- 5 OCT 2005 Two-stage preparation of acrylic acid The present invention
relates in general to a process for 5 preparing a,P-ethylenically

unsat urat ed al dehydes and/or carboxylic acids.by neans of a two-stage-§5(CT 7005
catal yti c gas-phase oxidation and in particular to a process for preparing
acrylic acid. in the process, a gas mxture conprising at |east an al kane
and/ or al kene having fromthree to six carbon atons and oxygen is 10
subjected to a catalytic oxidation reaction in the first stage, oxygen is

added to t%og%g%epép sl Btgeag%\%ﬂ stage and the resulting mxture is
e i i ¢h i

introduced into t econd stage in t is subjected to a further
catal ytic oxidation reaction. The invention further relates to an apparatus
for regul atihggPE¥gERNE 1O Pricvesslangst bt drnexspatat ascroreysy &9ari ng
a, (3- et hyH grepalliyg apSattindieadcaldehydestaridledr atdebedyd iandvairds. It is
known that aghyklygiachéidabpPaeRnePates Byofdda3tl xatzamﬁp@%?dsn%hra@,epyl ene
and ol ecul gy, d%i%ﬁ”a#;@-tﬂq B{A%Ji'c(ﬁ% Slc?gae-pxzo‘%es@ef%yg:‘?%‘p&ﬂ}x Qhygxapl e,
be |ntroduce&‘|n the form arr . oFur herfmore, "an I ner 45 S UChYas
nitrogen c&Fe At FORURERFSSST 2t HESTIFEULE £QTPXBFARYI %T‘ngl‘?ass“c&ﬁvépfw into
acr ol ei n bynddgrakykppe ohadard dmomThbrgaste exivi ngrbhe ftoms athgeyoplsis
conpri saxy subtjectad ap acralAiytiandxioseba atkagxygenin Thiee gfix A5 skeawj ng t he
first stageidyyeinntitoduged ittt Basagcppshiiaganvigeeritbe AR aha and
oxygen are JEAekadol f; LOLA AU wlicGoAGdn S FIMCLEDNE BELAl & itk oguced
into the second, st geaas- [ofo) IS%F % as£9055|b_e into acr% C ‘aci d,
suf fi ci ent “SxFYENSAEEC3BC 1D B8 T FAPPEY FIF tHE 98ELBRAT SRS 1 I8 For this
pur pose, i tinventdessiprehey tiedates itAt ppdiRRRZAIOR AAYahBont2BinD¥y§Bn2i nt o
the firldi mtoagsst hat adtar ddreresnsefsr opredartimg pr fpytenktenivad lyacr ol ei n
suf fici ent heaeiraskil h1deipids snadl/ ok hearieaediien skAadkhe second stage, or to
i ntroduce further oxygen between the first 35 and second stages. Since
i ncreasi ng .t,h I t] 0 .gen ..n a i xt _of .prop nd oxygen
i ncreases tﬁé%F?§%3§5 %ﬁQTS%P§é¥% ggkﬁsc% 3%%?%% 86§df%§ %%ﬁgspﬁat amount of
oxygen whi cH'5*€UGEEEsBRPEY 51 BRE BBAGEF S350 8ePha BPopYT e Int%5348r ol ei n
to be 4R rBucETIERt 62Rhef 3y Esmplggebantntprdvcedr inhabe af®itmtooRiZ0 oxygen
whi ch i s netsSdenryofer &heirpomnyersi encbf as hel awgelneicani heé ointaorddded.atnd to
be added beineerirtshesthgs] prbysesendsstagesstddoirrer ackbléhe phyndustri al
preparati on. Lfa 1344 b%i8&t hibY THeAl@kY ik avoXd dald @1t REQRYIeng in a first
stage and sHseAUEnt 4R, COMVELSI a0k oL e 46T .0 EL0 LA ARGLLA! apacTrli ¢ act d,
it is not fo sible’to gre I'C ;Pre0|se g'?%ecgnount of 0 Z en whi ﬁﬁt| be
reacted 1 15T SPsEARRE TG hiSs 1PEE_DRCES ufYCeitBht 5B g@%ns"tad?e where

the acrolein and oxygen are reacted to form acrylic acid.

To convert the acrolein introduced into the second stage as
completely as possible into-acrylic acid, sufficient oxygen has

30 to be available in the second stage, too. For this purpose, it is
possible either to introduce such an amount of oxygen into the
first stage that after the conversion of the propylene into
acrolein sufficient oxygen still remains for the reaction in the

~ second stage, or to introduce further oxygen between the first

35 and second stages. Since increasing the proportion of oxygen in a

. mixture of propylene and oxygen increases the risk of explosion,
it is advantageous for only that amount of oxygen which is
necessary for the conversion of the‘propylene into acrolein toc be
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



-50CT2005 2 ensure very conplete conversion of the propylene is always
introduced into the first stage. As a consequence, unreacted oxygen is

al ways present in the gas leaving the first stage. The proportion of 0CT 2005
unreact ed oxygen depends, inter alia, on the 5 catalyst used in the first
stage. Addition of further oxygen bepween the first and second stages

results i p | e 1. al so r expl.osive m xture with
oxygen an%n%ﬂge ggpﬁﬁg%%¥%%§¥§§%9%§%briﬁ%ytggf%@g?@gngdégda¥gﬁ¥%erefore
restrict edP*EBAVERT st eaddif, “FFShal G hért B HRRIFINEHr allFRFt 10 add
only suchcx¥98Rount abfadskpFeserhatn athe gesofeexprddiben fitnst hetagsec e st age
can be rulpedpountienent underctrfiavoyshl eependst | DNer alia, @hethea very high
proportisniRa@k1yBEeasd @i DXEe R kSt PEESRNt aAdktide GAF@aNE NGxJdie first
stage. HOWRXGLen!bhS PIARCANECHAS,) (NNGLSBENANA0G (AT oL 61 o Shed O
acrylic aci és.re fce si nce e 0 ﬁgen content in the second stage
under nor AEFOLEHRI RIBhS IS PBOCKBICSHYE FUAFET Bty PEFIER pRRERE st at es
such as sta@eungpof seitIRMYPichhey grfiftlyc RangddedriprtdguetPom probl ens, e.g.
due to 20 memktuncédoromftidenseason) acthasahdtsert@mbadeastheé pradtie-eoxpgen
cont ent1g Rddh8nIfComEh 2 GRholh@PRE NSk ez @hRt 08 ¥idit WAl k¥%pZ8LQon i tHech a

case, adversealLeghs ah e 63bal u! SRAAGhabE LMLAR, B0l 28, pracess for
preparing acrylic atid by magns of at.ftV\D-SEt agge ca Iéx{tl C_gas- phase
oxi dat i on 4-6-dHBEP; BEPTY S1 B RRBPU LI BE SBTCASLoBERUIEN] hS (S bcess

descri bed ith&ke, Ieheled gD ENEX LB gitades Bouetdhe WiisnrRaASeSrey yfecific
desi gn of theedrieadvanrtagsd thatspbei fieldlndi eerplit hecitbliar redatcod, ofindee
gases i18 ne@duegggerd occ@l:gite\i@anthansexdqdsitagel Gndde mRGRANAcShagCiodda s

t enper at urgOfiol;he gases formed in the first stage is set to a val ue of
280C or less, and in the addition of oxygen between the first and second

st ages, nnl ecul.ar . ox n and steam are honbpgeneously m xed with _one
another . Tk SABHHEN b SHARREL PAPCORS gt Wi BHCP o8 BRRAT 5 SPa 3BUHISE

function SPITOHERERWEUHIaNSTE Sy PSP BALC IRy PIQEEEMS nt®- T-heluef FPst stage. It is
an obj e meflfubetpeesant semsemti on aotipradeirde eaprooesls fior therepaydmg ‘
a, 13- et hylniteak! yn ufisatddoahnad sakde e iagdioer zdHo car Raxylbhtlpciéiso by neans

of a two-staggchahatydd O LRerBRASEreod GAl kAR WAL £y KaRNGoeaRE | Sgh QY
safely ando conom cally on an industrial scale. Furthernore, an apparatus
for regulating a process for preparing these substances and an appar at us

for preparing a,3-ethylenically unsaturated al dehydes and/ or
25 A process for preparing acrylic acid by means of a two-stage

catalytic gas-phase oxidation is described, for example, in DE 30
"42 468 Al. In the process described there, the risk of explosion
is overcome by means of a specific design of the reactor and a
specific choice of the molar ratios of the gases introduced. To
30 prevent an explosion in the second stage, +the temperature of the
gases formed in the first stage is set to a value of 280°C or
less, and in the addition of oxygen between the first and second
stages, molecular oxygen and steam are homogeneously mixed with
one another. The amount of molecular oxygen which is added is a
35 fixed function cof the amcunt of propylene introduced into the
first stage.

It is an object of the present invention to provide a process for
preparing o,pB-ethylenically unsaturated aldehydes and/or

40 carboxylic acids by means of a two-stage catalytic gas-phase
oxidation which can be carried out safely and economically on an
industrial scale. Furthermore, an apparatus for regulating a
process for preparing these substances and an apparatus for
preparing a,B-ethylenically unsaturated aldehydes and/or

4% carboxylic acids are to be provided.



45 carboxylic acids are to be provided. - 5 OC T 2005 3 W have found that
this object is achieved by a process as clainmed in claim1l. In addition,

the present invention provides an apparatus for regulating a proces§ B[HrZUHS
preparing a,3-ethylenically unsaturated al dehydes and/or carboxylic acids 5
as clained in clai m5 and al so an appgratus for prepar| ng these substances
as cl ai meqqln cl al v%ﬁta eous .enbodi this process and these

appar at uses are def’l ned ?)ecdﬁ‘ nat 87 \é?cilrgjy FoPFR°T R ?)sr ocess of the
present i W&nma‘:b‘%’s‘“ r?1 -xtr &d %b‘iﬁﬂqmtﬁ@ PLE SRS VERE LGN KRIRY G Sal kene
havi ng fr om 3pperetear bonh regosst ang a mapgessi Sosubjersrdddt o a catal ytic

oxi dati on d faethglehbcd ey funsatuBitge. aldcapbesand/ @l kanbsxyshd aAfiels

propane,s rhéowlaaﬁed iﬁocbwl%n% aﬂapm@% pParBEX&NGy a{-mk afhealekenes
used are: su% %BSQ%S dPalEn%'&em cla“rﬁejtfle Ah%ggk'% A1is lménts' nLroduced

into the gas e an eres |ng xture is
passed to % ?é(?&ﬁﬁss?’%fbé:hieﬁeV\HPE?'F??usiesq 848 defeipd drat Fu?‘EkP%"rdlé’é‘ItSI ytic
oxi dati on @l@da@tsi-on. In this way, a,p-ethylenically unsaturated al dehydes
and/ or carboxylic acids 20 are produced by a two-stage catalytic gas-phase

oxi datig® 3 ttth prBEOEESSt Ahel BeePESLS I vdnRY AL | Qthad:QJlx%iﬁ@Ep&&npmsm
2 (¢ unsat yated o cabfenydesnau 09, L10Malbe br 537 PO, & QBnof, Sy oliei .

met hacr ol el n, cht p055|ble

to prepar @ IR &ﬁsﬁ’t‘ﬁ?%ﬁté’di E8r BoRgFF Yta‘tﬁ 8§1H3W?ﬁj ’i‘era(‘f%lthS“ Bh% car bon
atoms, e. gflréd:r yitirgeack¥empheshaér gl kenegivgede p6e brivXeradei.dn-Pataieul ar
pr ef er enceidchugianen hepé¢msinel,epahakamen. Hxampieyl o£ @ldieheandseod. aos:0l ein from
propaners Alssdpeest eLpetled e 2t hatept pPadaftene0f oRgd 116 aakdoliiéwn rlrrﬁ@ene
and the prgparald.gn QEdurEB’é Q%Cft}ﬂle' 5:31@&.0{ dst%r e”ﬁ%;ﬁa@ﬁ&'x%éhft&%‘ &u‘.%@@ﬂtee”e
Such preparative ne ogﬁ are0 Lbed, whlg WS)“B% %CHWEQ or the
references Titted thefern: Tk 3 6 %929 rAI EP 0253 5 0*911 313 Al,
DE 43 08 O%JFtﬂer PRERLY  Ho QXHEREECRI SRR AAE -f Gt FBHS i¥Yor mati on on t he
reaction 3% fc@tdivieohsa i waeshyated axldghydepr endf9r maripayiicscaqisisd in t he
proces s2@farteheprpriesedt by nveno-enagd heatalywliev ant -pibad < nxs datéon hi edhe
i ncor por at@ehdas o 8ffeEROCSredemtt RAVEROLESS Ffr LhEmPIEsant3-uR¥eptt Hka a si gnal
whi ch 40 COIJAlyaRs nib Ll om0y 98N SO aQbnbhCe rfa%ar%aegases bef or e
and/ or af ter, | %gm | o1, OF 95xgen. bel v ANl ReGeNd, stages is
gener at ed 9N dﬁiche oxYgen 2 c?d}at 7 1@ I at &HEBEIG '
possible to prepare o, B unsatura ed carboxylic acids having from 3
25 to 6 carbon atoms, e.g. acrylic acid, methacrylic acid, crotonic
acid. Particular preference is given to the preparation of
acrylic acid and/or acrolein from propane. Alsc preferred are the
preparation of acrylic acid from propene and the preparation of
methacrylic acid or methacrolein from isobutene.
30 ,
Such preparative methods are described in the following documents
or the references cited therein: DE 30 02 829 Al,
EpP 0 293 224 B1, EP 0 911 313 A1, DE 43 08 087 Al. These
. documents also give further information on the reaction
35 conditions and catalysts as also prevail or are also used in the
- process of the present invention. Their relevant contents are
hereby incorporated by reference.

In the process of the present invention, a signal which

40 correlates with the oxygen content of the reaction gases before
and/or after the addition of oxygen between the first and second
stages 1s 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



function of the signal. The process of the present invention has the
advant age that nore oxygen for the conversion of acrolein 45 into agg)ﬁl 3%005
acid can be added between the two stages, since the anount of unrea tg
oxygen present in the gas leaving the first stage is known. If, for

exanpl e, the proportion of oxygen whigh - 5 OCT 2005 4 is permssible in

the second;stage5Q;as.t o, PLGVERL a1 ?1):(9(51939!00 s k3 Kpow, preci §<9sz15’£ a
parti cul ar T dactor for. reparing acrylrc: acid, the pf OCEeSSs of “Phe present

i nventi on HRKEYYR: PﬁSE%?‘f}Jﬂé k5 gaaﬂ’é‘rgi“é‘&}%"el%f’atcﬁﬁf E7Y0 (RTCRSF 188y BERY W ch

wi | | ensurécihatthehpsosess et ther Prhsedkyheierddnnentkes fotpogsdbdeetioi n t he
second st agdd drecdselegnbodt newntunaf of hexpyeacess.cof wibe @tesentthanvenison, the

signal i§ gl aledthy 8RPSENERILRGL! 95BENE & ce@diial h Othd1aWRGdAstage .
wavel engt h at which nol ecul ar oxygen absorbs el ectronagnetic 10 radiation

t hrough the gas m'xtgr.e between the first and second stages before and/ or

after the SRS GTOBFBRYYeN J% PEGBEEF eXim ten EFESE N intR Pirn§E he
propor t i ons&¥nalhd selgeaer abhe@ it ifa@ssiadi al ¢or amsioek thasr adtatieen ha¥spgbed. An
advant age weévdlurgthspecvhis opilecn@asuoepeani disorbat elbetmnsgeretdont ent can
be 15- deberaaiad ohehyira6shl edelgas MakiNes B ednhitfie MTEASH QRN seEB8AQDE
carried OUEt%!T;Hd N £De Qﬁ&’%&‘“é&%x%ﬂ&%édfﬁ%{ bl gxggénﬁ%%s§%%¥5rég& gas

to be tak th { . t t d
to carry obbHTR ACSSUPARRRITS IWCaBAPPPONIO (Ho HEaSUPBIF LM Ean be

processed VediAtgHncpRyclolrehdtot heepoahaarkedn 25f 28XgheRIe A Bdifat ched very
wel | to fl eptcatdsmwpicnmeadergmegporisi bhabf thmregweadcoryemrn et e t he first
stage. TbedexygemezoRtent acalkatelly .exafphermdie: ,MeasSHr Reabyrdians cah Be | aser
beam whose uaval £r@th ah8:i 881D RARRRt ibhepFAld anal i D B SllUeLHES
bands of mplecyl & OXUOeR aNc Wl Ghiel $oRaRSEd NI, L NS 8% ToXpHr ©
between the Tiftst second Stages of ca . Substream.theredr. particularly
accurate néﬁgﬂ?%’rfé%]? Bl C_’Fﬁ‘ér Wy T YcBHE eht® i 3FTSEMBPE - i 1P t Y&Yr The
measur enenthe sTeaEPFRRt H48bak| AT pegceased vex naverkhyt #O rigife Hheom 759. 5
nmto 3@0788dhmonThpd peagem erntbd mapabed cvday [weldr ebef bt yuaEranisednout - at -
a wavel engthe ofroffoAtdonnst (UdrdcGdd ofyden Musureeenirot stdge. rotational
fine structure band has a particularly |ow tenperature dependence. 35 In

th f [ td f t ent
can hovant ShacRl g DEoteP b GG 1 paepiEr iR HETElL. 8 oh Mgt i cont on

ser b ro .a

cal i br at 1 ONSEET [P SHORBPAT FEE el Sha0F NS PSSR B8 BRVHETPRInCaRe o
t hr ough 2@hFERUGEE el PRAFEnHE anefedTHed oBX g mrbitest 1§ Passed. thheagbat h
| engt h ovemhewm¢ﬁ1qﬁmmpgﬁsb@tween the first and second stages or a

substream therecf. A particularly accurate measurement of the

oxygen content is possible in this way. The measurement is

advantageously carried out in a wavelength range from 759.5 nm to
30 768 nm. The measurement is particularly preferably carried out at

a wavelength of 764.76 nm (13 076.0 cm-l). Measurement of this )

rotational fine structure band has a particularly low temperature

dependence.

35 In the process of the present invention, the measurement of the
oxygen content can advantageously be calibrated by passing the
laser beam through a calibration cell which contains a gas having
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.



40 the | aser beam can be absorbed by the oxygen nol ecul es present in the
calibration cell, i.e. the path length of the calibration cell, is _(l;gf]w\ﬂ 05
very accurately. This makes it possible to carry out a calibration %U
measur enent of the oxygen content during the production process. The
production process therefore does not g45 have to be interrupted, which is

advant ageqiis, ;3.9 G 12008 300 The, PLocess of, Lhe, present Layenton can be
used parti cut dri y advan‘fagé)ousfey_for preparing acry iC PA&4<dr ma‘fhacr'yl iC

aci d. The PHRHIMAROUSHYt FRF REEPERENP n¥entiion aF3F PEJIRAECHY lacprotdss 5 for
preparing a,j3-ethylenically unsaturated al dehydes and/or. carboxylic acids
by means ofheé dpparstageotatiad Yrieeegas: Pphasa on0Xbdat Ut xdmgr eSpsocegas f eed
faci | itystfsoughegihiicl QXxyoamyaanichefddadideathe 9ARES dR0dHGRG i n the
first stage fchane d DeYqars, Jbioduced iy e seeond siage, Ihe apparatus
conprises a ] rfeasurer_rent acility by neans of WhArer a S_Ig aP ich ,

corr el at esC*HFAH ThEOBRY §&%° &ﬁ?én%e%%/ ﬁ%llrléé(cf:ﬁﬁﬂu%é'@?cg‘enge%rﬁﬂrbr

after thebadidddroothe og3afsn praduped gemertwt ddrandstige edoueehbey dxxcility
i s connect et tadrcadedukat ting devindesbygeeans: eppabkels ddiprdsesnas of oxygen
addedI bYot;n@aegﬁ%ﬁee&d_fta@tmw byCaBahs 4P niea at gdgas: %ﬁi%%bgee;)étééﬂe

si gnal ge | rocess, de , r |

appar at us. Go1 ne, SaGRe' s PR PR PR, SRS ol ARV EL e

t
content of "R EAON Bh TREED RRPCRE P $ R ESdGEEE PR AESEEBENd stage is
known as afeeblity gff cRENegRRfitementedatiting deNdcehly regpisarifnyheh
appar at us theisammakes of peg@irblagidedr by hehangasntfeefl Aslci titgnalan beygen which
may be addedgwiddalitasl aadhmgrich afr kBK 9igexpleseented N Ahansegend stage to
be det er m peg. AGE WAeh ¥ea TiHvEEASHECIEBH 1 {8G]d 'a%:%ﬂ 2dVANt AIQYUS Ly £ONPT i Ses
a laser, thn, 25 o ndavs, [ ocaj cd apposife, ene andther (. the line connecti ng
the two s%ages, or in a Bgfﬁass ar%un thi'%s a,nd{yzﬁT et eltTt- or neasuri ng the
i ntensity bFAEHECT LEEFSHERMT MIATEr 1HEE8AYE MGt fiPet RERC P&t 2/Bv Rt ages of
such a neakueehert o agebltyhrtde hgesprenealflacs lihg %y geie ceauepting be
det er m pedapezyatace whatehgkend t3@ostibaa Her ithet ambedt ref atdadelipnsinply in
exi sting pepeeyet iviicrphaptSe dddeds wabBhyuberaasalgy thos 2isedsd erpdbs pbpe

havi ng two;,flanges Jpacatgde aRPes e+ QRG: Alpt Lo.be inserted between the
t wo stageslgnd t he flnangesg?o be seal ed Ehut ﬁuﬁeaﬁsyof wi ndows. The | aser

and the detector can then _be installed at the two 35 wi ndows. For this
pur pode, i TPf S eRRAATIEGETRCH Yt REVBBF AT VIS LY FOMPEE SEhe DESF<F r 5Pt he
| aser t85beipdpirreciosdted apRpsitieglene paARRer Vim thet dbee tepmestiingdbe and t he
poi nt of enwoystfgdsher 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 dnly 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 alsoc 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 alsc compensate temperature effects arising
45 from the environment.



beaminto the detector also to be connected in a gastight manner via a tube
to the other wwndow. It is advantageous for gaseous 40 nitrogen to be SaﬁﬂTeZUUE
to be passed into and out of the tubes. In this way, the w ndows of the
| aser, the detector and the tubes and, if necessary, also the internedi ate
space between the w ndows and the |asgr or the detector can be freed of

inpurities Furthernore, this can alsq_.c ensate.te rature effects
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the gas § havm? A H8inBado RYYAER £RBHENE o e b irdidhedyCerld Nt t he
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calibration gebl. and, fan, t heqCall Bharlan,; PpasurenRnt FDAD,L oS, GALLT ed
out. The surfaces ot the tWo" wi ndows are advan ageously not par al-f1 e 10 to
one anot heFarEL#¢ Httrore, these surfaces advantageously do not forma right
angle with the direction of the |aser beam This prevents interference

bet ween t hehkaserfdeamodndhet se fwirddwa atesadtarifagebuehyanot nfardlarance
pattern 4ouhdohe SHREIHTPPSLhe ¥ e I RBABSOEPIAQRY 29Batafiod ¥y @er band
(knoun as ¢he,1o-SialONElLeE ) (U %:OLeE bETEnas, PRELELNoEaN] dryidependi ng
on the thi'ckness of the”w ndows, beco so 1 ntense t .the, neasur enment

of the oxyBERVERNT GHERIEFEPDS HEHEER Gieor2e0e PEATl 8 AnpbES Hbl A5 For thi s
reason, th&eswbtviphadishare instdfiq9reacsbprbery wivdd Rel FuearimPesrd f| ange
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Lo be set Lo e T e e R e et e b @
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can be 25 structure bands of molecular oxygen in the range from 759.5 nm to

768 nm and whose modulation range is =0.05 nm. Measurement of the

"rotational fine structure bands allows a particularly accurate
determination of the oxygen content and the modulation of the
wavelength of the laser enables the accuracy of the measurement

30 to be increased further, since it is not just possible to

evaluate the absorption at a single wavelength but instead to
form an integral over a wavelength range extending from above to
below the basic wavelength of the laser.

35 The signal which correlates with the oxygen content between the
two stages is advantageously generated continuously and can be
evaluated instrumentally. Such a signal 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
o,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.



eval uated instrunentally. Such a signal is, for exanple, an electronic
signal, a resistance change, a tenperature change or a pneumatic si_ggﬁh 2005
The el ectronic signal can conprise data in 40 digital or analog form L
present invention further provides an apparatus for preparing

oc, p-ethylenically unsaturated al dehyges and/or carboxylic acids corrpri si ng

a flrst tion stage and,a second.reaction stage_ 45 connected_via

connect i ng%ﬁl ik ‘fe&ttl%’él i ?%tn? |l(l)% & i)éf %ﬁlaggl??ﬁema 0683585%%‘%% bed
regul at i ngt@pp2e eﬂWmESOCTZOOS 7 The | nventl on will now be illustrated by
exanples with reference to the drawings. Fig. 1 schematically shows an
exanpl e of rife I egiteMaitigapPpaIRIWES anSeRimg e dF eheNtes Ve iinOappht gus?

shows anseghody iente O+t hevégoiat i ng apparatus shown in fig. 1 and 10 Fig.
3 shows the connection of the det'ector 7 via a calibration cell. | The

present invention will be illustrated using the preparation of acryl ic acid
as an exanph8: HoWEE a0 erbaghiingata gl tRY TePUlRE 1ngsaRRMER Y SPEVPr BResses

or appar at isgs ¥ andreparing a, (3-ethylenically unsaturated al dehydes and/ or
carboxylic acids. The two-stage catal ytic oxidation of propylene by neans of

oxygen ;pnpife PashdWatfel QohMIPiGN Bt Re %@Eé‘dt%c}' hyvagryldf sacadibs 20
descri bed n the follow ng docunents, whose relevant contents are hereby

i ncor por at &d y reference: DE 30.02 829 Al, EP 0 293 224 B1, EP 0 911 313
A, DE 43 08 087 Al. Apart fromthe regul ation of the introduction of
oxygen t h@hexpppsent omveRtioprwiddnbe akbwstirtashmsdonr thp @renagathen

pr epar at i vefnethpiic 2 ideser abetkampliheBeweloen)Teint €anThe spg@riddgnnakeri al s

1|‘or Ehe 1@5 @aaé%éfm@fpﬁgéggég ACidpak8tubdd r%‘%ﬁ‘ézp’aﬂ&ﬂ gt he fl r st st?gle 1t
n stage ﬁ,_g% ggﬁ__ ar p pgf‘] al ys
to form SOuéE P%’ &1 i Bl c%lt et hgﬁ%&f ;\énldn%trhrég?k? c—}éﬁeggas

| eaving the first sta e 1 IS |ntroduced via_a connecting I|ne 12 into the
second staaé‘eztw‘?"n%tiﬁs cpEVY hif QHGetIoRoNbrRcRylengt BY Beans ofcO3YEFR and

35 unreact 88 hb¢egas @hageygenfofhacorygén ewhtimtaldly ehiyliasagtidktiare.is
det er m r2ed degcrtbas of thenfaslowitgnidobasehts y. witae rehesaptr@asentsware

flanges haweRgbi DelWHoratBd By cRbedcopPISi 3¢ o0Be9anet her are provided in
the connectpng b9€ 72 310e8"¢ $1 0813 a1, DE 43 08 087 Al. Apart from the
regulation of the introduction of oxygen, the examples of the
present invention can correspond to the preparative methods
25 described in these documents.

The starting materials for the preparation of acrylic acid are
introduced into the first stage 1. In stage 1, propylene and
oxygen are reacted in the presence of a catalyst to form
30 acrolein. 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



of the connecting line 12, a laser-3 is installed in such a way 40 that the
emtted |aser beam4 enters through the w ndow 5 passes through th; UBE
connecting line 12 and then exits again through the w ndow 6. On th QQ

side of the |laser beam4 there is a detector 7 which nmeasures the intensity

of the |aser radi ation V\/mch has pasged through the line 12. 45 - 5 OCT :
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structure ‘mol ecul ar oxygen in the range from 759.5 nmto 768 nm

For exanple, the neasurenent can be carried out at a wavel ength X0 of

764. 76 nmZsl 3RS, O, cusd)is Thide, cbor exponds,t of theodulatsibileodiofiet he t ot al
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absor pt i onsheaxansisids opfleied tagsaa amaxomao@uianthﬂ feampainhumBerof +he gas
m xtureys R ther t0LGa VY &l 4Rglii 1 BhosHeH G ReEYRAA RS uaanﬁu%s%&\bei from

col | i.si onsy betyegnyol geubes, ok g.%ngﬁﬁ 103308301 108, c%r%gggsfzagon 5" not

measur ed a & artlc | ar velen

1(7~)d), 21eret scbfrré\ﬁh eﬁEF%W“aﬁdfal?fH éogo?rfevﬂ%lt éﬂ@&%"?{%ge?s
measur ed. 'fﬁl*% erf’éD@FtBOTBus‘éﬁ PYIRDdEPat a¥A® At UFReCAB At ® hendegpImingg s
integral . ey rmpeglidicahly dangeecasuaboutthe GESrpwioThet 3Hhirndalvaieogth ange
is, in particular, selected so that the nodul ation does not- result in

neasur emeng, Ofg &t 2RS0AHIH Y ¥rr@Bt, the wavelength region in which
absorptions occur is broadened as a function of the temperature
of the gas mixture. Furthermore, wavelength broadening occurs as
a result of collisions between molecules. For these reasons, the
25 absorption is not measured at a particular wavelength. but instead
the integral

LY
J T(h)ar
30 Ar

where Ay is somewhat below and A; is somewhat above iy, is
measured. The laser 3 used is modulatable for the measurement of
this integral. The modulation range is about +0.05 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



adj acent oxygen band. The detector 7 converts the neasured intensity of the
radiation 40 into a continuous signal which can be eval uated. instru ﬁtfi d@/
and correlates with the oxygen content of the reaction gases after t

first stage 1. For exanple, it is possible to generate an electronic signal
whi ch-is proportlonal tao the oxygen centent of the gas mixture after the
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i s connect S r..via a e.w nd
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manner 25 {PF‘ a’ i fe’ £8™p teot"r?é‘ﬁ’eﬁfh%v&’% aﬁﬁlotlte&&eﬁ“&‘ana%‘é’]ﬁﬁs &a
through theogabeleng att kbejsama tdfe &0t Fete |quteshe3 fanmatiomuth ant he t ube
16 via theekplesiendasutlietutenes 14. In this way, the w ndows of the |aser
3 and the detector 7 and also the windows 5 and 6 of the connecting line 12

can be freaq phe i didiest 0B LIRLR, Sk il ftle,rmgraém epcﬁ hees can

be excl uded en,t itr S \Rasse throu .S re u ate
“particul ar ex\t{vg Oferta Q blgaE“I %&gddﬁ}% i on, ?I e fgd g as 2
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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 alsc 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 regulated 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 wvalves 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 las&r beafi
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



6. Wien these ball valves 18, 19 are closed, the windows 5, 6 can 35 be

renoved, e.g. for cleaning, wthout the production process having to lﬂg 2005

interrupted. In a further enbodi ment of the invention, the tube 16 ca?ﬁ é

used as a calibration cell for checking the sensitivity of, i.e. 40

-Cﬁ| ibrating, the detector 7 during thegreparation of acrylic acid. For

thi s purpose, as, having a_known oxygen oncentration, e.g._ air, can be
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const ant ddf4 rtaI?TFg 1 ne*i*nt8¥val , the detector 7 can be calibrated in
this way. In a further exanple (not shown), the flanges with the wi ndows 5
and 6 showtin rr ffugther lexamplient eot hamged) withke thendes thieh theangendd#slE f or
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t he oxygen ¢on ‘ent |§,t3hen rreasure% y~.‘means o t%ﬁ dser 3, ‘the Wi'hdows 5
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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 compesition as those in the connecting line 12.

35
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t he sane conposition as those in the connecting line 12. 35 40 45 -50CT2005
11 W claim 1. A process for preparing a,f3-ethylenically unsaturatquEszs
al dehydes and/or carboxylic acids by neans of a two-stage catalytic

gas- phase oxidation in which a gas m xture conprising at |east an al kane or
al kene having fromthree to six carbgn atons 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

i ntroduced€ ALdiPhe second stage (2) in which it is subjected to a further
catal ytic oxidation reaction, wherein a signal which correlates with the

oxygen cont.enta @frockBe feaGidepargages, pafieandhdly aidfiteeaddi tion of
oxygen 15 betvugennihe,f 1‘-1}1&}0 %‘Arﬁsggi‘ﬁc Sé@i%%sb&l i 'éﬁ gaegc%%‘ég and the

oxygen addition | ncti o dcess as

re

oA hed in ol SHFELYCRROFET FIARE SRGRAFLTS Mowhert Be Ty Y
eIectronagnetP@“@&dﬁaﬂgoﬁﬁrkﬁﬂsﬁgaa a?@aMbV§1éA§Fﬁe(k€WlQﬂ ﬂMQN:ﬁhﬁ9¢e@mlar
oxygen absor bsial estrbonagnets @andadkgtennid subjehtetietgas qavealytecbet ween t he
first andt secqiid gatagfSrédaet idn Ref Qh@t ﬁmgtorst@tgtetelt 13! heo:q?%i‘l tiisongaéa Owgten
or as rea [ r [ netic
adiat i whi o 2eeRe, 3‘2%1 ‘i'*lbgg%bf‘ e LT Bl O e B S 1
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whose maveleﬁ@tWUF§e§é?dr@3Ghéuéﬁh?ﬁec¢%ﬁ%ﬂﬁh§néﬁlﬁﬁhé°%tWQRRHHQ§ 30 bands of
nol ecul ar oxygérersig whstdnal whashbedothebatgls miehgabe oxydar edmeeweenft he
first and secant Sleagesoh lgasd)s GeforeSahdideamtehetnef additAICLHFges
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whi ch contains a ga Rav? ing a d8f i oxygen co gh “#hitch a
gas having a defined oxygen content is passed. 40 5. An apparatus for
regul ati ng?-a pr GEESesHops prpdiadngn alede et hyhesiedal the upbgnak dised al dehydes
and/ or car boxyeameraaekddby byasriangs edbcardmorsttdge radiat yon chgasngphase
oxi datizm, COFdIENRYha(RAS akeeliERGhdidan162, o%Pged landdymaugh which

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 electromagnetlc 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
A 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



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
conprises a neasurenent facility (3, 5, 6, 7) by neans of which a siﬁg@@l 2005
which correlates with the T 5 OCT 2005 12 oxygen content of the react
gases before and/or after the additijgn of oxygen can be generated in which
the nmeasurenent facility (3, 5 6, 7) conprises a laser (3) , two w ndows
(5, 6) located opposite one another in the line (12 co;mectin t he two
stages (1,2) 83 _acod’sfﬁggsogrt nGE2EHIR FRTCS RFEPEC 1YY/ CF) 2F 6 MEsuri ng
t he intensityad@itigne dfassyasieasn( by smesptpdsisnybichridiggReapargnens (12)
and wherei n t heciEasuri@nent, tacili toon(iB; bs€s7hi 1 asoannédd ed twp awirvdulvat i ng
device (8) by (sgans ofowhiel tdioampUnbaeofaxyger addaddyithe gas)f eed
facility (9, égnnje@tlc che rt%]%!éﬁigeas @ AnchLon0ly Ui 3LaNakouna
s cla m5 e of exit
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any of clains 5to 7, wherein the surfaces of each of the two wi ndows (5, 6)
are not par.al |Pel apparane asothwimedndhoclaive Sl askerdigabhé pHoiddest notitf orm a
right angle wténd hese stinf a6eSladdr AB) aRPabahetseds ial aigmeight avynef
claims 5 to 8y uheneind (19 dbaSAL WidholrS(H TRAULA 2Rhige DO LRSS cphose

wavel ength is eggli%éootge el 190 gf theegﬁ% tj onal fling1 sfructure bands
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unsat urated =abdedrydescarni] outcaf Bdweykikesmndil8sl€onprising a first reaction
stage (1) and a second reaction stage (2) connected via a connecting line

(12) to the figStpbgRetlOReStAdMdallnaPthi} 80 Fnhef&QHlRL! 58 @BRPRHSELIS as
claimed in a”%19f1é¥ %%ngoé%fgﬁred ag a calibration cell (17) through which or
into which a gas having a defined oxygen content can be passed.

8. An apparatus as claimed in any of claims 5 to 7, wherein the
surfaces of each of the two windows (5,6) are not parallel to
one another and/or the laser beam (4) does not form a right
angle with these surfaces.

9. An apparatus as claimed in any of claimas 5 to 8, wherein the
lager {(3) is a modulatable diode laser whose wavelength is
able to be set to one of the rotaticnal fine structure bands
of molecular oxygen in the range from 759.5 nm to 768 nm and
the modulation range is = 0.05 nm.

10. An apparatus for preparing a,R-ethylenically unsaturated
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 9.



