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products and/or partial anmoxidation products of at |east one olefinic
hydrocarbon 5 The present invention rel at ﬁmmmmumm ss for the
4preparation of partial oxidation products ﬂmmm anmoxi dat i on
products of at |east one ol efinic hydrocarbon«aoope+i n V\:hl ch A) in a first
reaction zone A, at |east one paraffinic 10 hydrocarbon A is subjected to a
partial dehPERERATETACNOAE BRTTGRLoRYHMKIROEEALEFBh aNdY RTf BRTEkdlon of a
product m xammaexidawibohpoohicaisnef aat ureeeity ene eoll efnimuiet hpdregarbeast one
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y g east one oleglnlc rocargog A’ is subjected to a partial
25 oxidation and/or ammox1datlon with formation of a product

mixture B which contains, as desired product, at least one
partial oxidation and/or ammoxidation product B of the at
least one olefinic hydrocarbon A’,

30 C) the desired product is separated from the product mixture B
in a working-up zone C and at least a portion of the
unconverted at least one paraffinic hydrocarbon A contained
in the product mixture B is recycled as paraffinic recycle
hydrocarbon A into the reaction zone A and

35

D) from time to time, in a nonoperating phase, at least a part
_ of the reaction zone A is not operated for the purpose of the
partial dehydrogenation and/or oxydehydrogenation of the at
least one paraffinic hydrocarbon A.
40
Partial oxidation products of olefinic hydrocarbons are important
intermediates, for example for the preparation of polymers.

In this document, oxydehydrogenation is understood as meaning a

45 dehydrogenation which is forced by the oxygen present and in
which no hydrogen is formed in the intermediate stage.

LT
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0050/ 52608080y p2608s docunent, a paraffinic hydrocarbon is to be
under st ood as neani ng a saturated hydrocarbon. In this docunent, an
ol efinic hydrocarbon is to be understood as nmeani ng a hydrocarbon whi ch has
-at least one ethylenically unsaturated,double bond (exanples 5 are
propyl ene, isobutene and butadiene), Jn this docunent, the paraffinic and
Pher ol of ni EB O ERr AR G PAE AL HHald RSPt g 2ot RE st seaphors
atons. | n theandet@nEAtLratRd PAOAPFRTRQN -add ERES ATIERRE » h§RIrFCAiPéRs
preferably hfdiheerbonoisttw de andépstomhrisoneatbms.a Bydrecadebrpahafhi ni c
hydr ocar bongas natt hieasdo6h@esthydle i 6h B insptpated aibhet BHES . (xambes
docunent,spég%ﬁégé?}lghgtl{gébdgéqugﬁgtgyg%dqggep[opylene (propene), ethylene

enes.

(et hene) an In this docunent, the preferred partial oxidation
and/ or amoxi datjon products of 15 ol efinic hydrocarbons are acrolein,
acrylic acid? ety |9098mERF gEhenpRRAET HH& ﬁf‘dngi‘?\a%]reyfl’ind'caﬁﬁl‘foc&rr@@lsene
oxi de, acryFontaii| @sapdrwde haotymene t¥hane tepncarhan @gsengentn thiconpl et e
oxi dat i on oficatmexitsf ithecpayalf fiodcbend 2thd olefdeistigaitcasrbeanipg fehablyll

the carbqp 6aptaned thRether ol Bhebby Htmal Porefsrreanperiedidirt 0 oxi des
of carbon (S}gdrﬁpﬁqon'snﬁahmisd%um&%ﬁt AL RIL | Prprdhedlnd! GldleE . 1n
; o h h

hydr ocarbon w.th. nD aiff t b d d
the term parPial IBRTEREY JREHHE SOy thiti WAVBFVRRANR S0P BEADACESI p 25 ¢ he

reaction i s (PEPRRIDD E5NKCBANASENGRE) APd PutPRegentl 41§ RACHTEthathe
numer ous keprehereshipartaal bexigiagdan eandiom ammpyidatioda Pir oduelred /odr

amoxi datisowlefiwiefhydirecaysbrac arkoasrofedanphesybte ddid,cetvglaieonxafe,
propyl ene t ge8RadEd1Qlidl, Nmatk Hy1der ¥kig, dichylehe d:0IdesXalPyForfderArd 351

151), the c e T’l thylghe to ethylene oxide (cf. for exanple Gernan
Publ i shed A‘ég?‘i‘é%%‘?%ﬁ%z% %’%54’, 137, DE-A 2 159 346, EP-A 372 972 and

WO- 89/ 0710), the conversion of butadiene jnto maleic anhydride (cf. for
exanpl e DE- An2thi® desEmgRY, 35 qoEPACte aPHidpripn PhHeA AIGEARLD M¥FTOSATRBR ene
i nt o vi ny20oxisr andexstfoodf o8 me@mipige thist /ABL 3he 931nhon tdpatedne@riyi dheof
propyl ene i plefgsiy ydrbeatior dfs. chaverreanineoDbx#Aled dF1cadbddn (tdoe CO,).
conversion af, LRPOURAGehD! OaTEIRACEOLRE b Gh- ol OF i A MRHeo el G10R695) ,
the conversigiefld:> UMLERCM Y (12 0P NAGTEBR L | Sirlsbhed! Hadixagml € US-A
3 882 159) an e co rsi.on, o gglopx%izne. I N o.ﬁro‘y eng ox1 de (Cf. for
axanpl o EP- AERPREORAL REIGAT i PRI LR SRV HIRIBDECSE fonia in

het er ogerfo ey radr ey iy 7 Bef e dh hases AAMPALdaRs°and/ or gas- phase

anmoxi dati ons. The ammoxi dation usually differs fromthe oxidation because
of the presercesofemdrainyakndiit khatskihéfals &egi eremicadllze cannidiproduced

0050/ 52608 by partial oxidation and/or ammoxidation of olefinic

hydrocarbons. Examples are the conversion of propylene to

30 acrolein and/or acrylic acid (cf. for example DE-A 2 351 151),
the conversion of ethylene to ethylene oxide (cf. for example
German Published Application DAS 1,254,137, DE-A 2 159 346,
EP-A 372 972 and W0O-89/0710), the conversion of butadiene into
maleic anhydride (cf. for example DE-A 2 106 796 and

35 DE-A 1 624 921), the conversion of butadiene into vinyloxirane
(cf. for example US-A 5 312 931), the conversion of propylene
into acrylonitrile (cf. for example DE-A 2 351 151), the
conversion of isobutene into methacrolein (cf. for example
DE-A 10101695), the conversion of isobutene into

40 methacrylonitrile (cf. for example US-A 3 882 159) and the
conversion of propylene into propylene oxide (cf. for example
EP-A 372 972).

As a rule, the preparation processes are heterogeneously

45 catalyzed gas-phase oxidations and/or gas-phase ammoxidations.
The ammoxidation usually differs from the oxidation because of
the presence of ammonia. With a skillful choice of the ammonia
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40 oxidations and/or partial ammoxidations tends to be of minor
importance and is virtually a minor secondary stream used as
required. As a consequence of this, crude olefinic hydrocarbon
produced in this manner has an acceptable raw material price even
for partial oxidations and/or partial ammoxidations.

45
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tisethémmmedagatedr kion the predyrtoddsture of the partial
oxidation and/or ammoxidation, and the paraffinic hydrocarbon
contained in this product mixture is then recycled at least
partly, as paraffinic recycle hydrocarbon, to the dehydrogenation
and/or oxydehydrogenation.

The disadvantage of such a procedure is, however, that a
dehydrogenation and/or oxydehydrogenation of paraffinic
hydrocarbons is as a rule always associated with the production
of carbon deposits, which have to be removed from time to time.
In order to avoid the necessity of also stopping the partial
oxidation and/or ammoxidation in such nonoperating phases, the
dehydrogenation and/or oxydehydrogenation is usually carried out
using at least two dehydrogenation and/or oxydehydrogenation
reactors (which together form a dehydrogenation and/or



-m xture) wo0b8O¢BAsS0ANt |y depart fromits nornmal steady-state operating

point to a substantial extent during the nonoperating phase of at |east a

part of the dehydrogenati on and/ or oxydehydrogenati on zone, which would

-require additional costs 35 with respegt to regulations. It is an object of

the present in eehn};(i'ron to _provide a ﬁrocedure whi ch has said di sadvantage to
|

[
a |l esser exPBATS °FEnATIon ZOREP dFRYST S YWERST AVEM iPR3SeF { aFaStRgAebeen
found that FP ¥4"&40 possible, for exanple, if fromthe begi nning of the
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A is used POT TESHIMNG AR o Ut o At D 8inbXT SEVERTIOME BO4RESSin t he
30 oxi daPofCRRRALY Affioki SHRStGRtIBhEY BOover PERRATtIMe af PRERfisAe ol efinic
hydr ocar bonhpdreearden therkn elgfpate i hdroxadben mrimidAbinaniuor dhei on with
f or mati on ofiebydrragpinat ion xdnd/®rBownhdehy drokabtson andedes el dvele . at

| east one partial oxidation and/or ammoxi dation product B of the at 35

the produgt o i popRcec i, tlo BgREil Baidd BhiaR SRPaIEd 1O
uncoﬁver? gdag%'&%%{'éll Snélfcalrué{‘l | nlglée%/ S APB oI BRI hek product
mixture) would constantly depart from its normal steady-state
operating point to a substantial extent during the nonoperating
phase of at least a part of the dehydrogenation and/or
oxydehydrogenation zone, which would require additional costs
35 with respect to regqulations.

It is an object of the present invention to provide a procedure
which has said disadvantage to a lesser extent, if at all.
According to the invention, it has now been found that it is

40 possible, for example, if from the beginning of the nonoperating
phase of at least part of the dehydrogenation and/or
oxydehydrogenation zone, the paraffinic recycle hydrocarbon
intended for this part is at least partly not recycled via the
dehydrogenation and/or oxydehydrogenation zone to the oxidation

45 and/or ammoxidation zone and subsequently, within the
nonoperating phase, is thus constantly fed in this small recycle
loop. Of course, it would also be possible, from the beginning of



-40 in the poogogb2808ture B is recycled as recycle hydrocarbon A (as part
of a recycle stream) into the reaction zone A and D) fromtine to tine, in
a nonoperating phase, at |east a part of the reaction zone A is not
-operated for the purpose of the 45 par%i al dehydrogenati on and/ or
oxydehydrogepati on of the at |east one paraffinic hydrocarbon A,
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part of thereesets dwdreaerbon tindepdedatqrofhenarePPanntdREdBRTorPizdhe B i s
further opedebpdrcegedathan grd/cacokpdehybogenat hen sgorleedst tbmkblltdirpngl

hydr ocar bonaf' owdlieth ang8 28 sixy gladetd Neddie anosppespindig g Sf s @mbanat

| east parigl ¥ COIMENSALE 0nPArJREDORIL St HELBHE aQP o £Id/Bi-Catt¥sRER1BAN A

or i gi nat i g, bp oM g SQUECE QIR N30 LUGJGABLION ZHUGA B0, | Teeloghi red.
one or nore lrgar’af“fl ni.c hy f ocarpons- A OI‘I& na |¥1g1'Troma ource otdher t han
the reacti of®9of®2IA d2%Breparati on without such a supply of fresh
paraffinic 10 hydrocarbon Ais preferred) to the oxidation and/or

anmoxi dat i omezbane Boand then thdsyobiject dts lachseved oy tai pnooésd Ferathéeast
one par afyiol BrEpayAi@eabBbOoPart (A4S o 18 20PN PRodELS nd/ReY phEL BT €am) present
in the prodyghodadidls Brofuddie o2xhdaid Al and/ 0fe AR hgatbon7aNg B 1 25
paraffinic rgc%ﬁ:le hydr ocarbon A, not via 15 the reaction zone A (i.e. with
excl usi on of 'thé reaction zone A), into the oxidation and/or amoxi dation
zone B. This neans that the last-nmentioned recycling is carried out,

accordi ng t &)t hénj aviimstoeachiauaeng dayat He@spoode Bafraddénaci on and/ or
oxydehydrn@genat hpdarocanrassadis hsuightatiotg 4 lparteblrdelpairogeddtidn bet ween
the reaction zoggyforkydBayd a@10AOWEL B, fAmARE bh Wk QF prBEud OtrlxtarauNnt
of the component, GENipldaRdatfls [P BAYCELY ki LA dickered from the

at | east one pargrigplc ¥1§rocar on east .0 Inic
a

I
e} g 9 L gﬁat t n; .

hydr ocar bon A P fhé%c7 5H §ard p"?'o _&s nP%T HETA llﬁ a separation
appar at us (sepaPXEFFRTRSReR’ format byotRe Ratidadsdehwdraoepaiien /8Fefinic
hydrocar 29 A orvéehudroggnatdema source other than the reaction zone Ais
preferably fed in such a way that it passes through the separation
appar at us ( g§panapbPRickORe) thé Ocdduieamsnnt idf ithePESHSSN® bBntdlireacane to
recycle the portjon,ofsfhenpRE d iNiafar BEYFd:S ndY FLORARON A WAL L reS NOT
recycled via the regfll.on zgne A.to %\he re‘lg%tl n.,zone B ag %.corrponent of
the recycle strBARFTTHIS PEEPRHRIOA 38R, A% A°ARh (S QU8R HAt it 35
passes t HSugh DHEIERFROPeA! | theiPRaEpAP FEAT £3p4r RFQAUQts BPEERET dh Adne) .
Accordi ng to theegnimed iaorisichein eadfivat ¥ crepakatmgn czongr i(sepaxwtidrhr ee,
four or nore indppatatals)r,eaot give faoprobacpaitsitared’ dednaleagrentian and/ or
oxydehydr ogenat beBaudE GAkGLRE A Gort el PYEMIA 1O xtiBe I£ACH QBed Of A
preferably compilggs, only 093§a£f%8%81%§gr%M&iF&%‘chﬁ' SiERALRgeNat 1191
and/ or o&%pehyd%ggggéuapghd Oor ammoxida 1gn zone B, at least the at least

one olefinic hydrocarbon A’ is subjected to a partial

oxidation and/or ammoxidation with formation of a product

mixture B which contains, as desired product, at least one

partial oxidation and/or ammoxidation product B of the at

35 least one olefinic hydrocarbon A’,

C) the desired product is separated from the product mixture B
in a working-up zone C and at least a portion of the
unconverted at least one paraffinic hydrocarbon A contained

40 in the product mixture B is recycled as recycle hydrocarbon A
(as part of a recycle stream) into the reaction zone A and

D) from time to time, in a nonoperating phase, at least a part
of the reaction zone A is not operated for the purpose of the
45 partial dehydrogenation and/or oxydehydrogenation of the at
least one paraffinic hydrocarbon 2,



-8 Furthernoron50482608/el process is preferably carried out in such a way
that, fromthe beginning of the nonoperating phase of the at | east one part
of the reaction zone A, at least a half, preferably at |east 75% very
-particularly preferably all, of 5 that roportion of the at | east one
paraffinic r cl.e hydr.ocarbon A which,is intended for said part of the
reaction zoﬁ&%ellg’ g éB eé&tt’iflﬁ RHASS QAcEPR AL IF@sA PReRAFt

oxi dati on arffl GPeaﬁﬂi‘ﬁﬁld’&‘t |28ﬁe z%né:fB oxifdaiqmhiandd Py pafiqrdiagion heong B east
one par af fi risc fnethet eopeyratedardribati produstisst dnss adf ychenett leasth anespect
to the partidlefaxidatiydrocanBbaraanmixhdasi assfiattba aitl aast neﬁep&}aed‘lin@i c

hydr ocar bof) fhasel Ls!&BIAStSPRSE tdoﬂtlpleﬁsw%ifg%gegyﬁé g:t tl'%@s{?aoﬁ
oxi dati on anglor SR ARt L, of %:qglt,ge{ﬁ; ups Todkd 4 i Hego?

(the large loop.T ﬁ’én W &

phase of thdSACEEAsTONE BAfY rﬁ‘?é‘lir@ ct? °Eoﬁ‘8r%\ Prrtddnda. 1 n th| s
way, it is puskosprebers daiomtgimatings faamn al sqursenpther| shamthanyer tiea
operating staine af (& herqparaitabn oxitdeiitosuamdd crupadyoaf ditdstin paract irdicng t he

required y@rkidigcPod®ra iig0bab Eofrdd) tBethd d:83%kiBACaETr BAmb% A#HGTHH20
during the NRAHRPS! 2hd Nhd 238 Qil,tgh%tatetees; p%rttlgﬁrtf Pl Q%e%ee?as%t' R Zone

A. Accordin £9¢ 1§1é Vet arbone‘é ed _produ .S i sol oM the
product ni xtUré B 1N a WorKrNg- up z‘&ﬁeacf°’59‘%‘}§§‘i dd or(ﬁ‘r'é’f’ 955 H %A )ng
obtai ned (aP™ESehFeln e P&PQFC%W%&&%F@M igatian 28d7 e8| at ed) .
Secondary coWpo¥édesiemmonendd an Rahfefrfeaiolueﬁcyerledhmlrcmamdndm freyti wgaf r om
the at | erSttheneepatidi izvne Ry(iocamtich éxchrsidnenfbehpardacyion samlagtely

separ at ed frgfad heer @siditdonPasdistt affimskvdLe Bn Ianéeﬁtuwrﬁ@ h@aﬁ‘s (Eﬂbrtt her, a
second) 30 18kE HorARRelS LA AN 181 8081 L@S'%&?A hadbs @
el ﬁ%‘ﬁz tal ne and

containing t] east qne paraftini

thus, during nn&n%ﬁ? Topdt 38 (Yo% thi?r P%eé%t?’g&r?gg naFt Erating
phase), eit HEYOEREIFRISNATAPrTpidRASSES khEPRIB adongthe cﬁetﬁlﬁe Pé%lil dual
product n?&ture B' can be recycled to the 35 reaction zone A as recycle
stream cont a@if)i bgtaten edst reaetpar afohnenAcandcmhel echyti®caionensA 4 accor di ng

to the inverddr@ionPbef@icaklbota®nimodrie ok £8é Ymponens ecaidhisgRAL At zone
i's used; pr ﬂdﬁggywtﬂﬂﬁé §h§n5'c§ﬁ{fe§"iﬂar§{'% q__h%oge 1&a %(flt)e «l;tPaffdlnlc

conpari son, tot nventi on es| du u

m xture B or'} 8 F’é upél Bhﬁc?t HoRer 89% © %lsf[lf‘ﬁ‘é hYCerc &rgandgrllr?g t he
nonoper at #hFgpizased afsr%(??&PePE‘?cr‘{%rﬁ“éﬁﬁt’%‘? M A at S?Ié%t‘"sattlé’ﬁea%%?qsm c
recycl e hydricepelsehigy zane)east e toyel ppedaarssbithe canplestsel phe whldfinic
excl usi on (wiydrobyphssiArgorafihdieinedebnos saneelothat actdhe thxi feddddon
and/ or 45 amggpel datk Ofr HRRIALBy fdd Sinf egxﬁla%y %har:et@r tsethesif thkea

the first s a‘} 't%'n faftugug&#(gggn - 0050/52608 9 This

nmeans tha e rea I on zon or carry g out t he novel process
conpri ses %nl y one reactor A for the partial dehydrogenation and/or
oxydehydr og@fFECSAT - t He o PEPLBFRRIE 41 §his Raficetpl Feewals dheopprigon of
foll ows: 5 Ithe perafhinior rAcyate | kydocenbopak afbfichi ts yalr seaybbed Avdias

subj ected t ocke paatibdn deingdnogendid aeaanilowrzoney delysirogempbhen: dehet i ng

in a productrddy¢liel 8treaM)i GRLEOPEAIrdacRRoN NESHY & § 80, aREtHat- Qhich hehat iheast
one paraf$i EBa%s@éd{:R aﬁ@g{\ gﬂ&,atent%ﬁg? 10..ane ﬁhﬁgtggacra%grocar bon A

formed by t art rogenat1 on and/ or "oxyde enation. A portion
or the tot al( r?&ﬁﬁ ot % conmponents contained in the product m xture A
and differing fromthe at |east one paraffinic 15 hydrocarbon A and the at
| east one ol Adfdoxidgngyky dder Bomertidng thenrexpicat edné rimayaicdmpr beRigtwo,
mxture A ithreequtves omnmdref individuepareidtsrsagpar ehelpareparati on zone),

to give as@ruhiyai-ogbxdtich And/8P tbhiirAyakbh& adila . product mxture A or the
product mxturé A is used for feeding an oxidation and/or anmoxi dation 20

g
zone B. Usual and this applies, ver enera to the novel procedure),
the feed mi ﬁctfyPégﬁ\ B9 oo 'ﬂ’(? Evﬁ?ﬁ’r% éﬁg/ B?a%%%&raatr%rprféﬁéagl%onpn ses
not only theccﬁrp(gdgge PRt gne peaftoy fopatherpartial dehydrogenation and/or

oxydehydrogenation.
45



25 addi ti ond105EAEMt s, for exanpl e oxidizing agents, ammonia, inert
diluents, etc., are usually introduced into the product m xture A or A for
produci ng the feed mxture A". O course, additional olefinic and/or
Pparaffinic hydrocarbons A" and A, respagtively, fromsources other than the

reaction zo uced into the feed m xture A" in order to

produce a pzri]%r‘%‘.'trlt(r:lg?l %) %%gf e}rﬂr’éé)g BS%508i tT OQFecF{erfaﬁéyfcéaercfﬁ‘ﬁdeHFe”A SuUChy t he

oxi dati on afdM8¥ Eﬁﬁyxl bhe AR ripgeattihsh npsaRe Bt inhPhase | efistheone

ol ef i ni ¢ hydtodaprpbrone mlrés@ﬁttheh reactierwczB® A, xatrka¥t iashahen partially

oxi di zed andgrefeaanDyxiati 2edst a7 odeey paxtitiaaBlheprgrebivaiyned:, e

pr O?UCT M ttha® Pr&gbritdions of aéhdtat adakt Ofige qﬁé'ia'f?gnﬁf %ﬁz{cleaz | east one
artial oxi r X 0 east _one

p 188 E%EH(% angﬂ? iékﬁﬂﬂgﬂdgé £ sJ@Feé ara??c$%qy 40

ol efinic hy ne% one

onverte
hydr ocar bon R °r RPAEShp Wﬁé‘ a Vst eedfeBFBH%tzqr? £hER S¥par at ed
fromthe pr %@Pthﬁ’&t% oB aﬂ@‘fm’téaﬂt apneytB.| S4nee athpior pironot piasf @fabl y at
| east hal f, yher etcleast pynpr pheaffinicaretpalbd hya¥pcdBoorerny iparticul arly

pref er abl 30 tsudstahelakyoune)t obidtheedpeotvied tdd phrt £85toxa08t PEK afrdd/Bi-C

hydr 0car bon anbkeey€ich B¢dEAEAUDMRBL ondWUARTEC IR LARBRNEY, 141 Lhe

Phe react or Anaifs SlfakE fhay WnRab0ER Mithng ka8 A %&gﬁ%ﬁ@ﬁmer' e
conponent s %1F4° 5d?1‘l“‘ﬂ9’8ﬁa?:6°? h%“‘gtcaine’ég?r%ﬁ%epgfaag?‘i‘ ni thdeyeral hyi@oscar bon

A. For exanpitée b3piodePs leadintife thar readtiony deng dkogerrati bhe and/ or
dehydr ogetmtionnpebyipirgd pbese f eHrihehetplhesstalonex pdat | @h thedieacedsmxodat i on,

i nconpl et el W aapsen@st oXndLEifGvaAgent, i@nyodaslketo PrDidi+GE nl €Mai ni ng
ngggsgngfO:s%eerah@imys%a 16 13N dndRind&l %%O%iféﬁ]ga@%@%; g‘;l H |h§ 3tse .
é) E:ltghf 1&39:9.85 Qz?d/%r Q%okng%alr']k: m %: "Etﬁf%s

may occur a
t hese second’z?rr l?:%' &t g.sgg?]thq ofeflie rdy, e&étaP%% desiggd: pyogyct

subst ant i 48 Idyrébﬁpﬂ%ﬁ éll°§/1°§§-'ﬁ%ﬁ‘=3dt?ed>h@$ﬂ af sdwoad Sep3t ameopazbnef theom t he
recycl e stresacRibefzome At is recycled into the reactor A The recycle
stream R is then supplenented by a fresh anount of the at |east one

paraffinic WGBQE%@% '%h@ngnvéﬂtlo%quhéggrec;tﬂ) LhREEL Cm%ﬂgnigofa%%'ﬁ[ fggmf or
the product 08 bt atgeees RIS NUEE RNl Bind i R STABEE atodorE uo

t he productlon I TCU

| onger opfet & 81?%r°b<fad'€f°'9af?15 paerr“r}ﬁ f%‘i‘e tiptaduppedrt off derjuedREedursn,
accordi ng t &s2isekatediveferondany gempanentpicontanned mm &hd fesidusls peri od,
the paraf f i prodnety®|andhydf denirgpfrAmiond chindehotgete harageyried as part of

t he recycl e hydreaardn N e@ahhendedet babt 2PN /éoh\gle@élgl %@%Erét@@rftnom the
pref erably %sll&@éi ;tl%ldmctm{ﬁlﬁf faergPlyﬁcgatlrgﬁa% rQﬂ{ai' (f?e
a % I ng v a the

reaction zone i %&I 8 ﬁgglgra%i%ae af PR
oxydehydr ogERRER DI tﬁ‘f’ th LG PREi B %‘?1‘%7’"&!" Bm’fﬁﬁad%’PPoﬁ E%HES B (as a
conponent oPbERiNeRednd £hus e quryingFppradagpesatiore (ieeyclinnghofabskesce
par af fi ni ¢ oécgchendpedratdagbpimsk )(asitheonpenestidial Eodacy chextsireeam R)
can then as such or the residual product mixture B’ can be recycled to the
35 reaction zone A as recycle stream containing at least one
paraffinic recycle hydrocarbon A (according to the invention,
preferably only the first or the second separation zone is used;
preferably, only the first separation zone is used). In
comparison, according to the invention, either the residual
40 product mixture B or the residual product mixture B’ is then
recycled during the nonoperating phase, as recycle stream
containing at least one paraffinic recycle hydrocarbon A, at
least partly (preferably completely) with exclusion (with
bypassing) of the reaction zone A, into the oxidation and/or
45 ammoxidation zone B. This recycling is preferably effected via
the first separation zone if such a zone is used.

pref erablyy



-35 be effectoobOARRBEGtially directly into the oxidation and/or

ammoxi dati on zone B (reaction zone B) (into the feed mxture A"). If at

| east a part of the conponents differing fromthe at | east one olefinic
hydrocarbon A and the renaining at Ie?t one(?o pa; affinic hydrocar botn A
I s separated,f.romthe produc | xture Ain a I rst) separation apparatus
(sepalroat i ondrzholﬁeB"ea?st 4 ﬁ/%leﬂﬁ? HESFEARP oFOK iBs f8f3e?%ﬁ’8’d'“f30f3uf h"e"Pepur pose
of the dehydY§enBYPLHT5aFAMBF 1358 MY dPBYETRAGTOR, AhEPbrides prutpakt of said
conponent s idehydedgeratgosdand/ of xaxydehpdrégendtdedi ngh¢ hovedaptroosszdre B,
that 45 portexpedoénthe daeeyed eodty disogalbews A (of the recycle streamR)
which is mpt recycled via the reactor Ainto the reaction zone B IES'>0/52608
advant ageou c Ny e i [ ich.th eact or . 00

11 is ngt ogﬂen?/ gtEl §d¥ Aoérec%trhé ' g%?%lg%gsrto?’ ﬂ? hga%!e]ﬁigigrl Sag%éﬁ?co% 8 3‘¢0+s .
oxydehydr ogeWRUPERE i1t & PRESHEhATIATO8PRAE W 2PALPT | XYGEBYEEOIATIGR t he
(first) sepdi*&ti&hnApiaraPESdSe grsurens Z8Heh conpeineagt uacpayersted
preferably amoueasef helef atnbeastprarfecpabb§fatid egsrod&lhorpar hheldBrleast
pref er abl yo ahk, oéfiMie dlydreastbaNa Okeihéd Gy XHEOSAF DN AehfEAdGdRA ibAT

the feed m Xndygr AoxyitlydrBgepbt @if1ed, in said period, froma source other
than the rea(?torrA )z{ind V\yglﬁl gebe fed to the reaction zone B. 10 In the

abovenenti oned case, it % greferred according to the invention to effect
n

the feed of % FET5LO} si-NEnECHR LIAMIUEE Y OteaSOBROREN T iCgnhatnedy My Ghea
sour ce ot hePTORAAt tHktEgcPornd diffegéng af oy thraet skeabtoloki paratfinic

hydr ocar bl hyidkevasormpds eed ibke tatr deghtt dree (flieifsh})c Slgpifogtarbon apparsat us. | f
t he ?]E | easttnenesep&fdteidc £hyfr aoar @Ead&étixﬁiﬁm@%?nﬁf _ ultibédaén_ :ae%fte one
araffinic r i Bh OGS, r %&m%! C Ci vai

(F:)r acker pr o&ﬁ%%jh%ﬁhrﬁztlgﬁeg oéiltavi\:/i %g‘% %tﬁgﬁeg%{’a\ygi P%tfaea é’sr%aHSFher
such source: .a ug’ol rfer. gr ade. propyr-e he RIg¥lug 8§7xWﬁ%ﬁ‘t gt the 55
<0. 4~ by wei™JffEuEF rdﬁaﬁé?@SW BP9 gitidatier

OZnampex¥AAtigne, <5
ppm by wet@yrengf BC4- hydr ocar bons, <1 ppm by wei ght of acetyl ene, <7 ppm by

wei ght of ethyl ene, 30 <5 ppm by wei ght of water, <2 ppm by wei ght of OZ, <2
ppm by wei ghtsuafl1pul i +6eBt appi g Qeﬂ?oggm(aqatc% agrrd n%$e§;i1f'd{.@d'ui‘1; ) Epm

by wei ght of¢nehlegEd NEH&RAREaAA 5P 1GRNMBRYALSAR 63 ga& aér@%]xgaag 2TidIR) g<> PPmM

by wei ght of < wej.qght of <1 )
czcl op?opanec,()@gis% E{/gg\/\g?h%tt%f prr"&ﬁ%i%lrf%uglp?g}‘o%\égdgﬁgg%’ <10 ppm by
wei ght ofzst:-"‘@gﬁ‘igg’b‘?:]aroﬁﬁ‘W RS0 S9BNEBITRNES PSR 1RG rASRES . cotitifing
conpounds( cdinegkt adEnentsii £80) 4)areppsuadly caitrgduded pimdpy tbaepratiict 94% by
wei ght of pmdgenee <A G By fer gitodukcipgopleneEeed mixture A”. Of course,
additional olefinic and/or paraffinic hydrocarbons A’ and 2,
respectively, from sources other than the reaction zone A can be
30 introduced into the feed mixture A” in order to produce a
particularly preferred composition of the feed mixture A”.

In the oxidation and/or ammoxidation zone B (reaction zone B),
the at least one olefinic hydrocarbon A’ present in the feed

35 mixture A” is then partially oxidized and/or ammoxidized, a
product mixture B being obtained. The pfoduct mixture B contains,
as at least one desired product, at least one partial oxidation
and/or ammoxidation product B of the at least one olefinic
hydrocarbon A’ and the unconverted at least one paraffinic

40 hydrocarbon A.

In a working-up zone C, desired product is then separated from
the product mixture B and thereafter at least a portion
(preferably at least half, particularly preferably at least 75%,

45 very particularly preferably the total amount) of the unconverted
at least one paraffinic hydrocarbon A (recycle hydrocarbon A)



0050/ 52608 PD50052608y wei ght of net hane and/or ethane, <5 ppm by wei ght of
et hyl ene, <1 ppm by wei ght of acetyl ene, <20 ppm by wei ght of propadi ene
and/ or propyne,5 <100 ppm by wei ght of cycl opropane, <50 ppm by wei ght of
but ene, <50 ppm by wei ght of but adi ene, féoo ppm by wei ght of

C4- hydr ocar m ht, of, drocar bons, 10 <2 m by wei ht
of sﬁl fur- cgﬁg%al&gd g tgouﬂld% H 8‘&?‘5?5% SsEPFYFied ap 6p$r$‘b@f>r%)/9é‘itgﬁ

ainin
sul fides (cél EGF%?]e?gj s§§eF|§S§" <11nt;5’pﬁ?‘8yr9\ﬁ?’fgﬁt Rof chI ori ne-cont ai ni ng
conmpounds(cal cul ated as chlorine), 15 <1 ppm by wei ght of chloride
(cal cul at ed oisc@iege ante3bepprudsteebghk iy \WALBI codt rCORRES| ddridbnehtkhe
f eed de: Lye_nAad@ﬂ@lldheggeth@ea@Q%ra@Tt' Bfe SiAl2 £ohit "&%c‘%l@ahgéi o A 9{ q
anmoxi dat i OR,z0 e, Itaint ai ne
ot 9§ &%fﬁ’ b r& 20 FIBEK sé}ltaag o§¥é§ﬁ¥$10ﬁ§n%

e o W "%@ﬁyaﬁaawa}r SNPERIHOT® GF9BEFORIRSEAAL] BRLIaF icme

i nterruption
reactorpA wPeh Bﬁta"é‘}?é‘égﬂ'-%'%‘w incgRréapeinlconsymed @6 dizingeagmvsl apyocess,
the at | easdesheepamraiduchi cetnidringabbomske ik pnedmsbitey igbhatton pMAPARE,

n- but ane 1@ndhoonvertud amduntd oMiheet ¥t dRQS tNBhe NVEr #Q TRGhLr SEWrHURA b cul ar
requi rerent snd ThpHadied o@leméﬂrrgg,e@g{émﬁnq/ 95 Ry delaygl egenatjon, ot the
at 30 | east 8{&%0198{1:@( Sgegﬁg%/ﬁrg:%%ho?%% a)t e carried ou ek

r

known per se per on S as described, for exanple, in
DE-A 19 837 517, DE-A 19 837 519, DE-A 19 837 520, EP-A 117 146, DE-A 3 313
573, US-A 30f690WrAE, bhepe 1S07BRRZY FUTMERNCS/ 08708 f ERALBES, 280a1E6- A 193
310, EP- AS3PAardl® emnduB5taiss el y846mbBSelyn sepersese (@h progssiel It can be
carried out sapapatigenepusrandher re¥EIOERREANSA Yorat-al YEers rec cled
oxydehydr ogensbi g aedcasr aa he:th«ar egepgfwsgtxesatﬁ' y;ec%eqegxg S

Usual |y, 1ol 3 dnilp@Ube Alnceligvaled Touperatir e pagdin o
cor respondi ig” maNNeT E gq oxt dat] onPaha MQFG% Ifk%ﬁ’i‘ A02B¢/ t he
at |east ondtphRrREHLEH c IRy %gPB‘Bﬂn%PESaﬁeﬁélEaﬁiri%rd thet dehydraagmasioknown
to a per ¥8nasR{ ey QxvidghyAroganatigsuand ypasisesi sgdikenhirsegbatié qoroduttion t he

gas phase asimchBtdmomgeneously catal yzed partial oxidation and/or
ammoxi dati on, 45 the catal ysts used being solid nultinetal oxides. Specific

enbodi ment SIEV Prd‘?hk %Qi t BO?I%: flg'f“l%q.mbntﬂgl%‘e% I‘tg% Erlsdéﬁf oF egna pe&'ﬁg adé 2608

13 above wi th

oxydehydr,agens a‘%le%n Png;l)ga?tfl%rultgF 8’6‘?%‘?5«9 r?% 3‘8]? 5"(9%8?&! N RACREASR S TP
met hacr yI °c a’c'?vc?ntr"rﬁflel B Raei H‘élnfaclrrwiéﬁ?t?ﬁq gornshhaceiodi t the e,
vi nyl oxi r anBarfHigicce EC NI &l dyanacaribgn éneookd deo dromget betmrystiedsaslesi red
products fopattieomdhel recycidsteeal i intoepAe at ¢t dohOBbA&IE PBuveddet M xture

B can be effegéed ipart) prerarabiiyNge URZAQNBaCr, |xﬁd&% §Sfé£‘a1?1 @”%aé@
per se to amﬁrmt%hhéf g8l -2l bRCL, 5t Le 'rgc%e grpect, are

| i kew sey nol{n e .pri

carrying oug 8f‘n%l Wﬁf‘ngr e"ﬁ?ﬁ‘?t&? ﬁ87‘%rA d)(&?&elll?ﬂ Jo‘b%ﬁ’altal 8n.

ehy rJ%enatlon and/or oxydehydrogenatlon), into the oxidation
and/or ammoxidation zone B (as a component of its feed mixture
A"). For example, the recycling of the paraffinic recycle
hydrocarbon A (as a component of the recycle stream R) can then

35 be effected substantially directly into the oxidation and/or
ammoxidation zone B (reaction zone B) (into the feed mixture A").

If at least a part of the components differing from the at least
one olefinic hydrocarbon A’ and the remaining at least one

40 paraffinic hydrocarbon A is separated from the product mixture A
in a (first) separation apparatus (separation zone) at times when
the reactor A is operated for the purpose of the dehydrogenation
and/or oxydehydrogenation, before said part of said components is
used as product mixture A’ for feeding the reaction zone B, that

45 portion of the recycle hydrocarbon A (of the recycle stream R)
which is not recycled via the reactor A into the reaction zone B
is advantageously recycled, in the period in which the reactor A



-15 Expedi entdos0/82s08ntially only one paraffinic hydrocarbon Ais

dehydr ogenat ed and/ or oxydehydrogenated in the reaction zone A in the novel
process. This is possible in particular when a crude paraffinic hydrocarbon
‘A whi ch contains substanti ally no otheg,20 paraffinic hydrocarbons is used
for this purpose, Sorre |cuI ar SSI | e Ot:H)OdI ments of the novel process
are expl ai nef B8F09\P‘iféa\ oﬁoVéef 8 a?a‘ﬁ SoAeJRITR IR tARR/ BRI Rrylic
acid starti R¥YARBRIFR doBy iRfP Gﬂleekaﬁ?ﬁﬂén TRE§ Breo thagpptipaddes in an
anal ogous nerhrenghothehd fdtrbel sepeelatppocassastabal separatiilons zdneunent and
can be used in an anal ogous manner for said processes. In the case of an

oxydehydr agenrat QB of ﬂH’eranefélleﬁ.yCQ@ D& 30 h%%“ﬁ% e%argbmfglgeneous
and/ or heteroggge%us?l )iDar%tl% (Iﬁ(]r%ggggﬂ ogaeﬂatl gn%li‘e ggane 0 propene

with m)leculcﬁﬁ %‘? g or a|r
enri ched i n HEEERLE HYHRE §H° Eil E@qﬂééﬁdagoraté‘ﬁuﬁﬁ%dd‘fl tﬁéenﬁ be
oxygen. 35 I°fbtﬁhée<ﬁe32é1 |S@hdz%7élqﬂdn §r§@s@gﬁmxic&soah%mi@@nébasreactor A
oxydehydr ogemédt ivonld the Fedaho biche areiacedlomutorienBpri nci pl e as descri bed, for
exanpl e, 1n US-A 3,798,283, CN-A 1 105 352, Applied Catalysis, 70(2)
(1991), 1751%8zhe%@éﬁ@n%lgﬁéi@yca%% Q%ggg)pre@gi‘rgg g;'dri)ﬁg'a‘hg‘g 622 331.

An expedi ent, ox S nper at onog Jeneous
oxydehydrogenafa?ggﬁmi1 st°e>?§§8| gn’fl?eyaflc?ﬁgsgg ‘f}be t%‘ |1ﬁaﬁ1 ’}eaﬁ’&gff'?b‘fn 300 to
700C, pref eMYBFGCRFRAR £G0 OF SIBRRIENIp AF PP ci| SqUTFeppEher dhap thenfepstorol
500C. The opgér aufhga pravsshet sald ledefinhe ChiBirogcatbon l1ikewdsei passas from 1
to 10, bars threugkstltendartt esépmrastiahl yppdareoudd 0.1 or 0.5 to 20,
preferably from0.1 or 0.5 to 5, seconds. 0050/ 52608 14 The reactor used
may be, for @exappl g, J%atsLEbHE@rof&%ﬁtlgr h04 c?catrlﬂ)lgg Rundl gnfo%g%gé aJcP

exanpl e a coyntercurrent tubul a m%? b stac gas a rﬂa

a t ube- bundl®& FEREY of  WPPA St e85 P He 4t %?ﬁ’u °rTﬁ§amp L
propane-t o- 6’>9§7'§‘§F|°+%1]t]tyo al"ﬁl}ﬁlél% %rla&F‘FFnEF‘?ﬁWt‘}Peh?‘élrtﬁ &her 8l 1owinem 0. 5: 1
to 40:1, 3t pyaities|is avedhrble aso apothepagudhcebares: preferably from2:1 to
5:1. The starting m xture may al so conprise further, substantially inert,

conmponents, §uchpoagmiptBradeCprbpgyr&lienxi de, carbon m)noxi de, nitrogen, nobI e
gases and/ or propene, it also belng possible for 10 these to be recycled

conponents. |If the % Egn? dehyﬂ nation is designed as a heterogeneously
cat al yzed oxyde tPoreeRt a‘hmé’@nEarrl ed out in principle as
descri bed?5 f or éxa Ié% by V@S&RMO?WCBJPPG 15 CN-A 1073893, Catalysis
Letters 23 (1994, 309 poe, bywweZphhgef Caddengandd methiemeue Xuebao, 14
(1993), 566, Z. gHuarsgpp;ShbwmelldanOflg:4-Bizdfa&%onswz, WO 97/ 36849, DE-A
197 53 817, US-A 3 §63y 5@31 “;éagﬁt3o§8gceq§qt DE-A 195 30 454, US-A 4 341
664, J. of Catal_y5| %3[ gl)g eq:q% gl of Catal ysis 167 (1997), 20
550- 559, p| cs"I n %a ci f}g ‘275 US-A 5 086 032, Catalysis
Letters 1 (199 EPT Wadt&m Res. 35 (1996), 14-18, US-A 4
255 284, Applle @aP%u%YNel@éﬁe? 102,100 (1993), 111-130, J. of Catalysis
148 (1994), 56-6&7, V. Pmrhlesve@ahbe@am@f@rSCOMurB@mﬁnmpcﬁqu, New

Devel opnents in Sel gehlyelated as sulfur),

1 ppm by weight of chlorine-containing compounds

35 (calculated as chlorine),

5 ppm by weight of CO,,

5 ppm by weight of CO,

10 ppm by weight of cyclopropane,

5 ppm by weight of propadiene and/or propyne,

10 ppm by weight of Cys-hydrocarbon and

10 ppm by weight of carbonyl-containing compounds
(calculated as Ni(CO)g4);

um or

IA

40

IANA A A A A

b) chemical-grade propylene:
45
94% by weight of propene

>
< 6% by weight of propane,



-25 Oxi dati oposio/s2¥d8 El sevier Science B.V., pages 305-313, 3rd Wrld
Congress on Oxidation Catalysis, RK Gasselli, S.T. Oyama, A M Gaffney
and J.E. Lyons (Ed.), 1997, Elsevier Science B.V., page 375 et seq. Air may
‘al so be used as the oxygen source. Fregyently, however, the oxygen source

here conprises at |easf 30 90 nol % of " nol ecul ar oxygen, often at |east 95
A < @'égtyy’?{l@@uﬁdﬁ@%r apleoh&ttd@d§eneousl y cat al yzed

nmol % of oxygen—= Th ; ousl|
oxydehydr ogenat iSon &r EPRO?Y i§3j98¢&t of cetdhwileparti cul ar restrictions. All
oxydehydr ogenat kon dappihyisyt svedlght hofiracdtiydenein 35 this area to a person

skilled in the art aodpphimh waightapal@patiioné did /R BESPPRE, t O prgpene ]

Sbovenent ioned %E?P"Sf?%ﬂbym%*g%ﬁé’f e ol ysis are, Tor |

abovene . :

exanpl e, oxydehydr ogen3eT oY évaeég gszgm_e%ﬁ:gﬁ’corrpri se MbVNb oxi des or 40

vanadyl pyr ophoSphaP8, PP R¥adighseohititadiprenoter. An exanpl e of an

advant ageous oxydehy@Popemdyl wright adf Sk -hydeoaratbehyst which contains a

m xed nmetal oxige wilDhpph, by welght @AM s*hpdraialkpbag)i al conponents, where

X is at |gast ore ebegpiing &ledgh€Uof rAMArORLHA i iRt @H{lﬁéur{déngtsaenz

cobal t+ T hodt um. i dEat e B 88, ST t'?’é”u ”‘5‘2%???}2‘3’% "bismuth, boron.
éaﬁtﬁb%'ﬁl 2r I‘f’ﬁlg{ﬁ:t |53+ %glﬁsehgﬁfrlﬁg‘é Bed 35 dafhtysts are

i ndi um and ceri gm ) :
0050/ 52608 15 f &t hér RBR LY e ightt phetiordrpdecntianng| gompoungisal ysts A of
DE- A- 197 53 817, thécaldulatmdaksoghterim@t)eri als or catal ysts A stated as

bei ng prefserreds<i n tthppahsy eraht oo Ikl e at ¢OItulQikBy ¥€roLParanigcul arly

advant ageous. Thi s ge?}gﬁt&atweii%gaéf Ietled, 5 nultinetal oxide materials
(I1'V) of the fornmula I aM-1- bMb~x (I'V)r 10 where ML is Co, N, My, Zn,

i V.V, Te,. Nb,_ P, .. Fe, _Sb, , Sn and/or La, 15 a is
(I\)/.thiEfj/S,or bc?f e(l\)/gﬁms s\a/ﬁvjfdoﬁoog the dfeﬁﬂn‘ﬁc}:ire’i‘t%‘ﬁ &n Fggecfé?’?@mtﬁédowat%gval ency
and frequen&Fabe ehehe erddeticn Red/phapmpKigalieonm 3qn@ B and of the
20 working-up zone C can thus be maintained substantially unchanged
in the manner described, even during an interruption to the
dehydrogenation and/or oxydehydrogenation in the reactor A,
without excessively high capital costs.

25 In the novel process, the at least one paraffinic hydrocarbon A
is preferably ethane, propane, n-butane and/or isobutane. Its
purity does not have to meet any particular requirements.

The partial dehydrogenation and/or oxydehydrogenation of the at

30 least one paraffinic hydrocarbon A can be carried out in a manner
known per se to a person skilled in the art, as described, for
example, in DE-A 19 837 517, DE-A 19 837 519, DE-A 19 837 520,
EP-A 117 146, DE-A 3 313 573, US-A 3,161,670, DE-A 10028582,
PCT/EP/01/06708, EP-A 328 280, EP-A 193 310, EP-A 372 972 and

35 US-A 4,849,538, in the case of propane. It can be carried out as
a homogeneous and/or heterogeneously catalyzed oxydehydrogenation
and as a heterogeneously catalyzed dehydrogenation. Usually, it
is carried out at elevated temperatures in the gas phase. In a
corresponding manner, the partial oxidation and/or ammoxidation

40 of the at least one paraffinic hydrocarbon A can be carried out
in a manner known to a person skilled in the art.

Usually, it is likewise carried out in the gas phase as a

heterogeneously catalyzed partial oxidation and/or ammoxidation,
45 the catalysts used being solid multimetal oxides. Specific

embodiments are also to be found in the prior art referred to



-are suitabl @059 /aRlcioge materials. 25 In principle, suitable active
materials (1V) can be prepared in a sinple manner by producing, from
suitabl e sources of their elenental constituents, a very intimte,
‘preferably finely divided dry blend h ng a conposition corresponding to
their 30 stoichionetry and calcining saild dry blend at from 450 to 1000C.
Sui t abl e soBPEBE W¥th FEIBFRnENCArT¥ANREt Pitudties PaFtidde dativErasenation de
active mat eepglar (xydedy@regrratiodnpounds whi ch are al ready oxi des and/ or
t hose conpounds whi ch can be converted into oxides by heating, at least in

the presencenOpaPiiifar ABESET,€ abbyBic RAVild, CHEBhadtd1edds, mdtidatAsc
formtes, L0xglal af1dilcl L afbeg Cesgkgf%lc[ ﬁ%naﬁls&a&rprfoﬂﬁﬁgﬂ?' ex salts,

armoni um sal t3 fa1 Oﬁé{g (H& f artlng
conpounds fJr™Y %XJprraélﬁar RE? (ﬂe P& ma éffLeB% YrafLPi A sSSP Ean be
ef fected in2dr 93479 PFOAUESaATe thE ROYRY Praref@esl ponder, or in 40 wet
form for exanple using water as a solvent. The nmultinetal oxide naterials
(1'V) can beThstd dspdraitnopofeten ther predetaiMigtusbapidigh be gfFectsgeeanfic

cat al yst ]QﬁQ'KEt%ﬁ&nd—h bebRd d033kBlEsd Ofn BhRafReP BbWnOple & figeted

before or a oﬁhﬁcll'l%l ﬁaél% gl Of’ur LNSHRRQL ng fnatt%l ¥sts my. be used.
However , % ota rzit HBfoF %E recur r?ra? St & n
powder for m-¢ 5ﬁw%ﬁesd:°o§ eff‘f"éréq e"d1 a%’r%é‘ﬁ oﬁef IEﬁdeﬁ"ﬁl 6 v e cat al yst
supports. C3RIBHE| ¥hATTBoRG U ToEhRORPEE RIS dehufrorenatiop0s0d 52608 16

silica, thooxydebydsdagaatiomconi um di oxide, silicon carbide or silicates

may be usisd as support material, it bei ng possi bl e for the supports to have
a rgglﬁl ar OO@xbéaﬁéﬂﬂ §bﬁ@@anéa&qsz bR QQEE'P&HSJ Yy e%@éﬁ't]{cgg é"b; rom
Xxyaeny g A

200 to 6000%%%&9&%“5% ROBARo: A piy ggpfg;ag}} Fa§'§9 Bom

350 1o 440CER¢HB oep]e ZPCR Ejsprﬂ?’fuf‘é pgs r1 bP?r"flr%aé Bhen, al(S’r“idﬁ
particul ar PrEAfiinis Mdrﬁaﬁt?ceumawhyclpr%qr@'aaaﬁyswbmnp@élz no| Pther.
Oper at i nOpressiif tsicalbydeodatizons fier usadinfure thisnpirgostee 10 bar, have
proven particul arly advantageous. As a rule, the heterogeneously catal yzed

PRI i b i P
descri bed, ;é% ?Sﬁ]é %eﬁﬁ% § 11{%5 ,R%&e%o%reﬁga nai ¢ @ﬁrﬂtﬂﬁlﬁoﬂl‘gpf and the
literature GFTEUT rF‘Ctlﬁe§§af)B’c)‘}q EZPPOREOPATe DYV BRR RF B¥EMBLAccTRIYMBLBf t he
reacti on 4Pa@PRLXERIE iR PRcARABACHOPSt MpRRPY $oekpeddidiry povebpR@sses 20
seconds. Thetrbaed oirofthpsogacwendnt exrgigemn e ussedwit hart aaadlegouedhatdeyer si on

and the sel goki yaiy prloc@Bsédhe catal yst and is expediently from0.5:1 to
40:1, in particular from1:1 to 6:1, particularly preferably from2:1 to

5:1. As ary %) thd hceas%r ggegg 3@&%&&5%&1 aq%%rneg es_wth |gﬁrea5| n%lepropane
conver si o he opane-to en 1 /o therar ore prefe a y carried
out in sd’ CAThA %’é‘tarsePalF‘?WFEq ePBWW@Jﬂ@@F%??ﬁ%’eGPS&YO% viz/d
conbi nat i on oK¥EaRRYdrfigenatéen iaf Prepang i myopene witlpmopenelar @xyghneird.
The propane tbengas phasel. SApay tpurel avlycyleaf exghéy dr @irSehpidkbd fihequent |y
from 10 to 3Qlet®latoxiges, cdl@e QBB PAHRARBUECEVEF HHRNMBBEASL 4N @xygen.
proportlon of propane fed in which is converted in a single pass. a
v o 1 7 oL 0 RECRRRTSRY I p ol o ¢ O
referring t&8 ?ﬂ hﬁﬁﬂ?@% afiony | thdsoran R é:r?ér\?vﬁflc‘?iu%rlé‘ BF dBeHRLe ﬁ‘e“r mol e of
pr opane con@éﬁ?éhpecbxﬁPéSQW%J@ralﬁDV%TA por’@8ne8Ye.C33 Asl@SrifZe, the
starting m RppleediGatalysisie BKi2dal 192l pr dPare8Ue Gedradyemat Tadayc At ai ns
from5 to 951em}) Y%aif3-grepane oEased ez 1334 .mh &ﬁﬁdlﬁharbk%ﬁnsbh%@) I'n
addi ti on Jd)ler Q%n%@@eﬂﬁé’%ré‘ Be §ﬂé‘rﬁdn{6g_;eﬂb5ﬁé” d%i"xy& enatlo is
het er ogeneou.é§ Y46 tallyyzgd 40 oox%deh d{ %enatl ogr zo I se Purther
T AR off o

in particulaf PrREY dn nonoxi de,

ni trogen, nEbPECTARIYS féﬁﬂ/ﬂ)? ptrooﬁgﬁec ‘H?étﬁétlé‘f"@@ér?ééégr&%bdﬁyﬂ‘r 68@rkR i on
can al so be388r¢i &heogreratirnke pyeesere anayf bdi Fremtts5 ftor 1@kanm e steam 45
particular from 1 to 10, bar. The residence time is usually from

45 0.1 or 0.5 to 20, preferably from 0.1 or 0.5 to 5, seconds.



-0050/ 52608 0D5AB2608i r ed reactor sequence which is known to a person
skilled in the art can be used for carrying out the honobgeneous
oxydehydrogenation or the heterogeneously catal yzed oxydehydrogenation of
‘propane. For exanple, the 5 oxydehydroggnation can be carried out in a
single reac cade.of two or mgre rea between which, if
required, &‘gée%allcstrﬁrn (rgo IR Doy TPE A OSgl)bcla'l RPFEPRIAT he
hom)geneous e Lo gERAC R oL aBRRYR aoi??ééﬁ%ﬂ‘@g@ﬁét tabular eysbi nati on
with one anwihkrstapk ghre 9% cdlheatangtmedivef oa propgsrbdundydehyattogerathon
may contai nsalormexanpl 8, hédtEingOmkantng GRMPEBLAMS- RS oRY§EM S io in the

constit uest §taPtEﬂfbe'ﬂ§.xthé’p£3sﬂ%re@§£‘ boTy i, Ges £a PR . Fonoxi tl‘é@%gr

thyl ane ox ool 15 5acBeL iEeu Bl Sinecsah %efr%?nﬁy'télﬁ% : BR8py1 ene
oxi de and bf %ﬁfelngrw‘tm j“ayaaSFBdﬁ%‘PPrrﬁsﬂ GPE 'alsﬁx?&tﬁﬁt%#elyprlaﬁﬁﬁe
oxydehydr ogERERPRANEoNFUF SIS MasRT D ¢arbrm Mdpxiderd qarbpeneondxigie,l to 2 nol
% of car bonnirbrendrde nobitengdseso aBdriot Phoplenear borldicovedrg fogibdet goA0 nol
% of wat a0, thesentd e 28cyicred cYmpébnénids.ogen, from0.1 to 0.5 nmol % of
acrol ein, fromO to 1 mol % of acryrllic acid, fromO0.05 to 0.2 nol % of
acetic acidyg 0/of formaldeh om1t05m)l % of
oxygen, from 0 E Qi %BE d%’&% ggf] LS 85%%%¥|a5n8d COMRARSRCYSShd, as
the remai ndéft2 XY AehydF %FBBEH%"' Bﬁé‘@dcﬁﬂ bes cagepeda@et o 100 nol % of
product m xPEFRCinle gendesgribede BevprHeepdenyin diferdatti R8I 37 1,he reaction
zone A cah aNshd 13848y i eatalysiasLetteiserRagenenys,) Vosatebyzed Zpaagane
dehydr ogenathédeny hesihs tiixual xeéséélsuqn(@ég@%yga%% 25 Aﬁesghg bed in
gghﬁdfggéﬁaggg‘” 2,[&_ (%%ﬂ""sggg' ”ﬁ@ §1R 6l %erﬁ’ﬁ-%[‘g@"}s y ungze
i SR T e,
product s. s° n e '
dehydr og@Raf?drP - ﬂ'@ﬂ&l@%duptcéifre@lyel%uﬁi/(dﬁ%y, ahfi-Ri7hg BSEstamBcabsy, i nert
di | uent gasesta¥ymiseketpémrs sileaqdPIWhj ciBli-a9asubdd.y EaG.i ORéh. GRS .f 95 the
dehydr ogenati99e y,eaat-ion. udliad ut pon d4 hA§ e0&R Q;Paf%;%'i?Ew A L£%8nksa1 25 @

A ééﬁeieigtv?ﬂme JA-LS6ISR0 of bbb PG YBLGFERP, cRbes The
gasi fi cati on relover st"ggmB ;;815 zEE‘%r?CoH?Ya’?FIf) °B§‘E8t%§rhlsle&§ﬁFlb%s in
t he domgﬁrgémm%&%aﬁonl%l GLsanieKiSFiensn Bohe laeaﬁsl)ofr-@d@bl dndzone B
for short ifoxld fongraaemr Oxbidabien CatadymisarR.X.sGrhesehki,| w.0r 45

conpl etel y spqpexratred.fcafifitdye apdodLE! IYionsU(Bd A i 193751 DD iERNBEL ek dOr
exanpl e by sondensael oM, etMieg) ABKaRy 2188SEE: Rlfd 8si PRE ehN€ource.
proportion 9&&&&@' el Yhe WBfdn SR 00Uy I88mpy 050132008, 4

m xture Ay ur,t' her ac

di | uents sw?a e for lf‘%le%eltaer 86%%%’8u§1r%§e8a?%e]ﬁ5& Brr’o‘b%]ne FEnQBYRenat i on
are, for exanple, CO nethane, ethane, CO2, nitrogen and nobl e gases, such
as He, Ne ahee MataAHt%hWJMGSfmmheoﬂnedecagﬁmue@mcomawueldy used either
by t hensel vesydehyidrogéeatfizmmaet aot dbjeangeo cfnymipskrui€sladt i s

advant ageougediailctsahd. diluex aeﬁj}&r@%n%tﬁahecaﬁlai%%w&ﬁ%}? a%' KRS i the
reacti 0”33091?15 ark ggnfrl?ér'so kaﬁesd \Mﬁ' the A& NG %{1 cllc?re cap?lgan

chem cal c¢ g};\ to an_extent era |"ess

:
parti cul arl%/#)r erabf§ efreesg'ot R’é?lpelne rﬁﬂe 8 l?‘fplt%elf‘eg%’é?tq‘\}é‘rst%b]e are
pref erred YHEPE? atiom c&éﬂ%ﬁ’*‘b‘bé’f&fcﬁénl%éth@l pepEenensiened the prior
art are suiPabligatdpns hHeathdee negencrisiapleatat alaed spaopantordelytdpgenat i on.
They may beoxirdehyestogemetiain yatalystisvirhdeauPsSmprise. MbOie dtigee whi ch are of

15 an OXudlﬁar[hai}ilr pytbShospranel, ei s QW uabexwﬂ% an eﬁ.o@éflmz\%aéﬁ%&ﬁ d nto

tpose whi Clh taﬁ;,a odseg§§ ro%%ngtw I qu;éatl velcylj__ net al
(for exanp ehPchaclorx{ ?n%.lxe metal oguge w1t}}/ ,CTes,qu;P and X as

substantial components, where X is at least one element selected
from niobium, tantalum, tungsten, titanium, aluminum, zirconium,
45 chromium, manganese, iron, ruthenium, cobalt, rhodium, nickel,
palladium, platinum, antimony, bismuth, boron, indium and cerium.
Particularly suitable oxydehydrogenation catalysts are



-20 Inter al pgs0#526d8hydrogenati on catal ysts which are recommended in WO
99/ 46039, US-A 4 788 371, EP-A-0 705 136, WD 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 can thus be used. {4 particular, the catalysts
according tqg exanple 1, 25 exanple_ 2, ‘exanple 3 and exanple 4 of DE-A 199
37 107 can bBF %or?hégg ’&‘fﬁt%ﬁﬁar F;{)‘_i&ﬁr&% Y CELRMY TR offain from
10 to 99.9 B-elYhtS30flZi ridtthimidtdresad b oxifdeoRrr et iR 16098 byailingts 8f 30
al um na, sibktatedrsd deingtprsfienrédoxn dehenradofrenen i dnedo pib¥idatiwni phingf at
| east one ekegppnpardficuheriy radvantagesend THIsNm@sRs kLha@nenepereidulak t he
third subgr ﬂu@rilﬁg%leggrﬂggtmﬁelli!ggsetg@#}t&thgr%ﬁ‘@a the Periodic Tabl e of
the El ements, [anthanumand/or tin, with the proviso that the sum of the
per cent age by wei ghtli S 352100 by weight. In principle, all reactor types
and process vari ant ¥ #0av¥pPx t he prior{&fh are suitable for carrying out
t he heterogeneously catal yzed propane dehydrogenati on. Descriptions of such
process 40 waetents are contained, for exanple, in all prior art
publicatijgns cited in relation to the dehydrogenati on catal ysts. A
conparatively detaied Cripti dghy i on processes suitable
according to the i neegjfs?(;%%'i EPI’AI@(} ggﬁt g?n%(f&%ngé'mt al ytica Studies
Di vi sion, Oxidative Dehydrogenati on and Alternative Dehydrogenation
Processes, Study NuMbers ¥p9o¥: e NpoBo/ Sped® 1§P1998, ABENPEPHUsdN Dri ve,
Mountain View, California, 94043-5272 U.S. A Typical of partial
het er ogensous!| y cat al yz el 5dahgdr ogenati on of 5 propane is that it takes
pl ace endotherm cally. This nmeans that the heat (energy) necessary for
establishing the reguites ygaction tenperature nust be supplied either
before the reaction gas starting m xture and/or in the course of the
het er ogeneousl y catal yzed dehydrogenati on. 10 Furthernore, owng to the
hi gh reacti 889t enperatures required, it is typical in particular for
het er oger®®ousl y cat al yzed dehydrogenati ons of propane that small anmounts of
hi gh-boi I i ng hi gh nal ¢sud atuniveir ghliich gandeteaniaady, thactdidngg &ad bon, are
15 formed, which coppeyikhcy?be E6PASIdmRALSNotie Gkl ¥R{gatiihageyvand thus
deactivate it. In ordef to mnimze this di sadvantageous™ acconpanyl ng
phenomenon, the Pro ne-contaj ning,.reacfion mxture to be passed over the
cat al yst sufPf&c®¥ h@sh%‘f“é’r"(’?ggﬁé‘?)ﬁ%?]f catal yzed dehydrogenation at
el evat ed ¥Benperatures can be diluted 20 with steam Under the resulting
condi ti ons, Ianprimripde,depbsibled acsiparndterdals oV etcanybel prepeteddin a
accor di ng t @ilpPe phidmeirpbg Pfodikdhggasidn Galitable Alnirdees possidid ity for
el i m nati ng deposidrdonat PoReHUTPAURLESy | S11dRakl, PRSSE APy Y FELL1GONT @i ni ng
gas 1t ough o eqdetiuey 398Ra AN AL LYo LR dhialia Ao Sy at ed
t enper at ur.es "an hus vir ya yr_’to bur 1, (;:t e deposite 2arhon. .
Subst ant i* SERPPPETETIN Bt FREFSREL YoAIBRh e fEsm $21 st HERAVer
al so possi bSE1bgbIRIcENGCAB| @F tiher ehgBeBR copst htugntepadethe mEltigetal
dehydr ogenabadde naeriviee metegibrieco (IVE ad e Wicsebebmpaunds whiphsesd adveady he
dehydr ogenabik@te€ adritl A3t tBbse| expbatds emfihatdhebe dInveRUeseintdd odxSdakso
possi bl e topgddest 83N aRd18RLEGYH Jhe YAERARR 88 SxfHerl.UTReb® 42 iRropane to
be dehydri}:g%ggxz?guﬂ}d%ralides, nitrates, formates, oxalates, citrates,

acetates, carbonates, ammine complex salts, ammonium salts and/or

hydroxides. The thorough mixing of the starting compounds for the

preparation of the multimetal oxide materials (IV) can be

effected in dry form, for example as finely divided powder, or in

40 wet form, for example using water as a solvent. The multimetal

oxide materials (IV) can be used both in powder form and after

shaping to give specific catalyst geometries, it being possible

for the shaping to be effected before or after the final

calcination. Unsupported catalysts may be used. However, the

45 shaping of an active material or precursor material in powder
form can also be effected by application to premolded inert
catalyst supports. Conventional, porous or nonporous aluminas,



-35 het erogeoebogs52808l ysis. An addition of nol ecul ar hydrogen for the

het er ogeneousl y cat al yzed dehydrogenati on of propane al so reduces the
undesired formation of allene and acetyl ene as byproducts. 40 A suitable
‘reactor formfor the heterogeneously gﬁaéal yzed propane dehydrogenation is a
fixed-bed tubu]ar reactor or tube-bundle reactor, ThIS means that the
dehydr ogenaft ot &at §P§§‘t‘m ‘g‘ enfLECOH UM JigX iRy iStlicPRagaTRINet Bhe or in
a bundl e of stkigatiesnTatibles. usﬁﬁ’eaﬁe&%ﬁmﬁt magbesiake iHekedng osssidaestoon of
a gas, for #beexmporésatbyhvecar begulauchr asregtlmnehapa.t he space
surrounding the reaction tubes. It is advantageous to apply this direct

form of catabystnd %@%ebseéﬁé&sqgl xatahmbxw@h;a I?,Ql&fe = ﬁgkawe
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F op
or opane L iSARR Al WE BEPRThS THARC P om0 cehigh oo n el
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pressure i sseilegrignittyy réeferrihg co8the munbedrt hé mebat iofnptepeyer athick ase

expedi ent | y peb@sedti iperbfiols abn 4$30phfle Gdvert¥a| Catprealalyss SprAAr

vel ocities }?bgge,; fyd.otal reaction gas mxture are from0.5 to 10 h-1
(LHSV) . he het erogeneously cat al yzed propane dehydrogenation can al so
be effect ed |n a VI ng bed. For exa e the m)V| n Qat al st bed can be

housed in a®fafi&tt r SRV GNY PRET v RI®®GIS2608 21
t herein froﬁ?bb‘ﬁr‘t%%ﬂ%rﬁ?ﬁql@st ﬁeome%étq aﬁ @% Hioft erepwbv@alsaau anly.
Thi s proceddpé nsl dsed, startimamikepre n. tIne addPt {hreftoe prdpamyelraogenat i on
process. SiB&ggéme theastarsind) rlikicGrer e TheahetOPRfetie0dsly catalyzed
quasi adi algabkgabhydrdgenb8iSXRGHA @Akot CorfRas@t Bufther, in particular

inert, components, such as carbon dioxide, carbon monoxide,

nitrogen, noble gases and/or propene. The heterogeneous

oxydehydrogenation can also be carried out in the presence of

diluents, for example steam.

45



-5 pluralitypooboysaeders connected in series as cascades (typically up to
four). This makes it possible to avoid excessively |large differences

bet ween the tenperatures of the reaction gas m xture at the reactor
*entrance and at the reactor exit (int case of adi abatic node of
operation, the reaction gas starting mxture 10 acts as a heating_nedi um
on the heatARYi&SHeSs TFFTAF SRAVERGDH WHChnds KR &R Rehpeion §rélied
dependent) &mdthfewratt Aen dess usedi 60 AUNYASE Qvt tieahomeasremisons. Wien t he
cat al yst bedxdshyldebyetéreiagrowirnghbéeietesagearously icathégzdd for regeneration

and then reggpsbnyiRbgexaE orapsspsid CabrdeRyfRgenati on catal yst which

d then r | . ol . , |
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The react i osotmeifishuwesh asre ahetkrerbly from 550 to 650C and the contact
time of yge catalyst with reaction gas mxture is chosen to be from about 2

to 6 h-1. 2 i - roc SCL Y. i kewi se
have a sphe??%;hgdagike{ﬁ%? oﬁai g‘f@)aq%e%%%ﬁ?%%%gfgggﬁl%w%? XE% I%ﬁd) or
have anot heffoﬁe%f?g"tp §r 50° PrOdCEAPR OHENRPEE A PRIE R CRRAIEREM R Ut on,
Texas, 1992PHOPRYE: BESEARPeLATRENPBLFISE i £RTBEN INAeréABgarRt®Is| y cat al yzed
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di | ut ed, 18saeid Mrdthglepé oskisie,vbutand, faietibeadifd errogaatastside ,C &bahyaed
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fluldized begs. Gan G oReralsd sl de ki aideenne., oML el My e ! oot
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requi red fou mde Yelfydesgenatdcdd,i sromto.aduesdo i N1t Beof easdtdlc Byid,
g:)g?gftlt In ggpw@m Otﬁ.fezmd rtegﬁa@ﬂmf ggaﬁlfg%&tﬂatlaew&e ! S8 @Rté fsggxg&?gsﬁsf- The
t enper at ur eglﬁzé‘%ﬁ iflgg)fnl g'?r 0%1580%0, &%&%Eg%]fa%%egﬁggonﬁ% above .
dehydr ogenafPBRP e@lfe 3% s HRAARPT /n SLREE A& 4¥ UPECRANGhRased in
Snanpr og@bt paglradse er prOCEss 3 Af BFYPHIAteMARERYR- t 0 t he procedures
descri bed above, the 5 heterogeneously catal yzed propane dehydrogenati on
Wi th substanhi génepsQl, Ushe Np1padey B8Ry EBYeRlasQoRCir @Rl Z88cDdor? zBHACESS
devel oped by ABB dWaUSafF £ dutfl as Pk Acaedb888e &% 1Y Egtafﬁé&?g%&ngew ew,
S

: o PL) . . f d
date fof {nachaRtatidy Y%ﬁ%ﬁ%%:?%ﬁ%&*igﬁ%%ﬁ&ﬁﬁée%f Sane with
e

£r-0genequs t
subst ant i38) d@iﬁﬁﬁ%ﬁnoPE&yﬁeﬁ‘?‘ig Wper ated at propane
conversions of > 30 mol % (as a rule s 60 nmol 9% (based on a single pass
t hr ough t hesieeettilen hevarygenspats 1y scaihilyrredgdenpdrdyeaat dodi repcttdonhe
i nvention i saké@tpliacel #ichfdi Ginebas® Nbh@lima, PEHEBBVELHVET Tadnbef from a
5 nmol %10 $3Pedlly YyOtedudind®hepattliad PREBSIIYr LhE PRIGIQGENBRYS! Y
catal yzed propane deRvdrgosnal 1.on can aloe beooperalad ai propane
conver si ONs .0 Fom T fo Y0 o) Po%ltlpﬁe coriversi ons or el a e . to a single pass

20 through BRBYGRRgaNaEACD (e )redpfpd PLegsura,aRd/ oMy, adpi%ing he remai ni ng
amount of uAubsvantiadlyr dpeite diduent FRAATst ferneranpdel sheabnaBchcis as
i nert dil uensughly and icant sydss €guehbé yWdihydregyoa teibrs ureataidn albijuwnidmout
| 0ss into t{Herk eswddnOgeri@F€lly results, as a further advantage, in reduced
40 coking of the catalyst used, since the steam reacts with coke
formed according to the principle of coal gasification. Moreover,
steam can be concomitantly used as diluent gas in the downstream
oxidation and/or ammoxidation zone B (also reaction zone B for
_ short in this document). However, steam can also be partly or
45 completely separated from the product mixture A in a simple
manner (for example by condensation), which makes it possible to
increase the proportion of the diluent gas N, when the product gas



-25 For real iopps0g s5Re®@gabovenent i oned propane conversions, it is advantageous
to carry out the heterogeneously catal yzed propane dehydrogenati on at an
operating pressure of from0.3 to 3 atm Furthernore, it is advantageous if
"t he propane dehydrogenat ed under het erggeneous catalysis is diluted with
steam In this way, 30 first the heat pacity of the water enables a part
of the effeE‘ExB\dr‘%/tﬁe ORGstREN IR dsnibatRehiusere 1A HRRIMSFERAPR 07PN Bhe
conpensat ed O&har sékloeaity shttahleutfiosnthe thetereganeeuiicesathty pad torapane
pressure of dehpdtogepatber and s faxdegampllet cophinebhdres, arhadyant@geous
effect on thetedyed idWd UBbPOSIdded) 8hick s I, dRBYSROIENARY @Ng; FidRer nor e,
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rogenat |
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40 propane ¢gAchtworadinegBy Bxmediernl) ydibbientenwbidh tare2 inatvant.ageousl y
from 0.5 touhdergd themdoapacindrigeely hRVeHeIRABE TOLY &hSin0H, Ogﬁré‘fé}txblyo to
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sufficient e desired conversion, the reaction gas m xture

bei ng cool ed by from about 30C to 200C (dependi ng on conversion). The
presence 2§ Istemmlis,aahdadehyirvgdnations catwapsegodiishabse feaimehgegoi nt
of view of an woli sdyatsiogsprosadur gssThel ) m-mea(:twmstserm@r@éwﬁzl@er mts 15
| onger timeggson-staiRamnef den Galabysso bedt_Wsedgyd rhd%“ Eﬁ'z?'(? 117§
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parti cul arl ysed. adi abatic operation, a single shaft reactor is sufficient
as a 25 fixed-bed reactor through whi ch the reaction gas mxture fl ows

eacti on Vol pa W "““‘“Yd“bémﬁh?ﬁtﬁﬁ fiRcnioh dacdifl SLAPIS 05PN
0.1to 3 Bgng% 3§S|§ §£YD+€ rom éfowg fja?‘t'&leor rtov\ﬁ?% 3fﬁ”é’f }" e‘?jE

cat al yst l?ealt‘gl StedCe o? réffﬁf c‘JF?n’a‘H’bé’rl&f‘age st fEeBnPt b & dORdPY The
hot, propan¥etghit a?lfmaﬁgl?%%‘btqft?n egggeqf,t ®fs thRi ailrsyt tohr 8agbnd e inegroumn
vol ume | oadede wldmepdt af yslte erd rdssheatoumsohat etenentadic abied ietighpar at i on.
The cat al yskubgs®s lof €ad Bdr ileaiborhpEphar ikaal Eﬁétﬂiana:@f)uhaﬁt&[nu%{ hafdfdsd i ke.

Since in thisgpe r om cal
appar at Use 341, %ﬁgh e R PRLVE LR i Pl B
eferred

drop are pr eseé are in particular catalyst georretrl es which | ead
to a large cavity volume or are structured, 40 for exanple nonoliths or
honeyconb elBnFREiPLR, ofHerreastpEatyRRs andaErotess gWroknthenown in the
propane- conpaien reytr ezet switajde, fohecamadngr onayteo heitetogémyousignpl e, of
two cylindrtagalyddddprppese dehydragéhet londnde HOSi gt ion8do £ OS\EaNbeasd y one
inside the ohbein@Ndreheosaldlesst tBELMpIRe 25 anogd; bp (hei r annular gap.

I'n the publications cited in relation to the dehydrogenation catalysts.

A comparatively detailed description of dehydrogenation processes
suitable according to the invention is also contained in

45 Catalytica® Studies Division, Oxidative Dehydrogenation and
Alternative Dehydrogenation Processes, Study Number 4192 OD,



-45 adi abat i ©05®05/52608 netal shell would in turn be thermally insul ated.
0050/ 52608 24 The catal ysts disclosed in DE-A 199 37 107, especially all
t hose di scl osed by way of exanple, are particularly suitable as a catal yst
‘load for the heter ogeneousl y catal yzed gr opane dehydrogenation with
conpar ati vel égb gpane conver sion i n I ngl e%fass After prol onged

operat i on, (?ﬁ@&siﬁt%’fj;}’set' M8‘éﬂt%’e“ rvé&‘-i’me? BPrgr %A% n a

si npl e manndr Sb§ f| rst passing air diluted with nitrogen over the catal yst
bed at from 300 to 600C, 10 frequently from 400 to 500C, in first
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t echnol ogy i9@St Rbakting pdKtpse fangdiesdini the iceurse gef Yifeohesguogrneo2)y
before its regehpred idehyd2Ogdieriemf.t er, it is usually advisable to effect
regeneratjoon with pure nol ecul ar hydrogen or with nol ecul ar hydrogen
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h-1. 35 Th h
conpar at i vgl ye%}gr ogjseneaﬁe coﬁ?/er saIX:S?T ekgg‘?'\?,merﬂ}’ls&ﬁ’l y

el egant nanfétaliz drageRaionTRE se tHFRtEd SemReKA turepy CaR k8 Gidyspan,
nmor e thar?Q)Wétbaﬁ‘afP%t Updebethe tesuy 2 ing adndidéhyslr cganaeirbon depesitieier of
cat al yst beds paythe dor oomplée130 elénprattehtadeyotdmg 2d @h8, pbllicigllgoofr om 3

to 6. The caahygispedsatabg. preferably arranged radially or axially one
behind the other. It is expedient in terns of application technology if the

f d t al d t h 45 t 0050/ 52608 25
I Inxte hecgl " %SSFR%?}\S% Q%tlﬁ’éiﬂjij&ego cfﬁiﬁ%@?gﬂﬁdg\égﬁlg‘? ?fﬁ%rgﬂna%‘?maqquﬁ Pnis

shaft red® & BRS? AT IRXYSRRTFARtAIRGBIo¥a% ihireysh chre glehydrpasnatiioned
concent ri caldayadpet i froindéindetotthiae. atiosleratedi tenperatsirepossd Mhmst o
arrange thevdeeubily gapdurh S£frehet SepoeitEl carbon. Substantial
suppression of the formation of carbon deposits is, however, also
possible by adding molecular hydrogen to the propane to be
30 dehydrogenated under heterogeneous catalysis before it is passed
over the dehydrogenation catalyst at elevated temperatures.

Of course, it is also possible to add steam and molecular
hydrogen as a mixture to the propane to be dehydrogenated under

35 heterogeneous catalysis. An addition of molecular hydrogen for
the heterogeneously catalyzed dehydrogenation of propane also
reduces the undesired formation of allene and acetylene as
byproducts.

40 A suitable reactor form for the heterogeneously catalyzed propane
dehydrogenation is a fixed-bed tubular reactor or tube-bundle
reactor. This means that the dehydrogenation catalyst is present
as a fixed bed in a reaction tube or in a bundle of reaction
tubes. The reaction tubes are heated by combustion of a gas, for

45 example a hydrocarbon, such as methane, in the space surrounding
the reaction tubes. It is advantageous to apply this direct form
of catalyst tube heating only to about the first 20 to 30% of the



-5 top of theobolB26@Bd to pass the gas, after it is passed radially through
one segnent, into the next segnent above or bel ow. Expediently, the
reaction gas mixture is subjected to internediate heating in the tray
‘reactor on its way fromone 10 catal ysjgbed to the next catal yst bed, for

exanpl e by passi it _qver heat exchanger. ribs at ith hot gases by
passing it Eh’f%‘tg%dt ﬁBgst%erh agdt t 1N I,uélgrrgﬁ%t ed}%%g‘a?&&}? f* qﬁ‘ér?aay
reactor is BEMErIANs&CBReF2tWE RYi hhatTadiany, heet i Libprasadinitdet CPBFSE he
desired propfinehe ewrbrstvrn{ In30hpsl way, a miphvallulisctherhal reagséonf the
cat al ysts descadhietdrablie DESW th®9e37ntérhali ipmetérdllcar rehestowftubee are
exenpl ary segpafli BAUES 101 £0 tNE cSaR! L PHE QAS dBhYERerat iBhEHEN Bfhink@ed
tenper at Ur e, gl {4:0.4a0:10; 5506 66 OLe DoAY Ltk 14N Quble, dpfvdr ogenation
reactor and s Kept,wihin I'S tenperaturé range | nside e tray
reactor. ThFSTRRFARTERAE Hife %Fﬁ?ﬁﬁr‘g%&ﬁ‘& GERAGHBY EHEEF of® sHSM dOPhtR be
realized at788iG.emErferainy &xpar 40 Qries 70RRF c T eastpor t9asulsaprying

advant ageousifured e adventagességnpodhdatedf taethe ateaky $on bedgpelratueen t wo
regener atlio0BEford YelinyS 6 &fb Hheet8beDANtrehOt6AI Bretibnt g, i tHL HRBEIEE ©
heating desggjbed ahaveebVed e’ $65IRINQdpEaNE Of Q%rn%%&aeﬁpéﬁﬁqu) isFoOr

this purpos aJdimt nt _of l.ecul ar oxygen i.S_adde 0 e reaction
gas i xt or e e g zﬂf’%‘%‘*ﬁmlﬁ“ e SR el et PRR g o bl e
bet ween t he®HoWhstiCe Sf¥ _%qwtlﬁgd%?tﬁé’ﬁéﬁdpﬁﬁe%ﬁmt FETERHYYIBYERat i on

cat al yst usa@d/ey fAlugdng ohd Bipedaent - tFredweaE by artsosid luent adafedsi n t he
reacti on lyapreserituramd anytest Eabsoantialdon puré&epoapyreundsusepes ted on t he
catal yst sustaseimdeattiyslrpgenTther daydrdgbhet Colce@a0ist Necdy is

het er ogeneogg}lgré;lai h)éggd%rpr,glra?fqgtggg%gnggenati on and/or added to the
e

reaction gasS mxture 1s thus ected (1t may al so be expedient in terns of
application techn_old[%%¥ to_ introduce into the tray reactor catalyst beds

whi ch are | BBd®y MAFTEAR LI SRAlewn ARG £4) $YCh Subechrrdle) reagtars zes

t he conb@ét i 6er cFxappley theern caanbe opperfatiedd incpatadid el shteensimgc apatst s

of this typénsemtidmgr tenaoplthesehoeactdrdUSag Be ABBseht, iSeHe 4 886 928,
US-A 5 430 3d0Bydiéyeha®ibROnddel whilbeAcle D2t a9¥8t avhdI3sAbeimP I edbherhéd
exanpl e, sugh &ARlASLeReds: CaliBaloRe boliat tirrf’%hfee?g%&fics%o 2Bfle '
alternate w tg tre beds contai ning dehydrogenation 45 catal yst). e heat
of reaction®8 5 Ve 't hus permts virtually isothermal operation of the
heteroger?éousl y catal yzed propane dehydrogenation in a quasi aut ot her mal
manner. As Shehchasmeedud®s5yy xpedient r dxirdensmple menothe hBASREddnden gas in
the catal ysprbpahé nizhgasegenst ipnhopaceeske ndwvagenaitieon ivet bt @lecr ematngs or
Isubst ?_nt i al I:i.hﬁp&ftfh'i{tamgcbﬁm aldikBel SnRaRSbR!, eho%\!_fu&h Rer lmx.—sts s hge%@][l yd
ong tines-Qp- qgﬂ% b g O a rule, an oxygen fee
as descri3 egﬂgkt?)o%/e SeOEFé\@g@e:tGe g%t?egggs{)%flﬁg?é?ﬁe oxygen content of the
reaction™das mxture is fromO0.5 to 30% by vol ume, based on the anpunt of
propane andSBF®pRRFOCEALES AP taljréPeP?ﬂ.usﬁi%/tl&bFEe RFEN 26 bLiYe L ERTBLRGt h
pure 10 nol ¢ETRR) RyOFgeA deklepedehy dPhilld@swPetroleum Cgas(cf orfoxanpl e CO,
C02, N2 or esbhplegamsed, 4i 9049, cUBaR AiT96 Bh2 amsuwis-Ang B&drtRLDA)i.on gases

general |y hayemé¥eraddnthoRdhg Plaktintl &f fAeL aRsgiduism)r opPiel tdhea

het er 09eNROUSHYoA1 A Laetn DI ARRREy IEINETAINALA PR ockRalB6n | SALIGETRL, Nat Ur e
of the heter sly cata e éro an d%gy r at 1 qn can be Furﬁ’uer

i nproved byt uﬁfﬁﬁ%g%d %‘t P aFgaTl?%t?r e a2npl ar?r?gl)ar Rfieptrast to
advant ageou$§P§ BRRF AdNdRePERRANSG PhEIERIANEAOBPIRGESBhe thAPERRAEEI 6A, P8 n
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catalyst space velocitlies with the total reaction gas mixture are

from 0.5 to 10 h-1 (LHSV).

45 The heterogeneously catalyzed propane dehydrogenation can also be
effected in a moving bed. For example, the moving catalyst bed
can be housed in a radial-flow reactor. The catalyst moves slowly
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The parti aI I CO ar.at | on 8 ecu n from

pr oduct &as §?ﬁr céFﬁ 2R o8008t N T t he novel process al so by 25
sel ectiv . heterogeneously catal yzed) conbustion thereof with

mol ecul ar o%yngehe fired-bed| proressadescoibedbacheopattalyssi mher likevsspar at ed
off partly maveoapsgiealiyadr géidtriynbuibemgiaslsoxbar€ylisidréeal t (il loapabl e of

acting as ineftaflidtanlvedasothert RRoMEBEY] ON zone B. Catal ysts suitable in
this respect are 30 disclosed, for exanple, in US-A 4 788 371, US-A 4 886

928, US-é 430 289 Uﬁ A 5530171, US-A 5 527 979 and US-A 5 5639 %14 The
sel ect i v % SABASETHIFH A HEtho RERTPSPeRy ATGEN cEAUST WY BE*e%s ri%8d Bat so
to speak inMNitgesgrihes the Pfe‘ise’fbéééﬁléo‘ﬁl%lay tegagensered ydeattrenat i on
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heterogeneously catalyzed propane dehydrogenation.
35
According to the invention, for example, two fluidized beds can
be operated side by side, one of which may be in the regeneration
state from time to time without any adverse effects on the
overall process. The active material used here is chromium oxide
40 on alumina. The operating pressure is typically from 1 to 1.5 atm
and the dehydrogenation temperature is as a rule from 550 to
600°C. The heat required for the dehydrogenation is introduced
into the reactor by preheating the dehydrogenation catalyst to
the reaction temperature. The operating pressure is usually from
45 1 to 2 atm and the reaction temperature is typically from 550 to
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for a procedure having a low propane conversion is that only a
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45 reactor pass of the reaction gas and comparatively low reaction
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stripping. The separation of the propane and propene fromthe absorbent can
"45 al so be effected by neans of a distj/lation, it being possible to use
the colums familiar to @%ﬁ ski IIed |n ghe art and cont ai ni ng st acked
packi ngs, dURpEFFadRER O86Fr &8 pfti HobY) 5 2688c 33 thiedinkhese
Preferred c@hwltqs@ﬁlsbﬁu‘ﬂ@hg)ft Iﬁféaﬂpbh Iarr@t P@ﬁth@elq}”lﬁr syitalkeld rsnr0. 01 to 5,
in particul aatdkysn Qoddt for} theahetewdgariepupief extallypelir prodated 3, bar and a

t enper at ur edéhyurtdyenbeiéO ity cbmpar Hived y300E, pidpapar Ebkvd A idn 9m 450 to
250C. 5 Bef gfggid pagsused for feeding the reaction zone B, a product gas
m xture A obtained by stripping fromthe absorbent can be fed to a further

process sta in or for exa to reduce the | osses of concomtantly
stri pped abgg‘f gﬁagf%lf?%étngﬁuli‘%ﬂi’@@ﬁgﬂvo?"cﬁ SRGRA¥ELS AN ®8cti on zone

B from absoF%‘éﬁﬂeré@&éh for axgrRlleof 10 e sdBpde beannerahybéirdtf ewtsednbyaixd 1
process st epslkemivwith aifpergeanosér | thed canalhet sdd abnfesmatiomest 6601c,such
a rermvahovvef ér&lpr etenram kB sbedoval tRroOC ehéraépcsn 43R5 S The

guenchi ng o agér@ealrgmq; ”Mﬁr?r% hgégj %DRQ atgus W|tF1 water. In

this case, bsor ent Sh ext t streamvmth
water. This ’é ﬁ-§°18r hté’ § ﬁgﬁo}hg 239, é’f‘P’gﬁ’Pe‘EPntfe&ft 8kaMifi e, at the

top of a deé%ﬁﬁqr&’il%l@ﬁm%)’epeaf??‘mﬂ @ &6l PREthyOLEES- by spraying wat er
in the opposite direction or in a separate apparatus. 20 To support the
Separati a8 effdminstraber hattherhrebemsrtarigl bbegepaimdbr Stthértl.seaS known to
a person skifémdidan '&:Qéeﬁéxtatfllbﬁ”béﬁ&iﬁifdn%at hOPSmay2RR0GRLA O and

desorpti O”Sregérféﬁ%lbﬂséé‘é |l ad i E J?%e&%%QCQnSPQﬁ% 0%5%%1 £l th% nd preferred

bbi t o] downst
ey MR R A I M R G e i e

stream | adel2 Wbleﬁoﬁﬁob%éfegﬁﬂeﬁ?’bﬁ%’he t he wat er/absorbent nixture can be
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30 therein) as the variants with high propane conversion
(> 30 mol %). This space velocity with reaction gas may be, for
example, from 100 to 10 000 h-!, frequently from 100 to 3 000 h-1,
i.e. often from about 100 to 2 000 h-1.

35 The heterogeneously catalyzed propane dehydrogenation with
comparatively low propane conversion can be realized in a
particularly elegant manner in a tray reactor.

This contains, spatially in succession, more than one catalyst
40 bed catalyzing the dehydrogenation. The number of catalyst beds

may be from 1 to 20, expediently from 2 to 8, but also from 3 to

6. The catalyst beds are preferably arranged radially or axially

one behind the other. It is expedient in terms of application

technology if the fixed catalyst bed type is used in such a tray
45 reactor.
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It is even more elegant to carry out the intermediate heating
described above by a direct method (autothermal procedure). For
this purpose, a limited amount of molecular oxygen is added to
the reaction gas mixture before it flows through the first

30 catalyst bed and/or between the downstream catalyst beds.
Depending on the dehydrogenation catalyst used, limited
combustion of the hydrocarbons contained in the reaction gas
mixture, any carbon or carbon-like compounds deposited on the
catalyst surface and/or hydrogen formed in the course of the

35 heterogeneously catalyzed propane dehydrogenation and/or added to
the reaction gas mixture is thus effected (it may also be
expedient in terms of application technology to introduce into
the tray reactor catalyst beds which are loaded with catalyst
which specifically (selectively) catalyzes the combustion of

40 hydrogen (and/or of hydrocarbon) (suitable catalysts of this type
are, for example, those of US-A 4 788 371, US~A 4 886 928,
US-A 5 430 209, US-A 5 530 171, US-A 5 527 979 and US-A 5 563 314;
for example, such catalyst beds can be housed in the tray reactor
so as to alternate with the beds containing dehydrogenation

45 catalyst). The heat of reaction evolved thus permits virtually
isothermal operation of the heterogeneously catalyzed propane
dehydrogenation in a quasiautothermal manner. As the chosen
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The product gas mixture A formed in the course of the

40 heterogeneously catalyzed propane dehydrogenation contains as a
rule propane, propene, molecular hydrogen, N, H;O, methane,
ethane, ethylene, CO and CO;. As a rule, it is present at a
pressure of from 0.3 to 10 atm and frequently at a temperature of
from 400 to 500°C, in advantageous cases from 450 to 500°C.

45
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The selective combustion of the molecular hydrogen can also be
carried out so to speak in situ during the heterogeneously

35 catalyzed dehydrogenation itself, for example by oxidation by
means of a reducible metal oxide also added to the
dehydrogenation catalyst, as described, for example, in
EP-A 832056.

40 It is expedient according to the invention if at least 10 or at
least 25, frequently at least 35 or at least 50, often at least
75, mol % and often the total amount of the molecular hydrogen
formed in the course of the heterogeneously catalyzed
dehydrogenation is separated off before the remaining product gas

45 mixture A’ is used for feeding the reaction zone B. If required,
any water present may also be separated (for example condensed)
from the product gas mixture A before it is further processed in
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particular, a mixture of propane, propene and recycle gas
originating from the oxidation stage can also be used for the
40 heterogeneously catalyzed propane dehydrogenation.

Suitable absorbents for the separation described above are in
principle all absorbents which are capable of absorbing propane
and propene. The absorbent is preferably an organic solvent which

45 is preferably hydrophobic and/or high-boiling. This solvent
advantageously has a boiling point (at an atmospheric pressure of
1 atm) of at least 120°C, preferably at least 180°C, especially
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to 25% by welght based on the total solvent mixture. Other
particularly suitable absorbents are octanes, nonanes, decanes,
undecanes, dodecanes, tridecanes, tetradecanes, pentadecanes,
hexadecanes, heptadecanes and octadecanes, tetradecanes having

35 proven particularly suitable. It is advantageous if the absorbent
used has the abovementioned boiling point on the one hand but at
the same time does not have too high a molecular weight on the
other hand. The molecular weight of the absorbent is
advantageously 300 g/mol. The liquid paraffins of 8 to 6 carbon

40 atoms which are described in DE-A 33 13 573 are also suitable.
Examples of suitable commercial products are products sold by
Haltermann, such as Halpasols i, such as Halpasol 250/340 i and
Halpasol 250/275 i, and printing ink oils under the names PKWF
and Printosol.

45



"-- 0050/ 52600658253608n0l % of the total anmpunt of nol ecul ar oxygen fed in

i n the various reaction zones has been reacted. Preferably, the nolar ratio

acrolein : nolecular oxygen : steam5 propane . nol ecular nitrogen : other

‘diluent gases is 1. 0.5t01.5. 0.14¢ 2 . 05t06. 1to10. 0Oto 5 in

t he second gxidation_zone of the reactlon I S_advant %g%ou | f
r

Q

mul timetal BRi R CARY sT &S WHICEHOREr $553 FOR él‘fﬁbf% "E}}’F&Saﬁf”yﬂ'ﬁa fal or
11 or |1l fprbeemEtigntoAdl oneidwdg: énﬁs‘"éﬁlqlﬁl?ﬁé FRgtamagyi §a¥ i dPeXEAR of the
reacti on zomkiBlexhdn theuatt metyabeonsete. Faedeysbby wmiihehgesrmibepaediso t hose
of the fornpreudhtOrinko 66ntdct MAFhDERA alflcIb@nb08t afremusedoi s ,t he second
gé'cgffj: ﬁg szPSfé&faﬁﬂ}e ft!i:@lgci :c&ﬂ 260Ng E%ﬂtﬁa@@&%i@fe&%}%ﬁ%fé:ﬁ% s qable

0 nes are
Fhose. whi onbaf ot B Rofe Tl Beoid s 58S %3"’ T HRE 888508
respectivel §: SQ@W ﬁéPn’B?ee ftel‘?éeflu’B%ttbdﬁdFQ PR 130K 1Pe@WRfthded for the
reacti on zoREP& 3Hipe5e Eb%r%%ﬁrﬁéthoémﬁﬁpyr%ﬁd meghad epasubeent |y with
regard to tkmpidyend.ofSuieable cbsgaptaom drdaimneganedifiom eeampgle sartaybat h).
Cross-fl Qesceaimed (GRWisg Bl ebersyPedmnerdsibie itra3ant i 66l didsy

advant ageougohi Hl%&%%&h@&u%% 'E%@kHH&é ( f‘o‘%deka 1 JTRARAET b de JIRRBRLs
around the ﬁata ube_.which fe ajf cor}3| der e ver 5tolae fpactor. may in
0

turn be cocUfrER sPeSﬁﬁ%@r%uurr raecrelt Feac ture. ’,kAs a rule,

reactors ha@?‘ﬁ’@%fa%l\}éi’éﬁl |?‘§Pery)sGP$‘a%ae‘§‘eé’r €°E|E’é’&f5f rBGX?‘ﬁ%ler dddeedn zone
A. The passiwithiRasadidy backingt.cHoverr exaripkée and spyryi hevesisnt er ed
al um na t16 ghephitwebloekf absoniere;, torfdre dbbpdberenatichnas | thickns fhamever

al so be eff gahiegetdbdiivhtl bybssidiend, sarmIplmueaﬁumeﬁasawaéimnasm stants

| f
I(D e. 9. sulfldesipbdd Do’ £af 9@&&9@&@%@ s Ml Wigo DG duo el PhhY

S stant | aI nfy at
| east one p&??ﬁ‘?'f eouﬁy%?o%gfroo hﬁ gﬁﬁo%ﬁ n‘g? %‘% Pﬁ?f thit tﬁ'é&ﬁ%car bon
A is used. CORURR LD OFWLthRK tgén§FF’é%ﬂ'ﬁ'nay al so be used for separating
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The separation of the propane and propene from the absorbent can

be effected by stripping, flash evaporation (flashing) and/or
distillation.

25 The separation of the propane and propene from the absorbent is
preferably effected by stripping and/or desorption. The
desorption can be carried out in a conventional manner by a
pressure and/or temperature change, preferably at from 0.1 to 10,
in particular from 1 to 5, particularly preferably from 1 to 3,

30 bar and from 0 to 200°C, in particular from 20 to 100°C,
particularly preferably from 30 to 50°C. A gas suitable for the
stripping is, for example, steam, but oxygen/nitrogen mixtures
are particularly preferred, for example air. With the use of air
or oxygen/nitrogen mixtures in which the oxygen content is more

35 than 10% by volume, it may be expedient to add, before or during
the stripping process, a gas which reduces the explosion range.
Gases having a specific heat capacity of >29 J/mol'K at 20°C, for
example methane, ethane, propane, propene, butane, pentane,
hexane, benzene, methanol, ethanol and ammonia, carbon dioxide

40 and water, are particularly suitable for this purpose. Bubble
columns with and without internals are also particularly suitable
for the stripping.

The separation of the propane and propene from the absorbent can
45 also be effected by means of a distillation, it being possible to

use the columns familiar to a person skilled in the art and

containing stacked packings, dumped packings or corresponding
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novel procedure in normal operation. The reaction zone A should conprise
only one reactor A 5 Figure 2 attached to this docunent shows a novel
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the followng; 1 = fresh_paraffinic, hydrogar.bon and, .i I red, her
10°start | no HerErTL- PRRERESH SoRESutiR BB ARS rin Engi et SO R, OLNE
oxydehydr ogeRaEFHP fFom P el tiDR 2 oR P T asxfERMlogEen4t i on and/ or
dehydr ogenapavpiculegly prefexhidy daemnd xtause barcond & empepatuwfef i(Ahc
hydr ocar bontAe amsk @Imgf oli £rdiy dootar Bo0rd) indparadivulaenEosint B5U ty asetc.
separatiom zone for separating off 20 secondary conmponents other than
paraffinic Bydrocarhqn Qande 9l ¢Libpig hé‘r%r%%@?%; %cgne%f é‘ﬁ%{ odue@ngaLy
conponents separated OL [ N qgﬁl se ar%tlor} zone. 4; L gi¥ner th
product m xPHRESTE dr' GPSALERS G AEXEEHHAIN LTORoERR AHRPTORDE REAREE SPA4E0 16-
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for the prepamaliffedds1Fbto Iroteetl eAEtiduttA0RC2Ehe B Frpmodbsdridnxtiure B, 9
= isol ationgQfndesidialr 88UGe fbABLBERAIUG BEXLEE& R 49 0T Hlevieted
product ; steps known to a person skilled in the art. An embodiment for
such a removal which is preferred in the novel process is, for
example, quenching of the exit stream from the stripping
15 apparatus with water. In this case, the absorbent is washed out
of this laden exit stream with water. This scrubbing or the
quenching can be effected, for example, at the top of a
desorption column over a liquid collecting tray by spraying water
in the opposite direction or in a separate apparatus.
20
To support the separation effect, internals which enlarge the
quench surface, as known to a person skilled in the art from
rectifications, absorptions and desorptions, can be installed in
the quench space.
25
Water is a preferred scrubbing agent in that it usually presents
no problems in the downstream reaction zone B. After the water
has washed the absorbent out of the exit stream laden with
propane and propene, the water/absorbent mixture can be fed to a
30 phase separation D and the treated exit stream can be fed as a
product gas mixture A’ to the reaction zone B.

Both the absorbent stripped C;-free and the absorbent recovered in
the phase separation can be reused for the absorption purpose.

35
The product gas mixture A or the product gas mixture A’ produced
therefrom can then be used in a manner known per se for feeding a
heterogeneously catalyzed gas-phase oxidation of propene to
acrolein and/or acrylic acid with a feed gas mixture A“. Pure

40 molecular oxygen, air or air enriched in oxygen may be added as
an oxidizing agent.

In the novel process, the composition of the feed gas mixture A“
is frequently adjusted with the concomitant use of the product

45 gas mixture A’ in such a way that it complies with the following
molar ratios:
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) . 35 40 4%akes place in two steps in succession along the reaction
15 coordinate, of which the first step leads to acrolein and the
second one from acrolein to acrylic acid.

This reaction sequence in two steps in succession with respect to
time opens up, in a manner known per se, the possibility of

20 designing the reaction zone B in the novel process in two
oxidation zones arranged in series, it being possible for the
oxidic catalyst to be used to be optimized in each of the two
oxidation zones. Thus, as a rule, a catalyst based on multimetal
oxides containing the element combination Mo-Bi-Fe is preferred

25 for the first oxidation zone (propylene — acrolein), while
catalysts based on multimetal oxides containing the element
combination Mo-V are usually preferred for the second oxidation
zone (acrolein — acrylic acid).

30 Corresponding multimetal oxide catalysts for the two oxidation
zones have been widely described in the past and are well known
to a person skilled in the art. For example, EP—-A 253 409 refers
on page 5 to corresponding US patents.

35 Advantageous catalysts for the two oxidation zones are disclosed
in DE-A 4 431 957 and DE—A 4431949. This applies in particular to
those of the formula I in the abovementioned two publications. As
a rule, the product mixture from the first oxidation zone is
transferred to the second oxidation zone without intermediate

40 treatment.

The two oxidation zones are therefore realized in the simplest
manner by using a tube-bundle reactor within which catalyst load
changes correspondingly along the individual catalyst tubes at

45 the end of the first reaction step (such propylene partial
oxidations suitable according to the invention as reaction zone B
are described, for example, in EP-A 911313, EP-A 979813,
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during the fi raffnf° 5 of “Phe® W%al&as%“o% Apé e @acti on zone

A, the oxi dHET%nl?’ar?éPo MR @AEP PP A9E€:B is further operated 45 and that
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feeding at kgagtioo @85965%608@referably from 320 to 390°C. The reaction
temperature in the second oxidation zone is as a rule from 200 to
300°C, frequently from 220 to 290°C. The reaction pressure in both
25 oxidation zones is expediently from 0.5 to 5, advantageously from
1l to 3, atm. The loading (1(S.T.P.)/1l-h) of the oxidation
catalysts with reaction gas is frequently from 1 500 to 2 500 h-!
or up to 4 000 h-1 in both oxidation zones. The propene loading
may be from 100 to 200 1(S.T.P.)/l:h or more.
30
In principle, the two oxidation zones in the novel process can be
designed as described, for example, in DE-A 19 837 517,
DE-A 19 910 506, DE—-A 19 910 508 and DE-A 19 837 519. Usually,
the external heating in the two oxidation zones, optionally in
35 multizone reactor systems, is adapted in a manner known per se to
the specific composition of the reaction gas mixture and to the
catalyst load.

The total amount of molecular oxygen necessary as an oxidizing

40 agent for the reaction zone B required according to the invention
can be added in its total amount to the feed gas mixture of the
reaction zone B beforehand. However, it is of course also
possible to add oxygen after the first oxidation zone.

45 A molar propylene : molecular oxygen ratio of from 1 : 1 to
1 : 3, frequently from 1 : 1.5 to 1 : 2, is preferably
established in the first oxidation zone. Similar numerical values
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product gas mixture which leaves the first oxidation zone and
formed as byproduct in the first oxidation zone can of course, if
required, be separated partly or completely from said product gas

30 mixture before it is passed further into the second oxidation
zone. According to the invention, a procedure which does not
require such a separation is preferably chosen.

Both pure molecular oxygen and molecular oxygen diluted with

35 inert gas, such as C0O,, CO, noble gases, N, and/or saturated
hydrocarbons, are suitable as the source of the molecular oxygen
which is required in the reaction zone B and mixed with the
product gas mixture A or A’ before it is used for feeding the
reaction zone B.

40
Expediently, air is used as an oxygen source at least for
covering a part of the molecular oxygen demands.

In the novel process, the product gas mixture A' advantageously
45 comprises substantially only propane and propylene (the amount of

components differing therefrom is expediently s 5% by volume or

< 2% by volume) and the source of molecular oxygen used for the
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unconverted propane can of course also be recycled as a mixture

with the unconverted propylene (as recycle stream) into the

45 reaction zone A. When the novel process is carried out
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40 this case, the outlet for gas components other than propane,
propene and molecular oxygen may be present exclusively between
the product gas mixture A and the product gas mixture A’.

Of course, a further outlet can be set up downstream of the

45 isolation of desired product. If the recycle gas recycled into
the propane dehydrogenation contains carbon monoxide, this can be
combusted catalytically to give CO, before being supplemented with
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resi gas 1s recycled unchanged into the propane

dehydrogenation and propane and propene as a mixture is separated

off only from the remaining part and likewise recycled into the

15 propane dehydrogenation and/or into the reaction zone B. In the
latter case, the remaining part of the residual gas is

expediently combined with the product gas mixture A or A’.

In a fractional distillation of the residual gas, the operating

20 line can be positioned, for example, so that substantially all
those components whose boiling point is lower than the boiling
point of propene can be separated off and taken off at the top of
the column in that part of the rectification column which has an
ascending stream. These components would primarily be the oxides

25 of carbon CO and CO; and unconverted oxygen and ethylene, and
methane and N,.

It should be once again stated that it is essential to the
invention that the propane-containing residual gas recycled into

30 the reaction zone A during normal operation is recycled at least
partly (preferably completely in the case of a single reactor A)
by a route other than via the reaction zone A into the reaction
zone B during a nonoperating phase in the reaction zone A and at
the same time the loss of propene is at least partly or

35 preferably completely supplemented from another source.

Both this supplementation and the recycling are preferably
carried out in this case so that, where a separation apparatus is
integrated downstream of the reaction zone A during normal

40 operation, this supplementation and this recycling also have to
pass through this separation apparatus during this nonoperating
phase. Of course, both this supplementation and this recycling
can also be carried out behind the separation apparatus.

45 In the case of the preparation of acrylic acid from propane, the
novel process is frequently carried out in such a way that, in
the product gas mixture B, at least 70, preferably at least
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It is advantageous if multimetal oxide catalysts which correspond
10 to those of the formula I or II or III from DE-A 19 910 506 are
used in the first oxidation zone of the reaction zone B and if
multimetal oxide catalysts which correspond to those of the
formula I or I’ or II from DE-A 19 910 508 are used in the second
oxidation zone of the reaction zone B.
15
Catalyst geometries suitable according to the invention for the
first and second oxidation zones are those which are recommended
in DE-A 19 910 506 and in DE-A 19 910 508, respectively.

20 Furthermore, the tube-bundle reactors recommended for the
reaction zone B may be operated both cocurrently and
countercurrently with regard to the flow of reaction gas and
heating medium (e.g. salt bath). Cross-flows can of course also
be superposed. It is particularly advantageous if the heating

25 medium is fed in a meander-like manner around the catalyst tube,
which feed, considered over the reactor, may in turn be cocurrent
or countercurrent to the reaction gas mixture.

As a rule, reactors having passivated inner surfaces are used for
30 the reaction zone A. The passivation can be effected, for
example, by applying sintered alumina to the inner surface prior
to the dehydrogenation.
It can however also be effected in situ by adding small amounts
of passivating assistants (e.g. sulfides) to the reaction gas
35 mixture.

The novel process is preferred when a product mixture A’ which
comprises substantially only at least one paraffinic hydrocarbon
A and at least one paraffinic hydrocarbon A’ is used. Of course,

40 a purge stream may also be used for separating off secondary
components in the novel process.

Examples

45
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starting materials (e.g. molecular oxygen) required in
addition to the product mixture A or product mixture A’ for
the preparation of 16;

35 7

reaction zone B;

8 = product mixture B;

9 = isolation of desired product from product mixture B;
40

10= desired product;

1l1= residual mixture containing paraffinic hydrocarbon 3;

45 12= any separation apparatus used for secondary components other
than paraffinic hydrocarbon 3;
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5 17= olefinic hydrocarbon A’ originating from a source other than
reaction zone A and compensating the reduced production in 2;

l4’=amount of recycle stream containing paraffinic hydrocarbon A,
which amount is reduced according to the nonoperating part in
30 2;

l47=the part of the recycle stream containing the paraffinic
hydrocarbon A and corresponding to the nonoperating part in 2
(147+14" ~14).
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B) a portion or the total amount of the components contained
in the product mixture A and differing from the at least
one paraffinic hydrocarbon A and the at least one
olefinic hydrocarbon A’ is separated from said product
20 mixture A, if required in a separation zone, to give a
product mixture A’, and either the product mixture A or
the product mixture A’ is used for feeding an oxidation
and/or ammoxidation zone B and, in the oxidation and/or
ammoxidation zone B, at least the at least one olefinic
25 hydrocarbon A’ is subjected to a partial oxidation and/or
ammoxidation with formation of a product mixture B which
contains, as desired product, at least one partial
oxidation and/or ammoxidation product B of the at least
one olefinic hydrocarbon 4A’,

30
C) the desired product is separated from the product mixture
B in a working-up zone C and at least a portion of the
unconverted at least one paraffinic hydrocarbon A
contained in the product mixture B is recycled as
35 paraffinic recycle hydrocarbon A into the reaction zone A

and

D) from time to time, in a nonoperating phase, at least a

part of the reaction zone A is not operated for the

40 purpose of the partial dehydrogenation and/or
oxydehydrogenation of the at least one paraffinic
hydrocarbon A, wherein, during the nonoperating phase of
the at least one part of the reaction zone A, the
oxidation and/or ammoxidation zone B is further operated

45 and that production loss of the at least one olefinic
hydrocarbon A’ which is associated with the nonoperating
phase is at least partly compensated by feeding at least
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7. A process as claimed in claim 5 or 6, wherein the olefinic
40 hydrocarbon A’ originating from a source other than the
reaction zone A is fed to the oxidation and/or ammoxidation
zone B in such a way that it also passes through the
separation zone.

45 8. A process as claimed in claim 7, wherein the at least one
portion of the at least one paraffinic hydrocarbon A present
in the product mixture B of the oxidation and/or ammoxidation
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