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25 partial oxidations of an organic compound.

In particular, partial oxidations are to be understood here as
meaning those reactions of organic compounds under the reactive
action of molecular oxygen in which the organic compound to be
30 partially oxidized contains at least one chemically bonded oxygen
(:J atom more after the end of the reaction than before the partial
oxidation is carried out.

A diluent gas substantially inert under the conditions of the

35 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.

40
Gaseous mixtures containing molecular oxygen and a partially
oxidizable gaseous organic compound are potentially explosive gas
mixtures.

45 what is decisive with regard to answering the guestion 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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gases.

Gases whose mixtures with air are capable of a combustion
reaction spreading from an ignition source at specific mixing
30 ratios are to be defined here as being flammable gases. Examples
(:; of flammable gases are hydrogen, ethane, propane, butane and
diethyl ether.

While nonflammable gases are inert diluent gases suitable in

35 principle for heterogenecusly 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.

40 .
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

45 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
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The catalysts to be used are usually solids.
The catalysts used are particularly frequently oxide materials or

30 noble metals (e.g. Ag). Apart from oxygen, the catalytically

(:- active oxide material may contain only one other element or more

than one other element (multielement oxide materials).
Particularly frequently used catalytically active oxide materials
are those which comprise more than one metallic, in particular

35 transition metal, element. In this case, the term multimetal
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. '

- 40

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).
45
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reaction.

One of the most frequently used inert diluent gases is molecular
nitrogen, which is automatically used whenever air is used as an

25 oxygen source for the heterogeneously catalyzed gas-phase partial
oxidation.

Another inert diluent gas often used is steam, owing to its
general availability. Moreover, both nitrogen and steam
30 advantageously form nonflammable inert diluent gases.

(:' Often recycle gas is also concomitantly used as inert diluent gas
(cf. for example EP—A 1180508). Recycle gas is defined as the
residual gas which remains after a one-stage or multistage (in

35 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

40 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

45 the reaction step in a separate reactor, in a separate reaction
stage; however, multiple stages may alsoc be used when, for
reasons relating to heat removal or for other reasons (cf. for
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According to the above, in most heterogeneously catalyzed
gas-phase partial oxidations of organic compounds the inert
diluent gas concomitantly used comprises = 90, frequently =95, %
30 by volume of N, H;0, and/or CO; and thus substantially comprises
(:l nonflammable inert diluent gases. :

However, the inert diluent gases concomitantly used not only
ensure, in combination with the other measures used for removing

35 the heat of reaction (e.g. external cooling), a substantially
uniform temperature of the reaction gas mixture along the
reaction path but also permit the safe operation of a continuous
heterogeneously catalyzed gas-phase partial oxidation of organic
compounds. '

40 _
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 spécific pressure is investigated as a function of the

45 composition of the mixture, a result is obtained as shown for a
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explosion diagram would be qualitatively the same.

It is advantageous for the present invention if the reaction gas
starting mixture (the feed gas mixture) is outside the explosive
30 area and if usually all reaction gas mixtures along the reaction
(:  path of the heterogeneously catalyzed gas-phase partial oxidation
’ are outside the explosive area. This is because, on the one hand,
pressure and temperature along the reaction path vary only to a
comparatively limited extent and, on the other hand, the partial
35 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
40 the starting compound to the desired product, on the one hand
because of its consumption and on the other hand frequently
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
45 large surface area, act as free radical scavengers in this
respect.
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case of tox é‘htoroducts and byproducts, however, even the

abovene tlonegl count ermeasures woul d not be suffici ent 20 What is
i mpor tarft” for contjnuous operation of a heterogeneously catalyzed gas-phase
partial oxMhati bh gpostapEa§er G IGNYAHE coPRIGHIOI AL A hetepaasaecsaly eact or

wi t h conposktabymedfgaskehaseapirialgasidotion ngf mitx least wne lorgraeiout si de
t he "expl oScofpadndrien ans oxhasever ,rdatdbrt MELC GWHinpbdeUsopPesAtiken has a
cut -out reaction gas starting mixture which are outside the explosion
25 area is, however, that the continuous operation has a cut-out
mechanism which prevents that composition of the reaction gas
starting mixture (feed gas mixture) which is outside the
explosion area from migrating into the explosion area during the
continuous operation (i.e. in particular in the steady state) as
30. a result of accidental faults in the gas streams fed to the
(:~ reactor for the formation of the feed gas mixture (said gas
streams generally comnsist of air, the substance to be oxidized
and inert diluent gas and/or, if required, recycle gas).

35 A 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

40 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

45 composition of its other components (0z/inert diluent gas).
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one 20 ow9R§ Fbx'fll‘féa 19064 8t 1BFR S §aG&OEY opene concentration in the feed gas
m xture and is unsatisfactory. As an inprovenent, EP-B 1180508 recommends
carryi ng oak bheimpi®asientl akP-E AIS0500UseofRticaids0kabtydndiahed ageneous!| y
catalyzed gteady-state continuous operation of a heterogeneously catalyzed
25 gas—phase partial oxidation of at least one organic compound in
an oxidation reactor (with propene oxidation to acrolein and/or
acrylic acid as an example) in such a way that the content of
molecular oxygen in the feed gas mixture is always below the
limiting oxygen concentration (page 8, lines 28 to 34, of
30 EP—A 1180508). This is also recommended by EP-A 731080, on page
C. 3, lines 29/30.

The 0, content of the feed gas mixture is below the limiting
oxygen concentration when, at a predetermined 0, content of the
35 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 {(at least one organic compound to be
partially oxidized/inert diluent gas).
40 _
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).

45 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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noni toring the oxygen ‘concent inth xture as a
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oxi dation yryle necessary to employ the molecular oxygen used as oxidizing

agent in at least stoichiometric or in superstoichiometric

amounts (for example because of the reoxidation of the oxidic

25 material used as a catalyst and for reducing carbon deposits on
the catalyst).

Limitation of the oxygen concentration in the feed gas mixture is
therefore inevitably also associated with a significant
30 limitation of the space~time yield.

<; 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

35 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 heterogeneously

40 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

45 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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of air feddjo tthe meaitan quercentration of the residual oxygen content in
the recycle gas (Copz).
25
If one of the four limits is approached (the distance should
always as far as possible be = 10%, based on the limit})}, the air
supply is shut off for safety reasons. As a rule, the propylene
supply, too, is stopped with a time lag. The operating area
30 accessible thereby with greater operational safety is shown in
: figure 3 (the meaning of the axes and the numerical symbols are
(: as in figure 2).

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

35
Vo2 = il - Ves) - ji;:
B
with A=Co - Vge + 0,21 - VvV,
40 and B = Vp + Vge .

The steep straight line in fiqure 3 satisfies the equation:

Voz = Coz2 + Vo3 (Zasp ¢ (0.21-Cp2)—Co2) -
45
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mixture whose composition is an explosive one, wherein the
20 cut-out mechanism is designed as follows:

a) an explosion diagram (e.g. figure 1) which is characteristic
of the feed gas mixture and in which a distinction is made
between explosive and nonexplosive compositions as a function

25 of the composition of the feed gas mixture is deposited in a
computer;

b) a data record is established by determination with respect to
the amount and, if required, composition of the gas streams
30 fed to the reactor for producing the feed gas mixture, and is
<i= 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
35 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.

40

The minimum value is preferably calculated from a statistical

consideration of the errors of the measured guantities required

for calculating the operating point.

45 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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determination of the operating point of the feed gas mixture are

thus taken into account. The safety margin can be determined both

25 by a consideration of absolute error and by a statistical
consideration of errors. As a rule, a safety mergin of from 0.1
to 0.4% by volume of 0, is sufficient.

The term reactor is intended here to include not laboratory
30 reactors but only reactors on an industrial scale, since
_ laboratory reactors are subject to different safety requirements
(;J in practice. Accordingly, the reactors affected here should have
an annual output (based on 8 000 operating hours per year) of at
least 2 000 metric tons of desired products.
35
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. '
40
The novel process is suitable in principle for all
heterogeneously catalyzed partial oxidations mentioned
specifically at the beginning of this document.

45 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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of the feegagasalniodidatianeot tpntpylakents Mardrdauahd/dheacagfletyagdd gi n can

be det er m pgécpoid 2 H¥ddceonNsl depahbaNiof AaWbe £F NAibeaARdnhYea
statistical,, 95'&-! df‘ar §2e98r% M0ES: aAS0fedd! Gp @ zg&ﬂ&’ RLG @9910%}6@”‘ 0.1

t004%%y v$ i clent. e tdrmrea I's Tntended here to
i ncl ude Aof® a]{’ﬁ)rp:;ltjuc"r9 reactors but only reactors on an industri al
scale, since |aboratory reactors are subject to different safety

requir errenmsstém prfaguireepréoylare, ngyde t nopegsc whish adIwctoeththéne shoul d
have  an amadgér mﬂtamb.as&ﬁbmsBoQOQt@@ﬁr&tgdiﬁcheamﬁo@ﬂs )ﬁ.@laﬁhdﬂ’let%

| east 2 0005144 eg asoasdgwl%due gauet %éft‘e'mlnfépstﬁ obdsdle case
of cat al }Ss%ht e react orgd € nu taI eactors
ref erred®t 0Pt ‘?rrﬂ p&(?@ﬁﬂ%n'{‘a)f ®4s 8rr?ﬂ“ém m536€ fiF'Bﬁ ently

from 10 006ToR Pathgo crapkgre %\ft?Pmp@%’éié%@Q%laé:&PPﬁb?‘éi |“Fr1YpPP~H§r pF@r f or

all het er egamelrus lbhec dbalgwiny paperidlicakiaeti ons nmentioned specifically at
t he beginning of this docunent. 45 However, it is suitable in particular for
the heter ogweggﬂ,ﬁ(er_mt ey pdppadild.al oxi dation of propyl ene to acrolein
and/ or gcryllc acid ichis carrled out in one stage in the tube-bundle PF
53743 1 JAN 2007 13 reactor, and for the first stage of a heterogeneousl y
cat §l yzed par Par Gﬁx]i’iﬁa‘fqmto?fp?’b‘ﬁﬂn@ne to acrolein and/or acrylic acid
which is carri&@-8&t by nweigiitur af i PXORANEst ages in tube-bundle reactors, as
descri bed i n ERP3A07D08RYy wWeR-ght7007d¥hareF-aAdY89 10&88ane and DE - A 19919596.

| nst ead of puresppgﬁyj)fzn@blgytudg @J.Q@@@gc%b@ﬁg,al so contains |larger or

smal | er ognount s 40 ANk gégglig% ds in addition to propylene is as a
rule useg as ra te%}lbavféafgg& EI s%kp cess 10 This crude propene may be,

for exanple, cf dBPP
=5 ppm by weight of water,

=2 by weight of 02,
=2 ppm by weight of sulfur-containing compounds (calculated
25 as sulfur),

=1 ppm by weight of chlorine-containing compounds (calculated
as chlorine),
=5 ppm by weight of COj,
=5 ppm by weight of CO,
30 =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(C0)a);
35
b} chemical-grade propylene:

=93% by weight of propene,
<7% by weight or propane,
40 =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,
- =50 ppm by weight of butene,
45 <50 ppm by weight of butadiene,
<200 ppm by weight of C4-hydroéarbons,
<10 ppm by weight of C.5-hydrocarbons,



from napht h% Cl;é g?ﬁ;s or from dehydrogenati ons and may have, for exanple,
t'he foll ow 6 g fications: a) polymer-grade propylene: 15 x99. 6%QbN 9007
wei ght of propene :50.4% by wei ght of propane, s300 ppm by wei ght of ethane
and/ or nethane, <_ 5 ppm by weight of C4-hydrocarbons, 20 s1 ppm by wei ght
of acetylene, s 7 ppmby weight of etthylene, s5 ppmby weight of water, s
2 by weight of SQZ,ppﬁle?%mh%kgbﬁlﬁir%ftuﬁnm@t@r@oﬁadgow@&wmﬁated

(calculated 25 as sultfur), sl _pp PMnWEight of chlorine-containing

et ont of 00 S0-S18°BRY o lirghe rL b T e ahE b s, R Wi?gﬁfmo?y
propadi ene andFdr PERoPY s 19781 0F pBhd R NReiCGRT 2 bR LTS SORPARBEar b ed510

ppm by wsi ght of carbonyl - cont asnéhipriovglounds (cal culated as Ni(CO4); 35
b) cheni cal - gr ade ppmnopy| wstijht 39380 hyr MRisghtabéuDigenre, c197%hy wei ght or

propane, 40 s0.2% by, GR; pfc BBt Raper and/or ethane, s5 ppm by weight of
et hyl ene, s20 ppm by wel ght "of propadi ene and/ or propyne, < 100 ppm by

wei ght of cycl opropane, ! 550 ppm_ by wei ght of butene, 45 s50 ppm_by wei ght
of but adi eF&NCERKPRANG BF i YHTUISE 2B IRGHF a8 Fons the sﬁ@&?gﬁﬂsb?f\/\é‘%ht of
Cz5- hydriifc hebersgeRousdy4GatialyzeaN @0 al lax ikt iopnobypyenyjlsmesf the

sul f ur - conpabpang cargeattnis €oalaudat edoppbersdldar howeddr lalgarbey wei ght of
sul fides (gakgadated as H2S), sl ppm by weight of chlorine-containing
conpounds (calculated 5 as.chlorine),

It is expedient to use air (i.e. a mixture which substantially
15 comprises 21% by volume of molecular oxygen and 79% by volume of
(i“ molecular nitrogen) as an oxygen source for the process under
’ discussion. The molecular nitrogen accompanying the molecular
oxygen in air automatically forms diluent gas. As a rule, steam
and/or recycle gas is concomitantly used as further diluent gas.
20
With the catalysts and working-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
25 following compositions:

o0

- 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,
o 0.1 - 0.5% by volume of propylene and
85 - 95% by volume of molecular nitrogen.

oe

30

o O O W
|

35 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 scaréely distinguishable manner, for example,
the following are suitable as a characteristic explosion diagram to
be deposited according to the invention in the computer:

40
a) the propylene/0;-N; diagram;

b) the propane/0;-N; diagram;
c¢) the propylene/0,;-H;0 diagram;
d) the propane/0,~-H;0 diagram;

45 e) the propylene/0O;-(N3/H,0) diagram;

f) the propane/0,;-(N3/H;0) diagram.



51 ppm by wei ght of chlorides (calculated as C10) and :530 ppm by wei ght of
water. SincePBropadd is as a rule an inert gas for the purposes of the Jan- 907
het er ogeneously catal yzed partial oxidation of propylene, the propane
content in the crude propyl ene can however also be higher. It is expedient
to use air (i.e. a mxture which substpgtially 15 conprises 21% by vol une
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ropane an r ropene. | n .Scar | di'stj uL.s ann ; exa Ie,
the fol | owi TSR SISRRPEPR 1% UEUaHdy bt ik e "ok pF ooT I edthgr ShESE To
deposi ted attmFEFFIES Phethh RARVEORTI Hhe IRXPdeRpER ekimidp if) comparatively
propyl ene/ OetNXedivagranpundgd t héepesphosi@d -diagdamgrarhe clepbhéted
propyl engs O2=ddddlidigagoathe ifvdrtaonr epanefdd2+hé0sdkagsmmingdieltyhee
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1 2 JAN Zoogdxid]ascié%pgggég t%brpggéégggﬁ;%r&seme crude propene/ 02- N2

expl osi on l'agram s preéefer €pos I'n " the conputer. The tenperature

chosen for the experinental determ nation of the
Air, crude propene and recycle gas and/or steam are fed to the

20 relevant oxidation reactor usually in such a way that they arrive
from separate lines and are first fed to a mixer, for example a
static mixer (chamber with internals which generate turbulence),
in which they are homogeneously mixed and then, if necessary
after heating to the inlet temperature, fed to the oxidation

25 reactor (the entry of the individual gases into the line leading
to the static mixer is expediently in the sequence recycle gas
and/or steam, crude propene, air).

. In order to calculate a useful actual operating point of the feed
30 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 to the mixer per unit
35 time;

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

" 40 ¢) the amount of steam and/or recycle gas in m3(S.T.P.) fed to
the mixer per unit time;

d) the 0; content of the recycle gas.
45 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



5 expl osion ﬂi\;%ls a tenperature which is not too far away from the
t enper at ure rang ich is covered by the partial oxidation. Dependjbg%A 2007
t he catal yst used, these reaction tenperatures may be from 300 to 4 @
tenperature increase of 100C shifts the explosion |limt downward by about
10% . The tenperature of the 10 feed @& nixture on entry into the catal yst
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air is kno §eBFUNLe Healhild ng18Qd:L %'E;BIUB% Qbn Ak i 83TL
concomt%‘? ug é are obtal ne as Irect result of the rreasurerrent and
the PF 53743 (%~ AN 2007 16 recycl e gas is assuned to consist excl usively

of nitrogen, apart fromits oxygen content. |If the recycle gas is also to
contai n flZherdetersmpuoiranios, theesey gane cpotedt stnl\het agepode viash caagbed

carried out, for example, in-line as described in DE-A 10117678.
However, it can in principle also be carried out on-line by

25 taking a sample of the product gas mixture arriving from the
partial oxidation before its entry into the desired product
isolation (working-up) and analyzing said sample on-line so that
the analysis is effected in a period which is shorter than the
residence time of the product gas mixture in the working-up. This

30 means that the amount of gas to the analyzer must be chosen to be

(j~ appropriately large via an analysis gas bypass and the pipeline

system to the analyzer must be chosen to be appropriately small.
Of course, it would also be possible to carry out an O
determination in the feed gas instead of the recycle gas

35 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.

40 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

45 below the predetermined minimum margin, the gas feed is



to safety si eﬁ;te@l jr presence in the explosion diagramwould 5 nerely nean
a shift of tihe operating point to the right relative to the caf gyhpyse
operating point. Steamcontained in snmall anmounts in the recycle gas or
carbon oxi des present can be evaluated as nitrogen with regard to rel evance
to safety. 10 The quantitative neasurarent of the gas streans fed to the
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anal yzing said sanple on-line so that the analysis is effected in a period

whi ch is shot Ecéga&eta'agr-sfcﬁééd sy p8§n{hc?f pcﬁl%dﬁs%eﬂﬁrégégs“kgy' n the
wor ki ng- up. S rreg{ré thag anoa;t of gas to t analyzer nust be
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pi pel i neld systemto the anal yzer nust be chosen to be appropriately small.
O gaur se, Air wopblymdrsgribdeppssphland ¢ cacyyleasan 6Redwt=erithat ilom in the
feed-gas i matsead,of the recycle gas 35 analysis. It is of course also
possible to carry out both procedures. The determ nation of the operating
poi nt for plicatjo f oV, fet roqr ble logic control (SPLC)
i s expedi erﬁe}"l%yrgg‘r'r%o% %optag?nge%% j'Ltsmﬁlrl(e"éirrcl a%néf%rng&BHThi s means that each
quantita"fq ve measurenent is carried out by neans of three fluid flow

i ndi cat or s qo™PpPRer®nnect ed i n seri & byrvoiymearal [ el . The sane applies to
the 02 analoxgigen |If one of the threé operating points of the feed gas

m xture i nywzkerexpl osion diagram whisch were calculated fromthe three data

records fal LWt he predet gy gined mninummargin, the gas feed is PF
53743 1 gst bﬁég?%u © 8

arbon dioxXide 1.6
Propane 0.3
Propene 0.3
Acrolein 0.05
Nitrogen 92.15
30
(il or = 64.8 : 7.6 : 2.5 : 8.5,
or =64 : 6 : 0 : 34.

In principle, the novel process can be used not only for
35 steady-state operation but also for startup and shutdown of the
partial oxidation.

Howeéer, very exact and reliable measurements are required for
calculating the operating points of the feed gas mixture from the
40 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

45 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



aut omati cal I d, for exanple in the sequence air, after a tine |ag
propene and"fi Aal'l'y any steam and/or recycle gas. Fromthe poi nt of 1 ¢i @ 19
subsequent restarting, it may be 5 expedient to continue circulating steam
and/or recycle gas. Alternatively, it is also possible to calculate a nean
operating point in the explosion di agBam fromthe three individual

measur enentcalel the tHldiostiagcprdeainrdchasexpdbmssdwhennstafed g tHe bakoian

m ni num valyedaaihemati c shut-off is effected as described above. A typical
steady-state operating point of the novel process rray be, for exanple, as
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first th raeé?v"[‘wélgfasné‘ﬁﬁ?ﬁ“%glrf ram?fif"’ﬁ:é'?&‘?)ri’nﬁe J‘hﬁ\l
(: measuring apparatuses, somethlng which as a rule does not occur

owing to the basic physical principles on which the quantitative
measurements are based. In contrast, shutting down the
heterogeneously catalyzed gas-phase partial oxidation is less

- 20 critical if the air feed is closed first.

Other heterogeneously catalyzed partial oxidation, for example
the heterogeneously catalyzed partial oxidation of isobutene to
methacrolein and/or methacrylic acid (one-stage, or the first
25 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
30 alkylene oxide (e.g. ethylene oxide or propylene oxide), a
. one-stage heterogeneously catalyzed partial oxidation of acrolein
(: to acrylic acid, etc., can also be carried out in a completely
corresponding manner to the abovementioned heterogeneously
catalyzed partial oxidation of propylene to acrolein and/or
35 acrylic acid. This applies particularly when the total amount of
inert diluent gas concomitantly used comprises =90% by volume or
= 95% by volume of nonflammable inert diluent gases.

However, it can also be used in an outstanding manner when, as in
40 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
45 concomitantly used as inert diluent gas in addition to
nonflammable gases. '



18 rule the Foémng procedure is adopted when starting the parti al
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het er ogefeSRSM) tRRAY SR 5a?"P|511Pe o%géﬁfel oR ¥~ Pallr??l"éﬁ‘ézto%%%ﬁ PF&n_E oxi de
(e. g;“ et hylaé'ﬁlexe%wrcﬁr phepyreeripisddpcladed i shggexnbesiaysieguany
catatyzed partial oxidation of acrolein to acrylic acid, etc., can also be
carried oufrheNnévéDicRiegkycaf Obé el edngo M &ecbadt Qea@@cweraent i oned

het ererne‘%%L&aq_@tt?éﬁé%%@eﬂééﬁé é%?i:'a‘i%b@n é)é p@&a%@ybﬁﬂ?aéﬂnﬁgf‘)' ein and/ or

35 acryl € aci d | s appliie nount, .of. _ inert
di | uen%/ jga?rcgﬁcom‘? actl:lloyR us% ot rOLHsé‘ssoé B%Peb S'Fugacf#ﬂc @é’@dby "Bl ume
of nonf | am¥#BPaPIRELG rd"laFGEEte g@"‘ %%é%?ecc?rtd @&ﬁgﬁl drerFl¥sed in an
out st andi ngonbakRs , vﬁﬁerfeedsgdiﬁ migruriee phecmtdssérmb%@llfm afELhe10131297,
DE- A 10219685st DEtayel GRAHO6R6 awebdMda1Y/ 962 Y Oadddie t@onbﬁ)ﬂn(h.rt @ hdxpantial ly
oxi di zed i@hanoﬁémﬁ@epamﬁtaoflama gRSIhikidrdeBE ORS sdodhd skkkane
horol 00Q)s craﬁ I: %A‘ﬂe%@?miﬁe&’ iP" O@Qﬂlﬁlé”méﬁﬁaf‘%%%mofzhe operating
point, determinable as described, of the feed gas mixture for the
first stage and its amount and the amount of secondary air. This
is possible because the catalyst properties under the reaction
conditions chosen for the first stage are known (propylene
30 conversion usually =z 90 or = 95 mol%, selectivity of the acrolein
. formation = 90 mol%, remaining byproduct. selectivity substantially
(:' carbon oxide and steam formation), so that the composition of the
product gas mixture leaving the first stage can be calculated
from the feed gas mixture for the first stage without additional
35 necessity of measurements.

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

20 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

45 5 bar also in the second stage.



propyl ene, i&_o%gt e in the case of isobutene) is also 45 conconitantly used
as inert dile 7}}3 in addition to nonflanmbl e gases. PF 53743 1 %ﬂﬁ%m
2007 19 Since the al kyl ene/ 02-N2 or honol ogous al kane/ 02- N2 expl osl 6n

di agrans scarcely differ fromone another, one of the two can be deposited
as a characteristic explosion diagram2on the conputer. The novel process is

addi tional Ipt gik-BPh | K WHBRCENCXSOGE B88gPanlsS fogCYabegh i the

catal ytic 9&18 JEL N H ?th%TeQL(&%Jh-‘?I\{J gﬂi}'rﬂla QX d3 !Lﬁ“ éc?/& hgt N2 and
t he honol o (}g al kane are " supstantial [y, the only 1hert dillen sés in the
‘partial oXilddti 6hP° 1P SGREFRFT2HHE WEFekeRY stBEFaAan2El S bW IBd Rhen onl y
fl ammabl e Y8&E?-di | uent gases are used as inert diluent gas. It may be
necessarys for this purpose to extend the nunber of conponent axes in the
expl osi on disaghagl t@riEyi@et Banthanowrs HoosHONN it haki ACEP| edr prBpobégur e

in DE A 199029@2. od1y tah%a&@f;emoémo&tarmvéb@'@ﬁa&ﬁf aikgra e rhgb uded
in the expl (%s:%gg dléi ram. . The ncgvel przcess can .be aﬁgl Jée tozﬁhiee secgnd
stage of a®ht -s%d’g‘tﬁet_erﬁa‘éﬂﬁ el \FEAPATYYR Adas L Bhast O Ud oA bF T 20
propene t o SEEAG) | ¥ ot iMPXUHT OXEIHL CORECPEr Het My FNE BEPHGth dRs

t ube- burkfl enixgace ?f ehhen sehendt $tages @condest ey diardebly faoorithe sscond f eed
gas m Xt ur etagbeapud fiong8Re Ntadtiicl @fystle fdd e Fiage @pubel r (secondary
air) added plaQ+t BhBakiy theM X6t ) cut- R BRELALI4), RRERLP! fde feed gas
mxture of g, $eeoNd.S) a9Raeo CALINGN R oLl N Bede! g i ID! Grpnner
fromthe op rafln oiI'nt, det &F i nabl e *as? descr i be of *Yhe" 1ce as

[
mixture fortAhdne ’f’?“g‘?‘} s‘-teaj&efa%eﬁ e FEGRRD P dehe THAOTHE - JECHAREFY air .
- This_ i tHhessebherpardmesithieoraths yocopasprraiedegdder the reaction
conflitions chosen for the first stage are known (propyl ene 30 conversion

usual'ly. Z _QQ_nﬁlllz; 85 ghdd B! estdd/ ithktOh ¢S @kbehlrid oFdmtdnen z 90
mol d, remaidal.Bgq oyl RauGt aléslggﬁdé/:ﬂvta%:l,?ﬁgﬁt@?g gﬁa's'i% of A RONE Mg pgnd st eam

formation), so_that e _composition o . P uct gas.m xture | eaving the
et S0 agE Ba B IRADERS - (TR “FEAY Ga e RORELPE THTONREYT AESL st age
wi t hout 2tidiefi bRathe £PoREe8ER9S Y aMONStr heTiivdle PROPKESRE s EhCe, the
acr ol ei n/ 0Zikgt dseageamnids ngepowh tRrbrydeae corgerdirationi &n etdp agioducti agr am
40 The presgescrigfureOdihehei sec@sdildtagen a shift of the explosion linmit
curve to the right. Regarding pressure and tenperature, a
' Finally, it should also be mentioned that heterogeneously
25 catalyzed propylene partial oxidations to acrolein and/or acrylic
acid can be carried out without problems by the novel process,
the feed gas mixture of said partial oxidations containing up to
10% by volume or more of propylene at a molar Op/propylene ratio
of > 1.
30
(i: The loading of the catalysts with feed gas mixture may be chosen
as in DE-A 19910508 or DE-A 19910506. The working-up for recycle
gas recovery can be effected as in WO 97/48669.

35 In this document, continuous operation means that starting gas
mixture is fed continuously to the reactor over a relativelyllong
period, as a rule at least a few days, without interruption and
product gas mixture is removed continuously.

40

45



procedure anal ogous to that for the first stage can be adopted. Here, the
reaction tenperatures are from 230 to 300C, depending on the CatalWS%JMfﬁﬂ7
The inlet pressure is as arule from1l2lo 45 5 bar also in the secon

stage. PF 53743 1 2 JAN 2007 20 Figure 4 shows typical explosion diagrans
for the sy%;ens propyl ene/ 02-N2 (1), acrolein/02-N2 (11) and acrol ein,

CO 02- ¥ PLj (the CO concentration was kept constant at 1.6% by vol une
there). 5 As an alternative to the novel process, it has al so been proposed
to use only a maxi mum anount of secondary air or a maximumratio of the
anount st of® PEEEREArAPAITPPFRRArSPAAC PRI PF faFFGITHEUFIY SIPeTéf8de) or a

Maxi MM YEBnEANERANIEREN QRed hd 1@ HREAAPEE: 1GAS oL9alt XbMTsF @ hhgssSeqRNd
stage as a cut-out variable for the second stage apart fromthe contro

syst emdgEnifectipeing iggan ordation aephytethehogst feed -TrA MieEhani sm

however, J|.S.. sat.i i i s..aonl i i | ag,..1.e. when
t he iné%?#%éfggée&&%%§§%25¥h§ég%%5ﬁ% g?%%%fﬂg%éxgﬁ%ggd%mﬁggﬁghﬁgﬁ? 5 acts
her e prpawriklyyomxidieesicaoidavieailarf erdgeriaralany pxi fishraulagiele , not edashat a
cut-out_scenario for the  second stage is alsg . conceivable o e basis of
Che 7ol T e Phct i, e B at 206 Tl A0t hetr i, PEoOrSHRLAE bR secondary
air 20 HedrbgchbsusBe adasiyage J4s-pravat pofticnudei pROPY £Nngy Whdchoa thig -
first stage and maxi num propyl ene cgoncentration in the product as mxture
of the YEcHRAPILEFR. 1-ssAl JUring S36| 28I RE S5e PRERE R brietidatdrn to

het er 0gengRUS! Yhd oLl vae e REQRY I:208 BAIAd dedO¥idAt 4 0% d QaBChOkEFL and/ or
acrylic acid can be carried out wthout problens by the novel process, the
f eed gasasiexconpositisy dspant ¢xplopdivéarieonshestiai Ahagcwp aus meobebisty disunme
or nore,of. prapyle a nolar 02/ propylene ratio of > 1. 30 The | oading
of the %%f’ ?gtﬁéﬁﬁfﬁé%géd gas m xture may be chosen as in DE-A 19910508 or
DE- A 19910506. The working-up for recycle gas recovery can be effected as

in WD 97/48669. 35 In this docungnt, continuqus eration neans that
Starting gas m Aure FEPFEE CbmirHiBlstS: Tb eneorEaci T ve 08 1 41Vl y
| ong period, as gad Wigtatel fastin whevh days,.stWintbosh i tnideupttheerand
product gas m xture is renoved continuously. o .
explosive and nonexplosive compositions as a function of the
composition of the feed gas mixture is deposited in a

computer;

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;

¢) 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.

2. A process as claimed in claim 1, wherein the at least one organic

compound is propylene, isobutene, ethylene, propane, isobutane,



40 45 21 1 2 JAN 2007 W claim 1. A process for the safe operation of a
continuously operated heterogeneously catalyzed gas-phase parti al 3 'i@}%ﬁp
of at |least one organic conmpound in an2dxidation reactor whose fee %% 0
m xture conprises, in addition to the at |east one organic conpound to be
parti al | xi.di zed d mol.ecul ar oxygen as an oxidizing agent, at |east one
diluenta%ggjggbg a%%%h ﬁ%?%eﬁgft under the conditions of the heterogeneously
catal yzed gas-phase partial oxidation, in which a cut- out mechanismis used
during said gas phase partial oxidation to prevent the oxidation reactor
frombeing fed with a feed gas m xture whose conposition is an expl osive
one, wher el prichessuss autaireahani smains 1,deséagaad e balheMmscor®engnNo€XPhosi on
di agramwhi ch is characteristic of the feed gas mxture and in which a

di sti nct¥%h 958 RAUEVFRtieéhoVexprosiietiRg ProfEstpICOErFB E¥MsBsiofi BRS tred
functi og., ofyitdagreconposi tion of the feed gas mxture is deposited in a
conputer; b) a data record is established by determnation with respect to
the amount and, if required, conposition of the gas streans fed to the
reactor,f i f aed_gas. . m.xt is transmtted.to_the
conpute%ig%fﬂﬁﬁgggﬁ%%ﬁﬁggﬂﬁglgﬂlggggngﬁ gé%ﬁ%ﬁpgﬁgrg%fﬁagg%?ﬁfggfOthhafeed
gas m xfemd daz tnhetexplicsi on.dk dgy amlfumenebdre: ddtea limechngl @biganned under

b); d) if th dgstanc frogltae operating point to the nearest explosion
imit i OBESEAEBP edet B nitfEd FhiTHdvEr ue, the feed of gas streams to
the reactor is automatically stopped. 2. A process as clainmed in claim1,
wherein the at |east one organic _conpound is propyl ene, isobutene,

et hyl en®; Hi3PSRES FSCHRIARE, 122ckam JANVDBOTLN 4o PEY BB St IsabFBfiei. 3.
A procegs.as clainmed in claim1, wherein the oxygen content of the feed gas
m xture is above the limting oxygen concentration of the feed gas m xture.
4. A process as clained in claim3, wherein the oxygen content of the feed
gas m xturge | 0_ by.\v .above the |jimting.oxygen ncentration of

t he fee%'5%§H%F§?§r%§)%%é¥R%g36%é§§ﬂ§£qélgbﬁgau}%hglé%ﬁ¥i,éﬁ 167 Gi Aot he oxygen
sour ce togikises ai 0% by volume of nonflammable components.

7. A process as claimed in claim 1, wherein the inert diluent gas

comprises 95% by volume of nonflammable components.

8. A process as claimed in claim 1, wherein the inert diluent gas

comprices 90% by volume of N,, H,0 and/or CO,.

9. A process as claimed in claim 1, wherein the inert diluent gas

comprises 95% by volume of N,, H,0 and/or CO,.

10. A process as claimed in claim 1, wherein recycle gas is used as a

source of the inert diluent gas.

11. A process as claimed in claim 1, wherein Venturi tubes are used for

determining the amounts of the gas streams fed to the reactor.

12. A process as clailmed in claim 1, 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



6. A process as clained in claim1l, wherein the inert diluent gas conprises
90% by vol unme of nonfl amrabl e conponents. 7. A process as clained iq ?lﬁﬂfmﬁ
1, wherein the inert diluent gas conpr2%es 95% by vol une of nonflanna%le
conponents. 8. A process as clained in claiml, wherein the inert diluent
gas cogr?réses 90%, by. vol une 9f N2, H20 and/or COQ2. 9. A process as clained
in cl ai FACCRRTEHBPA THE e B Uft uent gas conprises 951 by vol ume of N2,
H20 and/or CO2. 10. A process as clainmed in claim1l, wherein recycle gas is
used as a source of the inert diluent gas. 11, A process as clained in

cl ai m 113 wHePEPReRR M Urd L iBe8s 1 arelaided - f BReT et &M% ALnde3fle APDAHEZEF t he
gas streaiEnred 150t He TRRCKAA. ciL. cHAREREESSt AS LdoBbiBan | i@k d, cypher ei n
t he oxygen source used is air and the air feed to the reactor iIs stopped
when t hexpliostigncditgomm athéhepeiatuney ppobriend’ d:he Maear est explosion limt
is belowthe 23 1 2 JAN NO predeterm ned m ni numval ue. 13. A process as
claimed in claiml, wherein the at |east one organic conpound is propyl ene
and t helthay aocbeesstas Aeimedi on dizigr am wsetdion tdephosioum disdgreadsof t he

m xture opylenelOz - N2. .14, ,A process as.clainmed_ipn claiml1, wherein the
0 munPe R EESn I ShaSd B R, PURHCH L Por RGNS of ¢ ho
measur eguargiiantist FeguirgquiroedchDsualield ahe ngpdha igpepathng point. 15. A
process as claimed in claim1 wherein the conputer is a safety programable
| ogic controller (SPLC). 16. A conputer-based nethod for a continuous,

het er ogeneqush¥bceat 3y Zad indasiRh@bfi aPar Lhéle Oxidal LeRpRfeAlid easkrOff
organi ¢ conpound in an oxidation reactor that includes feeding a gas

m xt ur epregnamngbhy Hv9id apptrehkenr FHHCE . conpound, nol ecul ar oxygen, and at

| east one diluent gas substantially inert under the conditions of the

het er ogeneously catal yzed gas- phase oxidation to an oxidation reactor, and
preventisg A tchepheeditipeaf manhed pf@siaveogasnupud uhetepofdmeadldatadal yaart or

with a cut-out mechanism. conprising: _inputting an expl osi on di,agram whi ch
's char 8T EIPSE| BUETLat PUERTOHB T AUNEA RN HAVHGPA. PRRRT AR a5
non- expbRsdate chegbaft ANd Rk ihedsdeDFReXAY OS5I MeGt0Be EhtthARSE NGl atiOr e

safety regions separating the _explosive and non-expl osive regions,_ and
wher ei n123E C8§i RS RFE COEPPREd RS ARCPTIETOf PHe2E ohP (Endbtvuee

feed gag,dm it nel HPW Lidag ! DR BRMitidnd SRULhE et 4c0RBASI{ 1 ON Of
the gas"streans fed to the oxidation reactor; calculating in“the explosion
di agr amrattelgFedariacpipoiantoxdfiatide feed gasdatrurearctsul tdmy pregmmt ing gas
Streanstﬁéﬂ¥ég%ikgeof an explosive gas mixture to the oxidation reactor with a

cut-out mechanism, comprising:

inputting an explosion diagram which is characteristic of a
feed gas mixture and having at least one non-explosive region and at
least one explosive region, and one or more safety regions separating
the explosive and non-explosive regions, and wherein the regions are

defined as a function of the composition of the feed gas mixture;

inputting the amount and, if required, the composition of

the gas streams fed to the oxidation reactor;

calculating in the explosion diagram an operating point of
the feed gas mixture resulting from the gas streams fed to the

oxidation reactor;



oxi dation reactor; 24 1 2 JAN 2007 considering the position of the
operating point wwthin the inputted expl osion diagramto determ ne i1f HM\EZUW
operating point is in a non-expl osive2dr expl osive region of the expl 0si on
di agram stopping the feed of gas streans to the oxidation reactor if the
operating point is_in.an explaosive.regio in a safety region,af he

expl osi on di agr affe S WhEr &% Ithﬁep?:ﬁ%t-lou Onegﬁ?ine%en%afcsmgséal gr"flnéu?altge gas
phase ipattted expidatibondidghamlihe &eeatineasfctind mobdatiabapsidit,iswhar i n

t he het erogeneoysly cat alc}/zed as- phase partial oxidation is carried out in
a non- BXPr R VEVPegF ot RICIE EXBLTS| Un 'dfafFRM S CHEI93E: f eed mi xture
has an oxygen anount greater than the m ni mum anount of oxygen in any

expl osive region of the explosion diagram 18. The process as claim]l,
wherei n the het eP6ERRERAISINE £&e8I 9% cpg&STepRASE faret P&l dekiemtbegstrs 1f

carri ed,Qubyd . 3 nBopeeXe! A51:Ye hegh Qb el REgi SXALOSIHOR gg@@{ﬁge dnt B8 9gas
feed m xture has an” oxygen anount greater t%an the m ni num ahount of oxygen
i n any tégpexsiosd onediagrais.t he expl osi on di agram

wherein the cut-out mechanism is used during said gas phase

partial oxidation.

17. The process as claimed in claim 16, wherein the heterogeneously
catalyzed gas-phase partial oxidation is carried out in a non-explosive
region of the explosion diagram and the gas feed mixture has an oxygen
amount greater than the miniwmum amount of oxygen in any explosive

region of the explosion diagram.

18. The procesgs as c¢laim 1, wherein the heterogeneously catalyzed gas-
phase partial oxidation is carried out in a non-explosive region of the
explosion diagram and the gas feed mixture has an oxygen amount greater
than the minimum amount of oxygen in any explosive reglon of the

explosion diagram.



