PF 53743 Safe operation of a continuous heterogeneously
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organi ¢ conpound 5 The present invention relates to a
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heterogeneously catalyzed gas=phase partial oxidation is
understood as meaning those diluent gases whose components - each
considered by itself - remain unchanged to an extent of more than
95, preferably more than 99, mol% under the conditions of the
heterogeneously catalyzed gas-phase partial oxidation.

Gaseous mixtures containing molecular oxygen and a partially
oxidizable gaseous organic compound are potentially explosive gas
mixtures.

What is decisive with regard to answering the question as to
whether the gas mixture is explosive or not is whether or not
combustion (ignition, explosion) initiated by a local ignition
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PF 53743 2 source (e.g. glowing platinumwre) spreads
in the gas m xture present under specific starting
conditions (pressure, tenperature) (cf. DIN 51649). If
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While nonflammable gases are inert diluent gases suitable in
principle for heterogeneously catalyzed gas-phase partial
oxidations of organic compounds, in the case of flammable gases
this must be determined by a person skilled in the art with
respect to a specific heterogeneously catalyzed gas-phase partial
oxidation by means of a few preliminary experiments.

It is generally known that numerous key chemicals can be produced
by partial and heterogeneously catalyzed oxidation of various
organic compounds with molecular oxygen in the gas phase.
Examples are the reaction of propylene to give acrolein and/or
acrylic acid (cf. for example DE-A 2351151), the reaction of
tert-butanol, isobutene, isobutane, isobutyraldehyde or the
methyl ether of tert-butanol to give methacrolein and/or



10

15

20

25

30

35

40

45

2F &3M3IA c acid (cf. for exanple DE-A 2351151), the
reaction of tert-butanol, isobutene, isobutane,
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oxide materials is used. Usually, multielement oxide materials
are not simple physical mixtures of oxides of the elemental
constituents but heterogenecus mixtures of complex polycompounds
of these elements.

In general, heterogeneously catalyzed gas-phase partial
oxidations, in particular the abovementioned ones, are carried
out at elevated temperatures (as a rule a few hundred degrees C,
usually from 100 to 600°C).
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(cf. for example EP—A 1180508). Recycle gas is defined as the
residual gas which remains after a one-stage or multistage (in
the multistage heterogeneously catalyzed gas-phase partial
oxidation of organic compounds, the gas-phase partial oxidation,
in contrast to the one-stage heterogeneously catalyzed gas-phase
partial oxidation, is carried out not in one reactor but in at
least two reactors connected in series, as a rule oxidizing agent
being added between successive reactors; multiple stages are used
in particular when the partial oxidation is carried out in
successive steps; in these cases, it is frequently expedient to
adapt both the catalyst and the other reaction conditions in an
optimum manner to the respective reaction step and to carry out
the reaction step in a separate reactor, in a separate reaction
stage; however, multiple stages may also be used when, for
reasons relating to heat removal or for other reasons (cf. for
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If in fact the explosion behavior of a gas mixture consisting of
molecular oxygen, a nonflammable inert diluent gas and a
flammable organic compound and present at a specific temperature
and a specific pressure is investigated as a function of the
composition of the mixture, a result is obtained as shown for a
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f t L
eiRacb el TR ekl ear MoBieal ebeALoa Lok prpaosive

%ﬁ‘?@aamﬁh% ‘F%‘Iéﬂéld’aeéé regrtinn gas ﬁhﬁ'dlresplaégwr’ehearﬁ?a‘:tlo“
panipefatbe chefeommyenkous brpotdtml ypathgammphasel parbial oxidation
acﬁrmrta&h&eﬂye ldxplogdvexited. ands 08 HdtauRlhebnhemsl one hand,

Et hﬂl‘l qg}:é 0&1&{&%@ rbh&eid $atBSGary ¥nly to a

é%g%g%a ive 1m1 ed extent and, on the other hand, the partial

oxidation product (in this case, for example, acrolein) has an
explosion diagram substantially comparable to that of the
starting compound itself, owing to its similarity to the starting
compound (in this case propylene). In addition, the percentage
oxygen content increases along the reaction path on the way from
the starting compound to the desired product, on the one hand
because of its consumption and on the other hand fregquently
because of additional dilution due to the water of oxidation
formed as a byproduct. Moreover, combustions (explosions) are
free radical chain reactions. The catalysts used, with their
large surface area, act as free radical scavengers in this
respect.
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BB |1oE1Hh di agram substantially conparable to that of

the starting conpound itself, owing to its simlarity

to the starting conpound (in this case propylene). In

addition, the percentage oxygen content increases

al ong t he reaction path on the way from40 the starting

TefpBaARs t thathe ideBPrbEMtdayers 1y rrparatedehetenbgenecusty

dededysedofasiphasenpanpiabroxdddt 0ond hef eitheeasanshe organic

Jde@Uﬁﬂtiﬂ aﬂ“ﬁ%ﬂd&@l@ﬁ Asllitorong efﬁdﬂaﬂ ?@tﬁ;g By vel of
reover

%pngﬁstlons ef%%ﬂglon é:%%ﬁ§%s t@%pféd%%alrg?ﬁﬁ*Pn gas

§RRX & PYNBIX ﬁﬁ aPgstle foaginypPYs QREEALIQR (i garticular

iqythgcateadsy, st@@te}asswbeayrsaoucaidsdmeengenesmn tdres at a

prespece. aidF tenpéTaturd htypi@ansot htle patiBStoxidation.
conti nuously oper at ed heterogeneously catalyzed

a i dat i . Qns of at _Jeast one or
s gu%‘?ﬂgl . an XI PR 2y b2 pRdt %Foﬁte\ﬁ:ﬂ‘% THXGHre
"1 @l COrPosHian, 185 1nsidn éélev\,ﬁéhl‘??n’é)fb @¥pasisi vksoposiable
imeprinokplms Howevert i im thist gase duanyndochd tgmitivmossurce
(&herakaﬁpﬂéI]bdairbV§r$éHt1dgnth§péEK¥H$V1§tEﬁ@)réé%tor) can
1a0Rys QHtxﬁicﬂeesﬂrQﬁ & &S;% hedh %ﬁd RGeSt E‘q AN
&

r I.cal
SBIREERLELE Y BebBhe it (patertanbdn (it Srapblqpursting
skfur gat QKY\Mﬁ&§€Sco fprdibacknar ses tasisde andePEagurs-gasistant
rgagsors, aflsicipagei bbmparativedgi gkmendivecdnd, also tdumplicated
tba&a;naamhl(mhakhegeaﬁecuf &@&&éemafﬁ‘ﬁfdaﬁaﬁﬁ|£hé roducts,
&W@GEEaté% thesaswé %nteaef d@:ﬁ%ﬂe)asﬁgas wéiiffs 13¢2Be

ld,& %?!Lér?t exp os1 on, ave to

coufiteract ed by expenswe safety nmeans (for exanple
bursting 15 disks, safety valves, flashback arresters)
vhat pe elRpATLangs £ot arent insaos ooper athionh ofr & heterogeneously

canapasad |ga-phexpepswﬁ1ar¢ﬁhahﬁpoz§wla&0 abgsk &rQa organlc
ORpBhA in lah b&gds@% qfeatc%E wﬂ%}) ¢ gg@%g%&én

cBABCI Ly o ipUieT T LRV L U ccmion

Arfipot# arﬂ°"‘fed'fereoﬁf‘f‘ﬁu‘%ﬁﬁs COPpEAREPWH QFerathen chamensvispyt
meghahysme dhgah phievenpmrittiagl compoitiom of ahel sssitionegas
stagabhg midaeundeed qub @iixdaté PruliRICHEr obd e the
WBQ:%:H | % qfroﬁ.hﬁl faﬁaﬁ QHtsaéneS e%g}lbggoﬁﬂ Ly %urmg the
n ﬁre Qutsid OSIgﬂ 1E§- E howey e N as
'tl ont ﬁu8us o) erdlnl BATHES - 508 ?f’é?f’é’aﬁl ahe)
MEFEH fpr%ﬁ/é'mc& eRERL c&%. tlpoﬁh%fgaﬁq@trea@%.%ﬁﬂ ¢&s the
reagte¥ ntpmitheuferphbbeh gifs thiexferd)gashm¢htise oltsiddgas
stlhheame xq@mesiadn yacens {410 I’Bﬂ'ﬂaﬂi‘ At LK) dubs@ahbe €XMWLDxQBized
aBHCPndy idid vlehe gsgnah& fé‘? (keg cjr gas) .
e, LPeked Lire G

particular in thé stea a're

acci dental faults_in the %as streans fed to the
4 particularly simple cut-out mechanism consists in always

keeping the content of the at least one organic compound to be
partially oxidized in the feed gas mixture below the limiting
concentration of said compound. The content of the at least one
organic compound to be partially oxidized in the feed gas mixture
is below the limiting concentration when, at a predetermined
content of the at least one organic compound to be partially
oxidized in the feed gas mixture, the composition of the feed gas
mixture (at predetermined pressure and temperature) is always
outside the explosion area, independently of the quantitative
composition of its other components (0;/inert diluent gas).
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PEa®3d#3 or the formation of the feed gas nmixture (said
gas streans generally consist of air, the substance to
be oxidized and inert diluent gas and/or, if required,
recycle gas). 35 A parti culgarl y sinple cut-out

%hanl smconsists,.in al \Naé keepi ng the content of
Ion&199Te cysithsnd 1B 4 PreBRBRRA d:qné’eﬁéraﬁ’a?‘% i@ ppout 2% by
verhge zeef i mliskeEPeRdl IFDS 08I xpage telldnet B2} liniting
concentration of said conmpound. The content of the at

dn@g%eme uﬁrtgamfctw?a%weﬁe &%&%&%hék&ﬁ{ F1:deZ @ded Nyas

mté‘%ﬁ‘éfe%t +at |e(§)nn:t/\)ﬁe%w PaYfRt etthi gdhnt%ﬁ?%rﬂec’&Pthe
catajlrzed Rﬂ?élé#gam%a@mp@énarmﬂ@@epapt pereleinorngdy 9ed
acnylhe d@iell wjab thetusee oft Ng aohfpesistean af drhdnéeedgas, the
fead gﬂﬁxﬁiﬁﬁﬁréaispﬁﬁﬁkﬁdé'ﬂh@egxﬁidﬁiﬂﬂrﬁréﬁdlndependently of

tﬁl@n@&ﬂﬁaédéh%)on' s;a{%@&%ma%&ﬁgdﬁ ddie Wb?&ﬂ.@%faft% s feed gas

g e uan tive 4 nposition

¢ 'éf c%‘?ﬂ?&ﬁ)éﬁf’g mﬂzn%? B0 uent gas) PF 53743 8 I'n
figure 1, the imting propyl ene concentration is about
I2% by abwiemeatiofed adas@ , ERoBi1dR)&heppgepBlerdd ne 32).

CEHbénfﬁﬁﬁﬁbﬂ|1ﬁtthéfféé33gB§0ﬂY*€ﬁ¥% %%nﬁeﬁﬁﬁé@idHWd?ftlﬂs is
SL%@M&& aé i éw&w{ Sme‘agahl 2%§ é"nrg?ratlo

eter ene us cat al yze OXI

2BPERY) &¥ BY cYqFumeg R gpit ac‘i' .Peoaz%%mmeﬁdt A& Gde off
f@F F\Ef%t‘ﬂﬁ/r&aswéam as an inert gas, the feed gas

m xture i s outside the expl osion area independently of

ThBed CodmpaTithigenoof t A e sagBRY NEAtbeptI8Y bial OAHHT%pﬁfzeUaﬁne

Ef& %ﬁe]v%b'ingEHéleetﬁp%r i%é@ﬂf O%ﬁgNéa@Qg 1'ithitB8 one

ovementi o cas orirn Ten
R RN i e
gapnBixtures gngd; i eppsatsisfagkervut nechanism |f said
concentration 15 approaches the 2% by volune limt, the
AB' @RV veardt | SEELHE 1qfafoso§0fe&ﬁ&r%tmsr 6§§P§‘§n The th

sgieé M%oﬁ‘:f.g&fﬁq%? %}41&?”&? he%ei:g?éns%c%uesly catalyzed

sgace tine

er eby
ik |%|t§ oaBCv} Y §NERergInEG SoMBRURE in
aflh@ﬁﬁ#ﬁ@@e reeﬁté@ht frWa‘ttlho BrPpeRe enf:@@dnog ato ricaalednappd/or
aitsy lbs atdisf ast enyexaipla) inpsusieremtay ERaB tHS@oh&ent of

mb EEONTERN Gkygah! Yh Nthed HeelihGas ShBa®eSiat £81%HFY IHAUBWS the
1919@{9%300 {g?n cbﬁéq&%&%ug{,y%&aé ahyzed 29 t%awh%%e
t éﬁ)

0 1 PhER {3 o RERomme B (e b g5, of page

Sactbres 7 ﬁ&/or acrylic acid as an exanple) in such a
way that the content of nolecular oxygen in the feed

Tﬁ@SO-_mc?btnlﬁéﬁtl 6f ainwyf%eae 24/ i urlel &btbélﬂmpmeﬁ_lmltm
oﬁg 508 n%te'n%p.a(:f.’&g 'Eeﬁ e%e%ﬂngg& é:%ggg‘nt of the
fee mix u&g,l he c&%p%%gglon o he feed gas mzxture {at

P egetermlned pressure and temperature) is always outside the
explosion area independently of the quantitative composition of
its other components (at least one organic compound to be
partially oxidized/inert diluent gas).

In figure 1 (which relates to 250°C and 1 atm), the limiting
oxygen concentration is about 10% by volume (cf. also
EP-B 1180508, page 8, line 32).

This means that, if the oxygen concentration of the feed gas
mixture is kept below 10% by volume in the heterogeneously
catalyzed partial oxidation of propylene to acrolein and/or
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PF 153743 29/ 30. The 02 content of the feed gas m xture

is belowthe limting oxygen concentration when, at a
predeterm ned 02 content of the 35 feed gas m xture,

the conposition of the feed,gab mxture (at

predet erm ned pressure and ?en‘perature) i s al ways
agaditeag ik wighptbe i wse @fcd.i mibangsatnyanfan Haert gas, the
feednyas atixtmreodpositsiale ahe ekplediver aeeapomdspendedtly of

dh%aabmggFiﬂﬁdhaBECtHQ'EEHH%?lB@ ge?oiﬂﬁf:gﬁgh%g ofltq$ feed gas
>iIt %és 4&1&!%368 h%gﬁ[;y )anfl Z% It|pzr4|f('lF$ oxygen
concentration is about 10% by vol une (cf al so EP-B
Thugp508e gnigaegareant 3R)figaseThi bs myaridabhatas idn oiperating
aPEROEn WIPIIe Ripeak t 06n ofs tpta@sﬁsﬁd Wi a"highr Beves FPkafety.
ﬁa%lr Qg OPp .% ;fI‘iIgHPS and ﬁ gggﬁggﬁ%wg#agy tﬁ@taaa gga
BEREPoSTid Tt The ety iaher HantRns g o DRt s b
oxdigate red ttbg"ag?‘yﬁﬂ'é cqreetgan Filt viodums - oThe i xpmaipdng
amophbstonl Hie by ndbpendsntingrof dildentc gaposompaisinh Nheand/or
H,80Ri Ni ng > 90% by vol ume of the feed gas mxture

conpri sing propyl ene and/or N2/H2O. 5 Thus, the entire

e 2.is available as an operatin ar ea
7, B ancvamsRiPaRd] Safhie SRS TITh e PEHOF BV Gt Tat don
iggtBeyfeedrigasymagture af 4 Jupeton of kdmexps oxiffacieay as a
cdulteonbswuedemiceor. r 8§ psaii rgncent het jmropppeaachentte 10R by

vélhje VOInIE, ahe bRfged rcdiadiiBatet tors HRro¥Y GIHsRRE .
in %by vol une. The remaining anount to 100 % y voI ume

nert dil uent co sing N2 and/ o
U JORAN ARG PACBRI RAREY REPCRRE Ofy SBAL, on 'the Ghe nand
wighc EATEA itéh thesstpiehkoresay ghstha ﬂ%ﬁéeasp@rﬂmcﬁxeﬁatmn
tof thendesisreslicbmpoend st aleot fortothmarhaehsoms ) fitsdisdas a

r&QeC A8t Sl 418N taPRhPBSY &hd RB148%0 &y ox\y%EH”Bséd Ndd ,oxik8zing

IsgeS%fﬁ?q.éa%tCH 09(1; :{Iﬂyt)ﬁ.gf 8%3(;11{ %?%QEto]_ iom trlg
AERAES Eé‘wgt%aﬂsé SAPh D EC LB AR BHIREI OB OF e Ox1

naderial Wad sl aoS(FEI%&Y%Tn ang fae lé%iﬂorl@a ‘ééﬁ?@hrﬂ?mlts on
tdhlesoatalysit)hher reasons, it is as a rule necessary to
enpl oy the nol ecul ar oxygen used as oxidizing agent in

Leﬁnlltcel@§6 %f) 't‘fllal ggfgé%cccg{cen@r Bﬁr(e SJ.tnOIt%EI Qg&ﬁ rdf‘:} mlﬁ(ture is

Qb Uar SXalp s be 5 SREOE i BEEA I BndLBB TRl ng

ldaibahierisithe sRacetfeineawdPyde). Linitation of the
oxygen concentration in the feed gas m xture is

It is an object of the present invention to provide a process for
the safe operation of a continuously operated heterogeneously
catalyzed gas-phase partial oxidation of at least one organic
compound (in particular all those cited at the outset) in an
oxidation reactor whose feed gas mixture comprises, in addition
to the at least one organic compound to be partially oxidized and
molecular oxygen as oxidizing agent, at least one diluent gas
substantially inert under the conditions of the heterogenecusly
catalyzed gas-phase partial oxidation, which process comprises a
cut-out mechanism which prevents, in a manner improved compared
with the prior art, the oxidation reactor from being fed with a
feed gas mixture whose composition is an explosive one and, for
example, permits operation with feed gases whose composition is
in the white area located between the lower edge of the area II
and the upper edge of the area I in figure 2,
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tPRr230%2 inevitably al so associated with a significant

30 limtation of the space-tine yield. It is an object

of the present invention to provide a process for the

safe operation of a conti nulqysl y operat ed

Jgettj}.ogeneousl y cat,al %zed gas- phase partial oxidatjon

P HHS 88 Bhe AAPEARECTE HAFoAMEC (FH §Tar ANEAF L3/ to

FHoMtc reghanisish@hdghsery hasednonorexmtthem psigtome limiting

quese tiyeed basmaiintainedc g ies@mplén eldid ippdsible the

D e a3 26z P 'ﬂ"al'l*ﬂrgégf’ﬁmme ities

%ﬂ uhﬁeggg ﬁ]%% S ,a% Fgfﬁ/ec% r?earst'_'pﬁﬁ .rpeﬁfé‘aéoﬁﬁf" M of

RffRHENRetBr Afeied s PPI4RF arailjsetc Hastitdse pEPRY kane

VETsizen, ofik (P prdéesnd comeliesesvity cuft thet forsdiaitns wf

dé¥ iotedppevants,of & 20MROLEY, lifPLAYEH BiiAkad (¥dde the
dp¥edkl . ab hea Hadati 9, reacter gﬁrc?@geﬁ'l S uF:Sg Wd I]:e%ycle

eed gas m.xture Qse_conposi ti Xplosi ve™ one™,
G 2080 SLbinel TRRRF (R Sopat e of fRebhgacEation
RArEOTc EAPoLhe iRRPdustionof tihe fRPdeg2s sulNtysated

between the | ower edge of the area Il and the upper
dgecy nlak@mahegmdurit offi UF e bePFea3¥d3cHd rakdtbli Ser unit
conteXte (Q"Rﬂff deration was also given, inter alia, to
cut-out nechani sns which are based on nore than only

one limting quantity to be maintai ned. For exanple,
R ey Fexippe ratiqGinshel amquntpedvide fed -teuthei neéactor per
f or uthg ftameobd Nchegwanount i @ grdpylanbefed agendeuskyctor per

cat alnfzedigas(plya@se partial oxidation of propylene to
acrolein and/or acrylic acid (with a propyl ene

c)onvt resi og.oha 95 @I % and a selectivjty_ of the

Flor mat SAUSFT B Ofr bETT 1928 68 hoitHd tonthRi Eepctor
proRAteN@LEcEtR (Bebpydthe) as raw naterial, air as an
oxygen source and recycle 10 gas as an additional inert
dRs RUmeifie datbdntrhbeo®XdfldiheORes i @96t Yxylgeh EBFtent in

Pr oqud ireRyAle e f(gﬁgj) gas mxture: a) the maxi mum

amount of air to be fed to the reactor per unit tine
{VA)i; 15 b) the maximumratio of the amount of air fed

fo ARe°f eble drouse L imiks tig jappreached Ghhsuddssance should
gvapyl encfdecas poskébiedos or 1p8; based dn mhe( Z&HR)),, tAe air
suppliye i1 ShgiB ETERt s@fedye@¥akendasad @ R&1ECHLEO di¥pylene
é’lﬁ@@&?rto&erié”gthpkégewi\@ a %&ﬂedia%peﬂ{gﬁ)& ?}.’Qjcinr;{ area
felolsld ngigthgn f wig resl qﬁléal 0é¥%el ‘%ﬂo}Pte' A, hhe .

[ ecycre gas e(ré‘g’?) B greaned SPErAbIIMsth SPERFYsi§ Shown in
f&ﬁb‘l’:SaEh e eendngt ahcehes fFgeJand the numerical symbols are

as in figqure 2).

The less steep straight line in figure 3 satisfies the equation:

A
Voz=(1-—Vc3)'—B":

with A = Cgy -+ Vge + 0,21 + V,

and B = Vy + Vge .

The steep straight line in figure 3 satisfies the equation:

Voz = Coz + Vea (Zp/p * (0.21—Cp2)—Co2) .
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AR DRI %X far as possible be a 10% based on the
limt), the air supply is shut off for safety reasons.
As a rule, the propylene supply, too, is stopped with
atime |ag. The operati ng grea 30 accessible thereby

greater tional safet shown_in_ figure

1 e RS oy JERERE SRR i aue bRl REC SPOd AT KEhES
Cei'smpﬁ %*P@\m @irherTag thes $vwer sepatalitailghes| t@?@lifh hiigha¥ eVo2
valsat) s§o eshathehegbatelmd alBalchitdrthrizelby \fRent fAglite 3

fg%aiﬁg 5%-aﬁwﬁpér¥%@ngﬁééﬁéThﬁléﬁ %&rébﬁ flééd“%'sﬁall area

4 PO L ol gy g LT en
ttlgga?‘éY COREERHRAL 1M e 18 BRI H*Fxfl‘a’? eentdéﬁﬁéft

aaéaeéaet@m of the two straight lines toward higher

Vol values, so that the hatched area characterized by

vie nBvE B4R %ha"tegﬁié‘sokﬁﬁc%n i8PSERid G BYeR p ﬂée@%UQBr the

AR iBh 36 % RohfRouoRly epsssvégt'he@erpgﬁ{l?%‘%&y Fraiyzed
‘-@@ﬁ&’&ﬁ?? awq%all p¥idatian ofsapoleash igne grganic compound with
a diigbf devek of Vafptyeid cundxitatiohirzagbpecvhose feed gas
nAGues ecompyr idsepl, 06 fRS&ddiidnheo €Re aftenabseno®d organic
SRPbLAEOLS e %Q%E%ﬂ’y Qﬁh%&%?nsﬁd*%&ie%ﬁﬁélry en as an

a:\L%lghase ar.ti al ation .of at

AHBIRG R B, PERSCGn dfpudly (g8 BRFa RS dpert
yngect bhe V\‘/FRILdeltFL@EB @%sth%W&F@g%'éﬁﬁHﬁlge@t?W%ﬂfd|9talsoﬁhase
pagtind exidatdon,ofp Wrighiac cuteowourethaoibe paruse [ty
prevent etharskidakeen| féacorgERonShé@ingl Teaxwitk i ) Fer@e ghs
IO STl din RSB ol "
ch: ?H: ﬁ?gcc’h aJTsm is geswl%éﬂ ag g ¥l

Iral " oxi fon, Th 0t=BR* nechanismis used
to prevent the oxidation reactor frombeing fed with a
#)eedngaspladken dd agiteme( e onpdsiguirenl ) seteichesipl okavacteristic
one,ofwWtaeefded as?higubr® ind N @ALSHN 4 ideShagoesh as made
Tglg%£§ee?)efﬁ%&?ﬂ?&oﬁhfnn&ﬂéﬁﬂi%gggsn?gﬂéﬁ%?ﬁ&@ﬂé)a§€a£¥3$ctlon
a di%t | nct?é%glsl'sﬁr%ﬁ’ © b@f Peﬁdegﬁolgﬁlturgné‘s dep051 ed in a
non&9PPYELYe conpositions as a function 25 of the
conposition of the feed gas m xture is deposited in a
b) a data record is established by determination with respect to

the amount and, if required, composition of the gas streams
fed to the reactor for producing the feed gas mixture, and is
transmitted to the computer;

c)} the computer calculates an actual operating point of the feed
gas mixture in the explosion diagram from the data record
obtained under b);

d} if the distance from the operating point to the nearest
explosion limit is below a predetermined minimum value, the
feed of gas streams to the reactor is automatically stopped.

The minimum value is preferably calculated from a statistical
consideration of the errors of the measured quantities required
for calculating the operating point.

The novel process makes it possible for the first time to carry
out heterogeneously catalyzed gas-phase partial oxidations of at
least one organic compound with a high level of safety and oxygen
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c?@nﬁr’t-’&:", b) a data record is established by

determ nation with respect to the anmount and, if
required, conposition of the gas streans 30 fed to the
reactor for producing the fjged gas mxture, and is

tt to the conputer f he conputer cal cul ates

cé)r? acglua?f ﬁ nP“l‘ft"tb‘Fet%ﬁ}él?}bé’d?e §ds 2Pkt ar-ihor = 1
FhE ExPF o5 ﬁ’rdFaér%ﬁnaf AdnpPereentaty vetene B®vebthenkimiting
axyden tdncefitratibhe als sdearcedbbdoibdvis @per aimiginPioRkygen
dockher aeadieSts uﬁ&@fé@%dﬁ“ds‘Hb&niﬁ%k%ﬂaQ“?ércentage volume of
n@'l%gﬁﬁgfrg n "o ghl%n f@e!tdjg Ftﬂfmiure g) oy 38 a}?. cZé f eams

e.re aut o aIZ &40 HE i ni num
AP RER RS Do o SHPy T A P60 he GHIame: £raaticns of cthe
tHR3i serRRNetsoPLt hee efqest gasf mittmepasdueedimusantiicuéar of
tihequirganic fampeahdutatben q:atrlﬂeam)p rcmlldigeaoam tHS ihleet
diQMEht PGALESS cﬁﬁbﬁ§ti$n p( hBE Sod J.Q?.a{:leﬁsﬁsyetd TBch?

t 1 al
gt ?8%%‘13%% 16-9r chage e ges& BBRTELHG (O &he
IRAGROT bt Tor 1OBPRE \CapaP yg‘éna F‘!ll‘l?@?!?se&%ur%cﬁﬂdents

t@ﬂlpﬁh@tlﬂé%d)fg&benfﬁe@rqaa/\,hllxhuae e @ ferdnoe vdluks/shonld be
the cemperastudie and PresbureObf; the UL HES N PP ot Bntry
1408Vend N diyit ! Boa) VM0 LR-EQRERT 1 £ABROR. ¢dSa 4BACT g%gre
f?gfﬂ\’?he {[%11{1’]]-@{1‘:' Lng o oxyge ntration 18 ers ood

as neani percent age volume of 5 nol ecul ar oxygen
of the feed gas m xture bel ow which, independently of
Foresgfrkit inepsohst hit vyl ive expedies tof depesivtirerche
cooppoee rds anf ekptos sl dJagrainxhol &hd cQrvé NoPaiHd cul ar

eRber { féhtQf19: HStEP{HR{EH‘@beo o & il 13! bMtoé'éih %%J.ﬂadcurve
s&xE? écﬁleci wzn U?Qia to % LTE(L}W %&P% ?ern%rgJ;' Cg‘lhe safety

| n|
mBGSPP]e’aﬁ ﬁ%‘é’e&le%bé}' k‘?*}?&%ﬂn sphehat eddi 6PYrees vf lesnger and
ipapewracies of peasuremedswhéchmre tiawpeded uire tdfe t he
deeedn et itinX bifir hé r Qfediadiag y@in@&afs kael dodd® gdshixture are

thﬁgp@&)ﬁirﬂrl%téngc@&murﬁeogaf Pt%lga ﬁnﬁg Lge%egguned both

b?ngré(onéllge‘%attggncgflggl%/sog%g %J’.‘I[' |aﬂ o F
Cga?b‘i‘ 4H906RE | SF¥OLfyy Aﬁeaesz%%h éqtsatfstuerp@%qntn jof £Rem 0.1

teo &y a@lameeQ%IQns,llénSdfég:rmtnot the curve of the
experimental |y determned explosion limt but a

THW gffhh N atkby el@%lﬁ!@'nfd%@d?gpwl gxc:fl.ghg;ﬁge@l fa%otrlaltarpy
rgﬁé Ieg)ﬁur;_a g?‘ 9 af T ycet&% gh %&F%ﬁ& $?1]gec'c§r"5')éﬁes

0osSen so SOurces O

TN §ﬁ§ﬁf-°wn e SULIPRE| tRICH SfsTERE sakater Fequirements
1pf PX3rtigger ACrarydingd i, dhet headtwns géifected thexreasbould have

an annual output (based on 8 000 operating hours per year) of at
least 2 000 metric tons of desired products.

This means that, in the case of catalyst tube-bundle reactors,
the number of catalyst tubes of reactors referred to in this
document is as a rule from 500 to 50 000, frequently from 10 000
to 30 000.

The novel process is suitable in principle for all
heterogeneously catalyzed partial oxidations mentioned
specifically at the beginning of this document.

However, it is suitable in particular for the heterogeneously
catalyzed partial oxidation of propylene to acrolein and/or
acrylic acid which is carried out in one stage in the tube-bundle
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PRuS3?48en into account. The safety margin can be

determ ned both 25 by a consideration of absolute error
and by a statistical consideration of errors. As a

rule, a safety nargin of fygmO0.1 to 0.4% by volune O
02 # u%rflent %L]exitermre&é is intended_here to
TPAST R PhbbPatloryt 8Ba9edt G debarogmePusddcratalyzed
PRt bt |%@§F#Pal of qopylenaceo |atyolgior gndirctacrylae cacid
whibh et dagrdefif ewenin sapetiyaleguiofesengss im tubacbifi€le

ré&@ﬁkﬁﬂ% N@sy debBLibRAGHOES AT frded BeLg pbwilad BAVE 180508

A5NbR based on 8 000 operatl ng hours per year)
a? Aﬁggrsitg BEOOO netric tons of desired products. 35

This means that, in the case of catal yst tube-bundle
Ipgteadraf PurRePFOPRIEnesf crude | pipengbwbict alemctonsains
laefer raad simaliler t drcunt@oel NBtlier ra@ndc! tbipdund® 300ad@ition

té%%lefﬁequeﬁyé/ A18My 404 099 rJva%Qe??Ql 44 Iﬂ?snﬁi’@éess

C d le i Nl pr| nC|

ThLe i i"ouﬁf* B, 1, Cob AR e, PSS ReRsER PhRRtPed
R ] ra?k?lfﬁe %eéifﬁﬁu?@xﬁrqgﬁpgta%%m mayshave, for
exmpl e thlet fpél@mnqabbecnm@atmmsul ar for the

het er ogeneously catal yzed partial oxidation of

aPr opyl gherd r /[or acrylic acid which is

(ﬁ:)arrsl ed outé}la%@ogggg %{eéd| n the tube-bundl e PF 53743 13
react or, and for the first stage of a heterogeneously

cat &l ?zéa by, el okiREANeHS of propyl ene to acrol ein

and# §r 43cky | weigidi dof vipriqgfanies carried out in a

pl ugabit ppmfb;smggati of tethiarRUBEH or MBAHaRES, as

desgr5| JQPE’&_. gg LaiHel4, DE-A 19910508 5
and_ @1 ce ? pure propyl ene, crude
pro ng vvh| %on? arger or small er anounts

of Bt hBPmolPX:;d'fﬁ’tghEo d?}’rﬂi’éei“ﬁ'addltl on to propylene is
as a5 ppe b oreishtrafy waltear,i al for this process. 10
Thi 8 2cbydee pyiapene efyhe, for exanpl e, crude propene

obt 2bnggm ky %l@ﬁﬂhéf‘aslﬁrﬁg“ébﬁt&’{n{r{f@om ounds (calculated
dehydrogenatl ons an? Lgl \se exarer ?1
foll Qgwi n ecifica T on 5 oI yrrer-grade pro c}/I ene:
15 §§9?3&‘B€ o fc}&‘q;ﬁ.@ﬁecogbau%qucmp@mﬁ ff(calculated
propane, s300 ppm bysvcehlgmlneﬁ,et hane and/ or net hane,
s5 ppnppy beiwdiighef of£4zdyydr ocar bons, 20 s1 ppm by
vei gt pph B¢ SleilgiReor co,
=10 ppm by weight of cyclopropane,
<5 ppm by weight of propadiene and/or propyne,
=10 ppm by weight of C,s-hydrocarbons and
=10 ppm by weight of carbonyl-containing compounds
{(calculated as Ni(CO)4);

b) chemical-grade propylene:

=293% by weight of propene,

=7% by weight or propane,

5£0.2% by weight of methane and/or ethane,

=5 ppm by weight of ethylene,

=20 ppm by weight of propadiene and/or propyne,
=100 ppm by weight of cyclopropane,

s 50 ppm by weight of butene,

<50 ppm by weight of butadiene,

<200 ppm by weight of C4-hydrocarbons,

=10 ppm by weight of C.s-hydrocarbons,
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®F7 53743y wei ght of ethylene, s5 ppm by weight of

water, s 2 by weight of 02, -52 ppm by wei ght of

sul fur-cont ai ni ng compounds (cal culated 25 as sulfur),

< ppm by wei ght of chlori ng,cont ai ni ng conpounds

(cal cul at ed as, chI orine), & 5 ppm by wei ght of CQO2,

© 55 Sfp PPy PieYeahtopECen 1 By ~spntpbnity aeEiPghndsf (calculated
cycl opropane, !55 ppm sylfwei)ght of propadi ene and/ or

pr ogynd, ppalby p#amdut OE| gmfﬂfesq&mwim heng,end s10

ppm.by el gbty, '\?r&acg gﬂi%lgi %bﬁ&:ggngrrgm?:%ﬁggﬁnds (calculated

(cal culat ed as emc

propyl ene: a93% b hio ropene, 37% by i ght or

pr oﬁa]néWMQYs‘@eQ%ﬁoyf\AEhbﬁPﬁl% keehawka tadd Asr CEPhaaed
55 =pidmplpy bei wdiightf oft kgtene, s20 ppm by wei ght of

propadi ene and/ or propyne, s100 ppm by wei ght of

SQL%EEO?{'%Q{%&J. s20 prn4 %vsggbﬂﬁ %%”grtae ;‘é"ur%%%eepgk the

ut ad] ene

ooy LA e e PE e oL S cpyiene, the
P@Baﬁ?&mﬁohg tipE |IAe3 pEopyilens) cppnhbyevwesi gllisoobe
haghéunr - cont ai ni ng conpounds (cal culated as sulfur),
s0.1 ppm by wei ght of sulfides (cal cuI at ed as H2S), <

0] cont ain
e SR SO L A R e A
Esareaeed s esllar “ho3eehE kviROREd 9 bebiiofolume of
mglReR 1Y gPdAeIPD) a«:r,s an gxygen souce dos the piwgess under
discpssien OfThehmoldéu bt eviegegen usdapmpahglyg ethepaicilieahlar
c@_{rt;dﬁt irthJ.Q.‘f aRteRYt BSEL 1yt B8RS O@ﬂ%n‘EOBBSntAé n tR8e, steam

aBkYde Pécqrmeegss%g J}%\%\ﬂﬁq:a LB u%a 'GP%rthert difiuent gas.

expedi ent” to

substantially 15 conprises 21% by vol ume of nol ecul ar
Wé%ygghpEﬁﬁ}&ig@@gyaQQ”Wﬂﬁ@l@g-up processes customary in the
prior art (cf. EP-A 700714, DE-A 19910508, EP-A 700893,

DE-A 19910506, EP-A 982287, EP-A 982289, DE-A 19924532,
DE-A 10115277, EP-A 982288), the recycle gas typically has the
following compositions:

- 5% by volume of molecular oxygen,
= 5% by volume of steam,
~ 3% by volume of carbon monoxide,
8% by volume of carbon dioxide,
-~ 2% by volume of propane,
.1 - 0.5% by volume of propylene and
85 - 95% by volume of molecular nitrogen.

[=- = I = B = L
|

Since the explosion behavior of propane and propylene is comparable
and steam and nitrogen affect the explosion diagram of propane
and/or propene in a scarcely distinguishable manner, for example,
the following are suitable as a characteristic explosion diagram to
be deposited according to the invention in the computer:

a) the propylene/0;-N; diagram;

b) the propane/0;-N; diagram;

¢) the propylene/0;-H;0O diagram;

d) the propane/0;-H»0 diagram;

e} the propylene/0O;-(N;/H;0) diagram;
f) the propane/0;-(N2/H20) diagram.
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'R 3343 nitrogen) as an oxygen source for the process
under discussion. The nol ecul ar nitrogen acconpanyi ng
the nol ecul ar oxygen in air automatically forns

di luent gas. As a rule, steam and/or recycle gas is
concomtantly used as furt & dil uent gas. 20 Wth the
moalkdy sy stanchevdmivengiop, rhecessés mugicmer Oy-NoN ekp@osion

difanghmaﬁ.Is Lﬁﬁéferaﬁ}l@x dO8ddedDEnA 1 8erEP- A 700893,
A 19910506, EP-A 982287, EP-A 982289, DE-A 19924532,

0115277, .EP- A 22 the recycl e typicall
“%E%s PpEetative iGhaeR T rrﬁéeﬁpsagmergal SoRBETLRATHRD GF the
Hlesdrar dagiEh is @ ter@)gwu\velwmclbflswean@@ far3@wpy from
bhed tempefatardcrmangenehicke,is 80vBred 8% hevphtttabfoxidation.
Eéﬁ%?ﬁ&; |@?'£Kb ﬁﬂ%giyggﬁﬁﬁédfokﬁgﬁeQfe%ﬁ%%%%ngemfhﬂatures may
o - 0
5‘5"88% 36 TR RrCP S Pﬁ% ol L Bppe e
a?‘nb‘“’ﬂ'r 6’3%“&!%‘1. RY @9 Thed tePReREHE of the

e@r Ggénmaﬁlem onhengxy! Ushcorlnhdl agtmsm‘ bpdoparereferably
gideal. phepanay Ppressches il ‘thei s YhabpervPdNe@ixidation
Lfrﬁfaerreiﬁm%zl.ocrf h%phgléhg%y rﬁoa[@ é&lﬂaé&re 33nfe the effect of
SERIELERES S TR0 o Y Bl il oaRRt s Gommpgatively
Nt FerEn ¥wwe@|-a‘gPan?xpltsaSlpﬁedﬁmépozerx@emsagtre&m
agcordangr bpWhendn@entdon diangr 401 thd sake pfopimgl32-thiz Obe
dbitegmaned 4ot €) Hate poweyernehe2ptéidiiiOondeagipnintd khe
d:1RaRk BRAPEL e N/ FROY e HAGF @Hbs &, 53743 15 According

to the invention, the crude propene/02-N2 expl osion

di agram.i s referably deposited in_the conputer. The
Rgnp&Fafsr mﬁnﬁore?%%ﬁsérPM%@t&éweﬁm nERd &9 the
sflevpet exidagdion geadtoyruanaldyain sty &t WA Whatithey arrive
froie sepafate aMialest had dle ficRperad e 4 aigerWwhich dxample a

éﬁ@t&&eﬂlﬁyrtfﬁh%ﬁiék|ﬁLtPXiqufhﬁms wﬁ%ﬂﬂeﬁgheg%eg EJEbulence),
J%b%@% | SHEP el BEABOLSERIdIY N SR L YhER "BY, pdieddalY
Beatied 14 theniniet YRRPEEBRTS 0ghed RetherEISatIoR

lzﬁa%ﬁé {ohe et ryaofnthe uindigridual rgases dnthetbatbinsstleading
tredhesspaeiemidey ishespsiieht@yenhryheplsegteneei redjtle gas

dRyeroktidR, RfddedbroyéLat |aq_r1L under discussion is
usuallyfromlto bar . Slncethe ef fect of

In order to calculate a useful actual operating point of the feed
gas mixture in the explosion diagram, for example, the
experimental determination of the following measured quantities
is sufficient:

a) the amount of air in m3{S.T.P.) fed tc the mixer per unit
time;

b) the amount of crude propene in m3(S.T.P.) fed to the mixer
per unit time;

c¢) the amount of steam and/or recycle gas in m3(S.T.P.) fed to
the mixer per unit time;

d) the O; content of the recycle gas.
The oxygen and nitrogen content of the air is known, the amount

of crude propene and the amount of any steam concomitantly used
are obtained as a direct result of the measurement, and the
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tHFe 537%EHure on the curve of the explosion limt is
conparatively not very pronounced, the expl osion

di agramto be deposited 15 according to the invention

can, for the sake of sinpl ilgity, be determned at 1

bar. However, the pressure~dn entry into the oxidation
reexeler 9% %ﬁ@ﬁéﬂﬁbﬁy"—‘btﬁ%’éﬁ“ﬁﬂc UFiyedypphpracges, apart
freoydke gmwicandootest edifi ahe fedydl: tdas 260 ak®wantontain
ﬁ)émﬁabwnccsrqﬁﬁfeg&svsueéée/ dre fYEMaBsat%nthgéod ¥ th regard

4 Ha¥Bey ARSSRREE frdddiES BRCAL eedgﬂfo% o8k 48 woula
TSEELH TIPSR i ST o Rbr di TERLAPEREEI. DORBRATE Fhen &) 9nt

rlathvaote ideusiaycrl et apgrahéng pqlntecéss@mycoretfatlépd in
sradfli agotwtd him itheetedwripegatuoe, cdrsbn oxtilies paed@nitoban be

e%'ilhﬁ@é& Ofs (diRgogBhI Wit red@rinddViditdlangases dd¥etyt.he

line leading to'the static¢c mxer is expediently in the
sequence,recycle gas and/or steam crude propene,
Ther ﬂ“aPﬁlB?‘ﬂ‘é’re msagarengnk ofathe vt siceans %‘E%r"é’t ithE
gesichprotan Hee foegdiedCoufansiingt any Nepsurdngxpppaiadms suitable
fliraghas) pliffosexagRhipldd e fexspet apba inalasiieti g Napiidadnses of

€H¥§ EQb&OX%émhﬂIE%iHﬁeﬁhéﬂi%nt%Ebﬁsas'Ehfﬂf&&écéﬁﬁgraﬁ%kes (for

exampieng?réhresbfr ﬁentérl npgg%) éﬁﬁﬁi 08 gn% Eiod)meters,
HOEs-+1hy flay FSteRR. rﬁwrmepé}o'ﬂrmtecrsneulma%)n%élow
neheyst vhrseanesrdsoon rideopcmetgns dnd m@ES. Flow )mefted st.o
Udndulti X eibg@erargnipke féfmed decbbdifg toritentineéntivh because of
Eh‘%cléﬁnhﬂgﬁﬁess‘h'ieﬂaﬁoﬁxyfﬂﬁ&a&&ﬁgniﬁ{&gﬁ.‘&o‘aﬁﬂt sfléséifret Red

t%'mrgae%?t ?(9 \Aqihet?'l ag@ggtvol anﬁ!gt? Jed da%eggnag &'ted into

€am concomni are tal ‘e
“h (& Felt) 'result of the neasurenent, and the PF 53743 16
recycle gas is assuned to consi st exclusively of
Thet degermimpaidn ofr ehe i d:gygery gentenntiantthel tetiele gas can be
daieheodes for akampio, CRhane af! EmARCORPINENtID117678.
dRYELAT £ N0l %Sﬁgvg@}hgﬁoaﬁo% e LESA oul G521 S by

yandampLe afi thegpreduct 65‘? ’Bb’é?%ﬁ'% r"ﬁrb&%ﬂ‘i kron frbe
mrg:mal pridation before e cutavednbpcihe degiped product
iSicdami onn{worethg-np ) samd |armlyedhg said sampéeychel Uss sor that

O’ ReR19xidess rérfefs_ee&d CA Ppere¥al W@ ias sAbi£&9&han the
f’&m'aehsga{?mé Ooft’ & Svgp&ﬁ%éto gglgf f\&%txtu]eo Lh% 8“@ Hr?éc }ée This
BB PRI RS OB A P PSP PHE C G (G960 to be

FRproppiiately pyae Exan@m exnadiysiai ga®| kynasssapfinghe pipeline
Sematosele afnallyzes hygpe b ehakenf tobearaperopr Sardlyasmall.

g cRurke, apParAlldse3s6f ¥ possible to carry out an O
determination in the feed gas instead of the recycle gas
analysis. It is of course also possible to carry out both
procedures. The determination of the operating point for
application of the novel safety programmable logic control (SPLC)
is expediently composed of at least three channels.

This means that each quantitative measurement is carried out by
means of three fluid flow indicators (FFI) connected in series or
in parallel. The same applies to the 0; analysis. If one of the
three operating points of the feed gas mixture in the explosion
diagram which were calculated from the three data records falls
below the predetermined minimum margin, the gas feed is



10

15

20

25

30

35

40

45

@FaS37d3apertures or Venturi tubes), displacenent flow
nmeters, 15 float-tight flow neters, turbine flow

neters, ultrasonic flow neters, vortex precession flow
nmeters and mass flow neters, Venturi tubes are
preferred according to thel?nvention because of the
ayrahnat praldlyucdodedp. LBy exakphg imttheasequenceradgsupéter a
tdind li¢nmeipeher éndt HimdAFs dhgdsvednuRdal bpWweédiQs gaB. be
converted into 20 nB(S T. P) The determ nation of the

XVQ cont ent |n t he can b carried out,
PRI T b Pidl o SHRR GRS it aPEing oY By He:
emtémt frq ceaﬁlpﬁe fFinealgtang | stease aad/ ¥ ckEQ@le gas.

on-line by 25 taking a sanple of the product gas
ATc¥EHACINY,ViRgié I OTB] BRssPBLé i €8 icdahto&na RRfadr Bpktsting

u [ u
p%'iglﬁgﬁfé ”Eﬂzél tﬁlﬂzﬁlgggbﬁ ﬁr‘&% ‘ff:om ége' %Egtg %%@]{ d?;]%tl E)f
measuF Py BB CFOT 06 G PAPE i AL iTHE Falls
heé§Wd@rf&JéHtH|%Vef-u?heam@Getz @Iast-rﬁfit dpeeffeqtps as
desckibed iyhovehi s 30 neans that the amount of gas to
t he anal yzer rrust be chosen to be appropriately |arge

A‘”tgp 'Laééé% %19 %ﬂ'ﬁ; RigPehLNg v{ly%tr%@]e{sg may
Wil bR e it G i

determnation in the feed gas instead of the recycle
rjas : 3poymelrygirsde | proy leneceurseycles gapgossstéan t=0 6careyl :
gQyt: bpth procedures. The determ nation of the
operati ng poi nt for applicati on of the novel safety
|cc gé % i s expediently

B LhSuiT sas Muiad e doLt e corbas LHRRT teans ¢ hat
each quantitative neasurenent is carried out by neans
Cofnpthere fluid fl ow i ndischyoveslyme-l ) connected in
ox9gefis or in parallel. 3The sanme applies to the 02

ralkysis. If one of the, three operating points of the
c E glg J.;&lﬁure in the e>éplosion di agram whi ch were
2EPRRINH ¥Pom the thrde®data records falls 45 bel ow
Cagbopr @&tidleni ned mi ni mdnfnargin, the gas feed is PF
Px®paBel7 automaticallyOcBosed, for exanple in the
regenace air, after a fti.ge lag propene and finally any
oheagyand/ or recycle ga% pErom the point of view of
NS%bse uent restarting, gmqu be 5 expedient to
¢5hPPRbe circul ating sté’ nd/ or recycle gas.
Alternatively, it is also possible to calculate a nean
ogper adi®hg 6 nt 2k . Sxpl osi on diagram fromthe
drheegsi ndd wi dual 34peasurenments. If its distance from
the explosion limt falls 10 bel ow a m ni mum val ue,

m%l@fhgmegg;gef Sdestedans.. daser hoedghoue: A
5 ¥z qﬁﬁ/operatlon but also %or startup and shutdown of the
partial oxidation.

However, very exact and reliable measurements are required for
calculating the operating points of the feed gas mixture from the
measured values for the individual flow rates.

Since from the point of view of application technology, however,
small amounts of gas compared with the amounts for which the
production plant is designed are used for starting a
heterogeneously catalyzed gas-phase partial oxidation, and the
measured values of flow meters are comparatively unreliable
particularly in the first third of their measuring range, as a
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BE, 58dd3exanpl e, as follows (all anmounts in
nM3(S. T.P.)): 15 Air : polyner-grade propylene : recycle
gas : steam=6.9 : 1 : 8.5: 0, the recycle gas having
the follomﬁng conposi tion:,,20 Conmponent % by vol une

gen 3. Water 1.5 Carﬁ%n nonoxi de 0.8 25 Carbon
raﬂ-ﬁxmee ffléowwap%@@uge B? cgfiarsed. Bhepcstrdiingothe partial
oxmdabgan 92 15 30 or = 64.8: 7.6 : 2.5 : 8.5, or =

: : : In principle, the novel process can be

E% ' cg'f %Lyfaea o ﬁtﬁd i L2 LB %5@&4091 ghiBled only

Phd " dedy Sas st Wﬁeiv?%weaéﬁ@%ﬁ%nﬁé TargCYCle gas)

hﬁéqwqreqfsreér towuewmwgaith% Wpehaiengipoienanpde, t et of
theewayammriposaiblé raim teed4fateasin etlisabays dropehbeand air
chdby i giudld fihowny ait.ﬁ.ﬁreal PEEid rvﬁmhtcjﬁ% PR nilnﬂ.ftlYl'geMQQen
c@ﬂ@&ﬁ{fg Eggﬁg fg@@q: OMGX e%n%hg QEP q:gatg éxceeds
are anoun for uc

Fgﬁ}rqts tg'é% gﬂédl%ﬁ e”’&?@ e‘?o‘Pa’?tmé’l“‘t F’ﬁb“% 3455 the monitoring
ofict e RRaTESds0yPentalastdvaged -mhdde patetnlpmogrammabhe logic
cantirohe( SPIF)s Ul ediy alrwes that fE®VBE MRBOG68 adéscribes an
at 08P Bilve) Ge¥ htAl £t @Ha‘itrlgﬁrﬁeﬁ Cd;':%%afoi: Ny iNe o nigh 1evel of |

r

SEEH'}? q{%‘tv%t}%* ?@‘?%Z%S“ |s 3 op"f eg" V\ﬁg rm’fnad‘imﬁ °tfh§ |
TH ?Y?%ﬁ gaSX|g5g i @W%ﬁ ReASUrdBe HAN9Y oft ther |
MGAFUY Hh %Péﬁéh‘ése%r @m)aleitédn@rwlylcfe aghanrale d‘@@d np{t @ccur |
owing hieo dihlel bt iggshyssifcad mpainlt iglaseopcvRi@nhen@Bantitative |
me 8§ Eatetl sl ard B&é\édmfi‘nVabH&M ChnuteihQradiampke, 70% |

h9£er$ O ﬁgugﬁp j?g%%?; ar%&§e8|£Eé#¥ on“@¥ less

hiPhS ltafﬂ hE| ik

g@ﬁ°s%‘?)nfc‘§ ration being

exceeded. Only when the air feed rate exceeds 10 the
Othestheatenogentons by iqdtaigedd npacitiamh vaidatien t Hfor example

tABNhé ©¥dd@nedhsl PecfRARREENFa PO AN cXSHAY BEL D DY sbBBtene to
mé@ﬂggﬁbﬂyfﬁg af lﬁééﬂ%@r@llc acid (one-stage, or the first
stage of a two-stage process), a one-stage heterogeneocusly
catalyzed partial oxidation of propane to acrolein and/or acrylic
acid, a one-stage heterogeneously catalyzed partial oxidation of
isobutane to methacrolein and/or methacrylic acid, a one-stage
heterogeneously catalyzed partial oxidation of alkylene to
alkylene oxide (e.g. ethylene oxide or propylene oxide), a
one-stage heterogeneously catalyzed partial oxidation of acrolein
to acrylic acid, etc., can alsoc be carried out in a completely
corresponding manner to the abovementioned heterogeneously
catalyzed partial oxidation of propylene to acrolein and/or
acrylic acid. This applies particularly when the total amount of
inert diluent gas concomitantly used comprises z90% by volume or
z 95% by volume of nonflammable inert diluent gases.

However, it can also be used in an outstanding manner when, as in
the processes described in DE-A 10131297, DE-A 10219685,

DE-A 10219686 and WO 01/96270, the compound to be partially
oxidized is an alkylene and a flammable inert diluent gas, i.e.
alkane homologous to the alkylene (e.g. propane in the case of
propylene, isobutane in the case of isobutene) is also
concomitantly used as inert diluent gas in addition to
nonflammable gases.
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28nB3d43(SPLC). It is true that EP-B 1180508 descri bes

an alternative nethod for starting up a reactor with a
high |l evel of safety. However, this assumes an exact
determ nation of the 15 rekgvant gas streans in the

l.ower neasurin range of t nmeasuring appar at uses,
SdBR8t Hr Gt eﬁ e42-Az2r OF hARIOIRYE BEane/ Caniin $¥P3OFhen
dbagr@m@rﬁ;:sar@ellymimzplfe'gmonne\mmmhre goand tthei veo can be

depasitedey 2 aherdasadstio ePldsivn dshytdd NG dawNcbisuter.

Tﬂ@tEBGQ?QﬁQH§E¥ ?%g?ﬂ%&ﬁg g?ﬁ Eﬁé&'?%seghga}égycle gas
& RefTRled Aokl LhEXafatyiif 3%@' SRR v

Paxhipl Cx 49 1RBt 8P ddiateda swd ceealbpredogriy iadkane are
sgRptiant il lof theobulenmers dnbtdmcrgasesnianchieopartial
oeHhacsy) i c acid (one-stage, or the first 25 stage of a
t wo- st age process) a one-stage heterogeneously

catal yze art| oxi dation o ropane to acrol.ein
HERBTSY: i, FoRe L At SR, o oo SPercRReTb iRy Flamnable
ingry| Q&Jé»tffﬁaeﬁﬁaﬁ 8 dgedoas oineyts sidnant 3as.

nmet hacrol ein and/ or nethacrylic acid, a one-stage
TReisy 0ge RSk Yr ¢ af et WaRd Bﬁi‘: é@é wesie&h@mw‘ n@!mbxkeaﬁ
chipdlel SUhencHS S Rodiol AR U fore oo
NG BN L i
apEOE b3t i sout he nanQigp st enyluc&ﬁ rias bbadexn avdancdiegran.
t he abovenenti oned heterogeneously catalyzed parti al

ThE H8¥e DIprofceBEOPYh ORE dpP13EHOLE] ﬁhea@.@lzgﬁd 3 vl &

361 8raddliro ARBLLASRAY Icalhalldd MIRN phiEe t&;fdatmuag %

R pohe . Aot LS o B dEoRf ark, 3 RR e TE a1 tn o
typrokrdpadesctep RNAL when this sderendestaegel direghly
covtaimhdiasg ferdngas whistturas the pibduke pasoeisdese of the
fdes€r stage landDEiA (dilovhd@fy BDbr A Jd#E9€85hid-(An a mixer).
TikQZA g@ﬁ‘.]ﬁ'@d % ?lé %Lofesgeg$€m%? t8f bﬁmeo retc'oﬁhl ¥tage

33 EhéS be UetRrRunga il o8 4uBLe HHNEE) Fopyae @P raling

PBFBbarﬁe‘%erF"tlﬁébé‘as%s &esc|5rlss9+ e, thesésaflams mxrcnée for the
figst sfageseindt ehe)ansum snd4She camgomitt afit sgcargkdyaair. This

isnpossiblaiericagas the aﬁdﬂatlyea pfopdi@ikkanh@dy & dasesction
cBEd?@Z&?s Jc?loséhnf.t?r e & ﬂ'tegaf.gcz; e ﬂgomr@f&?j Sne

ra sca
CBesElir MRSty Sy 4 90" {y1y o the “<Brotein
feﬁaﬁ'a%;%ﬁ 80j RoLyp TsERdRing a@f%ﬁﬁq“ﬁtt ﬁ%l%‘ﬁri‘ﬂd{téfr substpntially
cagbeh @ristessd steaifarmaaliby) si swpltiatethehsimpdsdétion of the

pireayct egamixtise r PedkairRd thet eitde stabal ¥ah e calculated
f@smyéﬁ@%r&t g8 HPSLIRAPCR thber i NAY kg e%tciﬁ;dtoadaszuonal
ggs{\%a&dm&?g P?rﬁ@ﬂ Qgous al kane are ubstantially
ARG

I'ner gases in the partial

In the simplest case, the acrolein/0;-N; diagram is deposited as a
characteristic explosion diagram.

The presence of CO therein results in a shift of the explosion
limit curve to the right. Regarding pressure and temperature, a
procedure analogous to that for the first stage can be adopted.
Here, the reaction temperatures are from 230 to 300°C, depending
on the catalyst used. The inlet pressure is as a rule from 1 to
5 bar alsc in the second stage.
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PR &B3743. 10 However, the novel process can al so be

used when only flanmmable inert diluent gases are used

as inert diluent gas. It nmay be necessary for this

purpose to extend the nunber. of conponent axes in the

expl osi on diagramto nore n two, as 15 shown in

Kgugei pl ehove thyeiraguexpiosipn- Al A@O0Es G2r Ehe t $1estease

mfopydenexodat,i oDy, ddv@lainpo)-a, $IIpcdndledroleihp C0/0,-N;

@Pﬁﬁ' O3tRE &b aYrnREht FREI BP\Rls nzreseeé&nsct%@mbstappé% & Blume
ﬁecond stage of a two-stage heterogeneously

c&ialyzed gas- phase oxidation of 20 propene to acrylic

acid or of isobutene to nmethacrylic acid in a

Asulse- Blhetratiowcttor the enpweie probéss sadomdssadge been proposed

th nget bmy camaadlmam anod e GfJascohddty airt Be Prvttithum ratio

c9£3§e tot Eacoﬁag &@gﬁlagpy a3y 3%%9099@% ac'h%) first

erati pol n
@@& 488 w& me%ns dinseiEr bl 28 SR Predndly a8
“bFé‘tté‘Fm Ak dthe secerfpfEadmmfer FPEnﬁ"ﬂwé’aéﬂéPé‘Fl freF the second
PEHEget apadet efrmmabeecastels Gyshed, fof tiHee fiest gremge.
PEptlidaeaf DF e 1akir 84t SdagmedRdni®, HWWeRLrangs t he

@{H&%ﬁkfgétéﬁ%‘i’ﬁﬁyl@' TJl-'h%nl Sy PAs S *%'fnebfgg‘usf d.NGhen

S un ction ndi

05‘8 °F‘6 5?"‘:37? aYg‘be &FECRA %P | §fie-%F mechanism
méﬁgﬁowwawyozl e grecpndsrymi by dect|V| ty of
the acrolein formation a 90 nol % remaini ng byproduct
Eiladalyl, Vit ysisdilel aet hetéd tnxar BOBueXd e skedasi€afBr the

JIIRL kPRYe fsoatl@%t %H&ﬁ%ﬂ%%hl eneOJastheofp{ﬂéi 11%%ng

m xture | gavi sta cal culat e

f :
IR P A TIPIGPs PEFATL TS OF (SRR Photfeondaty air
fafyite; Bh%u secpnd, £t898i £9 %?OWa?Gr%ﬁ‘ﬁﬂ Propylepe fed to the
Bingl esagearwl malxémawr ptepylede- kanckemgradhons ioepos ipmduct

s Mixehds asf aiheSkieGoRd Pdtafdeqn di agram 40 The presence
of COtherein results in a shift of the explosion

cutve to e.r g ure an
%%W&é?at ¥ o 2150900 medBnea Endl HetdrSadhSonnty
tadyzef JBEOREIP IS PAEBIA B X 1dAEAENS 1§ acEadeipnand/or acrylic
dcanb erat be esamried pom @Bthaur 300E] enie andihegnowvel tprecess,
€1 Fepdt gasaixtliie bnl salcp Resiae bﬁlml@n@uwnéaﬂmﬁg up to

ftﬂ b%vél@ﬂ% & $RrkNo F %@ st agenoiRk ??7&:’1?1;%%% ratio

qur.e ws typica 05|on dlagrans
éstéﬁs propyl ene/ 02- hE (I) acrolein/02-N2 (11) and
acrolein, CO02-N2 (Ill) (the CO concentration was
Tdaqotloedhsgamﬁ the taged byts otithie feedlegay mixtAgeamay be chosen
&4 tier patAVE9d 108 oROVELA PIIADSHE . | Theaforkling-tpefor recycle

PALRREBFer| Tdis HeORlYele SRAIUR ABOY i sdHcoseCONdary air
or a maxinumratio

In this document, continuous operation means that starting gas
mixture is fed continuously to the reactor over a relatively long
period, as a rule at least a few days, without interruption and
product gas mixture is removed continuously.
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pF BB@43mounts of secondary air/primary air (air fed to
the first stage) or a nmaxi mum oxygen concentration in
the product gas 10 m xture of the second stage as a
cut-out variable for the sec@ld stage apart fromthe
control systemfor the first stage. Particularly the

| ast cut-out nechanism however, is unsatisfactory

Wei nteimt-reacts only with a tinme lag, i.e. when the
incorrect feed | eaves the second stage. The cut-out

mecha e on, t |

lf ee% BIIEI 43 ﬁﬁi %hg Egiﬁzc{?‘g}%g%&a (ﬁ] {'%o%%‘i? %S' %perated
SColSFPEOTINSqURIY CRLOIPSS S38-PRasE RATLAALePTEITtIoBOf at

t he 1885t soRf QUaanis| Fempargd tl%oanmxxsiﬁttl@ar Featteex whose feed
maxigasmiztue comprbses, afn sddander ytaithe2@tf Behdto dnlee

secwqaﬁmg&,ﬁpbumouatb@fpa&rtlmlyr&pydl%a bed xﬁ&édma_ar

f|r g en ntratl n |n
ety YA L U S ool
s,hol§|u SHREH YnéHFFBnlé‘bdet%&Peh@?’é%fgléWéo%ly %5

cat deyevadenemdlancapalyiedl gesrdhasemartdaiconidition, in
andmatchca ydutc-ouCindchami dae iganke@de® WrewehBotlie oxidation

Pr oRkbamBobYs tdie aQKE! £8M QRRIS o £LEE Jaesequ&%r@%ﬁd&ee of
sal %oBEBL{,@iorP’&' d%' 8%@1&&%3'0%” B0 (A% Y. Q! ure
or nor r 02 propy ene Faxio - of
> 1Me§gaR} J%d’ieﬁégﬁ?dtar% fé’altlﬁY’?sts with feed gas

m xture may be chosen as in DE-A 19910508 or DE-A

19938050@n ¢kplowidd midaypah orhicdCyiel ehagadrdequer yf e feed
be ef f eghgdmagtirtt %d%ﬁ“&@&% aSaikPihdk SHorflQSURBAL  between
conti ”“%‘:’iﬁtlSQEFéat i tngﬁ 3 Q;te %Bﬁé&é{‘@u%%s asnLXhFl{cq:lon of

is fed I NUOUS|
| ong pégﬁoﬁom%?lgWI at ?effﬁd gaP RS i thRetited in a
i nterruSCMPRteRd product gas mixture is renoved

continuously. 40 45 PF 53743 21 we claim 1. A process
for phhe asahea ORIAd 98 85tab CUHNBPUS Ve 9RHREEH wth
het er00¢RgguUst Ve d Al ¥aBEn @R 330 08U LI %tngégito{sn of

of at one or gani

0npo
react or “Who9g® fsétercf%“ﬁ %g?pﬁ\? EERARFPE PO |Pt‘f°§38?"f$ orre feed
to the &S| B&SEUxshe angr ganmar@@ms@aﬁdt@ ot cemputer] y
oxi di zed and nol ecul ar oxygen as an oxi di zi ng agent,

at |c€3a3tth@n@oﬁ|[bdﬂlﬁmcaqa§l&-19e§l«kﬂﬁta@'ﬂﬁhﬁ'd)[yeﬂaﬁ:@.'hb POLY of the

the congi uagaog q$ ﬁtt?ﬁé)%%ei mﬁihﬁ &ﬂc#a}lnz%gom the data
h
?rgihgn?§ﬁw BE %kéafc?’tn(?dp}lgégﬁt )t'he oxi dati on

d) if the distance from the operating point to the nearest
explosion limit is below a predetermined minimum value,
the feed of gas streams to the reactor is automatically
stopped.

2. A process as claimed in claim 1, wherein the at least one
organic compound is propylene, iscbutene, ethylene, propane,
isobutane, acrolein or methacrolein.

3. A process as claimed in claim 1 or 2, wherein the oxygen
content of the feed gas mixture is above the limiting oxygen
concentration of the feed gas mixture.
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peasgpazfrombeing fed with a feed gas m xture whose
conposition is an expl osive one, wherein the cut-out
15 nechanismis designed as follows: a) an expl osion
di agram which is characterjistic of the feed gas
mixture and in which a dis##nction is made between
4 ex ph Bl aaessn @S noheiMsd siny e labnpdss ivhierrsnashea duygehi oontent
of a@f thee feedpgas tmiitudle the-TEEk BISvOLXhaIldbdve the
depPshiithd BxPgek WBHESRrallod téﬁergggadgéésmﬁ¥ture.

established by determ nation wt respect”to

anount and, if required, conposition of 25 the gas

Sst rAREOTSE £8 Fhelashdiopny obt gisddei Agte he fﬂé@e‘elgathe
m xeXygen soyrce ¢sedhsis mtied to the conputer; c) the
conput er cal cul ates an actual operating point of the

61 eef ﬁEB%fQ Xﬁgrgl%#héAWQn ég&°§§ q?%gﬁag$f§(nyhe?%1ga£ﬁ%

30 recor tahce

t he' Bt ARG po? AT GBEHE ﬁe%\rgeos%t byexailag? & mepfiapmable
beI%ﬂWEPRﬁﬂ?ﬁetern1ned m ni mum val ue, the feed of gas
streans to the reactor is automatically 35 stopped. 2.

78 PAOSAsFesaS a6l alamskd &ncbﬂy%ﬂ,clmﬁ{sehntér@ neredst the
oney @f@mﬁeﬁegggymg)édg%&gagpy'%&e %8%9 " nonflammable

%?ene ropa ane, acrofein
f: 40 3. A process as clalned |n claim1l or
2, wherein the oxygen content of the feed gas m xture
8i s Abpuaresiseabi claimgl dnygep of aricemisr at tos Ofwhidreiheehe

gasinéx {iGueb fis Tbihidds 4904 PHOGESEmE o€ hdl, NBLD idhd/or
clag@) 3, wherein the oxygen content of the feed gas

m xtute is a 0.5%by volune above the liniting oxygen
concentration of the feed gas m xture. 5 5. A process
s BIRIGRESS ASafiattedt|igi aRY 10f laimghér &0 b « ehergipgbhe
soutrertusEBduentagas ddmpkipescassSiadycialums df NapyHaF and/or
clacpp. 1 to 5, wherein the inert diluent gas conprises
s 90% by vol une of nonflannable 10 components. 7. A

rogess as clai ny of clains 1 to, 6, wherein the
1Pheb ioindiened Eheuishy, A a8y, Ssdoliys, It opiherein rEoyee
nonf#Siniased E%ni)o‘ifé’fﬂ"@ ofsthe imestoddddents ad%i ned in
any of clainms 1 to 6, wherein the

1ll1. A process as claimed in any of claims 1 to 10, wherein
Venturi tubes are used for determining the amounts of the gas
streams fed to the reactor.

12. A process as claimed in any of claims 1 to 11, wherein the
oxygen source used is air and the air feed to the reactor is
stopped when the distance from the operating point to the
nearest explosion limit is below the predetermined minimum
value.

13. A process as claimed in any of claims 1 to 12, wherein the at
least one organic compound is propylene and the
characteristic explosion diagram is the explosion diagram of
the mixture propylene/0;—N;.

1l4. A process as claimed in any of claims 1 to 13, wherein the
minimum value is calculated from a statistical error
evaluation of the measured quantities required for
calculating the operating point.
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PRePB748| uent gas conprises z 90% by vol ume of N2, H20

and/or Q02 20 9. A process as clainmed in any of clains

1to 6, wherein the inert diluent gas conprises a 95%

by volunme of N2, H20O and/ogz C02 10. A process as
erein re

| ai j lains 1 to 9, le 25
16,50 ok 36 S1alnd O poie? chilial sntd g aderpin phe

pr oEBURBULRT SyienEatehy Anpasameprhleslopicocoptrehlarei(§PLC) .
Venturi tubes are used for determ ning the anmounts of
the gas streans fed to the reactor. 30 12. A process
as clainmed in any of clains 1 to 11, wherein the

oxygen source used is air and the air feed to the
reactor is stopped when the distance fromthe
operating point to the nearest explosion limt is
bel ow t he predeterm ned m ninum 35 value. 13. A
process as clainmed in any of clains 1 to 12, wherein
the at |east one organic conpound is propylene and the
characteristic explosion diagramis the expl osion

di agram of 40 the m xture propyl ene/02-N2. 14. A
process as clainmed in any of clains 1 to 13, wherein
the mninmumvalue is calculated froma statistica
error evaluation of the neasured quantities required
for 45 cal cul ating the operating point. PF 53743 23

15. A process as clainmed in any of clains 1 to 14,
wherein the conputer is a safety progranmable |ogic
controller (SPLC). 5 10 15 20 25 30 35 40 45




