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subsequent US&S 3RGcikdD be renoved from nethacrolein with difficulty
(even when they are onl f&?g‘)r&rsred in small anmounts).

25 Methacrolein is an important intermediate which finds use, for
example, for preparing methacrylic acid. Methacrylic acid is an
important staple chemical which is used as such and/or in the
form of its methyl ester for preparing polymers which are used,
for example, finely dispersed in an aqueous medium as a binder.

30
DE-A 3313573 discloses a process for preparing methacrolein from
isobutane as described at the outset. On page 28, DE-A 3313573
recommends the use of virtually pure molecular oxygen as the
source for the molecular oxygen required in reaction zone B,

35 Although it would be possible to work with less pure molecular
oxygen, preference is given to the use of pure molecular oxygen.

However, a disadvantage of such a use of substantially pure
molecular oxygen as the oxygen source for reaction zone B is that

40 isobutane accompanying the isobutene in reaction zone B does not
then behave completely inertly, but is instead likewise partially
and/or completely oxidized to a perceptible extent. While the
latter in particular causes an undesired loss of iscbutane,
partial oxidation products of isobutane, for example

45 isobutyraldehyde or isobutyric acid, are generally undesired
companions of methacrolein and generally interfere in its



2 9 DEC 2005 It is an object of the present invention to provide a process
for 5 ptoé’ﬁé’r/isﬁé%et hacrol ein fromisobutane as descri bed at the out SEBEL 2005
whi ch only has the above-described di sadvantages to a reduced extelgt. g)‘:é
have found that this object is achieved by a process for 10 preparing
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2 9 DEC 2005gx3,,40r the nolecular oxygen required in reaction zone B.
However, it is also possible to introduce to reaction zone B, for exanple,

air and additi onal I}}/ nol ecul ar .oxy%en or air and additional
C) wusing the methacrolein contained in the product gas mixture B

25 either for preparing methacrylic acid or for another purpose
and either recycling at least unconverted isobutane contained
in the product gas mixture B into reaction zone A or using it
for another purpose,

30 which comprises feeding the molecular oxygen required in reaction
zone B to reaction zone B accompanied by molecular nitrogen in a
molar ratio R of molecular oxygen to molecular nitrogen of from
1:1 to 1:10.

35 In other words, according to the invention, R may be 1:2, or 1:3,
or 1l:4, or 1:5, or 1:6, or 1:7, or 1:8, or 1:9, or 1:10. An
advantageous ratio R is in the range from 1:2 to 1:8 or in the
range from 1:3 to 1:8, or from 1:4 to 1:7. In the process
according to the invention, the abovementioned accompaniment of

40 the molecular oxygen by molecular nitrogen is advantageously
realized in such a manner that the molecular oxygen is introduced
into reaction zone B as a component of a gas which already
comprises the molecular oxygen and molecular nitrogen in an
abovementioned ratio R or consists only of molecular oxygen and

45 molecular nitrogen in such a ratio R. In the process according to
the invention, preference is given to at least partially, more
preferably predominantly or exclusively, using air as the source



nol ecul ar nitrogen or air and additionally a m xture of nolecular 5 nitrogen
and nol ecds/53@89,Ln whi ch conprises the two gas conponents in a raﬁi@ﬂ:lﬂﬂ&
other than that in air. It is essential to the invention only that
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frequentll?%%%al?eaﬁtg 6‘050?%349?? 0The nolar ratio of the anount of
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25 reaction zone B in the procedure according to the invention

comprises, in addition to the components already mentioned, other

components, for example, CO, CO;, H,0, noble gases such as He

and/or Ar, hydrogen, methane, ethylene, ethane, butanes, butenes,

butynes, pentanes, propyne, allenes, propane, propylene, acrolein
30 and/or methacrolein.

According to the invention, the molecular nitrogen content of the
charging gas mixture of reaction zone B, based on the amount of
isobutene contained in this charging gas mixture, shounld

35 generally not be less than 500 mol%. In other words, the
molecular nitrogen content of the charging gas mixture of
reaction zone B in the process according to the invention, based
on the amount of isobutene present, can be at least 500 mol%, or
at least 600 mol%, or at least 900 mol%. However, the ratio of

40 the molar quantity of molecular nitrogen contained in the
charging gas mixture of reaction zone B to the amount of
isobutene contained in the charging gas mixture of reaction zone
B according to the invention will normally be = 20:1, frequently =
12:1.

45



5 than 1:1. Normally, this ratio wll also not be above 20:1. 2 9 DEC 2005
I n ot her 0R50dS34%e nol ar ratio of the anpunt of nol ecul ar ni trogen g pEC 2005
contained in the charging gas m xture of reaction zone B to the anount o%

| sobut ane contained in the charging gas m xture 10 of reaction zone B can
according to the invention be from%:1 to 20:1, or from2:1 to 16:1, or
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catal yti c oxydehydrogenation 1is exothermc. In the process according to the
invention, the nolar ratio of i sobutene contained in the product gas
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t he rasi pebectedfint Bachbowenmmeti ohetl that ifoldbvingaiclagxeeetbs.arlen ot her
words, thgigppigdd.rati o of isobutene contained in the product gas m xture A
to nmol ecul ar hydrogen contained in 40 the product gas m xture Ain the

process according.to the invention wll customarily be a 0.5, usually a
0. 8, andlFﬂb%ﬂﬁﬁqlégggge%er.'{},‘s&ﬁél.ﬂgf.°tll}?r3r der to achieve interesting
conver si Rs4P 1A 1820 BBR 2L -A0 A-10tShe partial |y heterogeneously

cat al y¥9ed dehydrogenation to be carried out according to the invention,
based onaacsrdiiice tpashe impAItdbhpntigendio¥emgnbasndd mer aef feeicd at .
rel at i vebyykhaly 594 53487 3 :3-BEF0 20045 (2 15L 8ags | Ak fgNngL at ures (typically

these reaction tenperatures are from 300 to 7000C). Since the
dehydr ogenati on (.cl.eavage of C- I s kjnetically. di sadvant aged conpared to
cra%:/ki ngA(‘c?%%‘Vgé'@lo?e tyge of; Fﬁ%sp’é‘?cfeé’é‘lrgdaSﬁog%)r‘&:ttﬂlég‘éa’?‘%W?gggpFor
every-25saputleafe 1n contrast to the case of a heterogeneous and/or
heterogeneously catalyzed partial oxydehydrogenation of
isobutane, molecular hydrogen is formed at least intermediately
in reaction zone A, which is why the product gas mixture A
generally comprises molecular hydrogen. Furthermore, the
30 catalytic dehydrogenation in reaction zone A is endothermic
without additional measures, while a catalytic oxydehydrogenation
is exothermic. In the process according to the invention, the
melar ratio of isobutene contained in the product gas mixture A
to molecular hydrogen contained in the product gas mixture A will
35 generally be = 10, customarily = 5, fregquently = 3, often s 2. -

Normally, the reciprocal of the abovementioned ratio will not
exceed 2. In other words, the molar ratio of isobutene contained
in the product gas mixture A to molecular hydrogen contained in

40 the product gas mixture A in the process according to the
invention will customarily be = 0.5, usually = 0.8, and in many
cases 1.2, or =1.5,

In order to achieve interesting conversions in reaction zone A in
45 the partially heterogeneously catalyzed dehydrogenation to be

carried out according to the invention, based on a single pass,

operation generally has to bhe effected at relatively high



5 nol ecul e forned, a hydrogen nolecule is generally by-produced. As a
consequeP@B0A53492 sel ective catal ysts which are customarily confing%E imS
such a manner that they display significant dehydrogenation (at isobtt ﬁé
gas hourly space velocities of, for exanple, 1000 h-1 (1 at STP/I| of
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Accor di '195&&3 Jo t}ﬁth”»é’ é;x%gusk& 'éf e 'eEeL'Y &Oessa'blalvgm&t?tijse fhe entirety or
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of 30 fuethdeng: | peeRane,oPTPReRe iand sthana ayglandy formextirand nobl e gases
such as Hesigidfanan¥randumtever, operation in reaction zone A nmay in

principl e al so be effected wi thout di I uents; i.e. the chargi ng gas mxture
of reactynlh e éél%?c?io%@ﬂﬁ’t§& onl 9@&5@% % 8&': nSobutane and
nmol ecul ar gen %

% vedls bhe Ilue t n$ d_oa g @ reaction
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| ess t hagxanmgie |%~.e&ﬁefvﬁﬁ%h| Ys'ﬁéﬁnélﬁ%naﬁ IR 6 g fsyeah@etter | ess than' 1

dehydr o6 L‘L“Yl‘?’l ??E‘g%*‘n ki eamq‘p‘ Senbfally BasPLfe o,
react i onF E%rb ‘\ém%eci goﬁg t?'FFe ﬁﬁyﬁ}é b hlsﬂlnﬂ?w ded into
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al um REngasdfdeptaon. FO3Q,5846a@monay heseseli g¢h caliduentofamtin ¢éhst one
gener al | yups¥uenst te®dtion zone B. According to the invention, it is
entirely possible to use the entirety or else only a portion of
the molecular nitrogen to be used in reaction zone B according to
the invention also for dilution in reaction zone A. Examples of
30 further diluents for reaction zone A include CO, CO; and noble
gases such as He, Ne and Ar (however, operation in reaction zone
A may in principle also be effected without diluents; i.e. the
charging gas mixture of reaction zone A may consist only of
isobutane or only of iscbutane and molecular oxygen). All of the
35 diluents mentioned may be used in reaction zone A either alone or
in the form of highly varying mixtures. According to the
invention, it is advantageous that the diluents suitable for the
reaction zone A are generally also diluents suitable for reaction
zone B. In general, preference is given to diluents which behave
40 inertly {(i.e. less than 5 mol%, preferably less than 3 mol% and
even better less than 1 mol% are chemically altered) in each
reaction zone.

In principle, all dehydrogenation catalysts known from the prior
45 art are suitable for reaction zone A according to the invention.

They can be roughly divided into two groups, i.e. those of oxidic

nature (for example chromium oxide and/or aluminum oxide) and
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appro&ﬁ at e shaped body. 45 0050/53492 7
The at least one catalyst bed (for example fluidized bed, moving
bed or fixed bed) regquired for the purposes of the present
invention may contain the dehydrogenation catalyst in differing
geometries. Examples of useful geometries for the process
30 according to the invention include shapes such as spall, tablets,
monoliths, spheres or extrudates (rods, wagonwheels, stars,
rings). In the case of extrudates, the length is advantageously
from 2 to 15 mm, frequently from 2 to 10 mm, in many cases from 6
to 10 mm, and the diameter of the extrudate cross section is
35 advantageously from 1 to 5 mm, frequently from 1 to 3 mm. In the
case of rings, the wall thickness is advantageously from 0.3 to
2.5 mm, and the length is from 2 to 15 mm, frequently from 5 to
15 mm, and the diameter of the cross section from 3 to 10 mm. A
suitable shaping process is disclosed, for example, by DE-A
40 10047642 and also DE-A 19937107. The process is based on the fact
that oxidic support materials admixed with concentrated mineral
acid (for example concentrated nitric acid) can be comparatively
efficiently kneaded and can be converted by means of an extruder
or an extrudate press to an appropriate shaped body.
45



The shaped bodies are then dried and cal cined and then salt solutions are
pour ed 0385 tggglin a suitable sequence. Finally, they are again dried and
cal ci ned993%§ 822005 5 The reaction zone A rel evant for the proces? DEC 7005
according to the invention may in principle be realized in all reac gr
types knowmn fromthe prior art for heterogeneously catalyzed partial

dehydr ogenati ons of hydrocarbons in7the gas phase over fixed-bed catalysts.

Typi cal #pacdisped 86RESAldifeeshah edf 1ediNadB0ch oc BRADGnd0ERdS Fa1@m 400 to
650.00' nglﬂﬁﬂ:lﬂsngrgrﬁéﬁ"gcﬁoklért'w}gn?%.:pl ¥ EQiEﬁJ %@%ﬁenééo@iq:agé 9 10 bar.
Typi cal ﬁs ourI% sgqgewxflogltl S, 0 reacfion gas areé from to 16 000
h-1. In g FHhEH 7241 “Y'E5c 6 ??ﬁé%“ﬁhd process variants known from 15 the
prior art may be used to enbody reaction zone A of the process according to
t he i nGefke areacdéour epié dngedevanc Eqr cbesprovars acceordirg cantthened in, for
exanpl e, igbénfilorOmadl in qRGWAEPLE berrtlaloned im 418 akb®Bot Otyde® known

dehydr ogengh iGf 348k Y#ts £020née BbYS! YaCATRLANBREL YA descripti on of
dehydr og nﬁt on péoceggﬁg suirta & accordl ng to % e I'nventj.on i %Iso

cont ai ne@ Y CHEREEFOTT S FY 5 TR RO §BndaH BRGEE %e’be‘)‘rﬁ?‘ﬁfig{g‘é ation and
Al t er nat F¥e2 1ETHPdr SRR Sifart bR SEIPLTSEUESS Ntifb £ oR13990 iy, 809803 o130

Fer gudontDem A0 Mouhbeith VThevwoxdsind prasanr®4®i3yp27allys5inUtBeArdngeA

char act efi&h i, 5f €at po eby. tPipal tgad hbekeyogenrowlyciaied waed

dehydr oggpadd dh Qhsi 8POULRRE 3b6 thate iolool f-endothermic. In other words, the
heat (energy) necessary to achieve the required 30 reaction tenperature has

to be supplied either jn advance to the reaction gas and/or in the course

of the cat BAHNCPLGenYtl JGEGEPF oY PR &8¢ BIPTRPS JaAHERRP I @adEPBn

t enpedat the Prisguprbdray tbe ysedste \gabedy seagietany ggareduef ytheat al yzed

dehydr ogpnade senacobrdsiop teanbet iatersnonl. bpaverdm: iohshbfhsilet Iprogeséi gh

ol ecul agar V1@ larer 86mt £ine@MRAYNES: exRmbeaNgh 1 Hlive At C@idu@entare forned

whi ch deﬂ&ﬁéfc%ﬁ &ger&fé@osﬁsfw%é A Qgganyéi&e%%ttugse it. In order to
I's t, It pO3SI Ple,

mnimze this advant ageous si de effect, s 4 as al ready
mentioned, to diluyte. with steamthe isobutane to be passed qver the

cat al $8t AsERMRAI@taVe Ly RRRREghepahR AaSGréPE PN &f dehyirogrMatdoBgenat i on.
Under t hpreessadesi syitahirliaccondingdposihei hgvertrdson iss apae t¢antajined

conpl et ey "cdtialynate® byudies pivihsiqh e Mfidatdle geshydrogehabion and050/ 53492
8  Anot hgi+ PasstiiRee p¥RYddgen8 EDYA NEE SIRRASE! ef ¢l hRmbeeMPPINGD, consists in
passing g PXVGRNFEPRL A0 vAASMEH AN Vi BE, california, 94043—5272

25 U.S.A.".

A characteristic feature of the partial heterogeneously catalyzed
dehydrogenation of isobutane is that it is endothermic. In other
words, the heat (energy) necessary to achieve the required

30 reaction temperature has to be supplied either in advance to the
reaction gas and/or in the course of the catalytic
dehydrogenation.

Also, owing to the high reaction temperatures required, it is

35 typical of heterogeneously catalyzed dehydrogenations of
isobutane that small amounts of high-boiling, high molecular
weight organic compounds, up tc and including carbon, are formed
which deposit on the catalyst surface and thus deactivate it. In
order to minimize this disadvantageocus side effect, it is

40 possible, as already mentioned, to dilute with steam the
isobutane to be passed over the catalyst surface at elevated
temperature for catalytic dehydrogenation. Under the resulting
conditions, depositing carbon is partially or completely
eliminated by the principle of coal gasification.

45



dehydrogenation catal yst at elevated tenperature fromtine to tine and

ef fecti vélOpPUWH3HI? of f the deposited carbon. However, 5 it is also 9 '%[ﬁ
to suppress carbon deposit formation by adding nol ecul ar hydr ogen tg t @

i sobutane to be catalytically dehydrogenated before it is passed over the
dehydrogenation catal yst at elevateg tenperature. 2 9 DEC 2005 10 it w |

be appre S S xture of
st eam angxn%ttﬁ l%ﬁgr néfolje%{?)élﬁé e&%ﬁgﬁ(ﬁ ' caﬁij‘? ?mgzgal |y
dehydr og&TREEHTS ATIERFSA S WP aPORGANTIPEN 985 CHIRAEERPy 1 | ¢

dehydr ogé@&ﬂﬁéﬂgﬁfaq@ébﬁ?ﬁﬁ@%‘? $¢ PaEViRERd tg@PerAbREs ria@m siRntton of
by- pr oduddaeadhe ref featévgl erimmarichgobhifrthes deprbiohepramnsor Bowdvert,he

naj ori ty ief ipr eTHs e skBdNtd Guphebes ogenNaNUdbpos ot atoriRd ioRaky i al
dehydfog r&n&l“eéMAEOH%M& YCHhESid %gn&tﬁb Q.f‘ata‘igbi/ genated, the

e ré’gcﬂe@&a‘@% S5 BarSrdat dougoared aree +Ba FRRLiBRRBRHE od 1 oact ed to

and proc&sdadyak et §1eHﬂHe‘Pe%ﬁi“Peﬁéih’t1F€ul arly at high conversions, to steep
tenperature gradients in the reactor with the general disadvantage of

| ncr ear®ed thyipl askiGippret PREédthaddb thbt BegAHiINELY, ald® HARLs0bf adding
g;hggg?g%nﬂ‘agg@r{&% gltégmb@ncgmre@ggg maclg;‘g%hytb ﬁ@%,so%afea hON P | Lsel
FatRaYiRaly, ééﬂﬁgw%emat,é Eﬁt@u" b B by fd BV SPeam  To

ei t her
this 30 &b, catdby PYBRAFNREERE & n’r‘:rfﬁ’“ﬁ&§eaﬂﬂs%pﬁqdb‘ﬁﬁﬁl*9 %ydrogen are

added t o undesieet tfcymagaen beff dive-paadpoed aitleneenaretrtkenenend ot eacti on
zone cIBVtcairbbnoptdmmrdelhydr ogenati on catal yst. Either the dehydrogenation
catalyst itself (this applies to m)st dehydr ogenati on catal ysts) and/ or any

addi ti ongl | I i red
hydr ogenafox)é%:]%:l§ éﬁﬂ c&% QEE%% gﬁiﬁt %F gg?&‘é%}é&{;s‘i 8a{£@z%%s

react i on PAF&EBasS OPRPECHh § 5t SH§ r%@e]ﬁo%(’)’ Hgtfrcbﬁ’ €al | ows

i ndi r ect debyerevenatadi nghe dent @énﬁ?@l"é?%%’iaé:ﬁéﬁsbﬂ Yneraiad owedstedi ngl y
conpar2f ibhel yeadttgpt @ndr sepsbicsbitoephe wenrtdlopogds fion tawdstdeper ature
gradi ent sidwavehp fHEactreyutyed dimplighted Qasetsiroasd prodese abmvepyy ocedur e,
the use qfhgextes nadaﬁmlcsm Y HiQfeBonvBBEich €Xasiled tEﬁ Qigded when

(e procGTS BLLIEIA) ¢y8! dsclo Aul0uaTh Al Scapply sl JORPS3ch 20 e
ccor I .

2005 9 lncreaseg by_producg geess .princ reac I on as cont ai ni ng

25
Alternatively, the heat of dehydrogenation may also be generated
directly in the reaction gas itself by adding molecular oxygen
and exothermically combusting hydrogen formed either in the
dehydrogenation or supplied additionally to give steam. To this

30 end, a molecular oxygen-containing gas and optionally hydrogen
are added to the reaction gas before and/or after entrance into
the reaction zone containing the dehydrogenation catalyst. Either
the dehydrogenation catalyst itself (this applies to most
dehydrogenation catalysts) and/or any additionally installed

35 oxidation catalysts generally ease the desired hydrogen oxidation
(cf. DE-A 10028582). In favorable cases, heat of reaction
released in this manner by means of hydrogen combustion allows
indirect reactor heating to be completely dispensed with and
accordingly comparatively simple process concepts and also

40 limited temperature gradients in the reactor even at high
conversions.

In the above procedure, the use of external molecular hydrogen
may, for example, be avoided when the process principle of
45 DE-A 10 211 275 is applied.
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reaction gas is at least partially combusted to steam by
selective heterogeneous catalysis so that the product gas mixture
30 A in the process according to the invention may be substantially
or completely free of hydrogen. Catalysts suitable for this
purpose are disclosed by, for example, US-A 4788371,
US—-A 4886928, US—-A 5430209, US-A 55530171, US-A 5527979,
EP-A 832056 and US-A 5563314. Subsequent cooling in reaction =zone
35 A may be used to condense out steam contained in the gas mixture
(and, if required, to recycle it into reaction zone A) and thus
to obtain a substantially steam-free product gas mixture A,
Further-reaching removals should not be carried out on the route
to the product gas mixture A for the purposes of the present
40 invention.

A useful reactor form for reaction zone A according to the
invention is the fixed bed tubular or tube bundle reactor. In
other words, the dehydrogenation catalyst and any specific

45 hydrogen oxidation catalyst, as disclosed, for example, in the
documents US-A 4788372, US-A 4886928, US-A 5430209, US-A 5550171,
US-A 5 527979, US-A 5563314 and EP-A 832056 is disposed in a
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bed. TIROH/PHX49%n tubes are customarily indirectly heated by coanq;bﬂgw&
gas, for exanple a hydrocarbon such as nethane, in the space surroundi hg
the reaction tubes. It is advantageous to 5 apply this indirect form of
heating only to the first 20 to 30% of the fixed bed and to heat the
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30 Typical iscbutane gas hourly space velocities are from 500 to
2000 h-1 (= 1 at STP/1 of catalyst-h).

On the industrial scale, about three tube bundle reactors would
be operated in parallel, two of which would generally be carrying

35 out dehydrogenation, while one of the reactors regenerates the
catalyst charge.

It will be appreciated that reaction zone A according to the
invention can also be configured within a moving bed. For

40 example, the moving catalyst bed may be accommodated in a radial
flow reactor. In this, the catalyst moves gradually from top to
bottom while the reaction gas mixture flows radially. This
procedure is used, for example, in the UOP Oleflex
dehydrogenation process. Since the reactors in this process are

45 operated virtually adiabatically, it is advantageous to operate
more than one reactor in series (typically up to four). This
allows excessively high differences in the temperatures of the



al l ows excessively high differences in the tenperatures of the 0050/53492 11
reactiorp%/frﬁ%(? re at the reactor entrance and reactor exit to bez ?‘ﬂ?t%ﬂq
(in the adiabatic node, the starting reaction gas mxture functions as

heat carrier on whose heat content the reaction tenperature is dependent)
and, despite this, attractive 5 ovarlall conversions to be achieved. 2 9 DEC
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dehydr ogeiedvioie Bet Bper fical,Sord01sk sGiiasadital t feolldwebat 86EidS t he
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procedur gs act | cfA C I n he 1 nvention be realized
accordl ng ﬁ%rtt% 9: ceggn\?a 1a%?. 909 Ibe%c,&gﬁk gone f&ccordng¥ é?—’r%glceedl ngs De
1nvent10n 1s descrl bed roce dings De Wltt Petrothem. Review,

Houston Texas, 1992 a, N1, which contemplates the possibility of

a heterogeneously catalyzed dehydrogenation in a fluidized bed

without diluting the isobutane.

30 This variant advantageously involves operating two fluidized beds
in parallel, of which one is generally in the process of
regeneration. The active composition used is chromium oxide on
aluminum oxide. The working pressure is typically from 1 to
1.5 bar and the dehydrogenation temperature is generally from 550

35 to 600°C. The heat required for the dehydrogenation is introduced
into the reaction system by preheating the dehydrogenation
catalyst to the reaction temperature. The working pressure is
regularly from 1 to 2 bar and the reaction temperature typically
from 550 to 600°C. The above dehydrogenation method is also

40 disclosed in the literature as the Snamprogetti-Yarsinte:z
process.

As an alternative to the above-described procedures, reaction
zone A according to the invention may also be realized according

45 to a process developed by ABB Lummus Crest (cf. Proceedings De
Witt, Petrochem. Review, Houston Texas, 1992, Pl).
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0. copy SRR Rae L B <3P S OISR by AEgSiaB a2l B L0

al so pFOdvéh t&&véﬁY%&:}'éﬁ’ﬁ‘s 1?01"‘9""%“;9"0&88&% i t%WPSWP%cHﬁﬁséﬁéec%v@%ﬂ on t hat
only a dboiparalikaty Tttows hEurtheraedvaptageawnsondiluge dihegligobwtasicor  pass
of the reacbeodelypdrayetatodpalit istely. | ow tiemperahanés wechestf ficient to

achi eve té@a@%y%ﬁlm WAt NGl BowsCRBLOEnAATermdl LE£FigEdLhe the
i nventi onge n;yh Fgeﬁm 5%@%@&%@.&9%&.&&4&%& eaL LA 78Nené yaldant W th

conpar Lve 1 SO
al fg hand tf%n w1%g steam reduces the reactant and product

part1a1 pressures, which has an advantageous effect on the
dehydrogenation equlibrium location. In addition, the concomitant
use of steam, as already mentioned, has an advantageous effect on
the onstream time of the dehydrogenation catalyst. If required,

30 molecular hydrogen may alsc be added as a further component. The
molar ratio of molecular hydrogen to isobutane is generally =< 5.
The molar ratio of steam to isobutane in the reaction zone A
variant with comparatively low iscbutane conversion may
accordingly be from = 0 to 30, conveniently from 0.1 to 2 and

35 advantageously from 0.5 to 1. It has alsc proven advantageous for
a procedure with low iscobutane conversion that only a
comparatively low heat quantity is consumed in single reactor
pass of the reaction gas and comparatively low temperatures are
sufficient to achieve the conversion in single reactor pass.

40
According to the invention, it is therefore advantageous in the
reaction zone A variant with comparatively low iscobutane
conversion to carry out the isobutane dehydrogenation (quasi)
adiabatically. In other words, the starting reaction gas mixture

45 will generally be heated to a temperature of from 500 to 700°C
{for example by direct firing of the wall surrounding it in a
heater), or to from 550 to 650°C. Normally, a single adiabatic
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extruded or annular. However, the catalyst may advantageously
also be used in the abovementioned case in the form of spall. To
realize radial flow of the iscbutane-containing reaction gas, the

30 reactor may consist, for example, of two concentric cylindrical
grids disposed in a jacket and the catalyst bed may be arranged
in the annular gap between them. In the adiabatic case, the
jacket would in turn be thermally insulated.

35 Useful catalyst charges for the reaction zone A variant according
to the invention with comparatively low isobutane conversion in a
single pass are in particular the catalysts disclosed by
DE-A 19 937 107, above all those disclosed by way of example.

40 After a relatively long operation time, the abovementioned
catalysts can be regenerated, for example, in a simple manner by
initially passing nitrogen- and/or steam-diluted air over the
catalyst bed in first regeneration stages at a temperature of
from 300 to 900°C, frequently from 400 to 800°C, often from 500 to

45 700°C. The gas hourly space velocity of regeneration gas may be,
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50 to 10 000 h-1 and the oxygen content of the regeneration gas may be from
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stages, abf SRR, UFEEnaso 2 t1beoo@qerme5§alme @aggHAdeininke b gk | denti cal
regener a?bQQﬂ&QA‘gotnl Q§ m# ﬂ%a%r IIE\ON t?;) \ﬁ%gt e‘péjﬁl from an appl i cation
e (0]

poi nt View to pu get cata yst e refeneration with inert gas
(for exanple Ni%!{ﬂlo It is then generally recommended to regenerate further
with puré® Heg TRET WG R E1$ 2B TOPeNe LA ieaUPERISH dRdgemalli Pautus@dnREh i nert
gas (t e thy dregmrerasabrngas hoded beherii%eby deot imel) reqgdeerativer wi se

i dent i cakofi@nelidrisangt i PiVehyadvintaygeddantafl el Spbics@idny pldhtt he
[ egener apk 0p; gy gmg o ¥ ©ah 1 UDE %d 1,2 EEE8R M1 oo wTBE 1RA! 180 zone A

vari ant f;::|cor %r% e I nventl aratively [ow Tsobutfane

conver si r}'gl 'hay in all cases be operated at the sane gas hourly
space velocities (relating both to the overall reaction gas and to the

i sobuti@n&t 20s cidreraigredré heyr giegpmmenddre twaregabsratid Hulrithér i wichupane

conver si fpledwl a0 hydkr8yen 0¥ rigASmbIed ArS Be8Loydl AEilhye@f wit@hGhieoR gas may
be for 5enpéclges ehfyaeebéﬂocar&em 999u be Lregugp td&iuin@ o egog? h-1,
mmnner | PRBvREiRR toshPlodl by el ;ifsgﬁapkévt S Pﬁvaﬁﬁy%m f
conpar at FFEFY THw PEohBISHF 2tdBRVET QTR VAES r¥a MOFEJ 1P SUFAEES)OReact or .
This d8nprises nore than one catal yst bed catal yzi ng the 30 dehydrogenati on

i n spati @he stegsionorond e vaatiahy sdcdradiingniber theraynvieationnviktt o 20,
advant ageemshyadively216® fdbutadb S€ofved®ibn 1‘(9 0 mUiQ)Cﬂaftlﬁﬁtallieds are
pref er abkysat i %drhled N AneOband il nAEEESS) {&8& flegipp! | catl on

e o 1 #2gTebing pokn £9 T Bigsef t°eea§ct iensgs it etepits in o

shaft 2@y Fﬁﬁ‘&%lm?"e&é%?“é} @Saﬁ:ﬂlangwam%wyhobl% SRPUEARE %{-'f“"g"a'ﬁé%f
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from onezpggathyst.bedid Mahhecied eakatystidedoof g1 exampl e by passing it
over heat exchanger ribs heated by hot gases or by passing it
25 In a particularly elegant manner, the reaction 2one A variant
according to the invention with comparatively low isobutane
conversion can be realized in a tray reactor.

This comprises more than one catalyst bed catalyzing the
30 dehydrogenation in spatial succession. The catalyst bed number
may be from 1 to 20, advantageously from 2 to 8 but also from 4
to 6. The catalyst beds are preferably arranged in radial or
axial succession. From an application point of view, it is
advantageous to used the fixed catalyst bed type in such a tray
35 reactor.

In the simplest case, the fixed catalyst beds in a shaft furnace
reactor are arranged axially or in the annular gaps of concentric
cylindrical grids.

40
Advantageously, the reaction gas mixture will be subjected to
intermediate heating in the tray reactor on its way from one
catalyst bed to the next catalyst bed, for example by passing it
over heat exchanger ribs heated by hot gases or by passing it

45 through pipes heated by hot combustion gases.
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Vol une. n sources I NC cul ar
oxygen apse géﬁaa¥§EﬁEﬁT %ﬁ@ﬁ of the documents US—-A 4 78
US—A 4886928, US-A 5430209 US—A S5 530 171, US-A 5 527 979 and

UsS-A 5 563 314); for example, such catalyst beds could be
accommodated in the tray reactor in alternation to the beds

30 containing the dehydrogenation catalyst). The heat of reaction
released thus allows virtually isothermal operation of the
heterogeneously catalyzed isobutane dehydrogenation in a quasi-
autothermal manner. As the selected residence time of the
reaction gas in the catalyst bed is increased, isobutane

35 dehydrogenation is thus possible at decreasing and substantially
constant temperature which allows particularly long onstream
times.

In general, oxygen feeding as described above should be carried
40 out in such a manner that the oxygen content of the reaction gas
mixture, based on the amount of isobutane and isobutene contained
therein, is from 0.5 to 10% by volume. Useful oxygen sources
include both pure molecular oxygen and oxygen diluted with inert
gas, for example CO, CO;, N; or noble gases, but in particular
45 also air. The resulting combustion gases generally have an



gas, for exanple CO (02, N2 or noble gases, but in particular 45 also air.
The resul "tgibggzo stion gases generally have an 0050/53492 16 additional
dilution e( thus support the heterogeneously catalyzed isobug ape 2005
dehydrogenation. 2 9 DEC 2005 The dehydrogenation tenperature in the tray
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essential to the invention that the i sobut ane used in reaction zone Ais
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(for example over specific combustion catalysts, for example by

simply passing them over and/or through) and to effect the

heating to the desired reaction temperature by means of the heat

of combustion released in this manner. The resulting combustion

30 products such as CO;, H20 and also any N; accompanying the
molecular oxygen required for the combustion advantageously take
on the role of inert diluent gases.

It will be appreciated that reaction zone A according to the

35 invention can also be realized in a jet pump circulation reactor
as described by DE-A 10 211 275. Quite generally, all
dehydrogenation variants described in DE-A 10 211 275 are usable
in reaction zone A according to the invention.

40 It is essential to the invention that the isobutane used in
reaction zone A is not pure isobutane. Rather, the isobutane used
may comprise up to 50% by volume of other gases, for example,
ethane, methane, ethylene, n-butanes, n-butenes, propyne,
acetylene, propane, propene, H;S, S0,, pentanes, etc.

45 Advantageously, the crude iscbutane to be used comprises at least
60% by volume, advantageously at least 70% by volume, preferably
at least 80% by volume, more preferably at least 90% by volume
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to the |arm¢eﬁ¥¢wlﬁrlacédt|¢@€t@t@ﬁar gt framdS0i bn 2R .BOMAt®rder to subj ect
the i sthgeykeakly 0 reasebesthardingepessijentsalidhyeradn|wddd agasuphhserparti al
oxi dati O'Ieldétﬂgn NEIrRC il 8EcOXIAGRN toNthdeimfenteaa! | e 2R ivAL OOk 3Ny a

met hacr 0' @fﬁg&%ﬂr meEf;( Cet % g&‘};i' Qintlr &%Jn&%umt Q:‘?u&[ Q%“Ct gas

Tonet fﬁnte*s BPEe YA b RS .d% A eat R ag?.eatg ot et al

oxi de cataityEPR-IPHFANIBEPIEPY EdctPBnreaHPE Baﬁﬁﬁ’eﬂ%é\gﬁc&e eFPHed nany
ti nes efraseivating Sikel layarown the sunfscesknfiérdtlien reetaeon. | n general,
pr ef er eneendit fonven Howecer (i passivat ien i mase rilisonbé cactaiedleyiStia e dyon

nul timet glagifyi es1ic ﬁkﬂﬂgstdfe agsml @hkmmaﬂbé\/qf@r ek@mpytd For
exanpl e, _sg§-f§ﬁ§fgf4t@5 i é]joqlmz nﬁ,ﬁﬁ '112%ﬁ§912131-( | timet aI oxi de

conpositions o he forrru e sane -A), DE-A 10 046

957 (nul tinmetal oxide conpositions of
25 The product gas mixture A leaving reaction zone A, which

comprises iscbutane and iscbutene, is used according to the
inventive procedure to charge a reaction zone B in order to
subject the isobutylene to a selective heterogeneously catalyzed
gas phase partial oxidation using molecular oxygen in the

30 reaction zone to obtain a methacrolein-containing product gas
mixture. If required, the product gas mixture A may be brought in
advance by indirect heat exchange to the reaction temperature
required in reaction zone B.

35 Appropriate multimetal oxide catalysts to be used in reaction
zone B have been described many times before and are well known
to those skilled in the art. In general, preference is given
according to the invention to catalysts based on multimetal
oxides comprising the element combination Mo-Bi-Fe.

40
For example, US-A 4954650, US-A 5166119, DE-A 10 121 5892
(multimetal oxide compositions of the formulae I, II and III in
the same DE-A), DE-A 10 046 957 (multimetal oxide compositions of
the formulae I and II in the same DE-A), DE-A 10 101 695

45 {(multimetal oxide compositions of the formulae I, II and III in
the same DE-A)}, DE-A 10 063 162 {(multimetal oxide compositions of
the formula I in the same DE-AR), DE-A 10 059 713 (multimetal



the formulae | and Il in the sanme DE-A), DE-A 10 101 695 45 (nul ti netal

oxi de cog@5AASIARR2 of the fornmulae I, Il and 11l in the sane DE-A),Zggfﬁzgﬂq
063 162 (multinetal oxide conpositions of the formula | in the sane -A),
DE-A 10 059 713 (multimetal 0050/53492 18 oxide conpositions of the formula
| in the sane DE-A) and DE-A 10 0493873 (nultinetal oxide conpositions of
the formyl j . - i ose .nul tingetal i.de

cat al ys{r;bfggfgic% 3%%@%%%05&1@1 fggﬁgi%.sleSmAtbgmsaeﬁl %?’Aﬂulaﬁinet al_ oxi de
conposi t iXGns ﬁi hI1& aémﬁg?ﬂif'?tlsoxfﬁ? FHPOSLELPRR PR dhe BOEEM B subsuned
by the géfethf $¥PeniFrd) VbaPBIssrapXt vz exdfiencatglysteoswhbaisle he

vari abl esgoar eedetiorectoas Bol |l ows: X1 = nickel and/or cobalt, 15 X2 = an

al kali gretal, thalliumand/or an alkaline earth nmetal, X3 = zinc,
PROSPROT s vaRESERi &r Ot SRet A'dTRBY colddls+G8hE ML 1 e 1PRA BNEL AL JaROST €N, 20
X4 = 5|I|cont al'umnum_ titarg uma dror zl 1 copl u 2= fLOMmD. 5 10 5 b =
from 0. 0o tRe fﬁaech-‘é‘ggbﬁ}m? g%)rﬁa? E‘S gubsuped, by ﬁ%rﬁ?f‘ecré‘llé?”ﬂ}'}]éf érably
from3 to 10, d = fromO to 2, preferably from0.02 to 2, 30 e =fromO to
8, preferably fromM:tBiFenkl-X2ixRt®to 10 ang, n = a nunber which is
deternmgied by the val ency and frequency 35 of the elenents other than
oxygen | Thee CUMQBh LE O . i i.n.,a manner known per se (cf.,
for exan&?%fetgﬁi 10 %%%E§92 gﬁglgggq%ﬂs 3%§¥?Fy used as such shaped into
spheres, rings, cylinders or else in the formof 40 coated catal ysts, i.e.
preshaped?i fier Bk G/ BarEdRA¥s coated with the active conmposition. 2 9
DEC 1005 Exanpl es of suitable unsupported catal yst geonetries include solid

cyli nds x2aad &pldxraldy nebaley HaAVEGY &b /d annal k4l areteartBSmegyd ,a | engt h
of from2 to 10 mm In the case of the hollow cylinders, a wall thickness

ff to 3 i ek il b i at.ed . th
8nsu[)8(r)nr #gdgcaigqig';sfiggééﬁg lg%'e%g%gnb%ﬁoly%&nggggé%ﬁ';?ﬁ%él Egg%urﬁe’t (ray and t he

sphere di anet er® rBMPEEE 10 nm  Useful coated catal yst geonetries
are |ikew se disclosed

20 X% = silicon, aluminum, titanium and/or zirconium,
a-= from 0.5 to 5,
b = from 0.01 to 5, preferably from 2 to 4,
25
c = from 0 to 10, preferably from 3 to 10,
d = from ¢ to 2, preferably from 0.02 to 2,
30 e = from 0 to 8, preferably from 0 to 5,
f = from 0 to 10 and
n = a number which is determined by the valency and fregquency
35 of the elements other than oxygen in I.

The compositions are obtainable in a manner known per se (cf.,
for example, DE-A 10 121 592) and are customarily used as such
shaped into spheres, rings, cylinders or else in the form of

40 coated catalysts, i.e. preshaped inert support particles coated
with the active composition.

Examples of suitable unsupported catalyst geometries include
s0lid cylinders and hollow cylinders having an external diameter
45 and a length of from 2 to 10 mm. In the case of the hollow
cylinders, a wall thickness of from 1 to 3 mm is advantageous. It
will be appreciated that the unsupported catalyst may also have



by DE-A 10 121 592. 2 9 OE C 2005 5 According to the invention, further

mul ti rretaqﬂ%a( de conpositions useful as catalysts for reaction zone B are
conposi ti 349 general formula Il [Yla, Y2b' OX,]p[Y3c'Y 10 29 DEC 2005
, Yoe, Y6f , y7g Y2h' Oy' ] g where the variables are defined as follows: Y1 = only
bi smuth or bisnuth and at | east one of the elenents teI | urium antinony,
tin and copper, 15 Y2 = nol ybdenum &8d/ or tungsten, X3 = an al kali netal,

thal | i umsphdk9EaBajatimetly 204 Whe= sphedé K@ dm@e@ahb] v@t@lom Bi €kel, cobalt,
copper. TRNGANCHE culZ BGeed! dhe i34 ltug%@ﬂéiéﬂes”%&gumew\%.e dlggfo%d i ron and

at | east on%EoIs 912% egents chromu cerium and vana

phosphor arseni ¢,”"boron and/or antinony, y7 = a rare earth netal,

titani um zi r coni um niobium tantalum rhenium ruthenium rhodium

si | ver ,5 geicerd8ag alaurrhruamvert danumfuk hhieéxmuldiimetah, oxjalemennpos it oo,
thorium adfel & autalyses foif n@ac@ibd tensdB a28 bompoditAdng. 4ftene30, ¢’ =
fromO t%eﬁergl forliQ® @7to 20, 40 e > [sic] fromO to 20, f' = fromO to
6, 45 g =fromO to 15, 0050/53492 20 h' from8 to 16, 2 9 DEC 2005 x',y'
= nunbers which are, det erm ed b Iency and frequ ency of elenents
other than oxyh&m ¥ Px’ 1&&3 & Yja- EZ“"ruﬁh%esrg mPwde rati®Flp/q is 0.1 to 10. In
favoralft e cases, the multinetal oxide conpositions |l conprise

t hr ee- di m&bomé vaglablhes Wit RleFigedehs Nidladwkrom t heir | ocal 10
environment owing to their different conposition fromtheir | ocal

O i L S

di anet er Ionges I,ne conn
tellurium, antlmony, tin a d copper

15
¥2 = molybdenum and/or tungsten,
Y3 = an alkali metal, thallium and/or samarium,
20 Y4 = an alkaline earth metal, nickel, cobalt, copper, manganese,
zinc, tin, cadium and/or mercury,
¥5 = iron or iron and at least one of the elements chromium,
cerium and vanadium,
25
¥é = phosphorus, arsenic, boron and/or antimony,
¥? = a rare earth metal, titanium, zirconium, niobium,tantalum,
rhenium, ruthenium, rhodium, silver, gold,
30 aluminum, gallium, indium, silicon, germanium, lead,
thorium and/or uranium,
a' = from 0.01 to 8,
3s b’ = from ¢.1 to 30,
¢' = from 0 to 4,
d’ = from 0 to 20,
40
e’ > [sic] from 0 to 20,
fr = from 0 to 6,

45 g'

from 0 to 15,



surface undar Iayer) of the region and passing through the main focus
of the ré@ﬁ froml nmto 100 pm frequently from15 10 nmto [ﬂmﬂw
froml mto 50 or 25 pn. Wth regard to the shaping, the remarks made 0

mul ti metal oxide conpositions | catalysts apply to nmultinetal oxide
conpositions Il catalyts. 20 The @0eparati on of multinetal oxide

conposi thons kkeopagatysites is described, for exanple, by EP-A 575897, DE-A
19855913, DE-A 10 046 957 and DE-A 10 121 592. 25 Reaction zone B is nost
easily real | zed b atu ﬁBundl e.reactor = whose cagﬁﬁ%/st t ubes are charged

with cat®lny %Ibsnf“i% afForfehfayiped & i e Y &34 STERRERBAChi ng of
EP- A 911@19,1659111&59@@@@3 hep. gx0p636 ARdamE- A 2830765 for the partial
oxi dats5on of propylene to acrolein. Otherw se, reaction zone B 30 nay be

confi gurgdy as nhABERE WHbsESrét #9396pAsapdi Uss AR166119. The reaction
tenperature is generally from 250 to 450C. The reaction pressure is

advant ageo fre uentlyfro 1 to 3, bar. The gas hourly

sl
space Vv t‘%at"é Té e§'ﬁ5/efh) ’ﬂ@tB}l ebr?"(’ﬂﬁ’f’éﬁ%?%s il CPBREESR |y from
1500t 02561;%-@1@?%%@%1991%15 piiiedi pre, dekigwitiedn fzometi®immoatrto be
conf i horeadriasndestrovied tbothsimmdififereattcomsiftdbnexeopltheirnldialA

1983751 TenAiQ ol fic 141 0506 he Nhent k1940888 AN lrsp. E-ch. 1975 ke
QUST OB ] hﬁ&&ﬁé@éfﬁqllogg@é{ ind LoAREBLOR 3L bBiHLL 4 @Re T eact or

systens,_ IS a nown Ber S S'glgrmfhc eactl on gas

o xt ur o TGS {POTHT dPYEE LAt 8 TeH5on I, #258588) SHRSN thS DEC 2008 21
The nol eRaima£oeRY goh thegarpden) rig ﬁéomeécremc#p Relm, nEraeatyy fxam ¢ he

i nvenl$ ol irsn hor bl |ym aadédonrnl aavarcelior i2Ss wentirety to the charging gas
m xture of reaction zone B. 5 Normally, a nolar isobutene: nol ecul ar oxygen

][?g'mol' rlhitéhe reggfﬁ g?é&h%aéhﬁlﬁ{né eac‘i{é QQméP}E@ n%d%f oRr ﬁ{gllt(!::nlie(}tﬁg §x1%§ etqﬁgnégg
ian f(fa?t%a Xf ofg(prﬁeil'l cuI arftlmeq: t1 ox:l. e ?)Poﬁl 1 ns

phase par? Pal oXl oXygen génera

advant ageb & tat¥E8t on the kinetics of the gas phase oxi dation |n reaction
zone B9 In contrast to the conditions in the reaction zone Ato be applied
accor di nthd preperaviemtafomnltirmetdic oxddy neaompogiations II ncateagktsnigone B are

subst antdeldribeal i ldxanped, byy tHe A8 88915 preachaptssedj o, since the
het er oge[?‘@%ugbyog@t%yza%q ggsA s®, Bghtial oxidation of isobutene to
e

net hacr inis under KiInet

25 Reaction zone B is most easily realized by a tube bundle reactor
whose catalyst tubes are charged with catalyst. The configuration
may be entirely similar to the teaching of EP-A 911313,

EP-A 979813, EP-A 990636 and DE-A 2830765 for the partial
oxidation of propylene to acrolein. Otherwise, reaction zone B
30 may be configured as taught in US-A 4954650 and US-A 5166119.

The reaction temperature is generally from 250 to 450°C. The
reaction pressure is advantageously from 0.5 to 5, frequently
from 1 to 3, bar. The gas hourly space velocity (1 at STP/1-h) on

35 the oxidation catalysts is frequently from 1500 to 2500 h-! or
4000 h—l,

In principle, reaction zone B may also be configured as described
for similar reactions, for example, in DE-A 19837517,
40 DE-A 19910506, DE-A 19910508 and also DE-A 198375189.

Customarily, the external heating, if appropriate in multizone
reactor systems, is adjusted in a manner known per se to the
specific reaction gas mixture composition and also catalyst

45 charge.



control . Iwi nci;EI e, it is therefore also possible, for exanple, to 20
initiall r-‘g%4? e isobutene into reaction zone B in a nolar excess
relative to the nol ecul ar oxygen. In this case, the excess i sobut enkd DEC 2003
actually assunes the role of a diluent gas. A useful source for the

nol ecul ar oxygen required overall i1 25 reaction zone B which is normally
adm xed WHeN mph BEUCir G gBhXiegeirRddehofi: idedctidiedohd Fhakdgsa@pct i on zone

B is In RA heUl AfeeraChedhbilfd bl Lot aRcE! L] 00 en i ageOUST Y,
air will he u%ed as the oxggen S%Jrvce gt | 'east %o cover part o he need
for nol ecul®af 8%yyeh, 955 REE THe Hi F8Geh°8F A% 5 to be used in reaction zone
B may be introduced into the reaction systemin this manner in a very

si npl e vNermadiey ex ,med apo it pbutefe smiodenwl &c Wxygeoxygeio rigqiheed overal | in
reacti on aeRgiBgngys Hos0 raheedsly JemeCOnbaifiesh 101t b6 Py adhedaSy 35 M xture
Al ntrod?}x@ﬁi‘l 0§05 react isonjzonge. B. Preference is given to no oxygen being
contained in the product gas mxture A Further useful oxygen sources

usable in the reaction zone jnclude  nolecular oxygen diluted with inert
gases sudi g¥cens (hasedngh| the RiQishigpetriy/dr thgt GratRhpSey @288 bons. An
exanpl ¥0 afxiglathomh o0 modpgahas eHygen gerexaidlye hgasani adwargdgboosn t he process
accor di ngeffeett b thw &ihie@fcanst nary ghedphidied ox@agtion #DIRaBridm the

onnst oy Ceaer o I aast e e o G e R e ey
cont ai ned’\ AP %Jé?gr%cd:t?gt% 1§gs%r)n'a’§< eurléwﬁﬁgb?r’S’S%ﬁf §§en}3\?é¥r§“§gvﬁ?£ﬁ dously at

| east pari® ZPRGEIPR] 39P&f Br 3bF ySubstantipddy poy dnfduenesbbyosbe THel#et er i ng
of col b gieacsant oot icempdnae ukke iheteroaendmuslyr cdbelyzel gas phasere A in the
process aexaidlngxidatiibe bfivesdbuteneayo ahsithaerodeiacis undeedkine€imwl t he

product gamtFbxture A on its way into reaction zone B. The product gas
m xture B | eaving reaction zone B to be used 10 according to the invention

is generally substanti.all. osed 0 t he t.arget .product .nethacrolein or a
i xCur e OHPEIPERPT et BaEbOTT orE PUso RRARILEY o fORCTIANAEY Blygen

i sobut 2hetnitiadbnvetared thspifehitengplate HaaGtHicnogene hoiedulr@t@hydr ogen,
hydr ogen e€xgesedrabativey tpr bHecrolarler oxygeras Ia tHhiserasegashe dfcesr bon

oxi des asiswbayepé aibitiialagdhssumsedhasraigidfianidigasent agk. al so smal |l anounts
of other | ower al dehydes, hydrocarbons and other inert diluent gases.

Ho , i cob I . : - { Cnim zed i
accor dgndh eERL Halel S8 e Wiheck IR Eloch BestLER Sl Fa Vet v 1y
jLeaction zone B which 1s normal

desir efP i y admixed 128 groduct gas
mixture A before it is used to charge reaction zone B is in
particular oxygen diluted with molecular nitrogen.
Advantageously, air will be used as the oxygen source at least to
cover part of the need for molecular oxygen, since the nitrogen
30 a21s0 to be used in reaction zone B may be introduced into the

reaction system in this manner in a very simple way.

Bowever, a portion of the molecular oxygen required overall in
reaction zone B may also already be contained in the product gas

35 mixture & introduced into reaction zone B. Preference is given to
no oxygen being contained in the product gas mixture A. Further
useful oxygen sources usable in the reaction zone include
molecular oxygen diluted with inert gases such as CO;, CO, noble
gases, Nz and/or saturated hydrocarbons. An example of such an

40 oxygen source is a cycle gas diverted from the process according
to the invention and recycled into reaction zone B.

In the process according to the invention, the source for
molecular oxygen in the downstream reaction zone B, apart from
45 any molecular oxygen already contained in the product gas mixture



20 not nethacrolein but methacrylic acid, it is possible, as recommended by
DE- A 33189859/53#%nduct the nethacrol ein-containing product gas m xéure %
such into a reaction zone C and to subject the nethacrolein to a sel dlEiE\,ﬁﬂ
catal yst partial oxidation in reaction zone Cin the gas phase 25 using

nol ecul ar oxygen to form a nethacryppc acid-containing product gas m xture

C. Advantyagequ I a 1,QN I scl osed, for
oxanpl e, %ﬁ&?i&%ﬂﬁa‘%é{ N SRR R G i () TSP
650, Us- RXFIBERVLB23kg DE. A 19 815 279. These patents al so teach the use
of such catalysts. In general, preference is generally gi'ven to catal ysts
based on Tl mehexilg @fi dedd aion@iti sboy tdmpegiasneat ictonitiheahobrpiduue: As wel |
as ol yhdpBuiixadte Phaapbne Ystoddiey a666i DI itby tEO MR iBR @4y iasand
transiti g 33 88tA) hiseqaCLE MBS +heNpPEGIdC Wadl mELPRAL 2 WANRLS %Ggfroar seni ¢,

ant i mony,. cesi um and al SQ potassium (ct. - A 4329907, DE-A 2610249, JP-A
7/ 185354)™ BEFf2q9eho £25% ggests nultinetal oxide conpositions of the 40
general formula Il [Alp [Blq (I111), where the variables are defined as

fol | ows: Th& Prodiit? Xa'sXh2xosna BXdEaXing 83408 BondtH M@gkeh@ye®3 X1 = H, of
whi ch 1P deeofdind 1% rhy Devermfiloacad HynaraMR WibstantBllyaBoessdds of5 X2 =
\c/b Nﬂi’ T%c’ci}}eV\mP&étOrprB@uc%(%n&rﬁecx%ilegB o% g&étﬂg(g/ @{eor?%flzﬁtréo Cr y '\/'%ZnFe,Cd
v, ny, SenElreliy oty Undyileeeipordtugy pafles, SopuBeesToos & 2t om 1
to 3, bUBCPREBRTEed sgbytens, Malegiiar (pityoges, gneleqylarohygragene = from 0
to 1, f hydrpeesm Ofqrged ag & hy-produsttand/x, uspd-ag rpdiluept4gam0 x,y =
nunberks wharbbhnaseidbst @snma ngt-dnpduke aad Ancnseddas reglidnent 9ésft hendel ement s
ot her thansexy¥@£m igmothts of other lower aldehydes, hydrocarbons and
other inert diluent gases. However, the isobutyraldehyde and
isobutyric acid contents are minimized in accordance with the
invention. wWhen the target product which is eventually desired is
20 not methacrolein but methacrylic acid, it is possible, as
recommended by DE-A 3313573, to conduct the
methacrolein-containing product gas mixture as such into a
reaction zone C and to subject the methacrolein to a selective
catalyst partial oxidation in reaction zone C in the gas phase
25 using molecular oxygen to form a methacrylic acid-containing
product gas mixture C.

Advantageous catalysts for such a reaction zone C are disclosed,
for example, by DE-A 44 05 060, US-A 5 166 119, US-A 5 153 162,
30 US-A 4 954 650, US-A 4 558 028 and DE-A 19 815 279. These patents
also teach the use of such catalysts. In general, preference is
generally given to catalysts based on multimetal oxides
comprising the element combination Mo-P. As well as molybdenum
and phosphorus, they customarily comprise metallic and transition
35 metallic elements, in particular copper, vanadium, arsenic,
antimony, cesium and also potassium {cf. DE-A 4329907,
DE~-A 2610249, JP-A 7/185354).

DE-2A 19922113 suggests multimetal oxide compositions of the
40 general formula III

[Alp [Blg (I11),
where the variables are defined as follows:

45



p= 1 and 0 or = are integers other than zero whose ratio p/q is from
160: 1 t he standard deviation of the stoichionetric 25

coef fici ent s a of the X1 variables of individual crystallites withihdthé 2005
conponent A of the multinetal oxide conposition is |less than 0.40,
preferably | ess than 0 20, in partpgular less than 0.11. 30 The

conposi t igans phg%fd’% lo,, conprise the fraction [Alp in the form of

t hr ee- di nensi ona regl dns A of cheni cal conposition A which are delimted
fromtheir | ocal environment owing to their different chem cal conposition
and the ffactidn PBIEIGH t“lﬁ’etPo?thif% PAY e diSRIRSPENRY FWGINGHE BN of

chemi cal conpo&bti amdPmfisch 35 are delinmted fromtheir |ocal environnent
owi ng ts x2heir v,dibf erentw ehdrbeate,conposition fromtheir |ocal environment,

and theysegi ons 4y angl I@eargsdhﬁ;dlblgbed relative to each other as in a
finely diyided.m xfur e, of a 4 [ nds simlar
mul ti net gl oxi ge collrilw’p(;erﬂt |C§hsﬁfqbr U 9néac?f gth % Egyﬁmlga't he mul ti net al

oxi de catfl yst§'for reaction zone B, the nmultinetal oxide catalysts for
reacti onX¥ohe CC aFer Gfst dmr Enhy %e@nasMgucQa,sﬁatpedd!m @aspheres, rings or
cylindar 70+ elbe Ta 4y drosh), of coated catal ysts, i.e. prefornmed 45 inert
support particles coat ed with the active conposition. 0050/53492 2 9 DEC
2005 24 _Exanpleg ? |3t abl e unsupported catal yst geonetries include solid.
cyl i nder and To cyI| ders having an external diameter and a |ength of
from2 t Fn t]h gse of the hollow cylinders, a wall thickness of
froml té& 3 mangmain%t-”ageous It 5 will be appreciated that the

unsuppl® tee¢ cattabmst vmyl.,al so have spherical geonetry and the sphere

di amet er emry bgrbmom+b t1g 10 nm Exanpl es of useful coated catal yst
geonet ri gs_ar e ¢lhpse tglizscl osed by DE-A 10121592. 10 The sinplest way of
reali zi ng reactfl on &oyet @S in the case of reaction zone B, is a tube
bundl e r&actor . and & I""rémarks rmade in relation to the tube bundle
reactor o&f reaéFP’anz%é 'B are also similarly valid for a tube bundle
react A0 & ¥r easuibers dyiehcaresdefjarminedabyl the vadentyvanst freguenen gas and
heat i ng nmedi unoff the «beampite sthér dbalhn) oxpdeen tibg Ihyndl e reactors
recommenged fon Bedhy < @aeki on zone B and reaction zone C may be operated

sither |1 COCUELCI:&Yerd] BELE ORUNLEEENAGI rak&omgwa e 38R 66 21 ed 1 hat
20 crosscurre L{oigs%ﬁnaﬁasg & vr’rgseo erln Iowo t he
terrperaturemem PEng& %%%i tibe |sfﬁ§'t|5
25 coefficients a of variables of 1ndLVldual
crystallites within the component A of the multimetal oxide
composition is less than 0.40, preferably less than 0.20,
in particular less than 0.11.

30 The compositions preferably comprise the fraction [A]p in the form
of three-dimensional regions A of chemical composition A which
are delimited from their local environment owing to their
different chemical composition and the fraction [B]gq in the form
of three-dimensiocnal regions B of chemical composition B which

35 are delimited from their local environment owing to their
different chemical composition from their local environment, and
the regions A and B are distributed relative to each other as in
a finely divided mixture of A and B,

40 DE-A 4405060 recommends similar multimetal oxide compositions for
a reaction zone C. Like the multimetal oxide catalysts for
reaction zone B, the multimetal oxide catalysts for reaction zone
C are customarily used as such shaped into spheres, rings or
cylinders or else in the form of coated catalysts, i.e. preformed

45 inert support particles coated with the active composition.



advant ageous and, viewed over the reactor, may again be in cocurrent or in
count er c 05045 3t4c93c he reaction gas m xture 25 A particularly sinpl ) YR¥ 0 9fs
realizing the reaction zones B and C is accordingly a tube bundl e react 8?
wi thin which the catal yst charge changes correspondi ngly al ong the

I ndi vi dual catalyst tubes. The chagge of the catalyst tubes with catal yst

my opt igg s | s t 3 EP- A 979813,
EP}/A 980%%%?%% b@f;ﬁéé%ﬂ@gﬁ%@%&%ﬁ rl;?af;}aég%fé ggg)mé%ﬁfi 15639@& g:l ent manner
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zone B. 128%ee@e of tube bundle reactors, plate heat exchanger reactors
havi ngissalt and/ or evaporative cooling, as described, for exanple, by DE-A

19929487 vartl Beddrd tb99he Irhw BEY rahs0idif Jasednd 2héatding ABQDun hE&Edreacti on
t enper at ‘é‘S:%mEi‘e e hog@hiomqlecthsegsmfé leabtOpL Zﬁgzon&:@naéa%r fdogguent |y
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advant ag&SASE o8 a0 Berd oot BRoaSt I iy EcSReTEE BEehed B 1o o

hour | y sﬁé’&é%%‘l‘%cﬂrt flﬁi iR ‘E’Flﬁﬁfﬁfu’élfentt hé%&'i‘%l%\t?’%ﬁﬂ%ﬁﬁ#%‘f% that eact i on
C wi t R itxrgbegrient Mlrvereay jadspr beguaundninpogad 1 09 naande5909 htliovooft o 4000
h-1. As aheeadypematurensedidimnarsohdctharcapalgen twops rizdpaveiailardy an 15

oxi di zi NnGaeERPhgédud QRAY | Pleved@ver "BYe AldR2dY, bRapdfrd nl Beagyance to the
chargi ng d %@ﬁr%ﬁ"%l&ﬁ i9f ¢ p?&?@éf&@:éﬁ@%@tﬁ]ﬂé &Eﬁcti‘&ﬁ yg’ %t%lxgtngef it will

be appreciated that supplenmentation oxygen na effected after

reaction zone B. The last _possibility is used in particular when the two

r eact ioh 2z BREEIERLAF Lin§1vPLE da¥eQFi TR 151 ngh &L oF PROTLIANGOREH R e
systens iis accordingly a tube bundle reactor within which the catalyst

charge changes correspondingly along the individual catalyst
tubes. The charge of the catalyst tubes with catalyst may
optionally be interrupted by an inert bed (EP-A 911313,

30 EP-A 979813, EP-A 990636 and DE-A 2830765 teach such a procedure
in an equivalent manner using the example of partial oxidation of
propylene to acrylic acid). In the case of this way of
realization, the molecular oxygen required in reaction zone C
already has to be contained in the charging gas mixture for

35 reaction zone B.

However, preference is given to realizing the two reaction zones
B and C in the form of two tube bundle systems connected in
series. These may optionally be in one reactor and one tube

40 bundle may be connected to the other tube bundle by a bed
{advantageously accessible on foot) of inert material which is
not accommodated in the catalyst tubes. While the catalyst tubes
are generally purged through by a heat carrier, this does not
reach an inert bed installed as described above. However, the two

45 catalyst tube bundles will advantageously be accommodated in
spatially separated reactors. There may be an intermediate cooler
between the two tube bundle reactors in order to reduce any



series. Since the nol ecul ar oxygen used in reaction zone Bis also a
componeng 9{3 ggggfz‘hargl ng gas mxture of reaction zone C, such 25 oxygen
suppl eman? Ioh "y be carried out by nmeans of pure nolecul ar oxygeng pAC 2005
further oxygen source usable for such supplenentation purposes is nol ecular
oxygen diluted with inert gases such as C02, CO noble gases, N2 and/or
saturated hydrocarbons. An exanpl e%f such an oxygen source may be a cycle
30 gas druetimmd methédwo rioc essbasicordiingthe priwiuchy gasi eixwane recycl ed

into reaghien 12eResGedetylizéget 8. tHE teBMEHE i Qibe b%aﬁsrff@&ecdr% given to
using ai Elépé h%%%hegéﬂﬁ%é%gggg?gtﬁ\h sgymd g%gﬁe& Qe’'C. an
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oxi dat PoRE-Prict9828fte TaY ajfisPehet®Se&Ptting a nol ar net hacr olein : nolecul ar
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to 2.5.7HE RLquUeAt tampéﬁh&u&éosﬁ&se@&%hdwﬂe t® itshgehB¥enty Q’ﬁ:okns 28arried
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Whi ch naE BEEen APPBAYciky A4ToPRBSERS I SEPRatt if 45928%%“511&?%68%
convelfed. tOG5®F53490206 They gg5ehensly spacyr vekasitycddr at meFR/d Bheof nventi on
in react the oxigla¢iGnwfatalystgepforemttian & wbtlarchueigiiagr gasimixtumsl ecul ar
oxygen : ist@rifuenit $Pbfitane coomebeesd@m-nidr a@enrpoot her, diluent gas ratio of
2-6 : 2-20 : 5-30 : 0-40 : 20-80 :-0-6. 5 2 9 DEC 2005 However reaction

zones B rinciple als conbi ned i nt.o I n reaction
zone. | ngf’ hililren%? me?ﬁ 6l?EV\(/idlo t‘rﬁgarcr:' ?%cnu%safr eB’s‘y?‘f rtﬁ?culr %112[0 P8l & n;

met hadPoP¥I i 2inge pHSRE y11 & CRET PN aF Bt @Et’eﬂl?er?dé’n SXPGQ?‘FOW reactor which

i s 10 chadwnrenitohthe cehangisyg aps chixtirghpé reaciitoml yeeet Beln ddst i on of

bot h r eaehtiretyt.egowevdr Wit whidlaperagiretedtédathdtheupplahgsiatioharge within
such a cqpbh n8g wﬂaﬁrlﬂboz%eemwécmfeeanﬁ&c&%t 2BHeUS| Yriy 13Bgupt |y
fenperat b7 ﬁeﬁﬁnﬁ% FE o 2 pat B Toh E?'%% PRt AnelB i ng to
the i eﬁf‘ 0 arﬁa?%f%s%e%elrﬁé:g g%ng rté’(?t % 8‘80??’% P%5Her oduct gas

mxture BH¥%re it is used to charge reactlon zone C. 20 The product gas
m xture C leaving reaction zone Cis generally conposed substantially of
met hacr ybisceadihg, mokédwdlawloxygen used in reaction zone B is also a

component of the charging gas mixture of reaction zone C, such
25 oxygen supplementation may be carried out by means of pure
molecular oxygen. A further oxygen source usable for such
supplementation purposes is molecular oxygen diluted with inert
gases such as CO3, CO, noble gases, N; and/or saturated
hydrocarbons. An example of such an oxygen source may be a cycle
30 gas diverted from the process according to the invention and
recycled into reaction zone C. According to the invention,
preference is given to using air for such oxygen supplementation.

Even in reaction zone C, an excess (based on the reaction

35 stoichiometry) of molecular oxygen generally has an advantageous
effect on the kinetics of the gas phase oxidation. Preference is
given to setting a molar methacrolein : molecular oxygen ratio in
reaction zone C of from 1 : 1 to 3, frequently from 1 : 1.5 to
2.5.

40
Frequently, the process according to the invention is carried out
in such a manner sat [sic] at least 50 mol%, preferably at least
60 mol%, of the total amount of molecular oxygen in the product
gas mixture C which has been introduced in the various reaction

45 zones has been converted.



unconverted nol ecul ar oxygen, isobutane, nolecular nitrogen, steam forned
as a by- pP@20£8349%8/ or used as a diluent gas, nolecular hydrogen, ¢ 3?8
oxi des forned as a by-product and/or 25 used as a diluent gas, and af@ 1005
smal | quantities of other |ower aldehydes, hydrocarbons and other inert

di luent gases. Its isobutyral dehydegnd isobutyric acid contents are

m ni ni zedg, e%‘:ﬁg d@n&%rwcwstQscma%é;e%é%ﬂaﬁtgsﬁhfr?%'a'b%léﬁi d may be

renmoved fro '&h as_m. xt per For

exanpl e, t Phit Fornay ’H%VE‘“:&H ExPt* T rlﬁ’fure of, for
exanpl e, %me)n ray team st 158bl=36%4‘%d plerELer BHIOGRPACPTRGR Kiduenbs by wei ght
agueous s@tutdagAoobf netthacyRPc: aeid :whi-¢h neR0-8€ pobydreri zati on-i nhi bited,
for exagple, by the addition of small anmounts of hydroqui none nononet hyl

et her ('\/Eﬁése)eve%ndr@@e/&@a AR Bl L coina 05 &qntcfigi €2k, le aqueous

met hacryl i ¢ .ac s_40 s%bs%ant lally free

of |nterncac|’"§bl1nﬁg Phe prs&ﬁgz? g%aé/trﬁ%& ﬁ?ge aﬂgﬁ:&lﬁaggﬁﬁ ¥Brrent with
it. M st ¥RAHORoFHRPTE SERUtERY araleBhacheing Hakharadeitnt wo Vent uri
preci pi t atermcryAi¢ eaaiad)deret eEfegmdednpandexidegdonnreackar whitheis passed
into ibechaidedmwth an oaaltacnyptim&plmrrablé Ofo &63ADY e atHeaA Rt Yopasked 45

i b ore () Seatyheh j4pet o i Belp f"ﬂh?stw%é‘tgﬁ dFeur ront 1o
the risi nsh Lr)ﬁlﬁ Ssuc?’egge?&?héeeae(?ﬁ% BEC’jZ’Cﬂ) %? may be, for
exanpl e, ’&HH“F?’% ‘Hg ot tas F%?C%%Pérdlm Together with

medi um and hi gh-boiling by- products such as 5 acetic, propionic, acrylic,
mal ei c15 fTiamietertnd raC @oild ahd (ot rimbiant dtanpdraltae ot e d;abyﬂet and any

isobutxér ﬂﬁmedega@dnmtmguhyihoueecIp}ot:eege&bcaﬂaanqewaawIllnqeafeiénI S0 T
removed i a r %1&: S 3?3’@9“ ase e
met hacryl |:?[a§“|58 ngg% X m%\r/% tra plgge%)é{& §M? ﬁ ro 18 to 20% by

wei ght adligtise ngtﬁ%%cﬁﬂ éﬁl'ﬂs%go(liﬁ’tl AT ﬁ?t‘fﬁﬁ Pt BT “the bottom of the

absorber using suitable extractants, for exanple ethyl hexanoic acid, and
subseq@@rithey rirodhat eghs mdEthfe catlessiing t6adticon eondudl igaenesaking t he
absor ber aimpdsedt spbgemtrially of angdhaseglis oitiidgnaethsebiliedng, net hacrol ein,
02, H2, Nehcdalertf8Zmold2WlalobkegdinsasoBltare Shdlleblial WRIrodkdehydes and
hydrocarb@%ﬁ%m %grmed as a by-product and/or used as a diluent gas,
molecular hydrogen, carbon oxides formed as a by-product and/or
25 used as a diluent gas, and also small quantities of other lower
aldehydes, hydrocarbons and other inert diluent gases. Its
isobutyraldehyde and isobutyric acid contents are minimized in
accordance with the invention,

30 The methacrylic acid may be removed from the product gas mixture
C in a manner known per se.

For example, product gas mixture C (which may have an exit
temperature of, for example, 220°C) may first be cooled by direct

35 contact with a 10% by weight aqueous sclution of methacrylic acid
which may be polymerization-inhibited, for example, by the
addition of small amounts of hydroquinone monomethyl ether (MEEQ)
and have a temperature of 80°C. To this end, the agueocus
methacrylic acid solution is sprayed in an apparatus

40 substantially free of internals into the product gas mixture C
and passed in cocurrent with it. Mist which forms may be
separated from the gas phase in two Venturi precipitators.
Afterwards, the cooled product gas mixture is then passed into
the bottom of an absorption column, for example a randomly packed

45 column. At the top of the column, water which contains the
polymerization inhibitors dissolved is added as the absorbing
ligquid in countercurrent to the rising gas. The top temperature



The neth ' n be renoved therefrom by nmeans of subsequent scrubbing
w t'h wat ﬁd’%g&g@id again fromthe scrubbing water by stripping usjhgfgaiggs
and recycled with the air into reaction zone C. 25 Ot herw se, the isobutane
and i sobutene contained in the residual gas remaining after the methacrylic
acid renoval may be substantially R&noved in a high-boiling hydrophobic
organi c nagl Bentfdyr exanphe| EFeandothaitiRdohhesmidratueh, agoPZaxamdieN2, CO
30 C02, n@bke gases, etc. by absorption with subsequent desorption and/or
stripping and al so absorbent reuse, and recycled into reaction zone A |If
required, the renaining _other es. fromthe mxture -my be recycled as
di | uent g285Fhto "Fé%bf'%gﬁm%n%'g‘f LoB-baking be-PE8dYGEG&FEPaRS sol vent s
usef ul Tafcabsor PRIARIONGE  t AT Bbice MaAtionddmapie poskttansinddeand| at i vel y
nonpol ar forgaoi acisblangntdso f formedehide ald phgt isobwidreddeheas, anhi ch
llor ef er abljsléob_ayy;ﬂo a%&ueﬁaaheclﬂ)plafe nBEREPSy 1 idNdc @l SPs Q!é?meeBCiHYﬁ_{é’ﬁa[) b_oln_S-

n gener i at: e S ve a very high boiling
poi nt anglbsgjtrg?%zfrlsgg“ngﬁ%i ﬁ%@\%@%ﬁa&&%ﬁﬁaﬁﬁ??ﬁgf%IPaasles.obut ane and/ or

| sobutene and very | ow solubility for the other residual gas conponents. 45
Exanpl ¥ The methanrydsorpehtsan me yeroved mrarapethyefvdnogosbe fxom léxanpl e
C8- C20- althape® by wedighénegyears arethmtt gl ity dicddasbbunisiorf erithéxawplfiram ddl e

OItIh fraﬁttih_@nﬁoiﬁﬁindfa&ﬁfaf bPsettrsdr hlsahl Ofh i 1ab1808R¢E P4 t 49 EJEE% 200? 2?

et hers . d g r ereof, to
which a %\gkﬂgigg{%ﬁr}?@?g?l‘g%aéﬁp ,69%8 e 1,72- ighrrg?%y{%(lp#teﬁzl ate disclosed in
DE- A 430§8§$." NS 5"éui tabl e 'absorbents include esters of benzoic acid
and phthalic acid with 5 straight-chain al kanols containing from1 to 8
carbon atThesresiinalagas- beavinddieoabeorivent layl thenwemtgenesnahyy benzoat e,

di met hyl copptbséatisobndate ot hydburlehbal méthacaddeshsheat,cams,i €o,0ils such

as di phewyl,, of,0di RBBIW | gRidieanand18s XY1HeeS 18fedi PhRMyhedNgng di phenyl et her
or chl oring gg%ﬂy&t ves thereof and 10 triarylal kenes, for exanple
4- et SAERPC enzyl di phenyl nethane and its isonmers 2-nethyl-2'
benzyl‘dl phenyl net hane, 2-nethyl-4" benzyl di phenyl net hane and
4net hyl - The. Beri3ATAlSABNGRREth AitECYRd HRexafren BY Ml icfomBbsequentysef ul
absor bentscrgbhaing witdokWater andtfineedohgatimpHaon thadsdmitdiiphengterter
pr ef er ablsgrippite waeat a0pi end WHegeledomith Rhepait i iddre@btabp Uiontb% by
wei ght ofg_di phenyl (biphenyl) and :
25
Otherwise, the isobutane and isobutene contained in the residual
gas remaining after the methacrylic acid removal may be
substantially removed in a high-boiling hydrophobic organic
solvent from other gases contained therein such as 0;, Hy, Ny, CO,
30 CO,, noble gases, etc. by absorption with subsequent desorption
and/or stripping and also absorbent reuse, and recycled into
reaction zone A. If required, the remaining other gases from the
mixture may be recycled as diluent gas into reaction zones A, B
and/or C.
35
In general, solvents useful as absorbents for the abovementioned
purpose include relatively nonpolar organic solvents, for example
aliphatic hydrocarbons, which preferably have no external polar
groups, and also aromatic hydrocarbons. In general, it is
40 desirable that the absorbents have a very high boiling point and
at the same time very high solubility for isobutane and/or
isobutene and very low solubility for the other residual gas
components.

45 Examples of useful absorbents include aliphatic hydrocarbons, for
example Cg~Cjg-alkanes or -alkenes, or aromatic hydrocarbons, for
example middle oil fractions from paraffin distillation, or



about 75% by wei ght of di phenyl ether, for exanple the commercially

obt ai nablo@50i/513a&®2 [sic]. Frequently, this solvent mxture conpri SE/g C 7005
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from 30 #orethyl-Bicbepaptpinharyiagthene and sdxbures PLalssshpisRerseoPums,

for exanpbeful agbsxabenhsifaalisvgababbventc apxandéoof sdigphenylrayd, col ums

havi ngssthi grésy B tihagki pastafablgnsanine Raeeeopts| sofiposikioh) ikl € and spray
tovers, %é@b&&fa@o‘%%bé@@oiﬁew wé?gl%é”d(fagﬁgﬁgﬁff bﬁ:h h%ﬂgi‘ ) 8gnd hick film

and th|n er SCru ray scrubbers and
rotary scruBg]ers %’0%’8? @QQ‘{EO%%B {2 feet ejc‘iaapnlta eops %/o carry out
t he absoFBF’ﬁ"%ﬁc’r 31ly oBhpbnzP

ID&ﬁlﬁeWJc h[%'tc]w F ﬁ%ﬁ‘fel?tr?tyer ﬁBi‘% SeYENtsobut ane
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(rectifi gakt@rd. FaribE{arBPNsCTaESabsbittte hQEoSiddIAeNBcded N particul ar
those whiyg hag@%%caasgy%ﬁ&da%g r&@&édm,-sw@?léeé% h%atﬂ&éba%%

I sobut ane _a SO ases, 1 ncl u ygen

oxygen/ nPFrg%%ecanr‘ﬁSXtﬁ e%gecfasosdt gﬁ%t dneacaéjtegaﬁngv\?l J"T\aq%CPHS?‘ o?én en/ ni trogen
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t he stri ppbngmerwicerd. boiling point and on the other hand at the same

time does not have too high a molecular weight. Advantageously,
the molecular weight of the absorbent is <300 ¢g/mol. The paraffin
oils having from 8 to 10 carbon atoms described in DE-A 3313573

30 are likewise suitable. Examples of useful trade products include
the products sold by Haltermann including Halpasols®i, for
example Balpasol 250/340i and Halpasol 250/275i, and also
printing ink distillates sold as PKWF and Printoscl.

35 The performance of the absorption is subject to no particular

. restrictions. All processes and conditions familiar to those
skilled in the art may be used. Preference is given to contacting
the gas mixture with the absorbent at a pressure of from 1 to
50 bar, preferably from 2 to 20 bar, more preferably from 5 to

40 10 bar, and a temperature of from ¢ to 100°C, in particular from
30 to 50°C. The absorption may be carried out in absorption
columns, for example tray columns having bubble cap and/or sieve
trays, columns having structured packings or randomly packed
columns, in trickle and spray towers, graphite block absorbers,

45 surface absorbers such as thick film and thin film absorbers and
also plate scrubbers, cross-spray scrubbers and rotary scrubbers.
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al | thesebspubessdy Ehdistilbsiidumal Igasrdenr mdhigizmehsesbenrt i sobut ane
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recycl ed 3%i8HCHad HHAseCBEEL DN rAPHoft didtillation may be scrubbed in

25 countercurrent using water. The scrubbing water used may be

condensed steam contained in the residual gas.

Otherwisge, the procedure may be as described in WO-0196271 using
the example of propane/propene.

30
Further possible methods of removing isobutane and/or isobutene
from the residual gas are adsorption, rectification and partial
condensation. Preference is given to carrying out a fractional
pressure distillation at low temperatures. The pressure to be

35 applied may be, for example, from 10 to 100 bar. Useful
rectification columns include randomly packed columns, tray
columns or ceolumns having structured packing. Useful tray columns
include those having dual-flow trays, bubble cap trays or valve
trays. The reflux ratio may be, for example, from 1 to 10.

40 Examples of other possible separating methods include pressure
extraction, pressure swing adsorption, pressure scrubbing,
partial condensation and pressure extraction [sic]. For the
purposes of a fractional distillation, the separating line may,
for example, be defined in such a manner that substantially all

45 of those components whose boiling point is lower than the boiling
point of isobutene are removed at the top of the rectification
column. These components will primarily be the carbon oxides CO
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25 It will be appreciated that the process according to the
invention may also be carried out by recycling only a portion of
the residual gas unchanged into reaction zone A and removing
isobutane and isobutene in the mixture only from the remaining
portion and likewise recycling them into reaction zone A and/or

30 into reaction zone B. In the latter case, the remaining portion
of the residual gas is advantageously combined with the product
gas mixture A.

It is also possible to utilize removed isobutane and/or iscbutene
35 for purposes other than recycling into reaction zone A (for
example the preparation of isobutanol).

If the gas containing isobutane and isobutene to be recycled into
reaction zone A still contains carbon monoxide, this may be

40 catalytically selectively combusted to CO; before (or after) entry
into reaction zone A. The heat of reaction released may be used
to heat to the dehydrogenation temperature.

Catalytic postcombustion of CO contained in the residual gas to

45 CO, may also be recommendable when removal of the carbon oxides
from the residual gas is sought before it is recycled into
reaction zone A {or another zone), because CO; can be
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25 methacrolein contained in the product gas mixture B reducing the
selectivity of methacrylic acid formation in a downstream
reaction zone C by having a negative influence on the catalyst
performance, in particular with regard to long-term behavior.
Immediate use of the methacrolein-containing product gas mixture
30 B to charge a reaction zone C is not to be recommended when the
conversion of iscbutene in reaction zone B is less than 95 mol$%
or less than 98 mol% (freguently, the conversion of isobutene in
the reaction zone B is from 60 to 95 mol%).

35 In other words, an advantageous procedure according to the
invention is to remove at least a portion which normally
comprises isobutane and isobutene, preferably at least 80 mol%,
more preferably at least 90 mol% and most preferably at least
95 mol% (the molar basis is the sum of the molar amounts of

40 individual components contained in the product gas mixture B; the
removal does not have to be homogeneous over the different
components; rather, it may, for example, capture individual
components guantitatively and others only partially; only the sum
has to achieve the percentage mentioned), of those components

45 which boil at a lower temperature than methacrolein at
atmospheric pressure before using the product gas mixture B to
charge a reaction zone C or a reaction zone for preparing
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example, be disposed of by incineration or, if required, be used

as a diluent gas in reaction zones A, B and/or C. When only a

limited sharpness is sufficient in the abovementioned separating

30 steps, fractionations may also be replaced by simple
condensations.

The desired removal can also be achieved, for example, by cooling
the product gas mixture B and thus condensing out agueous

35 methacrolein. To completely remove the methacrolein from the
remaining gas phase, the latter will be washed with a
recirculating water stream. The resulting aqueous methacrolein
solutions may then be stripped off to obtain methacrolein-
containing steam which may be used for esterification purposes or

40 to charge a reaction zone C.

In practice, the procedure will be to cool the product gas
mixture B by direct cooling with water or with an aqueous
methacrolein solution (each of which is polymerization-inhibited

45 using hydroguinone or its methyl ether) (by spraying the water or
the aqueous methacrolein solution into the product gas mixture B
and subsequently conducting in cocurrent). To remove any mist
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25 isobutene, isobutane, noble gases, carbon oxides, hydrogen,
oxygen, nitrogen and other by-products such as ethane, propane or
methane. It may either be recycled as such into reaction zone A
(while bleeding off a portion to prevent by-product accumulation)
or the products of value isobutane and isobutene contained
30 therein can be removed by absorption in a nonpolar organic
solvent {cf. the removal of isobutane and isobutene from residual
gas already described in this document; all methods cited there
may correspondingly be applied here) and subsequent desorption
and recycled into reaction zone A. The unabsorbed gas components
35 may in turn be disposed of and/or find use as diluent gases in

reaction zones A, B and/or C.

Instead of recycling removed iscbutane, isobutene or gases
comprising these components into reaction zone A, they may also

40 be utilized in another way. For example, they may be combusted in
a power station for the purpose of energy generation or used to
prepare isobutanol.

It will be appreciated that another possible procedure is to

45 recycle only a portion of the isobutane- and iscbutene-
containing gas which has been substantially freed of methacrolein
as such into reaction zone A and to remove isobutane and
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i A 301309 dlaroBERBERAT TRy G Maso ey in it dren SEps AT ot on i s
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as pall&éllnﬁe removed from gas streams before they are recycled into

reaction zone A. When the gas stream comprises hydrogen at the

same time, it may be removed, for example, by the route of

selective catalyzed combustion of H; to H;0 using O;. Equally,

30 hydrogen may be removed from H;-containing offgases which are to
be disposed of, for example, by means of membrane processes and,
if required, fed to reaction zone A.

However, the methacrolein may be removed from the product gas

35 mixture B by other known methods, for example by extraction using
a suitable organic solvent and subsequent rectificative workup or
by adsorption [sic] and subsequent desorption.

It is essential to the invention that the methacrolein which has

40 been partially or completely freed of secondary components as
described will always contain less isobutyraldehyde or isobutyric
acid than methacrolein obtained according to the process of the
nearest prior art with equal separating effort.

45 Methacrolein which has been partially or completely freed of
secondary components in this manner may then be used
advantageously, for example, for preparing alkyl esters of
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met hacrylic acid may be carried o as recommended in the prior art (cf.,
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be used SHET B e gu’f)}é:‘tsarﬁ“l al th"eaﬁrlr?fr PELCRTURSSES PBREf % ence i s
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such as d¥2 GBEA2203x80r.alCadtohyxiilgcarthenseddidroneianpf fectembunhanre and/ or with

st eam TﬂquQ&YﬂEé‘séQiHﬁ@ de el yis RImBYL £iMP RBikahe OXVH YA 280! ecul ar 30
oxygen gd P*\nth I nert gases, for exanple (preferably) air. In general,
I's effe

operati cted at a nolar nethacrolein: oxygen : steam: inert gas
ratio of from2 to 6 : (from2 to20) : (from5 to 30) : (fromO to 6), nore
pr ef et@dioperesm Bt tRp¥5:2188 be resRd7 inpapynner kpgn 1Bex ¢2%Pr: (from 0 to 4).
The gas seiaseivexgalmtiphasel tatalytild beidaaitd mrepanaton nefy be real i zed

ei ther ingethbkuydi@egtird reactors or else in fixed bed reactors. Preference
is given to the latter. The reaction tenperature is custonarily in the

range f 35Q0C an the eac ess re | he 40 range fromO0.5
to 3 bar arpr?éy?ﬁi A “‘éKa é/ ugle ‘&ber dEaBrEet 9000 o 4000 1 at

STP/ 1}° catélyst ﬁa%:\'rcﬂaé]iynre‘é%‘!}%'} dh §OB aERARF Hid: &P%y% |91:hFF|‘T"§Sﬁoc"£hﬁent) on
si ngl e rgssc Pbese pexigatdopust oretrlideyofiebm 80 Megheorybicsacide magnipal of t he
met hacr ydre iadi utf raamrickempended ting@henpxioy artayche, CBIY iekdmplLé, 45 as

al rgad%/ WeIck bgd vig, hueegasﬂsmzr e@ethg.n szszln%s@%t b@_p‘g@ssgws g§ndt hed t
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56°" o8 Rtpepf had iy 5soa§ HHASREY, JPPEE LA £001 BERSIAGT GRPRHFohET he

met hacr 5@ Ady8de 4re7n‘nved, for exanple, by extraction with an organic

solvent and renoved fromit by rectification..Wen required, the residual

gas | eaviteg rebetabsaidseribay &¢ sisedbds for TdaReibndiénew mggsaisot he

reacti on,Z @3ed Rerd ARANGT +& B/ Rbskent A SRRIRIce! redXigmsanpl e, by

combugd i Qs YRR | SOYLRRCLL Sa LI 10 LRE Aldd8RL géééﬁeéésed the
methacrolein and O; with inert gas such as N, CO,, saturated
hydrocarbons (for example iscbutane) and/or with steam.

The oxygen source used may be pure molecular oxygen or molecular
30 oxygen diluted with inert gases, for example (preferably) air.

In general, operation is effected at a molar methacrolein :
oXygen : steam : inert gas ratio of from 2 to 6 : (from 2 to 20)
: {from 5 to 30) : (from 0 to 6), more preferably from 3 toc 5 :
35 (from 7 to 12) : (from 15 to 25) : (from O to 4). The gas phase
oxidation itself, like reaction zone B, may be realized either in
fluidized bed reactors or else in fixed bed reactors. Preference
is given to the latter. The reaction temperature is customarily
in the range from 230 to 350°C and the reaction pressure in the
40 range from 0.5 to 3 bar and the total space velocity is
preferably from 1000 to 4000 1 at STP/1l-h. The methacrolein
conversion based {as always in this document) on single reactor
pass is customarily from 60 to 90 mol%. The removal of the
methacrylic acid from the product gas mixture may be carried out
45 as already described with regard to reaction zone C. In other
words, the product gas mixture may be scrubbed with water after
direct and/or indirect cooling at temperatures of from 40°C to
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armount SofingRy qiiduedt gas siiphgoseacEemcnes2B, 1B addpar Gt andy f be
dehydr ogenaposed rofactor &xamlet i bp edmbuktd9d.g of SnCl 2 2H20 and 7.886 g of
H2Ptd 6 - 6H20 in 600 m of ethanol are poured over 1000 g of a spalled

_ZrOZS| Whg}lxe b%l g ;80 nLh% Fg 32( ggesa Zr 0 /%102 wei ght ratio of 95
' %9

5. The oxX1 dé 1s. manu he m xed oxi de has

the foll 66\?%“- 'GPPFE%EH%I%S beng%f 6?@%0“@&1 Kecy2kssh 168642,

si eve YO zea¢iprf rzomalAaeliﬂ‘@rz agnsugEPR ffteccabserpti®s ard (degmopsivnl une:
0.28 mM/dn €henmumnpylporasgardicr goleasts eiirehlly Aécdia@ndeger nat ant et hanol is
taken off on a Rotavapor by rotating in a water jet punp vacuum (20 nbar)

at a wat ?Eb{?% hﬂ.{l%gpgéeé%%%y (11.fhe4g§%e [{)ﬁa'tthgm geérzé? %cﬁ%i&ﬁ’ f}%tc}%%g for 15h

and then ca Sol uti on

of 7.71 §°Bf “91’3 CAPTE 56 Opncd i g¥YgeR Yy bE Pae Fhegpg 45 in
2500 M5 &Patbion opReh ¥ CE¥EPLY IROTRUFtsBPRRSt e supskanaesnt water is
t aken of such a& Rotzeaporons, rcoket i ©Q om rrefeabkly jHt ipunpactacmurph0 nbar)
at a wat @, iengeleat yoetnis Heher@0e0Lh3HBbat36f BENdYDdenat hem widuvagead at
QPEOCTL g&nléeéfbﬁ% LBge ﬁalﬂvﬁgeg?@&usﬁﬁOQGeofﬂ@{heﬁ:rﬁleQHt bx iii8lonst at i onary
Pt0.3 wégéﬂ%g&gﬁé@%&’ R“% %H 2 r| C Qef gg@?‘%{nt sx%rgggrsgetn at theght
ratio 5’e (5 “@ (§P6|’6‘T"\‘f¥ﬁ'ﬂﬁdr ARLROEFFG O8N EE e (R i3S ént  wei ght
ratlos) SE@ *ﬁleﬁTt eReuRhtaf] PXYIpReERF SH1isoPLAPRRR)- are used to charge a 10
vertical tube reactor (reactor length: 800 nm[sic]; wall thickness: 2 nmm
i nternal pdb@pEeLr: 20 nm reactor nmaterial : internally al oni zed (i.e

al um num oxi de-coat ed) steel tube;

25 1. Preparation of a dehydrocgenation reactor

A solution of 11.993 g of SnCl; - 2H;0 and 7.886 g of HyPtClg - 6H0
in 600 ml of ethanol are poured over 1000 g of a spalled 2r0,-5i0;
mixed oxide.

30
The mixed oxide has a 2rQ,;/8i0, weight ratio of 95 : 5. The mixed
oxide is manufactured by Norton (USA).

The mixed oxide has the following specification:

35
Type AXZ 311070306, Lot No. 2000160042, sieve fraction from 1.6
to 2 mm, BET surface area: 86 m?/g, pore volume: 0.28 ml/g
(mercury porosimetry measurement).

40 The supernatant ethanol is taken off on a Rotavapor by rotating
in a water jet pump vacuum (20 mbar) at a waterbath temperature
of 40°C. Drying is then effected at 100°C for 15 h and then
calcining at 560°C over 3 h, both under stationary air. A solution
of 7.71 g of CsNO3, 13.559 g of KNO3 and 98.33 g of La(NO3)3 - 6Hy0
45 in 2500 ml of H;0 is then poured over the dry solids. The
supernatant water is taken off on a Rotavapor by rotating in a
water jet pump vacuum (20 mbar) at a water temperature of 85°C.



heating: electrical (furnace from HTM Reetz, LOBA 1100-28-650-2) to a
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bel ow onpayiggtad whenbasedcted a2 0DRE £20095 TheakEatiehOBaldhiirigS athen
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the vall LePP&dA! WeSghPUFi{kyi.s then effected wusing an identical stream of
N2 over 15 mn and finally rec}uction 30 using 9.3 1/h (STP) of hydrogen

again over. 30 nmin. The activation of the catalyst precursor is then
conpl et e 20THI ©F &g Fatphyst RISKPIFBHSRRAIOR RER t 1oL A8 GRIF IR th

dehydridgaratical cabel ysackor ((reactponlengid :A8Peamn orgic135wall Prepar ati on of
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0050/ 53493035 ;aRlehOf $4% Syl ghlc !, Cabodle ROGCANELFuRILaI N NG
t he ten%gggiurtebaatfego C. 2 9 DEC 2005 Wthin &@ period of 30 mn, the

starting so w1 on f 600Cis 5 stirred into the starting solution 1 at
60C. ¥ nin after stirring has ended, 157.0 g of silica sol (density: 1.39
g/ m ; pHThg Beaciiiesl tubetis Wem cherged ok 3% pytewnaghtwalioteupdnatigeght of
Si 02i mardbagtthee heabipontond wdo%00IT Mndarecttdsed ddapntontiel gipaeceds
suspensi g abf@delokad OJughlBg agUEM iFaXt UA&rd Sgdshenrshmy REEL10 for a
further 35;m At @%e) THE RIMCRILH BYEPCHS B | $hb Mefur i s dEn&d (exit
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stream of 80% by volume of nitrogen and 20% by volume of air over

30 min and then by an identical stream of pure air over 30 min.

While maintaining the wall temperature, purging is then effected

using an identical stream of N; over 15 min and finally reduction

30 using 9.3 1/h (STP) of hydrogen again over 30 min. The activation

of the catalyst precursor is then complete. This results in a

dehydrogenation reactor charged with dehydrogenation catalyst A

{reaction zone A reactor).

35 2. Preparation of a reaction zone B reactor
a) Preparation of a starting composition Bl

To prepare the starting catalyst Bl, 2000 g of (NH;)eMo7024 - 4H30

40 are dissolved in portions in 5.4 1 of water at 60°C and admixed
with stirring with 9.2 g of a 47.5% by weight agqueous KOH
solution at 20°C and then with 387.8 g of a 47.5% by weight
aqueous CsNO3 scolution at 20°C while maintaining the temperature
at 60°C (starting solution 1). A starting solution 2 is prepared

45 by stirring 1123.6 g of an aqueous iron nitrate solution (13.8%
by weight of Fe) into 2449.5 g of an aqueous cobalt nitrate
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aver agd5 pegitghtl. eTh$$ zaprayapewdexi Sinmisb ghe ost arttdmge sempesigrigno) - of about 5 m
and mxed with 1% by wei ght (based on the Si02-free conposition) of finely

divi ded 02 ghupakadessidy a belroihg dunpesitdyprmge particle size: 10 m
(l ongest di nension, narrow distrib ?I on); BET 45 surface area: 100 nR/g).

0050/ 5349 Thi s m xt e for rting t| on Cat al yst
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starti A PUHSSI FPOW%ZGaBeoﬁn %%&%’@ﬁﬂﬁeﬁ%‘éﬂ%ﬁ%ﬂ Wit te & AAGiOP ok of
(based omithscoreidl {fxrenpdosric oacisl: BR bnoweghisedpndi€psh By 24vwsgght of
finely diyi.dadbgrephgitc dfapisnatng t0 29P@weitdnakty sk Sng MThis50% by awei ght <
24 Mm Z%éﬂe%ugaéusﬂé}@l% WRiehtis A8 Mau 200dddcb¥oped glrthef82 My, BET

surface af 1?135 140 nae%l %‘ dexi Y& ¥ Pe—ml’&to%e whi ch has ,
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centr1fuga1 atomizer from Nlro, DK) In thlS manner, a spray
powder of particle size from 20 um to 25 pm is obtained which has
a glow loss (3 h at 600°C under air) of about 12% by weight. After
addition of 37 g of water, 400 g of this powder are kneaded using

30 a Werner & Pfleiderer LUK 075 kneader (kneader has two sigma
blades operating in contrarotation) for 30 min. After the
kneading, the kneaded material is roughly divided and dried for
2 h in a drying cabinet (Binder, DE, type: FD 53) at 120°C. The
entire amount of the dried material is calcined in a muffle

35 furnace from Nabertherm, capacity about 120 1, at 800°C over 2 h
under an air stream of 1000 1/h (STP). The air stream is at about
20°C when it is passed into the muffle furnace. Heating to the
calcination temperature is effected linearly from 25°C within 8 h.

40 The calcined material is then milled to a number average particle
size {narrow distribution, longest dimension) of about 5 pum and
mixed with 1% by weight (based on the SiO,-free composition) of
finely divided Si0O; (bulk density: 150 g¢g/1; number average
particle size: 10 pm (longest dimension, narrow distribution); BET

45 surface area: 100 m2/qg).



15 Gircul gr S})|I%2t ablets of dianmeter 16 mm and height 3 nmare pressed
fromthe The pressing pressure is 9 bar. The tablets are DEC 2005
comi nut ed and sieved through a sieve (0.8 mmnesh size). The mater?gl

whi ch passes through the sieve, after 20 addition of 2% by wei ght of
graphite (based on the weight of th8% material which passes through the

sieve) | gHiabhex@kd Fombabh&tstMengi demgBrGRIIBE 8Ki |1 an 5100, pressing
force: 15-20 N) |nto cyllndrlcal rings of geometry 5 nm (external diameter)

X 3 mm e| dianeter). 25 150 g of these rings are

cal ci ned i'n %hf%l St ogéﬁ" (Nabertherm about 80 1 capacity) as follows:
a) linear heating |s effected fromroomtenperature to 1800C 30 within 2 h
and t hi%s %08aperet wtartingatonposiddonobl land 200 bi afastamddngng is then

ef f ect ed dompbs16{Kn B2 2180kixéd Niomofeheowdldy Wit tRAPRIMEIUBGR bF Mmai nt ai ned

o1, | B0 4 0 olERRLIGApHiERoR deaeinir BMGRHCIL 31 259C W NI 1

e n eati_ng,l’s. t hen
ef fected ‘}fer %%%%teﬁ4 éead '?'qn 9& e Eﬁjcorélflﬂ gotselr?ﬁ’ee ﬁf’g}
mai nt ai né‘l:]-“f'o? gid’the&ﬁ E)< f?"hd‘l“!'y, tWHR oWeR-i 0% 1 Wed B of @%sé?f to
room kQiyeraighte X dfoun; 2BEJ) subfecagardses 46t mf &g calsciansabbetings@idlh ( STP)
of air armhipagsess admikbupeghhidie ha¥ethe OHAORIAG 2mdlar Blementapr oduct forns

the mul tigyetghishdtds gggg@éysgaﬁltngtggn sed in reaction zone B. d) Charging
of the reaction zoneé react or 29DEC2005 A vertical reactor tube (tube

| engt h: 1500 mm waII t hi ckness internal dianeter: 15 mm reactor
material : V2A st é8F2%30 ° ;fWPﬁ&éeW?JéﬁPFFFﬁFRéé?il aPC8Koetsri LliGval i dpoi nt

| engt hHSf 1300 nm the remaining tube length at the tube entrance and the
10 renai Mimgulabesdladgthbaets hnef tdibmetar tl1ame bedt belightt I3 eheate i cal
heating Raedsedi Sroahanhgedivtite 1@hegpoéseitipiprebstre The d gagt hrid the
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cat al yst m§;§§1a%ﬁwhgyhcpﬁﬁ§e@rﬁhrough the sieve) is tableted in a tablet
pressing machine (Kilian 8100, pressing force: 15-20 N} into

cylindrical rings of geometry 5 mm (external diameter) x 3 mm
{height) x 2 mm (hole diameter).

25
150 g of these rings are calcined in a forced-air oven
(Nabertherm, about 80 1 capacity) as follows:

a) 1linear heating is effected from room itemperature to 180°C
30 within 2 h and this temperature is maintained for 1 h;

b) linear heating is then effected from 180°C to 210°9C within 1 h
and this temperature is maintained for 1 h;

35 ¢} linear heating is then effected from 210°C to 250°C within 1 h
and this temperature is maintained for 1 h;

d) 1linear heating is then effected from 250°C to 450°C within
1.5 h and this temperature is maintained for 10 h;
40
e) finally, the oven is left to cool by itself to room
temperature ({about 25°C}).

During the entire calcination, 150 1/h (STP) of air are passed
45 through the oven.
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whi | e passi ngFEPATGUIGI"200 A /4PacEIPP) 28 f (FeASEPEI lows: within 1 h, |inear
heati#§ is effected to 150C. Linear heating is then effected to 200C within
4 h. Af agrwaresardtilvosaprf heattiarging ebhpediadidanoc300C within 2 h and 15 then
to 400Cwithin 2 h. Finally, linear heating is effected to 900C within 48
h. After 690! 4 N Y Qm] P, bEPEERA ha 35RO of NHQPDR 1ed aBisIvhps 2
specifi CagEg-Oé‘.‘w;vfi ﬁech[:set%an sgiisrfr?g/ g.L'n -EEIISO?O%\QEerr p%%%a%gc? to 60°C,
25 While maintaining the temperature at 60°C, 421.7 g of a 76% by
weight agqueous H3PO; solution are added dropwise to this solution
within 1 min with stirring. First 10.9 g of diammonium sulfate
and then 317.8 g of pulverulent Sb;0; (senarmontite) are then
incorporated. The resulting mixture is then heated to 90°C within
30 30 min (mixture 1). In parallel, 424.9 g of CsNO3 are dissolved at
90oC in 850 ml of water preheated to 90°C to give a solution 1.
While maintaining the temperature at 90°C, 446.5 g of an agqueous
copper nitrate solution (15.5% by weight of copper) at 90°C are
added dropwise to mixture 1 within 4 min with continuous
35 stirring. Spray-drying is then effected at an exit temperature of
110°C (Niro DK, model: Niro A/S Atomizer Mobile Minor, centrifugal
atomizer from Niro, DK). A spray powder of particle size from 20
to 30 um is obtained which forms the starting composition Cl and
has the following molar elemental stoichiometry (after
40 calcination):

Mo1,Py . 5Vp.6C51CUg, 5Sb18p,040% -

b) Preparation of a starting composition C2
45



20 starti tion C2 and substantially has the diffraction
reflecti %%2% (conparative spectrum 17-0284 fromthe JCPDZ9 GPD7405

i ndex). The starting conposition C2 has the followi ng nolar el enental
stoichionetry: 25 CuSh206. <c¢) Catal yst preparation The anmounts of the
starting conposition O and the stadling 30 conposition C2 corresponding to
t he m xi rBg0sigob € hbwhetru epaaf §840:C dbehamidmike) having an Sb content of
(Mb12P1. Sy BGSHELEND RESusfdxded Qi%ﬁbg{iﬁ)ﬂn%_; %%'Ptdf”%%i‘ & xR e, 2% by
wei ght ofa%u@elmg silded qnap@iﬂg@ A RCEOLOI ARl 0o SLEKR ARALYSERy Mg S0% by

wei ght < % by wel t>48m
CUkNOYYy oI AP

BET sur | A PLIBR: LA Ny P
m xt ur e HysaIiEes i RAGusPES SusRAsISdPnpYREEt d§ AhEETe@ KIBOPANEE BO0) is
used wit hbutthehe2 addid dentbén faprayedr deldli texies tenpstwperecy Ll orly,i ddlrori ngs
of 40 gewmt mpddl MAireX hgBNAt ol AR MEbY 1& MindP, (aehgfliﬁugaﬁamim e

di amet ef )¢ JobOg Ehe 1@(; 4. o gpé’y GlaekNfad | 1G5:7 é@ﬁ dargglly treated in

a forced- r 3/ d; £ a&gm t%]'_ d constant air 45
streamé (? 8f5 rmﬁ é’f‘f%ct ed at

AC/ mi nd r%lzgelﬁ)l ZRI@GY\A,ﬁW’éa‘FFhl(rheaHhhr@;f tihe C?h@b‘??i@d?nafzéa!@ﬁber atures of
180C and ®Z0Cmanintdmmadndifné&ted 534322 526mPhEthid@0pad@ing erfpenghu2 @0 af/n270C f or
30 m nut egTegchs dmals ¥ollbesi anpaiat ure, limcaRcheashdy dls arfaégedl 20 nmin

to 370C %dﬂshbé U GHRRE hek e 1smhaﬁaémte&e£0626hoc5w§eﬂia gy, s then

ef fected tfq: ro era&uggagmrﬁthe ?QI Igé/\c% %y3b$ﬂcl_ers %re ergcesased to
rHE

spal | haV|n

nul ti kR b e@aFa| %‘%CCWPB hiR 4idkd Fli“ﬁl?'%ack%”@ﬁrzﬁﬁ%t’(‘?g ]}G Bff%%ﬁ‘bltﬁg of the
reacti on ¥9Re ‘Gtﬂ@a?ct‘lér hA vertical reactor tube (tube |length: 1800 nm wal |
thickness: 1 mm internal diameter: 8 mm reactor material: V2A steel; in a

furnace fxﬁ@kkﬁ%f@ﬁ z;oa&oamleér@éﬁama &N gidet ik eseitdi el &ﬁléﬁ%srm) i's

ggg;lged VAQC Ref2ef U qtfg%rfrﬁéé'%%a 0£0%, et/ Ak 2L wd& okfEUHL of the
Coba V20 SYeaRe CrORITGEART R PRPe S Ly B e B g, Ay 56?&&. i ng

reaction %ﬁ&@c‘ﬁbﬂﬁr@ﬁ §usSppQq éEOWPi‘ﬁaEJtV@atSPFQtE‘Hhér Te928AnEFe™ fdeer i al ;
di anmet er :JCPDS2DCHBD mmjdexandThe estantiing cempedidrionuge hﬁtﬁm@@ ﬁgltw}pmted from
bel ow on mvleat alysdntdadsetolchbimatiryt0 cm The remai ni ng tube

25 CuSb,0¢.
c) Catalyst preparation

The amounts of the starting composition Cl1 and the starting
30 composition C2 corresponding to the mixing stoichiometry (after
calcination) (Mo31zP;1.5Vp.6C51C00.550150.040x)1.(Cu18ba0g)p.5 are
intimately mixed. 2% by weight of finely divided graphite
(according to sieve analysis, min. 50% by weight < 24 pum; 24 um
< max. 10% by weight < 48 pm; 5% by weight > 48 pm; BET surface:
35 10 m?2/g) are then admixed into 500 g of the abovementioned mixture
as a tableting aid.

A tablet pressing machine (Kilian S 100) is used without the
addition of further additives to shape cylindrical rings of

40 geometry 7 mm (external diameter) x 7 mm (height) x 3 mm (hole
diameter) from the mixture.

500 g of the rings are then thermally treated in a forced-air
oven (Nabertherm, capacity about 80 1) under a constant air
45 stream (500 1/h (STP)- kg of solid) as follows: heating is
effected at 4°C/min from 25°C to 270°C while maintaining the
intermediate temperatures of 180°C and 220°C and the end
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01 vention A) The reaction zone A reactor from 1. at? @0EC 2005
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WAteerbrosa B aOkste Wi | Bclhen Wat 70b8 did SthikBLeLSS-dtike 28

i%§aﬁﬁéﬁ9nﬁﬂ-@PhC punp 420 from Kontron, evaporated in it and

e I sobutane and the air. During the charging, the

ure of the charging gas mixture is 150C. The starting pressure in
t he tubfe Gaoddngris sthan efdected Ymropp hemperaghrg ppésthe dodégul ator from
REKO di sppddddesd ate tdrecesaed oo epialll Dowitsf mrednngést hiimemessnref r equl at or,

the products gas mlxtcwl% sPal$ £EMLISHELZ8kbta0 BbERSPLEId GoPHESSIEE and

zed

d ntai ned therein condenses out. The gas renai ning 45
i Sbgnggﬁs (HP 6890 with Chem -Station, detectors: FID,

arating colunns A1203/ KC1 0050/ 53492 43 (Chronpack) Car boxen 1010
)d). (Ghazgéng rekpdedragct Hemrieme Fheeadt®ilgi ng gas mixture is al so

After an operating tine of three weeks, the following 5
al veeslibhs AR tok! 8ubeditulle 18ngdth 23830 aﬁ s Y5 +2i8k ks 2005
O MLt PdNELo00% Hins! E bl Yol ygiur@z{ %Qx yolgre)
e;r) rnace romqﬁ% %geyl tartOgaerlong:.tudlna pon%yl% bp
1600 mm) is charged with 75 g of the multlmetal oxide catalyst C.
The length of the catalyst bed is 1000 mm. The position of the
catalyst bed in the reaction tube is at the longitudinal
midpoint. Above and below, the remaining reaction tube volume is
filled with steatite spheres {inert material; diameter: 2 -
3 mm), and the entire reaction tube charge is supported from
below on a catalyst base of height 10 cm. The remaining tube
length at the tube entrance and the remaining tube length at the
tube exit is heated with electrical heating bands.

4, Performance of the process according to the invention

A) The reaction zone A reactor from 1. at an external wall
temperature along the heating zone of 500°C under closed loop
control (based on a tube flowed through by an identical inert
gas stream) is charged with a reaction gas mixture of 20 1/h
(STP) of isobutane, 10 1/h (STP) of air and 8 g/h of steam.

The isobutane is metered in using a mass flow regulator from
Brooks, while the water is first metered into an evaporator
using an HPLC pump 420 from Kontron, evaporated in it and
then mixed with the isobutane and the air. During the
charging, the temperature of the charging gas mixture is
150°C. The starting pressure in the tube reactor is set to
1.5 bar by means of a pressure regulator from REKO disposed
at the reactor exit.

Downstream of the pressure regulator, the product gas mixture
A is depressurized to atmospheric pressure and coocled, and
the steam contained therein condenses out. The gas remaining
is analyzed by means of GC (HP 6890 with Chem.-Station,
detectors: FID; TCD, separating columns: Al;03/KC1



CO2-2.5 H2-11 Propene-< 0.1 Propane-< 0.1 Ethene-< 0.1 Ethane-< 0.1 These
val ues C&Q%ﬂf&o an i sobutane conversion based on a single pass (ng 005
nol % and a selectivity of isobutene formation of 90 nol % The portian 0

the reaction zone B reactor from2. in the oven is nmaintained by closed

| oop control at an external wall tagperature (based on a tube fl owed

t{]rough. byI an(dhggﬂb?@@i{ dak8bkeflafo r(ggggl@gb)v\_lmﬁlhgt Q%J_L Fgg& cgnvgrs![ on
at a single 0 r o) re i s . e. heati1ng and a
the reaction "P‘%E%rén%lﬁ a%élggg\%hér@a%nﬁ&é&gg al %/gst srégggnallgzecﬁ'sposed) S

| i kewi se set to this tenperature and the heating band at 'the reaction tube
exit is set tAftgr pemRraratipg 5O |wdhregheeektar ghecbpbiati®igof a nmi xture of
45 1/ h § STP) aofalgtical tremalts 22€)okstradnede 46 1/ h (STP) of the product gas

m xture A (tenp. = 500C). The air is netered in by neans of a nmass flow

r egul at or—++em-Breoks—Fhe—tenperature—of—the Ra-gH-Rg—gas—idF

LA SASL A vl A A ) et H
i ncreased to the reactpr SXI%S g%‘i%er atfﬁ@%&g&%‘ﬁ“ﬁ@ Bressure
in the rgactor is set {o 1.3 BaP¥p s of al pressid &Yy Bal#®8)or di sposed
at the readsobutand . (050/53492 209 DEC 2005 $4 Downstrisam of the pressure
regul at®r, Tt Trlgas mxXture. B (tenperature =—300Q, TS depressyuri zed
and anal 3;&3%&%&6&“%&%&.&* | rm,kil)r"de.t.er"r ars: TCD,
FID, separ H3%¥§9€8| umhs: Por apl o#°Q ( Chr onpack) , . Car box¥h 51010 5

(Supel co)f). Isteam! denfical manners the chargihg gas mxtage 1s also

anal yZEd. Af-t—er—at o€ ot T e SJf O vw, e

obt ai ned | 10 $Y958 o5 ko a5 40 45 -

15 CO - <0,1

CO;3 - 2.5

Hs - 11

Propene - < 0.1

20 Propane - < 0.1

Ethene - < 0.1

Ethane - < 0.1

These values correspond to an iscbutane conversion based on a
25 single pass of 25 mol% and a selectivity of isobutene
formation of 90 mol%.

The portion of the reaction zone B reactor from 2, in the
oven is maintained by closed loop control at an external wall

30 temperature (based on a tube flowed through by an identical
inert gas stream) at which the isobutene conversion at a
single pass of the reaction mixture is 92 mol%. The heating
barid at the reaction tube entrance (where the catalyst base
is disposed) is likewise set to this temperature and the

35 heating band at the reaction tube exit is set to a
temperature 50°C lower.

The charge consists of a mixture of 45 1/h (STP) of air
(temp. = 22°C) and the 46 1/h (STP) of the product gas

40 mixture A (temp. = 500°C). The air is metered in by means of
a mass flow regulator from Brooks. The temperature of the
charging gas mixture is increased to the reactor external
wall temperature. The starting pressure in the reactor is set
to 1.3 bar by means of a pressure regulator disposed at the

45 reactor exit.
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he

Phdridrat the
BHSi sts of 40

Thi s remai nder substantially

t hacr ol ej

g and 0.1 1/h
Y 4%y neans

tenperature of the charging gas

_ 290C. The pressure at the reaction tube exit is set
21 ustrng a pr essurcqlar g_ Q£ B geu aflr&d%t gg tﬁé.él
b2 2 9 DEC 2005 @5 Dg% q? %@ g Ee pressurq Bg L
BaS—H-d-H-e Gf’tc"pc'atu'n : LVU\V ; n“rﬂ°°“fJ7D . yzed by
CC 1IPPEE96 witlh Chem - St &8i%n, detectdrs: ToD, M 5 _separdti ng
Por apdmite@e( Chrjonpack) , . Carsboxen 1010 3 (Supelcmbﬁo In a
; Thargimy ST XtUre IS atsSu afad yZed—Aftler an
548} s%pd 10 e
02 2.5
N2 48 47.5
H,0 13 19.5
Methacrolein - 3.8
Methacrylic acid - 0.1

These values correspond to an iscobutene conversion based on
single pass of 92 mol% and a selectivity of methacrolein

formation of 84 mol%.

The portion of the reaction C reactor in the furnace is
maintained by closed loop control at an external wall
temperature of 290°C (based on a tube flowed through by an

identical inert gas stream).

The heating band at the reaction

tube entrance (where the catalyst [lacuna) is disposed) is
set to 290°C and the heating band at the reaction tube exit
is set to 200°C. The charging gas mixture consists of 40 1/h
(STP) of air (20°C), 25 1/h (STP) of nitrogen (20°C) and the
remainder of the product gas mixture B which remains after
removing all components having lower boiling points than
methacrolein. This remainder substantially comprises 18 1/h
(STP) of steam, 3.5 1/h (STP) of methacrolein and 0.1 1l/h
{(STP) of methacrylic acid. The air and the nitrogen are

metered in by means of mass flow regulators from Brooks.

The

temperature of the charging gas mixture is increased to

290¢°cC.

The pressure at the reaction tube exit is set to 1.3 bar
using a pressure regulator disposed at the reactor exit.



20 Chargin Eas mi xture Product gas m xture C (% by vol une) (% by vol une)
N26666 951 Met hacrol ei n4l. 6 Met hacrylic aci dO. 12 These val YEPDEL 2005
correspond to a nethacrol ein conversion based on single pass of 60 m)PdEa d
a selectivity of methacrylic acid formation of 83 nold. B) The performance
of the process according to the indntion 25 fromA) is repeated, except

that no comuuigisitgean of &ffY paebbore tAgRLERAYUEt t IR HBAEY! §a 8. niBakher, the
product gas ¢ Nithbafuls UIRBoEF SUGR Qgéz&méﬂ%h) ahglgzé’%?g;re W th 29
.

1/h (STP) of air a e i.ng.gas. .for e .reaction zone . or. 30 35
40 45 The netHacr 8?_ezl;n %%%E?%ﬁggﬁ‘g@a%h?"t-d aBﬁo?hede%a?tcéPﬁt 3% ‘in the
reacti on zorPREIAEARE oFOMNSicEBFAPHY R (§8TrPRPRGK) , Sagboran (XM of

met hac® ol ei n(Supe1800) 1/In (eSTRYrefpoxyigun maaherr e gbargtingggas me of 3

weeks, the fmildtewengsrebsd tahadkeedobt ai ned: Chargi ng gas m xture Product gas

m xture C (% by vol une) (% by vol une) N255. 555 026. 54.5 H2014. 515.5

te Il opera

Met hacr ol ei gf 91r: § Met hactr
n

yiic.acidD. 100, 9 i 12..512_0050/ 53492 46 5 2
e FRB, SR b Ige. nP Y TR BEogo 00ttt Coo by

30Pﬁﬁéfo?§oaﬁ§%ﬁéegsg.?1”%244
10
Charging gas mixture Product gas mixture C
(% by volume) (% by volume)
N, 66 66
0, 9 6
15 H,0 21 21
Methacrolein 4 1.6
Methacrylic acid 0.1 2
20 These values correspond to a methacrolein conversion based on

single pass of 60 mol% and a selectivity of methacrylic acid
formation of 83 mol%.

B} The performance of the process according to the invention
25 from A) is repeated, except that no components are removed
from the product gas mixture B. Rather, the product gas
mixture B is used as such (92 1/h (STP)) in a mixture with
29 1/h (STP) of air as the charging gas for the reaction zone

C reactor.
30
The methacrolein and oxygen gas flows on the catalyst charge
in the reaction zone C reactor are accordingly, as in A),
3.5 1/h {8TP) of methacrolein and 8.0 1/h (STP) of oxygen.
35 After an operating time of 3 weeks, the following results are
cbtained:
Charging gas mixture Product gas mixture C
(% by volume) (% by volume)
40 N 55.5 55
03] 6.5 4.5
H,0 14.5 15.5
Methacrolein 2.9 1.8
a5 |Methacrylic acid 0.10 0.9
isobutane 12.5 12




These val ues correspond to a nethacrol ein conversion based on single pass
of 40 m)ég 3n93§ fel ectivity of nmethacrylic acid formation of 75 nol% 10
5. Conpa %l(/e ganpl e 15 20 25 30 35 40 A) The process according t gtﬁ]f%m%
invention 4.A) is repeated. However, when the reaction zone B reactor i
charged, 9 1/h (STP) of pure oxygen are used instead of 45 1/h (STP) of
air. The total isobutyral dehyde + 4&obutyric acid content of the product
gas mxtjure B I's percept|l DlcharBehgasLy nEQTRAEEd [Fd0duBe EXPELINRRE AL
procedurie 4. A). B) The grocess(fasordifge] 0 the (i nvenki pp doBhel)s refgeat ed,
except tjhat Jf:sib% lth rgrng—ogas—used fow the—+eactton—zonre € —eactof 4 not 29
1/h (ST of "SSP 6IFf 5.4 1/h (STP) Gf pure oxygen. The t ot Bl

i sobut yrfal dehydBz + i sobdtyric acid dontent of tlhe productdgas m xturle Cis
percepPi bTy 1ncreased conpared to the experinental procédure 4.B). 45

0050/ 53492 ' LE . '
obutan 45%%;&%%(??& BE°ES i AR T B chieed U

=

i sobut ane by su I

partial sel eRtR9E KEFErY e‘ﬂ(g % apgi g i&]eed’tlaéﬁyd?gg‘mai‘%ﬁl?‘ﬁ 3HE gas
phase to forfeemgiieauet gwol#xture A which conprises isobutene and
unconverted 10 i sobutane, B) passing the isobutane- and isobutene-containing

produéd® 5JaScohpdrdt@vl tRdmb®: reaction zone B and subjecting the isobutene
in the reaction zone B to a selective 15 heterogeneously catal yzed parti al

oxidation in_the gas hase usin ecul ar qx n_to, forma
met hacr of'éi nTROM CﬁFﬁga‘b‘F%‘&g‘ﬂg Qggh‘?x%’meé‘tl%o\égg"é) 91%5692853‘32 usi ng the
met hacr ol ei nHe¥R¥ati -n¥HeR Nt 198t 298 B rearketr &s phanggdr 9 ok/trepari ng
nmet hacryl i c a&TR) af pore exywidrerarpunpedcirmtctad biieds rbbydlsTRY af digast
unconver t ed ThealitiaanesEwEt Al dIRIkhydet hei gty cgasidi dnventBok nile react i on
zone A or ushpaggide G43E APRENS PULPREBreptibly increased compared to

the experimental procedure 4.A).

B) The process according to the invention 4.B} is repeated,
except that the charging gas used for the reaction zone C
reactor is not 29 1/h (STP) of air but 5.8 1/h (STP) of pure
oxygen. The total isobutyraldehyde + isobutyric acid content
of the product gas mixture C is perceptibly increased
compared to the experimental procedure 4.B).
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25 which conprises feeding the nol ecul ar oxygen required in reaction zone B
to reactigﬁggéﬁé’lﬁﬁzaccorrpani ed by nolecular nitrogen in a nolar ratiq of

nol ecul ar oxygen to nolecular nitrogen of from11l:1 to 1:10. 30 2. A’Z;Qr&frﬁe?ﬂ%
as claimed in claim1l, wherein the nol ecul ar oxygen required in reaction
zone B is fed to reaction zone B at 41 east partially as air. 3. A process as
claimed in claim1 or 2, wherein the 35 nethacrolein contained in the
product ggs mxture B is used for preparing nmethacrylic acid by renoving
fromthe product gas m xture B at |east an isobutane- and

i sobut ene-containing portion fromthe conponents contained therein which
have | ower bbiRFAESFol AT sPEaREY 1ngt Rakhasir@lgiat fReMUEsPatrae 40 pressure and
usi ng tBe remaini ng nethacrol ein-containing mxture to charge the reaction

zone in whi chaf hesum{dtaangl €hé idobutdhieoh ed dedcRis8! £ild e thek er ogeneously
catalyzed gas p RArseal Qfﬂ}ﬁ?‘%altggo§8n &Iéfhﬂesl?gffé’édc acid. 45 4. A
N TsoQut ane a

process as claine n, cl ai I I sobut.ene are renoved

| er

fromthe isobutan ?-hyé’ﬂfagel‘g)bb‘éﬂ éﬁe-tSSn‘E%T’rﬁ 5Pt PO 1Fy PIGSBEHt9h in a
nonpol ar 0050/ 534%xge §r Ytk corpranes brbuteae spdunaeaventied sobut ene are
freed 10rom t he abswinitane, by subsequent desorption and/or stripping and
recycled into reaction zone AL 5 5. A process as clained in claim1l or 2,

wherein the t |l o ' Ln : 955 41 r | S used
for prepari ngﬁmwﬁﬁ%ﬁggrﬁﬁﬁﬂﬁ r%%&%&g?ﬁteascﬁ %Eﬁhi{j gﬁ(qucﬁce- and

i sobut ene- cont ai n?%s MEFEF O™ 1181 £hES2CohPbreRts Bcdnt 4 é_'&cfé'ﬁ“?h %r oduct
gas mixture B andlsﬁgmtﬁé‘elbnlﬁ%%rreﬁﬁﬂi’ﬁgz% Bt §0af 2RIASSINEri ¢ pressure
than @Bt hacr ol ei kretardoevengs he atednized repmaiaoxdfet iprcdnt bhaigag ni xture

to charge a reactpiasez@aséng motectilarhexy@éhary doemna is reacted with

nethanol in the ljhdudrehase-idhidiaingespieft GhsonyParaamdagacatal yst to
give nethyl nethacrylate. 15 6. A process as clainmed in claim5b, wherein

i sobut ane and_ i sobut ene are, renoved fromthe jisobutane- an

| sobut ene- conthi mm&?& BECAF R e e SRohbS Bro R o83 ¢ sol vent
and t hé% sobut ane™aHdiTes BbGiEhfF £0F PFeRdr Iy MedRrERBl Hb$6iBaPe /X
subsequent desor panarhegnghoposs rAndpenaghenmeawedyicbedt | aptr saconerizgne A 2
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wherein the nmethacdQl8oR ¢8AE 3l dusAnk e PFRdUEbLHES Flrgodes

25 which comprises feeding the molecular oxygen required in
reaction zone B to reaction zone B accompanied by mclecular
nitrogen in a molar ratio of molecular oxygen to molecular
nitrogen of from 1:1 to 1:10.

30 2. A process as claimed in claim 1, wherein the molecular oxygen
required in reaction zone B is fed to reaction zone B at
least partially as air.

3. A process as claimed in claim 1 or 2, wherein the

35 methacrolein contained in the product gas mixture B is used
for preparing methacrylic acid by removing from the product
gas mixture B at least an isobutane- and isobutene-containing
portion from the components contained therein which have
lower boiling points than methacrolein at atmospheric

40 pressure and using the remaining methacrolein-containing
mixture to charge the reaction zone in which the methacrolein
is subjected to a selective heterogenecusly catalyzed gas
phase partial oxidation to form methacrylic acid.

45 4. A process as claimed in claim 3, wherein isobutane and
isobutene are removed from the isobutane- and
isobutene-containing portion by absorption in a nonpolar



25 B is used for preparing nethacrylic acid by using the

nethacropésﬁ/@@ﬁﬁéining product gas m xture B as such to charge ar E'

zone in which the nmethacrolein is subjected to a selective heterogéﬁzﬁ gﬁ@5

catal yzed gas phase partial oxidation to formnethacrylic acid. 30 35 40 45
48

organic solvent, and the isobutane and isobutene are freed
from the absorbate by subsequent desorption and/or stripping
and recycled into reaction zone A.

5 5. A process as claimed in claim 1 or 2, wherein the
methacrolein contained in the product gas mixture B is used
for preparing methyl methacrylate by removing at least an
isobutane- and isobutene-containing portion from the
components contained in the product gas mixture B and having

10 lower boiling points at atmospheric pressure than
methacrolein and using the remaining methacrolein-containing
mixture to charge a reaction zone in which the methacrolein
is reacted with methanol in the liquid phase in the presence
of oxygen and a catalyst to give methyl methacrylate.

15

6. A process as claimed in claim 5, wherein isobutane and
isobutene are removed from the isobutane- and
isobutene-containing portion by absorption in a nonpolar
organic solvent, and the isobutane and isobutene are freed

20 from the absorbate by subsequent desorption and/or stripping
and recycled into reaction zone A.

7. A process as claimed in either of claims 1 to {[sic] 2,

wherein the methacroclein contained in the product gas mixture

25 B is used for preparing methacrylic acid by using the
methacrolein-containing product gas mixture B as such to
charge a reaction zone in which the methacrolein is subjected
to a selective heterogeneously catalyzed gas phase partial
oxidation to form methacrylic acid.
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