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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



25 A process for preparing acrylic acid by neans of a two-stage catal ytic
gas- phase 0000352388 s descri bed, for exanple, in DE 30 42 468 Al. In the
process described there, the risk of explosion is overcone by neans of a
specific design of the reactor and a specific choice of the nolar ratios of
the gases introduced. To 30 prevent ap explosion in the second stage, the
tenperature of the gases forrred in the first e.is set to a value of
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st ages, nmfé'@@ﬂaﬁeéxm thed £3¥ &b 98 - hHRDY ARIGEINFIAE x NERAGTEENe

anot her. Tdwygempiatabfaywipeesbnt xyhengahi Mdavingatiledfissta 3mgei.xEhe
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al kane or al kene having from3 to 6 carbon atons and oxygen is subjected to
a catalytic oxidation reaction in the first stage. Exanples of al kanes used
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I n* one enbodi nent of the process of the present invention, the signal is
gener at ed QROQRE23I&R) el ectromagnetic radi ati on having a wavel ength at which
nol ecul ar oxygen absorbs el ectromagnetic 10 radi ati on through the gas

m xture between the first and second stages before and/or after the

addi ti on of oxygen or a substream thegeof and measuring the proportion of
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manner via a tube to the other window. It is advantageous for gaseous 40
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The surfaces of the two wi ndows are advantageously not parallel 10 to one
anot her. Fygddex238®, these surfaces advantageously do not forma right
angle with the direction of the | aser beam This prevents interference
between the | aser beamand itself, as a result of which an interference
pattern woul d be superinposed over thg absorption signal of the oxygen band
(known as the 15 etalon effect). This®interference pattern could, dependi ng
on the thilkpesnissillte i fHBWESCUE FFBIS0SP A% riSe PERYENE AN PFRIGFENRNT of
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scherratlcally shows an exanple of the re ulating ap arat us 5 of the present
i nvent i on,THE §XYgeR rRpLent ﬁﬁﬁodf%rﬁxaB‘P £hePs SR Hg 85 &hown in
fig. 1 andaferFPgm“yWat’ﬁée%ﬁ)‘Hhéﬁ iS6h B MR Oéettéem?ta?tmnalaflne
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prepar at i &¥he0jasChikired Betlwadén athee AR eandioyditrid, sthgéfnoba applied in
the 15 sanRpuRy LJQ Mél%%”‘fseﬁ Bhr2RNRALG Y Sﬁécvipa(teo'in‘éﬂéﬁk&gent of the

(err) et grya&yg, wtéms %sg?ﬁl. dﬁh %ggea [ o CRRRRNIAG, AGLTS. The
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A . Apart rotamibhgl reigid atirostofe thnd hakOdUsdrtiitudbr 0¥ YN temper axar®! es
of the pre@hdbRyention can correspond to the preparative nmethods 25
descri bed |n these docunents. The starting materials fo introduced into the

first o re reacted in the 30 acrolein, As indicated by |eaving the
first SABde EBPIPEOTHRS OLcohg BYSRARE LAyephioty dbe: HERBRTReNT P3| FRE aci d

are stage OKYIPR SeRfRNt] Capr apyaRFRIGOWS Lijr be erricibratgdchy apasaingother m t he
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a defined oxygen content or through which a gas having a defined
oxygen content is passed. The path length over which photons of
40 the laser beam can be absorbed by the oxygen molecules present in
the calibration cell, i.e. the path length of the calibration
cell, is known very accurately. This makes it possible to carry
out a calibration of the measurement of the oxygen content during
the production process. The production process therefore does not
45 have to be interrupted, which is advantageous.



The gas | eaving stage 1 conprises, inter alia, acrolein and 35 unreacted

. ol ecul ar ADOQARHR38;e oxygen content of this gas m xture is determ ned by
“means of a measurenent facility. For this purpose, two flanges having

wi ndows 5 and 6 | ocated opposite one another are provided in the connecting
line 12. On one side of the connecti line 12, a laser 3 is installed in
such a way,40 that the emtted | gser beam4 enters through the w,ndow 5,
passes  hiTREPRESE e dr RESTTHe LTYSHRICR 1cah Be PESdBFTEATaldn « ne
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measures the intensity of the |laser radiation which has passed through the
line 12. 4he appRLOSISHT &hdhpre¥endownvbneivh Goil eegithtlnsed iprocbesf | ange
so that 4 %rng&aaééiw d,BCeBhY I HiR213YCu il a AT A sle&r,,?dés degr/ee to the

direction of ,the,laser. peam 4. This prevents sel f-interter encgﬁof the | aser
beam ( known ' as i’%e 4 S_n ST Wnic %pc_ur%e FRERLY %C!%%se'rp 88m i npi nges
per pendi c A*3ARY 18R CPNRTIEEH hadAhFepdr ApFitity thxough which Q¥yges caRe js
made, for bexadged, tofthe wedes aprdsiucedi ddethensfirsypdbhgeiBRe forsetheysade

Moni t or f risrbdnséd Hrald rheQpécdrid RadéS. THd i spdaratus COompei st at 0 one of
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Thi s wavelthegamogets Jofaczygen ngddedc byr ebpoyris fieedafacihityradn bevel of an
el ectr a5 Gelguaaced i £ Difuibt esnllcr taxygegnallenprapedt i o9 of theygen in a
gas m x{ UlgoEaBs t ke BedChbb i Ao\ Soyu PREMd IaGRbEKe By SPATIY pRdsbhe
absorpti OQn@EnLPbgl’\x’?sv%h%ng& hant2a0 e%gg El?e to@% eOpgcl:)e’Eer?t foeftt’het he .
wavel engt h regi,on i n whi¢ch a%sorﬁtl ons occur Y 630eTed 4s A function of
t he tenperréf’ﬁgémbfg?sﬁe;g'gécﬂi 3FUrEETRPAP PR r it EhfaberRRytHF A% 0ddeni ng
occurs as K&OWBs@f ta gresygit] PEi U MeasnEeRen®| Baiildsy el theesegudatdng, the
25 abs@Opepparatumothuseaskesditatposspbiiei for arhevawohrhgoh driditiieostdad t he
integral oZybgeh wWhidimay3BeWddeRi Wakthdit i BefditR\VRat abel O N&xpebEIEn | S

somewhat ghoYRe (S&&dl shglPas B detdPRihEF Mcchrdesllyi s modul atable for the
measurenent of this integfal. The nodul ation range 1s about t0.05 nm The

35 nmodul atjon range is, in rticular, selected so that the nodul ati on does
not resul F?’anﬁ%% Faﬁffw égé’af‘ﬁ??%?f‘%]fy &ATRE} 82 1P&FFentBAnd. The
det ect #° Visdayerlacatesd ppRewiied] ongt apsther gin the Liawe gomnectadngnthe g
cont i nuouswei ghagesvurchincanbymassy alrvahddth i tandmantatégtandocrorrel ates with
the oxygemeasnt£nd tHe linCeh€oS) IdFN tHASEEsaH tHant Betlt ISdssd@I@hiou§Rr

exanpl e, ihel §in9@.ssﬂdya%traeege@§rs%t:ﬁ 2NmEl S nMLC £8E 8D y ViYleC Ehia?i %t

propor ti ogalyig, the R(ael et 8l piNs g Monl Yie aflar Mg, Tifst stage
1. 45 _ 0500853288 | 7o e NS Y 1 F TSRy t
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oxygen whPeéAnEsin He i8d@84Yi reqansas¥c Bl at3RpEipnwpf hoire avdngl ¥Pve gas

m xt ure bélaggésrimrhtefheppowite cok aryyeer tt® be Snsehdez ietemecutbe ed from
the differeacstdgdsvama the PharigesmoxpgeseL i hutWby Gledris R Wihdews N the
second st agg Paddid 4 tAXYS AR eRh Yhdf bdasisheeledBAs Wifed cibt er the
first 35208ndoyd 0 ddlf LAFUCE. LG AIGLL L 0NAl, PGRR.  TRE: GAANGELAG LI ne 12
has a furthe atrl]geﬁ Vi 1.C lgases C?FQEC eTed in., In pgrtl_cu ar, 10
the oxygeR*tanhe-TheatuEE i Theo 1EABT cEARS IGNGSFFRE D &/928ERE8D egul ati ng
val ve 9 aR@nPee Yided [tuRe 19 omeh@ipdgul and ridev @odat oof sentam ofl thel by t he
regul at i ngeamviztes &heo dehettothalawotiot beofcannegerdi hh rodyecad ghtit mabier
connecti ngiki #ecdbe itd tHEhothEexd wikBoWEST¥ eib HRAVaAUAYEXYH bCYakeBhs | S

‘hto { R Ditrbied e HRORBID o be PadBLE Lo ?té‘rdggf”ﬁe%&"aj;%@’%"’?f R oh i s
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sufficien virtualTy co ! TSl
aci d possPBfe HhdSGeSEREY sathPd ithe LBEFIMAiRke SRECE RIS the an

expl osi vevgadows »ang dhe2daser tdre thabdetentnr clant he freechtdforimphoibies fig.
2, the poFanttidrmde, ahisheahedmof conpéieate@mpdraturd affeicetd hAiding

gasti gt FBEMefhe/ichvdrbdkendd to the window 5 and the point of entry of the
beaminto the detector 7 is connected in a gastight manner 25 via a tube 16
to the other window 6. Nitrogen can be passed through the tube 15 via the
inlet and outlet lines 13 and through the tube 16 via the inlet and outl et
lines 14. In this way, the windows of the |aser 3 and the detector 7 and

al so the windows 5 and 6 of the connecting line 12 can be freed of

i mpurities.



30" Furthernore, anbient tenperature effects can be excluded when the
_nitrogen @oOQUBE2388 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 windows 5, 6. Wen these ball valves 18, 19
are closed, the windows 5, 6 can 35 bg renoved, e.g. for cleaning, wthout
t he productlon process having to, be |nterrupted In a further enbodi nent of
t he i nventifoRP efaRtAREOPS E%EP?ﬁ?qﬂ§e8f akhe aBRATBELE| Bh 8 PXEEP thecki ng

t he sensi tiinvienpiof, dnee of4@heatilin=atisngonfihgurnst @st arcylibratignt pell

prepar at i ahrohghculyidlc cacidto Raiidiias gasr posing & gasihed idxygenkaombentxygen

concent ratc'a(ﬂnbee Ssse¥ .l TnCaAdPEIdM! riedysesh &d qadslsamaofwt&et lkgst ube 16.
Fur t her or eavlh p&‘é{kqegsng}gg éﬂ a%%lt%%tbw@ee ﬁ&%%ﬁubgé‘gl %d pehe tube 16,

over mhlch pho
nol ecul es cald EﬁBW\“ qslli angdy °lb ?‘§s§ﬁﬁ'éﬂr?*h’aﬁn 8= BR§oEH ctg'r%’eﬁ? B¢ the

process ga?@rirﬁe@h@lt:-onnectl ng line 12 i s constant dur| ng the tine interval
over which calibration of 0000052388 10 the detector 7 is carried out,
the detectiple Zuedicdie JFalhBr 866 dvinacmBaRSe 0f{dvdnt akBEUEL PXYEE a(famlent in

the tubg 1§ o!nP é‘lﬁé}{etﬁ‘e%r;?@?? Nt t?&FQ&‘“%d&JdeQUEEvé*nt:?g h§2hE

ce can S0, be |ns a etector and t he
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cal i br at i ®¥e¥epts 1mtqréﬁreseﬁﬁp¢%twq%t Ry yeIe eeBnerd iRt feaPPbfat i on
cell 17 caesbati of reeisdbd ahr dnt@fanente0pet trwy iwduddt hat super iowpged cont ent
in the prevessth@sabsyrpitisn1igmalstoEntthdusxygen biaddt ( kowmtad take, the

det ect Ofs ¢+@aBnberfadd)Dr @hed iMed¥eTeWBE pdtredr:d Yoll8] Sepundifg(BRttdiown),
the f'ang‘ﬁu I».Qs NG “Mh@dgﬁi&f@”%@oﬁxﬁow {fkd s@“%ﬁg& aAE r#e%tsﬁigﬂéwed

with the f Ian |t|o

neaf b%gedf BFRLEAS g
line 10. § ﬁe%’ﬁ%getrhgfm 9P1év§écﬂ“ 7 PECEVBR Bt e[ HEPSF BERLES: gas
(arrow A) F%xybéﬁ reasam sthe +ve r‘@d’tﬁ’@é’é are inst@ligdapllignely aade 11 into
t he connedincAgnédnin kheadidandge sxydet tbeirmngtuifacekearersasuradeby neans of
t he | a9®r pdrpeh@ivvuIHiows thénlhadernibdainhea dddwicitdon’of | onIAP .15 degase, the

anount of R¥¥IeRe FsldgMngtchieat! & adi Y ciBRPShile .t he regul ating device 8 and
the valve 9 so that the neasured signal corresponds to the desired oxygen

cont ent fo ?tl‘OdUCtl on into th secong H aﬂ%%nta of this

met hod of *Qfetattorty SHARFAIRHUSR Fal® &; fiefe 1aRsy 8f the
second st ¥g¥ekepgth sisyakdar b BE rs&tt [£Q. °’F?||%f G}Vgéﬁtéwlﬁﬁ figet he rel evant
par anet2®r stynctiee resmclsi ofi, mohecwl@ralogygemnin prhec yengs afrany 7590 5anh uka her
enbodi nent768f ninh&nd Miizlel Abduldtich alaagepoDs dilos hm. MeasienenbypASthe

paral l el t@thbEokNNEGlel BErhéferelbanad LO1RM detRERESE1 418, ekgeRtsoNnt ent
in this btﬁgg&mm % RHEPORfer RBRURESEd 1 Ane! RolE1 SO TWiCLRE SO Chal

t he diver

ase [ on connect i ng
e o ver e adanen, oS0, ST GRS LEL ol a U05F LA Wik totlee
(err)- éPh?PeHFch‘P‘F’SPWaIfHFE?%' FiRcEe il db %ﬁ&ﬁtcﬁ?wq &oaci ds by
means of &vehvate dfre @dsakptien (ds-apladalexvakeliepgthnbyhigisteadatoni xture
conpri si ngoatn &eakliterjradl baee drwaldlengthavanype fextenttieeftom abyveatdon

atons andpeX¥gerhé baxili aletedsd grakabyidge0xi dation reaction in the
first stage (1), oxygen is added to 10 the gases produced in the first

t dth t d d t d t 2
T i O nPeeiaget Shibel PR-EEiids eite, Phe WANEED, rAbPea BARERRGHRE aher oi n
a signal WHPcRtaeNs e’iSataégaRH‘FF‘t"r%Yoﬂ?Qéﬁa%%tc‘é’ﬁlttlafm‘t‘ﬁ]é’ r"é‘&cFPBn fases

bef ore aneveluatedrinsttgumddatal yn. Guchbxgpgengnal is, for example, an
electronic signal, a resistance change, a temperature change or a

pneumatic signal. The electronic signal can comprise data in
40 digital or analog form.

The present invention further provides an apparatus for preparing
a,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 regulating apparatus.



15 between the first and second stages (1, 2) is generated and the oxygen
addi tion i@00@Q%2388d as a function of the signal. 2. A process as clained
inclaiml, wherein the signal is generated by passing el ectronagnetic
radi ati on having a 20 wavel ength (err) at which nol ecul ar oxygen absorbs
el ectromagnetic radi ation through theqgas m xture between the first and

second stages .(1, befar.e and/or.after the .addition of o en. Qr._a
subst r eama’ﬁhee (Yfeng%a" rf’é’gls]u ﬂoﬁ'g{)? héf{)‘}%&#fa ?o??' oefxat"\?g' <8 ‘é’%:ﬁ/ grr?gfge netr e
radi ati on Yhitd1® HaaWARYS 25 been absorbed. 3. A process as clainmed in claim
1 or 2, wherein the oxygen content is neasured by nmeans of a | aser beam (4)
whose waverifgtih schefgtiddl1gNehowst &ie example odflthe regal atiidirappa@ahands of

nol ecul ag OXWIRN p2Be M Glvdnt iBASSEd through the gas m xture between the
first and second stages (1, 2) or a substreamthereof. 4. A process as

claimed in claim 3, wherein the neasurenment of 35 the oxygen content is

cal i brat edf 18, FaSbPHE PhemMbeddpeptant (Ae EREBIRMIDS é&PPng‘E? oW E0(17)

whi ch cont&igws laagds having a defined oxygen content or through which a gas
havi ng a defined oxygen content is passed. 40 5. An apparatus for

regul at y 0 fiy Pr30eRSHs f Ole RIARREL RGN (&F 'theebBYL&UC Al Y aUBSEL it Rd on

al dehydes or carboxylic acids by neans of a two-stage catalytic

gas- phase oxi'dation, conprising a gas feed facility (9, 10, 11) through

whi ch oxygen can be added to the_gases produced in the first stage 45 (1)
bef or e t heJherresant othikardiont Uligeb% dddngtsatre ysApg ®AerRrePaudEi®Ppar at us
conpri ses ef mEaylienanid faciani exafBle 5 Hopevéy, bit meanbeohpphiexh im $hegnal

whi ch cosredmd @ayWb Npidiessel800008pp4rhthdeo X F@E prepaeny of the reaction

gases befof 5.4 en 8l Ay WG aRAELLL P hIRERYIVI LR BErBEREL AL §diaRd the
measurenent facility (3, 5, 6, 7) is connected to a regul ating device (8)

by means of which the amounts of oxygen adctjed by the gas feed 5 facility
(9, 10, 113 dwopatragfakatatis an%%etanoﬁ oPE PV By BY| MEERR 1ok SXYIBT An
appar at us B theaigatdrhase |te FPSM RERlain epd fanaldyederyliacieid \is(3, 5, 6,
7) conp2o sésscxibadein (H)g floldowingodwcunients) Wodeoaailedanp positemtenere

anot her i méddy iiRGotPdDated BCehgrénte:t vB SO ages201a12) or in a bypass
around thigp ango3 684 &8f 0nl §) 919" 313N bRJad el I0d7CRSL t Xp@fe tfiRm RAET
beam (4) afd thakd33% {HY Qo{g@&i'n”e (12{5- i the 2% ABLés afyigas claimed
in claim6'f Phé&rern e, point ol exi c?ff PheIBeam rom?‘f" 6 Tase 3) is
connect ed ?Ws&;‘gg%f‘f%”cl FR&r cOFEesPh&o( £ R?P@ﬁétﬂmvﬁd‘&%*(és and t he
poi nt o?5 edRFAFibpdt ke thesn decymenksdet ector (7) is connected in a gastight
manner via a tube (16) to the other w ndow (6) and 20 gaseous nitrogen can

be passed THY tapdifgimaderild@ st BBLStKel preplratfon AF ARPYL BE UsSc B aleai Med i n
claim7, Wingidcens: Mo i 4Pes 4diye 46) ThSsGRIY 19ULeHpPFert Gld bration
cel | (17) 34005 Micly oh WAL WG208%8 diguhlg,acdetifed oxygen
content_can passed. . 9. Al pgar%lus as Claj rre%é &%an\é of claims 6 to 8§,
wher ei n3¢ haeciﬂﬁwﬂleCeés o’fndé:f@ﬁegf Y hERS iF R nfiotis YBS T4PULFR: ot (Fafal l el 30
to one anotSferingngherfinet |s4age bebdn introdyesd fetka Rocenaeeting ldmg d2wi t h
t hese surfiadms thé0sedondippagat @s as clainmed in any of clains 6 to 9,
wherein the laser (3) is a nodul atabl e diode | aser whose wavel ength is 35
abl e to berelgak0108¢iRf dager 9t 8bholes|,| RRLSE rdiGUT GcPadsn Afndto! ecul ar
%yggnnéré‘ 1% 208 Cnd 1 &1 537 02y G8h | Orned BxPLA b iddn™BEULALL Ofbd @nge 1S
' 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



11. An apparatus for preparing (err)-ethylenically unsaturated 40 al dehydes
_and/ or car@¥98Q5238ki ds conprising 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 regul ati ng apparatus as clained in any of

claims 5 to 10. 45 AAYAhYA3FA
hF. Ayh, E. SAAEAYA AYh
yt ni )(;"YT] ca ca d° % I’l:] Q caﬁfica caﬁgng%caﬁ]‘c ca-]hca] cal] cal] ca
] cay] ca] ca]%aﬂaééllf%a‘]’?a]se?ifﬁﬁql@a@]tcéh degree to t
| } RUYgVv} xstitreeX$he ] ddiec dpset chedm o.cThéa] ma&sﬂaz&]sca]ed;a}ctaqﬂaﬂe]rea]:em calca
U] ca] cal] calec ahsat)| seint q Whewh cad)| €17 eabloald£Rdctg BEYERF-occurs when a
SRS ~y55"1¢als>éh}ceé<§lcl abbeabl £od filcka k¢ U?]&IM Q&L&BLC@H aheaical cal c
a] ca] cay] s%}r% L calca] ca]cal] ca] caU] cal ca E(H())\* _*++
+++b, ,, ,, - ? a\ Vhc” XS] cU] ca] cal] ca] ca] ca] caU] ca] ca] caU] caU] ca)] caljca]c
alU] ca] cal ca] caU] ca] cal ca] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca/ TOWD1F1l 122334
4<676X6c6?$ laser 3, use is made, for example, of a modulatable diode

. A DheséXShas XB| tablitat ciaratpeakch] eltfc dptdkkcal] cal
cal] cau@aukcabﬂagatﬂacs@lxcau}lcsécaéﬂ &3] eakl sa]méﬂ:%he%&sa]pﬁiecalﬂ ca] caABBKB

BCSCBDE a a)] cau
]an] cal ca CGQEQ C c%’&aﬁ alfca me sugi éi?a?ca ca a I fjuza%]lj]({’:g lga &ca] ca]
ﬁﬂﬁn%&%msmmmmm@mma TYTFPERpERaeal) ca] ca
U] ca] cal] cde] tapesiica odUtbe] tejaladngal en] neferdumalioal tah calvbea] dat)Ta) cau
] ca] callscajoc aVV¥VWIWARY ¥X¥[ EEdh$ 186 of4akaardedrifonabbanxstdnd [nimBeY TEtdd cal] c
a] cal] caUpcalpcad apld Gal ealsaklvaldridhcr] cRidoral agl ¢ adhalspbaall €44 cal cal

Ca]Sa]CaLﬂ ]%@th e oni sition
c%* cEcCei % h Hfiil']% ag?gﬁh%ril a‘]ﬂité % ﬁk*?’r}i’k 0] € {[‘i jc aﬁ% 1ca] cau

] ca] caU] cd] cSFEHT 85] ’B’a’ftéﬁlﬁ] CAFCEE aU] ca]
Ca]ca]ca]@grykgpeqﬁﬁﬁq ring t absorption a thls waveleng
r#rrrrrafsszt zt oj e _ZT] U] ca] caU] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] caU] ca] ca] ca]
cal] ca] calowahgath a&iecmbppwcaéﬂﬁédﬁ;a]ma] aa&&raig&aUkéglézD'ﬂanﬁ&:ﬁo/d{ ( & ()- F
g#10% Lt & abkorpt i i@ chl (ibn of the temperatur

10% & () - \opVah ()-'
%gﬁ?:{f‘ g_%) ﬁﬁﬁé‘gWE@F betwee% iles &or tigs?i%aso Wst::LOn( (

7g#10%*n eyre G%% &O(E)mece&wfb%( &( RF’(‘}lq‘K)@&g#me/&?%‘?(‘&‘ pprpinstead

the integral

A2
J T(M)Aar
30 M

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
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oxygen content which has been measured after the first stage 1.
To introduce the additional oxygen, the connecting line 12 has a
further flange 11 via which gases can be fed in. In particular,

10 the oxygen can be introduced into the connecting line 12 via the
regulating valve 9 and the feed line 10. The regulating valve 9
is controlled by the regulating device 8 so that the amount of
oxygen introduced into the connecting line 12 is such that the
desired maximum oxygen content is achieved. It is thus possible

15 always to introduce an amount of oxygen into the second stage 2
of the process for preparing acrylic acid which is sufficient to
make virtually complete conversion of acrolein into acrylic acid
possible and at the same time to rule out the formation of an
explosive gas mixture.

20
In the embodiment of the invention shown in fig. 2, the point of
exit of the beam from the laser 3 is connected in a gastight
manner via a tube 15 to the window 5 and the point of entry of
the beam into the detector 7 is connected in a gastight manner

25 via a tube 16 to the other window 6. Nitrogen can be passed
through the tube 15 via the inlet and outlet lines 13 and through
the tube 16 via the inlet and outlet lines 14. In this way, the
windows of the laser 3 and the detector 7 and also the windows 5
and 6 of the connecting line 12 can be freed of impurities.

30 Furthermore, ambient temperature effects can be excluded when the
nitrogen gas passed through is requlated to a particular
temperature. In addition, ball valves 18, 19 are provided on each
side of the connecting line 12 on the line side of the windows 5,
6. When these ball valves 18, 19 are closed, the windows 5, 6 can

35 be removed, e.g. for cleaning, without the production process
having to be interrupted.

In a further embodiment of the invention, the tube 16 can be used
as a calibration cell for checking the sensitivity of, i.e.

40 calibrating, the detector 7 during the preparation of acrylic
acid. For this purpose, a gas having a known oxygen
concentration, 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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1 0- y#109%& 10008 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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comprising at least an alkane or alkene having from three to
six carbon atoms and oxygen is subjected to a catalytic
oxidation reaction in the first stage (1), oxygen is added to
10 the gases produced in the first stage (1) and the resulting
mixture is introduced into the second stage (2) in which it
is subjected to a further catalytic oxidation reaction,
wherein a signal which correlates with the oxygen content of
the reaction gases before and/or after the addition of oxygen
15 between the first and second stages (1, 2) is generated and
the oxygen addition is regulated as a function of the signal.

2. A process as claimed in claim 1, wherein the signal is

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. A 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
a,f-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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detector (7) for measuring the intensity of the laser beam
(4) after passage through the line (12).

15 7. An apparatus as claimed in claim 6, wherein the point of exit
of the beam from the laser (3) is connected in a gastight
manner via a tube (15) to one window (5) and the point of
entry of the beam into the detector (7) is connected in a
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 a,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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