Met hod for safely carrying out gas phase partial oxidation 5 Description
The invention relates to a nethod for the safe operation of a continuously
oper at ed het erogeneously catal yzed gas-phase partial oxidation of at |east
one .organic starting conpound in a reactor whose feed gas m xture stream
conprises 10 at | east one diluent gas substantially inert under the
conditions of the heterogeneously catalyzed gas-phase partial oxidation, in
addition to the at |east one organic starting conpound to be partially
oxi di zed and nol ecul ar oxygen as an oxidi zing agent and is produced by
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t he online neasurement of the concentration of one 15 or nore sel ected
constituents in the feed gas m xture streamitself, in one or nore of the
starting strqaeriftigaduci ng the feed gas mxture streamand/or in the
product gas m xture stream prevents the reactor frombeing fed with an
explosive feed gas mxture streamor a feed gas m xture streamwhich is
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conmpound. Part oxi dations_are therefore 1n particular all reactions of
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measuring cell of an analytical apparatus and, while the measurement is being
carried out, is passed (on another side) out of the measuring cell of the analytical
apparatus into a discharge atmosphere.

25  The partial oxidation of an organic starting compound with molecular oxygen as
an oxidizing agent is understood as meaning those reactions of the organic
starting compound in the presence of molecular oxygen to give at least one target
compound differing from CO, CO, and H;O, in which reactions the oxidation
number of at least one carbon atom in the at least one organic target compound is

30  greater than in the organic starting compound. Partial oxidations are therefore in
particular all reactions of an organic starting compound with molecular oxygen to
give at least one target compound differing from CO, CO, and H,O and
comprising at least one oxygen atom more than the organic starting compound. In
particular, oxydehydrogenations and oxidative dehydrogenations (in the latter,

35  molecular hydrogen is formed at least as an intermediate and is at least partly
oxidized in a subsequent step to H.O) of saturated hydrocarbons to unsaturated
hydrocarbons are also partial oxidations (e.g. of propane to propylene).



-2- Partial oxidations of organic starting conpounds are wi dely used for the
preparation of organic target conpounds (for exanple, the preparation of
acrylic acid from propene and/ or propane, the preparation of ethylene oxide
from5 ethylene, the preparation of nethacrylic acid fromisobutene and/or

i sobutane or the preparation of propylene from propane). For this purpose,
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20 unintentionally overheated surface) and then being able to develop with very
considerable pressure increase in a deflagrative manner as an explosion or even
as a detonation.

Safe control of the effects of all possible undesired courses of reaction would be
25 possible, if at all only at an enormous cost, for example by an exceedingly
expensive design of the reaction apparatuses, which then have to be dimensioned
for much higher pressure than can occur in normal operation, and it is for this
reason that there is a major economic potential in the reliable avoidance of certain
dangerously explosive feed gas mixture compositions from the outset for
30 preventing certain undesired courses of reaction. Since the reactants are
consumed in the course of a partial oxidation, the reaction gas mixtures arising in
the course of a partial oxidation from the feed gas mixture are as a rule readily
controllable whenever the feed gas mixture itself is readily controllable.

35 The guideline to Directive 1999/92/EC of the EU Commission in the final version
of April 2003 gives a basic synopsis as well as a procedure and conservation



35 The guideline to Directive 1999/92/EC of the EU Commi ssion in the final
version of April 2003 gives a basic synopsis as well as a procedure and
conservation -3- appropriate to the prior art and the rules. Ceneral
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20 the so-called upper explosion limit. The disadvantage of such a procedure is that,
with the use of measuring apparatuses according to the prior art which control this
concentration, the resulting feed gas mixtures have as a rule, with regard to the
target reaction, compositions (lying very far above this upper limit) which firstly are
not very reactive, so that only low reaction rates result and secondly generally
25 have a very large excess of organic starting substance of the reaction, giving rise
to the necessity of separating this excess from the resulting product gas mixture
and recycling it into the feed gas mixture, both of which are economically
disadvantageous. Furthermore, an excess of the concentration of the organic
fractions relative to the reaction stoichiometry usually has an adverse effect on the
30 catalyst life.

A third possibility is, for example to reduce the concentration of molecular oxygen
in the feed gas mixture below a lower limiting value, so-called limiting oxygen
concentration. Regardless of the other composition of the feed gas mixture,
35 ignitions are then no longer possible. With the use of measuring apparatuses
according to the prior art which contro! the oxygen concentration, this requires a



in the feed gas m xture below a lower limting value, so-called limting
oxygen concentration. Regardless of the other conposition of the feed gas
m xture, 35 ignitions are then no |onger possible. Wth the use of measuring
apparatuses according to the prior art which control the oxygen
concentration, this requires a -4- concgntration significantly below the
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measur i ng appkepsratides whi ch control contents/concentrations and ensure that
the ignition limts are exceeded to a safely limted extent, i.e. in an
exactly controlled manner, and rule out penetration 25 into ignitable feed
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20 safely controllable at a cost which is still comparatively limited by suitable
equipping and/or design of the plant. However, complete exhaustion of the
abovementioned option requires measuring apparatuses which control
contents/concentrations and ensure that the ignition limits are exceeded to a
safely limited extent, i.e. in an exactly controlled manner, and rule out penetration

25 into ignitable feed gas regimes to an impermissible depth with possibly no longer
controllable courses of the reaction.

The possibility of being able to carry out certain partial oxidative preparation
processes in an economically expedient manner is often realized at all only by
30 limiting in a controlled manner the exceeding of the limits of the ignition region
assignable to the organic constituents of a feed gas mixture and the simultaneous
maintenance of a sufficiently safe difference between the feed gas mixture
composition and, for example, ignitable stoichiometric mixtures, i.e. those
mixtures in which the molar ratios of reactive oxygen and organic constituents are
35 stoichiometrically ideal for complete combustion of the carbon of the organic
constituents to CO,, and in which as a result the effects of undesired ignitions in



assignable to the organic constituents of a feed gas m xture and the

si mul taneous nmaintenance of a sufficiently safe difference between the feed
gas m xture conposition and, for exanple, ignitable stoichionetric
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the end 20 stopped by withholding organic starting substance (cf. DE-A 102 32 482).

A feed gas mixture which is no longer controllable may, however, alsc be present
when the content of molecular oxygen in the feed gas mixture is too low so that
the catalysts which as a rule comprise multielement oxide materials and are
25 usually extremely expensive to prepare are no longer sufficiently reoxidized during
the partial oxidation and may therefore be irreversibly damaged, which in the end
also entails stoppage of the partial oxidation. Otherwise, after the target product
has been separated from the product gas mixture stream, the latter may also itself
be starting stream for the production of the feed gas mixture stream in a partial or
30 complete recycle gas procedure.

US-A 2004/0181090 states that the measuring apparatuses or systems of the
prior art for determining such gas concentrations have considerable inaccuracy
and are therefore not sufficiently trustworthy. As an alternative to increased safety
35 margins from the permissible limiting compositions, it is proposed, as a possible
solution, to assume the presence of an error only on simultaneous indication of



al so entails stoppage of the partial oxidation. Qtherw se, after the target
product has been separated fromthe product gas m xture stream the latter
may also itself be starting streamfor the production of the feed gas
mxture streamin a partial or 30 conplete recycle gas procedure. US-A
2004/ 0181090 states that the neasuring _gpparatuses or systens of the prior
art for determ ning such gas concentrations have consi derabl e i naccuracy
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20 For example, the concentration determination (in particular in the case of
molecular oxygen) can be effected by the procedures described in the
publications DE-A 10117678 and DE-A 102005052923. The basis of these is,
inter alia, that electromagnetic radiation having a wavelength at which the species
to be determined absorbs is passed through the measuring cell of the analytical

25  apparatus and that fraction of the electromagnetic radiation which is not absorbed
by the species to be determined which is present in the measuring cell is
measured behind the measuring cell.

For example, the oxygen concentration can be measured by means of a laser
30 beam whose wavelength is adjusted to one of the rotational fine structure bands
of molecular oxygen. For calibrating the measurement, the laser beam can pass
through a calibration cell which comprises a gas having a defined oxygen content
or through which a gas having a defined oxygen content is passed. For example,
the abovementioned laser may be a diode laser whose wavelength can be
35 adjusted to one of the rotational fine structure bands of molecular oxygen in the
range of from 759.5 to 768 nm. The modulation range may be +0.05nm. In



by the species to be determ ned which is present in the neasuring cell is
nmeasur ed behind the nmeasuring cell. For exanple, the oxygen concentration
can be nmeasured by neans of a |aser 30 beam whose wavel ength is adjusted to
one of the rotational fine structure bands of nolecul ar oxygen. For
calibrating the neasurenent, the |aser Qean1can pass through a calibration
cell which conprises a gas haV|ng a defined oxygen content or through which

a gas havin | e f I
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the type MCSGektfafymhy bé seitatsanfy thiappgbed.us) or of the type Unor(r) in each
case from Sick-Mi hak in Reute, Germany may be suitable for this purpose.
However, neasuring nethods which are based on conpletely different 10
rel ati onshi psloaeeeral measuwririgalrhethbds  whieh matd oblasedc amdi sognpletelyh eliffener@nt | on.
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anal yti cal apparatuses I'T very response-tine,
their small amenasalyzers QfH%MA B@W%ﬁ@gé\ﬁ&ﬁrﬁp@um f\yalys@tmhﬁ@fr gkl in

const i t uent s pasbe dhger! Gefharl, 1888 bid xnéngr@pa.gaéra@sagmw Birgeldl . are

partlcul rly advant agegus ver si o e measuring net hods
based on 1 he MREBHERN Bé“%?rtifﬂ%u theie smak daﬂ%ﬁa'umﬁeth%éqwga@ars&ﬂﬂgw
AN ER el gy L e o T AT
the pivot pofif PiicUsiadABiropals (rsiion a5 oBaiia 30k HdnesuDBfEtRt
appar at uses aaskdmuthiecabovementioned poincigenere asnomgahe iiost Accirate qﬁmmgtner its
par amagnet | Smettlji]o%soéy&?&m%z{tfo\ﬁ‘?gr molecular oxygen in the range from 0 to 100% by
20  volume. A diamagnetic handie having a mirror present at the pivot point is
fastened to tensioning belts in the abovementioned apparatuses and mounted in
an inhomogeneous magnetic field. Owing to its paramagnetism the oxygen strives
to enter the inhomogeneous magnetic field of the measuring cell. The O,
molecules exert a torque on the handle and cause it to deflect according to the
25 oxygen concentration. Optical scanning electronically generates a current which
flows through a wire loop which is placed around the handle and turns the latter
back to the neutral position. The compensation current is proportional to the
oxygen content of the measuring gas, with the result that the O, indication is
absolutely linear.

30
In principle, however, gas chromatographic or electrochemical methods are also
suitable. In the latter, the species to be analyzed is ionized by suitable energy
supply, and the electrical conductivity of the gas present in the measuring cell is
continuously determined.

35

Accarding to the methods of the prior art for the purpose of carrying out an online



to enter the inhonbgeneous magnetic field of the measuring cell. The 02

nol ecul es exert a torque on the handle and cause it to deflect according to
t he 25 oxygen concentration. Optical scanning electronically generates a
current which flows through a wire | oop which is placed around the handl e
and turns the latter back to the neutrgl position. The conpensation current
Is proportional to the oxygen content of the nmeasuring gas, with the result
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at nosphere, for exa her e a space esent under reduced
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the very snamkaguridgelrowin@ b the veResmiaisgrbesge didpie the dischae@s lirespondi ng
manner, pressure variations also formin the gas streamto be
In a corresponding manner, pressure variations aiso form in the gas stream to be
analyzed in the measuring cell.
20
However, changes and/or variations of pressure and/or temperature in the
measured volume (the measuring cell) lead directly to changes to values of the
concentration to be defermined and are presumably the cause of the problems
discussed in US-A 2004/0181090. In addition, owing to the necessity of
25 maintaining safely determined minimum differences from the above-described
ignitable compositions to be avoided, they require a limitation of the accessible
concentration range for the desired partial oxidation, since the inaccuracies
discussed must be taken into account by an increased safety margin.
Alternatively, a control variant according to the teaching of US-A 2004/0181090 is
30  required.

it was therefore an object of the present invention to permit the concentration
measurement of especially those substances of a feed gas mixture for a partial
oxidation which are relevant with regard to the safety in respect of ignition
35 basically with such a high accuracy that this measurement is not the limiting
element with regard to the safely useable composition range of the feed gas, and



anal yzed in the neasuring cell. 20 However, changes and/or variati ons of
pressure and/or tenperature in the nmnmeasured volune (the neasuring cell)

| ead directly to changes to values of the concentration to be determ ned
and are presunmably the cause of the problens discussed in US-A

2004/ 0181090. In addition, owing to thegnecessity of 25 maintaining safely
det er m ned n1n|nun1d|fferences from t he “above-described ignitable
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st r eam whi ch(dischatgedy vaus eof the measuring cell of the analytical apparatus into an

atmosphere (the “discharge atmosphere”), the gas stream to be analyzed, and/or

20 the discharge atmosphere, being subject to pressure variations, wherein the

influence of variations of the pressure of the gas stream to be analyzed and/or of

the discharge atmosphere on the measured pressure in the measuring cell in the

analytical apparatus and hence on the result of the measurement

25 a) is computationally correct and/or
b) minimized by keeping constant or regulated the measured pressure in the
measuring cell of the analyticai apparatus independently of the pressure of
the gas stream to be analyzed and/or of the discharge atmosphere by
means of a pressure control apparatus.
30
By far the most measuring methods for the online determination of concentrations
in the gas phase determine, as mentioned above, the particle density of the
substance to be analyzed. The number of particles, e.g. molecules, per measured
volume obeys the recognized physical laws and, within the scope of validity of the
35 ideal gas law, is directly proportional to the absolute pressure in the measured
volume and inversely proportional to the absolute temperature in the measured



15 control |l able, where, for the online nmeasurenent, a part-stream of the gas
stream to be analyzed in each case is passed continuously into a neasuring
cell of an analytical apparatus and, while the nmeasurenent is being carried
out, is passed (discharged) out of the nmeasuring cell of the analytical
apparatus into an atnosphere (the "digqggrge at nosphere"), the gas stream
to be anal yzed, and/or 20 the discharge at nosphere, being subject to
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the gas streamto be : or of 't | schar ge atnospfiere on the
measur ed pr eskeMemeantonacecoraridatianabcqreaction is therefora passiplpdap capwaraiively and
hence on thegipffdinbn@dr. t he measurement 25 a) is conputational |y correct
and/or b) mnimzed by keeping constant or regul ated the measured pressure
in the measuring cell of the analytical apparatus independently of the
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by nethods gLegbflidMd dytodtie® oPriofs infdrisiveSehRioR@wing ¥ @e HidHer Yéddiidty &n of the
measured_ _pressuré in the neasuring cell, which cah be reduced by "pressure
control ldeadifriesd gas @iXWBst antial Iy vani shing degree, with the result that

the switching off 10 of the operated gas-phase partial oxidation previously
Dot B00U BT Shole, g o 1 ShiholE SPthe! SloR ASE e Siinds of
carrying out an online analysis of a gas stream, a part-stream of the same
composition is taken from this gas stream, usually by means of a suitable
20 quantitative metering apparatus (in the simplest case a fixed or a variable cross
section) and then flows, either on the basis of the gradient between the pressure
in the gas stream to be analyzed and the pressure in the measured volume (in the
measuring cell of the measuring apparatus) and/or by a transport apparatus which
generates such a pressure gradient into the measured volume (into the measuring
25 cell) of the measuring apparatus and from there, once again on the basis of the
pressure gradient, to a discharge atmosphere (i.e. the atmosphere into which the
part-stream is discharged or passed after the measurement has been carried out;
or simply, this may be the ambient atmosphere; the discharge atmosphere can,
however, also be an artificially generated atmosphere, for example the
30 atmosphere of a space present under reduced pressure by means of vacuum
pumps) into said discharge atmosphere.

A pressure of the discharge atmosphere which has been imposed on the
measuring apparatus in the measured volume (in the measuring cell) by this
35 procedure according to the prior art can, according to the present invention, now
be decoupled from the pressure of the discharge atmosphere and regulated in a



nore rarely and/or later on, with the consequence of better cost-efficiency
by very substantial utilization of the feed gas conposition ranges

perm ssible with regard to safety and by better or nore intensive reaction
owing to the higher reactivity of 15 the feed gas m xture. As descri bed
above, according to the nethods of the E{IOF art for the purpose of
carrying out an online analysis of a gas stream a part-stream of the sane

comost t10n ingle? bt A 1l PistRBaRId S8MeriBH Yobuedt EAIRLA odh SHY1 201 € 20

guantitative ar at us case a vari abl e
cross secti@agh aagﬁjatrn@phferam ar‘eﬂ@lhﬁﬁblerﬂm deatplablsf fl@w-éhrgugiupeﬂne bet ween

t he pressur eDebéh(ﬁH’georgﬁr% p?éés‘?ﬁé‘bﬂa%st?ﬁ tﬁ’enl‘ﬁ%;éf&ﬁgd 23 tmeNm tﬁé%?e%%ﬁﬁnd E%lt) and/ or

nmeasur ed vol urre (1 nmeasuri ng e nmeasuril ng parat’u
by a transpofid @ptbardéﬁcngrmtr@ﬁsphj%éh'étfl@y-tewahéerlbt?eeegiaﬂedgnﬁmheahwav nto the

neasur ed 50l yap a(suust:anmﬁ, Wt'ﬂ?ébs%ﬁe ﬁﬁi\/ahs iﬁ tﬁehﬁxea&?féarvoﬂ%@mﬁahét us and
fromthere, onceg% em) he basi s essure gralent to a

di schar ge at M§8pHi “edeﬂeﬁge’ﬁlyrﬁfst%é’f‘e‘e%}’ﬁ?t'ﬂ fmidisshange atrlyg?qhege PBAm i s

di schar ged oslsp asependdriti lof tepdressets fibwinglae the ebagarddi walingé!linto the Si nply,
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of a space present under reduced pressure by neans of vacuum punps) into
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of an adjustable and/or controllable fl ovv-t hrough orifice. Depending on the

pressure states in the neasured volune (in the neasuring celléJ and in the
di schar gb at feesaiag do theripvertipp.ihisihasicgringipleris expedientlycaaipd ot Sy MLagsSway 5
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measur ed vol dewsldpnigrn ctfhecommawlverr@vml 4 Jsuitable adjusting drive apparatus (for
example a movable needle with conical cross section). Suitable drive energies are
20  both energies of the measuring system itself, such as, for example, pressure
differences acting on membranes (for example the pressure difference existing
between discharge atmosphere and measuring cell or the pressure difference
existing between measuring cell and gas stream to be analyzed) and external
enhergies, such as, for example, gas and liquid pressures decoupled from the
25 actual measuring system (for example “compressed air’) and/or mechanical
energy applied, for example, by means of spring(s).

A controlied equilibrium between the amount of gas flowing from the gas stream to
be analyzed from the gas-phase partial oxidation into the measured volume (into

30 the measuring cell) and the amount of gas flowing out of the measured volume
into the discharge atmosphere is thus established, with the effect of maintaining a
virtually constant pressure in the measured volume itself.

The introduction of a further appropriately designed pressure control apparatus
35 between gas stream to be analyzed and measuring cell additionally improves the
pressure constancy in the measuring cell.



10 This nmeans that the basic principle of the pressure control according to
the invention conprises regulating the part-stream flow ng through the
measuring cell of the analytical apparatus to a val ue i ndependent of the
respective actual pressures in the discharge atnosphere or in the gas
streamto be analyzed. 15 According to _the invention, this basic principle
Is expediently carried out by neans of @ pressure control apparatus
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Accor di ng 10 chiaRzb@Y8ephadY parflal@fdaliérPn t0o the use of a pressure control
accordinggto the i nvention, 1t 1Is expedient to reduce the influence of the

variatio of the neasuring tenperature on the result of the neasurenent by
keepi ng the Thapsdsatdithtdl aphaaliisas beeded abstrEingab thd Rvempnol Keepi) | )

constant b . Fbbu i Misshi ' Bt Jie AR SPbas R TERR o
Ther nost at i nindebendently rof aseiaciugl peisburel défithe distharyeadtyriospladre apragalbtigg i s,
however, f re%ﬁ%”“e‘és&r%f ;i)r%isgu%' can advantageously be in the form of an integral,
20 compact unit which in particular may be commercially available, and as such is
expediently installed at the outlet of the gas stream from the measuring cell, i.e.
between the analytical apparatus and the discharge atmosphere.

It is also possible for the pressure control apparatus to be in the form of a

25 noncompact unit, two or more of the functional units constituting it — measuring
apparatus, control apparatus and actuator (flow controller including drive) — to be
in the form of units separated mechanically from one another. Thus, a measuring
appafatus determines the actual pressure in the measured volume (in the
measuring cell) and then sends a signal to the control apparatus, which in turn

30 sends an adjusting signal to an actuator, which varies the flow-through cross
section and thus adjusts the pressure in the measured volume.

A transport apparatus for the part-stream or part-streams to be analyzed, whose
concentration of one or more selected constituents is measured can
35 advantageously be introduced in addition to the pressure conirol apparatus at the
outlet of the gas from said apparatus, i.e. between pressure control apparatus and



The met hod according to the invention is provided for the online nmeasurenent
of 10 the concentration of one or nore selected constituents in the feed gas
m xture streamitself, in the product gas m xture stream and/or in one or
nore of the starting streanms producing the feed gas m xture stream 1i.e.
for concentration neasurement during opgoing operation of a continuous

het erogeneously catal yzed gas-phase partial oxidation. 15 The pressure

control appagigiasgd SmdRphsgd according to the invention for keeping the
measured pressure I n the measuring cell of the analytical apparatus constant

i ndependently of the actual pressure of the discharge atnosphere or

regul ating i GraRB@st a@?a@t&séﬂrﬁ GadvantageMan) daequghphragml aurtnbe bliesian of an
i ntegral, 20 con&aet unit which in gart fcul ar nay. be commercially avail able,
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signal to an actuator, var rou cros and t hus
adj usts the for exauple af e h@erﬁﬂéﬂlﬁbdfOUwagﬂt mADtTraanrwms Geappay aeudsd or t he
part-stream giizBRrt-streans to be anal yzed, whose concentration of one or
nore sel ected constituents is nmeasured can 35 advantageously be introduced
in addition to the pressure control apparatus at the outlet of the gas from
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embodiment, the measured pressure may be below the pressure of the discharge
atmosphere; in another embodiment, however, it may also be equal to or higher
20 than the pressure of the discharge atmosphere.

With regard to the accuracy of measurement, it is advantageous to work at an
excess pressure relative to the pressure in the discharge atmosphere, because as
a result, even in the case of very small leaks due to manufacture, no gases
25 penetrate from outside into the measured volume (into the measuring cell}, which
gases might falsify the result of the measurement. This variant of the method is
expedient, for example, particularly when the constituent of the gas stream which
is to be analyzed and the concentration of which is measured is oxygen, since the
atmosphere surrounding the measuring apparatus and hence the measured
30 volume is as a rule oxygen-containing air.

If, on the other hand, the gas stream which is to be analyzed and of which the
concentration of at least one constituent is measured comprises a toxic
substance, a measurement at reduced pressure is frequently preferable to a
35 measurement at the pressure in the discharge atmosphere (frequently the natural
measuring environment)}, in order to avoid leaks of the toxic substance to the



from KNF- Neuberger D-Freiburg i. Br., Germany, have proven useful, and, for
exanpl e, gas di aphragm punps of the type N86 and N87 from KNF- Neuber ger
D-Freiburg i. Br., Gernmany and bell ows punps of the series P 2.2 to P 2.6 or
10 US-P 2.6 from BChl er D-Ratingen, Germany are al so suitable. D aphragm
punps, for exanple of the type FM 1101,from Furgut in D-Tannheim Germany
are also suitable. In this enbodinent conprising a transport apparatus, it
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cell of the analytic tus or anal ytical apparatuses, which
measured pr e33ob adlimitesy ecqurﬂox @ubgqmmwnqwmw%m& afe@etm&ﬁnéaf extesinlt he
pressure in ggga di scharge atnosphere. In one enbodinent, the neasured
pressure nay be bel ow the pressure of the discharge at m)sphere; i n anot her
enbodi ment, however, it may al so be equal to or higher 20 than the pressure
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at mosphere surroundin asu appara ence neasured 30
volunme is asS@hrmtﬂutb&q'U@ﬁsweﬁBaﬂmﬂmg air. If, on the other hand, the gas
streamwhich is to be analyzed and of which the concentration of at |east
one constituent is measured conprises a toxic substance, a neasurenent at
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and, for the purpose of the pressure control of the measurement in each individual

analytical apparatus, the gas streams emerging from the analytical apparatuses

20  can be mixed with one anocther to give one mixture stream and fed only to a single

pressure control apparatus and then discharged into the discharge atmosphere.

The above variant proves to be advantageous particularly when the different gas

stream constituents are chemically compatible with one another.

25 A substantial advantage of this variant of the method is that the error
consideration is identical for all gas streams fo be analyzed since the
concentrations of one or more selected constituents from all gas streams to be
analyzed is determined under identical conditions in each case. Moreover,
. because only a sihgle pressure control apparatus is required for all

30 measurements, there is also a cost advantage.

The transport apparatus described above for the part-stream or part-streams of
the gas streams to be analyzed the concentration of one or more selected
constituents of which gas streams is determined, can advantageously be used

35 according to the invention for recycling the part-stream or part-streams to be
analyzed into the respective gas stream from which they were taken.



measuring cell will differ by not nore than +100 nbar fromthe pressure in
the discharge atnosphere or fromthe pressure in the gas streamto be

anal yzed. This situation arises because the pressure control | oop according
to the invention nust react generally very sensitively in order to achieve
a high accuracy of 10 neasurenent. As a;4ule, |large pressure differences
have an adverse effect on such a required pressure sensitivity. In a

further advam.ambarﬂamempm&nr@f oft e Hahzed Ydt- ﬁféaﬁ{sdbmédhstmhe

i nvention, part-streans of two or nore gas streans which are I nde endent of
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to be advant g)? O%{t icularly when the different gas stream constituents

are chem cal npat | bI e wWth one another. 25 A substantial advantage of
this variant of the nmethod is that the error consideration is identical for
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recycling of %hqnanal yzed part-streans by neans of the transport apparatus
re

into the gas streans of the continuously operated heterogeneously catalyzed
gas- phase partial oxidation which are to be anal yzed

Frequently, the selected constituent or one of the selected constituents of the gas
20 stream whose concentration is measured in the analytical apparatus is molecular
oxygen.

Frequently, the selected constituent or one of the selected constituents of the gas
stream whose concentration is measured in the analytical apparatus may be
25  propylene and/or propane.

Finally, it should be mentioned that the method according to the invention can be

used in particular for determining the oxygen content for the process described in

DE-A 102005052923. It is furthermore suitable for concentration determinations
30 for the process described in DE-A 102 32 482.

On the basis of the abovementioned, the method according to the invention is
particularly suitable for use in a heterogeneously catalyzed partial oxidation of
propylene and/or propan to acrolein and/or acrylic acid.

35
The invention is explained in more detail below with reference to a figure and



I's particularly advantageous particularly in the case of undesired | osses of
yield or 5 when it is necessary to dispose of special problematic

i ngredi ents since appropriate neasures in this context are usually already
present for other reasons for said disposal in the process (partial

oxi dation and subsequent isol ation of frget product). 10 In a further
embodi nent, an additional reduction of the deviations of the pressure

control appagaiing R8s 2Thé eyRgle %uré Oého%aﬂ”@,J Pasuits €&t H&ablﬁ}eé st ant
additional gas,  stream (carrier gas streanm after (éhenera bet ween) the
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as such & cosstrahappasatus rcovading &t thedmaenfisrequent | y, the sel ected constituent
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concentration is neasured in the analytical apparatus is nolecular oxygen.
Frequent |y, InHtbe singledigede, divenambicntait pmssunee(disbhargeammemdsdmﬂatmahents of
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may be 25 propylene an propane shoul nent1oned that
t he net hod a@kssisganand dhe hesulhngerdevlehorcein the raspecilvenmpasuremahhnn ftbe

deter m njjyg éé?ﬁeﬁ’fféf ﬁﬂd@olﬁt ‘ﬁ[@fceﬁprfrohh‘?hé) af% i e S&nBRthtlol vdlis Af a

102005052923. rthernmore suitable oncentration determ natlons
30 for the pﬁe&fe%@ gas baying@ pertifisd nprmeqsﬂﬁw isgplotieth along the srdinge. The

abovenent i ongsliatioh§ irlMhb Mshsafersild 8@ SHRwhhisr a Hié?rwd &olding BARd phoHa | Y
sui tabl e for use in a het er&_geneousl cat al artial oxidation o
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CE s e inEohebed A ra s dlEminel b oI bRl ety 2™
change i n anthanadtydlly cselt, prepiaelatkmewaceadued bhthe O, tdoacgntiation af ta, previeusiwi t hout
pressure prepared test gas are plotted here against the ambient air pressure prevailing in
each case, for a large number of measurements carried out on different days. This
is also shown for a method according to the invention, comprising pressure control
20 apparatus of the analytical apparatus, by open squares. The species to be
determined is molecular oxygen, and the analytical apparatus for the oxygen
concentration is an apparatus of the type Siemens Oxymat 5F (from 0 to 10% by

volume).

25  As is evident from the figure, the deviation in the measurement in the method
according to the prior art was about 5%, compared with only about £0.3% in the
method according to the invention. On consideration over an even longer period
there would be considerably larger deviations owing to the then even greater air
pressure variations due to changing weather conditions.

30
Working examples

Comparative example

A part-stream having the same composition as a gas stream to be analyzed for its
35 residual oxygen content (about 3% by volume) was taken from the product gas

stream from a continuously operated reactor for the partial oxidation of propylene



control apparatus for conparison and in an anal ytical apparatus having a
pressure 5 control apparatus according to the invention. In the single
figure, the anbient air pressure (discharge atnosphere is the natural
external environment in the measuring space) p in nbar is plotted along the
absci ssa and the resulting deviation inj;4he respective neasurement in the 10
concentration dQin percent fromthe actually set concentration value of a

reference gag, Baicdkid ah idsfbd %o GOSBRBRS DAImaPSPIcRYdiflnAll AR ablia@E di nat €.
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shown for a gastodek amadyzedi ng to the invention, conprising pressure control
20 apparatus of the anal ytical apparatus, by open squares. The species to be
determ ned is nol ecul ar oxygen, and the anal ytical apparatus for the oxygen
concent r at i ofih¢ padrgasmieant Wesbeanaljzed yae letidowpriconDiheranalgical apparalist o 10%

by vol ujg) . |n?§trﬁ5ad1l§neﬁ %Q%héré %ﬁﬂﬁné bﬁfﬁ'éeam&@ﬁ’f ﬁ@é’éﬁé bP14 r‘hbérhl‘éd

measurenment 1 n cordi ng was about 5% conpared
with only ab¥u@eviations inthe measHemants afdbgﬂdlcﬁ@teﬂ@ftﬂbéui +l+8%t i on. On
consi deration over an even |longer period there would be considerably |arger

devi ati ons oy ‘% 5,“8 the then even greater air pressure variations due to
changi ng weaEX@MP&hdi ti ons. 30 Worki ng exanpl es Conparative exanple A

part-stream Iagico@phiatve axampsie m@&epea@d a:ﬁjt a pessufd EAidlléan e RAaloyaed for
its 35 si dual ‘gmlrﬁen cortlta @@@gﬁtt 3% voI aﬂﬁé was t ken fr g}]t he
product dhs CURPRAH{T YR Rtodisy PR, W |
oxi dati on of prEseprel eordrolidr the pasayagl stceamltd taﬂdnamed &vhst melensSd eoethe Oxy mat
S5F oxygen anglr%?e'n? eﬂ%gﬁﬁetré'.s The pressure in the measuring cell of the analytical

apparatus was controlled with a tolerance of +2 mbar. As a result of the pressure

control the deviation in the measurement of the O, content was reduced to about

20  1/8 compared with the prior art.

By additionally installing the analytical apparatus in & conditioned room and thus

keeping the room temperature constant with a tolerance of £0.5°C, the measuring

error due to the temperature influence was additionally reduced to about 1/6
25  compared with the prior art.

Altogether, it was possible to reduce the deviation of the measurement to below
0.5%, based on the O, content.

30 Example 2
Example 1 was repeated, but the pressure control apparatus is in the form of a
non-compact unit. Here, a pressure transducer of the type Labom CD1020 from
Labom in DE-Hude, Germany as a measuring apparatus determines the actual
pressure in the measured volume and then sends a signal via an input card
35 SM331 to a PID controller (has a proportional, an integrating and a differential
active component) which is programmed in a Siemens PCS7 process control



whi ch was installed in an unconditioned anal yti cal apparatus room
Consequently, the neasuring cell in the analytical apparatus was exposed to
vari ations of about +3C in the roomtenperature in the course of a year,

whi ch corresponds to a 5 deviation in the neasurenent of the 02 content of
about 1% (based on the content) corresppnding to the influence of the
tenperature on the density of the gas to be analyzed. The part-gas stream

Lo be analy2gdahntSinietPiuf Qs o MK lslal ABRAGUrblR cakPsabe 1 he
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the anal ytical apparatus was controlled with a tolerance of 2 nbar. As a
result of the pressure control the deviation in the neasurenent of the 02
content was Exalpleddto about 20 1/8 conpared with the prior art. By
additionally Iyl joN i IO ngi L i r.oom and
thus keepi ngk%]ﬁ%lgz IS m teegég?g%j‘tﬁl tg ﬁgtlrl?g ?Fo%&@ﬁexggqrﬁ?rggla%kéﬁﬁﬁ%t é@ t he
measuring ewhigh adg@nsttantt itiopaiphls alreare l$ fed inebeiéndithe ankdyticabapparstus educed
to aboutg/ 6and?§eﬁmrﬁgﬁéﬂré okttt o Eghl‘&fusaf%eal l@sh@gél?m%r réotucﬁ@'?lnptﬁés' b' eto

reduce the deviation e neasure based on th

content. 30 EvdaancofthepseasUEe GoRiEpt appgyaisdy, acB@yeq r@ ﬁbﬁbg@lﬂ%"ﬂi@ﬁtqf oI

appar at us i sthelmédtRirdrRérNibnlR0.2906f HEMMAGhtedli t . Here, a pressure transducer
of the type Labom CD1020 from Labomin DE-Hude, Germany as a neasuring
apparatus determ nes the actual pressure in the neasured volume and then
sends a signal via an input card 35 SM331 to a PID controller (has a
proportional, an integrating and a differential active conponent) which is
programmed in a Sienens PCS7 process control -18- systemand which in turn
sends an adjusting signal via an output card SM332 to



an actuator (a pneumatically driven Witey SS45-S8-MM fitting from Swagel ok
in Solon, Chio, USA) which varies the flow cross section and thus adjusts
the pressure in the neasured volune with the result that the deviation in
the 5 nmeasurenent can be reduced bel ow 0.3% of the 02 content. Exanple 3
Exanple 2 is repeated using a further iggproved experinental arrangenent in
whi ch a constant additional N2 streamis fed in behind the anal yti cal
apparatus 1(aqsipefore the pressure control apparatus. As a result, a
further reduction in the deviation of the pressure control apparatus is
achieved, so that the deviation of the neasurenent is only 0.2% of the 02
contentOI -ﬁ91 Vi gl ahethod. fér mlhbhcsdiafé Olbpératos abe epaiomuhmn;;sqrf Qaeﬁ?)tﬁtii n:JousI y
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measuri ng cef analyti tal “apparatus an e res
out of the measuring cell of the analytical apparatus into a discharge atmosphere,

the gas stream to be analyzed, and/or the discharge atmosphere, being subject to

20 pressure variations, wherein the influence of variations of the pressure of the gas
stream to be analyzed and/or of the discharge atmosphere on the measured
pressure in the measuring cell in the analytical apparatus and hence on the result
of the measurement

25 a) is computationally correct and/or
b} minimized by keeping constant or regulated the measured pressure in the
measuring cell of the analytical apparatus independently of the pressure of
the gas stream to be analyzed and/or of the discharge atmosphere by
means of a pressure control apparatus.
30
2. The method according to claim 1, wherein the pressure control apparatus
is in the form of an integral compact unit.

3. The method according to claim 1, wherein the pressure control apparatus
35 s in the form of a non-compact unit.



of the measurenent 25 a) is conputationally correct and/or b) mnimzed by
keepi ng constant or regul ated the neasured pressure in the neasuring cel

of the anal ytical apparatus independently of the pressure of the gas stream
to be anal yzed and/or of the discharge atnosphere by neans of a pressure
control apparatus. 30 2. The nethod accggding to claim1, wherein the
pressure control apparatus is in the formof an integral conpact unit. 3.

The net hod ag.cor diigmiethosl sticiding tohely &)f Blalri€ 1 R6 2SaHERIF®BIpagbagiPdtarat us 35

isin the formaof a non-conpact unit. -20- 4. The nmethod accordi to any of
i al s 1t o BAM-SRATR T Hhr MRS ueRi et the disthaioRei ine ARG SRR i  ng
cell and/or thbenalisadhpeads earre@upwittt titdi¢ola framsporttdpparatasuri ng cell s
carried out with the aid of a transport apparatus. 5 5. The nethod accordi ng

to claim4, wherein the transport apparatus is arranged between pressure
control dppab.at usThadnethod laacordingt tooslaimerd . witereifhtheneamspdrtaapperatuagst o cl ai m

5, .wherein rt i i /. The net hod
accordi ng toélgaﬁ{gteg% %@P%n&rgﬁ&%%%\;\h@ag?wgtaﬁg'&[)s?ﬁé?ggtégﬂ ?SrP%[%Flee' measuri ng
cell is below the pressure in the discharge atnosphere. 8. The nethod

accordi ng togany | , | P j - asuring
cell is highar thgrﬁlet egﬁdp;ﬁfgé%&&%&it% Mtlﬁ'e;'e%?glt(': g'r”g@%@n%?ﬁ*ﬁe%@?%@%h?m hod

accordi ng todigPyagM pm.ns 1 to 6, wherein the pressure in the neasuring
cell corygsponds to the pressure in the discharge atnosphere. 20 10. The
met hod according to any of clains 1 to wherein the _deviation of the

) 6, . (
pressure in fhe mbamethag acsprdingiorany b claime 13p 8 whetein theressyra bHhg ge

at nospher e amdadurm@dell® HHISH Y Srebduré HEthe AschargéAthbspHege.anal yzed i s not
nore than 100 nmbar. 25 11. The nmethod according to any of clains 1 to 10,

wherein, after it has been discharged fromthe neasuring cell, the
part-stream 8f ththgaktsid feordiig feany of claims 1 to 6, wherein the pressure in the

15 measuring cell is higher than the pressure in the discharge atmosphere.

9. The method according to any of claims 1 to 6, wherein the pressure in the
measuring cell corresponds to the pressure in the discharge atmosphere.

20 10.  The method according to any of claims 1 to 6, wherein the deviation of the
pressure in the measuring cell both from the pressure in the discharge
atmosphere and from the pressure in the gas stream to be analyzed is not more
than 100 mbar.

25 11, The method according to any of claims 1 to 10, wherein, after it has been .
discharged from the measuring cell, the part-stream of the gas stream to be
analyzed is recycled into the gas stream to be analyzed.

12.  The method according to any of claims 1 to 11 wherein a constant
30 additional stream is fed in between measuring ceil and pressure control
apparatus.

13.  The method according to any of claims 1 to 12, wherein at least one of the
selected constituents of the gas stream to be analyzed is molecular oxygen.
35

14.  The method according to any of claims 1 to 12, wherein at least one of the



anal yzed is recycled into the gas streamto be analyzed. 12. The net hod
according to any of clains 1 to 11 wherein a constant 30 additional stream
is fed in between neasuring cell and pressure control apparatus. 13. The
met hod according to any of clains 1 to 12, wherein at |east one of the

sel ected constituents of the gas streap?fp be anal yzed is nol ecul ar oxygen.
35 14. The nethod according to any of clains 1 to 12, wherein at |east one

of the -21- gelfct eOnGikid tlc)g_qﬂérﬁgea%‘;rsét{r%ﬂgré%sbé tarnﬁﬁ%& s ga‘n?ﬂ@eg %ﬁ&'/oi S

propyl ene and/ or  propane. according to ains 1 to
14, wherein BPPa.carried out in 5 a plurality of analytical apparatuses
operated in parallel, and the pressure control for all neasuring cells of
the various anal ytical apparatuses is carried out with only one conmon

pressure cont¥ol , Thengthpeiacroding tgany of claimsd t@ d4pahergin iliscariadopht it he
vari ous measaplufdintef dralyiitalt dppariidedperatad W parallel 2aRpthaipieRbraiténtickd as a
I T L
accor ﬁi ng t00niaiwomfhonIpﬁémrelcbmol,ﬁntw\hm‘:ﬁir']che bhﬂ-ﬁdgsmbaogg aribfwzatjrfnmph]?r eis
not the natu i ent _atnospher 18.. The ) rding to.,any. o
e e 1o 18 veifh Bes il BRI e ol nBRlcHleeBaR e 8 A
addi ti onal | ymkkbpe. constant. 20
10
16.  The method according to any of claims 1 to 15, wherein the discharge
atmosphere is the natural ambient atmosphere.

17.  The method according to any of claims 1 to 15, wherein the discharge
15 atmosphere is not the natural ambient atmosphere.

18.  The method according to any of claims 1 to 17, wherein the temperature of
the measuring cells is additionally kept constant.
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