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partlcula&By using the methacrolein-containing product gas mixture B

without preceding removal of components contained therein to

charge a reaction zone C and subjecting the methacrolein in

reaction zone C to a selective heterogeneously catalyzed

partial oxidation using molecular oxygen in the gas phase to

form a methacrylic acid-containing product gas mixture C.
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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 methacrylic acid
35 from isobutane as described at the outset. A procedure considered
particularly advantageous by DE-A 3313573 involves using the
product gas mixture A without preceding removal of components
contained therein for charging reaction zone B and using pure
oxygen as the source for the molecular oxygen required in
40 reaction zone B.

However, disadvantages of such a procedure are that on the one
hand the selectivity of methacrylic acid formation per se and on
the other hand the extent of formation of the by-produced

45 isobutyraldehyde and isobutyric acid, which are particularly
undesirable even in very small quantities since they are



troubl esone in subsequent uses, is not conpletely satisfactory. It is an

obj ect of the present invention to provide a process for 5 preparing

met hacrylic acid fromisobutane as described at the outset which onlgypiag(;
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with the proviso that the molar conversion of isobutene is
295 mol% and
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C) using the methacrolein-containing product gas mixture B
without preceding removal of components contained therein to
charge a reaction zone C and subjecting the methacrolein in
reaction zone C to a selective heterogeneocusly catalyzed
partial oxidation using molecular oxygen in the gas phase to
form a methacrylic acid-containing product gas mixture C,

30

which comprises

35
removing at least 80 mol% of the components othexr than isobutane

and isobutene from the isobutane- and isobutene-containing
product gas mixture A before it is used to charge reaction zone
B, and introducing the molecular oxygen required in reaction zone

40 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.

In other words, according to the invention, R may be 1:2, or 1:3,
45 or 1:4, 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 1:5 or in the

range from 1:3 to 1:5, or from 1:3.5 to 1:4.5. In the process
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to the invention necessarily contains isobutene, iscbutane,

molecular oxygen and molecular nitrogen. The additiocnal presence
of the latter in the process according to the invention
surprisingly ensures a reduction in the undesired conversion of

30 jsobutane to undesired by-product.

A further feature essential to the invention consists in the

removal of at least 80 mol% of the components other than
35 isobutane and isobutene from the isobutane- and
isobutene-containing product gas mixture A before it is used to
charge reaction zone B. The molar reference basis is the sum of
the molar amounts of the different individual components
contained in the product gas mixture B. According to the
invention, the abovementioned removal does not have to be
homogeneous over the different components. Rather, it may capture
individual components quantitatively and others only partially.
Only the sum total has to achieve the abovementioned percentage
of 80 mol%. According to the invention, preference is given to
removing at least 85 mol%, more preferably at least 90 mol%, even
more preferably at least 95 mol%, even better 97 mol% and at best

at least 99 mol% or 100 mol%, of the components other than

40
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nore preferably at |east 95 nold, even better 97 nol % and at best at | east
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5 mxture of all gas streans introduced into the reaction zone) of reaction
zone B in theopiaaRd4ne 266MUEEMY fromt e i JRERREE0Fas GRIMRIILSC] . pdfbaddit i on
to the conpggeﬁlgédaéor_ggg¥ M%ﬁl@ﬂ ?Bgeé conponents, for exanple, CO
B°as andror Ar,

C02, H2O, nobl e gases suc hydr ogen, net hane, ethyl ene,
et hane, butanes, butenes, 10 butynes, pentanes, propyne, allenes, propane,
propyl ene, aerwiE me apgtecismichatael hd.cRGEARY §gs tmitheel pwertd on, the
B, based on'ipoinrcr At bad slrbinel InE A0 120 MM neel LRon AR BE T,
shoul d not 6%287%@%{3 gnESbISQ_qurBEI &I%Frglgg%earcc\%rdérsl? *%%etq‘r?mlggﬁ ajgmni trogen
content of FAEPEIESESyi nf §3S11ASR FPetBf TUWRAEEHSES oSy Hepheonsstoosher

accor di ng t sompenénhgentpdnexdnsed 60t Bz afpOntnaflel@asepbtnanasphiesent, can
be at | east ab@fonwird, hgdragen camithGld, neti¥plene, atthemst bh@@ne®) Puteaesyer,
the rati dObyutpgediDlRhtafEaNtdApyAE , MR fotdar Bbbéﬁ&?%x@?@&éﬁé‘?%dr’&lbhﬁ

0

charging gag, Xt ¥ tion zone B to t ﬁe anount i sobut ene
cont ai ned ?ﬁ &fe( r%éﬁarag%?lgggrg's m xture of reaction zone B according to the
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The molar ratio of the amount of molecular nitrogen contained in
the charging gas mixture of reaction zone B to the amount of
iscbutane in the charging gas mixture of reaction zone B in the

30 Process according to the invention will generally not be less
than l:1. Normally, this ratio will also not be above 16:1.

In other words, the molar ratio of the amount of molecular
nitrogen contained in the charging gas mixture of reaction zone B

35 to the amount of isobutane contained in the charging mixture for
reaction zone B can, according to the invention, be from 1:1 to
16:1, or from 2:1 to 10:1, or from 2:1 to 4:1.

Frequently, the composition of the charging gas mixture of
reaction zone B in the process according to the invention will be
selected in such a manner that the following molar ratios are
fulfilled:

40

iso-butane:iso—butene:N;:0,:H,0:H;:0thers =
10-40:4-8:20~70:5-20:0-20:0-5:0-5.
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28 DEC 2005 5 According to the invention, the abovenentioned nolar ratios
advant ageously = 15--25:4-8:40-60: 10-15:5-15:0-1:0.1-3. Frequently, ?288Y 2005
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and others. 2.8 DEC 2005 6 . , . .
In general, the molar ratio of isobutene contained in the product

gas mixture A to the molecular hydrogen contained in the product
25 gas mixture A in the process according to the invention will be =
10, customarily =< 5, frequently = 3 and often = 2.

Normally, the reciprocal of the abovementioned ratio will not
exceed 2. In other words, the molar ratio of isobutene contained

30 in the product gas mixture A to molecular hydrogen contained in
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.

35 1p contrast, the molar ratio of molecular hydrogen contained in

the charging gas mixture of reaction zone B (i.e. in charging gas
mixture B) to the isobutene contained in the charging gas mixture
B in the process according to the invention will generally be
< 1:10, customarily < 1:50, often < 1:100.
40
In addition to molecular hydrogen, components other than
isobutane and isobutene contained in product gas mixture A are
gases from the group consisting of N, CO, COj, Hzo,'methane,
ethane, ethylene, propane, propylene and also possibly 0; and
others.
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It will be appreciated that in the process according to the invention, the
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a consequence of the selective catalysts which are customarily
configured in such a manner that they display significant
dehydrogenation (at isobutane gas hourly space velocities of, for
example, 1000 h-1 (1 at STP/1 of cat.-h}, the isobutene yield is
generally at least 30% in a single pass (based on isobutane
used)) with the exclusion of oxygen at the abovementioned
temperatures (for example at 600°C), and by-products such as
methane, ethylene, propane, propene and ethane are only formed in
insignificant amounts.

30

35

Since the dehydrogenation reaction proceeds with decreasing
volume, the conversion may be increased by reducing the partial
pressure of the products. This can be achieved in a simple
manner, for example, by dehydrogenating at reduced pressure
and/or by admixing in substantially inert diluent gases, for
example steam, which is normally an inert gas for the
dehydrogenation reaction. Dilution with steam generally has the
further advantage of reduced coking of the catalyst used, since
the steam reacts with coke formed by the principle of coal
gasification. Also, steam may be used as a diluent gas in the

40

45



the steamreacts with coke fornmed by the principle of coal gasification.
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divi ded i nt on{ MRt ;3nQUPS. 14 - aina&nQQ?@o@é 108t dk Ge NG U tlsf Q{ut&%@'%% chrom um
oxi de_and/ o glumndmext dsl. AadeLhene Wles1ENel Sluselusl dastogneo,
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t hose reconpeefiacniop 35 Piveh 10060096nYd hdickabgha)e MEredy 46030, 1ESs A
4,788, 371, tlEh A 2% ] 3Fre ilPa33429429, tHdPA3m3LH OBl evdh bétferdd@s820, US-A

> 877 369, Dhsd\ 11%ﬂ6£f3e él%nécéﬂgléﬁe:%) Aid e A3/ r’e%moPEzd%ew 1837 105,
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suitabl e foPT ed{teBhe Be Shageclr B‘F‘r‘fbrd(lé‘g to the invention. TheY ¢an be

roughly divided into two groups, i.e. those of oxidic nature (for
example chromium oxide and/or aluminum oxide) and those which
consist of at least one generally comparatively precicus metal

30 (for example platinum) deposited on at least one generally oxidic
support.

Dehydrogenation catalysts which may be used for stage A according
to the invention are, inter alia, all of those recommended by
35 pE-a 10060099 (the example), WO 99/46039, US-A 4,788,371,
EP-a 705 136, WO 99/29420, US-A 5 220 091, US-A 5 430 220,
US-A 5 877 369, DE-A 10047642, EP-A 117 146, DE-A 19 937 106,
DE-A 19 937 105, DE-A 10 211 275 and also DE-A 19 9237 107. In
particular, all the dehydrogenation process variants mentioned in
this document as being suitable for reaction zone A according to
the invention may be carried out using the catalyst according to
Example 1, and also according to Example 2, and also according to
Example 3, and also according to Example 4 of DE-A 19 937 107.

40

45 ' . . .
These are dehydrogenation catalysts which comprise from 10 to

99.9% by weight of zirconium dioxide, from 0 to 60% by weight of
aluminum oxide, silicon dioxide and/or titanium dioxide and from



the invention may be carried out using the catal yst according to Exanple 1,
and al so according to Exanple 2, and al so according to Exanple 3, argpat 305
according to Exanple 4 of DE-A 19 937 107. 45 These are dehydrogenation
catal ysts which conprise from10 to 99.9% by wei ght of zirconium di oxi de,
fromO to 60% by wei ght of alum num o%i de, silicon dioxide.and/or titanium
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Finally, “"t hexg@l asagabh srdedsanpgd, cﬂé}j&&@zﬂh@mﬁ esacttd QB ﬁﬂnean% gkevant

for the progess.accqeding ér%fstshgegglwﬁ%&a 9N 5By, ik PAI G PLO DG yiEal zed

in all reac ri.o lyzed

r r ot en
parti al deﬁ ?ﬁ eﬁét 56?‘1 y Bc‘?a’f ﬁ tﬂ%‘ o ﬁggg ?)'Q/cg Slfsl PxBH=bed
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kneaded and can be converted by means of an extruder or an
extrudate press to an appropriate shaped body.

30 The shaped bodies are then dried and calcined and then salt
solutions are poured over them in a suitable sequence. Finally,
they are again dried and calcined.

The reaction zone A relevant for the process according to the

35 invention may in principle be realized in all reactor types known
from the prior art for heterogenecusly catalyzed partial
dehydrogenations of hydrocarbons in the gas phase over fixed-bed
catalysts.

40 Typical reaction temperatures are from 200 to 800°C, or from 400

to 650°C. The working pressure is typically in the range from 0.5
to 10 bar. Typical gas hourly space velocities of reaction gas
are from 300 to 16 000 h-1.

45 ' ,
In principle, all reactor types and process variants known from

the prior art may be used to embody reaction zone A of the
process according to the invention. Descriptions of such process



are from300 to 16 000 h-1. 45 In principle, all reactor types and process
variants known from the prior art nay be used to enbody reaction zgsrhe ﬁé%
the process according to the invention. Descriptions of such proce E )
DEC 2005 9 variants are contained in, for exanple, all prior art docunents
mentioned in relation to the dehydrogemdati on catal ysts. A conparatively
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of high-B& 1ing, high nolecular weight organic conpounds, up to and

i ncl udi ng carbon, are forned which deposit on the catal yst surface and thus
deactivate PtChITRCtGTABELE ofGAtHMER] 96 BIR PaditdadyvhRtARITSOIENE @rtdyeedit s
25 possi bl edebypdiigesadyonest iiGobdtahe I8 [tag Wkt bs sérsdorhieleici sbbutthre t o be
passed over wbh@s caihe! ekt sigfeaey)aheet mriyedo henpevatihee rkquirad al ytic
-dehydr ogenatLg9d: ; ddNdehpb PLcd:8S Waki B9 b&%ptl'lgﬁselﬁ?élosﬂ [ aR0a k@ RON ths

parti al l yl'-"'or Joyeli c}et gl am?}élmﬁattﬁg Qé/ th Lpgi %J:n? Qfs 4 %oal gasi fication.

30 Anot her pOSSI enovi ng de OS] ted car orrpounds consists in
passing an 8%y §%‘f?‘3@6‘ﬁf: PRt ng gas thr ough the dehydrogenation catalyst at
el evated tenperature fromtine to tine and effectively burning off the

deposi ted cafbgn. owiAWe¥ sl ehd3hilgh keadtS6h b@h@uf@s SHRAess, cAr hgn deposit
formation by f‘gﬂ ng @ngg&eq{eogggg,oggtna % ;&eeq,%q__lggsbg catal ytically

dehydrog atga over I on catal st at

el evat ed t e }P‘étt"‘lﬂ’ee%hﬂ T’Pajx%l BFOBRTS ot 8‘8%?‘8131% ty al so
exi sts of aH8iMyE OF IHPE UFBRFUNEEe aHP R ar%‘l éEBF‘a‘ih‘Pﬁ/dzraé@@ﬁ t&°¢ HermgBbut ane

to be which deposit on the catalyst surface and thus deactivate it. In
order to minimize this disadvantageous side effect, it is
25 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.

30
Another possible way of removing deposited carbon compounds
consists in passing an oxygen-containing gas through the
dehydrogenation catalyst at elevated temperature from time to
time and effectively burning off the deposited carbon. However,

35 it is also possible to suppress carbon deposit formation by
adding molecular hydrogen to the isobutane to be catalytically
dehydrogenated before it is passed over the dehydrogenation
catalyst at elevated temperature.

40 1¢ will be appreciated that the possibility also exists of adding

a mixture of steam and molecular hydrogen to the isobutane to be
catalytically dehydrogenated. Addition of molecular hydrogen to
the catalytic dehydrogenation of iscobutane also reduces the
undesired formation of by-produced allene, acetylene and other

45 carbon precursors.



catal ytically dehydrogenated. Addition of nolecular hydrogen to the

catal yti c dehydrogenation of isobutane also reduces the undesired f?gqgk aﬁ
of by-produced all ene, acetylene and ot her 45 carbon precursors. é
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dehydr ogenaggd,pd tteg&%eet of £ dsdisQge NRLLAN oS Qsesfé&:ﬁféo%t Q&afﬁ%d

" e ?resaQS P drbee Liscaganganc L amanisife R RNl IS
at high con® ?%?Eﬁ??naFS st"ele‘i) l'teé‘ﬁp&fat“ﬁli‘%dro@le&é}téﬂt’s”f PREAERA RIS I h t he
general di séh?alrﬁw@roﬁndl FHPEESEd thy the otestt ibor aas i brem dOtAkder nati vel y,

t he heat @f Hdedwyelr,oghiat fequirms absplbeatgeheratedr shd gaiokysk nccbx’(t&};rteact i on
gas itself Ryqagkhdag %E@Qéﬂﬁrl%xﬁgeﬂlgl@%rﬁﬁé@sﬂgﬁim ce | eepmbsedd NG ur

hydrogen fogaEgi&liday Lhe Wiadehydiatanaian o aipnl).sd.addii onal 'y to

gi ve steam cul ar and optionally
hydr ogen 15%%6%&%8%8@%%‘3?5 (Ff“IaBﬁobas bef ore and/or after entrance into
the reaction zone containing the dehydrogenation catalyst. Either the
dehydrogemameer&aa&%w thSeldat( bR aeﬁmd at QoAURly ﬂ%tsygéo 2t 8

cat al ysts) gnd/or any | éa alolny gnstal %d om&latlon cat stsac% nerally
ease the deSiTed ]f¥ ro en ox1 dati o 50 Bﬁ 8r abl e
cases, heat 288 ‘?’é%%’telrﬁ‘ ca} ]eYé'aETl?&Sth“‘t? Hi‘lédrr?éfﬁﬁefo’b‘?eqré’aﬁ?%f l]I‘ly‘"cﬁeogen
conbust i on dEhPHECIENAEHPRCPT reapeldedhedditigned lpet e onpteetstbgmdi Bpeided with
-and accor dend} ya omipanddt vetygeni-npheaioee gascand epitsicaad 1al spdrdgen t ed
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conversions.

In the above procedure, the use of external molecular hydrogen
may, for example, be avoided when the process principle of

30 DE-A 10 211 275 is applied.

According to this process principle, a reaction gas containing
the at least cne hydrocarboen to be dehydrogenated (isobutane in
this case) is continuously introduced into the catalytic

35 dehydrogenation zone (reaction zone A in this case). In the
catalytic dehydrogenation zone, the reaction gas is passed over
at least one fixed catalyst bed where molecular hydrogen and some
of at least one dehydrogenated hydrocarbon (isobutene in this
case) are formed by catalytic dehydrogenation. Before and/or

a0 after entry into the catalytic dehydrogenation zone, at least one
molecular oxygen-containing gas which at least partially oxidizes
the molecular hydrogen contained in the reaction gas in the
catalytic dehydrogenation zone to give steam is added to the
reaction gas. A product gas mixture is then withdrawn from the

45 catalytic dehydrogenation zone which comprises molecular
hydrogen, steam, the at least one dehydrogenated hydrocarbon and
the at least one hydrocarbon to be dehydrogenated, divided into



t he nol ecul ar hydrogen contained in the reaction gas in the catalytic
dehydrogenation zone to give steamis added to the reaction gas. A P§0daieas
gas mxture is then withdrawn fromthe 45 catal yti c dehydrogenati on zone

whi ch conpri ses nol ecul ar hydrogen, steam the at |east one dehydrogenated
hydrocarbon and the at |east one hydrbtarbon to be dehydrogenated, divided
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i nvention, th& BIHer portio 01 §YBR°®thdr awn as product gas mixture A
and, according to the renpoval of the invention, introduced into reaction
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pur pose ar e“%f"é%‘l' BYSTE ofS éxdRpFReT Uk $883 7St RPIUSRVABEEFB °fUs- A
5430209, USthesEROrpgendsonsargtgst Hxedl $odois thrl AIQWAdSEE3BIeP of usef ul
react or forwhéoregotdoni gas zdrreAmatecuthmgyidrohhe comnegimieldotni shd he fi xed

-bed tubul ar rgactithe gaungt eat QRGERr pat NiZh Pikebubsdsto isheaflebydr ogenat i on
cat al yst léngeﬁéwtme%te&gmuggsatg dat ion gat al yst, 2541 §£d %ﬁj{q réor
he : ﬁ 09,

exanple, in_t docunment s US-Ad4 8 72, .US-A 4 886 %8, U§€%\
US-A 5 550 2717 8 PACESSSATAEII08. b0 sHEpd PIRREARY T R 50°05%
di sposed i n®h FIRYSLEAYL EHRe AF ihydnoBehdl @ e YPEacE bt ighésr Hpisas a fi xed
bed. The relerpese tarsediagosaks bymmfet yedamileect V§—heki8837hy conbusting a
gas, for _exuspheiaBaId; ocs+HdEdPa0h, ags—arstsane7 1} nud-kre s$paee9 surroundi ng
t he reactzi orpLnbER oSkt ahgd vadvanisagesys to apply this indirect form of
heating only to the first 20 to 30% of the fixed bed and to heat the
remai ning bed 35 length to the required reaction tenperature using the
radi ati ve Reagefd| ggaetor nfqume foanbedetiom 2ndi AereCHredngngo ofha he reaction
gas nay be domdntisoh ddvan¢d afjemds bgdwbtiuldr ect theatbhngilley regotdxustrinon wit h
ol ecul ar, LO¥¥BEN wdtdshetheaddlyitogafatidh it 1yFRNT .any ¥beéugid ¥
'SOtherrﬂ% 593£$§éH1okﬁdggfﬁﬁﬂﬁgydgybe,aas disclosed, for example, in the
documents US-A 4 788 372, US-A 4 886 928, US-A 5 430 209,
Us-A 5 550 171, US-A 5 527 979, US-A 5 563 314 and EP-A 832 056
is disposed in a reaction tube or in a bundle of reaction tubes
30 @5 a fixed bed. The reaction tubes are customarily indirectly
heated by combusting a gas, for example a hydrocarbon such as
methane, in the space surrounding the reaction tubes. It is
advantageous to apply this indirect form of heating only to the
first 20 to 30% of the fixed bed and to heat the remaining bed
35 length to the required reaction temperature using the radiative
heat released in the combustion. Indirect heating of the reaction
gas may be combined advantageously with direct heating by
combustion with molecular oxygen in the reaction gas. In this
manner, a virtually isothermal reaction is achievable in a
40 comparatively simple form.

Suitable reaction tube internal diameters are from about 10 to
15 cm. A typical dehydrogenation tube bundle reactor comprises
from 300 to 1000 reaction tubes. The temperature in the reaction

45 tube interiors is in the range from 300 to 700°C, preferably in
the range from 400 to 700°C. The working pressure is customarily
in the range from 0.5 to 8 bar, frequently from 1 to 2 bar or



40 conparatively sinple form Suitable reaction tube internal dianeters are
fromabout 10 to 15 cm A typical dehydrogenation tube bundle reactpg DEC 2005
conprises from 300 to 1000 reaction tubes. The tenperature in the reaction
45 tube interiors is in the range from 300 to 700C, preferably in the range
from 400 to 700C. The working pressurei2s customarily in the range fromO0.5
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t he anent ?g% ca%%glbsgwbe( con?é ure/g o %a]lha ﬁ? bed. For exanpl e, gt he
. movi ng catal yst bed may be accommdat ed in a radi al flow reactor. In this,
the cat allyspnmavesnguaduadl ydanem abput an2eebetbomukilee rthetd0aGHLU0A gas
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one reactorc?T'la &83¥¥ypically up to four). Th| s 30 allows excessively

high differences in the tenperatures of the reaction gas mxture at the
reactor éft range 1and LEpLdOfatesl thho ré?fcté\bﬁ' gdede (4 rhéc'@:@d@gé Wtﬂh% node, the
cont ent -t he railcoten AISAER LURELLAN geﬁ“ﬂa&‘i& B e
attractive g%“BRa/]eer'al C}B%% CBHBLYRE dag'ﬁ‘lyeg (gt’ c%ﬁaﬁ)f?ih%d has

left the no¥ley iRegtpEactprthisy fhe fakpdiystabevearfr advéd 1y ety torntexanpl e
of a deh&%rngWQm|whnle 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
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
reaction gas mixture at the reactor entrance and reactor exit to
be avoided (in the adiabatic mode, the starting reaction gas
mixture functions as a heat carrier on whose heat content the
reaction temperature is dependent) and, despite this, attractive

35 overall conversions to be achieved.

30

When the catalyst bed has left the moving bed reactor, it is
regenerated and then reused. An example of a dehydrogenation
catalyst for this process is a spherical dehydrogenation catalyst
40 which consists substantially of platinum on a spherical aluminum
oxide support. In order to avoid premature catalyst aging,
hydrogen is advantageously added to the isobutane to be
dehydrogenated. The working pressure is typically from 1 teo
5 bar. The hydrogen to isocbutane (molar) ratio is advantageously
g5 from 0.1. to 1. The reaction temperatures are preferably from 550
to 650°C and the gas hourly space velocity of reaction gas mixture
is from about 200 to 1000 h-l. The catalyst charge may also



catalyst for this process is a spherical dehydrogenation catal yst 40 which
consists substantially of platinumon a spherical alum num oxide stzﬁ) rEE'ZU[]S
In order to avoid premature catal yst aging, hydrogen is advantageo 3
added to the isobutane to be dehydrogenated. The working pressure is
typically from1l to 5 bar. The hydrogeb3to i sobutane (nolar) ratio is

advant ageougb)sige Je aanxéuré fbfldeﬁpar&f@ﬁﬂl% heares Al asy f5£ preferably
from550 taq gg&t[asn % 8%&%‘4}% Cisty of reaction gas m xture
is from aboutEl ¢ 60 yst charge may also 2 8 D E C 2005
13 consist of a m xture of dehydr ogenatl on and H2 oxidation catalysts, as
recommended rhytiP-#x832b086prddedshe Bexeditel] phecesserydegebnbetl ntaﬁ .

ol | ow

catal yst de dTR\ kew serb ., n
or solid). %qfﬁﬁ‘g%lsher prsgggs var ?gn?lfggﬁlelg?ﬁlgﬁiz@kiﬁ,ﬁ%%o%%%g to the

invention is described by Proceedings De Wtt, Petrochem 10 Review, Houston
Texas, 1992 aafuithermpirohes®s ntanjanat éertfﬁcm@&sbbhéimwaﬁoralhgtm ageneousl| y
catal yzed dehydreoganaki a8sérired byui gigeskdiedsWob houtt didedtrbBBed he

| sobut ane. Fgﬁe‘vardo%@tgﬁdi@[ﬁsag%%'X 'rE‘lVO'v)ﬁ‘i%hOBgﬁééﬂg!l%tgéﬂtﬂé ui di zed beds

15 19 L
The ot ive. EBRBHT IO RsRd s A oREBR Y e S el S O OTEBRE s e

wor ki ng prefduidized begi vhrrgut [ddrting thes isgbusaeet he dehydr ogenatl on
tenperature is generally from550 to 600C. The heat required for the

dehydr ogenaty,on 6&1 rQQU& e%(&s'lgt Qn‘}merse%%gk‘g@lr?é/%%mf?ﬁ{ P LNERLLOY the

.dehydrogenatl on % reaction ng pressure

is regulid 78St A ?eerhecﬁqqgh’ f‘an)ké? aquﬂcgsfy?)lf. cally from
550 to GOOCreTﬁ’éereﬁi’é\?é d"éh‘?/oq‘ctfdé’ﬁaﬁ%ﬁoﬁfﬁwuisgdaJr%d?hfd‘iméél“o@é’eﬁei 97t he
literature adunheuSexipeogthe iwordisgnpeesRFepisceysicdAslyafrant brimative to

t he above- desérbiecngdr aheddsiesirogeaatioOn teipreafuh€ Cid dengrhDly hradmngent i on
may al so betpeghp2edTRE QA RAquifed RIXO0GRESILRYSI R thYn ABP 1IBYS-&J est
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Comon t & ft ero egﬁousl cat a ocesses , for
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As an alternative to the above-described procedures, reaction

zone A according to the invention may also be realized according

to a process developed by ABB Lummus Crest (cf. Proceedings De
30 Witt, Petrochem. Review, Houston Texas, 1992, P1l).

Common to the heterogeneously catalyzed dehydrogenation processes
for isobutane described hitherto is that they are operated at
isobutane conversions of > 30 mol% (in general < 70 mol%) (based

35 on single reactor pass).

An advantage of the present invention is that it is sufficient

for the process according to the invention for an isobutane
40 conversion of from = 5 mol% to = 30 mol% or = 25 mol% to be
achieved in reaction zone A. In other words, reaction zone A may
also be operated at isobutane conversions of from 10 to 30 mol%
according to the invention (the conversions relate to single
reactor pass). Among other factors, this results from the
dilution with molecular nitrogen of the remaining amount of

unconverted isobutane in the downstream reaction zone B, which

45



achieved in reaction zone A In other words, reaction zone A may also be
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SUff'C'E”Es ttelathi\e@d advantageously from 0.5 to 1. It has also proven ad-

vantageous for a procedure with low isobutane conversion that
only a comparatively low heat quantity is consumed in single
reactor pass of the reaction gas and comparatively low tempera-
tures are sufficient to achieve the conversion in single reactor

30 Pass.

According to the invention, it is therefore advantageous in the
reaction zone A variant with comparatively low iscbutane
conversion to carry out the isobutane dehydrogenation (quasi)

35 adiabatically. In other words, the starting reaction gas mixture
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
pass through a catalyst bed will then be sufficient to achieve

40 the desired conversion, and the reaction gas mixture will cool by
from about 30°C to 200°C (depending on the conversion). The
presence of steam as a heat carrier is also advantageous from the
point of view of an adiabatic method. The relatively low reaction
temperature allows relatively long onstream times of the catalyst

a5 bed used.
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catalyst bed may be arranged in the annular gap between them. In

the adiabatic case, the jacket would in turn be thermally

insulated.

25

Useful catalyst charges for the reaction zone A variant according
30 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.

After a relatively long operation time, the abovementioned

35 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
700°C. The gas hourly space velocity of regeneration gas may be,

40 for example, from 50 to 10 000 h-l! and the oxygen content of the
regeneration gas may be from 0.5 to 20% by volume.

In the further downstream regeneration stages, air may be used as
the regeneration gas under otherwise identical regeneration

45 conditions. Tt has proven advantageous from an application point
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t he annul ar Qﬁ%sh‘éf éoeh-ceWt RRBY e3Aasdrrral0Qriai20085h7Advant ageousl y the
reaction gas mxture will be subjected to internediate heating in the tray

reactor on ifS,Way ﬁ:ﬂ%?%s& el ta?slcyxﬁén ttﬂetP J%;r\%gkg XSxF Ay for

exanpl e ¥ passi at exc ases or by

passing it ?5‘{}3'1? GPpERe h]éﬁ"eé‘ B9 ‘ﬁJott FFBG§?FJO‘FF e tray
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desired i sobutane conversions (5 30 nol %, in 45 particular when the

catal ysts d@ﬁ%éiégﬂﬁfigegiﬁéf% %%agSZnéIE%tJlgst bed catalyzing the

25 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

30 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.
35
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

40
through pipes heated by hot combustion gases.

When the tray reactor is otherwise operated adiabatically, it is
sufficient for the desired iscbutane conversions (=< 30 mol%), in
45 particular when the catalysts described in DE-A 19 937 107, in
particular those of the exemplary embodiments, are used, to pass
the reaction gas mixture into the dehydrogenation reactor pre-



particul ar those of the exenplary enbodi nents, are used, to pass the
reaction gas mxture into the dehydrogenation reactor pre 2 8 DEC 20?& 01#1 2005
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released thus allows virtually isothermal operation of the
heterogeneocusly catalyzed isobutane dehydrogenation in a
guasi-autothermal manner. As the selected residence time of the
reaction gas in the catalyst bed is increased, isobutane
dehydrogenation is thus possible at decreasing and substantially
constant temperature which allows particularly long onstream
times.

30

In general, oxygen feeding as described above should be carried
out in such a manner that the oxygen content of the reaction gas
mixture, based on the amount of iscobutane 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
also air. The resulting combustion gases generally have an
additional dilution effect and thus support the heterogeneously
catalyzed isobutane dehydrogenation. The dehydrogenation
temperature in the tray reactor in the process according to the
invention is generally from 400 to 800°C, and the pressure is
generally from 0.2 to 10 bar, preferably from 0.5 to 4 bar and
more preferably from 1 to 2 bar. The gas hourly space velocity is
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cat al yzed i sobut ane dehydrogenation. The dehydrogenation tenperature in the
tray reactor in the process according to the 45 inventiop is generalleaym{)[]r
400 to 800C, and the pressure is generally from0.2 to 10 bar, preferably
fromO0.5 to 4 bar and nore preferably from1 to 2 bar. The gas hourly space
velocity is 2 8 DEC 2005 18 generallyigrom500 to 2000 h-1, and in
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t he i1 sobut an ses, for

a
exanple, - oBaRBTOHERIRInEe LOPRRA cife 02 LER IR, THODREaHEG NI, OBy es ton

acetyl ene, rprreﬁaﬁes ﬁd’f’:@péﬁecoHZS‘zOS@Zd Peast AREsN2 ACEOMPARYHHE a“@@ousl y, the
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at | east 70%nby¥h¥otslee ofphabet abinied® ghséeast 80% by vol une, nore
preferabl4® at |east 90% by volunme and nobst preferabiy at |east 95% by

vol ume, of isobutane. In _ _ _
It will be appreciated that reaction zone A according to the

invention can also be realized in a jet pump circulation reactor
as described by DE-A 10 211 275. Quite generally, all

30 dehydrogenation variants described in DE-A 10 211 275 are usable
in reaction zone A according to the invention.

Tt is essential to the invention that the isobutane used in
reaction zone A is not pure isobutane. Rather, the isobutane used
35 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.
Advantageously, the crude isobutane to be used comprises at least
60% by volume, advantageously at least 70% by volume, preferably
40 at least 80% by volume, more preferably at least 90% by volume
and most preferably at least 95% by volume, of isobutane. In
particular, a mixture of isobutane, isobutene and cycle gas
arising from removals from the product gas mixture A may also be
used for the reaction zone A according to the invention.
45 )



particular, a m xture of isobutane, isobutene and cycle gas arising from
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| east pard@ ally added to reactor zone A or utilized in another way. In the
sinplest case, it may be conbusted in fuel cells. Steam contained in the
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is able to remove only individual components.

For example, the hydrogen may be removed by passing the product
gas mixture A, optionally after it has been cooled in an indirect
30 heat exchanger (advantageously, the heat removed is used to heat
one of the feed gases required for the process according to the
invention), over a membrane, generally configured as a tube,
which is only permeable toward molecular hydrogen. The molecular
hydrogen individually removed in this manner may, if required, be
35 at least partially added to reactor zone A or utilized in another
way. In the simplest case, it may be combusted in fuel cells.

Steam contained in the reaction gas mixture A may be individually
removed simply in a condensation stage and, if required, recycled

40 4t least partially into the reaction zone A.

Removal of hydrogen and steam is possible, for example, by
converting hydrogen contained in the reaction gas mixture to
steam by selective heterogeneously catalyzed combustion using
oXygen over suitable catalysts and then removing it by
condensation. When any oxygen in the reaction gas mixture A is
used for the abovementioned selective combustion, molecular

45
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exanpl e BF Reathdthydd8BLESSHY | zation-evaporation (flashing) and/or
distillation (rectification) or stripping using a gas which is inert in

relation to reaction zone B (for exanple nitrogen and/or stean) and/or

mol ecul ar oRygémpler meithodres nemo3dngnsulistgasds landahblaoppaenoxyaferrhef or
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desorption, for example by heating, depressurization-evaporation
(flashing) and/or distillation (rectification) or stripping using
a gas which is inert in relation to reaction zone B (for example
nitrogen and/or steam) and/or molecular oxygen or mixtures of
inert gases and molecular oxygen (for example air) recovers the
iscbutane and isobutene in the mixture which are used to charge
reaction zone B.

30

When the stripping gas used is air or an oxygen-nitrogen mixture
35 where the oxygen content is above 10% by volume it may be
sensible to add a gas before or during the stripping process
which reduces the explosion range. Particularly suitable gases
for this purpose have a heat capacity of > 29 J/mol-K (based on
25°9C and 1 atm). For example, isobutane may be used as such a gas.

40
The absorption offgas containing the molecular hydrogen can, for
example, again be subjected to membrane separation and then, if
required, the hydrogen removed can be used in reaction zone A.
The residual gas remaining after the hydrogen removal may, if

45 required, be used as a diluent gas in reaction zones A, B and/or
C. The boiling point of the organic absorbent should preferably
be = 100°C, more preferably = 180°C. The absorption may be
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and al so heat®
of di phenyl CaRER PReR§HaRITFAIPE hABLRh |4 RECEHEITY ALEPES - t REABILSand
triaryl al kehhsredforingkadelaliphatdrhyfor) exgapl ¢l Giphenglaratlkgneshmk it s
i soners %gEhhymaﬁEc heazyd diaheny lfoet dydmle aliddle oil fractions from
paraffin distillation, or ethers having bulky groups on the
oxygen atom, or mixtures thereof, to which a polar solvent, for
example the 1,2-dimethyl phthalates disclosed in DE-A 4 308 087,
may be added. Further suitable absorbents include esters of
benzoic acid and phthalic acid with straight-chain alkanols
containing from 1 to 8 carbon atoms such as n-butyl benzoate,
methyl benzoate, ethyl benzoate, dimethyl phthalate and diethyl
phthalate, and also heat carrier oils such as diphenyl or
diphenyl ether and mixtures of diphenyl and diphenyl ether or
chlorine derivatives thereof and triarylalkenes, for example
4-methyl—4’~benzyldiphenylmethane and its isomers
2—methyl-2‘-benzyldiphenylmethyl [sic],
2—methyl-4’'—benzyldiphenylethane [sic] and
4—methyl-2'—benzyldiphenylmethane and mixtures of such isomers. A
useful absorbent is a solvent mixture of diphenyl and diphenyl
ether, preferably in the azeotropic composition, in particular of
about 25% by weight of diphenyl (biphenyl) and about 75% of
diphenyl ether, for example the commercially obtainable biphyl.
Frequently, this solvent mixture comprises a solvent such as
dimethyl phthalate in an amount of from 0.1 to 25% by weight,
based on the entire solvent mixture. Other possible absorbents
include octanes, nonanes, decanes, undecanes, dodecanes,

30
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from 10 to 100 bar. Useful rectification columns include randomly

packed ceolumns, tray columns or columns with structured packing.

Useful tray columns include those having dwal-flow trays, bubble

cap trays or valve trays. Two rectification columns, for example,

30 may be attached in series in a simple manner. In the first

column, the components having higher beoiling points than

isobutane and isobutene are removed as the bottom product. In the

second column, isobutane and iscbutene may be removed overhead

from lower-boiling components.

35
After the removal reguired according to the invention of at least
80 mol% of the components other than isobutane and isobutene
contained in the product gas mixture A, the resulting product gas
mixture A’ may be used to charge reaction zone B. If required,

40 the product gas mixture A’ may be brought to the reaction
temperature required in reaction zone A’ by indirect heat
exchange.

The methacrolein-containing product gas mixture B formed in
reaction zone B is then used without preceding removal of
components contained therein to charge a reaction zone C.
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reaction 1cepditi@nfay ber opffh ARG inf Ohe tithel MafhepXd4lalHOREOREN t hE
reaction zong, ﬁaéiér&bu 899 é‘xfa%ll%“? £ e AL %E%Eﬁ&&iﬁ%egz%ﬂ@rg%ﬂr%l ng' ven to

a catal yst bas nment

on nmu ‘des aﬂ
Vo Bi -Fo. WiEPECIOT TNS EoLbRIP T IOm s GRLe - Thie RSAEEROR: rdmgooers
(et hacr ol eigAvARtHAGK FRERLNET dJasedypaf BREHAEtRd ABIdRS ISPTPFIERNT Fheat al yst s
-based on nulkeflemenialcompindbiobasedisfet hehidleefont tbeonddavatd oniftn i n
particul &3 tzbae, heteenepotyati tie cExnePhesaleimindumical 10xi deidat al yst s
ilflg t aBIE eAf (ir rbeasddQn 1é05t6rmﬁtﬁf 1%ﬁcwsceeeﬂcat1| ysb$ ﬁaéec?% G ihdEA f 16|6|
and 111 i nm%l‘jgés 5&255&"&2 LI@ f%)ﬁb4§ @g; (%( Si {lnt ;L%éft%'g%grrrg%m tions
of the formiF48* ?n‘g]ﬁ'&cllfi 'h the same DE-A), DE-A 10 101 695 (nul ti net al
oxi de conpositions of the formullae I, 11 and Ill in the same DE-A), DE-A 10
063 162 (MulkhiBied IXhd@timetal oxide catalysts suitable for reaction zone
B are disclosed by US-A 4 954 650, US-A 5 166 119,
DE-A 10 121 592 (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-3A),
DE-A 10 101 695 (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-A), DE-A 10 059 713
(multimetal oxide compositions of the formula I in the same DE-A)
and DE-A 10 049 873 (multimetal oxide compositions of the formula
I in the same DE-A).

25

30

A variety of multimetal oxide compositions suitable as catalysts
for the reaction zone B can be subsumed by the general formula I

35

R 1 23 4
Mo12BilFepXeXaXeX£0q (1)

where the variables are defined as follows:

40 _
Xl = nickel and/or cobalt,
X2 = alkali metal, thallium and/or an alkaline earth metal,
X3 = zinc, phosphorus, arsenic, boron, antimony, tin,

cerium, lead and/or tungsten,
45 '



conpositions of the formula | in the sane DE-A), DE-A 10 059 713

(mul timetal oxide conpositions of the fornmula | in the sanme DE-A) and DE-A
10 049 873 (multimetal oxide conpositions of the formula | in the spEBEC 2005
DE-A). A variety of multinmetal oxide conpositions suitable as catalysts for
the reaction zone B can be subsuned by the general fornmula | 35 4

Mb12Bi aFebX~XdXeXf On where the vari abl2% are defined as follows: 40 45 X1 =
ni ckel and/ gf cohdliticoX? slwhicali, TBtatiud hald/bun:afhrdman al kal i ne earth
metal, X3 = zinc, phosphorus, arsenic, boron, antinony, tin, cerium |ead
and/ or tungsten, 2 8 DEC 2005 24 X4 = silicon, alum num titanium and/or
zirkonium & = friger0%55t¥% > 5 b = from0.01 to 5, preferably from2 to 4,
c =fromO to 10, preferably from3 to 10, 10 d = fromO to 2, preferably

from 0.025t9 2, f(}m:nwhlfg tOotso ?regéggﬁyg?r¥H250 04to 5, 15 f = fromO to

10 and n = a nunber i's "det’érm ne val ency and frequency of the
el ements other than oxygen in |I. 20 The conpositions are obtainable in a

manner knows per em( 6fteo 14,0prexampbey omA3100124, 592) and are customarily
used as such shaped into spheres, rings, cylinders or else in the form of

coated catal ysts, i.e. preshaped inert support particles coated wth the
active cdflp8stti drom§ Exahplrreferably tfasime OuABuppott ed catal yst geonetries
include solid cylinders and hollow cylinders having an external dianeter

and a length of from o J0 mm._ | he.case of the hollow cylinders, a
wal | thickn8ss ofIPFOﬁ]%Pt%}:?rﬁéngb%ﬁJgﬁFbgegﬂsg’It 30 will be appreciated
that the unsupported catal yst may al so have spherical geonetry and the

‘sphere di aneter raypmbe £§010 2ando 10 mMm Useful coated catal yst geonetries
are |like#se disclosed by DE-A 10 121 592. 35

n = a number which is determined by the valency and frequency
of the elements other than oxygen in I.

20 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
coated catalysts, i.e. preshaped inert support particles coated
with the active composition.

25

Examples of suitable unsupported catalyst geometries include
solid cylinders and hollow cylinders having an external diameter
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 1s advantageous. It
will be appreciated that the unsupported catalyst may alsc have
spherical geometry and the sphere diameter may be from 2 to

10 mm. Useful coated catalyst geometries are likewise disclosed
by DE-A 10 121 592.

30

35
According to the invention, further multimetal oxide compositions

useful as catalysts for reaction zone B are compositions of the
general formula II

40 [Yla’Yzb'ox']pfY3c'Y4d’Y5e’Y6f'Y7g'Y2h'oy']q (II)
where the variables are defined as follows:

¥t = only bismuth or bismuth and at least one of the elements

45 tellurium, antimony, tin and copper,



According to the invention, further nultinmetal oxide conpositions useful as
catal ysts for reaction zone B are conpositions of the general formg@pE[ 2[}]39
[Yia' Y2b' OX' ] P[ Y3c' Y4d Y5eY6f' Y79'y2h' Oy' ] q where the vari abl es are defined
as follows: 45 Y1 = only bisnmuth or bisnuth and at | east one of the elenents
tellurium antinony, tin and copper, 228 DEC 2005 25 Y2 = nol ybdenum and/ or
tungsten, Yy32=amdlyrlehuf®hdd /ot Rankkuay and/ or samarium Y4 = an al kal i ne
earth netal, nickel, cobalt, copper, nmanganese, zinc, tin, cadm um and/or
mercury, 10 Y5 = iron or iron and at |east one of the el enenents chrom um
cerium and Vanadiamaljgls peioshbhched Liansam or Isermapiamd/ or antinmony, 15 y7
= arare earth netal, tltanl um zirconi um ni obium tantalum rhenium

rut heni um5 r hodiu ILlyer , _al u i ndium silicon,
ger mani um Q ad, %}16‘}31 Xﬁﬁﬁcﬁg tﬂ" ﬂﬂe&ﬁ ]a CQE?%m‘ﬁ?H?frt'om%r}g%‘,es?'from
0.1 to 30, c' = f?’cﬂﬁrottlé 4cadlrzlswand/9¥drﬁ@wrd 20, e > [sic] fromO to 20,
30 f° from0t06 g =from0O to 15 35 h, = from8 to 16 X',y' =

nurber s Whi Gb ar e, et eum ped By the walengy. and fe LegHEncr O RLSIRALS. ot her

than oxygen™in || whose Tati o I n
f avor abl ecases, "E?‘Fe‘-%laf’ anad Jd‘)?] de conpositions I I corrprl se
t hr ee- di nensi onal regions which are delimted fromtheir |ocal 45

envi ronnent @w. n d t n eir | ocal
envi ronnent Yand g‘%ﬁ&ﬁtglaglﬁ%méé%gég{cl%nrrpgg??ﬂl?g%{é\;og ?(%{:bﬂgoaxﬁwand whose

¥?7 = a rare earth metal, titanium, zirconium, niobium, tantalum,
rhenium, ruthenium, rhodium, silver, gold, aluminum,
gallium, indium, silicon, germanium, lead, thorium and/
or uranium,

15

20 a’ = from 0.01 to 8,

b = from 0.1 to 30,

¢’ = from 0 to 4,
25

d* = from 0 to 20,

e’ > [sic] from 0 to 20,
30

£f* = from 0 to 6,

g' = from 0 to 15,

35 hr = from 8 to 16,
x',y’ = numbers which are determined by the valency and frequency
of elements other than oxygen in II and

40

P.g = numbers whose ratio p/q is from 0.1 to 10.

In favorable cases, the multimetal oxide compositions II comprise
three-dimensional regions which are delimited from their local

45 environment owing to their different composition from their local
environment and of the chemical composition Y¥l,.Y2%,.04. and whose
maximum diameter (longest line connecting two points on the



maxi mum di aneter (longest |ine connecting two points on the 2 8 DEC 2005 26
surface (boundary | ayer) of the region and passing through the nain focus
of the region) is from1l nmto 100 Km frequently from 10 nmto 50Q gpr©fj,
from1l dun to 50 or 25 m 5 Wth regard to the shaping, the remarks made on
mul ti metal oxide conpositions | catalysts apply to multinetal oxide
conpositions |l catalyts. 10 The prep&ation of nultinetal oxide

conposi ti onsutdaceat Bbysisry Saydescot bet reationxanp|mssiygEPhAvEtb89é, DE- A
19855913, DEath %CQQGOQSJh@Q%&%h’?‘ 19 42k 394m Reardd %,Z?Pg%@dtﬁy”?§$m
easily real ;H&?g‘i gl% goguéfrﬁ L & hLeactor 50#§rv\%95u%1 catal yst tubes are

y

I
charged wit ySt. ecomplguralon e'entirely simlar to the
teaching of EP-A 911313, EP-A 979813, EP-A 990636 and DE- A 2830765 for the
Earti a:c_ Sxi gt ixeraell P6 o esrm@.ptgg ACtHY @lefarkh hﬁéd@é%@n ma@8Che Y @A B mMAY
e configur : tri - < s r; tion
t enper at ureggms&%elttg‘rdgglf/ %ﬂéén%ﬁyégg to 5(}?{] ﬂ%gglﬁétg%lcﬁ%gepgg%%gﬁg 1}828
advant ageou%#yc%rag%tﬁﬁ to 5 frequently froml1l to 3, bar. The gas hourly
space velocity (1 at STP/1h) on the oxidation catalysts is frequently from

150]9_ to ggoﬁn@' e%ra_r%‘@i&QQﬁ' Bl t ikt P iI93GIdR! BompEATLilRR EQn@aﬁl%DEsiﬁ§o be
configur Iy S L alpd 68GHI : T i n DE-
10837817, B2 %%gggg%é PR J@iﬁg‘pggégg?éos%@- To3ERaTL " 5
Customarin?ETzhel e r Al PfEﬁg, £l 3 priate in nmultizone reactor
systens, is adjusted in a manner known per se to the specific reaction gas
m xture COnposidiodnahed @l S0 redtaby$i1y33eaN8L88 byl NE LIBLeSH @ PEUALHr
required, Lnadie TGRCLL00 AONS B DSCRASALY oikRM A0 Y CRHL Ofbd S IOLIELL Y
added in advanﬁ%ln i,1sS. ent] r.elt\é to e cﬁgrgl ng. das mxfyre or-reaction
zone B. 40 R®¥ MA PPELESHhI M 450Ee T MEPEEUTArC DXy gén tat it in the

char gi ng gaBPfrd7P8a8t i Birfy HPE6B6 o0rnd IFmMA12830 6B Loy dfgePaTtialfrom 1:1.5 to
2.5, is setoximtAonerfeporizsedtometdesnoi Ohharneisey okathiomaenphise
partial oxhgptieompbnoigquidecid aaugky gan vgenes 8k 445 handaosadvsrdsageous

ef fect ogot he kinetics of the gas phase oxidation in reaction 28 DEC 2005

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/l-h) on
the oxidation catalysts is frequently from 1500 to 2500 h-l or

25 4000 h-1,

In principle, reaction zone B may also be configured as described
for similar reactions, for example, in DE-A 19837517,

DE-A 19910506, DE—A 19910508 and also DE-A 19837519.
30

Customarily, the external heating, i1f appropriate in multizone
reactor systems, is adjusted in a manner known per se to the
specific reaction gas mixture composition and alsoc catalyst

35 charge.

The molecular oxygen required in the reaction zone B necessary
for the invention is normally added in advance in its entirety to
the charging gas mixture of reaction zone B.

40
Normally, a molar iscobutene:molecular oxygen ratio in the
charging gas for reaction zone B of from 1:1 to 3, frequently
from 1:1.5 to 2.5, is set.

45 An excesé (based on the stoichiometry of the gas phase partial

oxidation) of molecular oxygen generally has an advantageous
effect on the kinetics of the gas phase oxidation in reaction



27 zone B. In contrast to the conditions in the reaction zone Ato be
applied. according to the invention, the thernodynamc ratios in reZlStDiE@rI[][]S
zone B are substantially not influenced by the nolar reactant ratio, since
t he heterogeneously catal yzed gas phase 5 partial oxidation of isobutene to
met hacrol ein is under kinetic control27In principle, it is therefore also
EQSSi bl e, | fQBTQ@Wﬁ'necoh@raé{‘iﬁd ?hbyEGMﬁ%ntsP@ni SROULERR 1 bAt 901‘[@%Cttioont ﬁone
in a nola : ar, ox S, case, e
oxcose 1 sopq Lt acpPrAtid ke dnky oA, %h%%fﬁ%#&odgﬁa?ﬂ% Rar
source for tHe"TTECH ﬁ?n%ggaé?‘? ISBHEF?%leacﬁ@r BPF TRELyeRcE agi’iUFF 7Gtérs
whi ch i s noFfaff3ntadiftied e Hhedhetexpuenepusly ecatalyerer gas tphiaseused to
char ge re&cpravhizlbornxiBatson rof pacbihtehartomegbacdo ledred swuhle ot eetliar
ni trogen. Adwerglageously, air will be used as the oxygen source at least to
cover part of the need for nolecul ar oxygen, since the nitrogen 20 also to
be used in reaction zone B may be introduced into the reaction systemin
t hi s manner Ipnpeingdpjesi kpl &6 wprefonevalso popeiblen fufr erempbeedd ar oxygen
requi red ovenatially cheagéiidre ZeobubBen@myirdes @eattbatyzde gohhad medairn t he
product gasegBedd Xiheide tdivnRdumeedchId0 Jx@aehl Ofh 20018 BasEOVWEMElexcess

preference L, Gloteh o0, 00 10U AKX 9BR: D120 6001 &I Nt g el n. Fur Ther

useful oxygen Sources usa e reaction zone 1nclu nol ecul ar oxygen
diluted with inert gases such as C02, CO noble gases, N2 and/or saturated
hydr ocar bona. udefieix aspkee oforsutle anledulnny@apgenUr&fuiredaceycdrl gas di verted
-fromthe I%r PEESSi AL GORE BOvnid tiBenbANeNty AAmAREa IeoiiftlRdalft ogdeacti on zone
B In théSprocess, accarelng 0 LNgeLaveNddlee! Pe, S0NC e fars TDlgoul ar
oxygen in the downstreamreagction zon% o12patt. Trom any nolecul ar oxygen
al ready conPafhEdtiaf f’ﬁ%g?)’?_oc%‘t}&_ FeHali R AUEEULAT 21 %W fPant ageous! y at | east
partial |y aREVPRE¥I@CNBLY, e WidilveeyusRd asThBe neX¥dehFodrceorld astatOr oom
t enper at ur ecPved parg bt tie ohect £40 makeaularupsygen, rsiniee pheceigsogeoor di ng
to the invealsonadmg uséd irequwacedonbforns@dnky BoOlntidRiupeadigio gde m xture

A on it $%agact 1t s88EHI ON 2QREnBndS iHa RESFUSImIRS WXt ure B | eaving
reaction zone B to be used according to the invention is generally

substantially conposed of the target product nethacrolein or a mxture
t her eof wi t Howengtha@r ppreiceriaf, thacoeieauled owleen| zaquirggenveriasldbinane, 2 8
DEC 2005 28reaction zone B may also already be contained in the product gas

25 mixture A’ introduced into reaction zone B. However, preference
is given to no more oxygen being contained therein. Further
useful oxygen sources usable in the reaction zone include
molecular oxygen diluted with inert gases such as CO;, CO, noble
gases, N; and/or saturated hydrocarbons. An example of such an

30 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

35 any meclecular oxygen already contained in the product gas mixture
A’, is advantageously at least partially and preferably
exclusively air.

The metering of cold air at room temperature into the hot product
gas mixture A’ in the process according to the invention may, if
required, be used to cool the product gas mixture A’ on its way
into reaction zone B.

40

The product gas mixture B leaving reaction zone B to be used
according to the invention is generally substantially composed of
the target product methacrolein or a mixture thereof with
methacrylic acid, unconverted molecular oxygen, isobutane,

45



unconverted i sobutene (the nolar conversion of isobutene in the reaction
zone B according to the invention is preferably > 96 or > 97 nol% neC 2005
preferably > 98 nol % and nost preferably > 99 nol %, nol ecul ar nitroggrq
(optionally nol ecul ar hydrogen), 5 steamformed as a by-product and/or used
as a diluent gas, carbon oxides as a P®-product and/or used as a dil uent
gas, and al $@cosveddecaiBYRE Serd (Qﬁu@ehoh%orﬁvle@QQMgeéf mayu@ﬁﬁébﬂnst@nd

ot her 'ner} Q&Ja&ﬁptzo%sgs c#; %g t@ﬁe lsn %&gﬁﬁ' 953&%&&@@3{ ¥J'C
o

acid conten ninze
es!senti al t& ¢ ]rr?\/eh‘PFénp’f Pér \?élfisf“BﬁtcﬁrEfle§SBﬁ¥ene |n the

reaction zoﬁe9% 1al) ,9BokpFudan Rixgogay attrigenas 1 el §atlart BydFeaadtli.on zone
C are di s@& ssean famederanpl ey -dnpdDEtL Aadd B0 6B edUSs Aa Xill6@nt18as USakbonl53
162, US-A 4,254e6%E aUbyAphodntt G28/8Rdudda AslQ 81buam®.gaBhesgdpatpnts al so

teach the usg,ef SRCCALR St 1onelChlady d, yﬁggi As_phesplirts, they

customarily trans
particul ar &85%@ é%\}l{?ﬁgd%ﬁ?s a?goé'ﬁv(e,r' }Pﬁ ﬁﬁ?ﬁ YR ‘ill%m 8n§| %%Otﬂ‘giyéégl um
(cf. DE-A 43g99050ntspts qummlfpdAlwq%&}weDElW Theg ApvanBiaygdést s
mul ti net &l0 dgi deseuripdstoi ums igiveniigon gelmer dlhef pphat acdriver250f A [Bj g (111)
where the vaesbbbt&f dnetHefiéamstiasn koheéoysis 30 94 mdDL2XalXb2XC3Xd4Xe5(k  B:
Mof X69X7hOy 35 40 X1 = H, of which up to 97 nol % may be repl aced by
ammonium K, Rb and/or Cs, Xz =V, Nb, Ta, Wand/or Re, X3 =B, Si, P, Ge,
As and/ or SBdvaatagegus gptakestscdornreacpioygongytC &xe Hecapsedr B, X5 =
.S, X6 = Cu, ekempls, bi PEZA,44b060h, URGA Tal,66Sr11andve+A Ba,153XT62, Nb, Ta
and/ or SB5 45-a £ 954Ves0] t9-8.,4 s58=008 GAD DE-R018, 81% 791 one e tatentd B
DEC 2005 29,150 teach the use of such catalysts. As well as molybdenum and

phosphorus, they customarily comprise metallic and transition

metallic elements, in particular copper, vanadium, arsenic,

antimony, cesium and also potassium (cf. DE-A 4329907,

20 pE.a 2610249, JP-A 7/185354).

DE-A 19 922 113 suggests multimetal oxide compositions of the
general formula III

25
{Alp [Blg (I11)

where the variables are defined as follows:

30 5. MO X2l Xp2X 3K g4 X530y

B:  MogX84X7n0y

X! = H, of which up to 97 mol% may be replaced by ammonium, K,
35 Rb and/or Cs,

X2 = Vv, Nb, Ta, W and/or Re,

X3 = B, 8i, P, Ge, As and/or Sb,

X4 = Cr, Mn, Fe, Co, Ni, Cu, Zn, Mg, Ca, Sr and/or Ba,
40 X> = S,

X6 = Cu, Fe, Co, Ni, 2Zn, Cd, Mn, Mg, Ca, Sr and/or Ba,

X7 = Nb, Ta and/or Sb,
45 & = from 1 to 3,

b = from 0.1 to 2,

c = from ¢ to 5,



d =fromOtol e =fromOtol, f =fromOto 2, 59g=from0.5to0 1.5,
h from2 to 4, x,y = nunbers which are determ ned by the val ency qu EC 2005
frequency of the elenents other than oxygen in (1), 10 p = 1 and q°= B %F
15 p, q are integers other than zero whose ratio p/qis from160:1 to 1:1
and the standard deviation of the stoi @9 onmetric coefficients a of the X1
vari abl es ofg i=ndi irdmab terystallites within the conponent A of the
mul ti metal oxide conposition is |ess than 0.40, preferably |less than 0. 20,
in particul & T es$TRafl B2 1. The conpositions preferably conprise the
fraction [Alfp< n tfhemf ored »f three-di nensional regions A of chem cal
conposition A which 20 are delimted fromtheir |ocal environnent owng to
their dif5étént CRERi BaP @nfpdsition and the fraction [Blq in the form of
t hr ee- di neng enal fregi enso By,0f chem cal conposition B which are delimted
fromtheir local environment owing to their different chem cal conposition
fromtheir I‘odaf SHFPEHRNEMCE 478 9SteHEINeEgPENthA i @nsYarRd JFL&GUEBEY ed
relative to each eofhtheaglenents prhet ythdinyiogedeni i@ Wid . of A and B. DE-A
4405060 recomrends, si i La§ 4 i get al oxide conpositions for a reaction
zone C. Li%ke the | t1 metal " oxide catal ysts for 30 reaction zone B, the

mul timetal dxi de eaeabysegerootheactha/h zegrevhGarmitciespdaat$ | frarsddoas such
shaped i nto spheres, 1¢lngsd athe eyhhdahed sleariaelicr oh tHee skofonhdimed@dted

catal ysts, i.e. preberi®denddQl brSHRPOIL vRALLD LD Caakledididh the active
composition. 35 Bxaghhgefled kA% el RRBLLAE £ AR nISOIRII, L, ge! ude
an 0 | T nder s_havin a

-solid cylinders OW CYV. an_exf er lameter — an

l ength ofl%rom 2 meEBSh%%OWI+Stﬁ855a2¥9Qﬁo' Re ﬂﬁﬁ%%ﬁéyigyﬁFﬁﬁeF n 0-Gar |

t hi ckness of fromiP PBTBLGHAALs 188FaRtaydodd - It 40 will be appreciated that
t he unsupported catal yst may al so have spherical geonetry and the sphere

di amet er ma‘yrhl%ec ﬁQSQiZt‘to%sl rJF fi :Pge Y f .lra d[A at 8l ¥le form
SRR o e 1t S p e e R
bundl e re2%tEe, dahtnLed TroRe B is Llofade e TSN AWERT tife HhEBE bundl e

react or of rdidderent zemiBa gomMEGI2GO5 and the fraction [B]g in the form
of three-dimensional regions B of chemical composition B which

are delimited from their local environment owing to their
different chemical composition from their local environment, and

25 the regions A and B are distributed relative to each other as in
a finely divided mixture of A and B.

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
inert support particles coated with the active composition.

30

35
Examples of suitable unsupported catalyst geometries include

solid cylinders and hollow cylinders having an external diameter
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
spherical geometry and the sphere diameter may be from 2 to

10 mm. Examples of useful coated catalyst geometries are those
disclosed by DE-A 10 121 592.

40

45 The simplest way of realizing reaction zone C, as in the case of
reaction zone B, is a tube bundle reactor, and so all remarks
made in relation to the tube bundle reactor of reaction zone B



30 are also simlarly valid for a tube bundle reactor of reaction zone C.
Wth regard to the flow of reaction gas and heating nmedi um (for exanpB@Frsaj
bath), the tube bundle reactors recomrended for both reaction zone B and
reaction zone C nay be operated either in cocurrent or else in
countercurrent. It will be appreciated3phat crosscurrent flows may al so be

super i nposedreAaMBaNEaLi1aG 15! ¥ 0 £dhe LEBDEL ML ARALYM & quad, 1 O
catal yst tul%%%elé particularly 10 advantageous and, viewed over the reactor,

may again beTn “Cocurrent or in countercurrent to the reaction gas m xture.
A particularly sinple way of realizing the reaction zones B and C 15 is

accor di ngl y v thubegithdce theaei®f ¥ trabBt Woh Ghhd h@acatat sd rdaacge(edanges
cor r esponds Nglaynak 0ngh fbetmndww%lb %H{i%’ét eddtes. nI@ 980 B4

catal yst tubes Y|5V|th cat al st O.ptl ona be int errup an Lnert bed

(EP-A 911313 CoEBiar oF, 2 Rp8 RORRIORSs SR D SEa0PEERT e DAL A
procedure RPSURTERt RFuiRHERHP FRIHHETCUSFARE t HE @iakpbe %ﬂpwrlefcaﬁ Bdtdat i on
of propyl enerosecarrgiti & lavsdiay | alschbecaspewimpdsied . waymedndeardali £hew af, t he
nol ecul ar oXy@eRehpatdte® mBdieNCiicuhdZene datalyseadybdasid papeieeniaiyed in
the char glmgg\d&%at é%&g eanfdorvz.évﬁ‘ékptdv%'ﬂ zeéleré.ct%ﬁ« Hﬁ%;’ﬁ%azfrg:bg gjetnag S
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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 opticnally be in cne reactor and one tube
bundle may be connected to the other tube bundle by a bed

30 (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
catalyst tube bundles will advantageously be accommodated in

35 sSpatially separated reactors. There may be an intermediate cooler
between the two tube bundle reactors in order to reduce any
continued methacrolein combustion in the product gas mixture
which leaves reaction zone B. Instead of tube bundle reactors,
plate heat exchanger reactors having salt and/or evaporative

40 cooling, as described, for example, by DE-A 19929487 and
DE-A 19952964, may also be used.

The reaction temperature in reaction zone C is generally from 230

to 350°C, frequently from 250 to 320°C. The reaction pressure in
45 reaction zone C is advantageously from 0.5 to 5, frequently from

1 to 3 or 2, bar. The gas hourly space velocity (1 at STP/l-h) on
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95 Even in reaction zone C, an excess (based on the reaction
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
30 2:5.

Frequently, the process according to the invention is carried out

in such a manner that at least 50 mol%, preferably at least

60 mol%, of the total amount of molecular oxygen in the product
35 gas mixture C which has been introduced in the various reaction

zones has been converted.

Frequently, the process according to the invention in reaction
zone C will be performed at a molar methacrolein : molecular
oxXygen : steam : isobutane : molecular nitrogen: other diluent
gas ratio of 2-5:5-15:0-20:5-25:20-80:0-6.

40

However, reaction zones B and C may in principle also be formally
combined into a single reaction zone. In this case, the two
reaction steps (isobutene — methacrolein; methacrolein —
methacrylic acid) are effected in an oxidation reactor which is

45



charged with a catalyst which is able to catal yze the reaction of both
successive reaction steps. The netering of cold (at anbient t enper at pig YEC3D
into the hot product gas m xture B in the process according to the |nvent|o
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before it is used to charge reaction zgpe C. 10 The product gas m xture C
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25 contact with a 10% by weight aqueous solutlon of methacryllc acid
which may be polymerization-inhibited, for example, by the
addition of small amounts of hydroquinone monomethyl ether (MEHQ)
and have a temperature of 80°C. To this end, the aqueous
methacrylic acid solution is sprayed into the product gas mixture
30 C in an apparatus substantially free of internals and passed in
cocurrent with it. Mist which forms may be separated from the gas
phasé 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 column. At the
35 top of the column, water which contains the polymerization
inhibitors dissolved is added as the absorbing liquid in
countercurrent to the rising gas. The top temperature may be, for
example, 63°C and the bottom temperature, for example, 70°C.

40 Together with medium- and high-boiling by-products such as

acetic, propionic, acrylic, maleic, fumaric, citraconic and
formic acid and also formaldehyde and any isobutyraldehyde and
isobutyric acid formed, the methacrylic acid is removed in the

absorber from the gas phase into the agueous phase.
45 '



fromthe bottomof the absorber using suitable extractants, for exanple

et hyl hexanoi ¢ acid, and subsequently isolated 5 rectlflcatlvely The2 8 DEC 2005
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i sobut ene, nethacrolein, 02, (possibly H), N2, CO @02, H20, nobl e gases
and al so ot her | ower aldehydes and 103mydrocarbons The net hacrol ein can be
renoved t heggé rmmrw@@sa@id s 88 URR ovesL (ewepaaglwltyh f\é@ﬁ%h@@io&r egd

again fromthe,s¢ ghw%{eoﬁg }lg,aﬁé&lyq@ n% él 0o %,hﬂéecaxqcl ed with

the air |nt2Frea nven |on & 78St dual gas

remai ni ng afte&P tife oﬁﬁ?ﬁa%ﬁ 1¥’a§EPHb? TSRS ﬁﬂ?%ﬁPH%FWﬁFP Gt &Rrpr iE9&s
unconvertedGQEWP%Rﬂﬁﬁpﬁhée%@RP%QS@ﬁ&?en@nﬁuﬂqbssﬂéﬁétkﬁﬂ%ﬁoﬂ@tﬂécycled as such
into thebsreactifivatamelA. However, it is also possible in the process
according to the invention to first substantially renove the isobutane and
| sobut ene generally contained in the residual gas remaining after the

met hacryl i c THei (e Ticiavaras r A oiRe DY RRECTPSTSRENRLRR Y0P gBBRERMIY H2), N2,
CO, 02, nobpwpxiesss isebetansntigohutiens haveghacbylebsoati oposdittliysBbsequent
desor pt i on spd/qw, sb§) ppiongnoblel gHsee ahs admniotheuSEowdr alldefdddidrnang
hydr opholliOc 1,05 854 HHongQ! vent and then to recycle theminto reaction zone A
If required, the remaining other gases fromthe m xture may be 30 recycl ed
as diluent gas into reaction zones B and/or C. However, they may al so be
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25 such as O, (possibly H;), Nz, CO, CO;, noble gases, etc. contained
therein by absorption with subsequent desorption and/or stripping
and also absorbent reuse in a high-~boiling hydrophobic organic
solvent and then to recycle them into reaction zone A. If
required, the remaining other gases from the mixture may be

30 recycled as diluent gas into reaction zones B and/or C. However,
they may also be discharged, for example incinerated.

In general, solvents useful as absorbents for the abovementioned
purpose include relatively nonpolar organic solvents, for example

35 aliphatic hydrocarbons, which preferably have no external polar
groups, and also aromatic hydrocarbons. In general, it is
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

40 components.

Examples of useful absorbents include aliphatic hydrocarbons, for
example Cg-Cyg-alkanes or -alkenes, or aromatic hydrocarbons, for
example middle oil fractions from paraffin distillation, or
ethers ﬁaving bulky groups on the oxygen atom, or mixtures
thereof, to which a polar solvent, for example the 1,2-dimethyl
phthalate disclosed in DE-A 4308087. Further suitable absorbents
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as n-butyl benzoate, nethyl benzoate, ethyl benzoate, dimethyl phthalate
and diethyl phthalate, and also heat carrier oils such 5 as di phenyl2B®mE( 2005
di phenyl ether and m xtures of di phenyl and di phenyl ether or chlorlne
derivatives thereof and triarylal kenes, for exanple 4 nethyl -
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bubbl e col uﬁ’ﬁlﬁ\n Ravigyg FFeRotitta AleFARPRN atomg peernPpsl in DE-A 3313573

are likewise suitable. Examples of useful trade products include
the products sold by Haltermann including Halpasols®i, for
example Halpasol 250/340i and Halpasol 250/275i, and also

30 printing ink distillates sold as PKWF and Printosol.

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

10 bar, and a temperature of from 0 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,
surface absorbers such as thick film and thin film absorbers and
also plate scrubbers, cross-spray scrubbers and rotary scrubbers.
It may also be advantageous to carry out the absorption in a
bubble column with or without internals.

35
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35 The isobutane and/or isobutene may be renoved fromthe absorbate by
stripping, depressurization-evaporation (flashing) and/or distillation
(rectification). 5 Gases suitable for stripping are in particular thgsBeC 1008
which may be recycled into reaction zone A together with the isobutane and
i sobutene. 10 Such gases include nitrogen, air, oxygen, oxygen/nitrogen

m xtures, isobutane and steam When ai3s or oxygen/nitrogen m xtures are
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countercurrent using water. The scrubbing water used may be
condensed steam contained in the residual gas.

25
Otherwise, the procedure may be as described in W0-0196271 using
the example of propane/propene.

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
presshre distillation at low temperatures. The pressure to be
applied may be, for example, from 10 to 100 bar. Useful
rectification columns include randomly packed columns, tray
columns or columns 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.
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
of those components whose boiling point is lower than the beiling
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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and CO2 and al so unconverted oxygen and N2. Steam may be recycled together
with isobutane and isobutene into reaction zone A. A nore conprehens} §Qe( 7005
description of the above-outlined renoval of nethacrylic acid and

met hacrol ein froma product gas m xture such as product gas m xture C can
be found in EP-B 297445. However, it w86l be appreciated that the separating
processes ohnd léb,USnd 4025 Uhkoandrtn AsdReA0a4d MRy, 8ks8mbRapsRdrbeycidis
pur pose. | L ¢ GRIETREh 03 bl des anBl 0685RERe! BALo d il ol COMPI Sing
unconverted 1Sobutane and generally isobutene remains after the nethacrylic
acid renmoval . According to the invention, 15 preference is given to

recycl i ng thisgreasoabrebeysivntdesnedpt isn cfuthei abova-eatlined zoomevAl b W | |
be appr ecPaheghddidll ithgc Pd OGRS meRGEOF S ith tfeohNE ptdWRAL gAY ABY.leSQubR

carried oul oDYpd@hXs! 09 AU BOELE Ok Foud LACaE 85lyalsgas unchanged

into reaction zone A and renoving IS0 ne "and 1sobutene in the m xture
only fromthe remaining portion and |ikew se recycling theminto reaction

zone A |f hHbeewas cenkilliby appebuianel amdti $ROUSE 4t nhepr&fasdlegdoEnt 0 25

reaction zopg_A Shislhl1Cond aidls aa RAO%IdE, ' beni Leal ly
sel ecti vdRy conbuszltsed to C2 bef 0?2@?%” af iéég)s %%th%%dr?)rétro Irueﬁgéliﬁjg}?%one A

The heat of reaction rel eased may be used to heat to the dehydrogenation
t enper at ur eIt 3 Camabnt te postthbesbuptocresses Chatomtmdsiddalngade resi dual gas

to CO2 maycehsoidiag eResmRRERI @sgﬂb@&ﬂeem\date@éx;an@ GRbberedXid@8inkrom
the resi duai%z dhe ROHOALrPEIOLE T rdodACY BhEGrd i +of %ﬁ&timrm?]ﬁéf (or

~anot her zone ecause_CCR "can be 35 co ratively €asily renpve
exanple B9 BEETRIRG GF P BSeEeoTTil B bne e A Sy BREL T teaPal yst s

are used whPBR AEOsEREFEIRME 2¥6wAr d oxygen or oxygen- cont ai ni ng conpounds,
these oxygenates 40 will be renpved fromthe residual gas before recycling
catal yst s par e e e o e reeenatonci n
thi s docgge%{‘. Sich miy| 7 %gﬁ?leﬁf%‘ﬁ SFRY et SRRl P TEeR P e
renoved 6° TResTERidR2ya82% JHCAPAPRY tHeS &°G5548™ n2RPafs 87HeT 94" ded f or
pur poses ot hépbutippe padytsehifens ivakhe dH-xrone PnYy diroax ahpl keMaginingg DEC
2005 37 prepetiorg ansobikewicle aeciol inpmhest ioto fioradthenpaoposes of energy
generation). The advantage according to the invention of reduced

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

25

30
Catalytic postcombustion of CO contained in the residual gas to

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
comparatively easily removed (for example by scrubbing with a
basic liquid).

35

When dehydrogenation catalysts are used which are sensitive
toward oxygen or oxygen-containing compounds, these oxygenates

40 will be removed from the residual gas before recycling of the
residual gas into reaction zone A. This is unnecessary for the
catalysts particularly recommended for the catalytic
dehydrogenation in this document.

45 1t will be appreciated that isobutane and/or isobutene removed or
residual gas containing these gases may also be utilized for
purposes other than recycling to reaction zone A (for example for



5 i sobutyral dehyde and i sobutyric acid by-production is substantially

i ndependent of the nultinmetal oxide catalysts used in reaction zoaz' ﬁ%@ﬂﬂE
C. Preference is given to using those nultinetal oxide catalysts ich are
explicitly mentioned in this docunent. This advantage is also substantially
i ndependent of 10 whether the volune-spgcific catalyst activity in reaction

B t
zones and, &Aﬁ&?&%oﬁﬁ@éﬁ@f o0 ok NELRAARES QT fgﬁci;lg%%ﬁlgfpglsgggof ré%ergfone C

reaction cogrdinate .15 1n general, operation is ef i'n‘reaction
10T
of the pr 0c ISR i ng to the invention at a nolar nethacrolein oxygen :

steam: inert gas ratio of (2-5) : (5-15) : (0-20) (5-25) : (20-80) (0-6),
mor e prefer@Béya&ﬁadﬁigé)acc&ﬁﬁiHQ to(@ﬁbZEHventﬁéﬁ 8P)read4lr 70) : (0-4). Like

reaction soggo 'Ii.y%%ld%ﬁﬂi wég gpyc emrde%k,l é?gdln:(ﬁ%] %Pl in fixed bed
‘?F%‘?

reactors, react ors. 0 e n COI’IVEI’SI on

SO |
in reaction®Z8he? %ll?&ggdl of BR8] g &g‘gtf‘ﬁso’&'t yate Yﬁﬁ dised
document) i $PcERAGHIN RYNES oinBE CZSP{T%f%WI is giver tquusdngerhasd |y the
case that vvtuehtgae;tﬁﬂ patge | axkalysast hkich eaet eapl zohel YA reanponsd 02 thiibi s

oxygen may becépgit | MhibeadvARGIgeos ZONey hbBehRELAVEY YirkeBBHEsnc QEbUS i bl e
subst anca® auggnépt% 3, DUHEAEART 1 £Oke: 0 00101 c§591 &7 ahl % oget n raaetign

A, t t t
fgggtl onI goﬁgd Jﬁd\% Fgé %tsaf%;aoghén%?&}f’fcsr Sfe ﬁc% %‘%?ingﬁl gﬂn I{qulergarri ed

out with anraﬁﬁ?ﬁﬂ iCRPEAERFEen excess so that the abovenentioned residual
gas recycled into reaction zone A has a 35 sufficient anobunt of oxygen for

thi's purpose, ELAGUANt Lker LR Cgﬁ?@@ecaor an{:gumeza QUENLEan |1 be

carried A ra Ieast 60

znol % of tﬁﬁ“f%‘?salac&ﬁﬁ nPd o Hieed BV ERt ’oci& n |’H‘i’ aﬁﬁo#&rb t h
di fferent rE&XEFEDT F5REE has e 928oRvekd &f i(4- B?odub'ft 15das AP xdUr & C 45 2
8 DEC 2005 38-Exhnpl(@§—-801.: Rrleifar andod mfefzrdbhydebgiendt)i en(é€blt or A

sol ution of (16-893 :g (ab-30C12 (42H20) and(0~4386Lgkef r&&RMiGn6zohe2®), in 600 ml

of et hanol 2EBcPUH ednaVermdP YL Gedl i feSRR Sd14M ORFa Bhyereddie, 10

but also in fluidized bed reactors.

The methacrolein conversion in reaction zone C based on single
reactor pass (as always in this document) is customarily from 60
25 to 90 mol%.

It is quite generally the case that when gases recycled into the
reaction zone A comprise O;, this oxygen may be used in the
reaction zone to selectively combust combustible substances such
30 as hydrocarbon, coke, CO or preferably H; in reaction zone A, in
order to thus generate the heat of dehydrogenation required in
reaction zone A. Advantageously, the methacrolein oxidation will
be carried out with an appropriate oxygen excess so that the
abovementioned residual gas recycled into reaction zone A has a
35 sufficient amount of oxygen for this purpose.

Frequently, the process according to the invention will be
carried out in such a manner that at least 50 mol%, preferably at
least 60 mol%, of the total amount of molecular oxygen introduced
into the different reaction zones has been converted in product
gas mixture C.
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The m xed oxide has a Zr02/Si Q2 weight ratio of 95 : 5. The mxed oxide is
manuf actured by Norton (USA). The m xed oxi de has the foll ow ng 28 DEC 2005
specification: 15 Type AXZ 311070306, Lot No. 2000160042, sieve fraction
from1l.6 to 2 mm BET surface area: 86 nR/g, pore volune: 0.28 m/g
(mercury porosinmetry neasurenent). 20 Ipe supernatant ethanol is taken off
on a Rotavapor by rotating in a water jet punp vacuum (20 nbar) at a

wat er bat h tegperature of 40C. Drying is then effected at 100C for 15 h and
then calcini ngpa(? 560C over 3 h, both under stationary air. A solution 25
of 7.71 g of CsNO3, 13.559 g of KNOG3 and 98.33 g of La(N03)3 - 6H20 in 2500
M of H2O0 i g.t hepepotH1aGnOVer at dehyilirbgeaht dsn rHiRtoguUpernatant water is
taken of f son a Rotavapor by rotating in a water jet punp vacuum (20 nbar)
at a water tenperature of 85C. Drying is then effected at 100C for 15 h and
t hen cal ci nAngodati3m BE0LL o¥F B oif, Shoth - UFHLEr astal i ifargy ofi H.PTHe r 68wt i ng
catal yst preaues®mihas athenpbDSirsl @bubéd didt 3600. §CsP. HKPaihad. £ro, 510,
(stoichi onetrkbeqg coaldei.Ci ents represent weight ratios) on (Zr02)95 (Si02)5
(stoichionetric coefficients 35 represent weight ratios). 20 m of the
catal yst Jor ecursor obtained are used to charge a vertical tube reactor
(reactor | edyehmiBA0 opAvie shas ;a Ok /Sihi wengbs: r& immofi Aber Nal Theambked : 20
M react or oRR8€riflmand@atbivsdadyl woatemi @ )(i . e. al um num oxi de- coat ed)
steel tube; heating: electrical (furnace from HITM Reetz, LOBA
1100-28-650-2) to a longitudinal average |length of 650 mm |ength of the
.catal yst be&he7®izAfl opddet ke U frélewtny yoechédcakionthe | ongitudi nal

m dpoi nt & the tubular reactor; filling of the 45 rennining reactor vol une
above and Deygw M4 13658508 ° BRIEES> 60 ¥ra200e 72 £ (NG0E FRLEI &) of 4
- 5 mmdi ane ,_Supported_trom erd on, a catalys basé:). he Teaction
tube is theﬁoc%%ec?%gt SURTRSE &TRAr %I’P /tgenB8Feolt%}?]élm% Qr 6Ag" 4% heati ng
zone of 5000TSLFYSt ROFESeBetBbP@SHEe® N based on a tube flowed through by
an ident igg):l inert gas stream) with 9.3 1/h (STP) of hydrogen over 30 m n.
The hydr LS repl t .co t I e e[l y. by a
23.6 1/h (s%fﬂ)‘le sﬁségr‘fehgr%a%}? %‘S‘f}gﬁ 38 ggﬁ&pfc’fffbogeﬁgﬁ‘%‘g’g’?o% %‘%4"1}“ of air
over 10 30 ff'n?aftFhefitby 5 ‘T%élﬁf“i Zgﬁ '@?arréaﬁto BT oAt 59%?9%%%.

Whi | e nai nt &Ent Y -t REYhag | 1g dhser affpetedhdtgil R Larhdhp Bfarditdgn

calecining at 560°C over 3 h, both under stationary air. A solution

of 7.71 g of CsNOz, 13.559 g of KNO3 and 98.33 g of La(NO3)3 - 6H;0

in 2500 ml of H,0 is then poured over the dry sclids. 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,
Drying is then effected at 100°C for 15 h and then calecining at

560°C over 3 h, both under statiocnary air.

25

30

The resulting catalyst precursor has a composition of

Ptg.35np.6Csp.5Kp.5La3, g (stoichiometric coefficients represent

weight ratios) on (Zr0s)es * (Si0O2)s (stoichiometric coefficients
35 represent weight ratios).

20 ml of the catalyst precursor obtained are used to charge a
vertical tube reactor (reactor length: 800 nm [sic]; wall
thickness: 2 mm, internal diameter: 20 mm; reactor material:

40 internally alonized (i.e. aluminum oxide-coated) steel tube;
heating: electrical (furnace from HTM Reetz, LOBA 1100-28-650-2)
to a longitudinal average length of 650 mm; length of the
catalyst bed: 75 mm; position of the catalyst bed: at the
longitudinal midpoint of the tubular reactor; filling of the

45 remaining reactor volume above and below with steatite spheres



using an identical streamof N2 over 15 mn and finally reduction wusing 9.3
1/h (STP) of hydrogen again over 30 min. The activation of the catalyst
precursor is then conplete. This results in a 15 dehydrogenation reagﬂgﬁtzmﬁ
charged with dehydrogenation catalyst A (reaction zone A reactor). 2.
Preparation of a reaction zone B reactor 20 a) Preparation of a starting
conposition Bl To prepare the starting3gatal yst Bl, 2000 g of (NH4)6M7024

4120 are dijssetveathterip0itéons 4 B dmddlakitasat 8Lppbr 8AC ad paMdwes 25 with
stirring W thedi¢4s19 akeq.47. 5% by wei ght aqueous KOH solution at 20C and
then with 387.8 g of a 47.5% by wei ght aqueous CsNOG3 solution at 20C while
mai ntai ning the tenperature at 60C (starting solution 1).. A starting
solution 2 Thepreparied thye sis rihemgchdPPed 3 ah antatpeEowslilr oemptatatre

S_olt ut It on (51%.1t8£/g Bauebmewgag@tz&{e %t%) slpndsc@ Bl 818s& 1R paadsetsL Rkl
nitrate so . y. ) - [ the

t enper at ure gﬁé%‘é&;@?ﬁ% %mé%rﬁog?o?% de%%ﬁ?ggpé@%%gr%ng%g% u){]iq"&tr%ﬂz at
60C i s 35 St Pr ol | (8t Rb %lf‘g‘r"c‘-ﬁeﬁg‘-"g‘c’ﬁ 9 H™r 2peeBTopsniA Hider
stirring haSeRheRf 2t5PODSEARNY wilili sgmpeyatudendirgtlv 190 agRat 6 pihr (£T8)S;
al kal i net aktcest erft 8030b%%Wdlumseioghtiit 56z talny 20t gyt wafllumsi 62;air over
manuf act dlesp MUPQHd thydoxy ranfNaeatecs! i urednl BEOpE e AGUBOES 3B WERENSI On
obtai ned (ak,§0C)na i1 AIHE W WiTUEEMpS dheR, SHLES AL, 4Q £RL, B f40khgr 15
m nutes. The_a uegus su egfkﬁp S tgeg Spra =drje e Ltﬁ% nperat ure:
110C, spray SAFDErN PORTRET oL (RSSO HEI 02 (O AP VAL G, AFPRODY EREROT?
centrifugal YALR% ek ¥ PohPTRE 1F, PBRYOIRD A AVET st & TpoRBragiiveaienc e
-size from 20fnthe ca2Blyat hpreanrsergiswchersscof@latat BOGCreadétrs dir g of about
30% by 45SweiephdirodEnas ispr eyaqiaudehat gedsrithe deh gt dqehardopositd 3mtBh. 2 8

DEC 2095 40 (rbicHrfpabati fnr&fctdrgtarting conposition B2 1715.6 g of
tungstic acid (72.94% by weight of W are added in portions to 6344.6 g of

an aqueous bisnuth nitrate solution in 5 nitric acid (free nitric acid: 4%
by wei ght, densPrgparatipnngf|a raaptzl%lbyon@iagmeagtobi snmuth) at 20C with
stirri ng.22 Thi sTgi ves atnh agueous Euspensi 03 which is tst![rred a: 20C E(i)(r)ca
further i i .hen _drje .Spra ryd.n i enper at ure: '
manuf act urera:) N?Fopﬁ%‘;tlr%ldgg:éll\%ao%ﬁ@ 5\%41%92/1&1%&}{()%' e m rrlrgr, 10 centri fugal
atom zer fromNro, DK). In this manner, a spray powder of particle size
from20 um tre gbeine $habivareithgvdbehiyers 13 gbow & ass (8, oMt 0600Csnpwler
air) of aboytel2fedM iRl 9RtpoAfilRE in 5.4 1 of water at 60°C and admixed
25 with stirring with 9.2 g of a 47.5% by weight aqueous KOH
solution at 20°C and then with 387.8 g of a 47.5% by weight
aqueous CsNO; solution at 20°C while maintaining the temperature
at 60°C (starting solution 1).. A starting sclution 2 is prepared
by stirring 1123.6 g of an aqueous iron nitrate solution (13.8%
30 by weight of Fe)} into 2449.5 g of an agqueous ccbalt nitrate
solution (12.5% by weight of Co) at 60°C while maintaining the
temperature at 60°C.

Within a period of 30 min, the starting solution 2 at 60°C is
stirred into the starting solution 1 at 60°C. 15 min after
stirring has ended, 157.0 g of silica sol (density: 1.39 g/ml; pH
= 8.8; alkali metal content: =0.5% by weight, 50.0% by weight of
$i0;; manufacturer: Dupont; Ludox®TM) are stirred into the agueous
suspension obtained (at 60°C). The agueous mixture is then stirred
for a further 15 minutes. The aqueous suspension is then
spray-dried (exit temperature: 110°C, spray dryer from Nirc DK;
model: Nirc A/S Atomizer Mobile Minor, centrifugal atomizer from
Niro, DK), to obtain a spray powder of particle size from 20 um to
25 um having a glow loss (3 h at 600°C under air) of about 30% by
weight. This spray powder forms the starting composition Bl.
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addition of 37 g of water, 400 g of this powder are kneaded using a \Werner
& Pfleiderer LUK 075 kneader (kneader has two signa 15 bl ades operat?gq]ElcrmS
contrarotation) for 30 min. After the kneading, the kneaded materia
roughly divided and dried for 2 h in a drying cabinet (Binder, DE, type: FD
53) at 120C. The entire anmount of theé4dried material is calcined in a
muffl e furnace Hreparbobst tdfeamstaapaed topmpbetitid2®2l, at 800C over 2 h 20
under an air streamof 1000 1/h (STP). The air streamis at about 20C when
it is passed into the nuffle furnace. Heating to the calcination

t enper at ur e §%d5eff 8cPoEUIINEAF| §F°1F IM228E3WPY M th of28) Tare edrefinkal

mat eri al is gdrenons|tedIid.& gunbarn seecage pamutdl eitsaze doaiatiow in

di stributi®mitrengesid difreesnebyiofacioutsSopradinght, maxesi w4 h . 2% by, wei ght

(based on tgf)%_ %I%Og f&@:ﬁ;}&owomm@m) Q. 2hbdg) Fd'sséﬁ.gfgngg %lgbgwesd%@,s' ty:

150 g/ | ;
st P but o ogft SOandiPhc bFidh 2 S5 hed 5t URFOTRE A (B TETnk Ane
starting co i £ ok dr)iedaPyl ?&’{a}btdé’ﬁéf‘at WtSH’reI'BQBaEP%ﬁ étla?‘ﬂ ng

conposi ti on MBhugadt20Er ;g Ngiros DRy tmavdpl :cHAposkis drtoBlzar eMohded Mhooogeneous| y
with the Hidigntenfoefal (drasadeontide mver,abk) camasiiti panedr Bh apdaP? used)
1.5% by weighise Qfof'ﬁ'k?ﬂﬁ&cdb%ﬁ@@ FAPDD! fn (G600 ﬂ{nngst&bt%l%\éa gAY a8 40
min. S0% by Wehdl5sed I 2 ﬁ; eg%gg%éer 2SI ¢t e PR DhALRLON

> 48 pun, rface n
P PRt e A0 Brehraris g%aﬁea.m afled ging

-cal ci nati on)a WeZneR; @\@f@@mezemm 05 5( krades. BRerdgn Jpas %@SﬁK@“@BO(] i
CQy. z 8 DEC R@esddperGtricgl an sobtmhrcahbteds) ofordiz@metier Aftermtand hei ght 3
mm are presgrAdihgm e Kiletdd ematdid apr egsmg;rmyea&ui@ea Sarid laa&ede&
tablets are £omnnytsdysand abened (diough ﬁES'\.E}é% SNdESR ool 24l The
mat eri al whi St ggsgesm;tthr(%ugg e eve, @ ]{ < 2..8ddi d of ZF{ wei ght of
graphite (base 9 ? Jt e &7t at v??n c?ﬁ % ouéh the

si eve) s,y a0t eeea f T’P%‘iaé’glré er 'ré'saﬁaﬁ@t}?a%?ﬁ%e 2Ri Fra?'nt 58]?(5’6C P¥Es A

force: 15-20tNer| AR AL \HErREM @élquong}s’hof S@ébrrétheyasrmr(m ersnat @hcmtet er)
X 3 mMm (heidlet) wixer? itmikhphesel amebethe ml¥ fi%0 fgrodce hesatinggso adlle

cal ci ned i n @lfcahsetoitenPeeitutdNaieithierfd aloard9 trempaett ¥itis B8Okl ows:

The calcined material is then milled to a number average particle
gsize (narrow distribution, longest dimension) of about 5 um and
mixed with 1% by weight (based on the SiQ;-free composition) of
finely divided S8i0; (bulk density: 150 g/l; number average
particle size: 10 um (longest dimension, narrow distribution); BET
surface area: 100 m?/g).

25

30

This mixture forms the starting composition B2

c) Catalyst preparation
35

1096 g of starting composition Bl and 200 g of starting
composition B2 are mixed homogeneously with the addition of

(based on the overall composition of Bl and B2 used) 1.5% by
weight of finely divided graphite (according to sieve analysis
min. 50% by weight < 24 um; 24 pm < max. 10% by weight < 48 pm; 5%
by weight > 48 um; BET surface area: 10 m?2/g) as a tableting aid.
This gives a mixture which has the following molar elemental
stoichiometry (after calcination):

40
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15 a) linear heating is effected fromroomtenperature to 180C wthin 2 h
and this tenperature is maintained for 1 h; b) linear heating is theng peg 2005
effected from 180C to 210C within 1 h and this tenperature i s maintained
for 1 h; 20 c) linear heating is then effected from210C to 250C within 1 h
and this tenperature is maintained for4l h; d) linear heating is then
effected fromr2b04 ts»1480€Camidds w28idnbtdr akdmkhbsd tiRAMLABURR dfe

el Nt ai ned G9esdb Nr o) chinalithrd NenevERdssdeblel u600ls By phl seh, Lo room
t enper at ur etggggﬁ &C%%Ofﬁgn&gd% tggegg ine cal cinallon, 1§8 1/ (hSTP) of
air are passe rough the oven. The en preauet forme 1 HE T iThtal oxi de
catal yst B £02Bb- UK NE8T 11 (EHCH BASSBhBOUGR BRI oRTEME reaction
zone B redcpddinirmafeeti BEl veidt OF shdphiteylibabedgeh: thES500iant afalthe

t hi ckness: aabenigl iwitiehnpasskarmtrengh lbhegieeacioratiliededalin /2ApIkeel ; in
a furnace Ibgagﬂrrl.\é Raghinatl (18 1:n0ist yei r@esryieleowfcéﬁ%m_oc)fq)t%%ol mm t}] het
remai ni ng : - e r inin e length a
t he tube ex#?gé#c?%gtzggng?t%i é%g)ént%rg%gg%g%gf%gg%%n&gnﬁtgrgh}é;%en&‘ with 100
g of catal y$PEBINHh&E et HPOF® A3 2PRESTht al yst bed is 650 nm The position
of the cdi®lyst bed in the reaction tube is at the |ongitudinal m dpoint.
The remai ni Rgy §eaCtin@Bet Hhgy ArdTe200YE: 3Rd abelpved s ifd Llbgd with steatite
2 8 DEC 200 Ngfg%r%r}%r'egbgﬁpeg& 1@%%%”%%%)' %-ssfgmg‘bg_neter), and the entire

reacti on tube charge I's supported OW on~a catal yst base of 10 cm
hei ght. 53. Preparation of a reaction zone C reactor a)Preparation of a
'starting coaposilihedr Gkat@4§20s ge ffectB} S0OILDLM tedp@iatafiéd 163180 of

NHAVCB ar'e di ssQkvedh at 16Q8& whid LaPtr St Wafdrh et ko2 1VRL er
preheated to 60C. Wiile maintaining the tenperature at 60C, 421.7 g of a 76%

by weight aqueous H3P04 sol ution are added dropwi se to this solution
within 1 nib)w Lhneasd reiatgngFLs sther)e§fgedd dirammdBPntoulfiat@ wishandl tthen
317.8 g of pul vendl anis SeAgericerarismkiheldimi®e fbhen hj ncor porated. The
resul ti ngzom' xture is then heated to 90C within 30 min (mxture 1). In

paral l el ,”424.9 g of CsNO3 are dissol ved at
c) 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

25 1.5 h and this temperature is maintained for 10 h;

e} finally, the oven is left to cocl by itself to room
temperature (about 25°C).
30
: During the entire calcination, 150 1/h (STP) of air are passed
through the oven.

The end product forms the multimetal oxide catalyst B to be used
35 in reaction zone B.

d) Charging of the reaction zone B reactor

A vertical reactor tube (tube length: 1500 mm; wall thickness:
2.5 mm; internal diameter: 15 mm; reactor material: V2& steel; in
a furnace from HTM Reetz at a longitudinal midpoint length of
1300 mm, the remaining tube length at the tube entrance and the
remaining tube length at the tube exit are heated with electrical
heating bands) is charged with 100 g of catalyst B. The length of
the catalyst bed is 650 mm. The position of the catalyst bed in
the reaction tube 1is at the longitudinal midpoint. The remaining
reaction tube volume above and below is filled with steatite
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90C in 850 mM of water preheated to 90C to give a solution 1. While

mai ntai ning the tenperature at 90C, 446.5 g of an aqueous 20 coppern?liatm;tﬁ
solution (15.5% by wei ght of copper) at 90C are added dropw se to Xt %
wWithin 4 mn with continuous stirring. Spray-drying is then effected at an
exit tenperature of 110C (Niro DK, nod2l: Niro A/S Atomi zer nobile mnor,
centrifugal spedies 2eheft omaddial; DK 3 v SlRa¥tEsYWeindknpackitie size from

20 25 30 f h
to r@&ét.sld?lbttﬁbgegh eC Qﬁgﬁ%érréé% %&?ﬁtbé‘ﬂo 9%5{9{5,3@1%89 as

the followp r nt st0|c after cinatio
MD12P1. 5V0. %%S:[PC)JJ%' §§5§§€ 040x b) Preparation of a startl ng conposition C2
880 g of pul verul ent Sb203 (senarnontite) having an Sb content of 35 83% by

wei ght ar & suspersled-aMibh 6ti4 rddd@dtiBndzdndlc Waketoat 20C. Wil e maintaining
the tenperature at 20C, a solution of 670.5 g of Cu(N03)2 2H20 in 4 1 of
water is stirred into the suspension. This gives an aqueous suspensi on

whi ch is stairebrepargddonopf ;a sharthag onpasidips €hen spray-dried (exit

t enper at ur e: 1100 Niro 40 DK, nodel: Niro A/S Atom zer Mbile M nor,

centri fugal r from ra wder. has a artlcl si ze

020 - 3o $8E 6%, (Br Kl his by AR BTE £ e Pty 85F B0 Led

cylindri cal ag oﬁoé’wai'-E]P RIS tepEngt hroimg Be éajrc‘?ﬁ]én’caltﬁﬁ PRakgAted o56094-

i nternal diWneteemaihabnimy thiel ktemparsstiurg ehr 60fh 200.1/ & <5 & IJER) bpf air as

fol l ows: Wi ¥#idhtl dauebiferypojesdingons acéf &adert drbpwibdGo nagasoheatding is

288?; S\: I ﬁf;ﬁgtﬁﬁ 20QCn Wit il Rin Afriﬁrs“z‘.’a:lgss 'J&?%{lﬁﬁﬁéﬁhﬂg éusifglfclge(:t ed to
gd q:h%@l ??70% [%%f.z%ggﬁa r{]ch%bzg% (hsegﬁrwon{:ﬂ:e gre Y,

| i near éétl i's e ng to foom
t enper at ur et gr&ﬁf& &P STRHSSH Blml@ﬁ‘tﬁég 35 sthed fbieétB%Tt%u‘ﬁ}f&c%”é}i”éh of

0.3 n2/g. TP SPOUASFLRER o) t A8 Paratrialng4eéndosiaf 65NC2 aned ddgpalved iadl |y
has t he dif #partinoA50 rel |cgctwiadas mfeHeaSkedCoo (YWepavayive s pedution 17.- 0284
fromthe J@PDe KERRcaDEENg thEheempardtiuie 6enpos],t isas ., £2g has ahhaghebloHwi ng
mol ar el ggee&ﬁgezstn%ggwr%mﬁmﬁo (15, @W@@m@)o&b@w D epapaiion The
amunt s E%étcﬁﬁéwgge 190”9(81 Iron qu E1 Lﬁlgtwairttﬂ ngnti:r%’g)OSI tion
corr espond| ng m Xi _ndgr ﬁl OI'TEJT
irring. Spray ylng 15 then effected at an exit temperature of
110°C (Wiro DK, model: Niro A/S Atomizer Mobile Minor, centrifugal
atomizer from Nire, DK). A spray powder of particle size from 20
25 to 30 um is obtained which forms the starting composition Cl and
has the following molar elemental stoichiometry (after
calcination):

Mo15P1.5Vp.6Cs1C0g, 55180, 0404
30

by Preparation of a starting composition C2

880 g of pulverulent Sb;0; (senarmontite) having an Sb content of
83% by weight are suspended with stirring in 4 1 of water at 20°C,.
While maintaining the temperature at 20°C, a solution of 670.5 g
of Cu(NO3); *+ 2H;0 in 4 1 of water is stirred into the suspension.
This gives an aqueous suspension which is stirred at 80°C for a
further 2 h and is then spray-dried (exit temperature: 110°C, Niro
DK, model: Niro A/S Atomizer Mobile Minor, centrifugal atomizer
from Niro, DK). The spray powder has a particle size of 20 -~

30 pm. 700 g of the spray powder are thermally treated in a
cylindrical rotary furnace (length of the calcination chamber
0.50 m; internal diameter: 12.5 cm) while passing through 200 1/h
(STP) of air as follows: within 1 h, linear heating is effected
to 150°C. Linear heating is then effected to 200°C within 4 h,
Afterwards, linear heating is effected to 300°C within 2 h and

35
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cal cination) (M12PI.5V066Cs1Cu0, 5Shi So, 040x) 1. (CulSh206) 0.5 are intimately
m xed. 2% by weight of finely divided graphite 20 (according to sieve
analysis, mn. 50%by weight < 24 m 24 Eun < max. 10% by wei ght < 28 0EDHAG0,
5% by weight > 48 'Jm BET surface: 10 nR/g) are then adm xed into 500 g of
t he abovenentioned m xture as a tablefing aid. 25 A tablet pressing machine
(Kilian S 100) is used w thout the ad#ftion of further additives to shape
cyl i ndrical themgs @00°geovdtiny 27hamf {eadtlar ndlineimnadringx iy effiqcredght) x 3
nm (hol e dbao®t erirhinoss tthe m xture. 30 500 g of the rings are then
thermally treated in a forced-air oven (Nabertherm capacity about 80 1)
under a constant air stream (500 1/h (STP) kg of solid) as follows: heating
is effectedft®T AYVHARIF FOMIBCLEBPOTDRILEhi Be PAHARY ol idkgained 3dich has

i nter medi 3t e spepidiiat BEBsSWIfaB0Eraado 220G ardgt Hehiengowtlenpirmtsutkeof 270C
for 30 m nugesreat) cohpssldion dreahenPesiiantealls hder@rsadrafactioat e of
2Cmin to 329%@&1(&05@' 8¢ LEIMBOA Ul bind e ot FBL AL AGAONILo B 140 £ROI 11T [ S

t hen effectg P15$ fcg nge erarure. an t he o cy f§'h f rocessed to
spal | having-a 3 st PGF rensiien SSF 1% SOmRO l%l

mul tinet gl ¥4 tar \aemental REQisddompRrYeacti on zone C. 45 2 8 DEC 2005 44  d)
Char gi ng 8 the reaction zone C reactor A vertical reactor tube (tube

| engt h: 1800 mm wal | Eg}j,zq}gr_less: 1 mm internal dianeter: 8 mm reactor
material: V2A steel; In a 5 furnace from HITM Reetz at a | ongitudi nal

m dpoi nt |l ength of 1600 mm is charged with 75 g of the nultinetal oxide
catal yst C c)Theatehgithpoépahetizat al yst bed is 1000 mm The position of the
‘cat al yst ged in the reaction tube is at the longitudinal mdpoint. Above
and bel ow t he remaini ng reaction tube volune is 10 filled with steatite

spheres (indP¢ IMAEEaPE theafdPEring compapif Lloang! (1 hei PeATEdEt i on tube
charge is sapppesigdonr 6% caxslepnondiag ck dhgsmikine foilebighetm0 (@fteThe

remai ni ng tubecidarighh atofRe. ghgeseatiy aADES @b he( T erskh0f Qs tatbe | engt h at
the tube exihtifattagt ﬁﬂxamtfp%elb@c:hém@d era&hegyb@ﬂdﬁded 1J§aﬁmﬂ°eerf0r mance of
the procegs QE&&E&%‘ EgtBO a’ﬁ\éﬁgéié’” %4 Asodhg % HeOR 29 re@gt or

from1. ‘at’ an extergal velT . Cemgr alirs"dl ong; the gt ng’4en€ ot oo

under close
m g) are then admixed into 500 g of the abovementioned mixture
as a tableting aid.

25 A tablet pressing machine (Kilian S 100) is used without the

addition of further additives to shape cylindrical rings of
geometry 7 mm (external diameter) x 7 mm (height) x 3 mm (hole
diameter) from the mixture.

30
500 g of the rings are then thermally treated in a forced-air

oven (Nabertherm, capacity about 80 1) under a constant air
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
temperature of 270°C for 30 minutes each. Finally, the temperature
is increased at a rate of 2°C/min to 370°C and this temperature is
maintained over 6 h.

35

40 Cooling is then effected to room temperature and the hollow
cylinders are processed to spall having a longest dimension of
1.6 - 3 mm. This spall forms a multimetal catalyst C to be used
in reaction zone C.
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control (based on a tube flowed through by an identical inert gas strean)
is charged with a reaction gas mxture of 20 1/h (STP) of |sobutan fhéﬂg
(STP) of air and 8 g/h of steam 25 The isobutane is netered in usi ng a Q
flow regulator from Brooks, while the water is first netered into an
evaporator using an HPLC punp 420 froffKontron, evaporated in it and then
m xed wth the chebyimnefantiet heaatiian Boheng tdwctozhar gi ng, the tenperature
of the charging gas m xture is 30 150C. The starting pressure in the tube
reactor is set to 5 bar by means of pressure regul ator from REKO

di sposed at* f’ﬁﬁtﬁ“éaalctr&rac*é% ttu}%as (EﬁbBo%\ﬁ%QtrrbaHﬂSBP TRe Yilds SHiek PRI at or,

t he product lgam; mMndagmel Aiisethspr 8ssmr i reartay agiesphkr iVEApsessly eirard
cool ed, arld futhecstfram GUAt Réswed dthar @ong CondenasesniapdintTNengas ¢£Mai ni ng

i's_anal yzed 1y NS Obn émlﬁ@sasmgggf DTSk O otk Ol LD
TCD,  separ a%nglgrggtmsf AL g UPAE) peCaEROXEN 1010 [SUel CO))

In a corres CEna yzed Af ter

an operati n(jfaFP?ﬁés*bf etdhlléetb\%eq&a‘:ttlﬁ T' T oVl Ag tﬁﬁa]r?r‘ﬁl(,télldlflééul ts are
obt ai ned: ABigpGiMECAPOUS aBd DelPwi5the Creigiimg gaschion fndeProbuet igas
m xture AQ Fibyedoritesteéabyte dpherksi sohetanat@33al sabidreneri02 -

Ni trogen2013. anpl &ML 226 EXY 0N Feae?isn Ocdpd Hntge R-dulbddreBeNerom 0. 1
Propane- < 0b£1§% G %agaiyst 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.
15

4. Performance of the process according to the invention

&) The reaction zone A reactor from 1. at an external wall
20 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.

25 The iscobutane 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

30 150°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

35 A 1s depressurized to atmospheric pressure and cooled, 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/KCl

10 (Chrompack), Carboxen 1010 (Supelco)}. In a corresponding

manner, the charging gas mixture is alsoc analyzed.

After an operating time of three weeks, the following
analytical results are obtained:
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Et hane-< 0.1 These val ues correspond to an i sobutane conversion based on a

single pass of 25 nol % and a selectivity of
The portion of the reaction zone B reactor from 2.
mai nt ai ned by cl osed | oop contr ol

i sobu

at an external

t ene
in the oven is
wal | 25 tenperature (ba

formation of 28 prphif

sed

means of GC (HP 6890 with Chem.-Station, detectors:

TCD, FID,

separating columns: Poraplot Q (Chrompack), Carboxen 1010

on a tube flowed through by an |dent|cas I nert gas stream at mhlch t he
| sobut ene converstomrat—a &Ec the—req L:u” xt-te—+s—98—+ptb
The heating| band at the | oaghs (ﬁ‘] gulggs Iﬂf}f%urfc?e (I BTG gé‘at Str%dse| is
di sposed) i$-Llikewise setltao thig % % ﬂre andl t he . %WaYP $and at t he
reaction tubpe égpputaneset|to a tenpéﬁature 50C lpwer. All cHrponents other
t han isobutanelsg@ﬁkéﬁpbu ene are renmoved Tromthe product gas mxture A 35
40 45 The ¥ ¢rad-a-pg—dde—e+—15—4H h—{(SH)—-ef—spbutare—and—4-5—1h{(SHP)
of isobuten¢ tdl ﬁ@?nmnt1 45 1/h (St of air and 7 1/h (\S™P) of stean
formthe chargi ngtegas m xfure for the reaction zjpne B reactzw. The
t enper at ur e Jof—t4pe char griig—_gas M Xtyre TS Tnereased tothe_reactor
ext ernal wa e lprafnr: The qfarflng pressure in the reactor_is set jto
1.3 bar by freans 6P a prebsure regul ator disposed at the refietor exit.
Downstrearn ¢f T hec@y essurfp regulator,_the product| gas m xtukes B
(t enper at ur ¢—=—360065—+s—dppresst++zed—anrd—arat-yzee—by—Areans ef cc—HRP—6890
With Chem - $tatiof? detectors; TCD FID.__separathng col umms:t Porapl ot
(Chronpack) | CaPbopesre 101D 2 8 DEC 2Db5 46 (Supel co)). In<ab.ldentica
Izgngfgértgﬁ npgggéggggﬁfnglggugew‘Ts,%lso analyzﬁg. 5 10 1o g07 25 30735 40
15 Ethen& - < 0.1
Ethane - < 0.1
These values correspond to an iscbutane conversion based on a
20 single pass of 25 mol% and a selectivity of isobutene
formation of 90 mols%.
The portion of the reaction zone B reactor from 2. in the
oven is maintained by closed loop control at an external wall
25 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 98 meol%. The heating
band at the reaction tube entrance (where the catalyst base
is disposed) is likewise set to this temperature and the
30 heating band at the reaction tube exit is set to a
temperature 50°C lower. All compcnents other than isobutane
and iscbutene are removed from the product gas mixture A.
The remaining mixture of 15 1l/h (STP) of isobutane and
35 4.5 1/h (STP) of iscbutene together with 45 1/h {(STP) of air
and 7 1/h (STP) of steam form the charging gas mixture for
the reaction zone B reactor. The temperature of the charging
gas mixture is increased to the reactor external wall
temperature. The starting pressure in the reactor is set to
40 1.3 bar by means of a pressure regulator disposed at the
reactor exit.
Downstream of the pressure regulator, the product gas mixture
45 B (temperature = 300°C) is depressurized and analyzed by



obt ai ned: Chargi ng gas m xture Product gas m xture B (% by vol une) (Vol . -%

| sobut ane2120.5 i sobutene6.5< 0.1 H2-- 0212.53 N25049 13201019 8 DEC 2008
Met hacrol ein-5.2 Methacrylic acid-< 0.1 These val ues correspond to a%

I sobut ene conversion based on single pass of 98 nol % and a selectivity of
met hacrolein formation of 84 nold. Théeportion of the reaction C reactor in
the furnace is (sEpdlicai)nedIRyarc!ieredika0mmat,okhat chdy & &@egaélmﬂﬁﬂdre
tenperature of 2900 {pasgd,ofsa tube flowed through by an entical inert
gas stream). The heating band at the reaction tube entrance (where the
catalyst [lacuna] is disposed) is set to 290C and the heating band at the
reaction tube exfted ansepetatdfEiméhefcharagikzg ghs HoXldwidgOteblets @aet i on
zone C reactor gg@isiest:s of 29 1/h (STP) of air and the product gas m xture
B (73 1/h (STP)). The tenperature of the charging gas is increased to
290C. The pressure at the reaction tube exit is set to 1.3 bar using a
pressure regul ator disposed atChelfgingagasomigkire Dowrotnennyadf miksupeedsure
regul ator, fthe product gas |mi xture® bg yeéwper ature: 2000 (Voldepressuri zed
and anal yzed bylmm_aneof (HP 6890 mthﬁem Sffat 1 on, depegtors: TCD,
FI D, Sepéﬂaxtu YY) s Gt apl G{*Q { “Gn"paCr\,, Cart bUI\CII 10 o—2—8—bEc—2005
47 (Supel cjo)) 150;#; E‘Srre pondi ng naﬁn the charging gas® m]xture Isial so
anal yzed. 5 10 15 Biter an foperating time of 3 weeks, the foldowi ng resuglts
are obtai ngdT Chapgi Ng gag m xture P[Pp4uct gas myrure C 3

N ' 50 49

15 H,0 10 19

Methacrolein - 5.2
Methacrylic acid - < 0.1

20 These values correspond to an iscbutene conversion based on
single pass of 98 mol% and a selectivity of methacrolein
formation of 84 mol%.

25 The portion of the reaction C reactor in the furnace is
maintained by closed loop control at an external wall
temperature of 2%0°C (based on a tube flowed through by an
identical inert gas stream).

30 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 of the reaction zone C reactor

35 consists of 29 1/h (STP} of air and the product gas mixture B
{73 1/h (8TP)}). The temperature of the charging gas is
increased to 290°C.

The pressure at the reaction tube exit is set to 1.3 bar

10 using a pressure regulator disposed at the reactor exit.
Downstream of the pressure regulator, the product gas mixture
C (temperature: 200°C) is depressurized and analyzed by means
45 of GC (HP 6890 with Chem.-Station, detectors: TCD, FID,

separating columns: Poraplot Q {Chrompack}, Carboxen 1010



(% by vol une) (% by vol une) N25858 0286 H201414 Met hacrol ei n3.51. 4
Met hacrylic acid< 0.11.7 These val ues correspond to a nethacrol ein
conversion based on single pass of 60 nold and a selectivity of met%acr
acid formation of 81 znol% 20 5. Conparative exanples 25 30 35 A) The
process according to the invention acce#rding to 4. is repeated. However,

when the reacti pgugdin®)B.r eACt Gorrespehat 8§ tharddee, Cbﬁé%mg%g) ghxture used

is a mxture of r el as mxture A (41 1/h ('STP) "of which a
proportion of ﬁﬂiﬁfe E%P%E?CE steé’tr%g

and 45 1/h (STP) of air. The | oading of
the catal yst charge in the reaction zone B reactor with isobutene and
oxygen is accorHftet \urd obetdbind SERe of B SedrKssnehandoDldwihg( BER160f 2a¢ygen

as in 4. &nd thgpioadiqng of the catal yst charge in the reaction zone C

reactor wth nethacrolein and oxygen is 3.8 1/h (STP) of nethacrolein and
8 1/h (STP) _of oxygen as in 4. After an operating tine of 3 weeks. the
following results are obtdi néthargdngdSgCharigitngegad Brioduat egdy aduchrgad
m xture C (Poby vol une) (% Hy vol uife)pyN263852D26. 54.[5 H205485. ®lume)
Met hacr ol ei n31 8 Nﬁ%\hacryl [c acrd< 0. I§g 9 Z 8 DEC 4005 48 THESE val ues
corresponid® -S-re-hacrot-elR—eonversi-or—based—en—girghe—pass—e+—40—+re40 and
a selectivi tv of _nBthacrylilc acid forfation of 75|ml % 5
H,0 14 14
Methacrolein 3.5 1.4
Methacrylic acid < 0.1 1.7
15
These values correspond to a methacrolein conversion based on
single pass of 60 mol% and a selectivity of methacrylic acid
formation of 81 mol%.
20

5. Comparative examples

A) The process according to the invention according to 4. is
repeated. However, when the reaction zone B reactor is
charged, the charging gas mixture used is a mixture of the
entire product gas mixture A (41 1/h (8TP) of which a

proportion of 11 1/h (STP) is steam) and 45 1/h (STP) of air.

25

The loading of the catalyst charge in the reaction zone B
reactor with isobutene and oxygen is accordingly 4.5 1/h
{(STP) of isobutene and 9 1l/h (STP) of oxygen as in 4. and the
leoading of the catalyst charge in the reaction zone C reactor
with methacrolein and oxygen is 3.8 1l/h (STP) of methacreolein
and 8 1/h (STP} of oxygen as in 4.

30

35

aAfter an operating time of 3 weeks, the following results are
obtained:

40

Charging gas mixture
(% by volume)

Product gas mixture C
(% by volume)

N2

55

55

03

6.5

4.5

H,0

15

15.5

45

Methacrolein

3

1.8

Methacrylic acid

< 0.1

0.9




10 15 20 25 30 35 40 B) The process according to the invention according to
4. is repeated, except that instead of 45 1/h (STP) of air, 9 I/h (STP) of
pure nol ecul ar oxygen are used for the charging gas for the reacti Qg gemgB
reactor. The total isobutyral dehyde + isobutyric acid content of the
product gas mxture Cis perceptibly increased conpared to the experinental
procedure in 4. 45 2 8 DEC 2005 49 we48laim 1. A process for preparing

net hacrylic aci ghésomdlsehutaneedyorl Ap 8UbdECidrrg etihecosedrtianebbed on
reaction zone Aghifgfe faf lo@' 166h&0L ive Q%@I&Qﬁ%‘l&}sbi’ &@éﬁ!éﬁ%@@c ac1d
dehydr ogenati on orméthfdg%% Rb aﬁs‘( 4o forma product “mXxture A Wwhich

conpri ses |sobu ene an unconver ed 10 isobutane, B) using the isobutane-
and i sobut ene-containing product gas mnmixture Ato charge a reaction zone B
and subj eét gpg tThe pisRfsdt @BeorMineadt ke ZORMPBIn0adcsedBed itee415is

het er ogeneousl yr@E% é’c?e%xgéfi' ﬁlla@ ind@bLeMo ¢ Mo r1‘?119%'1*13 *@é%ﬂs' 891 /n

nol ecul ar oxygen el n-contal ni n as _m xture

0,
with the provi$8 tha tﬂlféenﬁ?;?c@oar{vé’ﬂ?%% ¥ i°S6 u?%ﬁe 235119 RS and
20 C) using thefpBt e IGRASTACR NS H ﬁ@aﬁF%uﬁhegé§tﬁﬂ-x%%ﬁ@tB’rav\F?Mﬂ +
precedi ng renovakobitworpenédt sortmmtaiciethe heraiuct geschixigeealCr @acti on zone
C and subi%ct i ngetbept imlyhaaeobeiat icdmpeasd i € tzenexfet tnéntsal pebtydubd
het er ogeneousl y ;gajal yzed partial oxidation using nolecular oxygen in the
gas phase to for m a nmet hacrylic acid-containing product gas m xture C,
whi ch conprises renoving at |east 80 nol % of the conponents 30 other than
i sobut ane and i sobutene fromthe isobutane- and

15
20
25
30
35
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i sobut ene-cont ai ni ng product gas m xture A before it is used to charge
reaction zone B, and introducing the nolecular oxygen required in r2eRpEf @5
zone B to reaction zone B acconpani ed by nol ecular nitrogen in a nolar
ratio R of 35 nol ecul ar oxygen to nol ecular nitrogen of from1:1 to 1:10. 2.
A process as clained in claim1, whereig;n Ris from1:3 to 1:10. 40 3. A
process as clainmed in claiml, wherein Ris froml1l:3 to 1:6. 4. A process
as clainmed J\,é‘lcal .me claims 1 to 3, wherein air is used as an at | east
partial source of the oxygen required in 45 reaction zone B. 2 8 DEC 2005
50 5. A process as clainmed in any of clains 1 to 4, wherein at |east 90

mol % of t hel corpdr@sessofperprar@yingometarrydnd a¢bdbiroenésphesad byn t he

i sobut anes and i sobut ene-containing product gas m xture A is renoved before

it is used to chprdapfecheagt £d) ZQBAtEne 6in A REAEESSH &b &l #Bdy i n any of
claims 1 to 4, wher e!tﬁi%tl sEfgg%i\%SthLg/&g etql%lcoggggfnztes ot her than

i sobut ane and isobj; ene present 1nthe i obut and- “an sgbutene-cont ai ni ng
10 product gas mi xt%f dﬁoﬁgn?ﬁfrﬁﬂ/e‘d‘ b8P oPES iRNFSE 8etPH® TRAPFRCt react i on
zone B. 7. A procesyixairel & vich woapylises clstbwsenet and ungivaverred he
conversi ®0 of i sobutsibmtianeyeaction zone Ais from> 5 nmold 15 to < 30
nold. 8. A process as clainmed in any of clains 1 to 7, wherein the

t th t ' t [ t . f duct
gas mxture A o s g e e 88 STk Re TRy BRNE agLC

{
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C) using the methacrolein-containing product gas mixture B
without preceding removal of components contained therein
to charge a reaction zone C and subjecting the
methacrolein in reaction zone C to a selective

25 heterogeneously catalyzed partial oxidation using
molecular oxygen in the gas phase to form a methacrylic
acid-containing product gas mixture C,

which comprises removing at least 80 mol% of the components
30 other than isobutane and isobutene from the isobutane- and
iscbutene-containing product gas mixture A before it is used
to charge reaction zone B, and introducing the molecular
oxygen required in reaction zone B to reaction zone B
accompanied by molecular nitrogen in a molar ratio R of
35 molecular oxygen to molecular nitrogen of from 1:1 to 1:10.

2. A process as claimed in claim 1, wherein R is from 1:3 to
1:10.

40 3. A process as c¢laimed in claim 1, wherein R is from 1:3 to
1:6.

4. A process as claimed in any of claims 1 to 3, wherein air is
used as an at least partial source of the oxygen required in
45 reaction zone B.
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A process as claimed in any of claims 1 to 4, wherein at
least 90 mol% of the components other than isobutane and
isobutene present in the isobutane- and isobutene-containing
product gas mixture A is removed before it is used to charge
reaction zone B.

A process as claimed in any of claims 1 to 4, wherein at
least 95 mol?® of the components other than isobutane and
isobutene present in the isobutane- and isobutene-containing
product gas mixture A is removed before it is used to charge
reaction zone B.

A process as claimed in any of claims 1 to 5, wherein the
conversion of isobutane in reaction zone A is from > 5 mol%
to < 30 mols.

A process as ¢laimed in any of claims 1 to 7, wherein the
components other than iscbutane and isobutene are removed
from the product gas mixture A in such a manner that the
product gas mixture A is contacted with an organic solvent
which preferentially absorbs isobutane and isobutene, and the
isobutane and isobutene are freed from the absorbate by
subsequent desorption and/or stripping and used to charge

‘'reaction zone B.

A process as claimed in any of claims 1 to 8, wherein the
molar conversion of iscobutene in reaction zone B is
> 97 mol%.

A process as claimed in any of claims 1 to 8, wherein the
molar conversion of isobutene in reacticon zone B is
> 98 mols.

A process as claimed in any of claims 1 to 10, wherein the
product gas mixture B is supplemented with air for the
purposes of charging reaction zone C.



