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in the oxidation and/or ammoxidation zone B, at least the at
least one olefinic hydrocarbon A’ is subjected to a partial

25 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 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

Dy 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.



In this docunent, a paraffinic hydrocarbon is to be understood as neaning a
saturat ed Bygépgggggn In this docunent, an olefinic hydrocarbon is to
under st ood as neani ng a hydrocarbon which has at |east one ethylenlk%ﬂf§2%5
unsat ur at ed doubl e bond (exanples 5 are propyl ene, isobutene and butadi ene).
In this docunent, the paraffinic and the ol efinic hydrocarbons contain, as
arule, not nore than ten carbon aton8. In this docunent, the paraffinic
and the ol Ei itlis Hydumﬂmﬁnb@n9apaéf£nzdﬂhwdiﬁchaw&ntﬂaoxothee&ndﬂrs&oud gar bon

atoms. Prefeddied Rasafdddted hg}ﬁﬁlb@&ﬁd&pnsm Bhididgoigedi®nin af1@ rehiane,
propane a ci%tc%%ég 14 t& ri'g'e uﬁg Br Lgﬂ O'h‘i‘wfjkﬂ AL aGapbons are
b‘?

| d t, th
A A T ol A L K adiln e

hydr ocar Bo?e HTEPHEPRE ei HFOLRERLDE %ncbcquc}adé?ﬁ?) ene oxide, nethacrolein,
met hacrylic acid, propylene oxide, acrylonitrile and nmethacrylonitrile. In

this docungntthid aoeRheits @xnedphi-off0ficalngl €id rBl(éf'l)S%Oﬁﬁi[Mrbgﬁs' S

der st ood, t t h |, ef.
hydr ocar bo fﬁsqﬁaﬂéﬁ?t e T 9“‘:8@“‘5& gegggt TS docurent,

c
O P sy Eht St e dpok 4 s, STEPR %&ﬁ 2eRARHY di 1 f er
t her ef r 3t ke Subs uRREPRFefoOtRecaXRAMAANE i Freferaadi para igddi ti onal

i nvol venenttydfocambyons ain ithads tiheumersctarenetbamef grriopdne camd manxs datrd on. |t

i's general ipiKaRwinbhe) preFerods KRy iGhemhedhScHddbnBeabs enBy partial
oxi dati on gliaheq Mot AdkieOethel LTdrd By cOYLh OG3 RRAS- g LSoeRLe L he
conversi on_o 9 yle acro 37 I C acl ct. "for exanple
DE-A 2 351P% %IE’oar}vé’F‘éfiSﬁ G ﬁFeﬁ%’“?’blﬁéﬁ;‘?Peﬂ@ Fcf. f or

exanpl el5 C%]rﬁrféﬁlipuhﬁhé?%bﬁlﬁﬁl PERLITIP LA, 1?‘215&ﬂl,if3?FiEbE-¢FfE’1f519 gyide, EP- A
3.72 972 amethADr8%e 7.1 0)ethilbeytdmvarisi,opropyrrieadixéde, | atoylovieite anhydri de
(cf. for exadmedhBErWchikdd16496 and 35 DE-A 1 624 921), the conversion of
but adi ene into vinyloxirane (cf. for exanple US-A 5 312 931) t he

lLene., into acy Ionltr

conversi o |

151), thenl%otr%1D gxglr"\mel}t'l soSu{"%netel N dﬁlé%?lécrolaéll ﬁlfg?‘r@? g“rylaEﬁﬁﬂfzﬁ’%“ DE- A
101016989, i% H’é‘d86ﬁ§%?%|3c§n “@Pnﬁ%b‘i}%ae‘fné iinthe rTharh SePRRRd A 8hecf. for
exanpl e LEP¥$ﬁ}n882hHQ%BC&nh@nthé cervardedi ontofoxidesypéneathano (BPopyPLne

oxi de (cf.1d athiexdophmentEP-aA137¥2a&Fins A% an ralesintikehpdepariionori Pl ocesses

are het er ogenaUakYofpgdintbdlivaedi S6s- Rhaserfxh dald QuBsaned Anddastpbase
ammoxi dat i png, thgammaci%wnﬁyé Lsacikdlxﬁga%{ I BRLRDS, O 0hiah o1 pecause

of the_presence o % ol ce he amoni
0050/ 52658 Ile é%ﬁ&l%o’ss re erre to as ammoxid a ion.

It is generally known that numerous key chemicals can be produced
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 WO-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 methacrclein (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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25 hydrocarbons is relatively complicated and expensive. It
generally starts from paraffinic hydrocarbons and usually
comprises at least one purification stage in which unconverted
paraffinic hydrocarbon is separated from olefinic hydrocarbon
formed, by means of physical methods (cf. for example

30 DE-A 3521458). This separation generally involves high capital
costs and, owing to the similarity of olefinic and paraffinic
hydrocarbons, is very energy-consumptive. It is therefore usually
used only in combination with refinery crackers and steam
crackers and is viable only because the predominant amount of the

35 crude olefinic hydrocarbons thus obtained is required in large
amounts for subsequent polymerizations on the one hand and on the
other hand is associated with a high net product.

O_

The amount of these crude olefinic hydrocarbons used in partial
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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necessary, a portion or the total amount of the components other
than the olefinic hydrocarbon present and the remaining
paraffinic hydrocarbon from the product mixture and then to use
it, containing the olefinic hydrocarbon accompanied by the

30 remaining paraffinic hydrocarbon, for feeding a partial oxidation
and/or ammoxidation of the olefinic hydrocarbon. Desired product
is then separated from the product mixture of the partial
oxidation and/or ammoxidation, and the paraffinic hydrocarbon
contained in this product mixture is then recycled at least

35 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

40 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

45 using at least two dehydrogenation and/or oxydehydrogenation
reactors (which together form a dehydrogenation and/or
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As a consequence of this, the plant for partial oxidation and/or
30 ammoxidation (including the plant for working up its 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/orx
oxydehydrogenation zone, which would require additional costs
35 with respect to regulations.

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
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recycled as recycle hydrocarbon A (as part of a recycle stream into the

reaction zgne Apppdibh df ARet kBBal CadduiR, ok NtHe NYMRRALALS NbrRAGEd 84 | east

a part of thetﬂee%%w&m uhel & ﬂgﬂ BeRtfd fQn LA BUTROSE Bhe!Ne 45
axﬁr % i th

partial dEhyc”5§¥% %Rhfﬁ‘ﬁ?’f%%%r 3 ﬁgngt fgLQ%foneeofgfinic

25 hydrocarbon A’ is separated from said product mixture A, if
required a [sic] in a (first) separation zone (separation
apparatus), 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

30 oxidation and/or ammoxidation 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 ',

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 A,



| east one Bﬁéﬁf égggg hydr ocarbon A, 0050/52608 1 6 DEC 2005 7 wherein,
during the b ing phase of the at |east one part of the react ildnlEoHh
A, the oxidation and/or amroxi dation zone B is further operated and that
‘production | oss of the at | east one olefinic hydrocarbon A which is

associ ated with the nonoperating 5 phdse is at |east partly conpensated by

f eedi ng at wvheasin,odering efhieinonbpdrochid@habe Of i ghaaiti Ngadt 3NeA paOUr Ce

ot her thanothale r&%@twﬂ ZONE 1) eﬁé,ohdart%w 86/ 00NGd% 1 BRE SorP3RE! BNi C

hydr ocarbons A.ari. BALLAL L0 Snseraepkish Lhan dhspLeactian., gane A (2

preparation,w par a rbon Ais
pref err ed) Ot®t Jcrh]é3 599(583??’3??%%/ §P1%|a&§PFbﬁtedzd‘ﬁé:hBtaﬁdn‘i’rP?é’r‘?rPE?:?%I i ng
at | east Sappese iign asf least Mantdyscomprnsaigdabyi feedimgdesciedyn oae(as a
conponent olefieia eégycdeastiareant) or pgissrning firbhea praduet otthedt WhanBthé t he

oxi dati on agg#©fon 2EHEXA dadd,0N £Z98QuBredS oRar 8f fiidHe paegyelgiydrocarbon A,
not via 15y %@fﬁ%@%&hog @}ﬁn@t&géeﬁ&ﬁ th s%ﬁgéé‘ ﬂ{érofthgge%llﬁleeaﬁ% c%Qo%O”e A,

into th
| St ront | GRS iy BPERGE L0011 F O RUCT B BRR 1 At FEAER RANASEERGR, | n

such a Myhymcwoaehyw dyaterired) aRi/te exjdatialy @@éﬁarqu@dpass@d
t hr ough al eapge theandethen patyiclid@ &t , ldesttwaepottisor edcthenaz drasA anel t he

reaction ZQQﬁaBﬁln’ic Roatb&dYHn hh aéQIa:Iom@BBHﬂ’E &f ﬁh@eréeﬁ@m‘%@reﬁﬁ tai ned
in the ggggéntm [ Uhe @cmétdh& % o0, &h&@&aggﬁs p@/l paraftinic

hydrocar bo ast _one o n| o 'S 25 separated
from sai d POt rtht ﬁ?rée d ﬁsapgjé?) ﬁe'é%‘f)%‘? YEEOCRERP A/t P8R Ybhe), in
t he nové® pheCERACHIRE 39PN dndt- Snewb‘PIéfeixﬁllés19‘9’&%6{5‘%6?\3%‘51% izZ§PAali ng from
a source ofiher thwaoxtitietigaeaniddnr ammexillatdoprzdrer &bl Fhisdreansshbhta way
that it pasgesSlidy-meghibied :sze:gawﬁgoxs FTRRaLas usuy ,Sepabaiith twonay. 30

Mor eover , ':.kvér?t:FHnef %a&hc.en i el §h5}@5r§) Td@hﬂ/&fé@ér?attllaﬁ Qf?diﬁdxon of the

paraf i ¢ L SEE)E UALOEAT 1" AUl ThoohROL SREUTLEU Yl 1L T eactTon

zone A to CHhECTEactiPon. zone as a co recycl strearr) into
the read® on zone B in a manner such that it 35 passes t hrough the
abovenent i hedPteisarathorreasnidrat aane (A &par ahe oreaadrien. zaeedtdiang to the

i nventi on, ppheigreast ktbe zorel Amoayt cofiprhes eomponentt koeeaifiedirirothaor e

i ndi vi dual pt6EdOmIxkafe A QnAHL F8br Aty debydtpgenatieartapsl q:raraffmlc
oxydehydr 0998?6&%%%9#;&“&% be 1hesd rb\ﬁ%nbhgﬂlniéﬁyfg?@%ét% Z0NggA

2;3; g; atySysepar rIdset'ro prodea%tmlxtu(%lé he parstelpara 2 en%t L on
(separation zone), in the novel process the at least one olefinic

hydrocarbon A’ originating from a source other than the reaction
zone A is preferably fed in such a way that it passes through the
separation apparatus (separation zone).
30
Moreover, it is preferable in this case to recycle the portion of
the paraffinic recycle hydrocarbon A which is not recycled via
the reaction zone A& to the reaction zone B (as a component of the
recycle stream) into the reaction zone B in a manner such that it
35 passes through the abovementioned separation apparatus
(separation zone}.

According to the invention, the reaction zone A may comprise two,
three, four or more individual reactors for the partial
40 dehydrogenation and/or oxydehydrogenation.

According to the invention, the reaction zone A preferably
comprises only one reactor for the partial dehydrogenation and/or
oxydehydrogenation.

45



oxydehydr ogenati on. 45 0050/52608 1 6 DEC 2085 8 Furthernore, the novel
process isgpspl/8hgBgy carried out in such a way that, fromthe begl nn| nE;

t he nonoperating phase of the at |east one part of the reaction zorleb

| east a half, preferably at |east 75% very particularly preferably aII of
5 t hat proportion of the at |east one paraffinic recycle hydrocarbon A
which is intended for said part of thé reaction zone Ais no | onger

recycl ed viFartiernoaget Foa poed Arpoesheis eriedatably arvd/irdedaomoxirda&uicbn zone
B. Since thisaprioparnt feomofhe thegiahihgast theenpaspdfdtiing preys|sr kydr ocar bon
Ais 10 SUQEt?éEétaHn)é bAEE toMithld FE5PELdn LBnkhE, PAY tle%lst%lﬁé\if on and/ or

CTner . ors rathg, 588 20 gggg QU byduofarbon By, LT, remai ns

subst anti a Unc urin oxXIdat i"on arnoxi dat i on
and can Fhépé‘ o?‘é’pﬁé F%EI ?h ttr% "F?t 1BGpPar e hkl g GECFEOD | eads via the
reacti on zswergganpeni p Wh?e?mgsnénbgéﬁ%d ifoy phadepaift dfethe tesmmtioone part of
t he reacti eang @eis Achdsngdedcykbled hria wWhy, reédct Sorpeaskebhetd ach@i nt ai n

substanti abkya£omy ahelyr Lmﬁ[taﬁa%@lwez&@ehat 5D talie Bio%@&loq%ﬁel al
oxi dati on %Eg/otr l%mxbrq%tﬂa%félg%u%ﬁ% hg{{d%gcw I e I ng-up for

I sol ati on one e nonoper ating

phase oft% %‘Ear}té'&‘%ﬂ'yoh‘ée P E5F TEPREC cFP%rP%’?@lAOXAe‘EH‘H% RGBT t he
i nvention, am%}tmlpﬂo@lﬁc’@hq att dgsst s@%@é&finmnhxdf@cprbdmd’e' Mmitture Bin a
wor ki ng- uprémmi:,substestihna]y photanded uBibei tige giraiinddotidatdcnul e, the
total armuahdpér %&b&@@a@i&ﬂl&iﬁj claﬁ tr%ye@b@e)besf‘&m%artmgogmqeﬂ%
cont ai ned |(g g& aggg (y Beéér@ Fﬁ_}e Ieas? one

?1 rocar (nf.?d{, se

par af fi en arated from

the  resPdlSFoRTRtes Pﬁ’?ﬁ%r B Lot o208 689 30
separ at i onAzBﬁ% ‘f‘(‘@@ﬁar’é’ﬁﬁéﬁ-%t“’ége) ltalsr é?ﬁsaaale p‘?‘bdlfé{ntBlncont aining the at
| east one pabstdnyiadlydenelatedy Andeingpd tbeadprdhtiagdstavs, ofdahieng nor mal
operation phreial Rxiibetads ety orohmioionapenat inglyiagetne etddigiretine

LgSIr ggal | gﬁefiyfﬁ%t WX EHE €1 Bb1 AT cRUEE e ta}%el(%ﬁﬂlcdélﬁs{ rdgs%gu&t%fs&ﬁfcw eaF' | gggt
one ;r%af gl Pt rg‘c C egﬁecl%?tgglgzgggsé c?t;g'ggr ]gnge T tO%e Avent fl"é-%%
preferabl yrﬁﬁ?Vqr’n@q‘Fr%t or the second separation zone is used;

preferably, only the first separation zone is used). In conparison,
accordi ng Boctiingnrentheninvanthien, t des ires dnadiudtﬂ i atdust isvddtede fBoor t he

resi dual prpdustodiict! Higtlre iBS ihh8NworieiGChpdz6ke id)0 at kesDONOPYralibeg phase,
as recy“ﬂSeBSBéfﬁHnobtalned {as a rule, the total amount of desired product

is isolated). Secondary components contained in the residual
product B and differing from the at least one paraffinic
hydrocarbon A can then be partly or completely separated from the
residual product mixture B, if required in a (further, a second)

30 separation zone (separation stage), a residual product B
containing the at least one paraffinic hydrocarbon A being
obtained, and thus, during normal operation (i.e. in the absence
of a nonoperating phase), either the residual product mixture B
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 1is used.



cont ai ni ngoaéol g?gP one paraffinic recycle hydrocarbon A at |east partly
(preferably o(rp e gl y) with exclusion (wth bypassing) of the reac{igqEf 2005
zone A, into the oxidation and/or 45 anmmoxi dation zone B. This recycling is
preferably effected via the first separation zone if such a zone is used.
0050/52608 9 This means that, if theSreaction zone A for carrying out the
novel processs aoeyusi sbat pnilfy theereeaci@r zAnkon fde qantlyial owehyh@dr ogenati on
and/ or oxydehydriageasti @fmprlitRsNONE dHOGRSStbS A epdiednenplycfarried out as
follows: 5udf,LEGe200P0h Mt éf ﬁﬁgéé’ﬂ cﬁvog_%halﬁﬁg,} %entéE‘;%#éUe%sh dr ocar bon

A is subjecteqd tg: a partla ghy ? nat’i on and/ or oxy ogenaft 1 on,
resul ting FAPESSdE 3G LPE A RN S ¥t ai ns an unconverted amount of
the at | @ast one paraffinic hydrocarbon A and at | east 10 one olefinic
hydr ocar boln Athd geaetiobyA t et pantt adbndgayrdfdgepathyirocanddora is

oxydehydr oggpaddt@d £& §05drtGR108ehPerddinale 3D / f o&?ﬂeﬁ?ﬂ‘ﬂbﬂ@%@‘tion,
contained Lo.{fiaoPiAdl e it Al UnibR" to0 dIAmhh Endindatash one
paraffinic B éltgo% rbo and the at ast one ole mm%&ﬂoc%r on A is
then separ ATRUY C5meBs; o eaTic PPRI BANATE LR1C PYGRSRATPER frfdf 4t PSES
separ at il§noapprlefinac (Bufracarbon 2onkormedo PYyi viee Pasttdadctehydsaggnation and
t hen eit heendfmr prgdebydmmgenatéod. or the product mxture A is used for
feedi ng an oxi dation and/or amoxi dation 20 zone B. Usually (and this

appl i es vepy,ganehablyifd £d1e1Na%Ehn P R UL! Edmpodd® sf FSH?%M%& freof the

oxi dation and/or, anmpxidati.o 0 B._c I ses not. only e praqduct m xture
Ao a R STV B oy B8BFerind T8 $6S LK hsBRelobci oAt d S o

;
m,

ammoni a,15 Prdrecagbrpeftand dihe atateasis e Qlehtp i dySgoratRen e pPoduct

m xture A bhem seperapeddirdmatiepfeduttnimiktnee A ifOregeiesk in additi onal

ol efi ni ¢ apdixgt)parpbtaticn RppuoesidofsepAraandn AZona)especyiwelay prbaact

sources ot Rextdan -t hend 6afdd @RcBOREH: GaBAREt 3R itHreodusedeid R oliiet f eed

mtur e ikl 0T 3L O UGS eBoa B 1 WL ARLY B GLAVEECaRgIRASLLRRD Of fhe
feed m toure - n the OX! atIOI’l and/ or anmoxl dati on _zone reac IOI’I_ Zzone
B), thé af°Tedtt one ol efinic hydrocarbon A present in the feed 35 mixture
A" is then partially oxidized and/ or ammoxi di zed, a product m xture B bei ng
obt ai ned. Thealhwdeot hiie warplBesovery reenerailnttd adet novel deziceddrer oduct ,
at | east ofRe pRddd alixoxtdat1 @f tRedsLidaaTFAXaflal oo anpbaiddstidh eonkhe at
l'east one glgbliles nBYdsPGAHNRNpAraddld ikRubBcoYe -edratndLast one
paraffllysca iEEGQERCQERﬁghé%tS, for example oxidizing agents, ammonia,

inert diluents, etc., are usually introduced into the product

mixture A or A’ for producing the feed mixture A”. Of course,

additional olefinic and/or paraffinic hydrocarbons A’ and A,

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 pioduct 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)



In a working-up zone C, desired product is then separated from the product
m xture B fter at least a portion (preferably at |least h

parti cul ar?gg%{’g ge“(rj%bl y at least 75% 45 very particularly preferab%)}g@ﬂem[]5
total anmount) of the unconverted at |east one paraffinic hydrocarbon A
(recycl e hydrocarbon A) 0050/52608 16 DEC 2005 10 contained in the product
m xture Bis recycled, as a corrponentl%f a recycle streamR, into the
reactor A c@ftagogdsen thire predyct enbitneamBRisaye@icsl®dsont ai ncagoaentomponent s
5 in additia aredyelthetadan egstinoaecpanaibisicar ecycl e hydrocarbon A, For
exanpl e, byproducts fromthe partial oxydehydrogenation and/ or

dehydr oge yp o] a oxi dat.i Qn nd/ or._amoxi dati on,
|nconpletg?E é%ngg %ﬂg Sc&é E%ééh X %5% a%ﬁo cog§a1 Qher CopROonen

because 5fl S eR e ‘?§61 afto e%?lfd %‘?ypi aﬁﬁh‘b’rﬁ/éref:é'él 'én%’(ﬁﬁ%aSPOP

| east one mrefammelﬁyohmaadbens Afromtdei ppurial exydehyAeogenatianer i aI S used
may occur aa:&i/tdieﬁehpcﬁll‘m_:renaﬂz(iﬁﬁonIQﬂ;hS:)c(u&Q‘.GOﬂfl@'ﬁ VYeROMAeBEAL SYxidacienur se,
these secopdaidr GRRBLNEINISNCaNnchdh Oﬁlreec‘&li r@Qms@E‘ecﬁ'&le@n@%@m& Okny

fggig anti ahdgt ARl SAGLY. remmg odddlel, ECONRARREALLS L%ge; fegg,gf the
stream KPi ‘én‘i%ﬁ%ﬁ%pﬁ“?é’d’é’ﬁtseaf é‘tf ﬁééﬁtaﬂ% rﬂle(;fmtlﬁehfé‘irqcé‘é??noﬁe

par af fi ni canfy dimpeai bors Rfatlie rav nadguiipdd, used tear cconporreritheseequiiered for
t he dehydroggrakents Pdecondiaoy commsletyndsggenati on and passes agai n through
the production circulation. If fromany point in tine the reactor Ais no

| onger opesatef-Lal tﬁes%er%ebﬁdgﬁflc%ﬂﬁk%nwe AL RESE QL1 ARV HeOgROAt | O,

accordi 'S perlod

enti.o
the " palAATHIY PBSHRTEANFAPOLE TR IR ROk B %Iel?ﬂfalt(’?ﬁlgéﬁnb% 3959881 ed as. part
of the r ecSRAA L PRAFRTR )i ATEMt Bae rrasdCilenstera R Befose 1t daswreaypied
pr ef er abl yimto tdastedatidr, AnpThe prafyrlabbyream IRdst thZbd%suprdemectedriby
pr ef er abl ya afdeshohmblintMdd the &€c)edsedonal paneafFisdcpaiireirdonadi &gy yvi a the
reaction zpngeA,iRek, | &AdHAY ¥bﬁpéhed¥%h¥g&ﬁﬁﬁgﬁufd§ntﬁQdééHydrogenatlon

oxydehyﬁ{ao ecp/ac.‘{ ! 8F%d%ﬂ);gr%gte93t9§:lx daantc1:§gs an?é;?aln T rou I';ilt e rggyrlc‘%:rhc( as a

conponei m Xt°ur e exa cyc S 8§76

par af fi ni CCJr’?é’(’:S;@I &Rydr ocar bon A (as a conponent of the recycle streamR)
can then 35 be effected substantially directly into the oxidation and/or
amoxi dat | Dh 2omeaby (peant iontosnecHs) repotar thd s @edlongdétiropediayed | forat

| east a pagtcddfratiRepspigwiemt sndi pd@idstdot r @Rjdidgahat €88) ackBRaPh&fddi C
hydr ocaghomyd\ ad: 108, TR Bh00 i fdeean! LBRe AR BREALALD eyl ogRy DOn A s
separat e Eégf pro %éf &%é ocarbon hnwgfﬂfu&§ﬁon e965§u£égqc?g8aratus
(separ at i o2 Foreft h 9 b
part o the recycle stream R into the reaction zone A but at
least a part, preferably at least half, more preferably at least
75%, particularly preferably all, of it will be recycled, along a
30 path not leading via the reaction zone A (not leading via a
dehydrogenation and/or oxydehydrogenation), 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



t he react 060€Di§2935r ated for the purpose of the dehydrogenation and/or
oxydehydrogena{l on, before said part of said conponents is used as P6adiadns
m xture 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 Ainto the reaction zone B i%* advantageously recycled, in the
period in whimcit tiperaeadtior AhS0BA 2608 {1the| dematrcgpenaied fmi/otrthe purpose
of tEe d_eh&ﬂfd&@ﬂ&bbﬁﬂaﬁtﬂ{pﬁntexyﬁ@m&wgeﬂa’éd}m,B isat enhbeit qaskken zone B
so that it S t 0 S paration
t@@&%%oogh% E’ﬂ@é{) hepbfhisin a%aﬁaéég%.ér (s HaRaLabi ch )

zone). 16 DEC | east a part, prefer y at least halt, nore
preferably at |east 75% particularly preferably all, of the at |east one
ol ef i ni c3hitirkrestoanPart r dfGitRPEAPIHraYt HE2PE R HE xiFE RrefRTARLYDAL obt ai ned,

in said peteast BRonpartsiowleslyt peefadaddyt helr exfttidre At deastwowed be fed to
the reactierefione Byddécdibdnha’abeyeirmsd fopethe asd mtixtorref eonued be
according Lo difRq,i BYEMI PRetQo8] £dm Wheoheed Hndenah LE@Sle2RE0A€fiNiC
hydr ocar bon (g op| ghgaél‘p%of LM aegotu.ro%ezg'hge than the reactor A in such a
way that saTH "QUefi BT ct 1y dicoEAFbb T T 1 108WEE8S psses 15 through the (first)
separat t8n apparatus. If the at |east one ol efinic hydrocarbon A is
propyl ene Imdheh@bouem¢ntisinedneapew aftf iisi prajerrssheicenrdsngrispahe, for
exanpl e, Coramrionatdyedfcaitd ahbefesdadferchpr apylena baei agetireid ol | owi ng 20
85“65/' gs ;zy@rﬁ@ag?l%e}xasoﬁ%@nﬁginéUﬁbogﬁgu%ﬁic@)ot@@ryliﬁén%ﬁé’%eﬁ&@l?%'zg”e: >

. 0 | , 0 ,
wei ght gf ot %’élr%l 2 g%gir)&[rf%t ﬁgﬁ'g,&%’élﬁ ﬁ;’ﬁ%%b@% lgkgggﬁff%%%gfgonsy 1
ppm by #&i HHOUH? &gﬁt yHee) 5$P7r?ﬁ)’rﬂrbf%\ﬁéf HiSof ethylene, 30 < 5 ppm by
wei ght of water, < 2 ppm by wei ght of 02, 2 ppm by wei ght of
sul fur - contfithengtcdepsumase oleéicid dtyeldtoasrison fAIT Jis prépyplendandetdt of
chl ori ne- cept @i Jd¥tNBnE OPDUFTA 6 i c SRy d i G bbat e Worgdeqr EBL)example, < 40 < <

commercially available cracker propylene having the following
20 purities is available as another such source:

a) Polymer grade propylene:

99.6% by weight of propene,

0.4% by weight of propane,

300 ppm by weight of ethane and/or methane,

ppm by weight of C4-hydrocarbons,

ppm by weight of acetylene,

ppm by weight of ethylene,

ppm by weight of water,

ppm by weight of 0,,

2 ppm by weight of sulfur-containing compounds
(calculated as sulfur},

1 ppm by weight of chlorine-containing compounds
35 {calculated as chlorine),

5 ppm by weight of CQj,

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 C.s-hydrocarbon and

10 ppm by weight of carbonyl-containing compounds
(calculated as Ni(CO)4);

25
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b) chemical-grade propylene:
45
> 94% by weight of propene
< 6% by weight of propane,



(cal cul at eg I@xg gl égﬁ) 4); S5ppm by wei ghtof C02, 5ppm by wei ghtof CO, 10ppm by
wei ght of ¢ 8 6 5ppm by wei ght of propadl ene and/or propyne, 1PgmR;ayps

wei ght of C>5- hydrocarbon and 10ppm by wei ghtof carbonyl - contai ni ng conpounds
b) chem cal - grade propyl ene: 45 > 94% by wei ght of propene 6% by wei ght of
propane, 0050/52608 12 < 0.2% by weibht of nethane and/or ethane, < 5 ppm
by wei ght of ethylen® by ppiyby ofinghhaoé ackioH emRans, 20 ppm by wei ght of

propadi ene andor prlgﬂ[y ,we§g§tj&oep Qﬁ{eV\BI ght of cycl opropane, < 50 ppm
by wei ght of byteneg, pfdn m;}l?,y ut adi ene, < 200 ppm by wei ght of

C4- hydr ocar bong, drocar bons, 10 < 2 ppm by
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PCT/ EP/ 01/ BRd Q&mpeB1 Ai S B 28Re EBed rid3u3d0a~ BRid\ i hée I¥ike MYbrating
state of the oxidation and/or ammoxidation zone 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 2B0, 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 heterogeneocusly 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
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stated in this document and can be used in an analogous manner

for said processes.

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

30 carried out as a homogeneous and/or heterogeneously catalyzed
oxydehydrogenation of propane to propene with molecular oxygen in
the gas phase. Air, pure molecular oxygen or air enriched in
molecular oxygen can be used as a source of the molecular oxygen.

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

40 is air. The temperature of the homogeneous oxydehydrogenation is
expediently chosen to be in the range from 300 to 700°C,
preferably from 400 to 600°C, particularly preferably from 400 to
500°C. The operating pressure may be from 0.5 to 100, in
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.
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capabl e of0yama, A.M. Gaffney and J.E. Lyons (Ed.), 1997 ElseVLer Science
B.V., page 375 et seq. Air may also be used as the oxygen source.
Frequently, however, the oxygen source here comprises at least
30 90 mel % of molecular oxygen, often at least 95 mol % of oxygen.

The catalysts suitable for the heterogeneously catalyzed
oxydehydrogenation are not subject to any particular
restrictions. All oxydehydrogenation catalysts which are known in

35 this area to a person skilled in the art and which are capable of
oxidizing propane to propene are suitable. In particular, all
oxydehydrogenation catalysts stated in the abovementioned
publications may be used. Suitable catalysts are, for example,
oxydehydrogenation catalysts which comprise MoVNb oxides or

40 vanadyl pyrophosphate, in each case with a promoter. An example
of an advantageous oxydehydrogenation catalyst is a catalyst
which contains a mixed metal oxide with Mo, V, Te, O 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, cocbalt, rhodium, nickel,
palladium, platinum, antimony, bismuth, boron, indium and cerium.
Particularly suitable oxydehydrogenation catalysts are
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25
In principle, suitable active materials (IV) can be prepared in a
simple manner by producing, from suitable sources of their
elemental constituents, a very intimate, preferably finely
divided dry blend having a composition corresponding to their

30 stoichiometry and calcining said dry blend at from 450 to 1000°C.
Suitable sources of the elemental constituents of the multimetal
oxide active materials (IV) are those compounds which are already
oxides and/or those compounds which can be converted into oxides
by heating, at least in the presence of oxygen. These are in

35 particular halides, 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,
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particularly preferably from 5 to 40, frequently from 10 to 30,
mol %. Here, the term propane conversion means the proportion of
propane fed in which is converted in a single pass. As a rule,

30 the selectivity of the propane formation is from 50 to 98,
particularly preferably from 80 to 98, mol %, the term
selectivity referring to the number of moles of propene which are
produced per mole of propane converted, expressed as a molar
percentage.

35
As a rule, the starting mixture used in the oxidative propane
dehydrogenation contains from 5 to 95 mol % of propane (based on
100 mol % of starting mixture). In addition to propane and
oxygen, the starting mixture for the hetercgeneously catalyzed

40 oxydehydrogenation may also comprise further, 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
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In general, the propane dehydrogenation in the reaction zone A
can also be carried out as a heterogeneously catalyzed propane
dehydrogenation with substantial exclusion of oxygen, as

30 described in DE-A 33 13 573, or as follows.

Since the heterogeneously catalyzed dehydrogenation reaction
takes place with an increase in volume, the conversion can be
increased by reducing the partial pressure of the products. This

35 can be achieved in a simple manner, for example by
dehydrogenation at reduced pressure and/or by admixing
substantially inert diluent gases, for example steam, which is
usually an inert gas for the dehydrogenation reaction. Dilution
with steam generally 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
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These are dehydrogenation catalysts which contain from 10 to

99.9% by weight of zirconium dioxide, from 0 to 60% by weight of
30 alumina, silica and/or titanium dioxide and from 0.1 to 10% by

weight of at least one element of the first or second main group,

one element of the third subgroup, one element of the eighth

subgroup of the Periodic Table of the Elements, lanthanum and/or

tin, with the proviso that the sum of the percentage by weight is
35 100% by weight.

In principle, all reactor types and process variants known in the
prior art are suitable for carrying out the heterogeneously
catalyzed propane dehydrogenation. Descriptions of such process
40 variants are contained, for example, in all prior art
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 0D,
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5 to pass an oxygen-containing gas through the dehydrogenation
catalyst from time to time at elevated temperatures and thus
virtually to burn off the deposited 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 advantagecus to apply this direct form
of catalyst tube heating only to about the first 20 to 30% of the
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Such a procedure is expedient, for example, in the BASF-Linde
propane dehydrogenation process known in the literature. What is
important according to the invention, however, is that the use of
such a tube-bundle reactor is sufficient.

30
Such a procedure can also be used in the steam active reforming
(STAR) process developed by Phillips Petroleum Co. {(cf. for
example US-A 4 902 849, US-A 4 996 387 and US-AR 5 389 342).
Promoter-containing platinum on zinc (magnesium) spinel as a

35 support is advantageously used as a dehydrogenation catalyst in
the STAR process (cf. for example US-A 5 073 662). In contrast to
the BASF Linde propane dehydrogenation process, the propane to be
dehydrogenated is diluted with steam in the STAR process. A molar
ratio of steam to propane of from 4 to 6 is typical. The

40 operating pressure is frequently from 3 to 8 atm and the reaction
temperature is expediently chosen to be from 480 to 620°C. Typical
catalyst space velocities with the total reaction gas mixture are
from 0.5 to 10 h-! (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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25 In the fixed-bed process described, the catalyst may likewise

have a spherical geometry but may alsc be cylindrical (hollow or
solid) or have another geometry.

30 Proceedings de Witt, Petrochem. Review, Houston, Texas, 1992 a,
N1, describes the possibility of a heterogeneously catalyzed
propane dehydrogenation in a fluidized bed, in which the propane
is not diluted, as a further process variant for the
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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conver sRBnEor jnealdzing vhn ajevenenislangdr propang (fonNereierfondsusby cat al yzed
pr opane advantageous to carry out the heterogeneously catalyzed propane
dehydrogenation at an operating pressure of from 0.3 to 3 atm.
Furthermore, it is advantageous if the propane dehydrogenated
under heterogeneous catalysis is diluted with steam. In this way,
30 first the heat capacity of the water enables a part of the effect
of the endothermic nature of the dehydrogenation to be
compensated and secondly the dilution with steam reduces the
partial pressure of starting materials and product, which has an
advantageous effect on the equilibrium position of the
35 dehydrogenation. Furthermore, as stated above, the presence of
steam has an advantageous effect on the time-on-stream of the
dehydrogenation catalyst. If required, molecular hydrogen may
also be added as further component. The molar ratio of molecular
hydrogen tc propane is as a rule = 5. The molar ratio of steam to
40 propane can accordingly expediently be from 0.1 to 2,
advantageously from 0.5 to 1, with a comparatively low propane
conversion of from = 0 to 30. What also proves to be advantageous
for a procedure having a low propane conversion is that only a
comparatively small guantity of heat is consumed in a single
45 reactor pass of the reaction gas and comparatively low reaction
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In the simplest case, this is a single closed reaction volume,
for example a container whose internal diameter is from 0.1 to
30 10 m, possibly alsc from 0.5 to 5 m, and in which the fixed
catalyst bed is applied to a support apparatus (for example a
grid). The hot, propane-containing reaction gas flows axially
through the reaction volume loaded with catalyst and is
heat-insulated in adiabatic operation. The catalyst geometry can
35 be both spherical and annular or strand-like. Since in this case
the reaction volume can be realized by a very economical
apparatus, all catalyst geometries which have a particularly low
pressure drop are preferred. These are in particular catalyst
geometries which lead to a large cavity volume or are structured,
40 for example monoliths or honeycomb elements. In order to realize
a radial flow of the propane-containing reaction gas, the reactor
may consist, for example, of two cylindrical grids present in a
shell and positioned concentrically one inside the other and the
catalyst bed may be arranged in their annular gap. In the
45 adiabatic case, the metal shell would in turn be thermally
insulated.
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The heterogeneously catalyzed propane dehydrogenation with
comparatively low propane conversion (= 30 mol %) can be operated
in all cases at the same catalyst space velocities (relating both
to the reaction gas as a whole and to the propane contained

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-l, frequently from 100 to 3 000 h-1,
i.e. often from about 100 to 2 000 h-i.

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 hetercgeneously 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, UsS-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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5 temperature,

One possibility of heating the reaction gas starting mixture for
the heterogeneously catalyzed propane dehydrogenation to the
reaction temperature required is also to combust a part of the

30 propane and/or H; contained therein by means of molecular oxygen
{(for example, over suitable combustion catalysts having a
specific action, for example by simply passing over and/or
passing through) and to effect heating to the desired reaction
temperature by means of the heat of combustion thus liberated.

35 The resulting combustion products, such as CO; and H;0, and any N;
accompanying the molecular oxygen required for the combustion
advantageously form inert diluent gases.

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;, HsO, 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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25 selective {e.g. heterogeneously catalyzed) combustion thereof

with molecular oxygen. The resulting water of reaction can either
be separated off partly or completely or left in the gas mixture,
since it is capable of acting as inert diluent gas in the
reaction zone B. Catalysts suitable in this respect are

30 disclosed, for example, in US-A 4 788 371, US-A 4 8B6 928,
US-A 5 430 209, US-A 5530171, US-A 5 527 979 and US-A 5 563 314.

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 alsoc be separated {for example condensed)
from the product gas mixture A before it is further processed in
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air), the r priopene in the mxture are recovered in conparatively
pure formand used for feeding the reaction zone B. The exit gas of the
absorptpgnIn\Mﬂr@hcgbmqf“qhg rpEoYR} cegciibed above is an excellent basis

for eliminating the necessity of using pure propane for the
heterogeneously catalyzed propane dehydrogenation. Rather, the
propane used may contain up to 50% by volume of other gases, e.g.
ethane, methane, ethylene, butanes, butenes, acetylene, H;8, S03,

30 pentanes, etc., since, after all, the major part of these
byproducts is simultaneously separated off in the course of the
separation step described. As an alternative to the described
separation step by means of absorption, a pressure swing
adsorption would also bhe possible. Expediently, the crude propane

35 to be used contains at least 60, advantageously at least 70,
preferably at least 80, particularly preferably at least 90, very
particularly preferably at least 95, % by volume of propane. In
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 1s 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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di scl 0s@8 switRbla 4Bs@SPB7 is18 solvysntandutiure coapdiabsoribahesyl Amd
sui t abl e adfpealer etoér, ezerabbeiih and phédwrddpdcacbipyditiost r shght - chain
al kanol's Ofadticular comprising about 25% by weight of biphenyl and about
75% by weight of diphenyl ether, for example the commercially
available diphyl. Frequently, this solvent mixture contains an
30 added solvent such as dimethyl phthalate in an amount of from 0.1
to 25% by weight, 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 cone 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
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wWith the HSOTBeRithOF WHhouE oLIERI L ef erably from 2 to 20, particularly
preferab®y from5 to 10, bar and fromO to 100C, in particular from30 to
50C. The mhseephrapicamtbenel heggar hathprspare sron el aitﬂoﬁbéﬂch:an

appar at usese eﬁ‘éc@@&%{ Nk iBhi P UNIGERUEY ra{@foli&()‘?fﬂ@é/h% engy &Y
Sui tabl e absarptipn colums are, for exanple, tray 10 col urms ( aV| ng bubbl e

trays and/OF sieve rays), columms containing structured packings (for
exanpl e sheet netal packings having a specific surface area of from 100 to
500 nR/ &8, THeysepaxakpite dfethappkgrane? 30dYprepriepfzRedtkslapsrsbetorisexanpl e
filled 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/molK at 20°C, for
exaﬁple 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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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 Ci-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:



Such a renpval of the absorbent can be effected by all process steps known
“to.a persdPai33&QBin the art. An enbodiment for such a renoval WG QT (i 2805
preferred in the novel process is, for exanple, quenching of the exit
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10 = | t()d§iﬁig'&aéé1§%t:t9 58 ket 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,



In principle, the heterogeneously catal yzed gas-phase partial oxidation of

propyl ene to%({rc?r 4|c acid with nol ecul ar oxygen takes place in two steps in
successi oP%A9 g%e reaction 15 coordinate, of which the first step gl FEdB
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f or med by faohe8o®ftd ASOEC redy fiealabl9t frdi0Beedtbn3ddre .cahal yedctiivhe (and
expedi ent |t)ém§8§§§l§ﬂeb|1%) thMé&rﬁl oReaht fkh 'E%%UEIB 0ghef aluhy ELoNSdr eynd the
catal yst t fsr%' %igl Edn{‘%zrﬁeg Egﬁ%esgﬂm £AG2B LOSLL, Q%dbc'aé‘l?ta"ed
as descri be caf aI T Are erefrore
advantdﬁ%dﬁ§'9tlon zones 1s expedle y from 0.5 to 5, advantageously from
1 to 3, atm. The loading (1(S.T.P.)/1-h) of the oxidation
catalysts with reaction gas is frequently from 1 500 to 2 500 h-l
or up to 4 000 h-! 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 o
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 2zone.

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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25 according to the invention and in the form of two oxidation zones
connected in series, carbon dioxide and steam contained in the
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 oxvgen diluted with

35 inert gas, such as CO;, 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 = 5% by volume or

s 2% by volume) and the source of molecular oxygen used for the
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5 of the acrylic acid or by absorption of acrylic acid in water or
in a high-beoiling hydrophobic organic solvent or by absorption of
acrolein in water or in aqueous solutions of lower carboxylic
acids and subseguent working-up of the absorbates; alternatively,
the product gas mixture B can also be subjected to fractional

30 condensation; cf. for example EP-A 117146, DE-A 4308087,
DE-A 4335172, DE-A 4436243, DE-A 19 924 532 and DE-A 19 924 533).

Unconverted propylene and/or acrolein are, if required, also
separated off and are recycled to the reaction zone B.

35
Otherwise, those major components remaining after isolation of
the desired product which differ from acrylic acid and acrolein
can, depending on requirements and on dehydrogénation catalyst
used, each be separated off by themselves and/or recycled with

40 the propane as recycle gas (recycle stream) into the reaction
zone A in order to influence the conversion in the
dehydrogenation reaction there, as described. However, the
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



10 expediently no longer used in the reaction zone B. The product gas

m xture B P@é6(ﬁ§59ﬁe reaction zone B to be used according to the ipgentigg
is as a rule conposed substantially of the desired product acrolein or
acrylic acid or a mxture thereof 15 with acrolein, unconverted nol ecul ar
.oxygen, propane, unconverted propene3gnolecular nitrogen, steamforned as a
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Unconver t eda i aR\Is€N8s 3Kl Ubsdebehe) Nl hibh-b&AUI L dyabsfopisepar ated of f
and are reS}’gAn%.% %81%@:?‘ r%‘i-%g? §8§§‘n§xu%§e9 REIW 58 L D0S€, IR o
conponents renainiNng a tf'e,r Jsol/atton.o t.he™ desi req proﬁﬁ%tar\ﬁni ch differ
from acryl PASHRTBndT & i3 1oB afd RAFEAGT nEPRIENEGdPPement s and on
dehydrogenati on catal yst used, each be separated off by thensel ves and/ or
recycl edswiiith 4het hee podpeiydasgersyide cgaalyses wHiehshreasdndintioet be

reacti on gop@erAdrNofRy e -dohtiaRhh HENESHRBAS OIS S VkyhBnsfEs are
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pr opane can our?e al so e recyc ed 43 a glxture W t 1 he unconvert ed
propyl ene (B r'%'ceyé B9t e N At DR HRSSTr BACYTHIP BRE A S‘?/\?R?n t he novel
process ise¥ggdicsd 69F VOHOIDIsoBidaiaECio2vhs W raEeninntlrisl y, a

cont i nu@@sdemyrrsgenehicof Frageahe The atghyidrogesatdion zatelesy dfhus t akes

pl ace. Thepseparabionief freopdnesansifivrkpedeokysunddee [ esishadicgasrS

remai ni ng ghéss éc%%kéiﬁ@r\:d)fexfaﬂglg§si ref appedpied das—éj)q residual gas

contains, as a rule, 027 CO C02, H20, N2, noble gases and other |ower

al dehydes, _| ower al kapnecarboxylic acids, (eég. acetic _acid, formc acid and
I

propi oni ¢ ARPHHEraRASREPEHEYadRy dFFRRE 2t Y98N "2 dhS P BBNsYS can be
ef fect e@5 Askeltiser mpatiamed isbere. by ftmvdenadndid il legberqurdsr desor ption
and/ or strepperarmospheric pressure at low temperatures is preferably
carried out. The pressure to be used is, for example, from 10 to
100 bar. The rectification columns used may be columns containing
dumped packings, tray columns or columns containing stacked
30 packings. Suitable tray columns are those having dual-flow trays,
bubble trays or valve trays. The reflux ratio may be, for
example, from 1 to 10. Other possibilities for separation are,
for example, extraction under pressure, pressure sSwing
adsorption, scrubbing under pressgsure and partial condensation.
35
According to the invention, it is of course also possible to
recycle the total amount of residual gas (as a recycle stream)
into the reaction zone A, for example when a removal of secondary
components is integrated downstream of the reaction zone A. In
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’.

0f 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



(and reuse of the absorbent) in a high-boiling hydrophobic organic solvent.
“Further po98rBYPPEP8s for separation are adsorption, rectification12BEC 2005
partial condensation. 15 with the use of dehydrogenation catal ysts which are
sensitive to oxygen or oxygen-containing conpounds, these oxygenates are

~separated fromthe recycle gas before3the recycle gas is recycled into the
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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 reacticn
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 & 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



10 It is also possible to adopt a procedure in which a part of the residual
gas is recfEPBd5éRLRanged into the propane dehydrogenation and proppgeFaney
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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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dehydr ogenat¥ ofcesh Peaaf iy dydgprsarpen d&f fady edf i Fe@iirgdpyorlekt ng snal |
anount sl10of pastsEntdingngabesisisamsed( foy.tisuldbhgds)gdmrttiba aedtdn on gas 35
m xture. The newelenRteegssadiondr ef erred when a product mxture A" which
conprises substantially only at | east one paraffinic hydrocarbon A and at

| east one paraffini.c hydrocarhon A is used. O .course, 40 a purge stream
may al so be UsEH T o "s&PaT a{?i‘%?j’ron‘Y‘éé%%ﬁgﬂ?att%w%ﬁfs in the novel
process. Exanpf¥¥#99eDEBITE08 39 Figure 1 attached to this docunent
schemat RB8al | y shows a novel procedure in normal operation. The reaction

zone A shosl#l praigeti §&s ofiiyturee o, eashidiringl faBikE 2105 hpdFbgn2 aat t ached

to this documegty $hewsndc NRplocaeBOREL ati ng phase associated with figure 1.
There, the nunerals represent the follow ng: 1= fresh paraffinic

hydrocarbon A and, if reguired, other 10starti ng &ﬁteri al s used far the

dehydr ogen4tT o afEPGP HRIH HEGFe SR B 108=2PRact P F SPBRRT WY 96

oxydehygpogenaﬁ‘?‘?ﬂi‘d&ﬁéﬂ BPIRRIIRAHE0§ENGY | YiAn pPegaffinic hydrocarbon A and
olefinic hydrocarbon Ar;

5 = any secondary components separated off in the separation zone
4;
25
6 = either the product mixture A or production mixture Aa’,
depending on the use of 4;

16= feed mixture of reaction zone B;
30
15= 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;

1l= residual mixture containing paraffinic hydrocarbon A;

45 12= any separation apparatus used for secondary components other
than paraffinic hydrocarbon A;



3= product gas m xture A, containing paraffinic hydrocarbon A and olefinic
hydr ocar bo Oﬁb/ 24: %ny concomtantly used separation zone for separating off
20secondar or‘r%o?‘n% ts other than paraffinic hydrocarbon A and ol ef i1r§ BEC 2005
hydrocarbon A ; 5= any secondary conponents separated off in the separation
zone 4; 25 6= either the product m xture A or production m xture A",

dependi ng on the use of 4; 16= feed fi&%ture of reaction zone B; 30 15=
starting nei-eraml dypeoducimwlsepararedxyffen) required in addition to the
product m xture A or product m xture A for the preparation of 16; 357=
reaction zpne B .. 87.PLo0UGE JT ; w37 AeSal at f i fed product from
pr oduct n‘igﬁr%c&%%oggo: deésginﬁéghg?%apu%a;ﬂf%gggrIé)g(#}cfg:g]rgﬁ‘lﬁx%hre cont ai ni ng
paraffinic hydrocarbon A; 4512= any separati on apparatus used for secondary
conponen? sl Gt HeefiRan PEREAFIIRCE Ry dPOEHMBSANA: T DUSE 52808 40-her3thany
byproducts sepaaattédnoténe = recycl e stream contai ning paraffinic

hydr ocarbon A, 16 DEC 2005 5 17= ol efinic hydrocarbon A® originating froma
source ot 338 af A LRoZORES A éﬂﬂ@ﬂ%eséhéﬁﬁé¥aﬁﬁ§ tondufll § dogéent
schemati ca % hows. a novel rocedoure L0 nor ne opergtl or}% e reaction
zone A shdtlid®f rﬁoh‘brqoﬁna&o?ge’fﬁfajnmbng PebRIOrR 2PPGut &P ft ached to this
docunmentO s¢HWE igenBREd HeRopBRateRRfFCIpRase associated with figure 3.

| dentical numerals have the sane neaning as in figures 1 and 2. O herw se,
the fol | owriyhreuaeset scheld tbephes eddcumbnt ehewild abvaldusiopeiratiggh

paraf fi ni c,lydr geabon & waeh! £50ORMING 1hont N6 NARARREE AL imep%eéé}né he

reaction zone .A d, of _.any ot her_start.| mat erial s_used for 0
dehydrogen’&?é}n&ﬁgaﬁglﬁ f&%ll%gﬁygr%%%nzgt ?)gﬁ;gr%ls:e’r étg‘ﬁ‘cg fgon“{)ldlﬁt nB‘f'ejf)?zlosduct gas
m xt ur el? TEHFEEPAT ng paraffinic hydrocarbon A and ol efinic hydrocarbon A ;
25 17= ol efinic hydrocarbon A" originating froma source other than

reacti on zone A sandleonpensst iofgfrash rppcdhacEdn pe ddericicanbom 2;

corresponding to the nonoperating part in the reaction zone A
and of any other starting materials used for the
20 dehydrogenation and/or oxydehydrogenation;

37= reduced amount of product gas mixture A, containing
paraffinic hydrocarbon A and olefinic hydrocarbon A’;

25 17= olefinic hydrocarbon A’ originating from a source other than
reaction zone A and compensating the reduced production in 2;

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

147=the part of the recycle stream containing the paraffinic
hydrocarbon A and corresponding to the nonoperating part in 2

(14r+14" ~14).
35

40

45



14' =amount of recycle stream containing paraffinic hydrocarbon A which
anount is §g§9§g ggcordi ng to the nonoperating part in 30 2; 14"=the part
of the rec@ P8 cont ai ni ng the paraffinic hydrocarbon A and 1 DEC 2005
corresponding to the nonoperating part in 2 (14'+14" .14). 35 40 45
0050/ 52608 41 Clains: 1 6 DEC 2005 1. A process for the preparation of
partial oxidation products 5 and/or phk¥tial ammoxidation products of at
| east one olefinic hydrocarbon A, in which A) in a first reaction zone A
at |least ope,pyaffinic hydrocarbon Ais subjected to a parti al
dehydrogenati on 10 and/ or oxydehydrogenation with formati on of a product
m xture A which contains an unconverted anount of at |east one paraffinic
hydr ocar boh- A ArRFofesSSeSSt bhife PTEPEFRRIQM IRfdPEE AL RO PRt dotd PReBr PRM S
partial 8ehydregdirn iPentaal/ omarifdehgurpnpsiisteonf 4% Basa poetdlmfiodct he
total anount ohydiweaxbopoRentin &ditdi ned in the product m xture A and
differing fromthe at | east one paraffinic hydrocarbon A and the at | east
one ol efinic hydrocar A. LS. separate ro ai_d, product 0 mxture A if
required in a ‘)s(gpajr%gtalbgﬁrzsgn‘éeaitomgrﬁ \%Eemg ‘{”praorgdagf“sﬁi, %%rpearﬁf,%l%‘a either the
product nixture A BYITQAEPRROHLS shbdeqEed Ao jas PagEdat SelveagpaRaEen
oxi dati 88 and/ or amdvioti @aviehydungenBtaon, with theemekicmtdfor anddurt
ammoxi dat i on zone Mixtaire aashid¢hedditalieasin aneocohetted camnitydeogar bon A' s
sude eci ed t? a pgriéa?s]t Dukdphi oFe QR ﬁgdr@éqmssndat Lod é{%%ﬂélafsergﬁé' on Ofta |
product m xture . C ) s.desired. produc . |l.east one partia
o jx"g‘?l s PobROOSRoRe anEpti BIPOHE po gy

oxi dati on and/or a . pr < one ol efinic
hydrocarbon A, 309 Fﬁ@eBEEJr‘FIé(P“;SVBHuB’EY‘?@Y@éﬁaFHFEh‘”T'r om t he product

m xturel5B in a working-up zone C and at |east a portion of the unconverted
at’ | east one pmyafé&ipomzibypdoocekdbatAl aonired rREdtha ddmpoiendyctontaingde B i s

recycled as 35 parad fiHd proeeye!miitndeosaipniAfert Ag tHiton @ABEt hom e A
and 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 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
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



D) fromtinme to tine, in a nonoperating phase, at least a part of the
reacti on zgpgoAshgopgot operated for the 40 purpose of the partial

dehydr ogenati on and/or oxydehydrogenation of the at |east one paraf fg I (€005
hydr ocarbon A, wherein, during the nonoperating phase of the at Ieast one
part of the reaction zone A the OX'tgzﬁt' on and/ or ammoxi dation zone B is
further operated 45 and that producti | oss of the at | east one olefinic
hydrocarbon A whi @l i%5-e4486€1 AYEPARLANt he Fiupaetany nfroplrasevreeat | east
partly conpensat edotherdf ebdnnghatrdazasion08ofd 32608, 116 DEMIAREAS 42 @ne

ol efi ni ¢ hydrocar basrApa@hif @i had iMgirbeafbén Silge a et hginddiag Ehsmreacti on

zone A and, if reqé’édl%% o@HSrO'Ehar{mc'h% Pé&@{{dxﬂ'z%ngyﬂr%a{rl%o%x hedof
orlglnath?rgfroma tion %gﬁomdatlonS

if) hg ea

and/ or affnoxi dati o ooﬁeaﬁmgﬁ ?Weo rzgg'iajcllz’ ?ﬂjﬂcézthepeﬁ?fy% mﬁof‘ 23t & he at

| east one par af f i NPRE P 8§aFlb%rﬁ'%leBP’és‘é’h‘? Rarafifd npe oiocRRPrd B of the
oxi dati on and/or puwEEEttdati the zomwsluBE msxtpareafdf iofii the emsiclag ihydamtAarzbon A,
not via the reactiagfinada@athoni fére BYeagxpaidf Amiandéoyclel Qyamabxistat ilgn zone

B. 2. A process asgl gj;nednk n:f&el@dlr@nlzoi%@ei e'ﬂatbhghé e@:?ida‘%'loﬁogﬁd

conpris only one_reactor A for the partial dehydrogenation /or
oxydehygi’ogenatl on. m%lg t# r%%résg as clainmed in claim 2, V\/nerel n the at

| east one paraffinic hydrocar bon A is subjected to a heterogeneousl y

catal yzed parthapraelspdasgelmminiedgn inncldign dnewherein drheAredftflon Aggeodess as
claimed in anyc&iprGlsasBnly tahe3 redwbesei A fidie tak pae@idl @BRy@esRifaltibse
hydrocarbon A [sqR:0Ra ge%gd@la@gﬂnl east one ol efinic hydrocarbon A is
propyl eng. 5. A process as clainmed in any of clains 1 to 4, wherein at 25
| east a“portion of the conponents contajned in the product m xture A and
differing fronftBRPCEeS| BAstlOMEpaPaFtiR & W%F%{:%r% af LeRS% It | east
one ol ef i ni ¢ hparaffdrpenhydroqagivesi Aetls thdxiechef ste ephesesdoenannsdai d
product m xt ureat%hmedapae@m]atdemydzogmamm e eheracucktaotidmurre A . 30 6.

A process as claimed in any of clains 1 to 5 wherein substantially the
total ang t Of-». é}xfb"ce%‘a”HQ“@fﬁﬁne%O”h%?f%f 21 E@S praguct wﬁbi‘é‘gﬂ hr% 'Ed
dlfferlng | eas y th | east
one ol efi ni c 3 ?ﬁj:dtoggapﬁfﬁl A’nlc?oﬁygf?lcéa}fq{%e el R P’éo%aé’ﬁaPﬁae m sal d

least one olefinic hydrocarbon A’ is propylene.

5. A process as claimed in any of claims 1 to 4, wherein at
25 least a portion 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’
contained therein is separated from said product mixture A in
a separation zone to give a product mixture A’,
30
6. A process as claimed in any of claims 1 to 5, wherein
substantially 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
35 hydrocarbon A' contained therein is separated from said
product mixture A in a separation zone to give a product
mixture A’.

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 zomne.

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



pr oduct n15§$ ?5ftb€ a separation zone to give a product mxture A'.

process as ned I'n claim5 or 6, wherein the olefinic 40 hydrocqﬁgﬁﬁ:ﬁm
originating froma source other than the reaction zone Ais fed to t

oxi dation and/ or amoxi dation zone B in such a way that it al so passes
through the separation zone. 45 8. Adrocess as clained in claim7, wherein
the at | east ormme mousiDebyﬁldd1aoathéeﬁxidanmenpandUdnlummohydatmnntnmmeA
present in thg, mm&uekcmﬁdﬂ %thﬁé & t@6ndabhOna AN @ cANEOXd Hathaen

0050/ 52608 1 6 0 0,4, OX|dat|on and/ or
PI%C.’ESé Bés%% S u B Lfe ﬂi%?a%%k

ammoxi dati on zone W I on of € reaction zone A in such a way
that it also passes through the separation _zone. 5 9. A process as clai ned
in any of 2f ailPrPCegsgas hicridied £Reany|f icdpampylriet &-byRereinrtihg nati ng
froma source altdfemichhpdréderboeadt | onigioraeifgi Sraheniscalrcgr atkeemndhaor

pol ymer grade tiy qeukensn ddhel@ id PROFRES avafkadmebd @o&?ﬁe@fgﬂ‘ad@' m 1to
9, which is a 5ﬁ%ﬂﬁ§ﬁé for the preparation of acrolein and/or acrylic acid.
15 20 25 30 35°

10 10. A process as claimed in any of claims 1 to 9, which is a
process for the preparation of acrolein and/or acrylic acid.
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