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- 1 ’ Conti nuous het erogeneously cata yzed gas- phase partial oxi dawson
of an organi c conpound 5 The present invention relates to a novel
priocess for the conti nuous heterogeneously catal yzed gas-phase parti al
oxi dati on of ~an organi ¢ conpound in an oxidation reactor, whose feed
gas m xture conprises, apart fromthe organic_ conpound to be
partially oﬂputzmpmdxwegana«puw&enaasz@|mha§9 panialopxidatbon
di | uent gasofhanhorgardssenmpatbhg i nert under the conditions of t he
het er ogeneously catal yzed gas-phase partial oxidation, where t he
essenti al 'syghge%& %A&%Rreﬂ@%oﬁ%&la%% 8 4 621 Bbbisf ror neConbustible
gases. r poses_of g%@ eqé nvel hlgn op tg
oxi dat i on cont%ﬁugﬁ§ GEN PRI FARBIYESS 1PRSPRESE, 5%? cSRpBARECT

react ed of AR Pr Q%%SPWEH“M %Iaec8¥§¢a'b§%éﬁaFﬁ°§uc‘ﬁl%ﬁﬁ/\éfe@hféﬁs al |

t he carbon pigtere dampiriges; gapart doopothe dyandieoy epmpounditte dri des of
carbon and ghktisElhwkiddesdpans eidlecnlahcotyganiag orfamd dts 1eadd one
converteqq Bt 9ot AR Shib}di9a8dkerlibi O Nilerte a0 PNENO el tions O6HANI C
conmpound un Ee ﬁé]@er%qtehggugiyrwét?aﬁ'yzgd Séy%s%r %aggggl oxidation, where

the essentially inert diluent gas consists at least partly of
combustible gases.

15 Por the purposes of the present invention, a complete oxidation
of an organic compound means that the organic compound is reacted
under the action of molecular oxygen in such a way that all the
carbon present in the organic compound is converted into oxides
of carbon and all the hydrogen present in the organic compound is

20 converted into oxides of hydrogen. All other reactions of an
organic compound under the action of molecular oxygen are here
referred to in summary as partial oxidations of an organic

compound.

25 In particular, partial oxidations here mean those reactions of
organic compounds under the action of molecular oxygen in which
the organic compound to be partially oxidized contains, when the
reaction is complete, at least one more oxygen atom in chemically
bonded form than before the partial oxidation is carried out.

30 '

For the purposes of the present invention, a diluent gas which is
essentially inert under the conditions of the heterogeneously

catalyzed gas-phase partial oxidation is a diluent gas whose con-
stituents remain unchanged to an extent of, considering each con-

35 stituent individually, more than 95 mol %, preferably more than
98 mol %, under the conditions of the heterogeneously catalyzed
gas—-phase partial oxidation.

For the purposes of the present invention, combustible gases are
40 compounds whose mixtures with air at an initial pressure of 1 bar
and an initial temperature of from 50 to 100°C have an upper and a
lower explosive limit (ignition limit), with the determination of
the explosive limits being based on a measurement in the standard
apparatus as described by W. Berthold et al in Chem.-Ing. Tech.
45 (1984) 56 No. 2, pp. 126-127.
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referred to in summary as partial oxidations of an organic conpound.
25 In particular, partial oxidations here nean those reactions of

organi ¢ conpounds under the action of | ecul ar oxygen in which t he
organi ¢ conpound to be partially oxidiz€d_con{ains, when_the - reaction
i s conpl et e, ExXplogdye: LipE§,518 BRYY e fOMPHing iy Vglues imonded form
t han bef or e adeergdance Witk DI Fdh495s carried out. 30 For the

pur poses of the present invention, a diluent gas which is essentially

inert under 1rhg mOREhE: Y a0k hHE HVRLAGENEDEISIAk, the ¢l MRLALIRB1IBRASe
partial ox C@:‘zﬂb‘&@t&éna(fq;-li‘t‘i(&h,g 1W3R) CPRitiated 'Eufcfléaﬁ 1988t on
unchanged to _an ex%ent ciﬁy.consi e H@? each con- striuent
i ndi vi dual | *O%5Pe 'thard 88 Pogt ¥rAB! SPRSHASS, RAAST Presgrihgl o, under
t he conditi(ﬂ¥§téﬁltﬁ@ﬁ¢k§¥9n§géﬁe%ﬁﬁﬁﬁﬁﬁ§§tQFyERﬁiCombusﬁaBlﬁﬂﬁﬁﬁecﬁaﬁ?Pﬁ+
oxi dation. It is Gveatdst pir popastifulialrecontamint Botrhehteregsingnbusti bl e
gases are RreasPayitife Wopbastikldicas Bbhterd reduices tid tdodbuBtessure of
1 bar 19 3R4oeBtyNiddial FERREIR L cBfibhs L8P G aet 18R fldd GohauRgar upper
and a | QUG0AEXPLASING LM Es bl LGN L Mol "ahA 3G HBLE) Rl T on
of the "eéxplosive Iimts beln Based op & measar enen |f e~sahdar d
appar at us a¥ad8ec ‘P’E)echeofWuEEﬁfﬁ)lq&Se@%Ferﬁr éﬁ@ﬁf* F¥Ry Limddn valugs auegy)
56 No.. 2, pphellewapexplosive limit and the upper explosive limit; the

range of combustible gas content lying between them is the explo-

15 sive region (ignition region). Gases whose corresponding mixtures
with air are not capable of a combustion reaction spreading from

an ignition source at any mixing ratio are non-combustible inert
diluent gases.

]

20 BExamples of combustible gas are H;, NH3, methane, ethane, propane,
butane (n- and/or iso-), pentane (n-, iso- and/or neo-), propyne,
CO, acetylene, ethylene, diethyl ether, hydrogen cyanide and
hydrogen sulfide. Further examples are given in the table on page
1285 of ROmpp Chemie Lexikon, Cm-G, Thieme Verlag, Stuttgart, 8th

25 edition (1990). Examples of non-combustible gases are COz, H0, N;
and all noble gases.

The degree to which a combustible gas displays inert behavior in
respect of a particular heterogeneously catalyzed gas—phase

30 partial oxidation and thus is suitable as combustible constituent
of the essentially inert diluent gas to be used can be determined
by those skilled in the art by means of a few preliminary experi-

ments.

35 It is generally known that numerous basic chemicals can be
produced by partial oxidation of various organic compounds with
molecular oxygen. Examples which may be mentioned are the reac-
tion of propylene to give acrolein and/or acrylic acid (cf., for
example, DE-A-2 351 151), the reaction of tert-butanol, iso-

40 butene, iso-butane, iso-butyraldehyde or the methyl ether of
tert-butanol to give methacrolein and/or methacrylic acid (cf.,
for example, DE-A-2 526 238, EP-B-92 (097, EP-B-58 927,

DE-A-4 132 263, DE-A-4 132 684 and DE-A-4 022 212), the reaction
of acrolein to give acrylic acid, the reaction of methacrolein to

45 give methacrylic acid (cf., for example, DE-A-2 526 238), the
reaction of o—-xylene or naphthalene to give phthalic anhydride
{cf., for example, EP-A 522871) and also the reaction of buta-
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2 - Explosive limts are here the followmng Iimt values in accor dance

with DIN 51649: In a mxture of air and a conbustible gas, the velocity
at- which 5 conbustion (ignition, explogion) initiated by a local ignition
source (eg.é?cWMn%dQ#atinunlmdre spreads under prescribed i nitial

condi tions ieGEpERdERe irieds ephrdcids(EfgastepramPle, DEfA 1% 106c4P6st

at a partic@ngr DBoAtbri24 B3 .| hbecreratdosr of indanesadiongivee foxmbusti bl e
gas content exatptes ahehremuineheoicAl, \felroekayplaentDE-aAf-2naks y43the the
combusti on nRAGLEOA bfSdthHYdcheNH8l give TRhGARf6:018d NR £, JNESF UkatPeGEe at a
lower and RRphEIRRET 264 M7, DELALYC158T346CrB0RDIP] idule gRSgs AR QY. These
two limt V%kﬁ§§ aéfl cod 184 BUBL € Qig@lvg Lm 1 and _t he upper, exgégﬁlve
limt; the . aﬁg of coﬁgﬂs PHFe’ 5‘ ofiteht |%ﬁ%ﬁ3188 WRer Thémn . he
expl o- 15 siefdtieli 6P 1HgnBiraRl ¥en 9 Stuhkearhmdie 2640 r et FRATELAXPEr s
with air ardutredienpats a@ive yiovhdxiranen (céactfamn exgrmpaddi ng from an

i gnition sowsca-B8t3BNY93N)Xi BYerl Abactidne offOpropyiniri ahd¢or nertoleindtbuent
gases. 2} 43BPhesy inikaRAESES! & GHS RbRpIE, Diih-2m8ERa0S:) Llhangeac-
propane, — bupape {45 LA’ ah8Po? metBAERBFedl 1o Wi%e ANUArABRILrile,

r n
propyne, the oxidative dehydrogenation of hydrocarbons (cf., for example,
DE-A-2351151), etc.

15 It is also generally known from the above documents that partial
oxidations of organic compounds using molecular oxygen as oxidant
can be carried out particularly selectively in the gas phase over
catalysts present in the so0lid aggregate state. The catalysts are
particularly'frequently oxide compositions or noble metals (eg.

20 Ag). The catalytically active oxide composition can contain,
apart from oxygen, only one other element or more than one other
element (multielement oxide compositions). Particularly
frequently, the catalytically active oxide compositions used are
those comprising more than one metallic, in particular transition

25 metal, element. These are referred to as multimetal oxide com-
positions. Multielement oxide compositions are usually not simple
physical mixtures of oxides of the elemental constituents, but
heterogeneous mixtures of complex polycompounds of these ele-
ments.

30
These heterogeneously catalyzed gas~phase partial oxidations are

usually carried out at elevated temperature (in general a few
hundred °C, customarily from 100 to 600°C). Since most hetero-
geneously catalyzed gas~phase partial oxidations are strongly
35 exothermic, they are frequently advantageously carried out in a
fluidized bed or in multitube fixed-bed reactors with a heat
exchange medium being passed through the space surrounding the
contact tubes. The working pressure (absolute pressure) in the
heterogeneously catalyzed gas-phase partial oxidations can be
40 below 1 atm, at 1 atm or above 1 atm. In general, it is from 1 to
10 atm. The target reaction occurs during the residence time of
the reaction mixture in the catalyst charge through which it is

passed.

45 Owing to the generally pronounced exothermic character of most
heterogeneously catalyzed gas-phase partial oxidations of organic
compounds with molecular oxygen, the reactants are usually
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CQ acetylene, ethylene, diethyl ether, hydrogen cyanide and hydr ogen
sul fide. Further exanples are given in the table on page 1285 of Ronpp

Chem e Lexi kon, Cm G Thienme Verlag, Styttgart, 8th 25 edition (1990).
Exanpl es of nan-caqnbuysti bl e gases, are %ﬁ%r Herr]O Nerr and all
nobl e gases.diluteﬁhﬂgﬂlég? e@stg EYiﬂxﬁPchsaF ' Eg?f%ljé‘%gés. “E}fiéﬁl GoRErt
behavi or in tionsegfethe Fasrpbasei eatalytis: pasybabssidpatianal yzed gas- phase
30 partial oxidation and thus is suitable as conbustible constituent ‘of
the essenti ajd thengthedindi)t f82Sthed firposed 62 Mrtdebgenbogshy by those

siilled iny tiééaﬁgrtzeﬁyg%ﬁ%ééf parfENY REALLTLBAT ¥r QP 8banic g foch!

I's generally rnown thq; numrer pus basi ¢ hen%cals can be. H%f uce
partial oxidd eSH,SF IS Fﬁgni‘% pca&'%ﬁgﬁ 25 10%SFest ABI 3 | _s&?‘ﬁﬁen.
Exanpl es whitdfeniyebd ok itheoegized targetegempounds d42-oEhare g dReersegi ve
acr ol ei n andiomaking| tke auiopottion Ywrolumexehpthe reEchantgsin ¥He), the
reaction of dtartihgtahioturd shiciOidBeneo the-driidatdoni peadtdryradl tebydes or
the met hyjg §daginet. tert-butanol to give nethacrolein and/or nmethacrylic
acid (cf., for exanple, DE-A-2 526 238, EP-B-92 097, EP-B-58 927,
DE-A-4 132 263, DE;A-4 132 684 and DE-A-.4 022 212), .the reactjon 0
acrol ei n to%i PEFALFYIIT PCIEARAR HeFs EFoRABP AEPBI RY Vgues O 5%e
met hacryl i c modieguler oxygsn aggdpre oxpjdantointheo Feed gps. as mapdeinadof
0- Xyl ene or bedpit hal ene to give phthalic anhydride (cf., for exanple,
EP- A 52284&l) and al so the reaction of buta-
Thus, on the one hand with regard to the stoichiometry of the
partial oxidation to the desired target compound, it is generally
necessary to use the molecular oxygen emploved as oxidant in at
least stoichiometric or in superstoichiometric amounts (eg. to
20 reoxidize the oxidic composition used as. catalyst and to reduce

carbon deposits).

On the other hand, the proportion by volume of the molecular
oxygen used as oxidant in the feed gas mixture must, for safety
25 reasons, be below the oxygen limit concentration. :

The oxygen limit concentration is that percentage by volume of
molecular oxygen in the feed gas mixture below which, regardless
of the proportion by volume of the other constituents of the feed
30 gas mixture, namely particularly the organic compound to be
partially oxidized and the inert diluent gas, combustion of, for
example, the organic compound (explosive) initiated by a local
ignition source (for example local overheating or spark formation
in the reactor) can no longer spread from the ignition source at
35 the given pressure and temperature of the feed gas mixture.

Accordingly, the oxygen limit concentration of the feed gas mix-
ture thus sets the maximum proportion by volume in the feed gas
mixture of the organic compound to be partially oxidized and thus

40 influences the achievable space-time yield of target product (cf.
EP-A-257 565, p. 5, lines 36/37).

Of course, the oxygen limit concentration of the feed gas mixture
is significantly influenced by the type of constituents of the

45 feed gas mixture, which is why particularly importance is
attached to the selection of the inert diluent gas (its
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3. diene to give malelc anhydride (of., for exanple, DE-A-2 106 796

and DE-A-1 624 921), the reaction of indanes to give, for exanpl e,
ant hraqui none (cf., for exanple, DE-A—2 025 430), the reaction of

et hylene to give eth | ene OXIde r.exanple, 5 DE-B-1 254 137
DE-A-2 159 $HFPOSpLi X ytag;a h B@?WP@‘SW C%szdsﬁssﬁ%a%@%&

Lehr buch deroﬁ-ldg&hpgc%rﬁfaﬁé‘ﬁiaélc1¢QWP°undeUH=hdFP3(ePE§‘13}‘ OX¥gSel  Verl ag
Stuttgart, p.. 261), the reaction of but adi ene to give vinyloxirane (cf.

for exanpl e,phe c@shi&aBmetRddk, féhmdt%&@beﬁeowélyprdamnhyﬂedaguy-@haaerol ein
to 10 gi ves garigni Bﬁié@tz‘f&xf F3RR Conblurda %eai%aiw)reéd&ﬁ.ehaaae

o1 dati v dERIEIRRRE FEle gfaSﬁag; ?e' 5 heiado g' FECIFIDRGY LRLE (dd1Rene ghe°

DE- A- 23511510 aérped the Q%P1P§1§Fsﬁe€g’é??er§ by mmafﬂpaﬁn% A0 834unent s
that partialpage 6xi Uin¢ dis DE-BrFalh& 6ddnppageis2 udias§ bW ekines: oxygen as
oxi dant ©  aqmnabe Ca7rdss] e@olupArij clinesl 20sed 35, VE-R-2n54h&3gas phase
over R %m&hslpr@é@mz isR6t BEs SQdde 290p&ERIaph 3 t.em-:Tmez cRbakysls are
particularly trequepilys ag 4§ 59"ROSIH-808 969 NOR, e BRhA S ,( Qnes 40 to
45, with DE-A-2 056 614 attributing the particular suitability of
steam as inert diluent gas to its relatively high molar heat
capacity (p. 4, paragraph 2, line 4), whereas DE-B-2 251 364
15 mentions the cost aspect in respect of the frequent use of nitro-
gen as inert diluent gas (air as source of the oxidant).

DE-A-1 962 431 likewise relates to a process for the hetero-
geneously catalyzed gas-phase partial oxidation of an organic

20 compound with molecular oxygen. As suitable inert diluent gases,
DE-A-1 962 431 names the non-combustible gases nitrogen, steam
and carbon dioxide and also the combustible saturated hydro-
carbons. DE-A-1 962 431 contains no example in which a saturated
hydrocarbon is used as an inert diluent gas constituent. The

25 question of further use of the inert diluent gas constituents
present in the product gas mixture is not addressed in
DE-A-1 962 431.

DE-A-2 251 364 recommends, as inert diluent gas in a process for

30 the heterogeneously catalyzed gas~phase partial oxidation of an
organic compound, the non-combustible gas steam to which the non-
combustible gas nitrogen or combustible saturated hydrocarbons
such as methane, propane or butane can be added. DE-A-1 468 429
recommends, as inert diluent gases in a process for the hetero-

35 geneously catalyzed gas-phase partial oxidation of an organic
compound, carbon dioxide, nitrogen, saturated hydrocarbons or
steam, with steam being preferred.

Neither DE-A-2 251 364 nor DE-A-1 468 429 include an example in
40 which a saturated hydrocarbon would have been used as combustible
diluent gas constituent. The question of further utilization of
the inert diluent gas constituents present in the product gas
mixture is not addressed in the two abovementioned documents.

45 DE-A-3 006 894 likewise concerns the problems, in a process for
the heterogeneously catalyzed gas-phase partial oxidation of an
organic compound with molecular oxygen, of, on the one hand,
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2Q Ag). The catalytically active oxide conposition can contain, apart
from oxygen, only one other elenent or nore than one other eI enent

(rmul ti el enent oxi de conpositions). Part kcul arly frequentl| y, t he
catalytically actiye oxide conpositions used are t hose ¢ ISI n rmre
t han one rret‘g‘iqve?tlf’ﬁ parinaa aFeRFEHYT 300 98 FRe Athex) Bag t

referred to RESAWGLEVAEY ¥hish d& asrpigh aﬁo@PﬁPblh%e R ?lfeﬂmtl%Mé9)
conposi ti onsTher eolsbabhylnatecommphés is oy Seedl imi theufesdofas micksiref athe

el enmental corsw ictataamyst tiivityheh@r ARHRALA LIV Xtd Recebs LR Bhcrease

pol yconpouids, i atr.9§§§t eé&lvityma‘i‘&ég 32 Ireal:r@féf? &HQE&EOA?'J)ﬁe%t al yzed

gas- phase p tlal ox1d sual, carrile

t enperature Jllﬁl &ng?‘z’ﬂ 1%501[};9 Ossh%?ﬁ e t%ﬁs‘flb%i’ﬂnl ?oﬁ%ﬁ% ggses

600[ err] C). %W@@eﬁns?aﬂ?@%r"&m‘ldeg%‘?‘é&fsWeé‘&t al yzed gas-phase parti al

oxi dations are strongly 35 exotherm c, they are frequently advant ageously
carried out derman AuSlegelBctadfihed 193 i31|)2rmbu.ate|doetd iax etobesls rizactthes with a

heat ero;h?é&%o&eﬂé&mispId&&a@?ﬁé@cbéﬂmaugbximtﬁ%e SHI'& idgohbe

oot enaodRunl tn Pk Ll 4y ?‘?‘Ea‘ég"ﬁ ?8' F’LE PELIY, Che Ll |l Re5APR,PE
atm at 1. oyl salal Ve PXeas donlt21 600y arpon i dea

target reactdshvaEeErS@RAK PFGEn rJé’Slt@éné'éaﬁW'ofle- egprntiaddyi BANTI xt ure
in the cat alopgbushébbe ddw.ough which it is passed. 45 Owing to the
gener al | yaspr onounced exot herm ¢ character of nost het er ogeneousl y

catal yzed ggg-Rhasgspagid alixewhdetdfiies’bsOt8@ B oblems of preventing

explosion-like combustion processes in a heterogeneously cata-
lyzed gas-phase partial oxidation of an organic compound (eg.
p. 3, paragraph 2, last two lines). To avoid adverse effects of

20 the preferred diluent gas steam, DE-A-2 056 614 recommends
recirculating the reaction off-gases largely freed of condensable
gases, with partial or complete replacement of the water vapor,
to the oxidation reactor as inert diluent gases and at the same
time feeding in the feed gas mixture at low catalyst activity and

25 subsequently successively increasing the catalyst activity along
the reaction coordinate. Since the oxidant “molecular oxygen” is
fed in as a constituent of air, the effective inert diluent gases
in the method of DE-A-2 056 614 are essentially the non-
combustible gases nitrogen and carbon dioxide. In respect of the

30 inert diluent gases used, the method of DE-A-2 436 818 essen-
tially corresponds to that of DE-A-2 056 614. The same applies to

US-A-4 147 885.

DE-A-2 729 841 relates to a process for the heterogeneously

35 catalyzed gas-phase partial oxidation of an organic compound
which, owing to the use of a specific oxidation catalyst, makes
it possible to use, in place of steam as inert diluent gas, an
essentially non-combustible gas mixture of CO, CO;, nitrogen and
argon which is separated from the product gas mixture of the

40 heterogeneously catélyzed partial oxidation and is recirculated
to the feed gas mixture.

With regard to avoiding an explosion risk in a heterogeneously
catalyzed gas-phase partial oxidation of an organic compound with
45 molecular oxygen, EP-B-253 409 (cf., in particulér, p. 5, first
three lines) and EP-A-257 565 disclose the use of inert diluent
gases which have a relatively high molar heat capacity Cp. In
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conpounds wi th ol ecul ar oxygen, the reactants are usually
4 diluted with a gas which is essentially inert under the condi-

tirons of the gas-phase catal ytic partiaz oxi dat i ons. On the ot her hand,

for the purpgses qQf a heterogeneousl cat hase artia

o dat o ol RaReo RGN URRAZHR (9F BOneEPBENACIDth gRBRe W @ Bltzo-
particul ar igemer €8¢, ifrOaanfgpomytdble gaseR SHCH Gsoﬁle‘f e SthaRe tafdet
conpound; i eropheeecars redopmestied as praflerngdi hEomrexampileonompagsl dee of
the reactantiSrels ifefs ofStmr-Bi-063 Nd0g Wnd vAI Bh § 5 fiedst 06t Fie sxximpat i on
feact o asy &%761?,6&0 el}l Capart fJorPRhbl GHLEY JolRAELBACE AL ahSo! NE

Gas, o5 oxpPRERILS ok nhiufs TS gt YRS selobl il e

st oi chi onet ra}/‘doFth‘én m°rt?a‘r1fiieaF°o% (f@tdll('i@?%l}lf]epmﬂiedo‘tﬂa\f @Sﬁ’ao‘ﬂﬂd

it is generabkyheat capacity of the inert diluent gas is considered impor-

tant to its action. Thus, in all examples, the inert diluent gas

10 of the feed gas mixture comprises more than 55% by volume of Nj.
Furthermore, EP-B-253 409 and EP-A-257 565 recommend recirculat-
ing, at least partially, the inert diluent gases present in the
product mixture to the feed gas mixture. EP-A-361 372 contains
essentially the same teachings as EP-B-253 409 and EP-A-257 565.

15
The British Patent No. 1 450 986 recommends, particularly because
of its relatively high molar specific heat, the use of carbon
dioxide as inert diluent gas for avoiding the danger of explo-
sion.

20
EP-A-293 224 relates to a process for the heterogeneously cata-

lyzed gas—-phase partial oxidation of an organic compound, in
which the use of a gas mixture containing carbon dioxide, steam
and saturated hydrocarbons having from 1 to 5 carbon atoms is

25 recommended to ensure that the process is carried out safely
(p. 3, lines 9 and 20 of EP-A-293 224). EP-A-293 224 considers
the presence of carbon oxides in relatively high concentrations
(p. 3, line 57) and a relatively high molar heat capacity of the
inert gas mixture (p. 3, line 47) as important for the effective-

30 ness of the inert gas mixture recommended by EP-A-293 224. EP-
A-293 224 considers a further advantage of the method it recom-
mends to be the fact that the inert gas mixture to be used can be
obtained in large part from the product gas mixture of the par-
tial oxidation. In all examples, the inert gas mixture used in

35 the feed gas mixture includes steam and CO; in a total amount of
at least 15% by volume, based on the inert gas mixture.

EP-A-117 146 concerns a process for the heterogeneously catalyzed
gas-phase partial oxidation of propylene to acrylic acid, where

40 the propvlene is produced by heterogeneously catalyzed dehydro-
genation of propane. EP-A-117 146 presents it as a particular
advantage that the product gas mixture of the propylene dehydro-
genation can be transferred without intermediate treatment to the
oxidation stage and the inert constituents can subsequently be

45 recirculated to the propane dehydrogenation stage. Similarly, the
feed gas mixture in all examples includes an inert diluent gas
comprising more than 15% by volume of steam. EP-A-372 972
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necessary to use the nol ecul ar oxygen enpl oyed as oxidant in at | east
stoichionetric or in superstoichionetric anounts (eg. to 20 reoxidize the
oxi dic conmposition used as catalyst ang to reduce carbon deposits).

On the other hand, t ortlon by_vol une of, t he eG en used
25 oxt dant FoPSTE BoRUBLERE BacRad Tt DHBRt Ly (A BSTERLbRs, ST BBRow
the oxygen P¥iiq adnpEAPYRenepxide. The oxygen limt concentration is that
per cent age by vol une of nol ecul ar oxygen in the feed gas m xture bel ow
whi ch, regausiizss 312 981t hel41e3D @bt & Wrdpeswoltbietind Hdterogbreowsmst i t uents
of the fesdca%hm%dwba& Eas@%ﬁltyapaéﬁlaaﬂl@hl Y£ theeLAi@aRI gocompound to be
partially o a%iyaadba Gnd nél Widae 500Rld 3 pata & e
exanpl e, iégﬁj 14; SIV It Egnltlon
sour ce (for 'ﬁP@ Bﬁl 53st?%ﬁ ¥5H ?rPW eactor)
can no Iong}@%t%@é\&dlm‘éiﬁltmé‘tlugﬁl i?%rth@o@wbé@ratl\% separgtiem of ddeure and
t enper at ur e3 of-eploxyf-2ebugerse firomuthe reactdcvomikkigtey oft ibe ogamrarhasen t

concent r a9 i pertdfalt brifgetorgas m x- ture thus sets the nmaxi mum proportion
by volume in the feed gas nixture of -the organic conpound to be

artiall | dj e h fluence h i el
of target PG Sedrts? Yasthe by dgeBReb Rl M EoBRRIL" o0 o
t he oxygen J34Al¥ze nﬁ%ﬁﬁ?ﬁﬂﬁebRaBFl?*K9q¥§€&18%s°$n%Hh?ﬂ@ne ¢ ethvdenei cant | v
i nfl uenced axideheThgpinent dddyent ygas sised daamethane.
15
A disadvantage of the teachings of the prior art is that recom-
mended inert diluent gases include ones containing combustible
constituents or consisting exclusively of such constituents, but
it is not recognized that the oxygen limit concentration of a
20 feed'gas mixture containing molecular oxygen, inert diluent gas
and gaseous organic substance to be partially oxidized is deter-
mined less by the molar heat capacity Cp than by the combusti-
bility of the inert diluent gas. The latter facts are the result
of intensive research work and, without laying claim to being
25 correct, can presumably be attributed to the fact that combustion
explosions are generally free~radical chain reactions. Apparent-
1y, a partial oxidation of an organic compound in an environment
of combustibly inert diluent gas constituents makes possible in-
creased oxygen limit concentrations because combustible inert
30 diluent gas constituents, unlike non-combustible inert diluent
gas constituents, have a particular ability of stopping free-rad-
ical chain reactions (presumably as a result of own radical
formation). This means that the higher the proportion of combus-
tible constituents in the inert diluent gas of the feed gas mix-
35 ture, the more safely can a heterogeneously catalyzed gas-phase
partial oxidation of an organic compound with molecular oxygen be
carried out, even with relatively high proportions by volume of
the reactants.

40 A further disadvantage of the processes of the prior art is that
those whose inert diluent gas includes combustible constituents
recommend recirculation of the inert diluent gases present in the
product gas mixture to the reactor feed. This is a disadvantage
insofar as, during the heterogeneously catalyzed gas-phase

45 partial oxidation, non-combustible gases such as H;0 and CO; are
also produced as byproducts or are introduced into the process
together with the oxidant molecular oxygen (eg. N2 when air is
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45 feed gas m xture, which is why particularly inportance is attached to
the selection of the inert diluent gas (its conposition) for a
het er ogeneously catal yzed gas-phase parg [ aI oXi dat i on of an organic

conmpound with | ecul ar gé-h The cl i cal ods fQ

het er ogeneot3f ac?‘atsﬁﬁfgdo% S Rxdgant) yo?Fﬁa? r&Fl‘éﬁub‘?‘%l c
conpound ge%*%lq%ﬁ“rlééonﬁ%rféprtq#@uousn%?ﬁ@ﬁMt LBl @ ZRANCEionedm EhRY/qam-

ni trogen asbuskihlealiproportiorss of theaimext tdiduenpl 93s \prasegkoin (e ,fefedr
exanpl e, DEgds f0&u34, If tHRPare nbt NFeciktcudatéd? O5fs Gbéuibaga on-ast

t wo "n655 11é§te%r éeié?.a@ﬁ?n AEE df dﬂé’%ﬂ&&&é&b 13 Qefe 947 536, 10

claim i, - % EP%%S‘ﬁﬁp%%g%@mo? uf%‘ P nesl}fzﬁ}lrte fz§ﬁ4%he vé)cf“%uﬁE A-2

lines 18 to and
056 614 at t FIBIR (*RGTENSL ISR G@ses BERISR (Gheyedk ot sft°éaﬁ?‘3'§1’jr?lertthed| | uent

gas to its ve¢f vebyprai gh seyree. nbatadditdopacreginqulasiopaefigimeste 2, |ine
4) , wher easdifudnt? gasés3bd fimdamehtallby tdor daskpasgbad bothrespend of the

frequent 1osen®dstiichitOside £ oaS th8esiadidfUeihnR§ dptiratdfigSQEEE &h the
OXi dant) the other hand, combustible diluent gas constituents, unlike non-
combustible inert diluent gas constituents such as C0O;, H;0 or N,
represent useful materials whose once-only use in a simple
passage through the oxidation reactor essentially excludes
15 economical operation of a heterogeneously catalyzed gas-phase
partial oxidation of an organic compound.

It is an object of the present invention to develop an improved
process for the continuous heterogeneously catalyzed gas-phase

20 partial oxidation of an organic compound in an oxidation reactor,
whose feed gas mixture comprises, apart from the organic compound
to be partially oxidized and molecular oxygen as oxidant, at
least one diluent gas which is essentially inert under the condi-
tions of the heterogeneously catalyzed gas-phase partial oxida-

25 tion, where the essentially inert diluent gas consists at least
partly of combustible gases, which process does not have the dis-
advantages of the processes of the prior art.

We have found that this object is achieved by a process for the

30 continuous heterogeneously catalyzed gas-~phase partial oxidation
of an organic compound in an oxidation reactor, whose feed gas
mixture comprises, apart from the organic compound to be partial-
ly oxidized and molecular oxygen as oxidant, at least one diluent
gas which is essentially inert under the conditions of the heter-

35 ogeneously catalyzed gas-phase partial oxidation, where the
essentially inert diluent gas consists partly of combustible
gases, wherein, after passage through the oxidation reactor, the
combustible constituents of the inert diluent gas present in the
product gas stream leaving the oxidation reactor are not

40 recirculated to the heterogeneously catalyzed gas-phase partial
oxidation, but are put to further use for the purposes of another

chemical reaction.

A simple example of further use of the combustible constituents

45 of the inert diluent gas is there being passed to a thermal power
station where they can be burned for energy recovery in a manner
known per se. If the combustible constituents of the inert
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DE A-1 962 431 likewise relates to a process for the hetero- geneously
cat al yzed gas-phase partial oxidation of an organic 20 conpound with
mol ecul ar oxygen As suitable inert difJgent gases, DE- A-1 962 431 nanes

t he non-conj ases .niiroge ste and_ car bon d|o i de _and ,al so

t he conbustﬁP%H agﬁ at ey *W%P rgbn%’ar‘%’&ﬁ? CRj_aisp g@zf&%’s’i "c’bﬁ{sﬁr&nénnﬁ
exanmpl e i n WHAREE FnowR pef & fornpmedicingofynkhemisy 988 an aeRivlede uent gas
consti t uent (cfLhe £28 qm%mnlaanrﬁ$A¢GHZZﬂiS)usenotheﬂKPQSBebtedﬁunnhar gae

consti t uentsequengeessnprovidedebyr tiiklWatgagt i Xdas-phasenokidatiiopssgd in

DE- A-1 962 ylene £5-dero1234 Eﬁé/éﬁ%@m%%cﬁ i'n”%h& éé&i‘-ﬂ:te gas in a
process for e H&Eﬁéo eréeggs X d?ﬁé%ﬁg “{g 356 paév\‘# H_-d%l on of
an or arP mpoun n co S M sa%ﬁ € Nnon-
Combust i bl R ERATBREEE PRHIALIAB. RS | Tt PEQPYTSHed LREPERRATRITEEEANE UCh as
met hane, prug&tiseovhieh dife l@&ﬁtbbn aaspect ppf Athlméérszgreacm@@omme as

i nert dil uefed gasesfurtlempicateligtiorgaskphhst erxxi-datiogestanys |in whﬁahyzle@l
gatS- phasgg &ﬁcrobhﬁb Qsﬁg}tdiqnwf oRIdDiFAARCthe ﬁﬁﬁ&é@@dof Cﬁ@%tﬁhﬁé} &s, N

ni t rogen, a r 0 r gmpLeferre

Nei ther | DEAeS CoR T Al SRR IR0 poro1E AR °§£'ff’8‘*ﬁ%‘ e 4hi oh s
saturated M S‘é’ﬁr%%rh %eﬁ’l §enhee bfeern ﬁ?gﬂ %snhg‘rrﬁ ?ﬂnﬁ owerdﬂ:a hPTy

const it uentt® PRETFYieINSH LRI GPTRRSEION; | Fli%ttﬁ%?c&ﬂ-"elytq‘fétlinﬁeﬁﬁtﬂh'%%t
gas const i megessapy ebunteach shag@raxpugengrdlly kmownuref i s fivat exdupdssed in
t he two EHh@Ererea08838d EtoAUBEALE2 and EP-A 257565 or EP-B 253409).

The advantage of the process of the invention is, inter alia,
based on the fact that the feedstock "combustible diluent gas
constituent” is utilized twice for single input costs:
20
a) for dilution of the feed gas mixture of the gas-phase partial
oxidation of an organic compound,

b) for example, as fuel in a thermal power station, or as start-
25 ing material for producing synthesis gas.

Based on the conventional input costs of fuels in a thermal power
station, or of hydrocarbons as starting compounds for the produc-
tion of synthesis gas, the use according to the invention of

30 combustible inert diluent gas constituents is thus cost neutral.
The method of operation accordind'to the invention is therefore
particularly advantageous for those heterogeneously catalyzed
gas-phase partial oxidations whose essentially inert diluent gas
of the feed gas mixture in continuous operation comprises more

35 than 85% by volume, preferably at least %0% by volume, better at
least 95% by volume, even better at least 97% by volume, advanta-

" geously at least 98% by volume, preferably at least 99 % by

volume and best 100% by volume, of exclusively combustible inert
diluent gas constituents. Preferably, the inert diluent gas mix-

40 ture of the feed gas mixture for the purposes of the process of
the invention includes no steam.

Furthermore, the process of the invention is of particular
advantage for those heterogeneously catalyzed gas-phase partial
45 oxidations of an organic compound whose feed gas mixture consists
only of molecular oxygen, the organic compound to be partially
oxidized and the inert diluent gas. In contrast thereto, the feed
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45 DE: A-3 006 894 |i kew se concerns the problens,
het er ogeneousl y catal yzed gas-phase partial oxidation of an
conpound wi th nol ecul ar oxygen, of, onqjhe one hand,

6 preventin runayay_reaction and n the other hand,. achievi a
product  vi t A RAETE 18 a1 Gt i Sgseerar by genalfi L haed ggonls o
sol ution it@rEbdheengeartatiy feed in the feed gas mixture at | ow

catal yst activity and subsequently to successively increase 5 the catalyst
activity al pig grdoeessacti tite Ciovetit 16k cna tiralner favorgl lameny ghe, DE- A-3 006
894 noni ngt gsmidit iBAR- AQTHMS IS cBASEStuentd, ! EREH1 1R RAN (8 9Xd wnesand/ OF

t he

t i.f, 9 | he 10
et o bgeneos ey “?L’?gﬁ’? Madicutal eholt? rafle™E %o Q“a}@;@*ggf@ e e
whi ch the. | SRTHOT APGe HYTEOEET, S5qmes SLRGe: LheBRAREe | AbaOLe OF ($RFHint @

product, tHelueadditvort of Feerraddeatl af Faampnigr F8RaRLe Rfs recogpingikay. vapor
produced i nFutichergacei obt i fayogeble alf \theohoiling @uimét bl thgadmnert

10 diluent gas constituents is significantly below room temperature
(25°C) at atmospheric pressure (1 bar). Particularly advantageous
inert combustible diluent gas constituents are therefore methane,
ethane, propane, butane (n- and/or iso-) and mixtures thereof.
Preferably, the inert diluent gas of the feed gas mixture in the
process of the invention comprises more than 85% by volume,
preferably at least 90% by volume, better at least 95% by volume,
even better at least 97% by volume, advantageously at least 98%
by volume, preferably at least 99% by volume and best 100% by
volume, of at least one of the abovementioned saturated hydrocar-
bons. Of particular advantage is the use of methane and/or pro-
pane as inert diluent gas constituents. However, it is of course
also possible to use aromatic hydrocarbons as combustible inert

diluent gases.

15

20

For the following heterogeneously catalyzed gas-phase partial
oxidations, the following saturated hydrocarbons are particularly
suitable for the purposes of the process of the invention as main
inert diluent gas constituent:

25

30 Organic compound Target compound Preferred diluent gas
to be partially constituent
oxidized
Propylene Acrolein Propane
35 Propylene Acrolein Methane
Propylene Acrylic acid Propane
Propylene Acrylic acid Methane
Acrolein Acrylic acid Propane
Acrolein Acrylic acid Methane
40 Ethylene Ethylene oxide Ethane or Methane
Butadiene Vinyloxirane Butane or Methane
iso-Butene Methacrolein iso-Butane or Methane
iso-Butene Methacrylic acid iso-Butane or Methane
45 [Methacrolein Methacrylic acid iso-Butane or Methane
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15 - DE-A-2 056 614 |ikew se addresses the problens of preventing
expl osi on-1i ke conbustion processes in a heterogeneously cata- lyzed
gas- phase partial oxidation of an orgaqsc compound (eg. p. 3, paragraph
2, last two_lines To,avoi.d adyerse effects of 20 the preferreq diluent
gas steam %f?é%ﬁéLBXB Egﬁ-7§ﬂ? ! ﬁﬁgcarh94§:PPgﬁI5?iWﬂfqIF aPeé%TﬁE%

of f - gases |'RYS, Prefarahly AtddRagh| 0% bygyedumeyihetted, ataleast Skpb¥t e
r epl acenent vofumehe ewanepettgroiet leagb I7Me baxvdhumnen advavtegeassinertt

di | uent gasbsastn@8at byheonary prefessblwati gast 49% byeedl@ne aikbese at
Lg;fvalc sts ?I gzir;(ggw&byuﬁ@,d &f tHeDIREHE rﬁj!mg%'recssé o Q:Ih?énEEQE& oG @:gftﬁt%e
"nmol ecul ar %%( dhteyrgggggtl\feeé‘ %ﬁ:ﬁ' Eggg%é%{}r}gﬁ %F g%g}?é%q‘ g%sr fﬁﬁ?‘%gepeq‘%é%tqi ve

en_ 1Is, {
inert dil ue‘?ﬁ%l‘%e?slgg with QLeeular noxvEn -DERR. 30Qu WWEFOSREDRS &fie A1FP t he
non- corpneferred adsinent didyent .grpesafpsntiie aspectiverkeirragest the 30
I nert di | uendougiyesatiaskyized lvasrphase pHrtlElAoRidBGi B Beeasse, interi ally

correspongisatia,t bathet €Ney\ddsp28y6d particutareddild 8¢ ifertndds Orditd7
885. DE:rfisy? af@9n8é lcérﬂ:ﬂl%ttgiét Palr PIHeES srd %or R R4 §E Oflenao %%.E’éh%

catal yzed das--phase partyial, oxi gation _of .an_organi c conmpou
owng to t%elat}g'é' g? gh%p%e Fee 6RFERt iR r?d(‘fgf’al yst, nakes It possible to

use, in place of steamas inert diluent gas, an essentially
non- conbustirslispgasibi«tinme the DOrP@Esof] theipragess afidthe inveotinhits is
separ at e1b fulmmseperat bohicif ghe bardel @rodutbef ddn diecpogaued Wlsy miatatygzed
partial oxidaiiag eREl ¢:6idaRSbhCHbEESE. Int Patdarf1RFdadas, Mrd WeBidual
gas mixture which remains can be fed directly to its further use
{eg. to the thermal power station). Frequently, particularly when
the process of the invention is carried out at low conversions

20 for selectivity reasons, unreacted starting material and/or
intermediate will, however, be likewise separated off beforehand
and generally recirculated to the oxidation reactor. If neces-
sary, non-combustible inert diluent gas constituents (even those
which are only formed as byproducts in the course of the reac-

25 tion) such as N3, CO; or H;0 can likewise be separated off prior
to the further use of the gas (eg. passing on to the thermal
power station) and, for example, be discharged into the atmo-
sphere, so that a gas mixture consisting essentially exclusively
of the combustible constituents is fed to the further use (eg. to

30 the thermal power station). Other byproducts can, if necessary be
likewise separated off prior to the further use (eg. passing on
to the thermal power station), for example less favorable combus-
tible inert gases such as CO which can likewise be present as
reaction byproducts in the product gas mixture. The above applies

35 similarly to the production of synthesis gas (term for a gas
mixture consisting mainly of CO and Hy; which is used as starting
material for synthetic processes and can be matched in terms of
the ratio of the individual components to the respective applica-
tions; starting materials are, in particular, hydrocarbons which

40 are reacted with steam and air or with CQO; at relatively high
temperatures (cf., for example, EP-A-533231)).

The separation processes to be used for this purpose, such as
fractional condensation or absorption and extraction processes,
45 are known to those skilled in the art and require no further

RO
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Wth regard to avoiding an explosion risk in a heterogeneously catal yzed

gas- phase partial oxidation of an organi c conpound with 45 nol ecul ar
oxygen, EP-B-253 409 (cf., in particulfﬁ; p. 5, first three lines) and
EP- A- 257 565 di scl Qse the use of inert™ dil uent ses, Whi ch have a

rel ativel y FRIFORSAOR- EAR WOFksUP: §uejRanaratign of the desired target
7 t hese RRROWEENLS, 1Hkswige Fagrind iy gt PpNReY INOYNSHEE ¥_- nitro-
gen, CJerr], Herr]0 and conbusti bl e gases such as net hane, ethane and
propane ar ead asurFenNgedtivs nvivcanaeoxyddin e¥aipted £ okdgand, for thienes 47
o0t o el 8008 oches bR isintlob 318y 5Pt
ot her sat ur%‘f%@d?gtg?h%%e d s’leegl,n%\ﬁd) xy?%gna?g%fs%oiﬁl %‘%oé?gkg ]tA(;mbe 2om
addi ti onal 13550%38EAPR WhtY e nRBaFOmRRStiblpatngRE 93 Naci T8 D ePRE FRRFt
di | uent gasthe cxygshdeeauizador the tppacess Pfsthetinyentipnsis inrefier-
exanpl es, tamiy nakendftrorerdn g@asedDiallyt parteexlyges souxrtece conpri ses nore
than 55%@y volume of Nerr]. Furthernore, EP-B-253 409 and EP- A-257 565
recomend Al [988ka or dH01nFbnt £8P BREL B Yar ) Ru REET e HdH Rl OBSES
presen Inpreeparati'on by gas-phase catalytic oxidation of acrolein, acrylic
acid or a mixture thereof from propylene in a tube-bundle fixed-
bed reactor charged with multimetal oxide catalysts. This is
15 especially true since methane (which is particularly inert in
respect of this reaction) as inert diluent gas of the feed gas
mixture for the above reaction is at the same time particularly
suitable for avoiding local overheating (hot spots) along the
reaction tubes. As those skilled in the art generally know, the
20 gas~phase catalytic oxidation of propylene to acrylic acid with
molecular oxygen proceeds in principle in two successive steps
along the reaction coordinate, of which the first leads to
acrolein and the second leads from acrolein to acrylic acid.
Accordingly, suitability of the process of the invention for the
25 preparation by gas-phase catalytic oxidation of acrylic acid from
propylene automatically includes suitability for the preparation
by gas-phase catalytic oxidation of acrolein from propylene, .
since the acrylic acid preparation can at any time be interrupted
at the acrolein stage. Furthermore, the reaction proceeding in
30 two temporally successive steps makes it possible to carry out
the preparation by gas-phase catalytic oxidation of acrylic acid
from propylene in two successive oxidation stages, where, in each
of the two oxidation stages, the oxidic catalyst to be used in
each of the two oxidation stages can be optimized for the respec-
35 tive stage. Thus, for the first oxidation stage (propyvlene —
acrolein) preference is generally given to a catalyst based on
multimetal oxides containing the element combination Mo-Bi-~Fe,
while for the second oxidation stage (acrolein — acrylic acid)
preference is normally given to catalysts based on multimetal
40 oxides containing the element combination Mo-V. Appropriate
multimetal oxide catalysts for the two oxidation stages have been
described many times and are well known to those skilled in the
art. For example, page 5 of EP-A-253 409 refers to appropriate US
patents. Useful catalysts are also disclosed by DE-A-44 31 957
45 and DE-A 4431949, particularly in the form of the multimetal
oxide compositions of the general formula I. In general, the
product mixture of the first oxidation stage is transferred with-

‘This Sheet Has Been Replaced

(M




BASF Aktiengesellschaft 951076 0.Z. 0050/45711
product m xture to the feed gas m xture. EP-A-361 372 contains
essentially the sane teachings as EP-B-253 409 and EP- A-257 565. 15 The
British Patent No. 1 450 986 reconmend particul arly because of its

rel atively high, nol ar |c heat E use of car di,oxi de S inert
di | uent gas®F5r 1A% g?:?hg g§%|%econd Eﬁbﬁat%‘ stage- aT383 224 -

relates to &ipPiREsL ipgat hef &Q?géﬁ@oﬁ%ﬂﬁtéé’é"as"-ageﬁ v Fhexefprase
partial oxi gabeobundlenregcgoni ¢itthimpebadh the catefiveh ¢hmraeschehgesgas
m Xt ure conkpphopiLrlyoalohgxthe, indieadhal cntasdt tilbés dvithd coRpLdOiGn

having fr@gmpt tRe FiGatheRaatPER diep2® recomended to ensure that the
process is carried out safely (p. 3, lines 9 and 20 of EP-A-293 224).

EP- A- 293 224 consi ders t he, presence of carbo ides in relatively high
concent r at | BA¥eVery Fhe; twp; gxidation, gtages can gF?‘Hﬁ" g‘Ff"rrﬁﬂeer °HEa’fnc%fbaC| ty

of the  inAsidatien fmepctPs ¢pmprdsingntwa Oxigatigporeasiionoin: Rertes ecin ve-
30 ness of thésicawd, ¢he atkexrmeaced onneonitic lopskPed 298 224ctien A-293
224 consilgetempefaturRs’ cafdvardaigr eptifitzd®tifod simpBsiinner MBRNEKe t 0 be

the fact thﬁgsﬁg@cﬂgebsuaa&aw&arg% t@%@%ﬁ%ae% en a&a& a:.n qrgfge

art fromt ture o | a|o
gxarrpl es, chrhcfﬁxl gl%nx?%j?’%e 3§egefﬁ a\;ﬁ?ﬁgqgg ﬁf afgxdm H’tﬁ udes
st eam and CE?%W?% a%i tPBFaFe%EﬁﬂfhtHBVever%uthPeEEFeﬁﬁ@%ﬂﬁ?uﬁéyuﬁﬁﬁa¥%ﬁﬁﬂj on
the inert goagstiphase partial gxiflatipniat prapvdene to prandde agididan in
het er ogeasopsiycigiteabysodbe cayad-edhase jrard isihgdai sicdgenn Iaf thispydsae to
acrylic acigetWh®iRtion steps occur in one oxidation reactor which is
charged with a catalyst and catalyzes both reaction steps. Of
course it is also possible for the catalyst charge to change
continuously or abruptly along the reaction coordinate within one
20 oxidation stage. For the heterogeneously catalyzed gas-phase
oxidation of propylene to acrolein, the propylene/molecular
oxygen feed in the feed gas mixture preferably has a volume ratio
of 1 (propylene) : from 1 to 3 (molecular oxygen), preferably
1 (propylene) : from 1.5 to 2 (molecular oxygen). The above
25 propylene/molecular oxygen feed is advantageously also selected
for the two-stage gas-phase oxidation of propylene to acrylic
acid (eg. in an oxidation reactor comprising two oxidation
reactors in series). In general, the product gas mixture leaving
the first stage (the first oxidation reactor) is transferred
30 without intermediate treatment to the second oxidation reactor.
Advantageously, additional molecular oxygen as oxidant is fed to
the second oxidation stage (the second oxidation reactor). The
amount of molecular oxygen additionally fed in is preferably
selected in such a way that the feed gas mixture of the second
35 oxidation stage (the second oxidation reactor) also includes an
amount of O; which is at least stoichiometric to about twice stoi-
chiometric. For the first oxidation stage, the oxygen is here
preferably likewise taken from an essentially pure oxygen source.
If necessary, water vapor and CO, formed as byproducts in the
40 first oxidation stage can be separated from the product gas
mixture leaving the first oxidation stage (the first oxidation
reactor) before it is transferred to the second oxidation stage
(into the second oxidation reactor).

45 The difference between the process of the invention and the
processes of the prior art is particularly that the process of

the invention makes possible, in an economical way, an increased
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40 the propylene is produced by heterogeneously catal yzed dehydro-

genation of propane. EP-A-117 146 presents it as a particul ar advant age
that the product gas m xture of the pr | ene dehydro- genation can be
transferred without internedi ate treat t to OXIdatIOH st age and
the inert ccﬁmﬂqrﬁéﬂfls°€a‘?f’"§ﬂ’(§§éaaﬁn?‘i’%fs%"‘&gt?e%?r"cl?.ﬁ APegtt 1 1RP H#38ane
dehydr ogenatdforthet fged Ersrimigtuye eficcontingeysgaetenogeneeushy fatalyargl es
i ncl udes an gazeiphadel pantigaoxidatdoms ic oyganie ¢dmpouhido byt ahalreeudbr
steam EP- AG3h4e®(2This increasedCBhs ﬂfsm?a ar%émuﬁlmas&oﬁ@hwémr KAY

acrylonitrgl e € ofNEn P 931
relgtes to#efh g?%?g Efﬁggj#; d@ g?o en ousl gas &Q& K is' h§%é¥ artlal
t

se
oxi dati on of*HtHeTY* gﬁ E? bﬁﬁ&ﬁ@etﬁﬁﬂ?%AﬁgPF %hﬁ%? s used
i s butane. T?R?‘PhaESCRiﬁQﬁﬂﬁjOFéﬂaF %§|Q¥ PRE2RLEF tFAPORR §U|?%Hﬁﬁq“9?r6¥
but ane/ tcad &aving girickeaisetiupropartions bysvolune @fsepactantsn iof thee
3, 4- epoxy- 1-fuddegasi pootuite mbaclapreripormsethé b g Eorphncreddeaapaber
oxi dati Oy time yields. Thus, when using methane and/or propane as inert
diluent gas of the feed gas mixture for the preparation of acro-
lein and/or acrylic acid, it is possible to handle with increased
safety feed gas mixtures whose propylene feed is from > 30% by
volume to 40 or 45% by volume, based on the feed gas mixture.
15 Favorable feed gas mixtures also include those which comprise:
from 15 to 30% by volume of propylene
from 20 to 40% by volume of oxygen and
from 30 to 65% by volume of methane and/or propane.
Similar applies to the preparation of methacrolein and meth-
20 acrylic acid. The process method of the invention is also
particularly suitable for the preparation by gas-phase catalytic
oxidation of phthalic anhydride, in particular from o-~xylene.

Examples (influence of the combustibility of the inert diluent
25 gas constituents on the oxygen limit concentration)

Determination of the oxygen limit concentration of feed gas mix-
tures at an initial temperature of 250°C and an initial pressure
of 1 bar and comprising propylene (organic compound to be

30 partially oxidized), molecular oxygen (oxidant) and an inert

' diluent gas which is inert in respect of a heterogeneocusly
catalyzed gas-phase partial oxidation of the propylene to acrylic
acid.

35 General experimental procedure:

The experiments were carried out in a closed, spherical 5 1 high-
pressure vessel of stainless steel. The formation of the gas mix-
ture in the initially evacuated high-pressure vessel was carried

40 out by the pa;tial pressure method. After mixing for 10 minutes
by means of a magnetic stirrer, an attempt was made to ignite the
gas mixture by means of a melting platinum wire. Any independent
spreading of a reaction front (explosion) triggered thereby was
detected by the rise with time of the internal pressure of the

45 vessel (measured using a piezoelectric transducer) and by the
increase in temperature in the vessel.
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DE B-1 254 137 relates to a process for the heterogeneously catal yzed
gas- phase partial oxidation of et hyl ene to et hyl ene oxi de. The inert’
dirluent gas used is nethane. A dig dvant age of the teachings of the

prior art is th uent S | ud n

cont ai ni ng %3 Eg"t"l gt%ée pe&&g‘??l‘[‘%@rﬁ gleBF ﬁ‘ﬁe&g Pj% dﬁ §P§ g‘?tiuch

const i t uent $rogyt Ihsan Bardns Thegmhemical t Paa ﬂfePHSZ g%‘ﬁpﬁq%qes' Part I

concent r at i @ndoPaxt 2IX f SEH gaslmsqaaeélsométn|Wegnhenmcw@qonﬁ<¢glenionnert
di | uent gas 1993andw s E@ea10588 Hehaibet BOLEy tasumefafdt atley gavsi di zed i s

deter - griiedyLess. by the nolar heat capacity (Jerr] than by the
conbusti - bility of the inert diluent gas. The latter facts are the

resul t |nten ve research work and, ,w t hout mto be|n 25

~correct, caﬁ' pr g%‘ﬁ?rﬁﬁ?‘\}e t}lfeal“&r PEERane @5 LRert a‘é‘fmb["'ﬁéfgg n%fﬂs"l °
expl osi ons are génef—h?I%ﬂefrrteéliaﬁlil’éagascﬁ&Fﬁi$@%t4%§elmp®%r@ﬁbH5tlbﬂ9 a

parti al ~oxi dat i conetitwerntrpamhe spepidfindmpharnrheatyiCproofremthaneofis

conbusti Bloy i neay.dikumlt-kxafdepEHd spesisid@kmdieschd! eridoxygefir BaREE

oxygen limt COGPﬁEéﬁ@}A% h‘é%ék'zﬁﬁaé&’%uﬁﬁ% ¥ vdi®k, 30 diluent gas

constituents, un e non-conbusti bl e 1 nert uent gas constituents,
have a parti cuI ar ability of stopping free-rad- i cal chain _reactions
(presumably as ARi@sTRADHLhGRm 1AF dHRturesQf RAAYIENeTHIQLSRHAE Ppalnd he
hi gher the propdethame @s doepbbsgas, whilkheisoastdZ0i€nendih hare andecalli | uent
gas of ths feedigastiox-(eXplbgien) tdam,pegasdiadsy ofahha smécifdge cempss /-
catal yzed gas- pRasg of i higktuP) G 16AgeE s’}jl:é?ﬂ}@.ﬁ& &R wiehNehe
gD' scul ar Ofxygearesom&ﬁw 6810 ’oteY)enirWéﬂE 1okl | ¥&L miUedFeP QPO 3NS
y voltume o by volume, ie. in a mixture of 31% by volume of 0z, 20% by
volume of propvlene and 49% by volume of methane at 1 bar and
20 250°C, a local ignition can no longer spread independently.

b) Use of a 3.2 (propane) : 96.8 (COz) mixture (ratio of the
proportions by volume) of propane and carbon dioxide as inert
diluent gas, le. the inert diluent gas consisted virtually

25 entirely of non-combustible diluent gas. The composition of
the inert gas mixture was selected in such a way that it
likewise has a Cp of 47.5 J/mol-K under the specified condi-
tions. The oxygen limit concentration determined is only 15%
by volume.

30 This means that in a mixture of 31% by volume of 0, 20% by
volume of propylene and 49% by volume of the inert diluent
gas under conditions corresponding to a), a local ignition
spreads independently.

35 ¢) Use of a 48.3 (propane) : 51.7 (methane) mixture (ratio of
the proportions by volume) of propane and methane as inert
diluent gas, ie. the inert diluent gas consisted entirely of
combustible constituents. The specific molar heat Cp of this
mixture is 80.8 J/mol-K under the specified conditions. The

40 oxygen limit concentration determined is 37% by volume.

d) Use of a 50 (propane) : 50 (CO;) mixture (ratio of the
proportions by volume) of propane and carbon dioxide as inert
diluent gas, ie. the inert diluent gas also contained non-

45 combustible constituents. The composition of the inert gas
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the reactants. 40 A further disadvantage of the processes of the prior art

is that t hose whose inert diluent gas includes conbustible constituents
reconmend recirculation of the inert di I+|ent gases present in the
product gas m xture to the reactor teea'. This is-a disadyant age i ngof ar
as, during the H@F&Fﬁﬁe‘ﬁ%lﬁq%ﬁ%ﬁf‘a?-?z%’tfbgésWﬁﬁa%*éaqlétpéllg?‘ﬁ?‘ S k-l %ﬁ,

non- conbust i bl e ofa88s8sdimplaX whder |wheasectfted jcopddtiondt so produced as
byproducts or are introduced into the process together with the oxidant

ol ecul ar OXyge@h@98x¥&&Vﬂl@ﬂtaicbnééntration determined is only 34% by _
9 used Qs soyrgqganal {de %ng%gt %-siJnitfg%}Snéis‘? HgHa @g'&ﬂﬂé‘%@ the this

results, ih contl nuoug f&)er gql 08 raduct] O&flt?re} thg1 om o Aus
proportions of CRETFNEHTUHHT F&Rt B OTRAIESE Th '+ &88 xyEas tyre. |f
they are not reCPRERPEFRELOR HiSs OpdY A MIOPRTELRR b¥ alupg: com waih

husti bl e

process of the m@dn-conbustible inert di l uent gases present in the
product "gas m xture fromthe conbus- tible inert diluent gases present
therein qrg for exanple, the use of a pure (Qerr] source. In addition,

recircul ati on of inert
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dLIuent gases Is fundanental ly not inexpensive both on the 10 investnent

side and on the side of running operating costs On t he of her hand, .
conbusti bl e diluent gas constituents, unlik conbusThisAbeet HacBeen Replaced
di luent gas constituents such as CJerr], H[err]O or N2,

useful materials whose once-only use i'n a sinple passage

oxi dati on rWeactkhaimsssential |y excludes 15 econonical operation of a. -

het er ogeneousl y catal yzed gas-phase partial oxidation of an organic
conpound. 3, I} &ééb@@o@%hefcéﬁ\ﬂn%egeﬂétéfbg@hbbaawocm@dz@a 88s-
mproved pfoggsse S8 690AA0HONENSh SEARRIIRO LBlnitofidd oy 280 osizgaphase

20 partial’ oxidatglon an org an OXI%atI N 123%¢t Pleom

whose feed gas Fi® ‘Plﬁ"‘é"% gse %ﬁ%’rgafrﬂﬁ‘EW§ 5P0% l?% ournd to be
partial |y oxidi 2be e¥gpns cemparndirbe RArbiaisnhoxidized ZELEABLIAT | uent
gas which is eserpgéemlds/ oxidanturaterleass onadiiluentt gaaswhyich |i¢ essen-

het er ogéneousl yrtal oy yiard tgasdghasie pohtialomxiciathaShetargenzeuslyheat-
essenti aljlgy inepiygid Ut paagec mﬁlsoﬁadAef&s wheEérEhé’ &fscaerusyi bl e

gases, mhlch proce not _ha
of the prior ar &2 eﬁ’avga?o%ggl E ﬁg@g% V%gsprocesses
process for t heWBer & ﬂ#&&ﬁspﬂﬁ%ﬁ‘b 889 I ecé:{x& Xde %?irt i al

oxi dati on of cembwusjdriiec coBApbtMRNtSH O&nth]| ’d%&’fitoﬁlil'é%'ﬁ (gas wrssent bRy gas
m xture conpri seke mmiuctf yas steeaw Jeaving oripo wixd dabibe yadtiox] are noéy

oxi di zed 18nd nMDLgEitAI1LREAIEE e hdtdRBYendbud BATatalPzed |gi+phasegpar whi ch
is essentially hi}ﬂ Lol ohiep ”&‘et pARs Bffﬁﬁﬁxe'}ehsé fo 1MCDEPHELYs

catal yzed gas- pg rt| c&zemfc z'-e%rc]:‘tl}gﬂe

2. A process as claimed in claim 1, wherein the combustible
20 constituents of the inert diluent gas present in the product
gas stream leaving the oxidation reactor are passed on to a
thermal power station and are there burned for energy
recovery.

25 3. A process as claimed in claim 1, wherein the combustible
constituents of the inert diluent gas present in the product
gas stream leaving the oxidation reactor are hydrocarbons
which are further used for the production of synthesis gas.

30 4. A process as claimed in claim 1, wherein the combustible
constituents of the inert diluent gas present in the product
gas stream leaving the oxidation reactor are hydrocarbons
which are further used for the production of acetylene.

35 5. A process as claimed in claim 1, wherein the feed gas mixture .
for the oxidation reactor comprises propylene, molecular oxy-
gen and a diluent gas comprising more than 85% by volume of
at least one of the saturated hydrocarbons methane, ethane,
propane and butane.
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essentially l?zﬁselitmétl:fﬁ%ﬁtesgéésggﬁgzst S, p%?’f?'iﬁ of conb%‘s i bqoesol 4%2%%5,
wherein, after passage through the oxidation reactor, the conbusti bl e
constituents of the inert diluent gas present in the product gas stream
| eaving the oxidation reactor are not 40 recirculated to the

het er ogeneously cat al yzed gas-phase parti al oxi dation, but are put to
furt her use domtinbeupuhgosryenkoanndy atalyzelegas-ghaseaparobal oxidatdonpl e

exanpl e of fay tshebrygsei®fcdripouaanbusti bl e constituents 45 of the inert
diluent gas is there being passed to a thernal power station where they

can be bur "7@,“” nergy recovery in a nmanner known per se. If the
combust i bI% (ﬁ%talc uents of the inert
10 di l uent gas are hydrocarbons, these can al so be further used in a
manner knowimeé precess fnmdhei agntinwousshetgeogeneoysdyytatrlyzed gis:- for
exanpl e, DEphaké?pBitbjal AndidaeionosSidn eraniteronmpmnd iseamanddation
provi ded by :Fé&%g:%ﬁ a}:ﬂéé& @23 PR3 SR UrdatbbePr Ddes,d apaBYE LS tiHe 69{:;81:5?&: n
and/ or ac{yldfaGhd L@ @&?a&%@?fi%%ﬂdizedpéﬂ&me% aFELRPNG, 3% i nert
diluent gas orzrc‘i %HE?'at esas U%He élluent: gas which is essentially inert
under the conditions of the heterogeneously catalyzed gas-phase
partial oxidation, where the essentially inert diluent gas
consists partly of combustible gases, after passage through the
15 oxidation reactor, the combustible constituents of the inert dil-
uent gas present in the product gas stream leaving the oxidation
reactor are not recirculated to the heterogeneously catalyzed
gas-phase partial oxidation, but are put to further use for the
purposes of another chemical reaction.

20
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v o . . ;: . . teéss,
t he .gas- phase oxidation of the propyl ene, the propane/ net hane m xtqua_g -

Wi ch is inert in respect of this first reaction can be fed to a further
catal yti c gas-phase oxidation stage in which the 10 propane is partially
oxi di zed in the presence of the methane,as inert diluent gas to give
acrolein and/or acrylic acid. The —Tetttame can then be fed, for exanple
in a thernmal power station, to energy-Penerating conmbustion (the

sel ectively Gertinpous Referagenconsdyssakalyzad gasnPhase Pagitdadepsidation
“known; cf., éframxangsindc &Smpdund 608838, EP-A 609112 and EP- A 257565 or
EP- B 2534009). The advantage of the process of the invention is, inter

2{);}2;{ i tueﬁ?f@gg O%kéiél&xtf 3k ehOfdn e a88IES iq{”ho:[b‘é‘igﬁk'é{:éég o It§i€nt gas

G lution of FREC PR Becbtbitncdland pHLs %33‘#5&%‘&%?%? grzeiad oklarian o,
of an organi fc ic compgung jn aR ARidation FRarter, yhose fEPd RRr
station, or Bbxtyrgticomprises, |apputntapmathe RrgendguePmRPunpttReB®s gas.
Based on. t hepaohiality oxidizeduand osllecolarf ustygennaa oxidant, ptwkeast one
station, ab efibuk eew hNshabs dstiehitigl by pertdanter tHe dondddtons of i on
of synthesi s;gasheddi®qédBoRELP! ¢t veBal §fsigheRal baPe 21 Hx168RBYA] I hdre
inert dil uenEhggésé:&'{Bgtlggeﬁéré Sl C %é W8k ar 1eHWE ?‘35:?9 &
operation accordi ng..t.o invention I's therefore particular

advant ageousc?‘ﬁ?“ﬁtﬁ’tﬁl@ A8Ff&Pogeneousl y catal yzed . gas-phase parti al

oxi dations whose essentially inert diluent gas
15 For the purposes of the present invention, a complete oxidation

of an organic compound means that the organic compound is reacted
under the action of molecular oxygen in such a way that all the
carbon present in the organic compound is converted into oxides
of carbon-and all the hydrogen present in the organic compound is

20 converted into oxides of hydrogen. All other reactions of an
organic compound under the action of molecular oxygen are here
referred to in summary as partial oxidations of an organic
compound.

25 In particular, partial oxidations here mean those reactions of
organic compounds under the action of molecular oxygen in which
the organic compound to be partially oxidized contains, when the
reaction is complete, at least one more oxygen atom in chemically
bonded form than before the partial oxidation is carried out.

30
For the purposes of the present invention, a diluent gas which is
essentially inert under the conditions of the heterogeneously
catalyzed gas-phase partial oxidation is a diluent gas whose con-
stituents remain unchanged to an extent of, considering each con-

35 stituent individually, more than 95 mol %, preferably more than
98 mol %, under the conditions of the heterogeneously catalyzed
gas-phase partial oxidation. '

For the purposes of the present invention, combustible gases are
40 compounds whose mixtures with air at an initial pressure of 1 bar
and an initial temperature of from 50 to 100°C have an upper and a
lower explosive limit (ignition limit), with the determination of
the explosive limits being based on a measurement in the standard
apparatus as described by W. Berthold et al in Chem.-Ing. Tech.
45 (1984) 56 No. 2, pp. 126-127. REPLA@EE@ENT‘SHEETx SG
. A to paged J7.
paged ..

vaged ...

fign : paged .
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of the feed gas mixture in continuous operation conprises nore 35 than 85%
bys vol une, preferably at | east 90% by vol une, better at | east 95% by

vol une, even better at |east 97% by vol une, advanta- geously at | east
98% by vol une, preferably at |east 99 % by vol'une and best 100% by

volume, of exglusively.conbustibl.e inert di l,uent ,gas cqQnstituents.
Preferably, tﬁépfﬂi%Yé/&ilf?& At sherﬁ%ﬁ{’ﬁof?ﬂcguﬁﬁ ﬁﬁ‘gf‘f‘ eveag'u&{?slﬁi xture for
the purposes BFCPFRAMGOYIER BIN 51649 i nvention incl udes no steam
Furthernore, the process of the invention is of particul ar advant age for
t hose het er ogeneausiztuxet af yaiy ek apbemisugbililieabady the deflioctsyodt avhich
or gani ¢ congodssloudesch (2681 886n Mekplb8isANSirHitIated Y Ya AocHR! €641 Bion
oxygen, the oLgaRis GPRIBHLAS dGHIRLh @lie) spra¥hdl GifbAdehbEibae! |

, é 0 he Lee

di | t : . P
1 gas m xt SEBETRE [FRALEAORT ol ASPRRASHE o b, CPTRITILe,ARB PR 4
further reactahtis greafRet Rp R RATSLCPART | GRAKAILLNBAER FRANRRSEBFPE, anong

t he decreasing the combustible gas content reduces the combustion

10 velocity, until finally the combustion reaction just no longer
spreads from the ignition source at a lower and an upper limit
value for the combustible gas content. These two limit values are
the lower explosive limit and the upper explosive limit; the
range of combustible gas content lying between them is the explo-

15 sive region (ignition region). Gases whose corresponding mixtures
with air are not capable of a combustion reaction spreading from
an ignition source at any mixing ratio are non-combustible inert
diluent gases. :

20 Examples of combustible gas are H;, NH3, methane, ethane, propane,
butane (n- and/or iso-), pentane (n-, iso- and/or neo-), propyne,
CO, acetylene, ethylene, diethyl ether, hydrogen cyanide and
hydrogen sulfide. Further examples are given in the table on page
1285 of ROmpp Chemie Lexikon, Cm-G, Thieme Verlag, Stuttgart, 8th

25 edition (1990). Examples of non-~combustible gases are CO3, Hz0, N
and all noble gases.

The degree to which a combustible gas displays inert behavior in
respect of a particular heterogeneously catalyzed gas-phase

30 partial oxidation and thus is suitable as combustible constituent
of the essentially inert diluent gas to be used can be determined
by those skilled in the art by means of a few preliminary experi-
ments.

35 It is generally known that numerous basic chemicals can be
produced by partial oxidation of various organic compounds with
molecular oxygen. Examples which may be mentioned are the reac-
tion of propylene to give acrolein and/or acrylic acid (c¢f., for
example, DE-A-2 351 151), the reaction of tert-butanol, iso-

40 butene, iso-butane, iso-butyraldehyde or the methyl ether of
tert-butanol to give methacrolein and/or methacrylic acid (cf.,
for example, DE-A-2 526 238, EP-B-92 097, EP-B-58 927,

DE-A-4 132 263, DE-A-4 132 684 and DE-A-4 022 212), the reaction
of acrolein to give acrylic acid, the reaction of methacrolein to

45 give methacrylic acid (cf., for example, DE-A-2 526 238), the
reaction of o-xylene or naphthalene to give phthalic anhydride
(cf., for example, EP-A 522871) and also .the reaction of buta-
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5 conbusti bl e dil uent gas constituents, the nmultiatom (> 2 atons)

constituents, in particular those nade up of a plurality of carbon and
hydrogen atons, since these are capable of formng a plurality of
free-radi cal fragments capabl e of reconbgnat i on Furthernore, it is

favorable if élge,,l bq__l I gggeggalrét of g&i&(er(t e” il u%%gq%s Bﬁrﬁté t1‘6%”‘7§6' S

significantl wW_T erjc pressure
(1gbar) Part ag%/%réggéeoﬁg reg ?ﬁé‘ode”E% : p

constituents %?Faé‘l’cll?er apbreagrineage (cf., efccrfaﬁeamplepdwe-A Bupaﬁeq - &h&/ or

i so-) and m xteaaysonhef eethyleneProf givdlethyllesei oeide dicfuenfoyaaxapiplehe
feed gas mEtpE-@-1n26Be1dh, PEOACSS1SY 348 EPRRSTDIDTQNAD-8507TID,. t han 85%
by vol ure, Dﬂere-flle@@.‘Ql UO@tarlde%%§ o2 0% Bl ARy a&erscﬁsnleeér&le%%bﬁ

vol une, eve t 7 v %
by vol une, pre Z%?ﬂ egﬁ%tzg {%¥¥\%Q%?§gagg ggt mp§ Eﬂeakteac‘?:ﬁ%}; 8§
at |east one R @n bb9 eFETR VIR GORLE IR, hy §- bons

particul ar acﬁﬁa‘r& ‘89812593 he (de seaptiomE REePViens @nd/orpﬁ‘ﬁ@]ésini &er t

di | uent gat0 cpint iscuyhositiideeVer . , | for exsinpieurBR-A-2 353015bksithlec reactse
aronmati ¢ hydriar bénssesbwsraliahdpbe metdidcroleth | teRiivganeshaciionatribe,

foll ow ng hetgfogpiaaEsty dalv@rvéefa gfsn W%Frd?éééifb’ﬂns (c@Xi dedy QRamplhBe

foll ow ng sat %t‘i%sﬂgi? ‘% ns are particularly suitable for the
pur poses of t e process of e invention as main . inert diluent gas
constituent: Organi ¢ conpound Tar get. conpound Preferred

It 1s also generally known from the above documents that partial

oxidations of organic compounds using molecular oxygen as oxidant

can be carried out particularly selectively in the gas phase over

catalysts present in the solid aggregate state. The catalysts are

particularly frequently oxide compositions or noble metals (eq.

20 Ag). The catalytically active oxide composition can contain,
apart from oxygen, only one other element or more than one other
element (multielement oxide compositions). Particularly
frequently, the catalytically active oxide compositions used are
those comprising more than one metallic, in particular transition

25 metal, element. These are referred to as multimetal oxide com-
positions. Multielement oxide compositions are usually not simple
physical mixtures of oxides of the elemental constituents, but
heterogeneous mixtures of complex polycompounds of these ele-
ments.

30
These heterogeneously catalyzed gas-phase partial oxidations are
usually carried out at elevated temperature (in general a few
hundred °C, customarily from 100 to 600°C). Since most hetero-
. geneously catalyzed gas-—phase partiél oxidations are strongly

35 exothermic, they are frequently advantageously carried out in a
£luidized bed or in multitube fixed-bed reactors with a heat
exchange medium being passed through the space surrounding the
contact tubes. The working pressure (absolute pressure) in the
heterogeneously catalyzed gas-phase partial oxidations can be

40 below 1 atm, at 1 atm or above 1 atm. In general, it is from 1 to

10 atm. The target reaction occurs during the residence time of

the reaction mixture in the catalyst charge through which it is

passed.

di | uent gakd

45 Owing to the generally pronounced exothermic character of most
heterogeneously catalyzed gas-phase partial oxidations of organic
compounds with molecular oxygen, the reactants are usually
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to be partially constituent . oxidized

Propyl ene Acrol ein Propane 35 Propyl ene
Acrol ein Met hane Propyl ene Acrylic acid
Pr opane Propyl ene ' A@rylic gcid Met hane Acrol ein

Acrylic aci dtd%lr;ted wPR L qas veﬁ% s 388&1}'—5@3111’ ineE%%‘lé gelagd%efﬁgﬁé-

Met hane 40 E ene g/
But adi ene tibns of theFesxPRase catalytiq Rertial eEiAaktons. | so- But ene

Met hacr ol ei n i so- But ane or Met hane i So- But ene
Met hacr vyl | c a)nl the cp'smeJBmiaaﬂe fHor Mich puepdsed/Bifhac hekerogeneously
Met hacryli & %ﬁtdlyzé@Ogéﬁﬂp&aeeQpaﬁ&ﬂdlaﬁﬁldatlon of an organic compound with

\]/-(2)| un’epr S‘; g;a‘rg g)f LRE AT Y@g PFirﬁ%.rrEFEhfﬂ' §55()§‘bhyspace—
vol e, bven i t% f% ghin 8‘7(%;1%&&” iatdke SR 480 TR o LnEsEeshay,
by vol une, pFEf@FﬁﬁP? %ﬂeIRESE?r RY YLy %ﬁu$QEegFa°§m%§bﬁPb Dol une, of

the inert di sgertipganbitunecwhiel imfedi koukke oxidation reactor as high as
10 possible.

Of particular importance here is the proportion by volume of the
molecular oxygen used as oxidant in the feed gas, as explained
below.

15
Thus, on the one hand with regard to the stoichiometry of the
partial oxidation to the desired target compound, it is generally
necessary to use the molecular oxygen employed as oxidant in at
least stoichiometric or in superstoichiometric amounts (eg. to

20 reoxidize the oxidic composition used as catalyst and to reduce
carbon deposits).

On the other hand, the proportion by volume of the molecular
oxygen used as oxidant in the feed gas mixture must, for safety
25 reasons, be below the oxygen limit concentration. :

The oxygen limit concentration is that percentage by volume of
molecular oxygen in the feed gas mixture below which, regardless
of the proportion by volume of the other constituents of the feed
30 gas mixture, namely particularly the organic compound to be
partially oxidized and the inert diluent gas, combustion of, for
example, the organic compound (explosive) initiated by a local
ignition source {(for example local overheating or spark formation
in the reactor) can no longer spread from the ignition source at
35 the given pressure and temperature of the feed gas mixture.

Accordingly, the oxygen limit concentration of the feed gas mix-
ture thus sets the maximum proportion by volume in the feed gas
mixture of the organic compound to be partially oxidized and thus

40 influences the achievable space-time yield of target product (cf.
EP-A-257 565, p. 5, lines 36/37).

Of course, the oxygen limit concentration of the feed gas mixture
is significantly influenced by the type of constituents of the

45 feed gas mixture, which is why particularly importance is
attached to the selection of the inert diluent gas (its
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of "the respective heterogeneously catal yzed gas-phase parti al oxi dati on
wi i h nol ecul ar oxygen. The above hydrocarbons are al so preferred as:

i nert diluent gases for the respective heteroge- neously catal yzed
gas-phase partial oxidation because, inger 10 alia, either they di splay a

0 e bl i i SR s
| ndi spensi bl% Fl?ﬂeo“r)@fb8§8§nb? ¢ QHPSCE&}’ JrelerR ek qeg‘n is 15 the

separation of the target product fromthe product gas m xture | eavi ng
t he oxi dati @her cdgssical methods afdr heterogenéruslasicdbalyzed gas-phasear e
whi ch rems parcdalbexidatidnr 66t &ty dxyyariie tompdiaid deferalle redommehé ther nal
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DE-A-1 962 431 likewise relates to a process for the hetero-
geneously catalyzed gas-phase partial oxidation of an organic

20 compound with molecular oxygen. As suitable inert diluent gases,
DE-A-1 962 431 names the non-combustible gases nitrogen, steam
and carbon dioxide and also the combustible saturated hydro-
carbons. DE-A-1 962 431 contains no example in which a saturated
hydrocarbon is used as an inert diluent gas constituent. The

25 question of further use of the inert diluent gas constituents
present in the product gas mixture is not addressed in
DE-A-1 962 431.

DE-A-2 251 364 recommends, as inert diluent gas in a process for

30 the heterogeneously catalyzed gas—-phase partial oxidation of an
organic compound, the non-combustible gas steam to which the non-
combustible gas nitrogen or combustible saturated hydrocarbons
such as methane, propane or butane can be added. DE-A-1 468 429
recommends, as inert diluent gases in a process for the hetero-

35 geneously catalyzed gas-phase partial oxidation of an organic
compound, carbon dioxide, nitrogen, saturated hydrocarbons or
steam, with steam being preferred.

Neither DE-A-2 251 364 nor DE-A-1 468 429 include an example in
40 which a saturated hydrocarbon would have been used as combustible
diluent gas constituent. The question of further utilization of
the inert diluent gas constituents present in the product gas
mixture is not addressed in the two abovementioned documents.

45 DE-A-3 006 894 likewise concerns the probiems; in a process for

the heterogeneously catalyzed gas-phase partial oxidation of an
organic compound with molecular oxygen, of, on the one hand,
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tible inert gases such as Co which can |ikew se be present as reaction
byproducts in the product gas m xture. The above applies 35 simlarly to
t he production of synthesis gas (termfor a gas m xture consi sting

mai nly of CO and H2 which is used as st rting mat eri al for synthetic
processes and can be matched in terns the ratio of t 1V|,dual

conponent s PreY RN ﬁefmga%p‘iﬁc&&°n am?‘l cﬂ’fk the, othen & HE2
particul ar , PEO@R@EkFidah ¥biRhchs £5 Adghr aaReasililen (Bt e%mléﬁﬁsaﬂ '6? 19 h
&P E%a?%ﬂ’iéa”mﬁg" ety gedioralla MPUp

- A- w catall ScRavity Ghdosabseqtently RO ellpl SnEregEEse,
such as s ¢ aC&a%wscgaelﬂggw AR BESAURIIBR 356 @dHA%! AEnLRERSCSSCS,
13 expla @. ot G, b4 s S0k 991 gé‘?'a'?ﬁf%# TP AG-QBmbiEk BB gses
product is P EEW%%’ é’:?#’?’ ddg‘g’f'a#]%aﬁ Rt ¥hown per se. As source of

t he nol ecul ar oxygen required as oxidant for the 5 purposes of the process
of the invefervan Mislegescbnift |3 798302 relates to a process for the
' 10 heterogeneously catalyzed paftiai oxidation of an organic com-
pound in which the inert diluent gas used is, after separation of
the target product, the reaction off-gas containing carbon oxides
and water wvapor produced in the reaction, ie. essentially non-
combustible gas. )
1s :
DE-A-2 056 614 likewise addresses the problems of preventing
explosion-like combustion processes in a heterogeneously cata-
lyzed gas-phase partial oxidation of an organic compound (egq.
p. 3, paragraph 2, last two lines). To avoid adverse effects of
20 the preferred diluent gas steam, DE-A-2 056 614 recommends
recirculating the reaction off-gases largely freed of condensable
gases, with partial or complete replacement of the water vapor,
to the oxidation reactor as inert diluent gases and at the same
time feeding in the feed gas mixture at low catalyst activity and
25 subsequently successively increasing the catalyst activity along
the reaction coordinate. Since the oxidant “molecular oxygen” is
fed in as a constituent of air, the effective inert diluent gases
in the method of DE-A-2 056 614 are essentially the non-
combustible gases nitrogen and carbon dioxide. In respect of the
30 inert diluent gases used, the method of DE-A-2 436 818 essen-
tially corresponds to that of DE-A-2 056 614. The same applies to
US-aA-4 147 885.

DE-A-2 729 841 relates to a process for the heterogeneously

35 catalyzed gas-phase partial oxidation of an organic compound

' which, owing to the use of a specific oxidation catalyst, makes
it possible to use, in place of steam as inert diluent gas, an
essentially non-combustible gas mixture of CO, CO;, nitrogen and
argon which is separated from the product gas mixture of the

40 heterogeneously catalyzed partial oxidation and is recirculated
to the feed gas mixture.

With regard to avoiding an explosion risk in a heterogeneously
catalyzed gas-phase partial oxidation of an organic compound with
‘45 molecular oxygen, EP-B-253 409 (cf., in particulér, p. 5, first
three lines) and EP-A-257 565 disclose the use of inert diluent
gases which have a relatively high molar heat capacity Cp. In
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suitability, since nolecular oxygen occurs in air only in associ ation

wi th the non-conbustible inert gas N2. This nmeans that t he oxygen
required for the process of the invention is prefer- ably taken from an
essentially pure oxygen source. process of the invention is

partlcul arly

t | e t h t t
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acrylic agodof thédeeddiyaglwixtitid ebmbiiyesimoree thancssss byf vbleme nyem,i.on
for the 25 pf-'@i?é‘ﬁé’énldi:% b¥poas2s1ADe Sﬁa%ym@s@xsdgtfé&bnmenacwafcmtd
from prol%k @‘ite%@ét %iﬁﬂwckﬂge Sl | lihHmEy ﬁ %Qisgﬁépﬂi gon

by gas- phase C % ti.c ox gcro e|n ronl sl nce S he
acrylic aci dPpPep é‘?‘?‘ H*8ahP dthes PREZIY)| ei n

stage. Furt hesserelaldye tPRaBITS +93CHERET 3 EPHBB@Q V\b°9c @1%0?8%5/2%11&5@35| ve
steps makd§ it possible to carry out t he preparation by gas-phase
catal yti c oxrHatBnitich Retyht NaCcild450 98O egroanphése partivalarly assiaide
oxi dati on St@ﬁeﬁts‘MET@%ivéﬂyeE!Hh molar specific heat, the use of carbon
dioxide as inert diluent gas for avoiding the danger of explo-
sion.
20
EP-A-293 224 relates to a process for the heterogeneously cata-
lyzed gas—-phase partial oxidation of an organic compound, in
which the use of a gas mixture containing carbon dioxide, steam
and saturated hydrocarbons having from 1 to 5 carbon atoms .is
25 recommended to ensure that the process is carried out safely
(p. 3, lines 9 and 20 of EP-A-293 224). EP-A-293 224 considers
the presence of carbon oxides in relatively high concentrations
{p. 3, line 57) and a relatively high molar heat capacity of the
inert gas mixture (p. 3, line 47) as important for the effective-
30 ness of the inert gas mixture recommended by EP-A-293 224. EP-

- A-293 224 considers a further advantage of the method it recom-
mends to be the fact that the inert gas mixture to be used can be
obtained in large part from the product gas mixture of the par-
tial oxidation. In all examples, the inert gas mixture used in

35 the feed gas mixture includes steam and CO; in a total amount of
at least 15% by volume, based on the inert gas mixture.

EP-A-117 146 concerns a process for the heterogeneously catalyzed
gas~phase partial oxidation of propylene to acrylic acid, where

40 the propylene is produced by heterogeneously catalyzed dehydro-
genation of propane. EP-A-117 146 presents it as a particular
advantage that the product gas mixture of the propylene dehydro-
genation can be transferred without intermediate treatment to the
oxidation stage and the inert constituents can subsequently be

45 recirculated to the propane dehydrogenation stage. Similarly, the
feed gas mixture in all examples includes an inert diluent gas
comprising more than 15% by wvolume of steam. EP-A-372 972
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of the two oxidation stages, the oxidic catalyst to be used in each of
the two oxidation stages can be optim zed for the respec- 35 tive stage.
Thus, for the first oxidation stage (propylene acrolein) preference is
generally given to a catalyst based on P nultinetal oxi des containing t he
el ement combj nation M- he, secaond.oxl

(acrolein - cgtilfzfng act 1af BF@?E?%%& P§eﬁ?5ﬁf'hq Iafré'll98ﬁgf’0iec’ate f-zge
based on nul%’ gpd RPN IsTe e54E%i ni ng the el enent conbi nation M- V.
Appropri ate mul ti metal oxide catalysts for the two oxidation stages have
been = desas-ked BRRY93I1 Melaaed &0 e \priocekaofor tthel hesersgerndomdlyn t he

art. For exapta2yzRadfad-pHasePplrebal 43 daeleh sof Huppiepsied e US
23% igi 3 U;%I I‘tlLePES:?LYsﬁétéHee %héonat.ﬁclaq&aenggrgeét?uée%gllb@éae‘l%ﬂadl EE;A
horackersnd a%sg}ﬁ %vatr%e%ﬁ Litap1a 108 oF o%”‘%%ﬁe?. r st

of the geneP c g
oxi dati on sﬂ%&f?d9§n?r%&ﬁﬂ¥ﬂ'FB tfe £or the abs rptlve separation of

14 out i R-drePardrt-butanerénemt the reassionnisstugst péntke agg@.-phnée
si npl est Mnipeditdent onidatien.wo oxi dation stages is therefore a
t ube- bundle reactor within which the catal yst charge changes
DE-B-1 254 137 relates to a process for the heterogeneously
catalyzed gas—-phase partial oxidation of ethylene to ethylene
oxide. The inert diluent gas used is methane.
15
A disadvantage of the teachings of the prior art is that recom-
mended inert diluent gases include ones containing combustible
constituents or consisting exclusively of such constituents, but
it is not recognized that the oxygen limit concentration of a
20 feed gas mixture containing molecular oxygen, inert diluent gas
and gaseous organic substance to be partially oxidized is deter-
mined less by the molar heat capacity Cp than by the combusti-
bility of the inert diluent gas. The latter facts are the result
of intensive research work and, without layving claim to being
25 correct, can.presumably be attributed to the fact that combustion
explosions are generally free-radical chain reactions. Apparent-
ly, a partial oxidation of an organic compound in an environment
of combustibly inert diluent gas constituents makes possible in-
creased oxygen limit concentrations because combustible inert
30 diluent gas constituents, unlike non-combustible inert diluent
gas constituents, have a particular ability of stopping free-rad-
ical chain reactions (presumably as a result of own radical
formation). This means that the higher the proportion of combus-
tible constituents in the inert diluent gas of the feed gas mix-
35 ture, the more safely can a heterogeneously catalyzed gas-phase
partial oxidation of an organic compound with molecular oxygen be
carried out, even with relatively high proportions by volume of
the reactants. :

40 A further disadvantage of the processes of the prior art is that
those whose inert diluent gas includes combustible constituents
recommend recirculation of the inert diluent gases present in the
product gas mixture to the reactor feed. This is a disadvantage
insofar as, during the heterogeneously catalyzed gas-phase

45 partial oxidation, non-combustible gases such as H;O and CO; are
also produced as byproducts or are introduced into the process
together with the oxidant molecular oxygen (eg. N> when air is
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appropriately along the individual contact tubes with conpletion 5 of the

first reaction step. However, the two oxidation stages can al so be
carried out in an oxi dation reactor conprising two oxidation reactors in
series. In this case, the other reacgion conditions, eg. the reaction 10
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It is an object of the present invention to develop an improved
process for the continuous heterogeneously catalyzed gas-phase

20 partial oxidation of an organic compound in an oxidation reactor,
whose feed gas mixture comprises, apart from the organic compound
to be partially oxidized and molecular oxygen as oxidant, at
least one diluent gas which is essentially inert under the condi-
tions of the heterogeneously catalyzed gas-phase partial oxida-

25 tion, where the essentially inert diluent gas consists at least
partly of combustible gases, which process does not have the dis-
advantages of the processes of the prior art.

We have found that this object is achieved by a process for the

30 continuous heterogeneously catalyzed gas-phase partial oxidation
of an organic compound in an oxidation reactor, whose feed gas
mixture comprises, apart from the organic compound to be partial-
ly oxidized and molecular oxygen as oxidant, at least one diluent
gas which is essentially inert under the conditions of the heter-

35 ogeneously catalyzed gas-phase partial oxidation, where the
essentially inert diluent gas cqnsists partly of combustible
gases, wherein, after passage through the oxidation reactor, the
combustible constituents of the inert diluent gas present in the
product gas stream leaving the oxidation reactor are not

40 recirculated to the heterogeneously catalyzed gas-phase partial
oxidation, but are put to further use for the purposes of another
chemical reaction. '

A simple example of further use of the combustible constituents

45 of the inert diluent gas is there being passed to a thermal power
station where they can be burned for energy recovery in a manner
known per se. If the combustible constituents of the inert
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Advant ageousl y, additional nol ecul ar oxygen as oxidant is fed to t he
second oxi dation stage (the second oxidation reactor). The anount of

nol ecul ar oxygen additionally fed in is preferably selected in such a
way that the feed gas m xture of the sagond 35 oxidation stage (the second

oxi dation reaglap)k . gééoafé‘%é)d%éa?ﬁbns, QﬁBHEtc&H Alsp' bb %‘tﬂr’fﬁ&z‘ Bstl

stoichionetric to or t (0).4 atlon

stage, the eh ﬁgo‘ﬂ%rper seg?%fe?%‘fﬁ PFk%W%}éestl kgﬁsf?%rﬁcfﬁyessent ially
pure oxygen rcEOr exqmple. DBz ¢r ABYHeTaRaSER LS UGFRelsSs
byproduct s |S¢QPRGC¢01$|DEﬂVld#ﬂde|thﬁ:FP&Q&YEEFIQﬁ§'§bpa¢a9 gigm efie
product g&s propw)enareo | xrolednt &md for scrgiidadcion iat the grdsenicer of

oxi dat i on ropR6kO&Nd hRftMatel bsi fndrtnashieehe hds mikeuseC Withseyudati €6

stage @b% EE ﬁﬁ&é’é‘%ﬁéh%‘ rt‘i%C 96£>y1erfé5 I3 E éﬂ&fe%%%h.aﬁé""ee” :

t he process gﬁrr Q el?t on e {n e %ocg ﬁblﬁ %& %I‘IOI’ ar1 g

particul arl §“ gf tﬁ ocedd 5 EFRe v ttr kg %stlll?f‘e ARn°4n

econoni cal gna ther.gatalytic gas-p hase oxidation stage in which the

proporti kP @rrwgnsussunﬁretz@éﬁkyt pxidired iin the puesencei oficthe geshane as
inert diluent gas to give acrolein and/or acrylic acid. The
methane can then be fed, for example in a thermal power station,
to energy-generating combustion (the selectively acting catalysts
necessary for each stage are generally known; cf., for example,

15 EP-2A 608838, EP-A 609112 and EP-A 257565 or EP-B 253409).

The advantage of the process of the invention is, inter alia,
based on the fact that the feedstock ”“combustible diluent gas
constituent” is utilized twice for single input costs:
20
a) for dilution of the feed gas mixture of the gas~phase partial
oxidation of an organic compound,

b) for exampie, as fuel in a thermal power station, or as start-
25 ing material for producing synthesis gas.

Based on the conventional input costs of fuels in a thermal power
station, or of hydrocarbons as starting compounds for the produc-
tion of synthesis gas, the use according to the invention of
30 combustible inert diluent gas constituents is thus cost neutral.
The method of operation accordiné to the invention is therefore
" particularly advantageous for those heterogeneously catalyzed
gas-phase partial oxidations whose essentially inert diluent gas
of the feed gas mixture in continuous operation comprises more
35 than 85% by volume, preferably at least %0% by volume, better at
least 95% by volume, even better at least 97% by volume, advanta-
geously at least 98% by volume, preferably at least 99 % by
volume and best 100% by volume, of exclusively combustible inert
diluent gas constituents. Preferably, the inert diluent gas mix-
40 ture of the feed gas mixture for the purposes of the process of
the invention includes no steam.

Furthermore, the process of the invention is of particular
advantage for those heterogeneously catalyzed gas-phase partial
45 oxidations of an organic compound whose feed gas mixture consists
only of molecular oxygen, the organic compound to be partially
oxidized and the inert diluent gas. In contrast thereto, the feed
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of the feed gas m xture of continuous heterogeneously catal yzed

gas- phase partial oxidations of organic conpounds with nol ecul ar oxygen.
This i ncreased proportion of conbustible constituents in 5 the inert

di luent gas of the feed gas m xture is,1bowever, the prerequisite for

safely carr. ybag L iR ‘ihoﬂffheﬂ@ |p‘£e?§£é‘£i/c¥r?%energﬁ§y PSR dear hinfbnia as

oxi dations o g‘?m pegppds, particularl hose havi ng i ncreased
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i ncreased space- 10 tine
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by volume, better at 1east 95% by volume,
even better at least 97% by volume, advantageously at least 98%
by volume, preferably at least 99% by volume and best 100% by
volume, of at least one of the abovementioned saturated hydrocar-

20 bons. Of particular advantage is the use of methane and/or pro-
pane as inert diluent gas constituents. However, it is of course
also possible to use aromatic hydrocarbons as combustible inert
diluent gases.

25 For the following heteroqeheously catalyzed gas-phase partial
oxidations, the following saturated hydrocarbons are particularly
suitable for the purposes of the process of the invention as main
inert diluent gas constituent:

30 Organic compound Target compound Preferred diluent gas
to be partially constituent
oxidized
Propylene Acrolein Propane
35 Propylene Acrolein Methane
Propylene Acrylic acid Propane
Propylene Acrylic acid Methane
Acrolein Acrylic acid- Propane
Acrolein Acrylic acid Methane
40 Ethylene Ethylene oxide Ethane or Methane
Butadiene Vinyloxirane Butane or Methane
iso-Butene Methacrolein iso-Butane or Methane
iso-Butene Methacrylic acid iso-Butane or Methane
45 IMethacrolein Methacrylic acid iso~Butane or Methane
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of 1 'bar and conprising propyl ene (organic conpound to be 30 partially
oxi di zed), nol ecul ar oxygen (oxidant) and an inert di luent gas which is
inert in respect of a heterogeneously catal yzed gas- phase parti al

oxi dati on of the propylene to acrylic 12acid. 35 General experinental
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neously catalyzed gas-phase partial oxidation because, inter

10 alia, either they display a particular degree of inertness or if
they are not completely inert they are converted at least par-
tially to the desired target product.

Indispensible for the purposes of the process of the invention is

15 the separation of the target product from the product gas mixture
leaving the oxidation reactor. In favorable cases, the residual
gas mixture which remains can be fed directly to its further use
{(eg. to the thermal power station). Frequently, particularly when
the process of the invention is carried out at low conversions

20 for selectivity reasons, unreacted starting material and/or
intermediate will, however, be likewise separated off beforehand
and generally recirculated to the oxidation reactor. If neces-
sary, non-combustible inert diluent gas constituents (even those

. which are only formed as byproducts in the course of the reac-

25 tion) such as Nz, CO; or H20 can likewise be separated off prior
to the further use of the gas (eg. passing on to the thermal
power station) and, for example, be diScharged into the atmo-
sphere, so that a gas mixture consisting essentially exclusively
of the combustible constituents is fed to the further use (eg. to

30 the thermal power station). Other byproducts can, if necessary be
likewise separated off prior to the further use (eg. passing on
to the thermal power station), for example less favorable combus-
tible inert gases such as CO which can likewise be present as

~reaction byproducts in the product gas mixture. The above applies

35 similarly to the production of synthesis gas (term for a gas
mixture consisting mainly of CO and H; which is used as starting
material for synthetic processes and can be matchéd in terms of
the ratio of the individual components to the respective applica-
tions; starting materials are, in particular, hydrocarbons which

40 are reacted with steam and air or with CO; at relatively high
temperatures (cf., for example, EP-A-533231)).

The separation processes to be used for this purpose, such as
fractional condensation or absorption and extraction processes,
45 are known to those skilled in the art and require no further

This is the replacement sheet

Dete: 7 8 FEB 1997



Results (the specific nolar heat C(Jerr] used are based on the data from

"I.hsan Barin, Thernochem cal Data of Pure Substances, Part | and Part
I, VCH Verl agsgesel | schaft, Wi nheim Second Edition, 1993", w th ideal
gas behavi or being .assuned for the gas 1% mixtures): a) Exclusive use
of methane a nmb t h n | uent
gas consi st e%‘%f#art e Eﬁ& vr%ﬁ‘s ?123 s&?ﬁ'atlggng uer?teglgﬁ'% @J}&% fic
mol ar heat C?’é?‘?‘}c%fl%éf" ﬁﬂ%s‘? Lapgied oyt in g Wﬁ?nkrdﬁ’(?é?‘ PRE pecifi ed
conditions.  The oxygen limt concentration determned is 32% by

vol une. As souitdes ofeshe mdldiculan exyger wequitedrapwxident nidedidear

J err] ands purposesieifh@hne pfodddd bf Jtlhe Msvedltiba, adir MsebhlE pnditedar, a

't?gﬁ' Of15t e sﬁﬂﬁ%iﬂ%y&eéﬁhéé'nﬁl)ecg%r iﬁﬂ;ﬂn‘jg‘é&ﬁrgflﬂ Qﬁ.rseﬁﬁrfirp conposi -
rTé é#&uaetlo e 5 gml% e.l{%‘i% ‘EHER’ #&e'ﬂl? ?:z&eans that by

ro ortlon b t
Vol e, | Vg e 01 L8 A %5, the| DARSSSE B cPhe iERLiGn 18 Drefers i

of propyl enealalrﬁd m%nbirwm@s(wnﬁt@hb}h@% PXPGRn FAPLLE - 250[err]C, a
| ocal igniteion can no | onger spread independently. b) Use of a 3.2
(propane) : e Hrdddser bf) the Xinveat{sRtio pafrtibelarly suiRabperfdmothedy

vol urre) .of pif’él%leaﬁ% 53" LA gHaQ%! Q&t dl’@:ebhdat:.on di' BEEBieﬂﬁs adrg1ikhe
i nert dil uen orf Y3 kEEFe Vﬂ}{e&’é@k ¥r tphropy.elgﬁé ya% goﬂu&& Uf‘i ke
? c

di l uent gas hargeflq%wg%twa& egé ur e_was ected

in such a wabPt HFR2GHer c Xfté - Tt il? under

t he speci }P c@SReFiALLY true since methane (which is particularly inert in
respect of this reaction) as inert diluent gas of the feed gas
mixture for the above reaction is at the same time particularly
suitable for avoiding local overheating (hot spots) along the
reaction tubes. As those skilled in the art generally know, the

20 gas-phase catalytic oxidation of propylene to acrylic acid with
molecular oxygen proceeds in principle in two successive steps
along the reaction coordinate, of which the first leads to
acroleln and the second leads from acrolein to acrylic acid.
Accordlngly. suitability of the process of the invention for the

25 preparation by gas-phase catalytic oxidation of acrylic acid from
propvlene automatically includes suitability for the preparation
by gas-phase catalytic oxidation of acrolein from propylene, .
since the acrylic acid preparation can at any time be interrupted
at the acrolein stage. Furthermore, the reaction proceeding in

30 two temporally successive steps makes it possible to carry out
the preparation by gas-phase catalytic oxidation of acrylic acid
from propylene in two successive oxidation stages, where, in each
of the two oxidation stages, the oxidic catalyst to be used in
each of the two oxidation stages can be optimized for the respec-

35 tive stage. Thus, for the first oxidation stage (propyvlene —
acrolein) preference is generally given to a catalyst based on
multimetal oxides containing the element combination Mo-Bi-Fe,
while for the second oxidation stage {(acrolein — acrylic acid)
preference is normally given to catal&sts based on multimetal

40 oxides containing the element combination Mo-V. Appropriate
multimetal oxide catalysts for the two oxidation stages have been

. described many times and are well known to those skilled in the
art. For example, page 5 of EP-A-253 409 refers to appropriate US
patents. Useful catalysts are also disclosed by DE-A-44 31 557

45 and DE-A 4431949, particularly in the form of the multimetal
oxide compositions of the general formula I. In general, the
product mixture of the first oxidation stage is transferred with-
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tions. The oxygen linit concentration deternmined is only 15% by

vol une. 30 This neans that in a mxture of 31% by volune of Jerr], 20%
by vol une of propyl ene and 49% by vol unme of the inert diluent
gas” under conditions corresponding to a)gga local ignition spr eads

t ndependently. .35 ¢ of .a 48 3 (propane) : 51_7.(nethane)’ m e
(ratio of o1.rt {”I}l'égr&eﬁgf’? ] B‘ﬁ%awr\'fdfga' ep%ec&n pg’rﬁ%éara}ﬁ(?%ng? ﬁagéx'g%léi nert
di | uent gas, F&MPIeRt SThCAiRePLRf thes thgnridatdop Braesy 15 therefore a
conbusti bl e conberburdies rezntos peiditine whithrthee gatalyst [chargehrhanges

m xture i s 80aBpdbéprdatelynediond hehes fadifriédal aosdithconsubeEheri4l comp edyigen

limt concent pat tRE Fhaisd FeBBdids stel.by vol une. d) Use of a 50
(propane) : 50 (CJerr]) mxture (ratio of the proportions by

vol une) of prgpane and.carbon dioxi.de as_inert . diluent je._the .
i nert éli I ueP\t géggv%\f’s%hceoﬁf”gi ﬂ’éJoé)a)r(\t&r?-rf Egages cc%‘nﬁ&g?i%? ecacts% §E?§§%n3tr§.an1'he
conposi tion Opx%ﬂ§t+qﬂﬂq§a§§gr comprising two oxidation reactors in serlesﬁrfn-
this case, the other reaction conditions, eg. the reaction
10 temperature, can also be optimized in a simple marnmer in the
respective oxidation stage. The molecular oxygen required for the
second oxidation stage is here advantageously fed only to the
second oxidation reactor. However, the heterogeneously catalyzed
gas-phase partial oxidation of propylene to acrylic acid can in
15 principle also be carried out in a single stage. In this case,
both reaction steps occur in one oxidation reactor which is
charged with a catalyst and_catalyzes both reaction steps. Of
course it is also possible for the catalyst charge to change
continuously or abrupély along the reaction coordinate within one
20 oxidation stage. For the heterogeneously catalyzed gas-phase
oxidation of propylene to acrolein, the propylene/molecular
oxygen feed in the feed gas mixture preferably has a volume ratio
of 1 (propylene) : from 1 to 3 (molecular oxygen), preferably '
1 {propylene) : from 1.5 to 2 (molecular oxygen). The above
25 propylene/molecular oxygen feed is advantageously also selected
for the two-stage gas-phase oxidation of propylene to acrylic
acid {eg. in an oxidation reactor comprising two oxidation
reactors in series). In general, the product gas mixture leaving
the first stage {(the first oxidation reactor) is transferred
30 without intermediate treatment to the second oxidation reactor.
Advantageously, additional molecular oxygen as oxidant is fed to
the second oxidation stage (the second oxidation reactor). The
amount of molecular oxygen additionally fed in is preferably
selected in such a way that the feed gas mixture of the second
35 oxidation stage (the second oxidation reactor) also includes an
anmount of O, which is at least stoichiometric to about twice stoi-~
chiometric. For the first oxidation stage, the oxygen is here
preferably likewise taken from an essentially pure oxygen source.
If necessary, water vapor and C0O; formed as byproducts in the
40 first oxidation stage can be separated from the product gas
mixture leaving the first oxidation stage (the first oxidation
reactor) before it is transferred to the second oxidation stage
(into the second oxidation reactor).

45 The difference between the process of the invention and the
processes of the prior art is particularly that the process of
the invention makes possible, in an economical way, an increased

This is the replacement sheet

2 8 FEB 1997
Dete:



m xture was selected in such a way that it |ikewi se has a (err] of

80.8 J/ nol - K under the specified conditions. The oxygen |imt
concentration determned is only 34% by 5 vol une, ie. despite a
significantly higher (ferr] value for thgs inert diluent gas in

conpari son Wi ) s bheo O XY IR deiiBh constitueﬁ?gcfﬁﬁfﬁaikﬁai

Safilentd gas

proporti on byof/ Q:lh'éngeggn?é'g "%m.x u\‘.A.Aet of continuoég'heterogeneou ly cataz.l.grzed
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gas-~phase partial oxidations of organic compounds with molecular
oxygen. This increased proportion of combustible constituents in
the inert diluent gas of the feed gas mixture is, however, the
prerequisite for safely carrying out heterogeneously catalyzed
gas-phase partial oxidations or organic compounds, particularly
those having increased proportions by volume of reactants in the
feed gas mixture. The latter forms the basis for increased space-
time yields. Thus, when using methane and/or propane as inert
diluent gas of the feed gas mixture for the preparation of acro-
lein and/or acrylic acid, it is possible to handle with increased
safety feed gas mixtures whose propylene feed is from > 30% by
volume to 40 or 45% by volume, based on the feed gas mixture.
Favorable feed gas mixtures also include those which comprise:
from 15 to 30% by volume of propylene

from 20 to 40% by volume of oxygen and

from 30 to 65% by volume of methane and/or propane.

Similar applies to the preparation of methacrolein and meth-
acrylic acid. The process method of the invention is also
particularly suitable for the preparation by gas-phase catalytic
oxidation of phthalic anhydride, in particular from o-xylene.

Exéﬁples {influence of the combustibility of the inert diluent
gas constituents on the oxygen limit concentration)

Determination of the oxygen limit concentration of feed gas mix-
tures at an initial temperature of 250°C and an initial pressure
of 1 bar and comprising propylene (organic compound to be
partially oxidized), molecular oxygen (oxidant) and an inert
diluent gas which is inert in respect of a heterogeneously
catalyzed gas-phase partial oxidation of the propylene to acrylic
acid.

General experimental procedure:

The experiments were carried out in a closed, spherical 5 1 high-

'pressure vessel of stainless steel. The formation of the gas mix-

ture in the initially evacuated high-pressure vessel was carried
out by the partial pressure method. After mixing for 10 minutes
by means of a magnetic stirrer, an attempt was made to ignite the
gas mixture by means of a melting platinum wire. Any independent
spreading of a reaction front (explosion) triggered thereby was
detected by the rise with time of the intermal pressure of the
vessel (measured using a piezoelectric transducer) and by the
increase in temperature in the vessel. ’
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Results (the specific molar heat Cp used are based on the data
from ~“Ihsan Barin, Thermochemical Data of Pure Substances, Part I
and Part II, VCH Verlagsgesellschaft, Weinheim, Second Edition,
1993”7, with ideal gas behavior being assumed for the gas
mixtures) :

a)

b)

c)

d)

Exclusive use of methane as inert combustible diluent gas,
ie. the inert diluent gas consisted entirely of combustible
constituents. The specific molar heat Cp of methane is

47.5 J/mol:K under the specified conditions. The oxygen limit
concentration determined is 32% by volume.

This means that, in a mixture of propylene, molecular 0, and
methane as inert gas, which is at 250°C and 1 bar, a local
ignition {(explosion) can, regardless of the specific composi-
tion of the mixture, no longer spread independently when the
proportion by volume of O, in the total gas mixture is < 32%
by volume, ie. in a mixture of 31% by wvolume of 0Oz, 20% by
volume of propylene and 49% by volume of methane at 1 bar and
250°C, a local ignition can no longer spread independently.

Use of a 3.2 (propane) : 96.8 (CO;) mixture (ratio of the

.'proportions by volume) of propane and carbon dioxide as inert

diluent gas, ie. the inert diluent gas consisted virtually
entirely of non-combustible diluent gas. The composition of
the inert gas mixture was selected in such a way that it
likewise has a Cp of 47.5 J/mol-K under the specified condi-
tions. The oxygen limit concentration determined is only 15%
by volume. :

This means that in a mixture of 31% by volume of 0;, 20% by
volume of propylene and 49% by volume of the inert diluent
gas under conditions corresponding to a), a local ignition
spreads independently.

Use of a 48.3 (propane) : 51.7 {(methane) mixture (ratio of
the proportions by volume) of propane and methane as inert
diluent gas, ie. the inert diluent gas consisted entirely of
combustible constituents. The specific molar heat Cp of this
mixture is 80.8 J/mol-K under the specified conditions. The
oxygen limit concentration determined is 37% by volume.

Use of a 50 (propane) : 50 (CO;) mixture (ratio of the
proportions by volume) of propane and carbon dioxide as inert

diluent gas, ie. the inert diluent gas also contained non-
combustible constituents. The composition of the inert gas
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We claim 1. A process for the continuous heterogeneously catalyzed

gas- b5 phase partial oxidation of an organic conpound in an oxida-
tion reactor, whose feed gas m xture conprises, apart from t he

-or ganl C corrpound to be partl al l'y oxi di zeﬂ-;and rml ecul ar oxygen as
oxi dant, at | east mituzd waBlse Be 16N ok 3n OF SR rhat 16 3dKe@ibd hESTd ¢
under the condi ti o %e ero eneousg z%{ 8 a]1 d‘ gas- phas
partial - oxi dati or® vﬁ?e’rse Fl‘@ 2 aFp§ specified condiy nt gas consists
partly of corrbustl bl e gases, wherein, after passage through the

oxi dati on react orThe lpxygen llml:brdmsienlbt'etrmsiemmmned difs tomdyi Réstbyli | uent
gas presentsin  volumdhdepr adsisite)as sivhefdedmtay Agghde QX e Bhié OFoxf et or
?-re| not éSt' reﬁhéf%"d@.tlﬁéni:Ogééwiri‘%bﬂbaﬂfé‘tﬁ'wﬁh:ﬁ gft aéaézedcyeaﬁ me@ par -
i al oxidation, 0 P
L1 : ea@é%fu&‘d&oﬁ %LH&AL?F O§§8%$:Q£1o§1] B 6’6 ?Lblg with

anot her cheni cal as C I n c wherein
the combustible 2% - constituents of the inert di I uent gas present in the
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gas stream | eaving the oxi dation reactor are passed on to a t her mal

power station and are there burned for energy recovery. 25 3. A
process as claimed in claim1, wherein the conbustible constituents
of the inert diluent gas present in thegproduct gas stream | eavi ng
t he oxidation reactor are hydrocarbonS— —  which are further used for

t he production of s%nthe5|s gas. 30 4. A process as clainmed in claiml1,
wherei n the Sd@ERpI e constituents of the inert diluent gas
present in the product gas stream | eaving the oxidation reactor are

hydrocarbons 1. A prokcesh for ther chetimsmss hetetbgenpomulyt cahalyzel aas-ene.

35 5. A pr®cess piasel phftial bxldativd, o\l rBahie dafbuddsini ad Wseida-

for the oxidation &P%EQ&:;&P”WH::%%S Qé&%a{seﬂ&xt & G sy - apart frdgfh

and a diluent ga g%r|SL nnre é ?Iﬂ? 19 L”“ifakzed and (}%§ﬁf§f one
N

.of the saturated ne an ane.
40 45 ygen as oxi ant, at ieast one diluent as 1ch is essen-
tially inert under the conditions of the heterogeneously cat-
10 alyzed gas-phase partial oxidation, where the essentially

inert diluent gas consists partly of combustible gases,
wherein, after passage through the oxidation reactor, the
combustible constituents of the inert diluent gas present in
the product gas stream leaving the oxidation reactor are not
15 recirculated to the heterogeneously catalyzed gas-phase par-
L, tial oxidation, but are put to further use for the purposes
of another chemical reaction.

2. A process as claimed in claim 1, wherein the combustible
20 constituents of the inert diluent gas present in the product
gas stream leaving the oxidation reactor are passed on to a
thermal power station and are there burned for energy
. .recovery.

25 3. A process as claimed in claim 1, wherein the combustible
-~ constituents of the inert diluent gas present in the product
gas stream leaving the oxidation reactor are hydrocarbons
which are further used for the production of synthesis gas.

30 4. A process as claimed in claim 1, wherein the combustible
constituents of the inert diluent gas present in the product
gas stream leaving the oxidation reactor are hydrocarbons
which are further used for the production of acetylene.

35 5. A process as claimed in claim 1, wherein the feed gas mixture
for the oxidation reactor comprises propylene, molecular oxy-
gen and a diluent gas comprising more than 85% by volume of
at least one of the saturated hydrocarbons methane, ethane,
propane and butane.

40

45
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- Continuous heterogeneously catalyzed gas-phase partial oxidation
of an organic compound

5 Abstract

In a process for the continuous heterogeneously catalyzed gas-
phase partial oxidation of an organic compound in an oxidation
reactor, whose feed gas mixture comprises, apart from the organic

10 compound to be partially oxidized and molecular oxygen as
oxidant, at least one diluent gas which is essentially inert
under the conditions of the heterogeneously catalyzed gas-phase
partial oxidation, where the essentially inert diluent gas
consists partly of combustible gases, after passage through the

15 oxidation reactor, the combustible constituents of the inert d4dil-
uent gas present in the product gas stream leaving the oxidation
reactor are not recirculated to the heterogeneously catalyzed
gas-phase partial oxidation, but are put to further use for the
purposes of another chemical reaction.
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