
ovetalle a@seddnentrednshdeddminigas it xdayr e Fustiifiiable to

degtheohd f&i\?&%eofefiiaé*t e3eBh tehd VigNtthangas emn&%:e
IE&W l].%s {:gr?tgaq}t;_{?n\/\@%x gas rr{lg%%x}e t etn%aﬁggg e(% 68}%& by

ARG R WG, B Nt N
cafasne AnB0¥heén ordumecont ent of butenes is < 1% by
volume; or - the 1-butene content is < 0.3% by vol une

BdHNSrbetad S5 t@x@nbﬁé‘éer&f iBYERPESH ) The &%@yméfrmlwed
r lFf):% %ggglf%%lyi od{ ﬁog %ﬁlﬁﬁ%n??”{ rgheI %m<u19t ?%/butene

enes 'S < O

R/‘Eﬁslﬁ‘l’é' 18r he (945 Tlﬁﬁ‘l"é‘ﬁez é’b‘n’ft Bhtoiat £he 9855t L) ume
nfieoendentiyl o openERRtheY, ot eack dthexr W@byblml ume;
t¥presicheativeltceheheohteeried Ji<e. dharyy-2vbltare and s-Rebutene

44 alsobaeBheNt Lfd PHLENESrdiSuTat ¥y ProtrHBBy & the same time
to the total amount of butenes in the gas mixture 2. This means
that gas mixtures 2 suitable for the purposes of the present
invention are, for example, those in which:

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

of butenes is < 1% by volume; or

- 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
content of butenes is < 1% by wvolume; or
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10 - the 1-butene content is < 0.2% by volunme and the
PBtaB95%ontent of butenes is < 1% by volune; or - the
1- butene content is < 0.5% by volume and the total
content of butenes is < 0.5% by volune; etc. 15 The
process of the present invegtion offers essentially two
possi bl e $@¥s of adherin to the abovenentioned limts;
of tHESe PUPRR CPYLTHEE £ o° fpPyy Vel W nshthe oketadr
bot heorpen; P§tb¥t936ﬁel§tar9i?ﬁﬁ iyt ¥plwhe caor be a crude
propane which either contains no C4-hydrocarbons at
all e Whirgl ORLY<
CA- hé/dr{to%%r E;ﬁgr%%laﬁzhglsliﬁ ?7;5'% s?ggyﬂgndé) ggcgl;l?jltn%tatlo
the presant O nVERtTSh For thPeIREERES B 1- but ene,
(total) but enes and (total) C4-hydrocarbons in the gas
m Xt the 12bREene ecattteatedst 0. 0 Wiabycoolwm apki whe ctotefl
t he passinkl of Bdednud asaxbonsy RolliRe Srdde propane is
conpatible with the process of the present invention
depends,. inter ali n, the eci fic. boundar
cond |on? %ﬁﬁ?o ég:ef‘ 1B QS%% YsYRPHt ¥hﬁr5%':€s]s
and FqHFBE aét%W?RQﬁﬁley alpensyrlsrel lad in the art in
a 30 few prelimnary tests, in each case subject to
thesgnspebutife RoitRgar vscongids 89Svolimd tankdS tRECESSAr Y
for &hndysdrgeasbaling 9508 ganpig! edighd, fdam .
commer cl crude propane; e carried out in a
manner 35 known per se, e.g. by rectification. |t goes
The mEecesayrhhenRFesaRt isMivatiee priifatisoas pericianidas two
medibde wasorqfh iadhedésoript ithie abevepemriesedr Bimsitisngof these,
PSQ pbbaidle @d eagl bpne MY rObn1 ALSR Rii BBEHESOr pti on
are al so possible. 40 Additionally or alternatively,

- hydr ogcar bons i.n gener and but ene or but ene

trabie PEBE i Rg BAeR Al BRp T8 denge BESSTHe FRLER1

&ig-hera £ophding Mmoe At shxsirachsbane ciip@dnes wrikchcoptains only
seflowmphets o g~ hndinrambbasedhit)thecmiﬂimg drectifidéed

aEHcQﬁ:@lﬂhg t&VEeHd ipRBshbef Ofifrdnt ol K4t aoﬁee&ta‘ Wit Rebutene,
‘?' B‘gteﬂ)eé %d“’%tgvgff)e@ h{Hy?JEar%‘&an Viﬁiu{qfxture 2

€P$8F? asu%ﬁ?&r83£3ﬁ8¥§%awglq%ﬁﬁé& ep ssi

Cﬁnrapféﬁecala?ﬂrss dor Fhg Tmelec paPranfis ﬁempatlble with the
momelsy df oglen gixiesrnbr iFeri38h7ddfendie hyidtegesbita ,0mn the

SHRN.£10. BoukBardi &sﬁap@fddsoréa\bnepe@mi/rorther@ismss;les of the
T%%eesogﬁgl éa&aéegggkgﬁldes 5gcge§§s &gg ﬁg’thewgfp in a
181 PR LR TATY BEE] o1 5T GR5E Ry P&’Ee %rfe%épwflc

biruadapy rendiriions-(in the 5 case of a catalytlc
dehydrogenation). As separation nethods, it 1is

IIDS&iQtené&ésﬁﬂﬂy;!orf@%—H%&QBB&fboﬂé“QoCBSbééEHﬂd%%ngff from

AREREREL PN GRQhP! |dH] Ok Hafln

ressure d%sorp | E S be DéQ% §0§§h§5€ er

pressBF5 nggédggr 1ca 1on t goes without 'saying that
11 other separation processes such as adsorption/desorption

(e.g. pressure swing adsorption), extraction and/or
absorption/desorption are also possible.

Additionally or alternatively, Cy-hydrocarbons 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
present invention as gas mixture 1‘. This measure is employed,
for example, when the interfering C;-hydrocarbons are formed, e.q.
from propane, only during the course of the oxydehydrogenation or
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rectification and/or extraction. In the case of

BFrbpebMg, it 10 needs to be ensured that no

CA- hydrocarbons—are introduced via the stripping gas

used. If the propane and propene present in-enriched
formin an absorption nedi (e.g. after absorption
fromthe product gas 15 m re froma catalytic
FRIACIGBAEL PO HEERs 8t B pe R1GREOBYT tiRNE 0BT amdfor one
pétathespeoctss modabiil dsy azlt ahdisngs t indreased; ebetrdr alia,
wiete HheOPagtia BRidsy re¥iéle it ceas §F XFEUAC 152108 PIUGE@mployed
by et i PRE NOe &R ll'jw.e,t %?oc?ég%u% .glfle S;ffésgpzltn?%\géﬁnlo% (in the
chose ap éqerat§%¥ e used hrect %' or e ,
EE ﬁ&a?e 5 FYGHC F6PEIF I OBha/ R S9RETPLEPR drethods, it
YaRYIFadé e akPrstiRl el ofoarrKkamPlenuthe jchedinghion oo ff lagpsorption
g duscrpt boR . of mtirippinasmreifeeabbntantiprebsute gedtson)
@éafi telalin PSINAND1 3DE IPE N 2RMr O XY ERTY Iaasbbgtgéﬂs,
fRatii@ati ol dda ORNSLALLY: NG, T HAMPS 13088 DY UG e 10

| acrolern and/or acrylrc acid are/is to bge prébaﬁéd,
DR .PnbetW%%éhﬁFe’g‘érﬂfs}i%ﬁé}%ﬁ’PSsﬁEﬂ iptpoguegtreia the
$&riprangrg@d. us®d.course, the renoval of C4-hydrocarbons

as di scussed above can al so be acconpani ed by renoval

of e Brosanstddaignbest flaieRt 14" QPiRHRRAREANG: an
%%Q‘ lt.e.gﬁ' écﬁd.rr? {%a. urgktlé/r Ibss%r t(:):f'c;SI %Ir%m.t ghgo Soe uacr aE:jaels
0 ar% ol the propane. and/or bY opyt ene™ i edth C5SeS
BRG] FEOT o (9 A¥ bLErdeMAFERERBIL e s 8pAFRRIDPUE by
pRanse §§edir digrausfethareranpssnsagrutisisy adrpeding to the
mpeEnti davénytiadn ranoeaplwf vitzhethd-dusdim@eanbens’ iproduced by
Sdehihg Li ti sl Reet hSkntS %tfa%eﬂmr@ggas%s akyth depus
%é%%o?}q\.{g{:%%,efﬁee%tsegndlpeect%&oE‘:lgzrcn t&?e‘ agl—shngea nsa tthgtl.’

der ,nor Cl T CUNBt Alices, ~a gas m xtur 8-1°¢ ®i15-2i n
PHIAE1BRIRIAT (tHhe BrECHN: FaRvERRTD AITOKLAat berhamd, 1§ thus
jdendtical Ot q ostwy oSl mivetudfe @quant tlyis @s2% biye ainmeetopf
confhcd¥nby dthetolthan propard,4Yrbped|dhde oRfygen OLrb¥hbY gas
S, 1o DL TSI Y e S ol

0 , 0 .

Sxlalh Y et e Sl R/ 1% d praprta Sispiifh e
ey PEFSERF (HY Bt 1912088 %Y & BFERedwe 32B88E5Y X/ -ue  or
> 30% by volume or > 35% by vol une, of constituents
@f henrsbantkd retopabeo ATy -y apyd £@ndnds 0dygaisseBFabove can
51%%3 %flac%&ggamlﬁbxrf b¥59%ﬁaaearlb gg Egugén:g %&%k@?\é%ﬁetsa different
e R B R

Fé%@ﬁ? PR AT 0AEWERE BIPPangoIndPT BroRELeRe dygoshpgase.
vol une or < 60% by volunme or < 50% by vol unme or < 40%
Aycdrdingute. thC peedeny invenitéon| entntsepay&bidbroceskas
advaptagegls dRhnthgecdeRARYEEPS dgpz%msglﬁf)oa\ee reRoPEL of
tﬁ'?er ;CI gl‘ﬂ?{ tca? ohga%)ntgk%&a%o fr:]l. X:iFtu rt e2tn tJOosrzaﬁélrati cost
conf or o the 1- u% ne cont ent. and. .I T 10 Appricabl e,
TEhEBHE ST AREFeDRt EHRE (980 HBP SSSHIPMIFE - 2ppl | Gabl o,

This means that, under normal circumstances, a gas mixture 1’

will, in the process of the present invention, still contain at
least 2 0.1% by volume, frequently > 0.2% by volume or > 0.3% by
volume or > 0.4% by volume or > 0.5% by volume, often > 0.6% by

volume or > 0.8% by veolume or > 1% by volume, or > 2% by volume
or = 3% by volume or > 5% by voclume, quite 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
propane and propylene and oxygen.
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total butene contents which are suitable according to
PRe53PB%ent invention but at the same time has a total
content of C4-hydrocarbons of < 3% by volune or < 2.5%
by volune, preferably < 2% by volunme and very
particularly preferably < 0, $% by volunme 15 or < 0.3%
%/ v Iume or < 0.19 obg vol une. This is because the

B ey FBRTR" 4GP Opaf PRt THPNAS bRt hefe than
Brepane anéobmmﬂ@ehasdb@ema‘roundth@ devs gdiktergeherial lche
ot sadbsapfaglhe Usredentt DRvest fdnlvi 0Xi Batd 9 aRdAeliume or < 70%

BETRSR b MoPgPubedRe 20 d Bokhsy CAAGHEM o838 408 by

\%ﬁﬁﬁ es 2 which no longer contain any hydrocar
their adverse effect no | onger shows up at
all. Hovvever, in an overall assessnent of economics, it

%%ﬁpr@éngj tist the alylesentd twemyitiosonkt iy @dyenehfenis dor the
$drmrGA-ibydr DerieRA abivé htd @RSl Xidd @u2 8PdthLAURe gas
raﬂwret gt abtcaﬁt}e%nwrweccgm g m Y 8ofedhe aglag

ume or

VO unme _.or
ar‘RP 1c|a828 ?g tffyoﬁgo%eﬁrl?él 8Pe|hs°é%arr‘5eﬁﬁ ca’s% lcable
etk bygens| eAnRLentRi Yhhwhaiy e Rultapke @mcegtim@stq;fthteheresent
Iromgdeonobut et prheseame Sitne aend i ortadr ecachhevel, in
Qahl/dedta&rborth&F, <f 9% Q,asroama&uaﬁ 2.2.8% bpasd1REe pleferably
é % |b‘ymv5 uhdRORE Ge2GCHL A l%glt%ge%iﬁﬂge_l@VBQIP?:S(OUolume

396 ute e conten
a8 f’ﬁe—pﬁlg‘seﬁ’ty veRmen TiE {6 Srcain She
rblfesee&ehy %&wﬂéﬁgaﬁb@%dﬁér B tigulas pnbetane apdr ds,

Yabutiarer bss Daghi chuad et lnet ghi e groerdilhyg dnsad\daatageous

M e3RNbak OVENtd:A@akt D6h USRI/ JrObm@X2THY t8 ont BESEr 3V 1Ehe .
neet one of the foll ow ng pa| rs of specifications: 40

- 1-butene c ntent < 1%Db gléu d total content of
& {

]tﬁ’g‘?dFSE%r “%?5*15 ' °1‘966t EPRLEBhESHT <
qd%'lb'?r%)ﬂ}?ﬁélsaﬁé %%altltﬁ}m éﬁverﬁe e@zfenydlp@da:rr}g@m‘ssho@:%up at
Hb .vHowaeer orin ab- butenkl ceskeathert OJfS%:by(oMDd:SJnHtaﬁdn be

FialEiaBné efd fHcepdSséle MEcRsar PN < 037 RY ¥QYABocFbons
11} %h‘%UE;EE r%g&&%gtrzlséng %/%V tﬁ?iyr@oﬁﬂdﬁhﬁg% ‘%{l‘ %Qt gas

TS 4) Lb e o-06 3 ho QR D) Ubing, @t ot B O Do fvaelype or
A.-RY8r BEarDomre or3y, HylY dvuNelups or inhgrbreme Gisest ><0.2%

Wy 7%y . vol ume and total content of C4-hydrocarbons <
2% by vol une; or 5 - 1- butene content < 0.4% by vol une

ﬂﬁ@, h%ggg SR /A% gﬁ? Séo % C@ﬁg%lsoces§°/%$vg°'p%§em

ut ene c¢qnt vol-une an )
ordqas mixture 2,

SRR 0P e CEATFIFRC i hiRE T088y P

at least one of the limits imposed accordlng to the present
invention on the l-bhutene content and at the same time one of the
limits imposed in the present text on the total content of
Cy-hydrocarbons are adhered to.

In other 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:

- l-butene content < 1% by volume and total content of
Cy4-hydrocarbons < 3% by volume; or

- l-butene content < 1% by volume and total content of
Cy~hydrocarbons < 2% by volume; or

- l-butene content < 0.5% by volume and total content of
C4-hydrocarbons < 3% by volume; or

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

Cy-hydrocarbons < 2% by volume; or
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- 1-butene content < 0.4% by volunme and total content
BF 5395T4- hydrocarbons < 1% by vol une; or - 1-butene
content < 0.3% by volune and total content of

CA- hydrocarbons < 3% by volune; or - 1-butene content <
0. 3% by vol une and tot al copjent of CA-hydrocarbons <
2% by vol une; - 1-but’éne content < 0.3% by vol une
2nd VRHTEORPBHET O CAThyRH HAIBBnE kAl SO o oF
et c. Cohydmpeerkens X whi bW waluriee eane tine neet at

1 east-mnenef coheent iqrict. 35k NpPsedumd &€ fyteIeBbnt&xt om

Lhe ¢okglrbontiaits of 280PUENER, '8rthe gas mxture 2

are cuIarI vant ous |n SS 0

pr esigarg inve 1\! at I-nr&ota%e? @%‘g 'fﬁ uF8§L§nt of
sui t%ﬁlhé’dFB?a’Etl’@spér p&sky wl ul“‘l‘i"e SBresent i nventi on

T nclbdwiteng pantertul<ald,. 4% hiow erollumehane etotaie coht &bt tdfe
f ol | ohegrpesfisorf <Spechy iwAhim@nSer- content of

- bgf—%?&eﬁelc/&t?&’eﬁ’tplé”ﬁetlg tx}%tlg*n C%ﬁ':&%g:ftaqf ¢ HH&?P%SE <

1% ol.une t of gh cont rocarbons 3%
by v g‘?ﬁ?” £ % bﬁﬁene < 0.75% by
Vol L&f@%ﬁ@et 6%¢ertton€t Eng® o‘?Y ylumgeand By coptemte ofnd

t ot dfs—twhdtecdrminsC4- Ry dowcarlvoes ox 3% by vol une; or -
-ContE-fHut‘éEech&ﬂ;e <<0038%PWo1ehenBn@ndHaat 8bneo &4
@;u‘h98§§%§rﬂo{?sb3é 59“%@9‘, t,o&al content of

ons vol_Une; nt ent of
1- bﬂﬁg:i’l’%ege c3uk volou d"’llb‘fnﬁl a‘&%rﬁ GPCeRK Sfes

< 1%40RYdBreaotd <t ébaPy ceruear ©Fc C4- hydrocarbons <
3% by volune; or - content of 1-butene < 0.5% by vol une
@ riqtake £ oNt@lchoht difk RidkRNESmE flefS YDy ¥ Wik e@dthe

1ahdls eRpLEN (of thgpp%éggb%c qeRons, %h%"/ot??yown@ent ot

cont ent

Bteng: dethe 9@55%15 548 A AZ CaREF TR gnfdfAniGEeous in the

MWGr@Ea?%@eS@nS%WWPGWE, or 45 PF 53957 13 -

content of 1-butene < 0.5% by volune and total content

of d&%b@nﬁérdsC)dag)ﬁYxﬂﬁﬁéHné a0dcdwials ORhENuHoses of the
{i @&E}t :an%gagy 0 Hggicaﬂa% %hg%tgcv?ﬁisc D melt one of
0 ovenenti one cortbinatrons o

eo%PéEBWHﬁlt f’?ﬁccﬂ lEGﬁf%’l‘ﬁ of C4- hydrocar bons
and possibly tot aI content of butenes in the gas
M XtaoneeRtacs hdhafetd k0lHWy valluhdearshithlmeoft§as of

M Xtift@nds £0NY iR Guabk A88%ot31 044 we! E'E@xy@i’rocarbons
20. 2/o3l%yb¥01;6lﬂ§m or 0.3% by volunme or >0.4%0b

- content ¢f l-butene < 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 volume and total content of Cy~hydrocarbons
< 3% by voclume; or

- content of l-butene < 0.3% by volume and total content of
butenes < 1% by veolume and total content of Cy—hydrocarbons
< 3% by volume; or

- content of l-butene < 0.5% by volume and total content of
butenes < 0.75% by volume and total content of
Ciy~hydrocarbons < 3% by volume; or

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

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

< 3% by volume; or
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10 vol une or >0.5% by vol ume or >0.6% by vol une or

BB. 838BY vol une or > 1% by vol une or > 2% by vol une or

> 3% by volume or 2 5% by volunme or > 10% by vol une or

> 15% by vol uime or > 20% by volunme or > 25% by vol une

or > 30% by vol une (but us ly < 80% by volunme or <

70 by vol une or O%tgh ume or. < 50% by 15 vol une)
8n5t>

of cOTRESRueEt & BitRAe i Hi7d YR daRf giRAednEoRkRpt of
oxygeitdnesysel - ¥ ebypaiclumal and ytodadanoatprusfa€eontinegarbons
to thees pyesebtmé Nveadd.i on. The studies carried out in

the context of the present invention 20 have al so

o i enera I advant a us i
‘%/%Se Hsfe‘ﬁ l|Shn\%1ent| i 1)‘/%hret Ovelg%rbaﬁ'? € oﬁ?@ﬁfnqotﬁotnﬁec’f
AR C ey CARESRE 1B &R HET Py FoORYAROBRERANg gnd possibly

'awﬁld aendent rablkatenet ain cowbgesi nixtoirepRopykeadhéned he but
partticalsansi dakd oN gABIMOKtuRMIDX bdﬁt&ﬁmng%eowé@@ 1 ®.1% by
R EAr el A sl i
‘33? OrPrOEZ%’*eSDeP LBLaRa R ot Ry mo%ua%oa 370 % ‘?ﬂv

vplumey ox0% bY RibVigdEme oy 2 #oky BOMMR oFobudk Pihaipdume or
Heen yoyrdune de > Jakt bz wWanime advarntHgéeusoldte |dr ang0% by
PHTOR @rCﬁnﬂwtbﬁ%U%Q%i 53 tshh% BRS® RimeNi(bit | €sually < 80%
wqct&t%tnteoer t%cgt;?; <ol %oglﬁya}ﬁ ROkt akegy gt o

9§ % c e E@ e A g vol u d
PR e S0 R i Yo PRECELTT PHPIRARE o
PARHEAT |lénua?% %% Pérét'éubﬁilé'r &Fiv?nbm%ouﬁh BpeROrdingsttioy the
pordemtminventieord.i mts according to the present

invention 35 in respect of their 1-butene content,

‘ﬂ{éafsetﬁ.ﬁlgg¥ @zgjfjrl i do %ﬁU ¥nt c'bm:@:i(t]: b&% et%% ?9?&?&! J.%Qrgntlon

arti r r abl | t [
854, P igh %?1 i 1= RporalLs ey ngeeie pip the process
51 thsnprgseRbivipns 10B 0f e &hwprepqrga/oqwt@@lt uie Bfe @as
fiixgmre Rotd(8é mpomparabhevely doepyhemaierf tonadsid cund@libyble
o 4R oflbu BE DRARE, pEbﬁﬂl@ﬂH'ih themaa it oR93aHYon and/or

ntﬁ fr(”n%ﬂ§1ﬁ89@9y£ %@Eegé fHJéhQ?SH EF? rppane

%mé%&etuﬁé Y 5 R L Tk %a%é%#af 55030k SoLRe or

$rftﬂﬁ byt yobomdy REGPARE eANtRONEr Of obhe igagemistumhik of from 20
tapplitedypaciumeyl ar.by abent t30é Yasveluteyr daeilsears etuhdr to be

ﬁarﬁ%gaggﬁmaéggaﬁgl yzed partial oxidation of the
propyl ene 5 present in the gas m xture 2 for preparing

rol ein _and/ or acryllc acid herw se, _possihle ga .
£ A amBhte Lon Ak e At incH)S St Rut e Fapduction
b Haregasdeddiioe - aﬁﬁo%l-%fatnioén;*sab?n prdsy BEAEUNY in the basis
Bmc adhgadsbd bylunze , ppes asisctofresh2 puigsdie favethe @rocess of

tH lgid@ent Ninvention are therefore generally ones which,
firstly, conform to the limits according te the present invention
in respect of their l-butene content, preferably additionally the
total butene content and particularly preferably additionally the
total C4-hydrocarbon content, and, secondly, have the following
contents:

from 7 to 15% by volume of O3,

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
60% by volume,

from 1 to 5% by volume of total CO, CO; and H;0O and
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particul ar, those which, once again disregarding any
RF3538A¥ent for nitrile formation (also in the basis

of the percentages), have the follow ng conposition:

15 H20 < 60% by vol une, usually < 20% by vol une,
generally N2 02 20 COQ)Z 2pgethane fromO0 to 5% by

vol UFE; < 80% ?ﬂy vol usual ly < 70% by vol une,

genet 54 P tI‘:’r 26 ¢ %@wsyomruﬁ@nsabt%%l%% by

vol ume, usually from2 to 20% by volunme, generally

Th i dppila e d 5S84 1A A lakt R ; wier? %Y g & | i uresyal § Vusedl ¥or a

H&té&@g‘éﬁ%oug edgal ze&rﬁe{@tQLatlo oRi @4 Qﬁ wel'uge r<o qf’ géo

YOLE AU s e, S Bglgwlé‘%@’éwf%ﬁl for

Y J'&’Il‘ﬂfflfromOto 2%by vqurre ethylene<5%by
vol unme, usually < 2% by volune, generally fromO to

CLidpwi ey ObbsEi bl GhaNei <t p%hy Y6 WH, hdedabldnsoudTay
Hﬂé{%edgggffﬂl 36x1agt£é18§n Qldt/?r gar%'{@dg%ﬁa\ég%#/geof Qﬁ‘%@?gne

ol une
IR SSEEY 1% PEPBRFS0 T & OBPRY Vol antion include, in
taayrcql&yrlésan\éh®eo whigchy wmmmes@mn%ﬂa{d@ngsmbma content
fot unikrigentemidbiohr dalfo tim 1he basidywfvahenper&mtages),

papme £o01dMrYy cvrbysEeidssual Iy < 0.05% by vol une,
generally fromO to 150 ppm by vol une; propadi ene <

%by vol u ual ly < 0.05% er al
Pom 0t o’ 150 n?’HyV\’/%‘F’tﬁre w3y a0 by, ey, gpnerally
vol une, usuaﬁq%m $0 B ooy umet ume, 40 general I y
¥ryom5 to 102089% byl vokyme2 usudDly by NG| bpeyolises| bygnerally
20% by vol unzagongaloe{;ald;(y% Hy 981 Omd 0 10% by vol une;
b sobut ane < 3% fe by vol
2requent Iy 1fbroér;ﬁyi ? %}%% %%ﬂlyl f%égn %u anzé <b§)’°lume’
by vol une, pIet%f E)Yy 9:’0 i Une VoLPB8ient [y from

)1 to 1% bys V3 bifevolwkms ulsr:ask%sz 1f5 by volume, generally
from 0 to 0.5% by volume;

CO5 < 5% by volume, usually < 3% by volume, generally
from 0 to 2% by volume;

ethane < 10% by volume, usually < 5% by volume, generally
from 0 to 2% by volume;

ethylene < 5% by veolume, usually < 2% by volume, generally
from 0 to 0.5% by wvolume;

methane < 5% by volume, usually < 2% by volume, generally
from ¢ to 0.2% by volume;

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;

propyne < 0.1% by volume, usually < 0.05% by wvolume,
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,
generally from 5 to 10% by volume;

Hs < 30% by volume, usually < 20% by volume, generally
from 0 to 10% by volume;

iscbutane < 3% by volume, preferably < 2% by volume, frequently
from 0.1 to 1% by volume;

n-butane < 3% by volume, preferably < 2% by volume, frequently
from 0.1 to 1% by volume;

trans-
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2-butene < 1% by vol une, preferably < 0.5% by vol une,

PFe§a8h¥7ly > 0.003 % by volune, < 0.1% by vol une;

ci s-2-butene < 1% by vol une, preferably < 0.5% by

vol ume, frequently > 0.003 % by vol une, < 0.1% by

volunme; 5 1-butene < 1% by3%//gl ume, preferably < 0.5% by

volunme, frequently >_0.003% by volune, < 0.1%b

soPURRe | sobuteRY ¥olupey RrGitERRPLYrelePibby oy, by

vol ume, freqfranuent2y02003%3b bpl vwisimes Q. 0% H\by volume;

gi)t-tm'utﬁneis g oy ;rald:h@ﬂQar%b,fgrblldha'g @.E?ebﬁ%ér&lét,yne
-butyne < ne, r - 5% py ; .

yéeq:uently :f/foigle\él&; g[v%ﬁﬁ?e? gyoyﬁt%n%isfo U%%&%%me’
VYo e, preferdbl o, S5 o8t {ire U SFr BYUEHIRE -
from> 0 to Prememflyoruhed03& Bysvebymeyokkufelt by volume;

psathdreniel y << OLBYybyolaheinprefirailent [0y 5&r by whlume). 1%

by vol une; aflr.daqﬁe@it5% byo vlaumey psrher,all y, ra %(f’%o@ﬁme;
yoluyng,_ frequently fromO to 0.1% by volune. 20 Gas
jxtures 2 whigh are suitable for fhe purﬁgoses of the

tent i nverti &Y 4PSTS nATGEETIRBE & WhPEhPYe el uis:

only the abasmentivnzd 986 byceeiumes kuf . heodame: |

tli2rbualaso neet the follow ng specifications: 25 total
|
I
|

@tdr unsat uf ateedyCho el 0GRLRERSHT, & BY5RYLY QldiNEre,
preferably <f!toeq%% Y VRLUNE, Ong%lel&ﬂfX( %9@“0_ to 0.1%
ﬁy vol une; tota %f%%%; ocar bons < 0. 1% by vo?’urre,
Y < 0.950078y PY o ohie. SEREPEANYY £ 8D %36 ¥$86™Bpm
by vol une; 3tramieatlescicas By drotakbdns velade: ppd by
Ydhutyme usuad 10). 5% BHOvehmd)y predéraily geoneswl by volame)

to 30 ppm byro)dHR]yAE&OMe 5 00, Yu¥Ql ume; - 35
Cl- C4-al cohol s < 100" ppm by vol une; - (4- al dehydes <

100 m by vol une; 40 acetylene < 10 m by vol une;

G5t é‘lqe‘EBﬁ%%%dg‘lézbnﬁé? n*‘ffgt}é'@&f?bé?@l tkgef) gﬁﬁggf%%l fulthecrresent
nveniticn) a}so dnpdodpphirdse whlighemeets nognogéwi thehl ori ne
abdivemghk fonetk nayerlifych € DoA0 bu@ At 2cHey/slege PImd3DTE hbet the
£ O1wi bd- 698d B ilaRgop@MPOUNdS, expressed as O,

total other unsaturated Ci-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 300 ppm by volume;

total Cg-Cg-hydrocarbons < 200 ppm by volume, usually < 1530 ppm by
volume, generally from 0 to 30 ppm by volume;

acetone < 100 ppm by volume;
C1-Cs-alcohols < 100 ppm by volume;

Cy-Cs—aldehydes < 100 ppm by volume;

acetylene £ 10 ppm by volume;
total compounds containing carbonyl groups (calculated as Ni{(CO)4)
< 100 ppm by wvolume;

ionogenic chlorine < 1 mg/kg, generally from 0 to 0.2 mg/kg;
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: 1 ng/ kg, generally fromO to 0.2 ng/kg; total
PFcB3%57Yni ng conpounds, expressed as F, 5 : 1 ng/kag,
generally from®6 to 0.2 ng/kg; and total S-containing
conpounds, expressed as S, < 10 ng/ kg, frequently from
O to 1 ng/kg, generally fr Oto 0.1 ng/kg; 10 with
the proviso that in all the abovenenti oned cases the
ot Clesppreminigy sPmeewidneexpsepsed @sablly < 1% by
<ol mye kgpagenendldyl fropr@fter @bRymg/Ky;75% by vol une and
very particul arly preferably < 0.5% by vol une) and

%%%11' §U£9£L CABLYRd S ¢ Sgagl_;secmegt 15 of

ocar bons 3%_by vol unme

gbl %en%%bgr%%ﬁé’ d PAGic@Pdriy preferably
< 1% by vol une). Unspecified conpounds (constituents)
s lpSetonadinimocoppesedd,, expressehadat gctable, in the
@a@ it ky! efrenneliDertay anteoon. m@chuaBng?élm @zl&neé 2o

n%g?gral |y al so obtainable in process
pres [nvention, in particular if the separatlon

processes menti oned are enpl oyed for converting gas
wiitht thesptovisw ¢hgasimi adlurtés dboveseritngnefiecases the total
dRTHénteBENE Bl Hrenkseds aseFedaBly 26 180 biyh@o DIk &fParticularly

ﬁf&é%%b?{?m ekt Be fbldhe %hﬁpvéixéf)%rrrt'l‘éﬂlgﬂy 'f%Qabl

éé%%% % ?a/fes V\'hl hg%x?tzf%gtr> n]ﬁﬁf#g})g%t t\é\ﬁ? g:otal content
1G4y ¥%€%ﬁ§&9§50}s #fortheeiawﬁl@m%é 8% BYoYRlups Wrgeferably
€ €3y byf vohwee Bchpavoionmrdy Oré&fédnblyvdl Uleby orcBiamby .

vol une) of said C4-hydrocarbons, in particular 30 when

15 o432 %! t:{lﬁrﬁo%hgw( ﬂ%ﬁ%gkﬁ)atd&ln prBEQP GRRL 5P£s ent,

otk BYOL TR €5 B OR e Ao PLAPORAR & SAGEBE SAaRtdoh

99. 75% by volunme or < 99.5% by volune, usually < 99%
Suchy ghanpixrures08%aby gelarme lygehsy albitwinal®léoiyy the process
o ltheeprésdl ieReheDbn Oflrpﬂbaﬁliﬂé@.'&‘a%r henshe HYpAVhtion

ﬁ&Q:]dégEes éﬁ\]} l&ﬁeﬁ §r/ béin 1%9! ﬁn%ggigﬁlélafb n‘é.ﬂ:m‘es 1

req ent g
’xfgi uﬁég %Eﬁ%‘ﬁ%g o Fuﬁ%q‘&re&\?é‘ﬁs S%%‘b“;} e according
%Itﬁi‘ﬁepr aSHIR éﬁ’é’eﬁéh%”ént“’h@no thes Blrafolsar, i starrigdout
i3 byuds|pmpanedSwiytrtercainibyin 0. 10% bpmvbj( umetghltut or > 150
;fﬂne%yenéigyhé RRMBDY 0N Qi By GRIRAE NS 3 rmsns or, for
%é%% 30y %w e8! UREoy 1938 ;7 o J1, ggag 5% by

Z ut en 0 , _usua

hePal e “@e %v Jﬁg"ﬁﬁf ?9%q&é‘n?ﬁ‘§t5c 1(?"
"ﬁ’gﬂ‘ﬁ Byeym%heséﬁﬂ?‘ﬁw ﬁPEGlWﬁUGy’n\?oI une or even >
30 ppm by vol une; 5 ethane content < 10% by vol une,

piopahkycon Bty YokUBE, vOeRe! ahdyally > 93% by volume,
generally > 95% by volume;

content of propane and propyvlene < 99.75% by volume or < 99.5% by

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

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

volume;

1-butene content < 0.5% by volume, usually < 0.3% by volume,

generally < 0.1% by volume; but frequently > 5 ppm by volume,
sometimes > 10 ppm by volume or even > 20 ppm by volume;
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fromO to 2% by vol une; ethyl ene content < 5% by
PB| 53®57usually < 2% by volune, generally fromO to
0. 5% by vol une; =10 net hane content < 5% by vol une,
usually < 2% by volune, generally fromO to 0.2% by
vol une; cycl opropane contew57< 0.1% by vol une; 15
ropyl ene content < 10% by Vol une, usually < 5962¥
Faimeontgahe?hiItuFeres 05 - S0Py NEBOLl YRR auspahlent 0.3% by
G3lumedr genebahlyy o el ¥t arvqluopankuanttsguepylene 12@ps by

PoRind)y svktimss tobal pERNEER1akhe Gr dmOsash $y0v3Yme ;
by volune; and total content of C6-C8-hydrocarbons <

600 m by vol une.,. 25 Crude pro s suitable for the

gﬁ%ﬁﬁ%@&&%@% [ e BEnTo TR tFBA DA< 3% Y| Heibte ogenerally
& §6t 2Py iAdemet he aboverentioned specifications

but also at the sane tine also neet the follow ng

S08AichieCabhofst 38st B a&om,ea&uﬁlp@%nb?%ﬁln@,ng

I : I
A ORI L IR P

chlorine < 1 ng/kg; total content of Cl-containing
eIHEeendontexpreSdeliyagolOime, usgtaliy kg2%4byt wohime, generally
fxo @ntoob . 7 agntveilameg conpounds, expressed as F, < 1

ng/ kg; total content of S-containing conpounds,

SHPI52380naS Gl € L0LKGothR 1 he case of catalytic

ogenations, 1T can b vant ageous for the

reaction gas mxture to contain, based on the propane
Brarydenet pentdnt <f 6% hy tweluee0 ppmldy woblinky RRUBGI57
déherpilafes abt \oyf vetuthe} 0 100 ppm by vol une, of
sul fur-containing conpounds (e.g. H2S and/or di nethyl

| f5i d sin hese ar.e abl firstl to passivate
Sled SohrGer v arteiind ples P atieite "R piPbepe
& -APENVPBEfes undesirabl e cracking of propane) 5
and, secondly, to activate the catal ysts used (cf.
tdtallakyhtént dehydrhp@radardonsf < | Iar bgl kenake; RBagasco,
Daniel E.; Haller, Gary L., University Cklahoma, USA

tcé%a&}.l %ilts.exgt;.l' 909t4)05—€’é|'—’hyd31)%géég'c}rllg <« 600 ppm by volume.

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 time alsoc meet the following
specifications:

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

acetylene content < 30 ppm by volume;

content of ioncgenic chlorine < 1 mg/kg;
total content of Cl-containing compounds, expressed as Cl,
< 1 mg/kg;

total content of F-containing compounds, expressed as F,
=< 1 mg/kg;

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

< 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 teo 1000 ppm by volume,
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10 with the proviso that the 1-butene content is

PFebanslly < 0.1% by volune and particularly

preferably the total content of butenes is at the sane
time < 0.1% by volune and very particularly preferably

the total content of C4-hyd car bons is at the sane
time < 3% by volune or < 2. y volune or < 2% by 15
peetARablyhérapekity dA0i BrE b}bWOtlh@echu‘déuglpramntammg
defpawedisunidey. tHE apdovr stiretayl nsyehieledl s$htd adleaef afe able,
EDEsINAC @SS pREs 1t N8B corl SR LA LR mer&htehfemr) such as

53 Xtdg %.n% g2 I'1':t1'1 %e%leéeé 1.8-{ %&L’Lgfg t riackln? ?§ Zper(?pane)

t
AL (RRSBLN VS SHAVARE | TIF SRIAOVSRE piell APt galiqimdusic

&Pﬁého@foﬁ HOWsK oplkanss, pRéS@WOrI rDanhelg&s. Haller,
Gaxy Ur.e Unitersity Okeahaed, tUsat, aatargdied (1994), 11,
9xydghydr.ogenati on and/ or dehydrogenation conversion
has an overall favorable effect accordi ng to the 25
present invention in the first step of the process of

¥rih FEsBREVIFNVRL Shei S-huheRft agrirns ienpgeferahl ki §.13
ey rwadugieoand spar t5 cud ¥4 y lpreferdblymthe fuotglienthyent 2%
bt oend sOhi t efhes s2Bhemeifde <'hQﬂ%eﬁﬁhvdIﬂﬂéVhﬁaa$ery
ﬁéﬁ%ﬂﬁ%ﬁgglp #¥é¥%?9399 aﬁgzﬁﬁ%%pgﬁngggiJ%?oﬁe ﬁ#ﬁ?ﬁ Sgns is at
él?%csgglse gf‘m?heog% é(Ze éjr%t |-o?\l ﬁ%r%ﬁ"@%‘sn‘fﬁu%z Y o4
©-0. 25% by voI une or at |least 0.5% by vol ume or at
| east by volunme, frequently at |east 1.5% by vol une or
The |spael f200yioty o ohd @fddenpaspdensle f2ned0 aatoluae
Bfowlsd S?éh&%?é%ér%? ¥ &Hﬂi ¢hy Q{?tdxlo‘é%%(yogt&%r P‘rgéé‘nt
B&%P%ﬁon Qg@P qp gne fre e 1 %hﬂ uent of
3} by SFﬁn’E én% at¥SP 18585 by SRR
%fgatshé%‘étw&?us% i tﬁh‘éﬂ?‘i *}ed %%hé‘éﬁ’f@‘ﬁf@oﬁﬁ 1y esatadneeds
samsthaseepaxsial loxidhsomampldy of 0a qpderiadr gde-ghaa@anes
Sniidxdldaeiborof ePpREESTerd phrBSelf ESERhel BYENhiHUre€1U. Here,
Eﬂpsf%cﬂotmqj 1%%1;&& @qugeh%rg%gl{%aornbgﬂa go ;?%Ebgenatlon
irl

ég}}ve ¢an contain_ > unﬁ g 8Fc°r Mo the

erSlO?r eaﬁ'lt |0 GEE

REASRRr 66‘5?%1@ da. gt Efﬁld%ﬁtOSIeBrO@ By pyogesural theepsesent
byenslionels ddvaaddoeoes. dndgahetdk tddme cbhversidieyiscan

£ hlR, Bub PRV BYlYoftiRientl fOLEN Is18Pah8 HeteW byzo mol$,

y&l tgzehoi QARG éét&fa& B&ay%g%&rqysgz ggwre to 0.5%

by volune). Furthernore, e sane
time_cont a| n >>5 ppm by voI une, frecluently PF 53957 19
oyessreR Mgy ubfalac ad énether)g crudenproganeshyuitable
ot wime poocéssbWfbyheopramnt Cnueket jproparrsl hicintaie at
Paldt oURBE |y si1uall 6r fal 1Bt PUIPOIES voduRd dh&t least 1%

w%qmﬂel N¥ERLaR 18! 50 iéa%'tUQesUw% wmgghoyeaeé 185e 2% by
the ab, vement oned %‘%c§f |ons

|rre CafES PR AneCERT | Ifnﬁ CAt fonssast ej%sgy

volume, of constituents other t an 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 alsoc apply to other crude propanes
suitable for the process of the present invention, e.g. those
which are free of Cs-hydrocarbons. However, these can contain

> 0.1% by volume, or > 0.5% by volume, frequently up to 6% by
volume of C4-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 volume, frequently up to 0.5% by volume of butenes
(e.g. from 5 ppm by volume to 0.5% by volume). Furthermore, they
can also at the same time contain > 5 ppm by velume, frequently
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Ag <1g/kg; 10Al <10g/kg; As <l1lg/kg; Au <1g/kg; Ba
BFgbRYP7Be <1g/kg; 15Bi <lg/kg; Ca <2g/kg; Cd < 1g/kg;
Co <1g/kg; C <xg/kg; 20Cu <1g/kg; Fe <10g/kg; Ga
<19/ kg; Ge <1g/kg; Hg <l1lg/kg; 25In <ig/kg; Ir <1g/kg; K
<1g/kg, Li <1g/kg; Ng <19/ kga 30Mh < 1g/kg; No < 1g/kg;

k gl k < 1 g/kg; Pb 1lg/kg; Pd <
&5/ ]O %t* ng‘@?% & & gu“g%rk-‘g (F-*ss L2390 16 PPRQRY, wolume to
Qg7% )’Splumg)g/kg Ta <1 g/kg; 5Ti <1 g/kg; Tl <1
g/ kg; V<1 g/kg; Zn < 1 g/kg; and PF 53957 20
Crude propanes which are particularly 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:

Ag < 1 pg/kg;
Al < 10 pg/kg;
As < 1 ug/kg;
Au < 1 ug/kg;
Ba < 1 pg/kg:;
Be < 1 ug/ky;
Bi < 1 ug/kg;
Ca < 2 wg/kg;
Cd < 1 ug/kg:
Co < 1 pg/kg;
Cr < 1 pg/ky;
Cu < 1 pg/kyg;
Fe < 10 pg/kg;
Ga < 1 ug/kg;
Ge < 1 ug/kg;
Hg < 1 ug/kg;
In < 1 ug/kg;
Ir < 1 ug/kg:;
K <1 pg/kg;
Li £ 1 pg/kg:;
Mg < 1 ug/kg:
Mn < 1 ug/kg;
Mc < 1 ug/kg;
Na < 1 ug/kg;
Nb < 1 ug/kg;
Ni < 1 pg/kg;
Ph < 1 ug/kg;
Pd < 1 ug/kyg:
Pt < 1 ug/kg;
Rh < 1 ug/kg;
Sb < 1 ug/kyg:
Sn £ 1 ug/kyg;
Sr 2= 1 ug/kg;
Ta < 1 pug/kg;
Ti <= 1 pg/kg;
Tl < 1 pwg/ky;
vV =< 1 ug/kg;
Zn < 1 pg/kg; and
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Zr < 1 g/kg. Crude propanes which are very particularly
PFRi 63bBZ for the purposes of the present invention are
those which not -only 5 simultaneously neet the above
menti oned specifications but also at the sane tine
neet the follomﬁng specificgélons: density at 200C =
500 t 2.0 kg/nB; vapor preSsure at 200C = 7.6 0.2
bar: 10%Z%es & Ha/kg- nmy/ kg; evaporation residue < 2

ng/ kg. The specifications indicated are based on

d?ﬁ&é l’ﬂr%ﬁheﬁswlbﬂcm%%ﬁsveﬁ 1601 2FR} %rl%ahze afsk he

?t gfrﬁegﬁ’ ueglrtpg'g‘?gn on @&_gt EI%TE lCh not cnly

a or atlon VI ne

tANeaEe LY, meqt Pv?ﬂee&ﬁﬁpﬁge%pqﬁlgfﬁcsawwdout also at
hly%lrwwr isame m¢et ghegfedhowirg spansﬁmtfuoeld
constituents are preferably not present, i.

undet ectgggﬁtyl Ret Qgéoc_cr_u@gopm@a@eﬁ ,.ch are

parti cul suitable a g t |nvent| on. The
process ‘g?p i resgu]é%tal (r?ve tT on | s‘ gﬁlrl “cul ar

i mpor t antt eli/\ﬁe 0j pg{kgienpl oyed in the recircul ation
node. 25evapdriaitdopasesiduee <d@singBwy.t arget product is
separated off from the product gas m xture fromthe

'ﬂﬁé -R9e1PaF{dA 191)&hg§Eéc9rhrea@>gé8& &W&% dat i on Hy v means
opovgps sgparalion &ro an | east unr eact ed

ané reserﬁml “t A SlfPFc;'bel?&s g salfﬂ%cufa‘gsof% o
@%%fétrréamfcsgetm ewapﬁram%crte@edgﬁobs/ﬂw@dp%s%rﬁravmetrlc
détermiimatiion. rErigecelral byl danpirheesXyigtnpdi ddegaiydxmcarbons

aadf ofgrdehydipgenati on step and/or to the gas-phase
parti aI oxi dati on and/ or ammoxi dation. The propane and

PLony ne are recircul_at ed é’lr'f% cled%mthls
;;zp i SFatisiiRents S5 HRePLaELY Sinh FERSSRS dr-tor
tepriftidde REYSD PrsBpEr Wriah @ RRThHlazRs

$1a1tlegrés becvrgils'mntectsbd irrenttiennedi at e t reat nent or,
when an internediate treatnment is carried out (e.g. to

@?@%&E@s@f$f qﬂe p%e tlflzlrﬁ)éq{tQEnogs FH@?SQEl&@ere |50 prtance

rlor to rec nt er medi_at e treat ne
PR At 18 d® ﬁno ?/‘Tef%rfgbiaﬁborbmd& ency. For
exanpl e, even mhen the crude propane used contains
Inlghisnahbe prigpodesdned ofarfyetupeoduciotire sepat £iws of f from
tﬂm/lﬂ'foduet he4= %ﬂﬁ)ﬁgéoﬁﬁfﬂb% §8sOphd<d %larEQQi ed’i-tt.ldgftlon

P&Jl:%o% 8,01 % gg@a PSR r%cxsypa&ao ag%l Yst
| §
e ﬁ”?)ﬁé%ai o C&%@Feg%%%”ﬁ 35135513 T a0 tReuze, in

@t FAFPEhRY ddifheRRERAF AR PFPRYIeNs peesfnedtherein, is
mmmcdtﬂnged oca depprgéeitydnogentt don wridess gahydmideantion
SRAS WhAJofl €0 tHedghbagiise DAL La MERSIHRS of afind /Y
é&@i&l‘aﬁci&@ﬁpﬁﬂé %rgﬁgﬁgteln\@ Ip\foggl g’r'l?’eg %Z:ez asual ly recirculated
(recycled) in this way as constituents of the tailgas remaining
after the target product has been separated off without this
tailgas being subjected to intermediate treatment or, when an
intermediate treatment is carried out (e.g. to separate off CO,
COz, H; and/or O; present therein prior to recirculation), this
intermediate treatment is carried out with only limited
efficiency. For example, even when the crude propane used
contains only small proportions of l-butene, other butenes and/or
other Cy-hydrocarbons (e.g. total content of Cy~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
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
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separating off the C4-hydrocarbons by rectification
BRRdB3R5BY absorption/ desorption and/ or stripping

and/ or by adsorption/desorption and/or by condensation
and/ or by nmenbrane nethods fromthe tail gas remaining
after the target product h 12 been separated off and

circul ating the tallgas coggr|5|ng propane and
%%‘gﬂ RAE cHI% fenhy €Rgatbonepon Rentidicrbyen RN GENbY

abscezpmmm/ daserripians andrex eswdpp ing sdndveag byi t
AGSOPERAZ AUSIEE 1M agdBo i Bet WoRddn st i AnkPbr tHe rdhbrane
Refid s fQ%Sind@ltlé Qhiad sUB ﬁ&rﬁﬁéd f@éxo pcﬁ'ﬂ—:‘e tg&%st %roduct has

ssent | al ur|t or, t

A e P Rt c‘ifc‘icé‘(i B9 it RiPas e ising
FEPRIh éadcRrcRY kiep whpah sEhen geppb@es - uses so as to
avoi d 15 undesirabl e accunul ati on of C4-hydrocarbons.
Epra 3Bk ereddr@s shiegeh h§épé&‘attlﬂohh§téﬁ QRAQEnaPEssary,

{&mdg%mzt%sé él}ﬂeﬁgm%gage g}gmref 9 a ge&?éﬁtéfongthe

ectrl c_pQwer an product| on

TS PE GRS NP ¥hESI TR XS5 BEARTHG S SEAERpHbdes SNy
Eﬁr%qﬂafﬁFe§bﬁtf1qﬁF3ﬁFPBn can be carried out according
to the different basic variants described in the prior
Bétan |a'ltbbﬁa§i\F@|t%sﬁ:hléaééélritecﬁh.le B8PS ok EEEl&HééCﬁSS

ﬂéné %e&r Sﬁlsnélsc?%e BXSQ&&% ak ﬁe%%%ése%ooﬁg Lg void

present

L bt L alls oo OV 8 SR e e,
Bfem:k@r FPLA gpg3pane- anclmszlane ERsseg9580erein) Ran be
Budd2 ¥bt, gdferatlihgl 6384 6riERoket 19298% biPuded OF&T &h3,

PFsdhc2d0R- 35%1:1@81@ 82 3631 EneVDL D/ 20105, EP- A
767164, 30 DE-A 10029338, JP-A 8-57319, JP-A 10- 28862,

éP A 11-43314, JP-A 11-574719, WO 00/ 29106, JP-A
Fherssss the proressgghsthe pyesans 1PE/RRtigp. gan ey sayxied
gy ,@CPPIQZLBQGQO the Algﬂ@:s%z basyp voyigeg2s5degfribed in the
prE3148L.IJP- A 2000-51693, JP-A 11-263745, DE- A

10046672, DE-A 10118814, DE-A 10119933, JP-A

Ta i3 1m0 es Vriafls ot dsReoRE I Hocgey gyt g, present
BEISAtIO95349 L2 ESE P8B4UE R SIPELA ARRSSI D1 ZORE. MY gYer 2

BRIyet DEaygd PEEZERY, t@e&nllggﬁmxmnie ehetawedldr dmcebe
d&ddanits Eheseshac8nenbsa #OsFhe DEiA V®SGODPDSIiEE-GNS8 95009,
@%ywésgnvi hQ{jﬁ@xt §|1¥§89'f3fharn @@’-gr le@SBS?enbbgM Yo- ~57813,

S S g S
f%ﬁ@%% Egﬁﬁ GERATROLI NS ORI IS Lhea Shemmle
-3 &99 e Je‘i e‘hén?”’%?'eérl’e& #Po?ﬁ%ﬁ%e gPoﬁ r1-43314)
TROsildtPRG7b9, NP 0042996 TigP-AALO-330343,,, TRhA 13285637,
JFerA Ga05Rh, K-A Rd-4Pu34 )l ajp-Ri 118341051 ,45PSA, 3408263, ,
W, odsioasks, Mip-2AG-sAd48NdrB 1 bBo6OsHM Rt 180a P f393%,

2 11884 0R0REEE £F 2BleY nCRFPIISES LBEs b T24a,
l% ﬁ@g a‘%&ilﬁ(}gpp; DE—A fQB%EE‘H ‘iﬂplggwéﬁf

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 references cited in these documents.

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
one element selected from the group consisting of Nb, Ta, W, Ti,
Al, Zr, Cr, Mn, Ga, Fe, Ru, Co, Rh, Ni, P4, Pt, lLa, Bi, B, Ce,
Sn, Zn, 8i, Na, Li, K, Mg, Ag, Au and In in combination.
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preferably the elenent Nb. 5 The relevant active

BE| bBABTal oxi de conpositions preferably conprise the
abovenenti oned el enent conbination in the
stoichionetry I M)1VbMicM2d (1), 10 where ML = Te
and/or Sh, M2 = at | east or‘€2 el enment fromthe group

f Nb, T , :
Consﬁ?&’légtg% Pﬁfearr?&\ll\{’P't‘OmFE‘&seB| the @@Sﬁtszﬂb §1‘a W
apd/qx Tleng tl'mg lapfeandroun, of the. @lements, particulardy
frefurthblg the &ldment. NBO According to the present
i nvention, preference is given to Ml = Te and M2 = Nb,

dlor_ Ti f.erabl
B e adt s e R Jﬁr&ldédv%wc’as E468F SRR SR LY
?%mprzeeo.tée @ﬁ\f@?&&ﬁapﬂﬁwl,emeﬁé BPEY gnr dhgehd or

s helddtiomebhrpn®tri c coefficient ¢ is from0.01 to 1 or
from0.05 to 0.4 and advant ageous val ues of d are from
0.01 to i to 0.6. It is particularly

favor abl%olg}cr:bf:dorbgl ng( t]jo the present invention 30 if the
stoichionetric coefficients b, ¢ and d are
¥PeKA t aneously in the abovenentioned preferred ranges.
What has been sai d above applies particularly when the

¥l enpatsnd/eichep, t han oxygen pr esent in the active
) Y 'f %‘E Sﬁetgfe E‘@Jnyi.sr{e ? ﬁs@:@h'rgkyN’l?ne‘t‘a W,

hes

of the
t hen, 4 %‘ Szﬁ'c ‘t %8 a ‘?1 \?é‘ Pti Q{l'o e, Bi,
conpe’i tS%n@nofS%hé\TafroMful Y |M9:4@gwb&1¥/tﬁmﬁcmdm (I 1),
mtrer@. @theovari abl es have the neanings given for the
darmil@ do andanéd i s a nunber which is determ ned by the
yal ence @and frequency of 45 the el ements other than
oxygen in (I'l). PF 53957 23 Furthernore, when the
rocess of the present invention is carried out in the
FRAGENgoRe Hhridreseet ekpvrikio . ghxafienepcesiagiaEn e M = Te
and M2netb, Ba.d@ eodpasiTi.oNg iviplefbralsiy Wkei t her
conprise one of the above rrenti oned el enent

ﬁ?&ffyt%%hmﬁe Faegewﬁe Es éd‘%n%{;%%asg%hﬁro& Bap o

X
é)( %’la °6FFFP%‘& ‘r’tﬂ?}ypaFP%r?F%‘ﬁrEﬁdd?%‘tﬂemerr Ehe c2iqighd opetric
earfficimesec mexifremal eOhtta He odi fremdt.-i06ntangl £ande)
&Prahta@ebls values of d are from 0.01 to 1 or from 0.1 to 0.6.

It is particularly favorable according to the present invention
if the stoichiometric coefficients b, ¢ and 4 are simultaneously
in the abovementiocned preferred ranges.

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

These are then, in particular, the active multimetal oxide
compositions of the formula II

Mo VpM1I M40, (II),
where the variables have the meanings given for the formula I and

n is a number which is determined by the valence and frequency of
the elements other than oxygen in (II).
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(h) and 27.3 0.50 (i) (all figures in this docunent

PE| 88PBAT to an X-ray diffraction pattern are based on

an X-ray diffraction 10 pattern produced using Cu-Ka

radi ation as X-radiation (Sienens diffractoneter

Theta Theta D-5000, tube v age 40 kV, tube current:
aperture di aphragm vari abl e), scattered

F%‘? eli WRER dd1R WGC%%&%& )Presaiindavgntion is carried

mhdahrt@ﬁatsénglaﬁmr agde ( rkfemrppcedeteaivendtaphsiagmactive

00l Himeth] BREGIdoigpoldt i he rdleh( Eﬁl}stllﬂ eQEher comprise one

GPatﬁ'Har %‘E%maméﬁf%m e§teﬁ@nt ?cof]nb§n in. t rms f the
| nt| I I a ount er % %a at al f' eLQ% fo
SLE P %fl B VE °rnfl§ Pf 1%Rnfepy the same time

%ﬁwaﬁhééaayz@lﬁﬁaatnenpm%@swmd% r@smleaésgeﬂeqm@ns h
@ siemhospveBaximn arepatt thoalldif fpret bsremrglies (2@eN2202 + 0.50
thosmarong i he 2beyemedtl @igdredcin WhiBURbERREA r@XbEEng to
£OTRQSIL a%%rymﬁp% éat e_tn@' | Idd @&L 8%bn n B3 kegg OL; Sﬁr@é%mn

ddrt t
BALESE BrBlnech wiing, Cugks, “aiahi ppyas Mﬁél%’e"’r Gigpens

tEfacérmetes ThetagThet \%rﬁooaecé\ﬂaﬁe itplitagehed pribs drbe
¢ymesmiti:0 A0 b, t apee tuhesdiapdirhgnt V2 fvardabhe) nostattered
i‘aflil%lti%nl aiidpera9n & odifdriatliedn patdiatyARInb@erchator

hal{ 30 heai.gbt.of dl ghgg%rﬁt gd“%nn& S, mémr\i%fy

1c€ 1S ose

rt| C re
ffi"%errv R S FEE meppoReitk, oS 4 aRR?d o
cﬁ’%q'ch?é'l gﬁ?l%ﬁljéaflaﬁdc?ﬂ&v@r)ﬁtenm ties Pi and Pk,
respectively, which obey the relationship 0.2 < R <

FhBuidthr f ekl heQgBt o thedeBBes TS ALt A WA sfall
ﬁﬁre‘}yﬁéroii&uféé&'cul arly preferably 0.65 < R < 0. 85,

even nore preferably 0.67 < R< 0.75 and very

rticularly preferably R=0.70 to 0.75 or R = 0.72,
‘%f\‘?srtéleRPWéP?W iaft Ehsi Pyrams efdehe mueseptt heverntgom| a
BdrtRcul R/ pt$fiedeare. iFheiwmovenchdso@raecny- thy abovementioned

é’éiﬁvfeaﬁhieﬂm@@dﬂ i 8e peaﬁ;ﬂfsa@lungh Wl Y x-Ray I &f # 6%l 9Bn
%nﬁm . I@J aa?ﬁ °d’5(‘1-° tE Afect Lnk € DU ROSES
e defi ?

t t
RELESEAPT OB (TIPS, KRB AR e PP {§ o068 BEktorn 16 1 he

definition given in DE-A 19835247, DE-A 10122027, DE-A
HBfigl 4be Pat&395Pr2deramsk Dis- AnlOAD@AiZenThecSating to the

S En®S 1 hoeh fiorletbnthbom mxfostehﬁefmé&%nah hal fndrqicglt .

ﬁgtaerntsef Eﬁ”&ﬁ@ rr%&' QQE wn.dtth. at half
ab,o %HE tlone tlon gtterf %

‘—%‘1 ?a? °HAYE & |o VOﬁ‘?’@h Péaﬁlﬁ‘é YsdFe srence is
HeKpn -89 EBOSS w@@@orafhactt@nt heapd ezafdectipndnteash have a
widhl ay half Hevighef béct i Phandhiose: nmtienaiates &; ahé Py,

g Rg1 4] ftiast bpBy atkd @2168iédship 0.2 < R < 0.85,
preferably 0.3 < R £ 0.85, more preferably 0.4 < R < 0.85,
particularly preferably 0.65 < R < 0.85, even more preferably
0.687 £ 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

R = P;/(Pj+Py).

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

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
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10 9.0 0.4 (1) 6.7 0.4 (o) and 7.9 0.4 (p). It is
RFsB388T7ant ageous for the X-ray diffraction pattern to
15 display an additional reflection whose naxi numis at
a diffraction angle (2 e) of 45.2 0.4 (qg). The X-ray
diffraction pattern frequen#y al so contains

refl ections at 29. and 35.4 0.4 (n). 20 It
F%da‘?%o‘ &8\9%6%13&5’@ Fé?‘et?ﬁapléieénéﬁtt%rﬁﬁfﬁ&tl%% of the
dédtmedt balftheidldr.nulae | and Il to be present as a
pure I phase. If the catalytically active oxide

S dckOBnE %éﬁ%rc t‘igﬂp rhSes a}fxdpﬁasﬁae éﬁo@e@&?{%@%d X-ray

act,1 on tter addi

‘?’e% AT SRoPRETTIn el ABOVE THITEREIST GPide: FORROTHISES

Wakeheragr be uged r?éivfa@lt%wwﬁ;lm|apﬁpa@x¢mrt0amgbesr¢szar¢) :
Bfvéht idnd daspl £0 fur&hér(retflmlpnesﬂﬁset @élkimh herd ethkhe
foPIER A Bd r Krhass anglused %ﬁ defined in DE A
10122027 and DE-A 10119933). If the reflection his
? él gﬂjeg an intensity of 100, it is advantageous for

h oséjs) of the present invention for the
?e?lie@t “48néek an€ m n, o, p, g to have the follow ng
TN endi.¥Pesplon the sane intensity scale: 35 is5
t 095, frequently from5 to 80, often from10 to 60 11

&l 30; . A t030 :
{6 b M Bl e 2 vt Hork o3
ti""BnEl Hoiangt Feplettdiamyd esﬁé‘f‘ﬁ’ﬁ‘}w&‘dlabﬁé t he
¢t Binackionarhodrei @hOlofoft 4Es@ +s0 48 dgeherally : 1. PF
53957 25 The specific surface area of the active

i tx%yahlefw&loaoga%ééﬁ Freqbni e Jl%wbﬁtiiné o be

h T
R A S

corrbl nat i ons of the formula | is frequently 5 from1l to
B i /ag spBEIvantidoscusafen, the edeneny cadbisetidthy dedfdned in
the \fdravtaanT Xarrdd I Idkbf bagide@enpabs ef puae depkaddedf the

@b@a@tﬁa@wrm&@ﬁ IbSEBdech s@EggﬂéSﬁ{%}t‘h‘ék”EB Abr R€9% phase,
Tk Aleer Gk BEfebth doreafREC o ifeBon o Tk
’6‘?1f3t%t§°§ﬁb‘f‘%‘b‘i1qnﬁ@1 gaeve; fursheti E%ﬁ]ﬁCUBESAWHQEFZM?ma are

PE-thel G0100830g mrf}ﬁréG'@B@lZDgleEP(A @1929872 DP-.A° and 50 *
100329338t hel RrAs2R00ebd324%e EEs 962B38¢ and k phase are used

as defined in DE-A 10122027 and DE-A 10119933).

If the reflection h is assigned an intensity of 100, it is
advantageous for the purposes of the present invention for the

reflections i, 1, m, n, o, p, g to have the following intensities

on the same intensity scale:

to 95, frequently from 5 to 80, often from 10 te &0;
to 30;

to 40;

to 440;

to 30;

to 30 and

to 60.

QBT 0 B8 8B H e
[ RS R IR,

If the X-ray diffraction pattern displays reflections in addition

to those mentioned above, the width at half height of these is
generally < 19,
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EP- A 895809, DE-A 19835247, WD 00/29105, WO 00/29106,
PP- 53589853 and EP-A 608838 (in all exanples in the
|atter two docunents, 15 spray drying is enployed as
drying nmethod, e.g. at an inlet tenperature of from
300 to 3500C and an outl et %gn’perature of from 100 to
150C, countercurrent or coctifrent). The active
'ﬁﬁ?tﬁﬁﬁﬂléllcoi‘#’él%a%ﬁﬁéél of ol deséve el tdmetbe oside as
2omsexitipnseof | thepdadennlé oIt beatisef Sdrapidifigt ©o gihee

pHbd At QnoeRREsH i8S dfChetifOMAXARRESY JNRCOBMES itions
i o iy sty (TR,
f-

| €-"Zonhe enbo
FCes8 B/ & HEERr edrffce |aﬁ€ént§”otr’F°gPﬁéy gseecially when

phﬂ iyleaphyXtreaf Wi fifgacpiepaEtigracas|discr2bednabbore .
acrylic acid and for preparing acrylonitrile. The

$ho &p@?ﬁ@lgﬁrcﬁ@@he‘cgfgiégqmﬁ]@lﬁggafac;)ﬂfcﬁs%8 7S L0 S?gs
descnirst 18 A d0a hotté Brier S5h St ip; Bk qntext of
Biehert I"ll"?l"a""%f‘f— R SEENEPT s e SoFubiet imcdidezelh bed

pAr tipnlag , bRE-&fl22ARY st DE-Gorl0ad pohdli ME-Ar 00033121,
BRsxriygbioens mEva heobesse, igp-sheodociymniss eb-A hesarsiaor

Apia dsﬂ‘ssobhenﬁ’lzpcl%’%%%ﬂ 0‘?%9@65' '%e%'/% b8, EP-a 529853
car réPe%h Hg {a ﬁl xed rea tl é

DI epar | § % & 3(1,' deic?f“q 19 HF afc‘fﬁé' FBQeiquments
WP GYRANg| $5 |%“Pédvs t aYeHIEINg RaERedd oGt afmm inlet
sérapdragnedet obef ram SO0 tahdSPCt ahéd sararcmtibar getberatthrehef from

ot Ao/ 15006 |dAthitdrcgereildry cacspddntrel t, is normally
passed as heat transfer medi um around the catal yst

erna er no ctor
Bie e e cﬁé?‘?% Singg LEUTR hporiprdean be used as
$¥¢argefentn H?;Q"W@é’n eoeBl i ¢y afitaresharinalteodive siidgble
Jémnatgdesi 6of gasfari ekample s ghassedtédraarglyshe efat al yst
pEHYeS 0081448 ddee ﬂheﬁgb@meeﬂ&aﬁrmn@@clu{ b@:ﬂht pmlziz"ozn for

I
AR M 4 SR e

Clle ol el L pSealtel Ty 56 thrf 4 PEGRPSApacrblein
Iy AGTYDEC Afish pREoERH Rﬁf-peﬁneg Orerlgnitrile. sal t

bath can flow in a neandering manner around the

Tiod A ivgtl el HORS vaMibhtt De BdJaa bal tnge ddta0Q8HE N €8beDRska

EOHY iU £5 M ad 101 PARIAN FAEnLN IS 0P| theidsent
vie over e réactor -an reac ors

’s’b‘f?’%\ °®-for the process of the present i nvention are

di scl osed, for exanple, in EP-A 700714 and EP-A

700898 beTharvied ous possenlin eolmprsd tdagmadyet béd or in a

fRa1ii-08 Bas &f adviiRg b&d XU thOyst N cTrB8bendME process

éééﬁ%tu% tlﬂfy ﬁ:feocfgﬁﬁdoin the BBg&ﬁéﬁtsl(&f' Qﬁg%fﬂﬂr %%'E If

lor. . art cit conne |on

? ?f§ﬁ§c88§s% V%ﬁ% g%rsent 1nvent10n 1s carried out

fixed-bed reaction, e.g. for preparing acrylic 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 liquid, generally a salt melt, is normally passed as
heat transfer medium around the catalyst tubes. As an
alternative, a thermoplate reactor in which the catalyst charge
is present as a flat arrangement between cooling plates can also
be used.

The reaction gas mixture is passed through the catalyst tubes in
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
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For the preparation of acrylic acid, the conposition of
PRe538BAction gas starting mxture is typically within
the following 115 range (nolar ratios): Propane: oxygen

H20: other constituents (mainly inert diluent gases)
_1:(0.1-10): (>0-50): (>0- 50% 20 The abovenenti oned
ratio is preferably 1:(0.5-5):(1-30):(1-30). The
Bp oA fPeRed ‘Pfhﬁé’é&aﬁ]ﬁ?? r theufakt pareaan hElox Har a
vedxidrtimgninsnzer guroaddnthantdbalysk etubbesy, miithogles.fltwebeing
i@a@ddmgaé_ b£Me Rl Br&Sr At gal te P20l §&s 5!?9&@1‘5:

: . are.conparahl e

ppiY vﬁl%agg?%‘?%% P eaE, R She P R e
i iahls £0F (PUF GRFAEASA PRrUHe ERRSERarifIvEntEpn KD gaTiosed,
Bor Mramppaceiny Ebd (7P0814 prsh &ReRroVed8%8 f i xed- bed
catal yst charge in the single-zone variant of the
PROGRSS o0k HHEs IBIERLInESs LR of £1Y z@s%%%ﬁ,géiqea}ﬁling

=10l n : (f1Lxed h, .The space_ Ve It
%?xreact%%gngﬁégs%{géﬁ Tz%ngrﬁra%ei%%né 63 tfqlree(ﬁﬁgﬁ?ffl ¢ %ﬁ"r?e%resent
+‘;1‘ff'g*ietlr‘?f‘oﬁ?&8‘3? tTekes 66%‘“ StEE@EAEE 134 (F1t6f: 8 Fopnassion
Yy Ehisorr oS50 riens000 standard 1/ 1-h. The target
product, e.g. acrylic acid, can be separated off from
P& RS Bkbhash IR0 Wet 28851 18 SLYRe L JRBASE ; KU REr
J?t%actfi%lﬁ 23l elrg:ias I%?J%glgllf beLds kD DcEa_pﬁ 10 ?EC)Z?&}H% ;&eo' wing
e acryfie acid 49 present % tReCProdder"yls dr8
ranfe flgPlakait®s)be separated off by absorption in a
hi gh-boi ling inert hydrophobic organic solvent (e.g. a
Pirogianiee okygkmphemiyd: ebttadr avdsbi phay (mabhTH im¥t diluent
further o se additives such as dinethyl phthalate).

)
The resyltdna.pi xture of ahsprpbent and acrylic acid
can sub:ié'qtdéﬁt ﬁ@z@’@?%r‘sgdg@g in a manner known per
se by rectification, extraction and/or crystallization
The gibevepentiaadratiaci sl . preflerabimtl Ul §-51 hEl+30)t:i(aF30) .
separation of the acrylic acid from PF 53957 27 the

PO Uil eflast fAndd rangas %fa?a&@ﬁuﬂ]%ﬁiyﬁ%@ﬂ@%her

ondensatjon_as descrlibe or . ex e,. .
SOBIIRERL S pzathasityy oy 55Th: St cipomts hm seaction
DRI ASBEB Y tamd CapEy Afnay 269580 THEC dbhe teangisdpyri for the
awiakidetiensate coaparhkle bhe f Shpuadditddnhlr admonid gontent of
e felae thyn f g miiemak e CL y diddrlebZ add DN (f€., Ofor SebeRR1Si, ON
EfYStoabgzat i on and/or layer crystallization). The
tailgas mxture remaining after the initial separation
of the acrylic acid conprises, in_particular, )
Th é&éﬁsd‘fﬁfﬁd@ﬁ%{e OinBr WAL SYPEI § TinfeabeddCprKAtefBATIE in
thep sidohg-ong hariabot ehethsopreness tdfe thet dhvemritcentanfbe,
fuit ed@splandfidie 100tal seoEtantasd 1N hfdkeaabdDnNs . Ofhe space
$dU ik bPaSedBriloh §as starting mixture is frequently in the
range from 100 to 10 000 standard 1/1-h, often in the range from
500 to 5000 standard 1/1:-h.

The target product, e.g. acrylic acid, can be separated off from
the resulting product gas mixture in a manner known per se, for
example as described in DE-A 10122027, i.e. the acrylic acid
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 additives such as dimethyl phthalate). The
resulting mixture of absorbent and acrylic acid can subsecquently
be worked up in a manner known per se by rectification,
extraction and/or crystallization to give pure acrylic acid.
Alternatively, the initial separation of the acrylic acid from
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and the oxygen source used (whether pure oxygen, an 15
PRy§aASZontai ning inert gas or air), the tail gas

m xture can be ‘recirculated as such. It is also

possible to divide it into two parts of identica
conposition and to reC|rcuI e only one part and purge
the ot her part s it to_incineration, or
EhRtHaIGE IR, félx & 5?@ (P3R167 Whiedrachianal
Terdensatapn2@s (RA ivede ofes exampbe belnd GFeAWL O BS 3 GHS
bBtmllsEnoeat, aE{Hhas7avkgns pevaxtavep29F, pelat iy@lgg77 and

gﬁqg :J@rvqagsal ofe o qfeshhel &agm gg:@éfd ngz"é‘%tgf‘%%@e ,Gpn then be
PRF R ByFsRee T el Bield BP EERCEianal Shuatry Bifarion (e.g.
%'b?ﬁﬁméﬁflscay%tiﬂr éﬁ#on rPndieE Laveyaarvmtallisation -
propane and any propene present in the tailgas m xture
T &glgalamﬂi@.ekeofrfemaengng Riftbkachéd oAl iANEeSSPAFation of the
é@ﬁ}ﬂlfe %@ané‘ rﬁﬁﬂ% a;BAxCchEi‘QIroru c*ESdséi%&a{n%d and
riatel n su sequent recircul at ed
E§%c Y 5f*S %%ﬁ B PBE e 1nvent|on and conbi ned with
the crude propane and other constituents of the
Pagamtdiog gastls dr-butgnei sdntremt, Hoeeviertal icbntayt dbbutenes
A tHe Reses &inddhe Brfeéﬁnﬁzdhsewfﬁdwofbehwféalcmg%at mixture
i béﬂeng,ﬁgg &}dr%%s kB4 s @%%@f g %,% dyelr gphobi ¢
organi c ven 1 C eren
BORBRHRA (TS 385 & aCt | P IR PESTIEE e By be
eeisiavdatedt &7 otrgi-t B8 b9 gelivioc Posel denttp, divédeabidoribed two

paoparsE ddenpiossl khoypps bipene andnto Stdisiaguéate yolley one part
A D ghayRd tAgGad thdy pdeso(dld or&oafsaé@rltsttrol BREDSer a¥ildh or

Bupod (04 of PHoG ot SIS e e
‘%Lj]éf] oﬁc""ﬁe SCotifsBON] Y, cFli} GmEBﬁF&)g hailgas

Bpgarrst-ed off fromthe product mixture using the
met hod described in DE-A 10059122. The active

T Ad 1R 9k PXh Tfh GRUBESEL MRS ! @ﬁ@r@m&@ﬁgoﬁ&ﬁté RBiich are
1?:&&%1%3532%.%?{#&%% %8 0}?% &ﬁ%lé rm eerntali%rg S%%’Lexd r\glaglvely
Righ deoaF bxeRR oL St a‘r‘ﬁ%ﬁléff%‘%? RETRRSREA LR D RTESent in

vhe d@riilgss ol xtainend the obFenaneornd eany @rogsnei predant in the
i Oeass mdktthe dqaredensepansiad abf, R A3%y7 f28ctidmminpssssure

FédiGi0hedbh Upite ts@paELEVSh GFRAMRESI LdPHLBR1IBELEY tO 9

é.%]!’ gﬁ'qg}:ely)l (a%%f sﬁs%@ﬁfér?glrcfljlaecefpgésklpé grrs%%ﬁs of
E}b‘?r&fﬁsteflﬁn}n‘é?ﬁ@n d y1th fhey STRERpRISGRE NG

Jtkexrdiconehi teents &f Gbscmmdos gas DREaKtiog2RD2urehe However,
inaehporatrethdahnmpeses af e phesetligiveation, ¥f sufficient

€OWS8g Shbefafr a%' Y8to SYSHe® §§theasc}f3)d§}%9hofz£’é organic
SR i b BB STl bl L

FHAROR, SHRPARI (fic pr}i%§’§§sb¥‘gthte SHESEht RTREEROR
$%1‘{ﬁ?ttdal Therbsrrhed Preeand endzppesiklyl rapeumteadn o
suksagfuenbdy Chs elsibsretedgagsain 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
course, the acrylic acid could alszo 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,
titanium dioxide, aluminum oxide, zirconium oxide and niobium
oxide, for use in the process of the present invention.
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m xture 1 and gas m xture 2 are identical. The process
BF bB857present invention is utilized here in
particular when the limts specified according to the
present invention for the levels of 15 1-butene and

ot her C4-hydrocarbons in thg product gas m xture of

t he 0CessS, accC to the pr esent [ I’IVQntI on are
é’%{f’édraﬂ?:%o?ﬁ ‘ﬂd"gﬁttﬁ% PR YBNFOTRRANTPIN SR e wp to I
b’é@i‘é‘r)l $ pr eiriyg gompesitddrout 1ie. messibhanmase ratios

aﬁactﬁoanezamlel@,s &Ie(sl&nuhetd) f ar (26t Praa g osi fid- And 3
mt EP- A @lé]c?t]i% 1@%% [3rh&RAw2h18237, as described

Eaflun oL Gl Sl

HeeIAesa on pEOIA 1 msrfzgmﬂaerugaﬁama@;%:en@sas Mipscribgd, for
wnleacu-noﬁlebrﬁe-Wﬁééhs dary il sande fureghidisr thatsiaigle-zone

Y&BiSntoBE She PprifcelsBeopr e srebnt Envr@seaAt i nvention
is carried out under conditions which can, at | east

artl be sel ect nde endentl fromthose
Fier st BplsS s%%fﬁ%ﬁetﬁlée%l%cég enb¥eh HE AFEY %fﬁzedj in one
’F?ﬁfé‘ﬁi"inoﬁo’é? Brits eBoBRESy 2 $8gonflaFhe d’é@leée"’h?lfﬁatgaﬁo
misetotrieod soAdias oistwhe ch aee ident s phet byocess of the
preependagenoforone uahvihet hake iﬁ%dx&&@u%i%ﬁb&%eamﬂmlts

é;ﬁb:élsfq@ﬁ a g&cﬁr@ngot bge ﬂz%%%hltofﬁx@éﬁﬂog @Sr ée.l.reh\)e§s of

for,,e

ey ol Senad G ERE e BB o tHendbepaHt 79 Trcure of
B P&ﬁsﬁﬁéracq%rdéﬁ@ 59 cthe Presaet stnentionisrel cnacesed;
for exanple, in DE-A 19948241, DE-A 19927624, DE-A

ASLBAE, DM FI2E0R06ianthtDEnA 6}9@‘];&%4:3)55 I@l{ﬁsef‘e&'ably
émlew 88€S§n q{orteh%hgﬁe&?é’]treag\fggﬁ I L C QP e(&r for

SRien thethos coBdsa, adlnd i, oy é%‘?ia B4 2110039,

W15 SLEAETE dfﬁ {OH4P 62 A0  HP-BedBRET Bt &P~ Aoﬂf’&@)"fr%fbnt i cal
DRl 1P8635 DT, (2R-A 983 Chikir.g OE-B0LY B 154 8us BH-A Gr 83RO,

sE-ep3ohet 2 headeaet-nonoieryysr.at ures in the two steps
could be selected and adjusted independently of one

ot h Nat ur al conbi nati op, of both_can al so._be
e e G5 prastiss 25 B hhy B Al a0 EppErost Phat at
trdsg ?&ﬁes%l? |C&FntthPsP¥‘Pﬁa€ESﬁ rfi khprerrsepite invieliaion tis carried
possindee tondicthicesewhip csed mat Dénsty pafrtlipe beaetlieaned
GoYendensly OEddie thegei et scRbr thed (agli wi dvad 13eePSocess
@E tt}ge rQEQ&t.eslsqv%ﬁutEgg e%%@t EB ”?‘:r%t'l}' Ogecgnggﬁ degree, that

ant e 0 rom er ogeneo
L] 5‘?2‘28"}1@%’%1%%%’5 %Qréﬁeaﬁ OXFAR I EOF HROSRANSSEt, 6E one

mAGercage| Heakized wibhior dingr aastyden sare Fteprplong the
raardiopl papn ocgdhedd akhet W shecesse wehest, efisr akcangplichea

mERGZoas R6@ dividhe cempdintuie LbAsd iR LeAM G0
ﬂ?c{e%Je%hEné‘W of RReSERONE)2AY! BELT SR 3RLOLEL Nsded, as

AU N EC e example, in DE-A 19948241, DE-A 19927624,

DE-A 19510508, DE-A 19910506 and DE-A 19948248). Thus, if 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
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 ancther. Naturally, a
combination of both can also be employed.
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This reaction variant produces, in a manner known per
BE, 58RB7 15 opportunity of carrying out the partial
oxidation according to the present invention of the
propyl ene present in the gas mxture 2 in two

oxi dation zones arranged inpgeries, with the oxidic

at al yst used each.of the twg oxidation zones bein
£ e aradeont (HHE BB rons mARRBE I 13y TS Carh GRS ERBLe

Bakes dit @@Faaﬂ%rt%raclz@evﬁenmr@yﬂiemtqmnrgeo§t tipareagtion
actidi tionsand the @efdlkenent dfe thestidividual stegdi@f the

biésdsOxirdahé O LR (RUOPYISNE -4 acrol ein),
preference is generally given to a catalyst based on

mul ti netal oxjdes conprr sing the el enent conbi nation
Thisiadvantass | & weldl Fere fHoEy thR MeALoFengPusky gasalyzed
gaapiasiengatr b kelanidat 198 abrrionanl emn tvb-avrydig. adikbseing
mbil edullaav expeen. reconmended in this text for the

singl e-zone variant) are normally preferred for t he

cond _Qxi da |on zon (acro in -* ac
SE R msRactBle A ER0G, | AR eces FVS arbpBcafdno i,
B%a%faﬂm SBOB%WWP awishnehe fiasst Feep zlcﬁéelaﬁdte\&crroéem and
thefeasondt kyding FTomnagerlsrial tot Aerflicstacstep will
advant ageously be carried out in a separate reacti on

FRNE f‘éacwsnpr%%h%% B%&D&aor%ﬁegtm&m’e@&heﬂns kL e the

case ogenat .on_of p

R R LA L NS LA T RS
EhR REPEERt gHIPIESOE 8k yHEh\RICBYLABE i RFESENEPEB P 98¢ mixture
Priopyiwenexidatipn mohes uhrrarmeyigén. séyirgs , pwi eh e cididic
@a(t}/agl@i%wﬁsaﬂrner&dcﬁhed tﬂ‘ixé RwoTekegat fin @%%88NbERY RBle to be

65‘&%1%d5‘?{:'ﬂ£§ ﬂ erBI.LJe.f H1 X KYE0ws 4!'91e| Ea&b?a.'[ %&t&aggon of

e I S on ur.ed

€8S RSP ISRE o 15 STPRPR B SCAOP I AT §PBeagERlgiRy e be
ml%d)deger?%élrﬁéromoe ZpRe URTARPY 1708 283crehein) .
Ordf3sedse, is Apmidred 1€at iversits, a764231vE30baspd. orl Altafetal
@aiddsy&'bﬁrpirﬂﬁﬂyg khe e18feht RRmMbOAS £oAB McARE-FE, RREriAel9

Jctsurégs a& es;rré%%éxeg{geeﬁ gﬁzg enﬁ‘% feleﬂaﬁt
%%r@ ATIBBLLTYY Hfofen 0R TR ER AP Y miRRdeq in this
TogC fogr Eher eHIdl o 2eRe 40T iag td00T: wrtarlém arefempped for the
3951 @&ldptecﬁrermley (feomi a0+ aBQ0Cc Fbedworlh pginciple,
BeRSE, € tEafe Devd reAtt Do dt@pt0BaRadlsd bePahtrfdd ¥ut in a
%rr%mel %Qc&goxpazrcne-rgﬁdr&?ézd%n gng%# 'Ef‘afeaa%u%ua' ly from

20 seconds pre era 0.1 or 0.5
to 5 seconds. 5 As reactor, IS p035|ble to use, for
Bxgaseeala tipdLipgtnaber drlllaaéﬁerlramsﬂubemmleﬁ out in
4 oyeperanpl rezcicicuntzene uin arite pubeesd winabe psesEnta ihbeetion.
gas as heat transfer nediumor a shell-and-tube

f&aﬁreoeagél 88 dh SAlbellphlodihaleah £ ekahe M Ncak0pe

pr erf S agageat oa. %o}('r%ggnéoaﬁsl oandl)o eterogenggugi}(tc%rtealgrged
gas-phase oxydehydrogenatlon 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.

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 advantagecus oxygen
source is air. The temperature of the homogenecus
oxydehydrogenation is advantageously chosen within the range from
300 to 700°C, preferably from 400 to 600°9C, particularly
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fromO0.5:1 to 40:1, in particular from1:1 to 6:1, nore
pFe6BoBbly from2:1 to 5:1. The starting m xture can
further conprise other, preferably inert, constituents
(for the purposes of the present text, inert
constituents are preferably, 15 constituents which react
to an extent of |ess than 5 1% preferably |less than
BrefRwRdd fper t4 QU tar PYOHT e TBeaBeking preranre fcarp by from
0 heytordang bari iulparitycplaf ciral § tio IhtbatreaThe atesdldehce

£ Ofie efesamehsl [fom @anben @iodep seeden, n??@fé]%ly from
HiirQoens I%C%%ﬁ s, other hydrocar bons

secondary constl uents 20 present in the crude propane)

and/ or propylene, etc. Such constituents can also
Ancreagsorontt i @SS iblet tre useci focul extaapplegas. tulfe tfhgnace or
PrapAle ad@hydiso gRpatboN for exaebie 0f RSk ¥usadnd tued

%sinsa@édﬁgyggoageﬁwe aas as. H%?Ji: It.@aﬂéfaﬂ'n{%@gh %lg%rrl ed

as_de | bed - CN- A
%%]318 % %é aﬁeactor §%réqs fglt:llgé‘% aslgga%) aerer medium.
@09658&%901%9@%1 KBt 10y idy FoeXpEbro.no MiktoDs)is megferably
fromifangl Bhi4bul Hiagpagriddar( £88R2)15920 WL 9 MBEB49,
ﬁEeﬂérh%%lﬁﬁr&%b : 1UL0As 81 86phe? §@arU§1g’\ nﬁx@ﬁrg 8dard :ﬂbgther
et e e it i s e
ik Srat it Bt e 032,
%%%ﬁ&tﬁe’m@% rfect(‘i@sm extgnt 1oH lesgdth@ndg mcAdm
Resfert®d8, 1855 thénl8, mJS Anfl pBEti@BhrlAppkéeferably less than
IiaﬁcﬂJ%ys tBe\ véBN@agh i cl 00161 993F erddtly H30nod . r&ct3at all),
t\f/&t ?Ee]# 6c§2b£&9@ft):11d\é QQEE?‘?F F;Q?{aé " 3419 oFen,

ve
atg| §RS| |oF %@%ME?%@? 8eP erRaroBdgry gopstituents
BERReRt3 inskle \Bride DERRRRe)s 296/ ok RrRARYARNe Cattd y Sush
RrctiGuessel dan a3st. iyhnde cénbtiGafrftreypfante rdoirculated
d&aons (Ed.), 1997, Elsevier Science B.V., p. 375 ff, or
.40 DE- A 19837520, DE-A 19837517, DE-A 19837519 and

19837518. . _Air can al so .be used as oxygen sour
fﬁ% DTERARe W RPene e Ry SCRRPERohEF Y catalyzed

PRephyArPYeRIMS s &8 AN | EnPrinoipds keorarnbeditaps
desdbedndf of teammmpllel estUDBR AOV88 (710X Tyen. 101E 8H3e
(@é\ia’ﬂyﬁS_ESLé@&é@'Z@ flessdhe 1@@@0@9%6%&? coddergetuexiao
RENERNY Eﬂ%”a %9@5? I%%tl P %g 21
estrl 0 n ca ¢h
e A el M e
&'e 638 eDEOA o%@sdﬁ@e%ﬂodéﬁré\ o34t ofAA ede af eCatralivisalsl 867,
FGD-BE0t i(tasAY, J.t of SCposkidilse 160, USRD-JIS (1997), Topics in
@@ai@la.xgrQgﬁws)oassam,\/&isﬁmgn@wm Ieawfyéﬂps:me&.@s 10
g X eE Vfg S‘lfnl gg At a(f}PelnySh iiw |§_A 233
€ ARRAtEe s ﬁa iapE%‘é @352 ?@ P SecRe
%Ptﬁrldﬁéﬁe%‘lﬂoﬁé 6dx AhPI e of-aCas ?%ICQ?P?Héﬂy@?%ggené(ﬂFoﬁellon

CEd Al .y ¥ewi Bewelowmehyst imsSelective Oxidation II, 1994, Elsevier
Science B.V., pp. 305-313, 3rd World Congress on Oxidation

Catalysis, R.K. Grasselli, S.T. Ovama, A.M. Gaffney and J.E.
Lyons (E4.), 1997, Elsevier Science B.V., p. 375 ff, or

DE-& 15837520, 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.

The catalysts suitable for the heterogeneocusly catalyzed
oxydehydrogenation are subject to no particular restriction. All
oxydehydrogenation catalysts which are known to those skilled in
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has al so been recommended for the single-zone variant,
Phi BB95ToNpri ses a m xed netal oxide with M, V, Te, O
and X as 10 significant constituents, where X is at

| east one el enment selected from anong ni obi um

tantal um tungsten, titani al um num zirconi um
chrom um nanganese, galli m iron, ruthenium cobalt,
e Antmandi akelablgaltcaarifi zepPgepanen to arobrbaye are
bistmitlle,. borpayticudianm isils geesibaattwmmse asddi um 15

bl o BOL RSS! Ba tARGEES iRt 1 Shbd &fn 3R] Holife Sl IdTea
d_EP-rA.167109). Further

P- 8463 an
%)%‘{ei C Eluér?%f’%,sce%lﬂ%ysg?(y%%lyu i dgg%}%t?}%arlf‘p 8t alysts are
PreshycrPRatal kA2 L KB D SR dFEND rM%’é‘PaPiié%%s Rrofvanadyl
DFE:phbephsBe 8 117 amproheiate dogsther ofi hEaAPTO83831.2 One
sikdripllehe £mil fid afilaloxQubHedEpash bh 0Nk aQfys80i a4 adatallyst as
A B SRRt e LSRR TEEL I B
SRR 5c b DLV SRBL Sieid BB BN (¥ sl Coidiek 2o
SHddicansnsorFt itent 8y nerere K ignadvoieastppur ¢lanent 25
sélbrat el froCoamddg ngbidn, tdmtahdhortutigstad, MRitanAumy,
dBumiMim, Pziféoniteh, SBroffum,SthadBdhéde L ¥a11dum, Oiml. 5,
RHIhleiQm? 3p2Nd trisa unhes M Ql]'tasdi‘?ﬁﬁe f%ﬁﬁﬂmpy
t he, val ence an %ﬁun ance_.of el epents g e an ,
WEATERY nOL PG FOTPR/ p’_r‘?-drh’:’i“bl &5t abPB AR e sodium,
EoHegi -t PERSEIYN,) magRedunr advel. 9H-daasdnpeelumieér
B2 9384 63 ngndy BEeidy 16ML 0 At Eurphef epatdiyulhrhel yseful
Syicdgdrogéyation RARNEsBs GRREPORE tIOIt iGRERESHRIWE Ng t O

ot hi : b -
é ds 1?1?*1% L0 @gai E’.EQ m Séfn?%—hlgl §P .Lgr’%’:c %?ﬁogné :@#% g%talysts

el enen constituents cal ¢1 ni, iS a

SEPED 1886831 Postithy Bhe JiCBE Rl D FaRRRTLELoS OF
etrlvistgeht Beffianed astpxfanyed kettle fdxsfedocument being
espydsillyoadvdrtddgecase Tidesaandiivit ceppoialby Wiethl active
&b e thbn 8398y md timEENErd:8Wcl BbRpOstdesshYr hedd iRemula 111
at least in the presence of oxygen. Such conmpounds

include, Jin particular, halides, nitrates, formates,

oxal at ed? af¥Pt-pl{e%  acet at es{Iiddrbonat es, ammi ne

conpl ex salts, ammoni um salts and/or hydroxi des. The
whdderate 5 m xi ng of the starting conpounds for

preparing the nultinetal oxide conpositions (lI11) can

be carrigd o , r,ex I i.nely divided
povwlers,ﬁor_ S\%f %?’orﬁggxgﬁb?@u%}d%%rmg%ér as liquid

medi um The nultimetal oxide conpositions (l111) can be
used M2 = W, V, Te, Nb, P, Cx, Fe, Sb, Ce, Sn and/or La,

0.5-1.5,

O]
[}

b = 0-0.5
and

X = a number which is determined by the valence and
abundance of elements other than oxygen in (III).

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
constituents and calcining this at from 450 to 1000°C. Possible
sources of the elemental constituents of the active multimetal
oxide compogitions (III) are oxides and/or compounds which can be
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either in powder formor after shaping to particul ar
PRtSBYST 10 geonetries; in the latter case, shaping can

be carried out before or after the final calcination.

It is possible to use all-active catalysts, but the

shapi ng of a pul verul ent a;t%ve conposition or

precur sor  conposition can 0 be carried out by

HPPIOFtRE Lnte exigesshyperptingrt akateasisinsthporresenss of
suEEo.t Sneh eranglosndst inslude, pdaspt el ud as ehalisdeytabhy trates,
PRSsO! oROTHIYOUS 1 8L B NUR-QKL E8S, ca§"bl:>h§9e5‘s dla%ﬂ@

ddigiaymedi ezl gagmtéa{,ﬁoyao”%bgw% o828 FA NECnl

cat es dies e| ng
HREG, PAr EBT SYATEGOR FORIRHBES S0F | AT AEHE 1hEL E‘i‘%g@ﬂé&@gwl
@ity gomboskyidetsy dZEFkrean de chrpiepansg, dryheforaciinphe as
fiargier diuided popieter adt Wwdt) Ebe &ahgael LOMPOALel as liquid
M%nsl @h@afﬁdl4t%&t!e@alfaﬁner2%9ﬁbesr Oas. g&lﬁf) péfr; %a*a%&d
LHESPR bt Ky T0F S BaPIi B Sar BB G Al ot
4IRS RSP ; %fbrtélepllér-'é%msef r ShRRing Ctaé Beperrrifgh pupgbefore
T efsereshabbivell chbarindwionex dnpl e dasedibleSte usel @lbaagtive
d]aa:\a&ybeen B0t nthet @hbei Mprds @ubaana@h@nhagﬁwScomisagltlon or
n a X e | a
elek-ege @cﬁlﬁdsﬁtﬁ@h Lyz e oxydehy ]g{l)%geggt &gf b lgg {.‘@ to

U R R A B o S o M R SEN

ROSSHEILE- bR iTUISE SEOMR BAC RO CUa SR enpoeds 4 bimiauanpkides,
it iEPnAdDo7 3 ,8%Boaign ERxAd8, 700rcthd uandidvhizie, silicon

dafaBeneeSs Ll it ek N &f&ﬁ&:h@oguﬁﬁﬁts bolhes BEAY able to have
J%ﬂ@gfe%? 1% algaetlon gas mxture in the
i°8 “advant age

cat al yst ously fromO0.5 to 20 seconds.
The ratio of propane to oxygen varies with the desired

Tsoifber Beberegrnecnsl gscatdlyeetyprydaltydrngenat ity of, phopane,
tihe aduaniayemnpleyaturds hiss parferablyonmOthe lrdmyed Erdm 200 to

Ut Cith fa iU dx 1rtn @5h, tODS S0 NI RELE a8 2 dom 350
oo, AP AL HE AR e g om0
Y% a1 Ho RESPSHLET o pPbpy Fenk? Rdet PORe referably from 1
’-'|{9r ef éﬁablwowng @ae%@ur% ahevehhtbarrel dorvekymyleyfrom 1.5 to
ldovaer, Shawns hefenp fomad ecatbehpght 5@l leailyV aivastadedus. The
k@t@&%b@ﬂ@o@él%z 2aRheyeLh omeﬁ%ﬁf@gtesia@@oﬁfopr%%el $s
EEEE%aééﬁQﬂ% ESEag¢éQI nf&Q% r%’ caFDEy n?a%/er is
e T1rom 6 §6 ﬁ%r e
tagﬁ?%ﬂé’nemé&ﬁ%i?‘gﬁdht RLEHRSS F Br BB 1TAM-5EPEhe

rmaGﬁaﬁe sedidarribeds ufnofexeneler opa®-prestit 853 ahd
EPr—mde poOPHNE andd théate farenest citecany tRes¢ cldcaimedts. The

%) rebigdndes trl%@CBEdtH&lrgagtD&h egaoga%xltigpe %’?%’éal:atal st
Heh 4553 Bl PO (o8 tg"j&) o8k sl Tt le ?5/
REPA™EhE t B ¥8F?e%*°t |"(}‘1 e CPBVE R KU ABEr
SAdiees 1wt tprdfprheneatmi vt Brb mﬂy@@@age@ualmn éhe range
forcopéng: I eactddd 1, exprissdddudsrafmmd 41 per€eht agee
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
that relatively low conversions of propane at high selectivities
to propvylene 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
{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
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5 1n general, the starting m xture used in the

BERi BagbYe dehydrogenatl on of propane contains from5

to 95 nol % of propane (based on 100 nol % of starting

m xture). Apart from propane and oxygen, the starting

m xture for the heterogene Iy catal yzed 10
oxydehydrogenati on can furt rise other, in

PRI BPTe; Pi’é?ﬁeraé’éﬁsﬁ?fﬁlesrpt §°sggﬁnca]s% c #iEBnthe darde,
teelrativonpXi tefermingr bgethe molrbkr gaf exleat hérpropylene which
ayarmubaaspele 10 mo3€6eNEEdPaneC 2BaELEUE D rBE88€ s lamolar

Jﬁﬁ%%% propane, and/or propylene. The heterogeneous
oxy rogenation can also be carried out in the 15

resence of diluents such as steam Any reactor
g‘écﬁ?é”@é—’élknbbm FRTRBY eMBREUeedsPA ithehar oxédatbee used
dehrydraigepaniorouif phrephoeogetadus Bxgmlehytdr ogenals @t @topane
t]ﬁ@secﬁ%heﬂ.@@%@l@l%'fYSﬁéi’@iﬁ@@ﬁx@ﬁifﬂﬁhﬂya%et@%ﬁ PrdMane and
0 0X rogenation c
S Er ST ford Ko RO RRRTbIDe taifpes

car ‘#&g out
YEXPRSRATIR BBt FREFRSHH P 13 qiieiay 10 Particular
eyt egonpei tyrntedgoel. a4 tcarboal doopiotsi ohebon nownkdae

hiter dyesi) gaolBell yaeyd e by dadabc@fbaiyl hg. secondary
é@r&ﬁﬁ%ﬂ%uﬁéé’se@ﬁt ahyerd c%a@eaw%%en%hh?er%my%ﬁe The
t&%en ous o Sl:i?tngGer(l: sl Luen o g <$ in _the
Fro propane oxy&’élhﬁaiJ oﬁ BT fYg o
?’FF'ese&césﬁﬁtd’rlrﬂﬁ‘é’h’ﬂsl SRR AF SEEAPr i se, for exanpl e, the

foll ow ng conponents: propyl ene, propane, carbon
Ko Xicde Lot asdiplentenRubwe, tovatheke Skillegein 8Re MMIRAN be

@gém%,r eap%g ra%t;heﬂ@ hﬁgg%@bg éa;aéh&arso% tion or the

S0 SR 1 S B0 (S RS e D v
ean8he Y(iéogjenatﬂ%uf:éﬁe'?e %r;;rleéu@et M @uséngle
oacionedri in tsheasceganef twoy dehydrogematoon, dfetwesen which
S0t mag, ty@id‘e&h&'ﬁd(;owrir&&%dufzé@mﬁ 3% h0sd bdB¥iUiefto
tfgnﬁﬂ)ﬁleegﬁe ﬁcsnm‘aegeaug {,e&a{l on .HRNpxide, from

Q. ol % of

IR R SRR K R R
nol % of acrolein, fromO to 1 nold of acrylic acid,
Ay owmsGibbet ooratd tuehts ofthac @rbducaciicktufrrofirn Gl propane
dfehakdgetadionmakbdeiydey tor @Rk lptdkxcntMh¥%eefidt) can

ee,ff&m %ﬂp&g Lefe f@l%oosa&n 5eﬂtzgve§5€c!bg ﬂsd

onent S opane, 1)n

SR CRHRST HORABP o6 BB 88’&%}6 XPRFET | ERERal
?’W@eﬁr 0B RPN Ye IRFIPBE e ER HTRRS naf—‘h%lef%nr:sﬁcréh‘eft jasid, 48thylene
Zude, chntahsoldbg.carbisthowr dschutiwetedr,ogeacbusioid,
fanalleadde) opane cdebidy qaepalbrd wilde sHsbatddd (e.g
fnsut%e@n @fpzfasm%n 1Rt o%%giixeé‘kn @%%E%LQS%A n DE-A

Zﬁrf¥g%§£f5n6g%othe 1nven910n typlcally comprlse527§
to 10 mol% of propylene, from 0.1 to 2 mol% of carbon monox1de,
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 mol% of acrolein,
from 0 te 1 mol% of acrylic acid, from 0.05 to 0.2 mol% of acetic
acid, from 0.01 to 0.05 mol% of formaldehyde, from 1 to 5 mol% of
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
zone can also be carried out as a heterogenecusly catalyzed
propane dehydrogenation with substantial exclusion of oxygen, as
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Since the heterogeneously catal yzed dehydrogenati on
PBabBBBM 5 occurs with an increase in volune, the
conversion can be increased by reducing the parti al
pressure of the products. This can be achieved in a
si npl e manner, for exanpl eg carrying out the
dehydr ogenati on under. reduc pressure and/ or by m xing
Sl RLpRTs TIR674r | Work! Baeds: Egh 168MAVURIh
PE-MOOZENRYS aor ks ifieddbwgas Wi th respect to the

dehydr ogenation reaction. Dilution wth steam

§g¢1g% gcghevhg%% %%Jrré%ufsf’ﬂ% &ggégggdﬁgeﬁﬁggsgdreactmn
PEGHIR, WHEPHAD (R TEABORR ﬁ?&f B8 RIVETFaOpEAn Be
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é§é<§ftr@§(ilgo tD%r tlluglit gg Hr 2 dé o%a?nr ar Fﬁ norma?ﬁ.y an

vapor an aI SO arate

I8 e pFBd'ER:? ftpeedatgan Readtion. Dilution
@m@rt@g@nmmmhlw gives nfhie fvgiher  adventeganpf erdsipced
cartsterizat i on, ofMtiheh cap&hgs tiustede Qﬁlﬁpmltbhmv&yoﬂfreacts with

T RBBORTES AR P eRRLEE A0 ©f il ?Mcﬁﬂ% bg E\Qﬁ‘ the

%"%gmgglg{l ! FAR AL A B G 13008 B 4 ey

e(%‘ieé‘td?ﬁ‘ ion pgd/ ‘P’hei“FR?P‘é 5’e?¥éo’1?§ley°€a¥%ﬂ‘%ﬁzé&n the
wgﬁmtogenatalﬁv sefpropdne @asepartvrl ecarpbe,z@@s for
sisittaneWaeéharngorCQtetih}t raagealasdbd rargasd So 26 ey or

@anai%tewg mﬁ Ahe 6&5&9& Lfﬁ&tt%raemn@%@ @8Ry BFodRiion in a

SIS paRlot"dr Hindle Ml (ARAREEIEn  Bhifl copens up che
?&Rﬁrt&ﬁéayg%emr]eﬁsav%ogfﬁeuwfgpowr?ramfe dgilperethigas N2 when
thee nedified provhctr mivbese ohtaidhakbelyin wbitiemed,s employed
pireferenaeths @intealt fomk |dreRbicyhi Kl tAiee bGetdblld d@luents
B0 %@eﬁgg?agé‘féglle%@%égg%ﬁrzteg 88h = c?yir%gregoﬁ ;}L%gzgné are,
0
5 SranBi€, UG peching, | 2aheg TROD AT HR0E HILrob1s) dases
Tﬁ“?}hﬁspﬁﬁ' Ng |andy 8Ky dibh chidiieahs catniipaes RaBVRE fiserh either
emehedropwarer dme thai fobh @of Veriche nietteregenkous y
adbtaltagedud efurd thge 481 h &t D neft OPREE .gedordllBy £&d Being
S OUGI Y aimé}&% Ilﬁt eh&%ﬂﬁqpaon@%@%ng@% (Vjélr%'a
rﬁl netl.canegI C Jlrenf e % venv\% ﬁl% t J. e (l e.
arumonan X1 de) a hos rs§’ ?reeaéf‘ 6ﬁe
wf‘éﬁ& Fpemt%ﬂﬁ)ahapgw Yo fSvesteRet 1eesr thammpmols.
ptefierabty bess theneBandlp amd dibce smmf@n'lablxtoléss ithanhlsmols)
1w 3Gidblrespoctiss reateiomldohe. atrh ﬁﬂn&mgenan on

%?r ?Eﬁaéﬁ%?@&ﬁ‘:ﬁ@%gté N0 k4 p'::.—P @* Z?éloa r& sQlf-téble

ol i oA i

9/
LpIyPeplaanisigengt o 4 brabins.
8. Re sraughlycgdivided BptR. §wq 19ropps, PRIeLY gdose which
195 oxpEia 1y raFpre0 s on PEpAe] OBr SR Um0 Pxifly and/or aluminum
@ardd)cahdr thddee whathl yatiridesati begskt pnBE 589&87ally

comparatively noble, metal (for example platinum) on a generally
oxidie support.

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 95/46039, US-A 4 788 371, EP-A-0 705 136,

WO 99/29420, US-A 4 220 091, US-A 5 430 220, Us-a 5 877 369,
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
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35 Exanple 1, Exanple 2, Exanple 3 and Exanple 4 of

PEF- B3999 37 107 can be used. These are dehydrogenation
catal ysts conprising from10 to 99.9% 5 by wei ght of

zi rconium di oxide, fromO to 60% by wei ght of al um num

oxi de, silicon dioxide and/:?% titani um di oxi de and from
0.1 to 10% by wei ght of at ast one elenent of nmain
Frowmte lor Exppeleyf o E¥aERALe of andaBsetRish 49eSuPETA 119937 107
ehenentusefl.transition group VIII of the Periodic Table

of the Elenents, |anthanum 10 and/or tin, vvith t he

t wfge%é!@ g j
@%%%%%Qe BQB% Q Carg1 E%‘?at t tero % usﬁrl {](5 tc 99. 9%
IR e DR AR At ] %08 e? 63& By, welony of

AbgRiTIIm gKdder @@e@omaﬁmm%e m@mrftﬂd‘mmﬁ@ 91507§)¥¢€0rand from
arl tar d0pobgiueiglitn ofr anclgdsr cheselénpdritons mAisuptoup I or
pt ocee@selemeﬁtacm Stx%.'h%lgi&@rbﬂcﬁ‘lp Tof, expRleRend! bf transition

gp e ge n aE Elbee a 1 dlf af‘gb&cel to%d tﬁg Efleerrf) & % {anthanum

Lo G

FeRsi vethidhe Pﬁf’?’bﬁ" a&eﬁ Er%‘ﬁ‘er%ft |t8ﬁ peyrentages by
‘pﬂﬂié:sseslﬁﬁl%tlablwlfgbﬁi t he pur poses of the present
invention is also given in "Catalytica(r) Studies

‘%Véa%'r%noug(tﬁjé‘tﬁé{:%rcggﬁé’&i '&QU& Ef&&é{dt\ﬁ.%n of
%%q{ezggﬁlgtt ef rof}_cggggo ¥oc l‘lsm%.rear:,ﬁk ?s Kiidwn_ from the

son I fOrni a,

BUHRI3 255731 %@lbiﬁ AnclPﬂélr"’eFétPéFl s???f’rdﬁttlﬁés p%?tsiuzﬂh process
vt iandgeaee ugi yerc dinal ferdexataipdr abkriaduoents of dgenerior
&t tdiated tinpreosmeds o€ndeh®iddenakliyn cabiilysaeans t hat

the heat (energy) necessary for setting the r equi red
seagtion tenp erature has.to be intgoduc ﬁ%%the

reaé‘lpaéﬁ‘té‘é% °F‘Prﬁ5‘eﬂf XYUrESHEBY AT /6’?‘- THgAHE"
m%ﬁn%a’a‘eﬁ%éﬁw %cP‘tFé’r%?&Fo@ Entha exesent t Hergnsien is
slngivent ke TafielysacePoAtudigpeDavisesn r dixidesdye
betiyelregeneoich Yarhradkyzea: Heh yehogesidia@isnobr praf@ae, Study
ﬁo&m&almﬁénsum‘g‘g%r bBOM QIR B, $Rhka2HOWES Of

b0|I|n e u[ ar organi ¢ conpounds through
{:]%ﬁlgfar on Jhsg'g’zggglfgo% the catal yst surface and

t hus deactlvate the catalyst. To mnimze this

A smheateageols ghehenpaomialt hetpropereeusdpt eamalyged
d€airiogang ol off Wropwhé Cis iﬁlattolbepm%ea eM@stidigically.
fﬂ@'xﬂé%hs49h§5&”é1?e°%eﬁ¥: gl g&@é@s%%t pda Egt%ﬂfg the

het éh t
HEOCE DERRCLT AHERAEI™S TS, BR.PT | i ~CRBrat Tt the

FRUIPIWERE hS FREE 1AGp B e |h§fﬁ§Pt4“}d/d>rr SyEpret ey
kt¢tiaroganedudly tdrrajrizndi pehvdgfogenatigmsi fi cati on. 45
Anot her possi bl e way of elimnating carbon conmpounds
M%I%).LS Qﬁﬁ{b Q%pgﬁét}?ﬁﬂ %e‘éetf)%stéi’r%eratures required,
t%/ eon e?ngg{mai ol n aqHzF&hé&Pg{v]:otggg tPoenh rog?ga%é) g%?é‘fally
eva e e rom
suffer from formation of small amounts of h:Lgh boiling high
molecular organic compounds through to carbon which deposit on
the catalyst surface and thus deactivate the catalyst. To
minimize this disadvantageocus phenomenon, the propane-containing
reaction gas mixture which is to be passed over the catalyst
surface at elevated temperature in the heterogenecusly 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.

Another possible way of eliminating carbon compounds which have
been deposited is to pass an oxygen-containing gas through the
dehydrogenation catalyst at elevated temperature from time to
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36 tinme and thus effectively burn off the carbon which
BAs5B8BM deposited. However, substantial suppression

of the formation of carbon deposits can al so be

achi eved by addi ng nol ecul ar hydrogen to the propane

which is to be dehydrogenat%g over a heterogeneous 5

catal yst before it |is_passed at el evated tenperature

Bi/ee amve thye h?%#%a@w&lwohu@atqﬁfy she cgrhasymddchipas peen
A¢zas igesis| Bbeever acdibatankial eupbresebom afd theofemdtdon of
B&’ﬂﬁdig Rpbeitdecd epaver¥hidt dvedt By bﬁicﬂ.%@y QBQQEMIG thydrogen

Add?{bi tpl}%p?ﬁ gmg%uﬁ;r hﬁ% g{e 8 etero hetero eneous
TR f%eé?efa’éwoﬁ R&fﬁ%ﬁ % ¢ Féfﬁ%ﬁ %ﬁ“?&rtaégﬁ%e%"elrhéhe
deREkioospRrELeRreattalyst - of all ene (propadiene), propyne
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diluent gas but to start out from essentially only crude propane
as starting reaction gas. The dehvdrogenation catalyst, too, is
usually employed in undiluted form.

On a large industrial scale, a plurality {e.g. three) of such
shell-and-tube reactors can be operated in parallel. According to
the present invention, it is possible for two of these reactors
to be in dehydrogenation operation while the catalyst bed in a
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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.

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
platinum on a spherical aluminum oxide support. In the UOP
variant, hydrogen is added to the propane to be dehydrogenated in
order to avoid premature catalyst aging. The working pressure is
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variant, hydrogen is added to the propane to be
BehgdesPenated in order to avoid premature catal yst

agi ng. The working pressure is PF 53957 38 typically
from2 to 5 atm The hydrogen to propane nolar ratio is
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10 to 20 nol % (t'he conversions are based on a

The previously 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 reacticn
zone) . An advantage of the present invention i1s that it is
sufficient to achieve a propane conversion of from 25 mol% to <£30
mel% or <25 mol%. This means that the heterogeneocusly catalyzed
dehydrogenation of propane can also be carried ocut at propane
conversions of from 1¢ to 20 mol% (the conversicons are based on a
single pass through the reaction zone). This is due, inter alia,
to the remaining amount of unreacted propane functioning
essentially as inert diluent gas in the subsecquent partial zone
or zones and later being able to be recirculated, essentially
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singl e pass through the reaction zone). This is due,

PEt 8394871 a, 45 to the renmai ni ng anount of unreacted
propane functioning essentially as inert diluent gas

in the subsequent partial zone or zones and | ater
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F?ﬁyer51on, w1th the reaction gas mlxture being cooled by about
30°C to 200°C (depending on conversion and dilution). Presence of
steam as heat transfer medium also has an advantageous effect
from the point of view of an adiabatic mode of operation. The
lower reaction temperature makes longer operation lives of the
catalyst bed used possible.

In principle, the heterogeneously catalyzed dehydrogenation of
propane at a comparatively low propane conversion can be carried
ocut in a fixed-bed reactor or in a moving-bed or fluidized-bed
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catal yst bed used possible. In principle, the

Prt 586§8neousl y cat al yzed dehydrogenati on of propane
at a conparatively | ow propane conversion can be
carried 45 out in a fixed-bed reactor or in a
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After a prolonged period of operation, the abovementioned
catalysts can be regenerated in a simple manner by, for example,
passing air initially diluted with nitrogen and/or steam
{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 to 20% by volume.
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400 to 550C. The space velocity of regeneration gas
PFeb30B% catal yst can, for exanple, be from50 to 10

000 h-1 and the oxygen content of the regeneration gas
can be fromO0.5 to 20% by volune. 45 PF 53957 41 1In
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%ﬂmﬁrgﬁeaabg%e&t%@ﬁe comeEadly ﬁ%%ﬁfa&ﬂlﬁ’na%r%uccessmn The
moereof ratikyst dedposat e firom3b &y r2dngedvamtaoanysdy from
Daps 8 BrSEYER B X AlBQVEhe N R 9shebed GhricO adpastaddiisdas

éﬁdar@}édyai:@épm %%tﬁsggggh gﬁalwt& the aReX} re SAYIENL L s

advaett ggeous?’y suabjtlc Q FLext 2 n%xaeg(%gdhtéﬁ?l $Rf iGREalyst
theSYTHag FERRITR2GRT ts way fromone catalyst bed to
the next catal yst bed, for exanple by passing it over

heatheexchaDget dddes hnat £ikday caeangsiOfbedet agasesrBigedy
axially in a shaft furnace reactor or in the annular gaps between
concentric mesh cylinders. However, it is also possible to
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 advantageocusly subject to
intermediate heating in the tray reactor on its way from one
catalyst bed to the next catalyst bed, for example by passing it
over heat exchanger ribs heated by means of hot gases or by
passing it through tubes heated by means of hot combustion gases.

If the tray reactor is operated adiabatically, it is sufficient
to preheat the reaction gas mixture to from 450 to 550°C before
intreducing it inte the dehydrogenation reactor and keep it
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passing it through tubes heated by neans of hot

PPnBR957oNn gases. 45 If the tray reactor is operated

adi abatically, it is sufficient to preheat the

reaction gas mxture to from450 to 550C before

introducing it into the de a/?rogenati on reactor and

keep, it PF 53957 42 wthinThis tenperature range

Wi ¥t thhe P@Hﬁ}/elfaé%‘EFoFaﬁl‘-?F FFEint Bhe dariveveacher in order to
defzi vl theogesier b prepsne menve38ioms %S 3pandlid¢ul patyicularly
whern uﬁh@gttﬁaecaﬂl@ségt gle@k&sweidaeﬂ pE-2DB94 3991 @77, Y

2 c r [ S

b ciR@LCHLA iERe J%yrab 8 ﬁy ‘%?fj]y Thus, the

exa
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tagendra@engsations. 10 An even nore el egant approach is
to carry out the catal yti c dehydrogenation
autotherrrall%]éthat IS, r exanple, to carry out _ the
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F aaaaga %y Grerar Rediqasn aumed xrieg( Fhe cayrseset the
lh:%t%rwgnﬁag%bustamlysﬁﬁcdewrpgemucm lofcarabyme dpddeor added
s Hededant idn ayazamakyste WHitC Ban spbed fieCaldiryntageous in
$SRlackl val yassaaﬂlabxésm@ SeRAMBUST Qy ok iﬂygr%y% whlch

and/ rbon act or
i lca? B2 dbe o) citank B b RE S $Yrogen
{3519 ox gér%aaf QBs- AN XFey peapter 5(335%91% 19 gush’
EAA1YESsaade UDoke5 868G hed dn USahpt 88338 h, cés-ell WsB86 928,
teds scapobepofcamrxndat 2ol Jm t bg-Arys272aqb0and N an
@éi@rsn@tsbnglias&aroexiqp \Qﬁ%ﬂ th ﬂﬁ&s captal iy the

natil o acti
$Elleadenat oL eat 8yl ol g, DEah Lpheset ohnco
lr%tgffﬂean thgi 1??%|q°ytﬁéa%%r% dSB%‘i’-%‘?Q%‘ﬁ‘téPnt grtalyst)) . The
eatecdgeracubity ldkeahyed dhishypdkey armsiibheof ipraopane.
paeudvastovByrmdih @ashi bONGeIr thasl flefed HeriB1 Odpdion of the

ﬂ@%rdggﬁegﬁlc# Q:att'é@%éé C&é@d&%&eggﬁdé o(fh8§819an@ In th:Ls

pLopape deh yo ogenation at .a dec e'a}s]e 0 essent| al tx
corstant ?e &t Grétte ossImSI €, RS 938 in the
%%Yﬁrce £d Ja%rﬁhé@snpa? t?‘iﬂﬂaé‘ﬁ‘l Qe}iliﬁﬁiffgﬁé‘ﬁf:ba% 3t a decreased
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podsibdec to oaclofevexpgetiaildme Lype mwasedsbed alsrerion

between two regenerations.

In general, an introduction of oxygen of the type described above
should be such that the oxygen content of the reaction gas
mixture is from 0.5 to 30% by volume, based on the amount of
propane and propylene present therein. As oxygen source, it is
possible to use either pure molecular oxygen or oxygen diluted
with inert gas, for example CO, CO,, N, noble gases, in
particular air. The resulting combustion gases generally have an
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shoul d be such that the oxygen content of the reaction
BEs53@8BXture is fromO0.5 to 30% by vol une, based on the
anmount of propane and propyl ene present therein. As
oxygen source, it is possible to use either pure

nmol ecul ar oxygen or oxygen | uted 45 mﬁth i nert gas,

f exa ases, particul ar
afdi cipgal g%h‘i”ﬂ‘}%b eééﬁsbs%%ﬁngggég ohaEaRPyehsiR an
h@t%%nexagsl}adtﬁqa\lwaﬁ dehydrioggnet iectofapdopane hi s way
pronote the heterogeneously catal yzed dehydrogenation
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Euph e 1nﬁf-*e%1aﬂr )s)wmﬁhcga‘fe@@vaavmwéduw; pet nReessarily
heere syacubyed Defivrey helmg efi ldefioie thed ngali readeom inhehe
ipaded eReleEn i thd Ratatpacasedict ween ifereatal a&t alqe@s be

5&5&bd QEeﬁﬂélfb%?@&t@béocg%ﬁﬁﬂytaggg 'fh 1EE %ntaln
cat al St er contajn
< THAHERS VARGh 7808 TRi Qsﬁase ve a

%‘f‘ﬂ%’t}laﬁr t?@&f@r‘%@'&r andnin ithet REOPRIC @Psonbshedr Iragt then
pecbndense aed orelease heat dlecas ehbecadmperateréhes below this

parpefahe cetyferith@w. this particul ar tenperature. 15
One ot her p035|ble way of heating the reaction gas

artln m xture for ggg heterOﬂeneoust catal yzed
fdﬁhﬁgeﬁﬁf? VP the TRAfhiPRdIRRARALSHNT
PefpReatar ethe hagepgranerulyofatehezgst ciehidr ageiiayiomof

praser tbheheiredw redansacfi omokenpdmrturey gento (Burin part of

XA HHoBafY eEnERACHE | Sr&uHuShE S € A bahs of ndblel¥iar oxygen
%@le&ﬁ%ﬁﬁga&%r‘qgﬁeggg %%gtggﬁ {%{?gl&r ‘Esovgr a% glmply
I Qu cat,a
8 oo Pob “INRIE, OKCT AR ox: ARECRP L

%#t%ﬂﬁ§thea¥d(ﬁeﬂ§éﬁ§u§h¢o#ﬁquG@Paﬁ%%imhﬁturhleovkhﬁ deséred
retinn gexspedtausiteoby prexticiof shehhes: CE2cori2istic@ndiberated

24 aau@nwaw ﬂ%e@é@myiw Jdﬁeugeheﬁ %ﬁﬁu@’&tﬁgﬁﬂﬁé f‘athU'chd H50,
Y e “2% 40 ’“ﬁ%?ﬁ‘“‘??g%??on%ﬁ%l Fobtoebhaseire for
COPUsE 1987 NASHFagSQHE L% oSty tuES Aueh% IrRTer

described in DE-A 10211275, i.e. in a process for the
Thon talbatremen tisdresdo pedeogsd \-ombat ya@e cbadd bpaathbdved

siehydiuogenat d 0k 1pr SRR MAnhbe GasARaacinisEMhi18h11275,
dé% 3%thog é Qo kﬁg é{H%lRB?B%qgg%ioﬁgneo sly %etalyzed

roae ciQre E
2 993’@ 19n Ot HRFOPEREL RS0 Fes PR ‘?'ed-é‘t WBkch

gas is passed over at |east one fixed catal yst bed
overa Wdach ion| g@oiliar whydh ogjen prapené otatbd dakiydfogenated is

par thalseext €81 £&d ORHLEARoRE R, fiBeE P¥actGRhakyhé C
dehydrogenatlon 40 - at | east one gas conpri sing

rmlex:ulgliet en is added to the ., reacti.on efore

and/ T & Y 0P the FEAEPO0ay dhip phsaed over at

least one flx catalyst bed over which molecular hydrogen
and to at least a partial extent propylene are formed by
catalytic dehydrogenation,

- 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
melecular hydrogen present in the reaction gas to form water
vapor, and
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- in the reaction zone, the nol ecul ar oxygen partly

BRi 8B2B% 45 nol ecul ar hydrogen present in the reaction
gas to formwater vapor, and PF 53957 44 - a product
gas conprising nol ecul ar hydrogen, water vapor,

propyl ene and propane is taken fromthe reaction zone,
wherei n the product gas taken framthe_reaction zone is
Qi vi YeRFodc |n?ést%ﬁﬁﬁiﬁsﬂ§ghﬁﬂr?ﬁf¥éﬁ PydrRgea| water vapor,
conppsinylemeannd opreonsinet he takepdren fle rmwiatdahatenk.a
recycle gas to the dehydrogenation reaction zone and

&Q@r ehePBEdalce g%scesﬂémfﬂo thE +dMR1bh0%0ne u.'l.s&e%.l\rlded

furt xture SS _vartLan
b%G dPPeRaRGS g P SRRl EPEPGRE 1on, AR, i et the two
profpané aﬁﬁl{EE%QQﬂdyaﬁr€ESNQ%ﬁegéﬁdt@rﬁRﬁ fehyédgegernhion
témctpiant zahe zamk tiye zohes Hadti ds, nagcondindesor elde imeation,
heap fuswhbeciedydo mxEep®vRl of secondary conponents
(e.g. - hydrocarbons such as 1-butene)) is fed into
%he deh dro n,15 zqg further propaﬂe sourc

15 B 98ﬁ déspPB% gr&e Rﬁgtl%ﬂﬁﬂ en recycle gas
femnq%ﬁanarpyomﬂﬂﬁwaeﬁeppeeyhﬂvepgasyrsnﬁeaaénpslgine@aﬂgefrom
ixe/ genrtsaiir cend air tzheesotdhisth oayofihyiksdged, i atdikeen
PLIOFRTSA ¥8lh amovd bR $&@rdaReesSmitndnke r@éeéent

n Ladyct u f t
CE TRy ACRME L ARSI {ﬁgengf AE e b "Gygrasenation
SR T COTD A CBEnG) BPSFE B DROLE o OPe EREE Probane. This
rkicserartipulayiy, whenhthre resyndncgatriepreaents the sole
&ojudresenret hsr tiee nesbasidi onobliehyd¥bdepdiacalibongrocess

L& iHrane, i sobut ane, butadi ene, etc.), CO 25 and CO02.

It will generally be at a pressure of from0.3 to 10

and freque have a erature of from400 to
B Gtae BoCPER dra e Pabeant IBRREO o HGBrOWTT GaspAxture

figrmefygn phe heterpgenggushy aasaiyzed gRhgRAgogeR A @ L

Bfbopesiengehéea o duwebriass modpane, f ordmtel, nmbhecular hydrogen,

ﬁzet %@gefr@m&by eeﬁaaé/zetihgiﬁeﬂéir Og8RRELHhON Hhd¥ PABBEes and
3) fefQoﬁé%éHee g&Eé&{ﬂn OQ%CO{ COo

%y sua eous”  accor
gﬁnF @éb Bf?r%ﬁs“lréagf 8f tgnj0 atm
@drﬁrmeatbbdsa\(eeagtempmteﬁe ofi- bramrdd0 teobA%nein
bdberable basenefxrombdbadtert®0eCc. ) present in the
product gas mxture (gas mxture 1) fromthe

us'e% %)ﬁdﬁogff]afd@anng/ 9r%1%e|§”gr 2&?% 'AOE 1E‘ff &1 f zjecltlviﬂend

t her ne or zones

PE° %‘r‘%fsegﬁ‘ﬁ f“hxf‘h'ée z9§mﬁ‘iix’c1br e hetggogeneous
eabt'eﬂ/lermeﬁt flemedrogemgsian i on Rrapane tarmimiatunetk) @s such as
fessttopahei partsieylazane ot cford@, t he iy disagedyoidwimtagaous

sw&rmea £6PH AR AN BRrt3bhi 86 MHarakef efewqeaxhepart
X t S{ Sy o%far%%sﬁgpkee g P8 _ gﬁb&&%’e% %&Q{a‘é fkgﬂbhgsng, other

?F?Qﬁﬁ réﬁf 1eﬁgaetg 5 éggéght in the pro uct gas mixture (gas

mixture 1) from the oxydehydrogenation 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
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
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
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45 heat exchanger (the heat recovered is advantageously
PEeH36B7Y heating a feed gas required for the process
of the present invention), over a generally tubul ar
menbrane which is perneable PF 53957 45 only to

nol ecul ar hydrogen. The nol gcul ar hydrogen whi ch has
been separated off in this can requi red, be

PRYY |5 FELEFRIRE (areRen helhe ganeslar W@apareyze@ch has been
seppirteglenéf i Dm Wiispweparan orif pagsiackd,o banpehely usturned to

fid RRIBLenedlis16ARaRR1 PLENIddnYat U§bnar i¢Rl b pASpaie or
Béés%ﬂ%' Mﬁozfl?é%g%s%f #hl a:rkng% h¥§'r@a&19% eC 8] in fuel
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super at nospheric pressure). The renoval of part 10 or
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sUA ng 7eBeshet %meae@elél 928 C@bakyg%od%»dr@gwﬁ&j '5‘3'30171
o 5b¥) %WatﬁcPEJgOE& g%ﬁlt%ﬁst one reduci bl e net

i on

oxi'de a ded Ina e dehydrogenation 25

catal yst, as is described, for exanple, in EP-A 832056.
P cﬁedieng ive edmbustésanet impleguian, hydrogenadem i lage bes
tarrizdpanat ef fédtistelenstsikh dakihg atheathekaasgeroumnl %

éa(teé:l%’éhl Meﬁll}drc!%?étclgé r@l Q) bgoo?%c%éﬁ%%t ov8r "B %east one

o) ugt, of the_ ..
At hefsl SRADuigs T Sadlcl ol Tl %%; 53%%@%%“0“
%aa‘iaéiyffedaﬂe%ﬂ ERREH o nf Pe PEABP MR/ 6t ERnpI 8339R6-

remai ni ng product gas m xture (gas m xture 1') is used
Ascdrefagt o the meskhal ifentioh, Zz0Nes adivaResssans \to
égﬁéfM%EeEf?rgﬁeﬂghsEnlbhﬁb a%rnhﬁtigé%t12§aﬁop§ frequently at
féggy‘ %e%ofé é?_ﬁ% } Xst %t O{Q befo&ga%g % m&i% or the
‘F‘?talgéé‘é’“wzt%lﬁhes Wﬂﬁﬁu]c%thyéfﬂﬁ?n cfcﬂ%’lerit aent»%e of t he

e torhogengass Ly cated vz €d adehyvidrogena dioro tiedpre hamd frrophmde the
Weéich iPIiaRY b eoduEAyadl MOxt e Separaieth:ef f1/hf iseqed @@ 8ked to
Elt@ p%@@aﬁ.' E@n@%mt)ﬁgéll aff nb—;\égEQQﬁ?C%gj Qﬁter present in the

drocar ons uch _as % e are
tuae e. se ara e} ﬁdensatlo before
ar gft Févin

j 0SSi
Fgé)qg§rmé§5“£ﬁ(}s Paes F?%}her in the part1a1 zone zones It

goes without saying that other constituents of the product gas
mixture (gas mixture 1) other than propane and propylene can also
be separated off if required at the same time as molecular
hydrogen and/or Cy-hydrocarbons such as l-butene, etc., are
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
l, e.g. at a pregsure of from 0.1 to 50 atm and a temperature of
from 0 to 100°C, into contact with a (preferably high-bciling)
organic solvent (preferably a hydrophobic solvent) in which
propane and propene are preferentially absorbed (e.g. by simply
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the preferably cooled (preferably to from10 to 70C)
BRS58P8Ture 1, e.g. at a pressure of fromO0.1 to 50
atmand a tenperature of 45 fromO to 100C, into
contact with a (preferably high-boiling) organic
sol vent (preferably a hydr &ewobi c solvent) in which
propane and propene are preferentially absorbed (e.qg.
W%ﬁqultPePQ‘-a%?,@B’PuﬁB thesyigdgicheojenthr dhghP¥grane and
orgEENeC agal yerdyeretheopedpandnapdri fiep £oemabe subsequent
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£XBHIfe ref@i Bet) QtcetydfodenTRlRER NS AR2hAELHAYr a ¥ ofEf can
ttElﬁ 'h[)eﬁse&hf-nhc fdEl, r@bu@i‘ésp a&%aa é&&ré&Jna%@Qn of

used e het ef ogeneo
ogenation of propane. 15 Fbmever the
C3- hydr ocar bons/ Cg- hydr ocar bons separation factor in
Hoveyzresehe GeigdabcarbqisoCgshydrocacbpas asepedap ibhnfdetbr in
@ﬁﬁjﬂﬁ%seﬁﬁeﬂéﬁﬁﬂéﬁﬁoﬂ°br§é@§d qgeebm%ékdﬂyﬁélyhﬁlmlted and is
n o S N
SERUETF L S le B ek A bl X g groner

flon, preference is therefore frequently given to
u3| ng a pressure swing adsorption or a pressure
Aecatri falcarhatidortd hhe gitvyEosescpibédhaepaeaebdn step via

BN 8, poefdfdnall &s s dtbrens FRAIA LY gthéh to using a

N R e e
%?ﬁ?oﬁfec?pﬁ,g therRressoy, bTY‘?ﬂFH’?E‘dl umis preferably an
or gani c solvent which is preferably hydrophobic 30

szt ehiagle ot 1dm gedThi Sors alhee aboadhvaniicageod salysdrat ige
DY onPRESi rlﬂbﬁfﬁﬁéﬂﬁlﬁ' %b%:‘?ﬁ@i&:ﬁ mefiid @hidh %&eaable
1 sl Sttt | Y BB
rﬁPéVe?%msﬂwanﬁgg%e% 13 §BCLS RS TP AERY Y FHORRRPLC
mdmmghcmer@hes solatemr ﬁé\rcgszmv@aﬁﬂagmsa yoiling
phioite (3t0&embsplpatier pressietatofv el yrmoriolagr 1e@sigarBocc,
ﬁﬂf@‘a‘:‘&b&r feri&xambe @l inRhat FEeP&P&ﬂ%EQ@HSZW'@ 350°C, in
grr 1,300y :contAI N 103 5¥4er ngll, £12:RL AT, H.UP28b o
290° C The flash point (at atmospheric pressure of 1 atm) is
advantageously above 110°C. In general, relatively nonpolar
organic solvents, for example aliphatic hydrocarbons which
preferably contain no externally acting polar group or else
aromatic hydrocarbons, are generally suitable as absorption
medium. In general, it is desirable that the absorption medium
has a very high boiling point 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—Cygp—alkanes or -alkenes, and aromatic hydrocarbons, for example
middle o0il fractions from paraffin distillation, and ethers
having bulky groups on the O atom or mixtures thereof, with a
polar solvent, such as the 1,2-dimethyl phthalate disclosed in
DE-2 43 08 087, being able to be added to these., Further suitable
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aromati ¢ hydrocarbons, are generally suitable as

BBsSB8P6GFon nedium In general, it is desirable that

t he absorption nedium 40 has a very high boiling point

and at the same tine a very high solvent capability

for propane and propene. Ex | es of suitable

absorption nmedia are aliphallc hydrocarbons, for
aRsorR td onCmeddy A £AE8T Br ot ARERas, agl andorhthalic acid
Wy th coarbghs -clhaoin edaapbbs cnrd:dllamgl ffanadt ton8 darbon atoms,
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ﬁ%’eqi%rFa). alffrom 2 to 20 bar, more preferably from 5 to 10 bar,
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
guench 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
having structured packing (e.g. sheet metal packing having a
specific surface area of from 100 to 1000 m?2/m?® or up to
750 m2/m3, for example Mellapak® 250 Y¥) and packed columns
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The manner in which the absorption is carried out is
R&t 53y7ect 35 to any particular restrictions. It is
possible to use all processes and conditions with which
those skilled in the art are famliar. The gas m xture
Is preferably brought into gngnt act with the absorption
medium at a pressure of froml to 50 bar, _preferably
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@hee gltsol pprhicypragdesgsedl Fant istulpping .usef ul gases for
this purpose are gases having a specific heat capacity

’ﬂfle px%%a.\lé nyzké.( pﬁtop%gg cgrQ ral%a ANGer eE xhé(p %hles O

ro ene benzene n
gﬁégﬁ% lonp YolEaRs S %gﬁ tHﬁ“b&ErreSE%éﬁ?ﬁﬁﬁ
m I‘Fésﬁr eEe-h"’t RASGERLEOFP UEA- ﬁyaF%aa%&ﬁ%ueﬂwwqeémng
axdnnRsd PASk 8D addindemeBagiinchios aypecprEall dnoenahss
hrdferaednwebhditidnzt énnths 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
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
losses of costripped 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
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are also particularly useful for stripping. The propane
BRd5BBb@ene can al so be separated off fromthe
absor ption medi um by neans of distillation or
rectification, in 35 which case it is possible to use
customary columms contai ni ngy ordered packing, random

cking or appropriate internals. Preferred conditions
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ropene, ,the water/absorption nmedium m xture is passed

'ﬁt? FAENASEEESh dr FRAOPT e ORE Theired 1St aredurped fremakhe

gamef cgnasowdye misgtiuie d'manoerhkengar tveal szoim.at23 eBethone

ﬁdﬂtt&bﬁOiﬁﬁé(ﬂbrﬁedbﬂnyﬂﬁﬁ'@hhb&é;&&ﬁﬁéoﬁbﬂyp&ﬁ%ﬁﬁjﬂ%@ QSs—phase

Gt S A S b P L RSB L

NGRS SRORE ERAAN DI 5 Sherniad AUNESE, 71 2o

ansor
opsl Pgdub%CF%lagﬁth e 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 emploved.

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
mixture 2 with concomitant use of the gas mixture 1 and/or 1’ (it
is 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
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same can now be used in a manner known per se in at
PPasSB98Me reaction zone for supplying a

het er ogeneously catal yzed gas- phase oxidation and/ or
amoxi dati on of propene to acrolein and/or acrylic

acid and/or acrylonitrile with a feed gas mixture 2. As

35 oxidant, it is possible add pure nol ecul ar
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Many appropriate multimetal oxide catalysts for the two oxidation
zones have been described in the past and are well-known to those
skilled in the art. For example, EP-A 253 409 refers on page S to
appropriate US patents.

Suitable catalysts for the two oxidation zones are also disclosed
by DE-A 4 431 957 and DE-A 44319495. These are particularly those
of the formula I in the two abovementioned documents.

For the first step of the partial oxidation, wiz. the
heterogeneously catalyzed gas-phase partial oxidation of
propylene to acrolein, it is in principle possible to employ, as
already stated, all multimetal oxide compositions comprising Mo,
Bi and Fe.
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whil e catal ysts based on nmultinetal oxides conprising
PRe58BB@ent 30 conbination Md-V are normally preferred
for the second oxidation zone (acrolein -4 acrylic
acid). Many appropriate nmultinetal oxide catalysts for
the two oxidation zones haﬁlﬁ been described in the
.Egst and are wel | -known to ose 35 skilled in the art.
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Many of the active multimetal oxide compositions suitable for the
step from propylene to acrolein can be described by the formula
Iv

1 2 3 4
Mo12BiaFepXoXaXeX£On (IV),

where the wvariables have the following meanings:

Xl = nickel and/or cobalt,
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di ameter x height x internal dianeter) and also the

BBl BBABVal 30 oxide Il - all-active catal yst described

in Exanple 1 of DE-A 19746210. Mention nmay al so be nade

of the multinetal oxide catalysts of US-A 4438217. The

|atter applies particularly i(\lnen t hese hol | ow

cyllnders haveageometr 0 .5 mmx 3 mmx 3.5 mm
Shahh iy A otk @we%aén?ﬂ@aoznﬁﬂr abkatine sampp mesal,

mn'ss ?ing, mhcepBorws x arsemi¢i rbaxrh eatbmat.ertial cerium,

di amet BeaX digi/ght t¥ngdtdngr nal di ameter). I\/any of the

R4 veg M ddnTeha|im Oine (3@IROSH td:RN)S Sysdﬁ or the

step from propylene to acrol ein can 6e escribéd by the

formula 40 1V 12 3 4 WMI12Bi 8FebXcXdX. Xf On (IV) X1l =

i ckel Yahd?®P cobal t, PF 53957 52 X2 = thallium an

Bl kal i 0 nfEl do éndpmfmbdhfkérbmez gar dh netal, X3 =

gine, phesplgr Ysef&FHHN Ero0s Ofb 1@Nt i mony, tin,

gerium 4 oad aReLoly LANIShep, 0343 || con, ~al uni num

fitani d/ §

8, Jre e'ioart]ﬁ pﬂe %’ Yo txom @ t"O'S'to 10, preferably
f—romsottépﬂ@ and = 0 to 2, preferably from0.02 to 2,
40 = =a(Onumbed, dptefreiradd pyf thenallench, and abuhdatcédOofinthe

N = a adeltsdstrREN tipgh Byybbe Mplnce and abundance of
the elenents other than oxygen in IV. 15 They are

bt ai nabl manner known exanpl e,
BESA k3 95581 ahIF Ao Uy, RO B BT ur bat FORHP
PHHridadeédd) s?ﬂﬂeraé@ uphagly Ghappfli hejemslidutad ef uge d-oi nroduce
spleerfes, nrdhgs oat eyliodens ot srei used pireshapédrmio®rdoated
é&mqrsttsboﬂl &5 pahafe tihdrite supgbit/ HIQRBOSHL L wibh the

gemee,cfoo B8Y: CAh a'o%%Q&‘ se@v't%gdo@ %%ocaga%i%dﬂ ag

$ V\%r ?}é con‘posn tion for can
A HHSTE bPep iﬁred in a sinple manner by

produci ng a very | ntimte, preferably finely divided
Beyive xohpushigiansC oifpoke t fauda COreasdengirigeisld el r

S & LRUORE & | £Saf10ORuSHEL AR} §rSQUECES aofveryhmmate,
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['¢i.nation can ar

CRGSROREERI o) hEH Ty AERTHLPmELE &i?%frf’g’“'atsﬁégﬁ]ﬁ]e? é%&ﬁs of
Bhely relemaset@* ecistiihuents gasl gadcoxrgethisr atnbirgm 350 to
6§ RQAIC| The atadSiplaetien (€amg. baricstvi€d afut 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
inert gas, NH3, CO and/or Hz). The calcination time can be from a
few minutes to a few hours and usually decreases as the
temperature increases. Possible sources of the elemental
constituents of the active multimetal oxide compositions IV are
oxides and/or compounds which can be converted into oxides by
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
hydroxides {compounds such as NH40H, (NH4).COs3, NH¢NO3, NH4CHO;,
CH3COOH, NH4CH3CO; 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
additiconally be incorporated in the intimate dry mix).
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30 inert gas, NH3, CO and/or H2). The calcination tine
BPEN5BB5Yroma few mnutes to a few hours and usually
decreases as the tenperature increases. Possible

sources of the elenental constituents of the active

mul ti metal oxide conpositi IV are oxi des and/ or
conpounds whi ch can be converted into oxides by 35
FRatintgmase Pghg iof the HiraddRgecorrangsefior pERRATRGM
axt ides mufl gineerl sxiidebtempdsitiiiong TOnpoubdscarejed mut dry or
wét ! itruliar is heddbRE, ot tdAl eShef SEIPE BT ONBLRES are
ShlditlagRous e&saéde%s ‘E%@ *s Qﬁ@i%ecgﬂgggé@esd o
anoni dm salls and/ or Cli'ly roxi des (.conpounds such as
R R D5 TR B9 Ly CRBET P AP PRI IAPO0D
BOVTVET - af® nifimstql BLB1N6 ieh PyeEenpdse candied outawee In
tecompssedthe swmdngdsomgrigiisasee gisierl 19f fiked gaishovie
adtHedt ihhend ISt odUREIEUN@oIUPSSHHIQMA /68! i 10 Bns .

F ic%i Eﬁ__}ﬁo | t%ed}gcrgirﬁ%r %E:Sdolj:@aitn%% Illnlt El?%tmeixq.%g

m X) . 3 helntlmatmemgof € X

R 5°n§eed FRP R rIPEERROL St P eREN 2 hetogstituents
B¢ dd lcadnrpdssadlomd Eormarkidrercasrpeefayablurysed asysplvent.
THe iaquiesus aconpedittibndohtairied 5 agibdguenp ultkisedqr e
FEMRHaBUO O | 3pasCErdsnd I 1R RAWESES ARG uRECa S UWaG]ed

{2 GRLELDAL G AT 166 [ xipdcand, 1T approprial e,

co wever, the

acti on. ntrimte mxing is preferably
carried out wet. In this case, the starting conpounds
e agsdEe| juliinegadi oxidnhcompasi hkeng @ft hbef fermudia IV can be
wxpdb@isheonl i ipnmglcantiénn cusessi sipingPast pad iaull|r
¢ 1RRE g bt DeRS £8F er1b 1 g)dBEné Nyt BErHl & s18p. Shaping
AP %%S§39§ A I(Rl%d b\gpspet atedbCES Olf ct I.JLS & e:ﬂ?nn. %lor
constituents are all 1n dissorvet ¥ o et s
iaid Eanfyl Tt V25 CabR LT CaPhBS aRprebiGedc BRgb<ihe BRvder

iofefhe sactityse gampe$itin eod, itprufcalabhyd nd/jprapartially
¢thingdtbfﬁéunﬂaiu&oﬂtdiiﬂﬁbnabyou&&pﬁqtibﬁnﬁer@ﬁﬁﬁfﬂheoﬁesired
ddtATyEQ0gE&in (elg, The aehb¥engUldLiimtaby 0 d8m
%@%5&5 ongi ¢ ?lg.g{]{gg %ulc%l/ §&8N ba%hi Segreltteh%r' ! Qcid as

er _fofm arter  Shapi 7§t partircul-ar °F chraryst

&é‘—FPFésarFffPrt i a%?%p%’?é andcreindiogeiag gpat Snguch as
regrodbens rofe@legs . beshratasr afligor jcazbidal of mettagaium
tHorandeckeaimy eablal kodss iadledat 8 Jediredanshetatfladwdedactive
dde beg@a«mnd iersf 2Ly gfﬁz} féﬁa@gi% %’ﬁseo(iqgfegﬁﬁ%%so'br' hS11ow
UGB R Y 85 BRletd YafStet IR RoLEPed ot fpya co
Hedket 1§ e .aSt?yg?aB?Jelt%gylé&@?{rsfi GnwaitlyEhjckness of from
xaor gstwonds advantageows adfesovush, dhegpdphateiwr catalyst can
sSltseahhceasi shagicad dedmidtagnt $nadtlca cabapthg Aisdetafdcan be
#99BOoLSI 1@ gt erial s such as mcrofibers of gl ass,
asbestos, silicon carbide or potassium titanate being

added if desjired. _Suitable all-active
IJEjl bpla?:'tg.gu a?rly usefug. holslow cyl?nder geometry 1is

5m 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
pulverulent, not yet calcined and/or partially calcined,
precursor composition can also be achieved by application to
preshaped inert catalyst supports. Coating of the support bodies
for producing coated catalysts is generally carried ocut in a
suitable rotatable container, as is known, for example, from
DE-A 29509671, 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
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catal yst geonetries are, for exanple, solid cylinders

BF B3BbBw cylinders having an external dianeter and a
length of from2 to 30 10 mm In the case of holl ow
cylinders, a wall thi ckness of from 1 to 3 nmis

advant ageous. O course, f all-active catal yst can

al so have_a spheri cal geoms?’ in which case the

At andths thARkmgss o fhe tavem q%woe@em GeaPeEEfilen |gpplied to
teefaippeglt| bedyr yid rdepnjapemisly is Shermmang® fmom D mm

{©00 i) abrdf &rasigr ix hE@gﬁd'hgé iEpbRIT®RIto Gi0aNRh &ing

sépacauq'a&%a' v Prd 684501 Rf vl |-36L1 ¥Eofatsd! ¥t §59 ICE{mI o

cour se pi ng of the pu veru ent active conpos

or its 40 pulverulent, not yet calcined and/or

PargynEory paFeTidd. pretsrRusibdapbritdeorussamarys Pdyeus or
Buipecad byumipin catidea, t oil igrasBameiid ,nehbr tah adisdide,

sl ifue dCeRiddd safl ibBE Skt 0BOsl 8% athar sRER A gnesium

gfﬂc%gzl Cg}agi/&ﬁ dms s@ii‘é‘é@é ! )&‘h%gr gfg%ét)letrah.?% esseanﬁ.lally

sul { ero

on

Pi%rh 48 BES%"-%G%;‘E?% EPI9ED USRS I0R b tReTGRRRS T the
RORESAthANYERBAT - T@@dbesp%%@éeaﬂe@mmw%reg@m ®rbe -
fppiguddri shapkeanthage oastyar Inishhpad dsvapdrir bedi @gadiaving a
s hBrridBAti S@tf D réudhndys MRARS Q;Bth BE B3PPdy H¥1inders,
&d prlgé EQ&C%S%SQ {Eh%J %19 r\l%j:arous MpgsL i on

£ S 0dy 1S atvVANtrageous! VP n the
SEERITE, SPROF T W0, DI rEREDI S5 b an o L AISAF Of
S ¢ %008 p‘FﬁlariGTEfﬁaﬁblz‘ o ¢ peed emmblopni het dpprapmgete.
Hovaamel50the @8 qimeydik@erssipetihg Nt ingdhSofi frdéms 2 to 10 mm
&%d%nble?ctéﬁné{ﬁﬁil&é&!}%ﬁ:@gaéﬁ’tﬁﬁgfrpﬁstgrlo enRer Qaﬁp@wfﬂoam can

| | | U |

a‘d}ﬂ B aﬁ +}1gxglon Qari ghe S S] ?ca g:s gucﬁl Sn%s r?élgpuﬁwt
Redhesat Eh‘arw%]}brﬁhﬁr&?ﬂ%??u’c%t“é“a héyframe 1g ﬂeilanrrvy Ring-shaped
sapnerti pjed preferrefinfor dipec punbosdse ofakchet presstt on
inventd opr hees s dfenphk oprxsent taveni,0an dheemHIp@ibmeter
@Pchr%ﬁl Gapo N vien ra%.auha\[:aﬁ tHitkRg & $HBRES tHY mm. Rings

pRQr | shaV| si gnl f1 cant
a%%#. ce ro%&ﬁnpeet TOR': herg:s or h{; tc‘?\fvn"ci:{L #nadré%§r
13 & é?r—%a’a Tﬁ‘éaﬂgge’a)r S BHEP RITF HTUHPD wéseful as
HHReTitc hpdiss arcsariding supfdet prapenth investaon oulgh goes
witHomte sapiing thaanmeher fiendss06F 1thed Gtamy L pe£IBr akityve

é%fﬁ@ #FﬁﬁofﬁiﬂBﬁﬁ3QB g@liﬁ?ny@rFétfhe Qﬂ?@ﬁE@roftgﬂé %ﬁﬁport
]90 e%naf“‘gglgarré;%er oF rom tg ‘i%m?‘ﬁﬁ 23 ghﬁpﬁﬁglﬁ@dl Sg

%%ﬁ‘ Y approprl at e. In the case of suitable rings
as support 20 bodi es, the wall thickness is usually
Humihet aotiveamiulRingershapede suppoditikead @Bl efLr bedused
£y thlaese pﬁ&ﬁsp%p%bsn@r&s%ekolém/%%l BBmPSYE i®ns of the
f&q&t rom2 to mm an external dianmeter of from

4 to mnandavvall t hi ckness of from1l to 2 inmn.

Rlngs havi n%the geomstr¥ 7 mMmx 3 mnmx 4 nm (external
B amEoePxlp [Yic  ¥4q: Y96 ¥0£. Y75, Y210y 1 g (v,

where the variables have the feollowing meanings:

Yl = bismuth alone or bismuth and at least one of the elements
tellurium, antimony, tin and copper,

Y2 = molybdenum or molybdenum and tungsten,

Y3 = an alkali metal, thallium and/or samarium,

Y¢ = an alkaline earth metal, nickel, cobalt, copper, manganese,

zinc, tin, cadmium and/or mercury,
YS = iron or iron and at least cne of the elements chromium and
cerium,
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25 length x internal dianmeter) are also particularly
BBebdP5@s support bodies according to the present
invention. It goes wthout saying that the fineness of
the catalytically active oxide conpositions to be
applied to the surface of t support body is matched

the desired thickness of "The coating (cf. 30 EP-A
¥ oeflosSRRNSer 2588 Ve PﬁFPPrﬁRQﬂoroﬁPH%FQﬁﬁhp05|t| ons
w'h|=ch garetre egsst mérl t Hdtenbwnf omepnbwyl eniektiom, tantalum,
acr ol erRergilitn,C@upBShiuONThelithe sileerl god 3R luminum,
(Yl a. Yebi (], P(l}{a§ur?(4dsl\i§%ox6f gé/&%mxaﬁ"/@e;é (t\ﬂ)arlwe‘{zﬁi/or
the varjabl es have the follow hg meani hgs:
bi snut WWHIORE or bisnuth and at |east one of t he
el ements tellurium antinony, tin and copper, YZ =
abl ybdendimter 8ol ybdenum and tungsten, y3 = an al kal i
peta , othakib@ﬁland/or samarium y4 = an al kaline earth

getal,gni cobalt, copper, nanganese, 45 zinc,
in,_c dmggand/or mercury, y5 = iron or iron and at
east ‘the el enments chrom umand cerium PF

83957 Y6t>20v7 = 55 phosphorus, arsenic, boron and/or
aht immobyto &.rare earth netal, titanium zirconium
&t ol uo)ntct qrst alum rhenium ruthenium rhodium
gilverg H alum num gallium indium silicon

éa

%grnanluég? gig horl and/ or

arg.de ea'mfrbed4§3y16 m ueﬂ%;xcteo aﬁg' glg'%t%doance
>0 to°§d:he flements pthier gham @Mgen1sn Viand g to 16,
B5 ¥ | yumbexsnivbose witcilo arg idletfrom detl by The val ence
and abundance of the el enents other than oxygen in V

Eg&% Pﬁr éﬁ%fﬂﬂgiefééﬁéﬁg REGcASE ﬁ?é&lﬁgl c&%boé%tlon

rrens na ns o
Pﬁ &t éﬂﬁfﬁe&egvﬁ% Fér dleqq%gﬁaar?wt!ﬁﬂt by
lwémg Iaoe‘amp@ﬁiﬂﬁmﬁéﬁﬁeb@nﬂwaﬁvmgthelcrorﬁwgﬂt gpyironment and
whd fee mausti mfun odd drderier  |{ beadessn vonnadeiig dide running between

two points on the surface (boundary) of the region and going
through the center of gravity) is from 1 nm to 100 pum, frequently
from 10 nm to 500 nm or from 1 um to 50 or 25 um.

Particularly advantagecus multimetal oxide compositions V are
those in which Y! is bismuth alone.

Among these, preference is in turn given to those having the
formula VI

[Bia«Z24+0xrlps [221223.0243-FeerZ3esZ28,4271s0pn ] g (VI)

where the variables have the following meanings:

Z2 =  molybdenum or molybdenum and tungsten,

Z3 = nickel and/or cobalt,

zZ4 = thallium, an alkali metal and/or an alkaline earth metal,

Z5 = phosphorus, arsenic, boron, antimony, tin, cerium and/or
lead,

26 = gilicon, aluminum, titanium and/or zirconium,

Z7 = copper, silver and/or gold,

a" = 0.1 to 1,

b = 0.2 to 2,

c” = 3 to 10,
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whose maxi num di aneter (| ongest connecting |ine running

bPt 88887 two points on the surface (boundary) of the

regi on and going through the center of gravity) is

froml nmto 100 pm frequently 25 from 10 nmto 500 nm

or from1l pmto 50 or 25 pn:‘lh Particul arly advant ageous

mul tinmetal oxide corrposulo% V are those in which Y1

25 G sh?h % éme. 30 Anong these, preference is in turn

gt ven 800X Hes &, haveberatly ffomnllla tdl 3| Bi a. Z2bsOx. | p

EZ21278cef4. Fee. Z5f . Z6g. Z7h. Oy. ] 4 35 where the

%arl_abbeg, ve the followi ng meanings: Z2 = nol ybdenum
Z%bd% urh and tungsten, Z3 = nickel and/or cobalt,

}(‘VI) = thallium an alkali nmetal and/or an al kaline

Tary T menkgrs whockzoare slegsphoned byatbenvalensw end abundance

ant i noofy, tHd rlementsimtiaa/ ﬁhanlceq@enZGSn‘v:BJ licon,

ﬁ’f L&“Mﬁﬁ\béﬂst RbYE A/ Pl v w 095"% oZi/ o Q‘Ppgﬁéferably from

veroaéw or, gold, 45 a" =

c" 3'to O PF 53957 56 d" —O 02t02 e" =0.01 to 5,

preferably from0.1 to 3, f" =0 to5, ¢g" =0 tol0, 5 h "

with O@ryxpaytmuﬂma‘epsemm%ﬂoeldetmmm bympdeeitions VI in

witl ané, ard (atmnsianne. @fd zhe el esEhiisieather, .t han

oxygen in Vi, p", q"—nunbers whose ratio p"/q" is from

1 fQ rabl 0.5t Wt h
art Slc?&lsgr Q& I?etalrger?)c(:lg g%‘f e 1.‘*6‘8% %Ec') %O&%AQF#%’E%"]«M afpleast
%’1 7157959 BATRAFIGSELH) B HIaPIY12° JLeais JBACROHY1 2F Fhe
tetal J¥ladifanPadeoasntent dilBlieddh @51 50| of( phefrerlaimptal
atidee astpod bt bhs W YmaDeinnedali ok as | gorfppoeieiahs WHBt suitable

k@@stthel gr%@éé@ cﬁf ter é’géﬂt [:.le@ntyggh % 1:)@ ﬁP@st&n:t in the

OSItI

P EREEaT Bad BBl AT e T SHTAER SRR AL
Hlar Bds-é?s: of Bi41é wPaskmhichyare Il insaped phrse thein loral
¢ imaginenhr ke -l viogs eonlaémicedi onspoditive dhéfexait from their

ToFglo einkvii 08nméh tYladdYRRo X maxBimamZ2aritklr Whi €A e range from
fleld neatgd fhromtheir local environnent by having a
chem cal conposition different fromtheir | ocal

envi ronment_ and whose maxi num di apeter is in the range
A3 fpgards shaping, what has 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.

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.

At this point, it may be pointed out that all catalysts and
multimetal oxide compeositions which have been recommended as
suitable for the step from propylene to acrolein are in principle
alsc suitable for the partial ammoxidation of propylene to
acrylonitrile.

For the second step, namely the heterogeneously catalyzed
gas-phase partial oxidation of acrclein to acrylic acid, it is in
principle possible, as mentioned above, to use all multimetal
oxide compositions comprising Mo and V as active compositions,
e.g. those from DE-A 10046928.
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1 runto 100 m 25 As regards shapi ng, what has been
BRi 83BR7respect of multinetal oxide catalysts IV
applies to the multinetal oxide catalysts V. The
preparation of active nultinetal oxide conmpositions V
is described, for exanpl e,5+n EP- A 575897 and in DE-A
19855913. 30 The jnert support materials reconmmended
UBBX 4SEn SIS el AiSede - 91 nthaseaPfaDEZ 4984PR8 hutean &es
flescriidegh brgtiedfamuBeudd@T ng the appropriate fixed
catal yst beds or as an upstreambed to protect the
catal ysts and/or heat the gas m xture. 35 At this
point, it nmay MeipeXfweeXtuft-¥udtsOal | caf@iists and

mul ti metal oxide conpositions which have been
recormended as suitable for the step from propylene to
wbewt dihe zaeiabley haveptiee falldowsng traddrainger t he
partial anmoxidation of propylene to 40 acrylonitrile.

for. the 3@:0:}.@ StEPandBELY the heterogeneously
%gt_al yze fgaéép fse_ artlp?f oxi dation of acrolein to

cryl i Saditd, “Pt 2B i Pte possible, as
¥t i ofeensdoveBito use all nmultinetal 45 oxide
Xonrposdrie ans mooapallsligmbabsnd V as active
£OIPOShd QS mor€. Qlkélﬁ?@eegfﬂmng%aﬁsloodffgég AF’F 53957
_ ) ch.¢o i,QNs, e.qg. ose 0 -
%8_152 ! sAgénTgeg@‘géds]{:rZ%bed by the fornmula VIl 5
F0T2VaX1txBe X3dx4eX5f X6gOn (Vi1), where the vari abl es
have the ft@l Kowi ng meanings: X1 = W Nb, Ta, O and/or
€e,=1002t0 €8, NI, Co, Fe, M and/or 2Zn, X3 = Sb
and/ org Bio 4%4 = one or nore alkali netals, X5 = one or
re aéktac;izne earth netals, X6 = Si, A, Ti and/or Zr,
ggazlto’& b=02to4, ¢ =0.5t018, d=0to
0 V%02, 20f =0to4 g=0to 40 and n = a
Gurtber0 wiei ¢R BBddet ermi ned by the val ence and abundance
f 2 hea elumbent shbdihers deasrmiyge byl BhY| ValetecABRAGakbliRlance

acti veofMilnel BREREN X i8S rVihan &IRdh MRt Pr ef erred

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:

X1 = W, Nb and/or Cr,

X2 = Cu, Ni, Co and/or Fe,
X3 = Sb,

X4 = Na and/or K,

X5 = Ca, Sr and/or BRa,

X6 = Si, Al and/or Ti,

a = 1.5 to 5,

b = 0.5 to 2,

c = 0.5 to 3,

d = 0 to 2,

e = 0 to 0.2,

£f = 0 to l and

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

of the elements other than oxygen in VII.

However, multimetal oxides VII which are very particularly
preferred according to the present invention are those of the
formula VIII
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according to the present invention are those in which
PReb53987i ables of the fornmula VII have the foll ow ng
nmeanings: X1 = W Nb and/or Cr, 30 X2 = Cu, Ni, Co
and/ or Fe, X3 Sb, X4 = Na and/or K, X5 = Ca, Sr
and/or Ba, X6 Si, A andé%r Ti, 35 a=1.5to05, b
=0.5to0 2, ¢c 0.5 to 3, =0to2, e=0to 0.2
40 f = 0to 1 and n = a nurrber whi ch is determ ned by
t he val ence ang_a n vkhe el enen her than
oxygen in VII. gllgb"\%vngla nguF rre%gf‘ oxi deé\ﬁ\#}l) whi ch are
very particularly 45 preferred according to the

resent invention are those of the formula VIII PF

58 Mb12VaYlb y2C ylf'Y6g' O 1 (VII1) 5 where Y1 =

Wand/or Nb, Y2 = Cu and/or Ni, Y5 = Ca and/or Sr, 10
Y6 — SV andtoorNBl, a =2to4, b, =1tol.5 ¢ =1
¥ =3, c,j ard/@rtRi0.5, 15 g =0to 8 and n' = a nunber

i.ch { ed by the val ence and abundance of
W‘be e &2 aqit%1 %E Pr than oxygen in VIIIl. The active

1T | aﬁndo/? d% conmpositions (VII) which are suitable
20 ¥ or2 t4fe 4pur poses of the present invention can be
lobt=ai nectd 1.4, manner known per se, e.g. that disclosed
&n DE-A 4335973 or in EP-A 714700. Active rrulti net al
pxide &o{go%s%tl ons suitable for the step 25 "acrolein
-* acr I|c ac:lg in particular ones of the formula
s arP | naﬁ inciple be prepared in a sinple manner
BY Jor ctluvimbgrawhieh yis detemmined iyt shabraldrnceehyd abundance
di vi desf dihe eiEmdatd Rhar €HAPasdyigeAnigorrmspondi ng to
their stoichionetries fromsuitable sources of their

fﬂee'é%@tl% rﬁ%txﬂett%?(ngx1d?mdco(r:n%logi 1or95 t(@ﬁ) 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 stoichiometries 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 H;, NH;, CO,
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 as the temperature increases.
Possible sources of the elemental constituents of the active
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
advantageously used as fine powders and are subjected to
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30 from 350 to 600C. The cal cination can be carried out
BFt B885@nder inert gas or under an oxidi zi ng

at nrosphere such as air (mxture of inert gas and
oxygen) or under a reducing atnosphere (e.g. mxtures
of inert gas and reducing es such as H2, NH3, CO

nmet hane ,and/ or acrolein or e reduci ng gases nentioned
SRl fITEtionsa bRy MKieIcANE: rdt ABRT PPA {8an CHBDAT AT
Hewevemutbe intimdtewmiking siampdelisvathly cdeciedsast ast.
the tenperature increases. Possible sources of the

fﬁ SRt %Las@onajié té{:%Q'tt.SLancéntb% ?%' Yfe Matlggeﬁ%ec? )ﬂl@ﬁ one

0sS] t.i og% V}n oxl des "an [ Cog?]?1
FESER, Py BRe | UG 6F ARUCHRP ROLHEHGRS AP BacPuTRREtons
ﬂ@”ﬁr‘-‘é@éﬁéﬁ it imarge Ary ThiXqsheirgaeltaingdngnothe ixing
Btardsisndesonpmedcdichocher spardesgof ntld igteinahtaXidcbhistituents
£OARAY §h08Ss: v tobf. OMtdred sOpte AR i&@&d aé fschbent.

'bﬁe > G oag 8 S oLhS?ééﬁ{ed 0 g&@ggl 8,8

%fa%g use are’ st J edt ed
‘?Be Y5 v T%a ﬁ%?l ﬁ‘ﬁl@f’uf’n%’ﬁg‘rﬁnat Pytlet
bppreopitaee, ok dinsacdPBnto 1HdREver, the intimte mxing

is preferably carried out wet. I'n this case, the
ﬂ@rﬁsﬂgtﬁﬂmﬁq&e@éf SR lbmPbX £k st hi AN arécular those

@f]oéﬂ%erfo&ﬂuiggflor ? %tj% 13.0151'%“ 'a%r}:%lgg.]n ox:.dat:.on either

art'i i mat e dr Xes are

SUS 1 O

VS FRTR IRF AOLPRGE DRI SE BRECISHEE GREMLYSHe
Wseéf $harisicerant b¢ owdedt oehtbefogeecocnl aftigr final
chlssiolatednf cfor hhimple) salir-eketiabl yatidgdtascaw|bepiroduced

é&k&n AALCHYIACO R t:lfoewm&lln}@dcérﬁpowﬁeﬂusytws % §9cined

[ fer i_ng.the_aque
ﬁ% ? of an erax:ulr%e E}%fé"# acgiﬁﬁ ¥ agfé'(? %h?hée‘?]gs&la FRRYLYS®t
?ﬁﬁ“’teltﬁé’t é? nlsxula’e CaBhpbEIY i SRETUFHOH A% KAl SFt TSR 'oT'lth
ayd ligrigs asWh ascgrabkitsed Sbearie azddokei uldicdatsoand/or
shagdiay aifs iandawdefoftoinyg matati£rs ap B dbcrofibers of
Piddsl, CHLBEs €& a'sﬁi&cgﬁoé?ztﬁl'dﬁsor Mﬁguﬁa&@&z&@ b€y able

b f f I
#the g aL§ ¢ stl%r 'é]&tbb‘ia C u?él(folr‘]’ﬁs ?iﬁ%%aﬁ&g\?trles

Ive catalys can
F5'm 81‘-’ BRI R i é@ eSn%smeaﬁ BF haldoyne¥ltndris having an
precuad odizmmprsiandon bynwdnpdciion 2 ¢ogl0emt helrdebir ealse of
toAtlaky syl Md@eqnat will eclfickbgskabt efricrgl Xt Ued QR or
&%@ébé&é&. Os c%t:ee auhd | '1§Lh@§1\§éjgat§§ Qéla%m taq 8 have a

jagid ubri cant,s an apLng a
Srgptelwl:se% FSFE] eomeattrgrl aPsCl'éughn cafemg%ro‘flaﬁlgé:g of a8 a%§°m 2 vo
s mmst 0s, silicon carbide or potassiumtitanate being
able to be added if desired. Suitable all-active
Gty se, gapEng e§ 2he uvelaleeX aigdli®e SOhpdkition or its
gilvieRdeLse Ornc]'tollyEQWcQYJ:ir[H@rﬁrQ&Yfé& %empm@f&?'can also be
%}ﬁ@%ﬁ @951@ @(I frl’eO!'_p eé 1nert cat {] st Cagets
I wWal e PR cKness of ~From f‘ulpg 5
CRASIES gty é@;’é’&% Rga ’Le&nf% DRI SERFE efedryts is
generaliy pammiegd 0§shéliiﬂ:eﬂulGébhewq/taqahlahc@#ta:Ja@e“ the is
lkdicamet €or cexanpd f, r 6o IE-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 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

500 pm and particularly preferably in the range from 150 to

250 um.
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30 10 mm O course, shaping of the pulverulent active
EBnpa38B%i on or its pulverulent, not yet cal cined,

precursor conposition can al so be achieved by

application to preshaped inert catalyst supports. 35

Coati ng of the support bodlg for produci ng coated

catalysts is generally carfied_out in a suitable

POLSHERATE PBREE T, 1As1f POSEISIA, EP JSe CAFEPBATY RFOUS oOr
IDFRPO XG0 6 7 tuni s /@QQ@S&SQSD}MEP. ALFNIHD0.théD it dioatide,

& e s ipip0 Bl ok Odk £ %51 1t b6n PONEIEIdeC BFPOS] {da#R st BubR as magnesium

appiaaﬁc% ohrsai‘&}{ﬂﬂhr@%%éé et @ﬂm%ﬁ%s%@w&e

PREAoce o oblagiriey: ébﬁéﬁguif SHEPSH SypRIE bodtes
BVinék asghgnt fiusty srsfaes inuegeses! v ich srBerearmye hollow
¢ybinded st batded angrpteteatiiy, iamet peefange.f Then kb tod

45 & aR Ty aREnPRFdusG UsBhéyi daiekeeabl ve isugbbe t& aneeH rhamn_ a
ﬂ‘é&%ﬁ %ur%gge n&ncf’ F %?I%Ztgp ofA%rﬁﬂpPO{é %erarefﬁrabl %rom 4

| e to use cust omarg/ ROor ous or nonp

B R gpR, BR P RRPABLS | HEMRURF i 5 d3e of | Pbridppe. having
i kpnakd, ofj fremr? car de@lo%ndslalﬂl estemaludhanstempfediram 4 to
3¢ |nrc &tse soppat turhcdigsschn cHise. béhepmtfidaikteboth e @ase of
Poues Bisl 8OPbEF t YodikkeIthd wallapRSekdtlls &@gum&iw from 1 to
r}{%Pe‘i‘uEBDQR%e? ggrthgcydl%| gogkgpl{llycglgtrssur{ q:h of from

A BB | 7 5 i,

S Or
egme‘effr ‘?ﬁeyﬁ%’% bito és@%n?‘?dalé‘l y’all
§sof st ilc &P 3tmmit iRiagsubpoins thiei ghohetey a
T ooghx Summaged amd (@xdeenEl etiankbtér Qm]_'lent_:;(ﬁthrTImternal

@i Bfeical| ¥ré rOmdt ph@ti Suba TP wsabubea ARM geft G&Sé‘ams oLt goes

gﬂm@ sab g ROLHEVHIMIRLS BRLN0 cRa1 SROLD B k9T
B‘PPSbBb‘Fb% teafi a"l‘%%“‘&él Bp lbepr%ua:tfécel &f the expeort

}éﬁ’dﬁ’ rllsnglét%e%d:@péhﬁ fesfines thhcknedd ofhibknesating (cf.

Eitral7lg 700m 1 to 4 mm Ring-shaped support bodies
preferably have a length of from15 2 to 6 nm an

ﬁcﬁﬁa@ﬁ;gggogé a{%l%re %{1%{:{ g@aﬁ %I:Lge rg%]a\?lldsrli%l?ﬂs to OITE%llsed for
SEP3” AT Sl i (5 ifiafeif aﬁé@e?oaap?w%sxwhlch ‘have

‘Fhﬂ domanladi®Hneter) are also particularly useful as
support bodies. It goes w thout saying that the
fineness of the cataly Tq@ql ly activgx40 oxide
conp05|t|ons to be app f'ed®to the surface of the
gﬁ bod tched tao the desired thickness of

i Ay es pve B Teddpwing \mesnigeEsus active

mul timetal oxide conpositions to be used for 25 the
Bt ep "rm:lbm.e:ilg.#c-ﬁgrgﬂleizsfazﬁgdox.are conposi tions which
ﬁ]avg M gcljhog[uda I X, [Dp[E q (IX) 30 where the
#afl abvslf S5uiang, (he L@l Levepg meani ngs:

Z2 Cu, Ni, Co, Fe, Mn and/or Zn,

z3 Sb and/or Bi,

Z4 Li, Na, K, Rb, Cs and/or H,

Z5 Mg, Ca, Sr and/or Ba,

yAZ Si, al, Ti and/or Zr,

z7 Mo, W, V, Nb and/or Ta, preferably Mo and/or W,

to 8,
.2 to 5,
to 23,
to 50,
te 2,
to 5,

an
bn
clr
du
e”
fﬂ'

|1 VI | | |
o O 0O 0O O R
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D = Md12VaZlbZ2cZz3dZ4eZz5f . Z6g0X, E = Z712CuhH, Dy, Z1 =
PF BB95Ta, O and/or Ce, 35 Z2 = Cu, N, Co, Fe, M
and/or Zn, Z3 = Sb and/or Bi, Z4 = Li, Na, K Rb, GCs
and/or H Z5 = M, Ca, Sr and/or Ba, Z6 = Si, A, Ti
and/or Zr, 40 ZV = Mo, W Vle and/ or Ta, preferably
M and/or' W a' = 1 to 8, & - 02to5 C =o0to
93, 45 d% 22 P%0 50, e" =0to 2, f" =0to 5 PF
53957 %614 gto ®.050, h" =4t030, i" =0to20and x",y"
fnunber sphts R araddet ermi ned by the val ence and

b I t
P s O s o L Pl
S a

11, and® SPRAET 3P PRI e BT 5
Pt | mat%ﬂWc%‘Odél %@d&q&eoﬁago T T $2Ecpm H+60©}" teE}:1,
in finely divided form (starting conposition 1) and

540 QOB h Ynab T ByDREBAI AL 1\ @rBE 6EAIMPE §ALEfnetal oxide
§&@E§g§1@qoﬁogp05|tl on 1 into an 15 aqueous sol ution, an

aqueous suspension or a finely divided dry m x of
sources of the elenments M, V, Z1, Z2, 73, Z4, Z5 and
Z6 cont ai Al e~ @bovenefBli-oned el ements in the
stoi chionetry D, M)12Va"Zlb. Z2caz3d"zZ4e" "Z6g. (D), 20

{8t £irld 199 AE GRS | £rRN (2R a4k dh@cRESE {18 381 Sn®: Sibsebuently
foeﬁ:%a:raxmgr g)rte'%srmtﬂoflﬁgségyutngo cfgmg%,gia%nq into an

crnin recursor

SR FORCT Tbm 455 BT RD GRS (7% 7 e LGBELY ethvided dry
bt atfy sougeeser’s rheoslenenty MeceVi sZiyi ¥én 3o A t39mend| 2°
oon e ndagpolé tamvenkeXt poeghredémehys | It ahposabi ¢l drfeery D,
preformed solid starting conposition 1 into an aqueous

starting c&g]pg,sgl O ZZ zf 49C, sﬁ det a'w)e'd

(starting composition 2) in the desired ratio p:q, if necessary
drying the resulting agueous mixture and calcining the dry
precursor composition obtained in this way at from 250 to 600°C to
give the desired catalyst geometry.

Preference is given to multimetal oxide compositions IX prepared
by incorporating the preformed solid starting composition 1 into
an agqueous starting composition 2 at < 70°C. A detailed
description of the preparation of multimetal oxide catalysts IX
may be found, for example, in EP-A 668104, DE-A 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
catalysts IX.

Further multimetal oxide catalysts which are very useful for the
step "acrolein 5 acrylic acid” are those of DE-A 19815281, in
particular active multimetal oxide compositions of the formula I
described in that document.

It is advantageous tc use all-active catalyst rings for the step
from propylene to acrolein and coated catalyst rings for the step
from acrolein to acrylic acid.
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description of the preparation of nultinmetal oxide
PRt aB95¥s | X 30 may be found, for exanple, in EP-A
668104, DE-A 19736105, DE-A 10046928, DE-A 19740493
and DE- A 19528646. Wth regard to shaping, what has
been said in respect of the6 mul ti metal oxide catalysts
VI| applies to the nmulti meta? oxide 35 catalysts I X
Bof t s thif eP et dtheoprgbizhiatiyetsonni apmpaopetgne to
asedlginoranhee asirapedacwblwiimg- 4hacalydvesdasdibat eatalysts
thosfrrofexRiple 1 B Ei2G1le-kdhe PaMtE EUb&If 3@H-Y8d reactor as
audt ik noxk0e aResi tions of the formula || 40
described 1n that docunment. It is advantageous to use
all -active catalyst rings for the step from propylene
PVYERT JiSePReAMF FdrantcathiNestsrehrpery g8 ineridiguent gas,
theomsecofl ein a9 eavoghi soasiad is4paPH GR¥TTy6advdimageous.
first step of the partial oxidation, from propylene to
j CAp: cartie [ e ve:-descri bed
e ?%l,@%ol%%&gngf%*‘a&ﬂ& ErLi B B S sy Lane
PRYGRR BedRPERSAT GBCIHEMG MASET] HRRRE)A VRASTs (s tandard 1)
BEARe Rt 4 (5ed ad -Orirdant .29), Reeferatiosdn (4s7iner3) :
010 uentd) gathe rdeertliise pfeddurenad sOuy@ellySAHr €ERe i Bange from 1
par3 ina ahbycidataagepase vE1@cReytiflpRFedabl e 1500 to
960 " Rahiaf A 1) AU rAL GRIOBUEOGy 1R BXAGENLre O
as, (l,nc ‘g_dl n vvaterzoxago vol irrel( andar ratio
Yorrom ) Yt 200 %handard: 4 bR -1: (1.7 -7 2. 3):
(10 - 15). The reaction pressure is usually in the
Thendieetlr gas Initture paefearablyh€lows alntepate ¥eh@ld-tzpniesS
RUES ieRa0! Yifcéc@fBelf’QQaE@?r 4900, 311;@0?%% %fel&-g}ansﬁgé% medium,
’ r ne .i.s yRi rom 0. .
ﬁﬁﬁ%eta‘ﬁﬁ’%%?#%“%f B 8B £ Tmase MR ek Ly (IR HppEscing
tt o %ﬁt Bt SfngPEasThEn AR ES UBRH] xaR AP bbb ight of
FeH WP el tas(Nedigy ) tomresf 88 %nkdliwakhoht| pfjBotassium nitrate
KNGt agedbusy weighe of saddiunehitripref(@arb)) amde 7% by weight

OIS LG b (®ARDY. wei ght of potassiumnitrate
(KNO3) and 40% by wei ght of sodiumnitrite (NaN02) or

‘&er‘? 53% b¥_ m@izﬁght of potassiumnitrate KNO3), 40% by
"ﬁﬁ%t C8FTs _ FReAEP 'rt%ﬂ(tl\lé‘ﬂéﬁ) angh FePREpPRvgd G Mixtyre can
By HlonveNPE r et 1 sENANOSPcURBIY eveth ovemtekneureatt .oiThe salt

mallt ieebtefurthbigaehsoad gacoumidX thé eca yshet gosy ayed

ddrRr-1hy EQMIIneNt or in countercurrent. The salt
nmelt is preferably passed around the catal yst tubes in

{a %%n%erin . fashigon. 30 If the feed mxture is passed
b rdggheef ictiurey iF pagRes FRERNgnEhe satabyFfmdiepes from the
tap devnrardedds isoadviantpoacs tatcharse theesatwslyst tubes as
fooll Uoenes ££ 610 mHeh ®ohabh ompwardan df (fiow li@wriremf froanbddt€om

W@ the charge sequence is advantageously reversed):

- 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);

- 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
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upward, the charge sequence i s advantageously

PBvEB8B@): 35 - firstly for a length of from40 to 60%
of the catalyst tube Ilength, either only catalyst or a
m xture of catalyst and inert material, with the
latter rraki ng up up to 20% wei ght, based on the

m Xt r tlonC% 4111[0 E sequently for alength of
fro 85 Bf 1e1eEh GfaFrompd toen ¥ ot dhenéptah) fube
cat al?@tfbr agbafixefiriqest paterial (sadtiomevt widthrial

Wi t hptéedaailiyechosda g thatpit prédachby avﬁﬁﬁ@hbmabﬁsﬁﬁbssure
on t&eogd Xture (section B); and 45 PF 53957 63 -
finally for a length of from10 to 20% of the total
tube | ength, a bed of inert material (section A) which
Pectisiefet SHPTRGTeSd wdihedt produces a very smal |

pressure drop. 5 Section Cis preferably undil uted.
The afovenshol ot dhabge geaMidintant prfidnllaetl aidvantageocus
ARG PHES M%S%%ﬁ{ﬁé Ef&% Pl SRS by as

%%%@846@5&%@61 ugeaflﬁ%' arren§§n‘ﬁa?ﬁ tt"ﬁ‘élte
TR Y 109 iR SEORREXY 47 TR MeXt B %mnéeé‘;en;@l diameter
heiqjightxxi bneemrall diameter)) axecuseddsasnererhatetienli.akhs

Fegardgahdssd e tadht chapdr JtRARET ahak 6,5 WAAK 1§ maiad 4ih1957
s A 4431957 applies. 15 The first step of the partial
oxi dation, from propylene to -acrolein, can al so be
carried out using the catal ysts descri bed but in, for
Bafiret at?wfz%ﬁé RoFEialuorifakion hédomenrerylens to
Fasgeibedeam DEADEISAOSTE] out beirdy tthe aboxbysiesckisbheilbed
Bases, 20rt&eanlenenecwOEies nat AL e delithéd SIdAdk8r as

Mﬁﬁ:ﬂb\%dn g1y 1§|9995f5@| %no'bo€h9§némab%VeTH§s§1ie'%oe%d cases,

e PrBpohe ARt BB €1 TTE0 S0t S (RHAT % HEs® ciA AoyBelly
FPBE doF % FomodfanPre segosfngter sdnebmubartidie oxidation,
ifmuedCbeélexream @cradidescid.bednilpe RDiarAi443494%silng the

gaaraks addecrAbedr Qﬁut:fofriéﬁaﬂb@ef rO8ithae e OXbt tnh A% 1 @fibe
ﬂ:&‘&lbéﬁeréé’c %ea@s+ §ﬁeﬂEaﬁ 434%;64@' frd fleR e%ql the

i nter rre
ﬁ%&ﬁeﬁf% A OEegla? PUEASAPR 95 RABYIERE tR .acfﬁoéﬁm is
RASSECePf Ferckifl Pesired afteTThetomyasdnteeqedkiaw)f of - e.
wildhoséc sackrsizey ebmphmerpar bledhg oxémtatited of 8, preftaeabl y

adReioh of racdleis g8NRIALliy adfed directly to the
product gas m xture fromthe propyl ene oxidati on. In

,lg_%neral t he f.ee s xture to such an acrol ei

81 T8 R TRE A S EPF O ) OLoBBSFAT iR oxidation
%ﬁnﬂﬁ?é?ﬁah1¥»6ﬁ$$ﬁ aswﬁﬁqﬂand is generally added directly to the
product gas mixture from the propylene oxidation.

In general, the feed gas mixture toc such an acrolein oxidation
then has the following composition: acrolein : oxygen : water
vapor : inert gas volume ratio (standard 1) of

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

1:(1 - 3):¢0.5 - 10):(7 - 18).

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).

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 advantageously a salt
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vapor inert gas volunme ratio (standard 1) of 1:(1 -

BYy: 5895720): (3 - 30), preferably from 1:(1 - 3):(0.5 -
10): (7 - 18). 40 Here too, the reaction pressure is
generally from1 to 3 bar and the total space velocity

is preferably from 1000 to % 00 standard 1/(l-h). The
space Ve|OCItf of acrolein typically from80 to 190
%?]afndar& ¢Fgpln)onessopRistidgy ofa80%i Ky wed 9ptepErrghapsium
i keaties d KNDpwsarich 6%t bie wesiighgl ef zemB unubhtittibe (NaNO;) or of

$3xed- hedgheast QPothazemumbomaatkn (ki®;)S€ Q08 doy SkigRitt 86, sodium

; oy
ltFL)II;&slh:%g %N%.ﬁ@ﬂsne%'a Hﬁr b*' 'Qéibﬁﬁq g?} e?tg&g%gnlt gltg EPQEA) y( aé. Viewed
o T S RERS St R S4B By

%@n%%’cﬁdum he¥ | ile CORMKDONE G éfl CS@%QWJUWE?QM Hie salt melt
Potmsfierabhy tradsed KNOG)d @chyalwsightubet $nda wBandering
fadHidne (NaN02) and 7% by wei ght of sodiumnitrate
(NaNO3). Viewed 5 over the reactor, salt nelt and

actiqQn gas, mi xture can be conveyed either in
Lo et orFTiReodn: BRERRT SHECUTHFIe, R tALYET fupes from cthe
PRfdowalpryd paiss dé advantaganisc Apaflyatge ybescavalyst tubes as
freldrdesr ifngm  fles boamom1@pwdrd:he feed m xture is passed
through the catalyst tubes fromthe top downward, it

is a).dlvlaé?: 0%8?3 tg rﬁéﬂr g¢ Epo%n %%t %l y'%? lol{b? agafalr?rstth tube

foll ovvs

of I Fbt 6BVt ﬁetgﬁ?%ﬂ Pt 2t ‘ﬂb’éturfs q eﬁ@FﬁlYS and
ei t Hererdnmatenial y siitdr the Magteremekingitual wot tani0¥ ror t
mat evaiglht , WoaBed hen Ithiet af xtikd Ngedpicp d)q 20% by

wei ght, based on the m xture (secti on O; -

?g?aﬁ@%%te}{&%?{foar l eﬁggg%lafog rf?: Ca:tgci 4%040 of %he total tube
mi xt 8&?1&? 1¥ngafabrgt ﬁ’ﬁt @r‘i“’a’Ft“% Pﬁ Fﬁ%a]r%ﬁtt épd
maki ¥Wprfpmaper vrraUowith theilgiterbmnsethomet me bo x4tk &y

( secteightB) based on frheamiytdmy (@ebehgi IB)Qf ahBom 5 to
20% of the total tube 25 length, a bed of inert

frat efm%ll 3%8}' Oﬁé%) RNLENeL 3, RF ehes abl %tr‘los@”ta tut.E)at

uc Jral P pressure” drop.. Sect ron
pr ef]é?“é’lflhy 5nla?‘F L&fedneréomfﬁerﬂaéw(%?ﬁw A hehieh a‘l%/st
t uberrsferfbbdm ¢hrsdyostomhatpvidr drothees charege swgliemoessure
i n tdepcat al yst tubes i s advantageously reversed. The
abovenenti oned charge vari ant is particularly

L ageous st.s as described in
%(rjceggra i Ve X er\fg,g’fg 5\le046928 or as descri bed

in DE-A 19815281 are used and steatite rings having
Ihdlgwohbreyoly tine garalwrtx tabam bs froamthe Bothmnx udwapd, the
dhargeasbgoase: éxi ehsatathilammt etibs higi gdantagdRIdlal reversed.

The abovementioned charge varlant is particularly advantageous
when catalysts as described in preparative Example 5 of

DE-A 10046928 or as described in DE-A 19815281 are used and
steatite rings having the geometry 7 mm x 7 mm X 4 mm or 7 mm X
7 mm x 3 mm (in each case external diameter x height x internal
diameter) are used as inert material. As regards the salt bath
temperature, what is said in DE-A 44 319 49 applies. It is
generally selected so that the acrolein conversion achieved in a
gingle pass i1s normally > 30 mol% or > 95 mol%.

The second step of the partial oxidation, from acrolein to
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-19810508. As regards the acrolein
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di ameter) are used as inert material. As regards the

PRl 63B&87h 40 tenperature, what is said in DE-A 44 319

49 applies. It is generally selected so that the

acrol ein conversion achieved in a single pass is

normally > 90 nol % or > 95 | % The second step of the
partial oxidation, fromacrofein to 45 acrylic acid,
EQRvanSionhewhat rhasy b saidhghove emphiesst dhensthipegcond
btiep iis choriedarqti én a two-zoree malititddhef ikedeHedatkactor,
ERAGHIduRT 88 GhiRedel Arék-ol 3210908, o:f\udtagar Srédted at the

9 1ol e} P%é%@i 182 ﬁqsggelxef@dogbo%@ﬁtlmlk&%en sai d

is carried out in

ove
R SO Lo e T

ga%llrﬁgsét §pt Preducingathe afeaskiodst moxture.eFhedonygerhaequired
for sthestsepofidsstas dfeehe deaariialedxolanioin iis brébavHA vSadded
asvant %91?0 yal &’hé(_jssl%ﬁ?ﬁﬂr f@%%é yardd'eElCIQ%f’ééﬁqr bt @fﬂ.e product gas
AR S g et eep 1o P L e A cidep of
the partial oxidation is preferably added as air and
m a Hewosetagd mede odddperaticecwipht ditdumt fuotbet wes of the
produdte ghsoitherd ifrdh chefidhstt Beepait ithkle pxieadi Q:Bc:.dation
£0: |3brb1 MRy SLROSIIBAE DLelPRA BhbOPartd] (hd 8Lt i "

t t { st
%J%ggloarztolngl m%mg-' |on1x?%nrg(es 58 {:om cH’ﬁe t§'8c “%I—stc?%p

i AR xediked FsACt TR arﬁ ﬁgpéraz b cRORerEedein serleS- A

mx@ﬁcbadeceam oirs seriesw(gingleonend Lvwnizbneube vice versa)
{s xaddedssepré ors are general ly connected in series. A
m xed connection in series (si ngl e- zone/ t wo- zone or

| ce vers e. Ap Lnternedi ate coaql er

SR es iR PARSL AT LRI it COBTRI aeEsbeds

%Fﬁrlapﬂf?r@r g itbrEindfunghior a5 Mecdoprtshdiptipen the
rmcmSS Thdesald] babht benpmmaenze ued mofl tithbet vdmctors for the
f i @tepl 6f the pakricisl StiRtatebnt Peord Bricbgh eAXi ERtdR2P1ic

ééﬁﬂl@r gengmg G R Eb@ Co %'odc' Sm%er;s&e' LM ft%mpéggture of

sal t u
rPlglatc or%s ) Ctifcﬁ-és 850 Iaesﬁ n%f Eﬁ% rtg% Pa5§<’ra(e1‘latoﬁcdﬁat1°n
Brom DSRPPLBRS | Eh@crylagratice Hérd, tlw partpal paridagfion of
axidainohoodcrydrokeid, tis acuplle fwoind 200s tosy®acy fnom
2841 4ion350ke Heut addhbfon mddia Neaérdrd=dnsf ea18milias) are

cﬁfn%{ Qbﬂvé)aéf-f tﬁbgéﬂ He e‘ig{r% 'réﬁl%‘i%ﬁééegnlé%%ah

evant

eact or
LSReES. RaTaThATSERER  Hite the ALGIeaTse: BE RPesy Beir intlow
SRR ER 2Rt e & PubtA T SRrPeRpBiee dsegpBeRHat & PIC. As
merBGonad abheve, dosd abene,ofbehk séepslobxtibetipan tdfapropylene
OXidtat108 98iPrpybeBs bd Lramghti Sbdd GvedNodé Shdi@e in one

BLLUGHT 48bQuL - ORI 99%1?'1?“1%%2&?99”6 reactor as
described In DE-A 10121592. 35 may be nentioned once

again that part of the feed gas m xture gas m xture
55 mayy bPh’ée‘F'F‘r‘%'{edsPéﬁe(%’r‘@p hehepart af 5hei fegd @@§ mixture

(gas mixture 2} for the first step (“propylene — acrolein”) can
be recycle gas from the partial oxidation.

This is gas which remains after the target product(s) has/have
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 propylene to acrolein
and/or acrylic acid.
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be recycle gas fromthe partial oxidation. This is gas
RRi BBS9BZmai ns after the target product(s) has/have 40
been separated off (acrolein and/or acrylic acid
separation) fromthe product gas m xture fromthe
partial oxidation and can q§ recircul ated as inert

di | uent gas to the feed to %e first and/or _ second
Howsyedt: EHERpERIYH® §RF dSPTRAT SR pPERRATEN @EoPes B ei n
Breborengc iyl prefryiadly4bePir 8305edo6e timvdeed, tsudie first
$ 68y QJfe thaSpLergyd IENghrepaatandveosidrll y  propyl ene
is preferably recirculated to the feed to the first

ep of .the ss _of, the present _inventi
Bt 30 Lk8r P OROUORES 58 HoPRit o boh HREFLBk abidAGRon
e%r//qafr aarrﬁtskqiatatqrbﬁcaeéférrw ¢ tBetheegands dpvenhiancaonbe
canr ied ooar by efti el yopaés i1st lay rpassiory gasr aagtuon @asaining
1 XiRnC 8GRl tHd Ga tA Oy OX VAR gRY Efn tlhﬁsﬁ%h@leystt_hé taﬁayaen
f&# r}:'e:?ﬂ 98§ethé gu%r%)ixge&&c{a%q%hr ?:tg rrré) e glggbie latt:Lce

e a as | a

'S
By & E R B ek bRt L etfqeneaage%e’neeﬁp zgquent
FegrraRst PO NS et plsaegngn AFYSEpgepn bvitinionoay o ( @ly.
a@cygen-exy fehed nriirc bedoaydersidepl ¢ ged-diep| ebedhat rjt 4@ then

SHE ddaihSatAEMn10Ne6r A1 dio/aUAL EAGL & daR 18R gas mixture, and
oxyaenfree reaction gas mxture, and so for

sunmary, a shell-and-tube reactor in which the catalyst
charge alters along the individual catalyst tubes at
Imesvamaryf 2 shelfli-ppd-tebe tricggtorejn (Wiich phepsdtalest charge
ghrdrisakalong detid dmslisidtabl@tadgst eaidsnatzene dhd of the
Mqleaettantm r(eﬁerﬂt ? gq@hbggaarleaﬂ @anstl?&éorémtable
ﬁ %é:gng a%c §%1r1 re én 8 %ngau ht
r§ 3 96% resen 9 e | eS Way "SF TER ¥ 0§
REHEIRE Ch G RERUS I UM, T
QﬁqﬂdéﬁBQHG@t renregyhbacthe sdopykest wnM(¢f réaHE§mnge¢w0
dhiiatdbal yshes fargehe ntwd &stepat af yeie tdak€sal Soxidation of
ﬁfﬂ 1WBt ed DyAncl BEL, k¥¥jdeg§rEQMEﬁﬁg'caEQfﬁéﬂm%harge in the

t|o gones ar refer real i f orm of
ReBLELALANY ]

t
heI and Sube sy Rect®d T gerles These

can be | ocated in one reactor, w th the transition
Howsveosnethendie cxfidat idre zan@st hee itedfierbbhs| reafizedbés the
et @ £f eweeshdl)l -anbeduisd dydicins 3bonrdcfddali nWbé€ites .S TREse can

}?&%tm@ét?& drfé &QScE@I- alv)ﬁ.%th EHQetﬁﬁgthén from one bundle of

|
SR BIERAG A SERALE & syl Bl el B[ bes pf inere
RREE 1Rt wFé%tEl’f'saHOtl AeFmInsd Crfistal thed cabadest riuhed (and is

sbmrgagehesInwvadegndibielof Whideakylseatt trensfier ndibnef or e
deheratlageousty aaceaanbtatedal ps85tueact QESavhs Glvtak@ach an
s ookl YnSePArRT 8sf AR AMRIARBLNET THe N two bundles of
catalyst tubes are therefore advantageously accommodated in
reactors which are physically separate from one another. 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 shell-and-tube reactors, it is also
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 19 952 964,

The reaction temperature in the first oxidation zone is generally
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 290°C. The reaction pressure in the
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general, an internedi ate cooler is |ocated between the
PRo0539K%| | - and-t ube reactors in order to reduce any
after-conbustion of acrolein in the product gas

m xture |leaving the first oxidation zone. In place of
shel | -and-tube reactors, it JéS al so 40 possible to use

| at e heat exchanger react o? wth salt coolin and/ or
E vagrigatiencenends advartaanssstybleem fop ERabprten: in
DEcferbd1928rdB 7l died 3DELA. 1Thed5Rag64velliid tyedstamdard 1/1-h) of
teapesaaitibs gdl tdiRrf ithst oeXdLAaln0Ba 2O tisS i8EPSERIddidation
£8ndd 010 300l ondi3D Er ol 2564 Y &56501';01 cé? A8 %0009 The

reacti o Fp éture LN t OX| é
@%?ﬁﬁ- a9 C% Bt 268 P e%%o?‘?n %‘ﬁt]t FPoﬁP 2@“% aﬂore
vyclarphd/tdacti on pressure in the PF 53957 67 two
OXI datl on zones is advantageously fromO0.5 to 5 atm
Pﬁ ﬁﬂﬁ%QbYefrEHB3&wb°o§1&$f@oﬁTQ%n§Qafﬁaﬁﬂg 995&¥ss o the

A dudn il O LIS LEAGIAN ggsdeosfvc%féatgmfx' Samle, in

h "oxi i ONn

alysts. i
Ii@u%ltys‘ S DR WL
Rt didt $36f 53T offeesatemnalbdeprtony 100 the Z@@ @nd.‘lamloe zones,
f ateddrddlid houltd zphencepttnr shetén®, A6 dabaDly ZRitRBetdNin a

hdtehd¥ RESHH té@etopEﬁéEﬁgedl@Y@nfééHEfaﬁnggg £oAfQur ed
ggége t%r gxgngy in 10 37 517, DE-A

@%%3 , 165%510Y 08 SRS DE- A 19 837 519. The

external heating in the two oxidation zones, if

Hessitogd li mokeduliaronaygemctesdesty st emsidang fisnathe partial zone
s txihed kéqlalrdml’aﬁebr&ﬂﬁlj\ﬁtchhesﬁréébﬁthQn&@ﬁ@iéﬂ Gan all be

a@@éa Iaentgésbéaﬁﬁl%g t&omeo%'eteaoga@r}ﬂﬁnff Cfléé Mo,

| ecul nee S OXI

e
E?or J"t%T&‘1iez§I<%1‘?toralzc‘?o é o‘?’ z&‘ie%tré g‘i'é]é:&uﬁﬁﬁo? é’c’?&lgie'
1% JPLBAPTIRASALABA o5 FAMLiBeacifidde atidtqlfashtmnal oxygen
dermthagfivst rerktded zrpme niThiar baftet prboedimee iFaptredérred

DrtheObagoNes .tHdowe¥psratfon $FOhcEHPISAcaESO possi bl e,
20 e.g. in the preparation of acrylic acid, to add

i Qn 0x r the st partial_. zone.
Yt PP SRR R 1 e, BEgrviBhe 3 eeduidiBly e mofar ratio
@5&?5 200 ofm&@f:yit% @eigen PR the ¥ir 3t Exectantdy
Zond .fpropylieneset. aBiml Bmpumar imd larvalaesoar@ suftable for
fHO Rl aRerat W IoFC Hbab1 &Y dethoPbcdlar :bxyﬁgn {4 aquentbynd

ox:LJda%lon zorieS (%.et- 0 m I1ar5 UJBU? 'kg:ea r%@ y?éd)ar r tFe partial
g’xl'g.ldta%lon O rcro ;ll cg P In. holecul ar
OXyGen 1 n°t HES &Jjﬂ‘d o%ﬁré’ FoRCHdne (1 © 0.5 - 1.5

woul d be preferred) for the partial oxidation of

T boithi oxidatbeny kopeaciah <30@eka dbtrdvlexudlat i awygeangenerally
s @XCedsafadiRiueC Ut BEctOX I RANGENE Afl ¥he hgSs Phase

cﬁa\aa@aageor@ &hfeegte 0ty keﬂae%a&%ogfn} rt]:?legaﬁilyélao%%natlon

B daghogbc rdlngnara tet(%géegtrfgééﬁ ion e thermodynamic
én@h ro ena?|on P : ynami

con 1tlons in the partial oxidation or oxdations are not
influenced significantly by the molar ratio of reactants, zince
the heterogeneously catalyzed gas-phase partial oxidation of
propylene te acrylic acid is kinetically controlled. In
principle, therefore, the propylene can also be employed in a
moclar 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
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
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enpl oyed according to the present invention, the
PReBABEYNnanm ¢ 35 conditions in the partial oxidation or
oxdations are not influenced significantly by the

nolar ratio of reactants, since the heterogeneously
cat al yzed gas-phase partial_gpxidation of propylene to
acrylic acid is, kinetically Controlled. In principle,

TORY efidheut sRY NG SPrsnkhe frtalyst behasias cedalso AUET

avh inuexe &y soovarrupslgcul Brimhgenxidatgon mohbealdngstthe

P dtHicdnOBooZ@Yeatd. nIhhbﬁeCéﬁﬁbdlhEﬁtQﬁFQ§é BROPYAEkidation

Gft 1%§1t§og£| toy@‘as ace tol Pfe N Q_QSHGP Sél'}/e form of
cat a e ase OXId ation
£ ERELPR 2 hEs SoBRerEed i SPEe e CAToR, PRLGE GRd pRter

BRI dloamedj @l%tbmrféﬁét 4rh he §izas eoxl@@ﬂ:honrm e
BtegEntodouthe rpmaniuexi dgas i mixtugacledaviry chei Sitdharqgye@dtion

Méﬂ cangal 8l y&duiwhiac ok uabllg, be ak@ly2e Baiprd&ast i on
telit E¥:E¥%%§%h§§ gﬁ%ﬁﬁ%t P%QOHE éﬁ?@ %gFEhgtltils passed

st C i nuou

tab%/ﬁ CRP‘?hﬁ%ﬁ"%’f & OBxFORT i o’ﬁ’fcé’sﬁéﬂ%l‘iﬂqg}hﬁhsre$%tlﬁaﬁntl°nf

E’&ﬁﬁfeﬁsﬁels | e tenBorvdreRf operdiqramhigh dodsiaditonequire
suchox dapapatsienpl oyed according to the invention in
the formof 5 two oxidation zones connected in series,

0 r r.forned as b oduct
SO CHLAS LS b o, S0 BB e
TELATHIRPIF b %\ﬂrnamﬂrélwrw(akda‘mm L5 oRE-eA T B the gas
migthineed, onat urksifloyebehe akatiterois cherplisttel Yhe separialedone,
idludeobothisury edletulas dXyyet! éndaidliceul bri SpaAssadluted
wikH Qnkbe §£§(Hiﬂ:hoébd@§)f O0Z ORSH1 S \Gfalkdi NG, ta%dt/t;@ saturated

£ietLLpyention, preference is given to a node o
%%eratlon whi ch does not require such a separation.

Possi bl e sources of the nol ecul ar oxygen required for
Aie isapdvantag®usitydused (s Pxaaen csoummep kP dadvern (as) least
pdxtclofi shai melcecwilalh bhgg@nTefuxtatentl, or 1' before the
latter is fed into the partial zone, include both pure

mr%%ﬂ 1on é/ 1%2%2{10 Cu't%rlg % 20 dl l t O:I,\g:di,rt in the

I'mert gas suc

REQCSSSE e& tll‘ﬁ/d’f’-’(?éﬁflléoﬁé"e%% Famse%&%n%@@%sq%la%dof the
g&s oiygernesbecd ‘tto cover at least part of the

nmol ecul ar oxygen requirenent. Introduction of cold air

mg grbaschogamaxms UI@a‘A M the ﬁ&éﬂ%‘i 28R P aof
?8@5 tf vent Iezolg Can e gecta coo én e
as .M, X i’ e B S85crrgasd xPﬁ?% ]
ﬂg% 1s3pt ?%5/ %ﬁ&ré’ bf 1&086?%??‘#&3& sowﬂ@S%\P@ﬁ@rl hally of

the thegehseraiuct prepieiat iconagtyBik &evidl er na amiddtowre of the
el @188 ki edan et dactedROsEsL 18NS B bah ) Yor@fpankhe
dﬁre%keerppame%r %@1&&@&9&&&%@0 LAeaf @agwtf%&ﬁeafas
kg}pgarcdgct.wt; ndyorhuggcrioéselcﬂlulém:egas, car orem(:lo'l}lc:La es )%gm
y—pro uct 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 aromatic carboxylic
anhydrides (e.g. phthalic anhydride and benzoic acid), possibly
further hydrocarbons such as Cs-hydrocarbons (e.g. l-butene and
possibly 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
acrylic acid or by abscrption of acrylic acid in water or in a
high-beiling hydrophobic organic solvent or by absorption of
acrolein in water or in agqueocus solutions of lower carboxylic



unreact ed propyl ene, nol ecul ar nitrogen, water vapor
PBrH3853s by-product and/or used as diluent gas,
carbon oxi des formed as 35 by-product and/or used as
di l uent gas and al so snmall anmounts of other | ower

al dehydes, |ower al kanecarbggylic acids (e.g. acetic

acid, farmc acid and propioni¢ acjd) .and nal ei ¢ ,

S e S R Bp Reob o, DEST AR £ BETRAS LAY
B RRAGECE a9 89 M terea Ay Bl sfe e Eractismaiali eondensed; cf.,
B yedktaingh@ e aNEPKPe riZGild 6 acDENA 430858D) yDEHA HGBEDRE,

b QQakhans Srch 13S 964- ByArLeRbRoRs d &24. 533hutgng1aRdacig

si-hl t t en nd, ot her Lnert_ dil ases.
s FEu e e Y T
Bt f8R2§ds Dhi’tldde4PaZ a MhnitndPLindih BErAsE26@68Y 7 by
Pk i187408h2 et 4968784, aB-pl Le03N8&b endbyP-A 982288.
absorption of acrylic acid in water or in a

AR bPS;gWéHeOQBe%P_ Q59006 3PLVerH qQEiP¥a, likewise

absorption craol.eLn,in ter,or_1n.aqueous

10 LeRaRatsaoOst It CiarBIRYIg S oPESRATFI8Y 288Pds and
subsequent work-up of the absorbates; alternatively,
Thee geradatiogaks mreferablarraairdsedbeutf ragctinoRay | y7 of
o, S IS o
a acrd in - ‘th I & 1 fter the
an -A 19 924 533). Acrylic .acl a5lcnasoe

15 Ele® TRadRer s BekD, PRAFASROnBER GRSy DERANS Gissdpand
Ephydrrgenatson/ prdghygyassrar lopEcarabeU687ed coE-sch be
6. oDE- erkl62 e84 7TandErAbe0HESDRM lanaedEPa e tdR22881h the
purRae! QddPFeRyd1eNgadN-ediratnat bl SHr@an f tdeshd Gded to the
tHikawisse, 19 &{Fgﬁ‘ﬂr@t:ggs of 4 t%rédpi'ggér;é: l‘iln%teﬁgl&‘?t ever, the

artial .zone. € separation | referahl arried out,

20 QR qacted Bropage Sy DIORIFES BLAB T SFSEGMFTE AR adnixture
Wk thheu BRY Sadate PreRkenaciafl feedcriradataenosteigrminto this
fdml rsdgiednal Igas avatdnueouny cridbdiméite dfS thar gedceyodicthe
DS RREANGERET o e $rebhine CT4IABUR OFRANE e doBPInuously into

qrcogggat;ﬁ]/oqx)égfgpyg{rggenati on catal yst used can

each be “separated o Separately and/or be

recircul ated together with the propane and recycle gas
RroRanec ahdt POwPaiter €aR) 29 deseribed akpvenebef serarafegdpoff
Dfont bepresitdsalofgasheepasient aif neentliconarbeneyerdudthias been
ébdrateacbefl WORANGeRerally CoMbSEsad 29, beo! e, cHb@L ad,
AdbIRAFLXEUT Enq WMildd bBReH KRG S.‘ég@ﬂ é,eﬁ‘é‘véés feed

rculation sifream, to this feed sire N a.
30 QISR AE RS Kho ATERt (5191 RESrocRt o oERES STIASTE
PERRIPOILENaC bl e mRd et ¢ A byl ar t depreeddrhvides| dramatac
carhdxiyd i acaci dandindr aaomat it warBbx Pl op andydniides ofFege
$ithalde HEBGAHRRI 2aB0¥ERzdiR: S8RAY aded Wiirochrodnd he .g.
£3,AY8La Bshd §BENT DO A RN aLHepcfs]asri%ﬁg BERQP%%%&B by
een segar atae .0 f_ | C r%%%grﬁ ]\_/ C gp{jl.ses ](.)vént ith
TRIER KB, B8O YHEES B ORI HIREF E GuE? ‘

SHRRSFGES, deMAIt19D aPRATTe SAFBBRYRY clard gsupe. of ahserpeion
medigm) f.oFni thert inpsgalile ways of achieving the separation are
adsorption, rectification, membrane proceszes and partial
condensation. The separation processes mentioned are preferably
40 carried ocut at superatmospheric pressure.

25

as

when dehydrogenation catalysts which are sensitive to oxygen or
oxXygen-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
avoid total oxidation of propane in the dehydrogenation stage.
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propi onic acid) and nal ei c anhydri de, benzal dehyde,
BFoRBOB& carboxylic acids and aromatic carboxylic
anhydrides (e.g. phthalic anhydride and benzoic acid)
and hydrocarbons, e.g. C4-hydrocarbons (e.g. 1-butene
and possibly other butenes)d by 35 absorption in a

h- é_{*_ln dr ophobi c organi c sol vent
Bhe ntirsnooBaakion RRrednar oIS h ppt hepand T et eneh
aereitpitveose msgemcompaunder (igopairbieulay $hokeadbsenibed in
Ehanslapanatbod &f echea@EOE PidtOpublecitidati on, nenbrane
processes and partial condensation. The separation
Rﬁg&$s es JTep |oned re_preferably. . 40 carried out

at
super a r%’ssﬁ e ¢ pr &sstf ry%ﬁ“&eﬁ{’%r% STAEAER 1S. as .
takariag glemelwedara@og@msm%%los@@w ion. Preference is
okyererta garav g putoap buadsiared psessutdeketdkygeion at low
conpatitdseal eThs apasatied effldyeanchhend e@we! exgmsle, from 10

bef i dahe k@tf £11£5c4Pi 686 Jl%ﬁk@t e tg the tged 10 fhe

first ste progess o rese I hven

colins PR v BADAER RAGides ohEY MRS B oS
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Btagw dRL58D&Y thaysThbuliely dapgénays cr calakystayf The
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i %’%%e‘f%% e, SessHieh bp, SAMGRCLe! A
ATt 8 S UERR NG A g 1
%V@l Cradenstialondeadi Pregdusie. epErdeicomce is given to
carrying out a fractional pressure distillation at |ow
ASMRETidgUEBSthd 18- 3@ S S thReriTRNOY e LA e oult s a]l.so
§§ggg rom 0 r S,
5 1%, fe g[ evgi’tg%l E:\S ‘1’%"%% of ’éac&?&ifg C%ﬁ'ﬂ ﬁﬁgngé) %]m%

OSSI um
%ax%ﬁé o ] uﬁnéug%t aFAPRET &@ﬁ possibly
Pk r";gltesa fthile empdgved|afires she Eafmsserhalithp process
dfiathd presentymvantibheorahet iayer ber ) Co-hydicarbbas do not

d&dhimiN aftat (8, @amm tfx@f( HAMBt 5¢OMLikQbll. cLANGhsts in
Pl:)(tze; Ea@tﬁalv@éﬁe A f%gr %r% t §§P %?trle% :Ldugf gafso rto be

r.e I'on, pfessure
3 R pR ﬁgrea%bm he; SRER N Gl First
HFRP mfesbareresessacti She DNAseNdi hgventidme pnetkin case, the
omvlestt ifol, gas dcensafi taent s extdleso thpw gaidylage , epfopviieie and

rﬁ@IEB(ﬁ'arof: SEONGR YeCORPOANER I y(Belivee?D the gas mixture 1 and
%r%ﬁﬁ gsl(e g. 1-butene, n-butane, isobutane and

poss butenes)) is enployed after the first

step of the process of the present invention or the

Thtanese it oW -sapdingc Brdb s fagther owtd@fnghat e (Rrqyided

afterr tthey targetb wrakluot elias bideabkepanitaddy 9% . | Df dHe recycle

Fad ticdli reQNgded ftdf at BeopMalaenl ?@H@&erﬁtﬂoﬁs Lot H8S hPbon
S d’ée,ckﬁg'@a}ne%e( éﬁbf&?d Eéeie‘lﬁ e% &é’ i to co,

resent

t t ro
?%f% AN R “rbaction
tioirsEtedeitd ke rEPlewad %ﬁlbé’ﬁﬁéln%r"efbwh@n eBWélrogenathn
pepregltareoxygen can be exclusively between the gas
m xture 1 and

Catalytic after-combustion of CO present in the tailgas to CO; can
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 CO;
can be separated off comparatively simply (e.g. by scrubbing with
a basic liquid). Such a catalytic after-combustion of CO can also
be carried out in the dehydrogenation zone, e.g. over the
above-described dehydrogenation catalysts (e.g. those of
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the gas mxture 1'. 30 It goes wi thout saying that a
PEr5BBB70ut |l et can be provided after the target

product has been separated off. If the recycle gas
recirculated to a propane dehydrogenati on conprises
carbon nonoxide, this can subjected to catal ytic
combustion to CO2 35 before Tresh crude propane is

B dt29PHe Oheatn cﬂ‘arltéﬁt‘@‘f”énthqslebélaé?’é’ob%ﬁﬁnngeanI 5y ddof
toks HEatfiimgtt pubiecagebyptlr ogenati on tenperat ure.

Catal ytic after-conbustion of CO present in the tailgas

o 5;.0% GaRa1 8 ﬁ&opggfﬁgyé sap! gcﬂﬂ as ?E g&bep tf%l 48%1gas

e
ot aeath raqths qavyepaenaelin Sect gERRsRRion of
BFRPae grfdesparaldemarfbm giipuspant rrinsoe @@Q promylisae
seha rfatoed thé f rexenpangt paet yarsl Apkywise geciycatstidy npis to
t\hé NerydRa§bkat i stlliadll/ o PUSR B hGAL 8 Md S on of propa.ne and/or
C?ef% §F&'§i | ?&eOfor@oﬁ@Q E!Hns%héslg rc%'sg 91%'(—1_- remalnlng
B S

o? t|on zo é%? i
B g%’fﬁﬁ Hecht Gt d igh throgas
Bixtpres39gy gas HBE-tAr§9 37107, in particular those
described in Ex. 1 to 4 of this DE first publication).
Atfﬂ'a?ct'l@hldﬂ. adi st iahs@1BRSSE e tthIﬁ&é I, a8y PekdmAdle, be
% 8@@3 ?Lwilal t grg tljiaQ: I&%egg 6‘( %?[?Lagho?? acrgys ituents

OX ogena I on . o ropan sepdr.a

‘32% énfhf Ripidtte 18ndOFs ﬁ'}ﬂaé‘néheol?f?‘yhf’ﬁoﬁf’f%‘é of the
P@mﬂmnﬁgaparsem@tbﬁkeﬁ\is@ tdei ageenatingg sthirping sehgion of
deh prcadEhas t oon ardhan axy detey dakgensii @t @he ptapaite the
Soll@y. Thest NCofituahts 0N ®ixZ e do&elnhstl Aid &arbon

%:gf’c?e E%e ES% mtg el:.L}Qede%JR:ﬁl Pﬂreacte% g‘%gen a ethgl%ne and

vant ageousl ure
giestigne anq rl‘hct fbnite dostrry alfltgéﬁropofhjenq ai | gas
Cenhydtrorarixent| dorpexamle.i egnobe dapagathdacify t hat
essentially all those constituents 15 whose boiling

ﬁ9'£thét%r58¥€éod§1@nc59§1)bﬁd 0Agal eﬁyﬂog%fnawsn @fcb%psﬂs is
%ﬁpel ?%%tars dxt' sten gpet aSC?:oces hp gg gec inv glon,
e rectification cglunn Khd are=t aken 6t Pr et he IESB
%?CWrYCSPWe“Fﬁegéncﬁ%‘t |}:ieuéﬁ9§r%ﬁ'e’é1 Pfsyheppyer molecular
Biragest 1sheerandied obki aksprddnanto AVR-2 3§68BRE20Mi t h
DEvZAGBads by Ey2andseting end arda 2hsm7sagnet hane and
N2. At the bottom higher-boiling C4-hydrocarbons, for
%g;{il , can be separated off. If a heterogeneously
ca yzed oxydehydr ogenati on of propane is enployed as
first step of the process of the present invention, 25
Ketanedengosslyp aednilyzed oad-vhabe saparadt edidétiaherfever
pIdwaAehar inntwd dieRdi-Bed epaictbed efinaaeadr hngetixsDhsfng

20 s 345ddm ifgl ane
Jl%g%%l %:ﬁcp@r%g £5ddmpIsifig] 383 rehABHa bz dp

A) Description of the general process conditions

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

Heat transfer medium used: salt melt consisting of
53% by weight of potassium
nitrate, 40% by weight of
godium nitrite and 7% by weight
of sodium nitrate.
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30 Heterogeneously catal yzed gas-phase partia

BRi B38Pdn of propylene in two fixed-bed reactors
connected in series using various gas mxtures 2
conpri sing propyl ene and propane 35 A) Description of
the general process conditipns 1. First fixed-bed

eactar for _the step.of partial i.dati on af ropyl ene
SR ORE BT 40 A oY Rer URS el AT Bebe tal i RAEh
consi sting of 53% by wei ght of YofBEssnternadi Glameter oy
by wei ght of sodiumnitrite and0/mbygxwetrgilt diefeter,

sodiumnitrate. 45 PF 53957 72 DirreRsl 0nNshitfknkls .
catal yst tube: 4200 mmtotal |ength, 26 nm i nternal

iameter, 30 nm external di ter,, 2 mmwall,
RO e < LOMEF LR SIOUATIAL LY. Y 16T cOheAailess steel
cyl i nder (@fligdaiapbsauigiee dube (sytdqwadedaby quicdd indbécal outer
surroundeshtainargyl Tielriadal thitlefesseanwvardesyerywhervaitom 2

t hi cknesges; wer.e everywhere from2 to 5 mm 10 The

internal dianeter of the outer cylinder was 168 mm
The i nternal, di ameter. of the gui de tube was about 60

mm The THRUBPESHAR i amptendel e cukgE ety birdegy was| 16 mm.
and 15 B tioweanat hiamsreandf bthe omide esper vasehoudHe) mm.
catal yst tube was accommodated in the cylindrical

cont ai Nefne AchBAk - 51 PR 1 AGL 'w%\%,el':lﬁé‘gé FHFORSChetid and
t hr ough B&etol [ gtaglge oc}t%rrrl}i %gﬁ?‘gect ive ¥ b‘y 250 nMmin
20 each TATE™( Ahd-HRrEh 85 BT Y FREPFTH S bot t on) .
The heat transfer nmedium was enclosed in the
cyl i ndriBhd catehvaf nerke Feseascrmenogatyd uin fdremctyhéndmical
boundar yeoriidieti sostiait tike opper andl Lowér tdifisCakal¥sied
tube ovefngmghheneniid @ngebatysh, teRBebend I, Wit hb 8o the in
cyl indrical, contalner (3790 g“il’i fehe iﬂe -é%ﬁ@sigeg om)
medi um was  Ci fcul a?e&"eby BGDDT né] qi £ %Sfe]h iAo PP hEe™ -
cylindrical container. 30 The heat transfer nedi um was
conveyedThe dweatherdut faanmedpwarwhs enthesed|imdhiecaylindrical
gui de t ubnthy neeanso Adndufte vasE andifdgmNthé9gaAN dAdadnen
flows back,Aewpnarg ivhd RGtel LN 2HE SNBASRELUEE bver
Cyllndrléﬁg é%%&gg éé%gifgg tube length within the cylindrical
container (3700 mm), the heat transfer medium was
circulated by bubbling nitrogen intoc the cylindrical
container.

The heat transfer medium was conveyed from the bottom
upward in the cylindrical 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
can also be achieved by pumping (e.g. prepeller pumps)).
The temperature of the heat transfer medium could be
regulated at the desired level by means of electrical
heating applied to the outer wall. Otherwise, cooling was
by means of air.

Feed to reactor: Viewed over the reactor, salt melt and

reaction gas mixture (the respective gas
mixture 2) were conveyed in
countercurrent. The reaction gas mixture
entered the reactor from the top. In



10

15

20

25

30

35

40

45

cylindrical outer container (simlarly good circulation

BB B3afA53al so be achi eved by punmping (e.g. propeller

punps)). The tenperature of the heat transfer nmedi um

could be regulated at the desired |l evel by neans of

el ectrical heating appli ed.,:x‘o the outer wall.

O herwi se, cooling was by neans of air. 40 45 Feed to
reactor: Viewed over theS3EnCBER; tahadyg| tempgrature of 250°C
reacti on gas mxture (then raggsingvihegasachism urebe?)

were conveyed in countercurrent. The reaction gas

m xture entered the r eaf'ﬁeprsafl‘:oﬂéi@%P%%§88E9h§%ﬁ%%azical

73 each case, it had a te.raoeq:a uretg_61
entering the reaction t P& 18% 13" J0**25°56°B5* ife

salt nelt entered the cyfsimrerpsare Tdi gedtiafd ghetgelindrical
bottom at a tenperat uregdiide &nbel| &f tthicheopyat rdriemperature

gui de tube at the top atr&t! efiReEaAFEEfoncEOWertwdBE Tin and Tout
di fference between Tin about 20C. Tnean =

dhe )

(Tin + Tout) /2. Catalys L%e rge; .Section A 50 cm
long (fromthe top dovvnv@reg%J ﬁr(%%gd 8?“3{ atite rings
having the geonetry 7 mmx 7 mm x 4 nm (exter nal

Cla taaintsér tubé ertgirngex | Nt eSeradiondhan®l exm lobgcti on B: 100
CHRdr0 theCRbg| JSinwa#8s ChArdaRaCeRsSteddtl@eOtifgs having the
honogeneous m xt ure of 39%9::%56 bg‘ﬁ,& xof7 mmteajite rings
havi ng the geonetry 5 X #tx nm ( ext rnal.
dianeter x length x int Eﬁ’ﬁ:ﬁ g ARG LR afi gl SeBthy¢ internal
wei ght of all-active catdiametertom

Section B: 100 cm long

Catalyst tube charge consisting of a
homogenecus mixture of 30% by weight of
steatite rings having the geometry
Smmx 3 mm x 2 mn (external diameter x
length x internal diameter) and 70% by
weight of all-active catalyst from
section C.

Section C: 170 cm long

Catalyst charge consgisting of
ring-shaped (5 mm ¥ 3 mm x 2 mm =
external diameter x length x internal
diameter) all-active catalyst as
decribed in Example 1 of DE-A 10046957,

Section D: 50 cm long

After-bed of steatite rings having the
geometry 7 mm x 7 mm X 4 mm

{external diameter x length x internal
diameter).

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

Space velocity of propylene
over the catalyst charge: 100 standard liters/l-h.
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section C. Section C. 170 cmlong Catalyst charge
BBn8B86Vng of ring-shaped (5 nMmx 3 nmx 2 mmr
external dianeter x length x internal dianeter)
all-active catalyst as decribed in Exanple 1 of DE-A
10046957. Section D. 50 cm £n9 Af t er - bed of steatite
%ll ngs havin g t he %_lomstrﬁla mm x 7 mm X Ingexter_nal
| anBERT PHERGPH K0S gk ‘Pdl%eaﬁef’é?’)‘g azmi RRSGrBgdiate
r eacinorpdyssisnaef iowyaenxt ure through the reactor: in
all cases 3860 g/h of gas mxture 2. Space velocity of

@ﬁ@&iﬂo@iﬁ%t"@a@‘iﬂxﬁu&% Qé&@id@stthﬁhﬂﬂ@c £40) dsgéa]dxaé'a%tor was

£t S palpatcs Bt the Snedimadizth) Botholicibdirecy By means
%&yﬁg‘éﬂ PRESHY Oeltu9gad APBAARtd P ebdp o tepathi 7 s400 mm,
intehaBediapeignr= Rasms, fwallt hbipkmessses 20fmt heaterial =
s B11eRdi ateeTOMHIRG @h@@H&Q@bﬁYl@hﬂ'@%@itr@i 200 drm with an
ﬂeésce%eahsﬁugéb@uct%negﬁ&féy h%]w@ﬁ? %&Jéter gP &™n and was

nt er nal

nes
colaian AR ey Boati s Al eRetae ths GREA PIPY tube of
El%tﬁ'lé]StZéBx?ﬁﬁ%dt Keaftofnert bed of steatite spheres
having a dianeter of 6 nmand was 10 connected directly

Iy dmarss=6§, acHd Fagent Rtihe Habaly Sthd WREneEtiddadve’ St a
Eérﬁi:ﬁa‘il'a§ﬁg r@@‘iﬁ&cref thgnaﬁi °%a§$§ léét’]: Qagtm:lxééﬂ&erature of

TR 00 R AT BEEnTe Tl der BB LT brEaS Aoae oxvoen

JHMFCe ZQBesﬁlH?ﬁfQ”GnFﬂfe‘quﬁl dnteokn assedinturais oxygen
source were subsequently m xed into the gas m xture.

THe re@qlt Lhd Of deRF Gaf afi B uelel W8 s VWB&] faQ:d adtefpdE{RBALEN £200C
ﬂ’ftoz%glgcfl éﬁ %elgf' ?‘egbi\f&d )‘gg:? tﬁgaglfeg{ Q:hg hﬁava%leaq %Scadatlon

Lon acro to ac C acl

%%@gﬁﬁnf?i%rﬁf &cr%‘é’c or for the step of partl al

oxi dation of acrolein to acrylic acid 25 A fixed-bed
¥ eaciamondh if thedrdtbdarendeot | el thenstépicifi @artdal hatidation of

for ddi@1bklinsto Si@RMasadsgd. Viewed over the reactor,
salt nelt and reaction gas m xture were conveyed in

cocurre Both the, ,salt | t dthe reacti on gas
ﬁf‘&?’eg%%t%?a&&% whih i afh 1aeRtinaL cEPEFYRiCigheto that
%qarart@e Eiromate® wast esrdipWarusd mier Shet Feacor 2@adm melt

almﬁhgeactlon gas mixture were conveyed in cocurrent. Both the
salt melt and the reaction gas mixture entered at the bottom.

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

Section A: 20 cm long

Prebed of steatite rings having the geometry
7mm x 7 mm x 4 mm

(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 gecmetry

7 nm x 3 mm x 4 mm (external diameter x length x internal
diameter) and 70% by weight of coated catalyst from section
C.

Section C: 200 cm long
Catalyst charge consisting of ring-shaped
(7mm x 3 mm x 4 mm = external diameter x length x internal
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Prebed of steatite rings having the geonetry 7 mmx 7

BRM %385Fm 35 (external dianmeter x length x interna

di aneter). Section B: 100 cm |l ong Catal yst charge

consi sting of a honbgeneous m xture of 30% by weight

of steatite rings having thgsgeonetry 40 7 mmx 3 nmm x
nn%(external dianeter x |length x internal, dianmeter)

and FMBBFNePhEod oL SaCBUY R Rt PEF FIRAA St PreRatative

Sect Fxamrde 200EchETDAP 046928t al yst charge consi sting of

ring-shaped (7 mmx 3 mmx 4 nmm = external dianeter X

Iengg,l_;bg(lddwber gal cxﬁ’ﬁé@%? 75 dianeter) of coated

cata S de Cr reparat,i ve 5 of DE-A
1004%% %§ec ?on{"?fet%ﬁ 5%‘9%%1 vings Fhe %r%“ steatite
ringé TR Hg™@hE 4Bhet ry 7nm x7mx4nmm (ext er nal

di ameextrernaledgaheten nt éenath di dmteenal damevemal 4240
g/ h of feed gas mi xture was in all cases passed 10

ip?cgttimlt Eg4§eﬁﬂp(}é§;§@8&o§as ﬂr Sw fl{nngglaéa;éy ptagged
I:hrou by th Qn' conver §| oﬁefjrflet‘%] S ffP?the first

(S’Iedwﬁg"-‘%’é?rto 97.7 nol % and the acrol ein
conversion in 15 the second reactor was set to 99.3
| £01 -El&@ fmlrr@q@kﬁﬁﬁle?ss %hfeuﬁﬁ§ﬂ>ﬂrér@ cbhfersion in the

fﬂ.[gp?e L28 OtIra§ I'l-%tgﬁé 9"'”'?( h$ gll'u"imtg'x at%goﬁgf yéo%w%%s:.on in

d
B3 (EOPBERRT TP SE88 ChbI % CbdsBR bm 20 propyl ene

reacted over both reactors, achieved as a function of
Thee T8 posatived Gfs tahéugatsn.cm xifutke 2cdraebsatiftd of 0bf iHengas

NBtiie® RNand heldddhnei duel aenanineis) Bhr Bannlie 129 e
§@l%'vtﬂ:%s £ t8y ﬂsoﬂa%]t Lfro%nztgg? c&@ G 1A saf&%n

8% b vo ene vol u
BEBYAREe Lastel] ot oPUE Ao ERE o A Ve A Ghdon of
Gis @s,mpoastm)e m/f FBEUGRS cmxmzrana had 629 9l Voving veflues in

) individual examples.
B} Example 1
The composition of the gas mixture 2 was:

6.18% by volume of propylene,
33.1% by volume of propane,

12.3% by volume of oxygen,
0.15% by volume of CO,,
46.7% by volume of N, and
1.63% by volume of H,0.
AMA = 86,1 mol% Tmean, J]st reactor = 316°C.
§C0x = 9.2 mol% Tmean, 2nd reactor = 2740°C,

C) Example 2

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,
0.15% by volume of CO,,
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86.1 nol %nmeanlst reactor =316C. 9.2 nol %dnmean2nd
PBabBBF7=274C. C) Exanple 2 40 The conposition of the
gas mxture 2 was: 45 6.04% by vol ume of propyl ene,
42. 3% by vol une of propane, 10.4% by vol unme of oxygen,
0. 15% by vol ume of CO , PFT-E%%? 76 39.5% by vol une of
N2 and 1.60% by . =85. 2 nol %nean, 1st
react or —322C 53/%(,#5( 9V§ ot ‘ﬁ?ﬁr@an d reactor =278C.
D) Exanpl e 3 Thel &ipédsi vpbwmofott HeOgas nmi xture 2 was:
10 15 0. 20% by vol une of ethane, 6.14% by vol une of
ng;aybgnﬁ,moﬁs 0% byT“\ég urI%tOE?Qé&&a?eazz&@Lé%Ggy
une, gen, 0 vol une. o ob
voI une %“%é)éand 1. %'b?)ﬁ\cllo the-3 Hgg%%'te 86 1
mol % Tnmean 1st reactor 316C. 20 Scox = 9.2 rml %
Dheakfxammi¢ Beact or = 274C. E) Exanple 4 The conposition
of the gas m xture 2 was: 25 30 AAA =86.1 nold 35 Scox
Tﬁe?c&%) (gqa ol éaQ w20y yolue of ethylene,

13% by vol une of propylene, 33.0% by vol une of
propane, 12.2% by vol une of oxy 0.16% by vol une
of COX, 46.6% by? VARukE ¥plype é’rfde‘:ha%‘i’l% by vol ume of
H20. Tnean 1st reddtoby=v@ll8E ofTpeapylded reactor =

274C. 33.0% by volume of propane,
12.2% by volume of oxygen,

0.16% by volume of CO,
46.6% by volume of N, and
1.65% by volume of H,0.
ARR = 86.1 mol% mmean st reactor = 316°C.
SCOx = 9.2 mol% Tmean  2nd reactor = 274°C.

E}) Example 4

The composition of the gas mixture 2 was:

0.22% by volume of ethylene,
£.13% by volume of propylene,
33.0% by volume of propane,
12.2% by volume of oxygen,
0.16% by volume of CO,,
46.6% by volume of N; and
1.64% by volume of H;0.
ARR = 86.1 mol% Tmean, J]gt reactor = 316°C.
5CO0x = 9.2 mol% Tmean, 2nd reactor = 274°C.

F) Example 5

The composition of the gas mixture 2 was:

0.20% by volume of n-butane,
6.14% by volume of propylene,
33.0% by volume of propane,
12.2% by volume of oxvgen,
0.16% by volume of CO,,
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The conposition of the gas m xture 2 was: 40 45 0.20%
BP 5395%e of n-butane,

33. 0% by vol une of propane,

0.16% by vol unme of CO,

N2 and 1.65% by vol une of

6. 14%

by vol une of propyl ene,

12. 2% by vol une of oxygen,

PF 53957 77 46.6% by vol une of

1st reactor = 316 5C. .5 Sc
mean 2nd react ort& 37 RE V?%‘E"%&fpgélﬁr}don of the gas
mxture 2 was: 10 665 Ry0v9dume wdl Hp@ of n-but ane,

5.98% by vol ume of propyl ene,

RLopage, n;loa 0% by Vrﬁdewe 18k 9&1&@& %1&6 by vol ume

ox CO % by vol e,
%ézx ﬁe é“esn red propyl én

2norettar

O AAA = 85. 2 nol % Tnean

9 nold G Exanple 6

32. 4% by vol urre of

% o Longer

be mai ntai ned by 20 increasing Trrean within the limts
@¥ \iEramptlee6cat al yst could wthstand. H) Exanple 7 25
The conposition of the gas m xture 2 was: 30 0.05% by

M %ﬁggltﬁ[l&wo@q%he §ad GoNr

y vol une of propane,

33. 0%

0.16% by vol une of CO,,
1. 70% by vol une ©f02f20y3%clyme ofgg-hutasne, Tnean 1st

react or
react or

46. 7% b

was. 12.0% by volume
0.16% by volume
45.8% by volume
1.64% by volume

The desired propylene conversion could no longer be maintained by

% % of propyl ene,
% by vol une of oxygen,

y volunme of N2 and

318C. BEB%X bylGolmied of| prépeslngplee 8 Tnea, 2nd
281C. #0 g4khe COMMAR LWiFOPrShaddle gas mixture 2

of oxygen,
of CO.,
of N3 and
of Hi0.

increasing T®ean within the limits of what the catalyst could

withstand.

H) Example 7

The composition of the

0.05%
6.16%
33.0%
12.3%
0.16%
46.7%
1.70%

ARA = 85,1 mol%
SC0x = 10 mol%

I) Example 8

gas mixture 2 was:

by
by
by
by
by
by
by

volume
volume
volume
volume
volume
volume
volume

of l-butene,
of propylene,
of propane,
of oxygen,

of COy,

of N> and

of HZ0.

Tmean  J1st reactor = 318°C.
Tmean 2nd reactor = 281°C.

The composition of the gas mixture 2 was:

0.09%
6.16%
32.9%
12.3%
0.15%

by
by
by
by
by

volume
volume
volume
volume
volume

of l-butene,
of propylene,
of propane,
of oxygen,

of CO,,
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45 0.09% by vol unme of 1-butene, 6.16% by vol une of
PFoppPEAe, 32.9% by vol une of propane, 12.3% by

vol une of oxygen, 0.15% by volune of CO, PF 53957 78
46. 8% by volune of N2 and 1. 68% by vol une of H20. Ate'
= 85.0 nol % Tnean, 1st reac%é; 3200C 5 Scox = 10.2
nmol % Trean, 2nd {éact C J nple 9 The
conmposition of t Rtyre of sand_LO 15 0. 20% by
vol ume of 1-but eheﬁB% @ﬂg%lbye\nﬁ dp®. of propyl ene,

32. 7% by vol une of propane, 12.3% by vol unme of oxygen,

8% f ean 4 % bo N2 d
iﬁ%lo/?gé/omlﬁ gf EJF,QQJ qsze%?éf(%ygglrjgﬁgg e cgﬂver5| on

coul d no % onger be nai nt‘ai i easi ng Tne~
within the limts of what the catalyst coul d

¢ t hExamede 35 30 35 40 45 PF 53957 79 W claim 1. A
process for preparing at |east one partial oxidation
ﬂwl&&goélemwmosam& fre0b @iypy' ene, in which
a) crude propane is subjected to a honogeneously and/or
het er ogeneousl y cat al yzed dehydrogenati on and/ or
oxydehydr ogenatl%f?q%n%bfh@bmfs@rfc -Bweprsr, absence of 10
oxygen in a first.Sitepyt vohinwe cf gaspyletieyre 1

conprising propsneaRg PsORY %rfepraﬁynew b) part of
the constituent sléatﬁelb tpgﬂflp% g_y$ propyl ene
or_.ne n't

Ip;esent in the gas JU u\rrglume T he first step

46.7% by volume of N; and
1.71% by volume of H,0.

The desired propylene conversion could no longer be maintained by

increasing Tmean within the limits of what the catalyst could
withstand.
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i f appropriate, separated off fromthe gas mxture 1
BRd5885%onverted into other conmpounds so as to produce
a gas mxture 1' conprising propane and propyl ene and
al so 20 conpounds ot her than oxygen, propane and
propyl ene from the gas n1x;§re 1 and, in at |east one
further step, c) gas mxture 1 and/or gas m xture 1
are/is subjected as constituent of a gas m xture 2 to
de hetadmogeneousl y 25 cat al yzed gas- phase parti al

oxi dati on and/ or partial gas- phase ammoxi dati on of

ro e t L X a e
g IO'MwhEer eleg ESP p]t) ene c%qﬁtie st f% ?”;g;éﬁfla‘éi B u%%ey and/or
is <8R é@nv%¥ Emrep s &8 d in claim
1, wherein the 1- butene content of the gas m xture 2
i s <aD. 7&B6dyy probane. i8subjeAted ooess hanogérmédmd vi And/or
cl ai m 1, hah&iRiehebhisl é&ﬂa@.?ﬁe&%ﬂ?ﬁ&og@ﬁaﬁ% Q&% /or

m xture &ﬁkf%ﬂére?ég%% Olgnghe res cgcgéé/ éséﬂs%hggdof

inclaim content .
mi xt ur e FYELA1F 30f b’i/s’i/&tﬁﬁe ° Ve aAgﬁ?of&Jéé%lrés comprising
cl ai red p¥rréAng and, py¢ryleing. t he 1- butene content of

the gas mxture 2 is < 0.1% by volune. 6. A process as
clainmed jpgclaiml, wherein the 1-butene content 45 of

the gas mxture 2 is > 0.003% by volune. PF 53957 80

7. ﬁ% rocess as clainmed in claim1, wherein the

1-b n@%P@thﬁfc?Wﬁ:%ﬂﬁfx‘?% ShRR B RAFLAPGyPTOoPYLene
vol une. Bxes®ntr dvetke agascmakhede iIn fanpedf in|enditstostep is,
7, wherelf digopribdtaNsedabutedcofOFrent tié dde mg&sure 1

rnnxgg;eo%%/%g- clar{QrQi/ted/ qlnl&'geotlger %oﬂwfpgﬁﬁéé §l§ a%l @b”ﬁf’oduce a

rans- 2-
cont ent %ﬁstﬂ%Xtuas ¥n>& Pglﬁln% EFQ?Qﬁﬁ)%n %ﬁ?R? Fnﬁeand also
10. A pr%%g%még e %%etdlai%oamerbrr PéPQPﬁ% anq @rppylene from
wher ei n the gasr apst Ut @end. comtantlegbtt bre gas titext atep,
2is <0.05%by volune. 15 11. A process as clained in
any of clal i kute ﬂiﬁndM6§r§hQ ﬁfﬁ%ur%'§’ a£§uf%n%ubjected as
content oOf th%_u gg n}xtuas ik ? y_vol ume.

o}

consti % queRﬂagpgngiy

process as C al ne
the 20 t3@lyzsg: gﬂ%‘ﬂ@rﬁeeﬁ‘ﬁ%%a]t t?éﬂ&%lﬂ‘il xAnf/ero PrEt fal
0. 5% by gasinhmse agnoxidatdonsst axrapivdenederesenty iof gas

cl ai m8 Imisecuk@ 1WaARd ebN dadkemiktsre2-1Ibyt ene content of
the gas mxture 2 is < 0.05% by

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.

4. A process as claimed in claim 1, wherein the l-butene content
of the gas mixture 2 is £ 0.3% by volume.
5. A process as claimed in claim 1, wherein the l-butene content

of the gas mixture 2 is < 0.1% by volume.

6. A process as claimed in claim 1, wherein the l-butene content
of the gas mixture 2 is > 0.003% by volume.
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25 volunme. 14. A process as clained in any of clains
PEB0BBPBMe content of the gas mxture 2 30 15. A process
as clained in any of clains isobutene content of the
gas mxture 2 16. A process as clainmed in any of clains
i sobut ene content of the 958 mxture 2 35 1

t013 wherein the is, <1%y vo?ums 1 tol3, wherein the is

Lo. SBoRRPFSFUAE, CHAIREES InuRkR BY 1} 1t WBeFeln(Ehssdbytene content

vol upk. the7 gaA pivtess 2adschald Ml Y byanylwfe.clains 1 to
16, wherein the total content of butenes in the gas

&N Xtiﬁ%q%e's§ as 1{3’.% dVQhuEEY ilfoci\%;imé Prto w?g_feJ[n the
C oot Branss- B R St ePRe o REN Sof byPY

vol u‘ﬁ%l.u“!PQ. A process as clained in any of clains 1 to
16, wherein the 45 total content of butenes in the gas

o XtAIrgrotess &sOc ObhdaY inVoh NBF c'i)5115§9§7t<:8]7 %Qeréin the
procsf&ﬁa%_shegﬂsdc B0l cifd YalBndil QS (NETFILL by

content o hydr ocarbons™Tn $é gasnT X
2 is’® % by volune. 5 21. A process as clainmed in any
of clainms 1 to 19, wherein the total content of
- hy reeesboas ¢lninted gASamy Xdfuk@ams S1 € 2%, byh¥ o iHTBhe
22. AL0LPHLaSe LR bA ﬁ[&’fg% it B 4Q 19% os5% by
whereinthe 10 total content of CA- hydr ocarbons 1 n the
gas mxture 2 is < 1% by volune. 23. A process as
claimed in any of claims 1 to 19, wherein the total
tontkmrasesesapyeraimedpdnsamn athelgims i tud@, 2wheredin the

15 Ocilo-2aibdtend%dntent| tAeth@ asAmpkoees P ds el d% MR vidlume.

any of clainms 1 to 23, V\,herein the gas mxture 1'

ottt il Sy clisiatifd % 33’25@2%&&12’* the
cl ai FretT 4 E?uﬁ%%e o‘%/"rttleé‘l tnefl ]?Eb I95 MHRERES 7 tFe< fazt b

m xteglaw®. contains > 0.2% by vol une of constltuents
ot her than propane and propyl ene and oxygen.

13. A process as claimed in any of claims 1 tc 10, wherein the
cis-2-butene content of the gas mixture 2 is < 0.05% by
volume.

14. A process as claimed in any of ¢laims 1 to 13, wherein the
isobutene content of the gas mixture 2 is < 1% by volume.

15. A process as claimed in any of claims 1 to 13, wherein the
isobutene content of the gas mixture 2 is < 0.5% by volume.

16. A process ag claimed in any of claims 1 te 13, wherein the

isobutene content of the gas mixture 2 is < 0.05% by volume.

17. A process as claimed in any of claims 1 to 16, wherein the
total content of butenes in the gas mixture 2 is < 1% by
volume.

18. A process as claimed in any of claims 1 to 16, wherein the
total content of butenes in the gas mixture 2 is < 0.5% by
volume.

19. A process as claimed in any of claims 1 to 16, wherein the
total content of butenes in the gas mixture 2 is < 0.05% by
volume.,
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25 26. A process as clainmed in any of clainms 1 to 23,
RReb3Ph7t he gas mxture 1' contains > 0.3% by vol une

of constituents other than propane and propyl ene and
oxygen. 27. A process as clainmed in any of clainms 1 to
23, wherein the 30 gas mxure 1' contains > 0.5% by

% Iume of constituents qther  than _propane and propyl ene

BFRGFSS085 A gmscedd aR-Y Qhickedms nl iy 16 wharekd fhe

to Zgotw%mﬂ:ﬁnth@f Qabydiccanbens' igothaiges migboby 2 is
vol ueesofbyc@psiuné lent s ot her 35 than propane and

propyl ene and oxygen. 29. A process as clained in any

re|nthe e nt aj ns
e b%mﬁssnsso?l%%ﬂns FRLE 5B helie BPopshE Gy the
pr op§?tette SRRESBR yRferte~ ﬂbd%arkoﬁﬁoé’és@ea§aél mixers ? is
any of2%clkyi meldume¢o 23, wherein the gas mxture 1'
contains a 5% by volune of constituents other than

P35 OPRANG-quad 5 PL 9PY] dﬁ'?&‘édaﬁﬂ 9@9&1@;51&?;&5’ 5%9?13 8hen Bhe

process .as ¢
e R ReRbRBt 1F (3R Eo08, by Wi 68 Biatire  is
constitudnt ¥obwher than propane and propyl ene and
oxygen. 5 32. A process as clained in any of clains 1

3. 28, prihaRiai Bs téRin@AS 171 3 IF L1aCRORINS 13, 300ekin the

\F/)(r)log{?taqf Cgﬁg§ﬁ£ ;&%r& g&%aprrb%ggglslp;és%%gggsaﬂ ture 2y is >
aqe‘{rlﬁ‘n% 9%2& \M?&PJ@Fn the 10 gas mixture 2

of c[%(

contains up to 60% by vol une of propane. 34. A process
6. CcA ginveessnaanylaifmed] dhnanyl dfo c32imsviersa 23t hehexEin the

M XtgHL mxeapbal NTdiRalifs 5D% P v9! VoBLRL J¥ eBaBE: tuets

1to 32,
aner T S8 BRoill (R LAl afio Mutosb-1 0 20% by

vol ume of propane. 36. A process as clained in any of
43 ai hprpoegs3as qhrdmedninhrny gfs chiknsirle 2 @dnpvhersim ghe
25 fgasmmixtord 5o monrelinge> of . 282 byf vohure tod tOfEbOituents
vol up@neyf tREAPYF&e ahlOB? dpvileRie? Ana DyspRInuMe of
propane from?2 o 60% by vol une of nitrogen, from 1
#é) 5% volunme of the total of CQO ,C02 and_ H2Q and

onft &es% By SAITE S FPhAE COASET tudi 23 WIRFF Iy the
amﬁ%npﬁégéﬁtlbeiqmgadnsrbgfarﬂe@y BOlume of constituents

other than propane and propylene and oxygen.

27. A process as claimed in any of claims 1 to 23, wherein the
gas mixture 1’ contains > 0.5% by volume of constituents

other than propane and propylene and oxygen.

28. A process as claimed in any of claims 1 to 23, wherein the

gas mixture 1’ contains > 1% by volume of constituents other

than propane and preopylene and oxygen.

29. A process as claimed in any of claims 1 to 23, wherein the

gas mixture 1’ contains > 3% by volume of constituents other

than propane and propylene and oxygen.

30. A process as claimed in any of claims 1 te 23, wherein the

gas mixture 1’ contains > 5% by volume of constituents other

than propane and propylene and oxygen.
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37. A process as clainmed in any of clains 1 to 32,

RBeb@8PR7t he gas nmixture 2 conprises 35 40 45 H20 < 60%

by volune, N2 < 80% by volunme, 02 > 0, < 20% by

volume, CO < 2% by volune, Q02 < 5% by vol une, ethane

< 10% by volune, ethylene <25% by vol une, nethane <

g%b vol une, propane > 0, < 50% by vol une,

Yol bRIARRTE asochapnRA ¢8l aRg,of FlepPRel L@ 280 herein the
vol uges migtopgadi én@orktadnﬁ%byo%/diyuNelum@r@(pyioasemuﬁ;tm other

30% biyary @rdiane &d HrIQYbie ValdiygBR, 53957 5 10 83
i sobut ane < 3% by vol une, n-butane < 3% by vol une,

2- but 1% 2- byt 1%
Vhi (AP roo R R e gL b 8T e SIS BB Ghele Yoppyin che

vol ugies mixtyrgul adFeri@iasiz, We Ny yadume oD densséitesnts< other
1% byharolprwpane lamditomeeyiefe dyxygenre and 2- but yne
< 0.5% by volune, with any amoni a present being
Sr CERSa [ ipan of cla
j 2gi}%'?‘:r&\%%ere| 1%119&% Zﬁ ofp%lgg%e i;on §|2hsw§ ]f)e]f’s&}h
by v%?suﬁﬁ‘x&flrﬁo scfcfr{tl?éﬁtssu?)t*i'f?er PnE¥ Yrbpihefargopane.
propyl ene. 39. A process as clainmed in any of clains 1
1. 3 prwvesei astdimedude m:,opfmelammai o 32]1%kyrein the

vol ugas ofix€QRst 2 taaiag nQt B to 204t BRMVHIERARE BPObane.
propyl ene. 40. A process as claimed in any of clainms 1

37, wherein t ., crude pro e.contains > 2% by
Vo1 IPIFESEEnE | TARHES OBERY SinghagFDphrie dRd Wherein the

proﬁ@?%nﬂ§Xt259 2 contains from 20 to 40% by volume of propane.

36. A process as claimed in any of claims 1 to 32, wherein the
gas mixture 2 comprises

from 7 to 15% by volume of 0,

from 5 to 10% by volume of propylene,

from 15 to 40% by volume of propane,

from 25 to 60% by volume of nitrogen,

from 1 to 5% by volume of the total of CO, CO; and
H20 and

from 0 to 5% by volume of other constituents,

with any ammonia present being disregarded.

37. A process as claimed in any of ¢laims 1 to 32, wherein the
gas mixture 2 comprises

H>0 < 60% by volume,
Ny < 80% by volume,
Q2 > 0, < 20% by volume,

CO =< 2% by volume,
COz =< 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,
pPropyne < 0.1% by volume,
propadiene < 0.1% by volume,
propylene > 0, < 30% by volume,

H» < 30% by volume,
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41. A process as clainmed in any of clains 1 to 37,
RRebdPR7t he crude propane contains > 3% by vol une of
constituents other than propane and propyl ene. 30 42.
A process as clained in any of clains 1 to 41, wherein
the crude propane contai nsg4ip to 6% by vol une of

CA- hydr ocar bonsb 43. A Erocess as clained in any of
clains 1 to ¥%1° efn Y YOl4He: propane cont ai ns
from0.1 to @ﬂ)ékﬁaﬂnﬁolsu% kf 3Bud4- hydr ocarbons. 44. A
process as cteanmed-botany of1Chg B1dmd,0 43, wherein

the crude pé%l%u%ﬂéaknﬁ% 4R belané% by vol une of
1- but ene. 40, 43 gsg as c al med in any of clains

1 to 43, vvhe reln t-'etnl‘l She contains from5 ppm
by vol une to“iP]%%e‘H? §oﬁm}§f V&fluTebutene 46. A process
as cl ai ned ih Jrbptefiiehai el byovabymesherein the 45
crude propang, Zoitadiend < asalbyofoumd,0 0. 5% by vol une

of  butenes. 135‘11:%%52 84s 44 A1 Qc&sds as clained in

any of clai d to 45 ere| n e crude propane
contains a t té’r YOF £r B Ho¥Ch¥™S0l ume to 0. 5% by

vol une of butenes. 5 48. A process as cl ai ned in any of
cl aiwithl any 4fponvre reiesehhebeoraudé spegpateel.neet s t he
foll owi ng specification: 10 15 20 propane content > 90%

i)a/ VR gitResk 0ha! Tfé&rf&een&nocf, Praean nﬁgglr H{)OBM' SUereitd the

nt
Vol (PR BrpghdhE el BR > o?%%%% P egpsti Ments
contfherothpp BFRRane GHQ%’B‘EPXF@H@WE et hane content <
10% by vol une, ethyl ene content < 5% by vol une,

§): Y hﬁ@o@@ﬁbeaﬁ Q%Y i MOAMFRE X EhOPr Wee,cm%ﬁﬂn the
0. 149.1%e &yneexgsnﬁ fﬁrby%lﬁmelo(@ D%k Wit other
gca S er than propane

totathcon
Yyottne, total content of

and piopy) FSR% ﬁ’%‘?‘%’ﬁ

C5- hydrocarbons < 0.3% by volunme, and total content of
L5~ @B-Hrpares aad orisaime@0dn pmy f cloimsrel t25349. whHerein the

pr oceSfiedpropandtibntaiaby> ofs WyakBBure (¥ 4BnsWHE&IUL other

the t}%PBQBEaﬁQ% %FrQByié‘né he first step is from>5
| %t

41. A process as claimed in any of claims 1 to 37, wherein the
crude propane contains > 3% by volume of constituents other
than propane and propylene.

42. A process as claimed in any of claims 1 to 41, wherein the
crude propane contains up to 6% by volume of Cyg-hydrocarbons.

43. A process as claimed in any of claims 1 to 41, wherein the
crude propane contains from 0.1 to 6% by volume of
Cy-hydrocarbons,

44, A process as claimed in any of claims 1 to 43, wherein the
crude propane contains up to 0.5% by volume of l-butene.

45. A process as claimed in any of claims 1 to 43, wherein the
crude propane contains from 5 ppm by volume to 0.5% by volume
of l-butene.

46, A process as claimed in any of claims 1 to 45, wherein the
crude propane contains a total of up to 0.5% by volume of
butenes.
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< 30 mol % 50. A process as clained in any of clains 1

PP 8995%herein of the 30 at |east one parti al

oxi dati on and/ or ammoxi dati on product or products of
propyl ene is separated off fromthe product gas

m xture fromthe gas-phase @Frtial oxi dati on and/ or
artial gas-phase annoxi datTon and at | east the

hr ARERFFEopinela ek dpt 2any ehicdapmedlicto dids Wheredr the
i s recude frapedet conteeindbaf tosdl sifefrandd apnt byt helume to

gas- phesenpaolime OKilalnes. and/ or partial gas-phase
ammoxi dati on. 51. A process as clained in any of clains

} 50, wherein rocessﬂ)ﬁf g resent _i nvention
re c%r]?’iloecfsgu?s d‘Pl B & FoAe™BvertS {at 4h§Eein the
Charﬁ’@l%ﬁépéé?lW%msf?lWanpg@#lmW | east
one nmultinmetal oxide conposition conprising the
el ements M, pdbpadle k8AEENONE 90k bheydpee! enents Te and
Sb and at | ted fromthe gJ
consi sting giéﬂb%%tghgvngﬁtpr %flggzand &P en%a-%ég by
Ru, Co, Rh, Y¢Sy, 45 pt, La, Bi, B, Ce, Sn, zn, Si,
Na, Li, K I\@Otéﬂg congenhdefl €4-hydrasssionasi an6% Ry 5896Te,
85 52. A prbdessnascoheémed ionsel iy mdilmewherein the
act Idve conposééalor&oﬁeeﬁtssﬁ Haftﬁﬁ&s:@&ﬁtst%% th&rhém: al
oxi de conpo el enent stoichionmetry
i s v\ﬁ!ﬂh&ﬁﬁ 9?7@% B eluar}e

| 5 Ml1v~-M 6r Sb, M2 = at
| east one el oLy Sﬂ?F?fétéréﬁpb%o‘f%%\evng of Nb, Ta,
W Ti, A, Zretl@gne ppantelrt 6% Ry, vd@omeRh, Ni, Pd, Pt,
La, Bi, Ce, SmlcfiropShe dMmtehit, <Kj. fﬂ)byAQOIEMeand I n,

15 b = 0.01 ;Igfbpbleﬁe cSnQarIto<119@dby Cbcﬂuﬁeo to 1. 53. A
process as

L al

MR = Nb %);IECOB,EES fmé—hy Ocaél’.' 8%5 %%h r{%ﬁgdpronpane
claim 52 or "‘%i REREY &FRe IW'ONB By, %%cess as cl ai ned
in any of cltdted Sentenspf \ﬂaehlequahrbon.?SS)@x@y by volume,
di ffracti on sl ttertal obothentaefi ge-Tphi-dredatbomsi €600 ppm by
conposi ti on 41TPOsi tions displays reflections h and
i whose nmaxima are at the diffraction angles 22.2 "
%?50 h) and 27.3 ,0.50 (i). 30 56, Alprocess as

QGFSE| &F T BEmSFhAReR Y (Fe ckaimgy T ik ABacthgrein the
pat teropaggdiconversion dinsphaykizstr etepcis diran 2whoselt to
maxi4nen melat 28.2 + 0.50.

50. A process as claimed in any of claims 1 to 49, 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-phase ammoxidation and at least the unreacted propane
present in this product gas mixture is recirculated to the
first step and/or tc the gas-phase partial oxidation and/or
partial gas-phase ammoxidation.

51. A process as claimed in any of claims 1 to 50, wherein the
process of the present invention is carried out in a reaction
zone over a catalyst 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 Nb, Ta, W, Ti, Al, Zr, Cr, Mn, Ga, Fe, Ru, Coc, Rh, Ni, P4,
Pt, La, Bi, B, Ce, Sn, Zn, Si, Na, Li, K, Mg, Ag, Au and In
in combination.
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57. A process as clained in claim55 or 56, wherein the
BE b3PB&ction h is the nost intense in the X-ray
diffraction pattern and has a width at half hei ght of
not nmore than 0.50. 58. A process as claimed in claim
57, wherein the width at haég hei ght of the reflection
' agof t he reflﬁctl f jn each 40 case !5 10 and
RISy 2Pk o1 1R lPe'F 2t idn KhSFRAR Hde pREEFRity
Pi ofomprsitdppegeneists fodl #F | leaste onel mel wimsitiap oRiG® -
R <-cinffsitdbarehfRh hashehenébarinty stal ¢ deftirged by
the formula 45 R=Pi/(Pi +Pk). PF 53957 86 59. A process
as claimed in any of clg h b}%&?to 58, wher@hn the X-ray
diffraction pattern of t acttve multinmetal oxide
conposition or conpositions displays no reflection
whose maxinmumis at 2e=50'0.3. 5 60. A process as
cl aivieekd N any of claims 1 to 50, wherein the first
step is carried out in a separate reaction zone. 61. A
process as claimed in claim®60, wherein the first step
is a 10 _heterogeneously catalyzed dehydrogenation. 62.
A pr%ces?eaén%’i% #0d in claim60 or 61, wherein a part
conpti si ay adtease ehemd®t Hfydmothe omwupf coheisting of Nb, Ta,
constit uents, @thleIft&n phopeae M drAl opy/) ee REESEA! pt,
in the ggs, rg teee dn 194 Sssepglatgd of fyy é 048}?‘%. gas .,
mxtureva% process ‘as clai'med’in’any of ‘clainms 6
to 65 gﬂ'el ' part conprising at |east one butene
of the c’or‘i’sFPthe‘?ﬂ ot her than propane and propyl ene
pres&rt > @ thelgas mxture 1 is 20 separated off from
the gas m xture 1. 64. A process as claimed in any of
cE a'mr%ge 9 62 c MOGIH el P 1520 PRLL A0 pAlrd SR 1ez-wp
onstituents ot hef an propane and
propy‘ﬁl eﬁqe pfléglén in the gas mxture 1 is 25 separated
off fromthe gas mxture 1. 65. A process as clained in
2y dfrroicgsrsad(clam@d, inhetaim SRher Hikt evhegens oSN .
catal yzed gas-phase partial oxidation and/or partial

%;t Iﬁ%%e@%é'%lfafli?%@ Eﬁ %ﬁrdfeglg%ﬂts lrél%'sre&% @43 wherein the
ey fhERtefCin BagOUREr, k3 SOIRIL S hRker sqrride

any %ﬁmpasaﬂihﬁnww@n@smﬁh@ﬁeﬁﬁ%eys heafdes§énaaus|and i

cat athased mgasmp hmse agathe adi fdadat boneraridisoR2 . 358 0.5° (h) and
partialz gas- phase .ammoxi dation is carried out using a

cat al yst whose active conposition is a nmultinmetal oxide

§H. ﬁ'B%dE%QE“QQ‘éféiﬁgd 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 55 or 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 € 1° and the intensity Py of the reflection k and the
intensity P; of the reflection i fulfill the relationship
0.20 £ R £ 0.85, where R is the intensity ratic defined by
the formula

R=P;/ (Pi+Py} .
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3 4 M12Bi aFebXcXaXeXfOn (1V), where the variabl es
BrvB3BER fol |l ow ng neani ngs: 45 X1= ni ckel and/or

cobalt, X2= thallium an alkali netal or an alkaline
earth nmetal, PF 53957 87 X3= zinc, phosphorus,

arseni c, boron, antinony, :ﬁﬁ cerium |ead and/or
tungsten, X4= silicon, alu um titanium and/ or

59 r cBrRiRFessaasociaimed gnpany c?J‘L‘l algimgs gk tql58,ewhefein the
10 n¥X-tay aliffr8ctiom patletn 8f thd actdvamilaimerheroxide
deL ef st thynt be a@ﬁ;@igqelagg @lypdascss Oéeﬂl@%t%ﬁg@ms%
ot ﬁ@ﬂn ygen, n " A process as clained in
anyeﬁ#c al ms L gg 2% g(ﬁ) érein the het er ogeneousl y

catal yzed gas-phase partial oxidation is 15 carried out
8Qi Ny Rraegssl 98t clmigwrd Aot ane ordesins | breo GOnpwhersin the
t he &lmerentepMs atak\Med68ut ALpraogeparase Maidtidni Powdly

of clainms 60 to 67, wherein the heterogeneously
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1s separated off from the gas mixture

63. A process as claimed in any of claims 60 to 62, wherein a
part comprising at least one butene of the constituents other
than propane and propylene present in the gas mixture 1 is
separated off from the gas mixture 1.

64. A process as claimed in any of claims 60 to 63, wherein a
part comprising at least l-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 process as claimed in any of claims 60 to 64, wherein the
heterogenecusly catalyzed gas-phase partial oxidation and/or
partial gas-phase ammoxidation is carried out using a
catalyst whose active composition comprises the elements Mo,
Bi and Fe.

66. A process as claimed in any of claims 60 to 65, wherein the
heterogeneously catalyzed gas-phase partial oxidation and/or
partial gas-phase ammoxidation is carried ocut using a
catalyst whose active composition is a multimetal oxide of
the formula IV

] 123 4
Moj;BiaFepXoxaXeXsOn (IV) .

where the variables have the following meanings:

X1= nickel and/or cobalt,
X2= thallium, an alkali metal or an alkaline earth metal,
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b= 0.2 to 4, <¢=0.5t0 18, d=0to 40, e=0to 2, 40
PE B38b74, g= 0 to 40 and n= a nunber determ ned by the
val ence and abundance of the elenments other than
oxygen in VIl1. 45 69. A process as clained in any of
claims 1 to 68, wherein th partial oxidation and/or

annnxgdatjon product or products of propylene ) .
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het ef ogenheously “¢at al yzed dehydrogenation in the

pres€nice? Ehdler absence of oxygen and subjecting gas

m xtdre 4 tow2a heterogeneously catal yzed gas phase
ammog+ dag i@ sof propyl ene present in the gas mxture

1.0 1%1710 g%;ybo%ﬁas as clainmed in any gf clainms 1 go

70, erein I.rst ste onpri ses subjecting crude

or ofine. § HEDSfeBF SR Oy Lt i (PPER iy igenas on the
in the preemés obhel drhagbsukgen din d¥yyen and al so in

the presence of water 15 vapor and condensing all or

?‘DHEA Hrddeesak ?&lét&mr iaUinPfof Lh8ifaSsaed ¥Ee tlher;'ein the
or . . .

whi L‘E%éﬁgﬁ Afekely %%‘a?ﬁéig% R
phast ke BHEGRTHA PoRRBRLY S WOSFE: aF IR SomReatty

anmoSERatises bhe prlomensaetMprasskit in the gas mixture
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where the variables have the following meanings:

Xl= W, Nb, Ta, Cr and/or Ce,

X2= Cu, Ni, Co, Fe, Mn and/or Zn,

X3= Sb and/or Bi,

¥4= one or more alkali metals,

X5= one or more alkaline earth metals,
X6= Si, Al, Ti and/or Zr,

a= 1 to 6,

b= 0.2 to 4,

c= 0.5 to 18,

d= 0 to 40,

e= 0 to 2,

t= 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 any of claims 1 to 68, wherein the
partial oxidation and/or ammoxidation product or products of
Propylene comprise(s) at least one compound from the group
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88
consisting of propylene oxide, acrolein, acrylic acid and
acrylonitrile.

A process as claimed in any of claims 1 to 69, wherein a
first step comprises subjecting crude propane to a
heterogeneously 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.

A process as claimed in any of claims 1 to 70, wherein a
first step comprises subjecting 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 is subjected to a heterogeneocusly catalyzed
gas phase partial oxidation and/or partial gas phase
ammoxidation of propylene present in the gas mixture 1°.

A process as claimed in any of claims 1 to 71, wherein a
first step comprises subjecting crude propane to a
heterogeneously catalyzed dehydrogenation which is
autothermal.

A process as claimed in any of claims 1 to 72, wherein the
gas mixture 1 and/or gas mixture 1‘ are subjected as a
constituent of a gas mixture 2 to a hetercgeneously catalyzed
partial gas phase ammoxidation of propylene present in the
gas mixture 1 and/or gas mixture 1°.



