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process for 5 preparing (err)-ethylenically unsaturated a m “ I @IL
carboxylic acids by neans of a two-stage catal ytic gas- phe” ﬁ' m mmm and
in particular to a process for preparing acrylic acid. In the . process,
gas m xture conprising at |east an al kane and/or al kene ha aL mee
to six carbon atons and oxygen is 10 subjected to a catal yﬂl'lwmm H“mmml
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stage. For this reason, sufficient oxygen to 0050/ 52388 2 ensure very
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stage. As uence, - unr eact ed o resefit 7n the gas
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since 15 thecesarasn £68Nt g lcdnVelrBEos 66O RtheS haePy LEWeri @l BBLo t&itlivo 8BS s
too |ow. introduced into the first stage and then for that amount of
40 oxygen which is necessary for the conversion of the acrolein into
acrylic acid to be added between the first and second stages.

However, in the industrial preparation of acrylic acid by
catalytic oxidation of propylene in a first stage and subsequent
45 conversion of the acrolein formed into acrylic acid, it is not
possible to predict precisely the amount of oxygen which will be
reacted in the first stage. For this reason, sufficient oxygen to



| n addi ti qypsehseage process states such as start-up, shutdown, throughput
changes or production problens, e.g. due to 20 mal functions of sensors or
activators, can result in the oxygen content in the second stage dropping
tto zero or virtually zero. In such a gase, adverse effects on the catal yst
cannot be ruled out. 25 A process for“preparing acrylic acid by nmeans of a
t wo- st age HEEy VEEY RRIURHISEEe CORYRIER TN Of st SEAPHAENS f b aWa¥Bl e, in DE 30
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preparing (er r]) et hyl eni cal Iy unsaturated al dehydes and/or carboxylic acids
5 as clainmed in claim5 and al so an apparatus for preparing these
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lncorporat Pe in@f &r gDEEN 1éh1t:ta@19rem%refteahs1mgﬁﬁet ah8y&ntion, a
E' gnal %ﬁ‘l”ﬁﬁ%&& x&eﬁn&h °a<yt%“ s%g &eé‘ét EP 95& Acf%n gases
ef ore and or ter [

I on o econd
stages is §¥H dationgwhigh t‘FPe“ ﬁéﬁré toﬁagg aﬁc€8°§§°% Yrfet @8n of
t he si gnal ind¢rtyiadcesalef Fuidhsrageni 4m\¢@nerehuna%ort FegHdIBiRAde t hat
nor e oxygepréaesd Hercprnepasimn thesacsustiancéS and carm@pparetasi tbican be
added bet wgespddigigt WopséagEenitalty iietuirauel afdskyRackad/exygen present

in the %scgfw Gt hes i Tale SAg8 pokitaen 1T, for example, the

proportion o gen




0050/523880§5¢ﬁ5@§gg155|bIe in the second stage so as to prevent an
explosion is known precisely for a particular reactor for preparing acrylic
acid, the process of the present invention nakes it possible to add
precisely t hat anount of oxygen mhich3mjll ensure that this 5 limt for the
oxygen content is not exceeded in the®second stage. |In one enbodi nent of

t he proceske dfavehdopréstdit thienehinct tiseaghigigd by §eREPeR%R 85y passi ng
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interrupte t g vant.adeous 8050/ 523 rocess o
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acrylic_acFEERACTEITa8FYE | ¥ FEA2CTRLS R dEOBr TR present i nvention
for regdPating a process 5 for preparing (err)-ethylenically unsaturated
al dehydes andh grrepagatlox yhetthodsi dse bgesmeaedofinat hevoEalilagéng adedunteing s
gas- phase gxi €l i:uTezefbés SEited gacréerd MGl bhystdirmygh whi ch oxygen can

be added: t gp t@%ﬁ%ﬁ Bﬁodﬂ.»%d 9 A 5&@ L1 9 9hage bej e theyeare
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stages is generated and the oxygen addition is regulated as a
function of the signal. The process of the present invention has
the advantage that more oxygen for the conversion of acrolein

45 into acrylic acid can be added between the two stages, since the
amount of unreacted oxygen present in the gas leaving the first
stage is known. If, for example, the proportion of oxygen which
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0050/ 52388055Jy|§2351yent ion will now be illustrated by exanples with
reference to the drawings. Fig. 1 schematically shows an exanple of the
regul ating apparatus 5 of the present invention, Fig. 2 shows an enbodi nent
of the regul ating apparatus shown in fig. 1 and 10 Fig. 3 shows the
connection of the detector 7 via a cafibration cell. The present invention
wi || be i|Thastpracedsuss ridiet Reepepdimaensaonf car mg Péeécp%lfwuéﬁré)(arrpl e.
However, iddvanitageoaphy ifd poepieirkd acandivaycid qpr oeebaa@sylde appdr at uses
for pr epari ng (err):-ethylenically unsat urat ed al dehydes and/ or carboxylic
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gefC{I ged %ﬁhfaﬁ%gadgﬁeg%fﬁlbﬁd ss@argtel NGh8BLSHdr@tast o gﬁf%ucaed I ntﬁ the
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first S?Xgmeeisuretme%% :L.g 111Q:l¥d gtégar?sz %bﬁchpg é%%aﬁ %JE lfcor?%l\.[hggam d
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gas | eavi nfastligy isccomectes, tond ereqiliak ingcdevgien bynoedhs ik eddtbd

mol ecul ar epey gafbuntBeoOXysgRRNCaAEEN b ft hehigas OfGedTipticin @ty Sc4letber m ned by
vTﬁgzmg&ga]éénwd Mall 5 fﬁﬁidtllFMeoEOEGhé @'1%n€!r1!r89§é‘rre atlefQ ééaﬂg%ehaw ngect| .
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ed in
such a vvay“AYF’ttHé’t“ Pﬁﬁ i tatdgﬁnF%t%%r l’t?éaﬁlhﬁ BRYEETS W&BQW hté‘ewl ndow 5,
passes t hr ot idfe Jesamedtiony argnentrodueedt ek i $egga nstagoudgh t he
w ndow 6. Kiowmhesexi resulle off thheméaserenieaamtdcihigre angd aheatesptlatidgwhi ch

nmeasur e3ot Bepd FHtRIRS ithils Ofaldie ikapess ivId FoiroBh¥hamduritas rpagsadidnanough the
line 12. 4g’xygen which may be added without leading to a risk of explosion
in the second stage to be determined accurately.

The measurement facility advantageously comprises a laser, two

25 windows located opposite one another in the line connecting the
two stages or in a bypass around this and a detector for
measuring the intensity of the laser beam after passage through
the line. Advantages of such a measurement facility are that it
enables the oxygen content to be determined very accurately and

30 it can be installed relatively simply in existing production
plants. It is only necessary for a section of pipe having two
flanges located opposite one another to be inserted between the
two stages and the flanges to be sealed shut by means of windows.

~ The laser and the detector can then be installed at the two
35 windows. For this purpose, it is advantageous for the point of
' exit of the beam from the laser to be connected in a gastight

manner via a tube to one window and the point of entry of the
beam into the detector also to be connected in a gastight manner
via a tube to the other window. It is advantageous for gaseous

40 nitrogen to be able to be passed into and out of the tubes. In
this way, the windows of the laser, the detector and the tubes
and, if necessary, also the intermediate space between the
windows and the laser or the detector can be freed of impurities.
Furthermore, this can also compensate temperature effects arising

45 from the environment.
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normal-s to the surfaces are at an angle of 0.5 degree to the direction of
the | aser beam 4. This prevents self-interference of the | aser beam (known
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proportional to the oxygen content of the gas m xture after the first stage
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achieved. Li14w dHaUpaRPs Skl eheth! YaYSnd QdsREr 0duce an anpunt of oxygen
into the second stage 2 of the process for preparing acrylic acid which is

sufficient to nmake vi rtual I npl et e, conversi on of acrolein into acrylic
aci d pos"s“,'| Bhe Sifhadt vEhgh %ﬁ\;‘b‘%aﬁﬁs BRI GEYERR FUYRRE BRtETe M Fhe

expl osi ve §HR shagesrés advantagesushpogerarfteds coneinunpedyi endsedvbe n fig.
2, the poi atabiatexd tinetriohentedam.f sooh tdesigmaér i8, | o @xaepled am a
gastight nanaefrotiz 8ibhRE, 1D re@ibBEndé NN gR , andtdie @Rt Shaggd for af the

beam i nt o gnguﬂaeé CLQGnds | Srrﬁao%'i%%? nld A a3t bohlcdRNGE d2¢y1 8 a tube 16

to the %hh gll en can be passe roug he tube 15 via the
inlet a u?Jr I°|rn3 4 nfhrough the tube 16 via the inlet and outl et
lines 14. In this way, the wndows of the |aser 3 and the detector 7 and
al so t he wrhelavkesengndneentiarhdursherceyonjideisnani2ppanatiys froeprefaring

i mpuritiesa,p-ethylenically unsaturated aldehydes and/or carboxylic acids

comprising a first reaction stage and a second reaction stage
45 connected via a connecting line to the first reaction stage and
also the above-described regqgulating apparatus.



30 Furtheqﬁﬁkﬁszgﬁgent tenperature effects can be excluded when the

i trogen gas passed through is regulated to a particular tenperature. In
addition, ball valves 18, 19 are provided on each side of the connecting
line 12 on the line side of the windaws 5, 6. \Wen these ball valves 18, 19
are closed, the windows 5, 6 can 35 be removed, e.g. for cleaning, wthout
the pr oducﬂheonngebbm wWidvi pgv the bélpﬁtéil*r-&}bthé’d expmpied yritthereéemriiarent of
t he |nven&momhetbeaw1ﬁgs 16 can be used as a calibration cell for checking

the sensitivi ty of, i.e. 40 calibrati ng, the detector 7 during the
reparati a [ S a en
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process gaRig.nltAadconnecting line 12 is constant during the tine interval
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in the pgq%@swg Stb EPRldessdl SPNHRARhtHNES nﬁbxt FE&HH i nterval the

det ect or i?%tﬁ?%%ﬁ‘léaﬁrl %ﬁsé&}% 2 ‘éﬁéﬁeh{; drdt/bg “ta gﬁr‘ogﬁ@'nt R 94 Shown) ,

theflanges e wn £ gure anged
with the further flange 15 11 for introducing the addi ti onal oxygen via
line 10. THies theansaghmatalyshedRidatient pHVPIRRYEENEORY ORealife Ofr 0¥¥32N gas
(arrow A) ,imxhgegas spliagesttoy fonh raathodednvand | it 11Q aodylire aclidnge 11 into
t he C0nmcdésaﬁJ.bleaelxl2tlfﬁ1¢ollm6wih©’gw&uﬁ1@ﬂ{:§ﬂtwhc%et Rele (BRS WoadehyYs NBeNS of
the | aser &r r2d@Bf PaANnlRE HRISSIHY gho AN, 20 this case, the
anount of s.requ means, of regul g devi e 8 and
t he val ve 39% ?g§ﬂ3ei nggsgrgg{ ?lc!lg3ﬁ¥‘ll c@?r‘leés) s 3’?7 29 1? gsifr Fel %x?/gen

cont ent fotfequ&ﬁﬁaaac?# oS APETPREERRE SF] ch)?\neéﬂ’%}%]rﬁ ¢ GRSt his

met hod of RARSEAL dAVERtidacaphecrraspandokygehe @uaparatLips f the

second 25 atpsc2iPedi $n nideesier ddcamerett.l y. This oxygen content is the rel evant

parameter for the reaction, the catal yst and process safety. In a further

embodi mentpf hek Ry %ﬂeqqalgtféls @Jesgrgﬂ§§é@icﬁu ¢ BEP 19@ fiQYRASS

paral | el tfnéﬁa%ugeanfﬁta Gl cagad il 1o 20 ol 1 e bl e dRg cont ent
pass S

in this bypass ructed so that

the di vert%‘ﬁ’gﬁé’ségeh’éﬁ%c‘ﬁﬁ’el ke &ﬁ?&&?f’?l 8h %1s°atbr?&é’étl Ret$R¥F™onnect i ng
| i ne 1230 3meijp. As indicated by the arrow A in the figures, the gas

leaving the first stage 1 is introduced via a connecting line 12
. into the second stage 2.

. The gas leaving stage 1 comprises, inter alia, acrolein and
35 unreacted molecular oxygen. The oxygen content of this gas
" mixture is determined by means of a measurement facility. For
this purpose, two flanges having windows 5 and 6 located opposite
one another are provided in the connecting line 12. On one side
of the connecting line 12, a laser 3 is installed in such a way
40 that the emitted laser beam 4 enters through the window 5, passes
through the connecting line 12 and then exits again through the
window 6. On the exit side of the laser beam 4 there is a
detector 7 which measures the intensity of the laser radiation
which has passed through the line 12.
45



0050/ 52388 dslo M2 s8i m 1. A process for preparing (err)-ethylenically"
unsaturated 5 al dehydes and/ or carboxylic acids by neans of a two-stage
catal yti c gas-phase oxidation in which a gas m xture conprising at |east an
al kane or al kene having fromthree to_six carbon atons and oxygen is

subj ected to a catalytic oxidation reficti onin the first stage (1), oxygen
" is added tBrelyipHevgazendbodtectngtnliligd fnrthe dilagge (99 Hrt the resulting
m Xt ur e | snomtaledboethe rdur fahes saooredt shagegl)ofi 1§ .Bhidedred tHos thabj ected to
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nol ecul ar BxylgaerabBsoudrs il matie pnbgnetidampiagi af iomodalatghld RE ogas m xture
bet ween t hgaddr slodalONE®aRRArsEagdas? (MbniZbr Pef & a3/ RiediEopthiRkaddi tion
Of 0xydgh Rfs 3RSt LEAMdAChE0LAh THRASHE! D LR RGBRET (LG OF he

el ect romagnet | radhatéson |gh fs not 2 beeﬂta sorbed. 3. rocess as
clai med i n"TUHTEE BPPSS QfhIPEPRUtHe BNYGEN RoMtede s FEYR et “b) ™ nERns of
a | aser bed®f M- FABSLXIMRAEefhehHNeaswemeny e R careiedieitt Gtal fine
struct ure Bavelamgshoko mdfl @64l a6 roxy(dSn0aAd0 wini¢h. i Bhimmsoedespomdgta he gas
m xture betneefrahBetion If ame §6€ONarfud@eSméhentln Quadtan DaintraMIt Aey eof .
4. A pregess 2s ¢l ahfethd H:Ghd8iidn INRHRI RotHEi JRAS YLaHEHh Rimbe? EPEm
oxygen congenty iy £aliPr ahad R BASKINY L e ARG A ddieugl 2
calibration cell é 7i chr} cont SI ns” a _%35 favi ng-’a %e |£ed;]ga>:% en _cont ent
or t hrough® SHTHe™ g_%" VG a® d8F Fridt oxy GBALLHM &ft MPsep XY46"5. An
appar at us Thf REOPOraiPhdPia GFYEERSEN fHrIasr BREETFR) qady thust by | datieraingd
unsat ur at edexy dpegdéscahld/ dy oerbaxring dhecirtisotytimmanrs bhis wawelsnggb.
catal yteo gas- phase oxidation, conprising a gas feed facility (9, 10, 11)
through whpeih Ppp0eRe CadpPeraddedct 0 e wadatendPdeeteni Pntihieidy rst stage
45 (1) befgrg, rp*{%nérgcéd’} ri%d%%ggdé?ﬁéé’ s gﬁ@”dorgto"fg%héz%em eart%'TrQ t he
appar at us co%ses a. neasur eien aci |1t , 5,8, 1) g ans of which a
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devi ce (8)thy imageadf which the anmobunts of oxygen added by the gas feed 5
facility (9, 10, 11) can be regulated as a function of the signal

generated. , 6. An a Parat us as clainmed in claim5, wherein the neasurenent
facility (3, 5, 6, 7%(;{(()@&5% a laser (3), two windows (5,

30 A

where A; is somewhat below and A, is somewhat above Ag, is
measured. The laser 3 used is modulatable for the measurement of
this integral. The modulation range is about x0.05 nm. The

35 modulation range is, in particular, selected so that the
modulation does not result in measurement of an absorption of an
adjacent oxygen band.

The detector 7 converts the measured intensity of the radiation
40 into a continuous signal which can be evaluated instrumentally
and correlates with the oxygen content of the reaction gases
after the first stage 1. For example, it is possible to generate
an electronic signal which is proportional to the oxygen content
of the gas mixture after the first stage 1.
45




10 6) I ocg 4 te one another in the line (12) connecting the two
stages (1, or 1n a bypass around this and a detector (7) for neasuring
the intensity of the |aser beam (4) after passage through the line (12).
15'7. An apparatus as clained in claim6, wherein the point of exit of the
beam fromthe laser (3) is connected ?n a gasti ght manner via a tube (15)
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I {0O@*10%& Eprcentration, e.g. air, can be introduced via line 20 into the
tube 16. Furthermore, the path length traveled by the laser beam
4 in the tube 16, over which photons of the laser beam can be
45 absorbed by oxygen molecules, is known. If it can be assumed that
the oxygen content of the process gas in the connecting line 12
is constant during the time interval over which calibration of
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5 calibration cell 17 can also be installed between the detector 7
and the window 6. A gas having a known oxygen content can be '
passed through the calibration cell 17. For example, the oxygen
content in the calibration cell 17 can be increased from 0% to
100%. Provided that the oxygen content in the process gas remains
10 constant during this time interval, the detector 7 can be
calibrated in this way.

In a further example (not shown), the flanges with the windows 5
and 6 shown in figure 1 are interchanged with the further flange
15 11 for introducing the additional oxygen via line 10. This means
that, viewed in the flow direction of the process gas (arrow A),
oxygen is firstly introduced via line 10 and the flange 11 into
the connecting line 12 and the oxygen content is then measured by
means of the laser 3, the windows 5 and 6 and the detector 7. In
20 this case, the amount of oxygen added is regulated by means of
the regulating device 8 and the valve 9 so that the measured
signal corresponds to the desired oxygen content for introduction
into the second stage 2. An advantage of this method of operation
is that the actual oxygen content upstream of the second stage 2
25 is measured directly. This oxygen content is the relevant
parameter for the reaction, the catalyst and process safety.

In a further embodiment of the invention, it is also possible to
provide a bypass parallel to the connecting line 12 and to
30 determine the oxygen content in this bypass. For this purpose,

the bypass has to be constructed so that the diverted gases have
the same composition as those in the connecting line 12.
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A process as claimed in claim 1, wherein the signal 1is

generated by passing electromagnetic radiation having a

20 wavelength (A,) at which molecular oxygen absorbs
electromagnetic radiation through the gas mixture between the
first and second stages (1, 2) before and/or after the
addition of oxygen or a substream thereof and measuring the
proportion of the electromagnetic radiation which has not

25 been absorbed.

3. A process as claimed in claim 1 or 2, wherein the oxygen
content is measured by means of a laser beam (4) whose
wavelength is set to one of the rotational fine structure

30 bands of molecular oxygen and which is passed through the gas
mixture between the first and second stages (1, 2) or a
substream thereof.

4. B process as claimed in claim 3, wherein the measurement of
35 the oxygen content is calibrated by passing the laser beam
' (4) through a calibration cell (17) which contains a gas hav-
ing a defined oxygen content or through which a gas having a
defined oxygen content is passed.

40 5. An apparatus for regulating a process for preparing
o,pf-ethylenically unsaturated aldehydes and/or carboxylic
acids by means of a two-stage catalytic gas-phase oxidation,
comprising a gas feed facility (9, 10, 11) through which
oxygen can be added to the gases produced in the first stage

45 (1) before they are introduced into the second stage (2),
wherein the apparatus comprises a measurement facility (3, 5,
6, 7) by means of which a signal which correlates with the
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gastight manner via a tube (16) to the other window (6) and
20 gaseous nitrogen can be passed into and out of the tubes (15,
16).

8. An apparatus as claimed in claim 7, wherein one of the tubes
(15, 16) is configured as a calibration cell (17) through

25 which or into which a gas having a defined oxygen content can
be passed.
9. An apparatus as claimed in any of claims 6 to 8, wherein the
surfaces of each of the two windows (5, 6) are not parallel
30 to one another and/or the laser beam (4) does not form a

right angle with these surfaces.

10. An apparatus as claimed in any of claims 6 to 9, wherein the
laser (3) is a modulatable diode laser whose wavelength is
35 able to be set to one of the rotational fine structure bands
of molecular oxygen in the range from 759.5 nm to 768 nm and
the modulation range is =0.05 nm.

11. An apparatus for preparing o,f-ethylenically unsaturated
40 aldehydes and/or carboxylic acids comprising a first reaction
stage (1) and a second reaction stage (2) connected via a
connecting line (12) to the first reaction stage (1) and also
a regulating apparatus as claimed in any of claims 5 to 10.
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