;s e3er 6 T1+Q5yy by Preparation of nmethacrolein fromisobutane The present
‘invention relates to a process for preparing 5 nmethacrolein fromi sobutane
by A) subjecting the isobutane in a reaction zone A to a partial selective
.Jheterogeneously catal yzed dehydrogenation in the gas phase to forma
product gas m xture A which conprises 10 i sobutene and umﬂmmﬁmmmmm

i sobut ane, B) passing the isobutane- and isobutene-conta gas
m xture A Buneperatiemci owthanroBimndrombisanitaget he i sobut engpgph+t he
reaction zone B to a selective heterogeneously 15 catal yzed parti al

oxi dati on ¢xe Hhes8Rs ARNRibAT Adh JMRILEl! AMpBOeN £h SRR ng _
nmet hacroéqhéq__-ht(‘a%%%m - 9988151: Sb@? xture B and C) using the nethacrolein
n ep g

cont ai ned I roduct gas mxture-B 20 either for preparing methacrylic
acid or for another purpose and either recycling at |east unconverted

i sobut ane Bontsibieatingtthe gsebutengdd @ xeackid i2one Achbetd martdad A or
using it for aedteceiveungprsegeibollnantalgzed idemirogpnatiod innthenedi at e
which finds usfas baas€xeddEm BOprHdeRAgaBImiRE AL Y khcRCEShpYRERacrylic
acid isjgn im(yotb%@Enété’rR% QncRaTb LAt WeoBlthse Used as such and/or in the

formof 1ts methyl ester for preparing polyners which are used, for
exanpl e, finely dispersed in an aqueous nedium as a binder. 30 DE-A 3313573

di scl oses B) prRjEE48 9t bhe praghitARE- nthASPBRERRE TUrRAL8SBE BFRAUSE @88cri bed
at the outset .MmiGtupagd D8o PBErAagBiFs ZPnecBoame raibjelcsingethy isiobubehé y
pur e nol ecul ariroxphgeneastide zonar Betd & sellective tdtetrogeygeuslyequired in
reacti opszone datadpzA8tHomah 1 bxV@st fhiPanPess| M JraswohkiNg thblle8asapur €

nol ecul ar oxy refe i i Q | A . ygen.
owever - a o) SIS oot o auekt SRR - ERR AR, pRYBEC At MR 0
oxygen as the off en source for reaction zone B is that 40 isobutane
acconpanyi ng the isobutene in reaction zone B does not then behave

conpl et el YC) nerxing, thetmé¢thacyolein ¢okaiined parthenlprpdant/ gas qumtheeeBy
oxi di ze20t 0 a qigheepfob| Ereparant. md¥hderyilie heid er iforpanbtied Purpasees an
undesired | ossaff elisRBHt A c1RAG! b8l 1ndtdahboRveF QUG ESbREahs WAl Red f O
exanpl e 45 lsoﬂvkﬁeaﬁfi{;&w&e ol hRO Y AnB6! Poa A BHOSBREA | o WAARE! E £
conpani ons of t hac el n._and generally interfere 1nits g0 3492 2
subsequent uses“affd® g‘ﬁr MY Er enoved from methacrolein with difficulty
(even when they are only fornmed in small anmounts). It is an object of the
pr esent 25 MNediacynledn pisowind édmpoprarde sotkomedi ghree whichgf iedshames| €on from

i sobut ane asangdecr féebrapatriag omeiaicryhiichaeid y Meanathel fbacdddescan bed

di sadvant aggfort@nd &espieednexiesnt .wilenhayedaind hah L foroRineehei S

achi eved Dyod BEOGES Sndiily1 18 LEPAL 19 HBENAT (R iGH LT LA Q! B8 DY A
subj ecting, the_isobutan Ng@ reactiqn-zone A 1o a Qartla sel.ecti Ve

het er ogeneolUs|Sf ¢ ?%11 y%‘é‘& defly &P oA NGRS IS HWASE® t% PFBPRT a
product3Qas ni xture A which conprises 15 isobutene and unconvert ed

i sobut ane,DE3)A 333351y diselosebut aprocessd oy apnarerdngomethainegepnofiven gas
m xt ure A isdbmtaneeca<tdemecribae £ arhk sukbgett o daye RspbpE-ana3inssyhe
reacti on zai@mieh8s acifehiet byevehaagepass shor2R 162t skydsad fakhbal

oxi dation ddyidaergas . RhaRgebah 8 SRR u SR éeaéemaz ne B. _
net hacr gL el 1153690} al ol n%l%r g((]aluc‘.t)sgJL Jn, Xt uorekB qﬁr},l Susin t‘he ﬁt hacrol ei n
cont ai n2d TR pF oditt %as RYSTINE BO2BOEY (1P 186P% pPeari g HEthacr yl i c
aci d or fdP*¥8588r nBYSIRRSNGE 1ENBLEER H&r tRECYRS i%fg PaE el BatecUifdoR¥EreRd

i sobut ane contained in the product gas m xture B into reaction zone A or
using it fHowexeol herdinadyaseage of such a use of substantially pure

molecular oxygen as the oxygen source for reaction zone B is that

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

45 isobutyraldehyde or isobutyric acid, are generally undesired
companions of methacrolein and generally interfere in its
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30 whi ch C(Rf%/ 4 eeding the nol ecul ar oxygen required in reaction zone B
‘to reaction zone acconpani ed by nol ecular nitrogen in a nolar ratio R of
nol ecul ar oxygen to nolecular nitrogen of from1:1 to 1:10. 35 In other
ords, according to the invention, R my be 1:2, or 1:3, or 1:4, or 1.5, or
1:6, or 1:7, or 1:8, or 1:9, or 1:10.2 An advant ageous ratio Ris in the
range fromubsauent: $easx and camwe ardiygbef removed firomimgthaprofiegmwithto 1: 7.
In the prabifFicatepr (bvey Wwheh hehdynaest bahy fdrenedbn esmallll @mednBsronpani nent
of 40 the nol ecul ar oxygen by nol ecul ar nitrogen is advantageously realized
[n such 2 fIRNACE ! BaledinG MPhe Ml dler @Y AGRN ol BT BHUFELL 'anégoegggtfoqn zone
B as a conponent, o as Lch_ already conprises e gcdl ar _oxygen and
ol ecul of BHGRASGRH PEEIRFERNSLRMERAT GRCHUFART R CGPCELRRT dits BRI 9T6H

mol ecul ar HdFheRna¥dhas thg| abeverdefcribgddispdygakages dtq @ rRednded he
process acedregitng to the invention, preference is given to at | east
partially, nore preferably predom nantly or exclusively, using air as the

source  -ydGRRESPEIRA IHR! thie JPReULA 1 OXYHRIE bFUKI pLsbdsR ESACET ON Zone
B. Homeilggqrrél}aaﬁgigg]h?&é%g%ﬁ%?hef anl.rétogggggeeg reaction zone B, for

exanpl €] iona nolecul’ar oxygen or air and additional

nol ecul ar nitrogen or air and additionally a m xture of nolecular 5
nitrogen akd npisiegtangoitigydisontare conpy iksastione 208 Jato copadtdals in a
rati o ot her t hsgleichtdvei hettirtogehtousleseanilyakdtdeliyirogenatiomonnoehg t hat
the rati OdR blegdﬁiipihfaa'éh@&' e al brod\feﬁorgdisnﬂ_ik?uﬁéaek hg!@ﬂt%&ﬂalrli%\ébew' a; q
oxygen nol 044 i : roduced spatially separate
to the react| orﬁ%gﬁe&g%ﬁ%ogtgﬁt?e%%%g%\%?f e DE A 3313573 teaches the
sel ective heterogeneously, catal yzed partial oxidation f isobutene in
reacti on Zdhe BYH"E FREHTMINEGAE- n?Dd FHEOPRAPRR-CUHGPIBE PIPAS AR cul ar

i sobut ene, i somRtAFE AntntmlecrgraEiok\apne Bt AR r HIECEANGatheri D &eng
reacti on zone ih ithet heaptime zonacBotaiyigelectlee i hetenrbgenemexigssari |y

cgg_t ?i nzo: sobtﬁaedhq,yzbgop&h&ﬁlrag, oRRHLELOAIirOXYECHad $haERl 86 Uh@ mdliechggen. t_The
addi tional presancs : ention
20 surpri si nglulr¥1 €n u(reeskg&q? eagblrg? flgﬁp?in&?ﬁ%lbﬁ%gglz}ﬁgﬁ?ghggré%otrllﬂg? uke _
i sobutane to red by-product. It will be appreciated that the charging
gas mxture (= the mxture of all gas streans introduced into the reaction
zone) of 26)r ewsirivtheometiRmdnelehn pemtaddede incthe dinpgucd g&®e nixramei Bn
conpri ses, i n eiklidd dortprddaringnuetieatry ldler aadly ¢ferfioroasdthedt lpirpose
conponents, foin®3WREE, r&éc1Gad, atlleadioRineoddsrted UGhbatah® ita@hed!
hydrogen, et NaeneepBYhEEE 95! R3REarO S ANES: rBULEINS 2ol XIS udi! 36eS,
propyne, allen Se JuQpane, propylene, acrol ein 30 and/ or nethacrol éin.
According to the inven |o?1, BPE " mol ecul ar nitrogen content of the charging
gas m xture of reaction zone B, based on the anmount of isobutene contained
i n thi s3eherighgogrsisextiipedinghthe dnd®cydpsr a¥Ydemaedpire@siy rraats5om

nmol % | n otdrer BaodseatthiomzoeeuB aacaunipanded by micdricudbr t it ryenginga gas

m xture of néBACHHa@AoZRNGE Bd1BchNEr R5B6RMS t8CHOIENIG T Aithegd\wEnkkreR, based
on the amoypi «Qf i.§gbut ene present, can be at |east 500 nol % or at |east
600 nol % or at |east 900 nol % However, the ratio of 40 the nolar quantity
of nol ecular nitrogen _contained in the chargi ng gas m xture of reactjion
zone B 88 ThePHIRBuNPTas. ja55950eR8 T rhs ABUST R e Re MY gPRIg ifas OFi Xidre of
reaction zohel #,a@Eol 8% nPnt d :6heCt nkieht i0dn 18t | ohorPal Py belG 2@: 1,

frequent | yadvdi-abeodd ratfdiRb® 58492 ¥helhmngel &romak:i2o tof 1t Siecranmutheof

ol ecul ar paddeogFadmC 00 addad 8i, Not hersnhar:gi Bg gas. NMixitheeppdcds®ACt i on zone B

to the amdydloQfingSBULRNE Hvant i6n £ N IBYvERSn T ol BcObmb&fitidn@Nogone B
in the B o\gess a_l%%o&dl ng..to tﬁe I nvent.l_on I en.eraldl¥ _EIO'[ bell ess 5 than
171, NoURarhe nqlEcllEL Grydem PY pelcclinar pitogel e Bavinbagectisins o7 (e
nol ar rati Be%#l%lﬁnﬁ‘éﬁ'ﬁ HMaRBRECHra thet F‘Bbéﬁ“Jcﬁfntoé‘Wﬁéﬂ 1% lt%°éHS?%i ng
gas m xt ur éntd ne@gttipnnzorend Bst a conpanenineiod Jaohimigheatrgadyi ned in the
char gi ng gesmps delegr €hd Omalfecudaet bRygerd rmdBmedacw@lao miitRggé® irhan nventi on
be from 1: dpdemdPitiondd 419 R drtQodisks Qﬁliré’fnr?dl_lachQa@éxy gneauant ly,
the comggshbifnaal hier SOAT 0lngy @RS, MW &, Oty " ARCHARLZONE dEJdlnlNEo
process accor JQ%I;CO the 1 nvention, wil] et15 seJected i n. slich a nner
that the fBif oW ABP arPY e EECE £° fINEN [F8gat least partially, more

preferably predominantly or exclusively, using air as the source



t sobut ane: j : NZ: 02: H20: H2: ot hers =

10- 40: 4- SW%@P :0-20:0-10:0-5. 20 According to the invention, the

abovenenti oned nol ar rati os advantageously =

10- 25: 4-8:40-80: 10- 15: 5-15: 2-6: 0. 1-3. An essential feature of the procedure

according to the invention 25 is that3 in contrast to the case of a

het er ogenegsis thedmoledielar @gggen usdguicatial y zeshqrdioni abneXy.ddloywdvegerdt i on

of i tSQbut e, 150 PeHL 1NN gaefodtcd PoRdadtidiLashel B) edeE@x&EE!W, in

reaction zon , . y S .t u I y conpri ses

mol ecul ar ugraéde\fél,ahliglrérﬁa(al\rﬁ’%oF‘é}fgcflﬁfa(}gggggtggloﬂa)étrdéﬁdg?%ﬁgq ot% 1 on i I
ROy anaEtyes ot popgeylar

e
reaction ZBPRENIAE BAHRIRN Fcadf (s Addd .
cat al yti & Bidxhsiepd pBE PRGN ar sOBXIRT MR, COPPRinespEBe e & ording to the
i nventi on, comorenitar inad imatdb bsbéuttdwa tbataimedri.nIthis psedudtiagato
mxture A tge Hveauhish sy agel €RetAiviedRi Be theintaddudtogamlu.xture A will

f’ﬁ general J&é(m?&ii gﬂ-ﬁo Efé’étﬂmhithﬁn?gx&:lé{cﬁn@gyeﬁ§déria§d ﬂéié‘d;:l%[tz- {\kﬁr mal ly,
e reciprocal o e Ve . | ot her

wor ds, the” ’Toa?renr acf)}lg‘)go?olsloso u%‘gﬁg %L{)c%tdalgﬁg% |lnﬂ{)hgsé‘?§§%ét ogagem' xture A
to ol ed 529 0GR BNt ai ned in 40 the product gas mixture A in the
process according to the invention will customarily be a 0.5, usually s

0.8, and i bnnathercasedss while OE-B I3H573nteadkes ttheashleveivent er esting
conver si ONfietdrdfRHebusly Z&t14ze8 dartha paidheddy Jretieopgesnrousl y

fnver si o By 2 : . c : Lion
cata dygﬁpaﬁg%ﬁ&p%ﬁa' Bnid @ BeacRish et_gasﬁhaxﬁsfq&hgg Ié?xg\éf‘f‘sédq\aiﬁn i on
y

pass,. operati,on, gene y._has ct
Pﬂ?bﬁ?“ela(?oéﬁ?g‘é 5 llsgg‘g??lb% atnéinﬂgi?ﬁ 1es (Y géﬁbaﬁde t hese
reaction tERPEHANIGES BIELYNOAN3BBACHIDEEPS Bi He FhenBTBERSRIr P8n
(cl eavage b thed)invenkiertnecesisprdly chnhftiageiseirneedisebetansi ng
(cl eavage mblézdar iokygen edridamiodedcohasaligriger. CEialagdtisiofkal mesence

i sobut ene 3t oheat@ebOiABEhe priovdsodastsrdiagute tife gavenaldy by- produced.
AS a CORYEAHERLe: iQig1bhEnsSel &L d Yafiet By SikS tBi GHuc 8 caUSbAVBY¥dioh of
configured.i nbsuclh % rran(riler.lgeraay thgg éjc'tSp' ay significant dehydrogenation
(at i sobut ARGPHEANS &G, POISHHES PErBEPYEs of . for exanple, 1000 h-1 (1 at
STP/1 of cath), the isobutene yield is 10 generally at least 30 nol%in a
si ngl e pasdt(wabedeonpprepintate thetdihe whargineg 3 Imigtyneof=d8/yen at the
abovenent i aigthtergieraluges freramexanptalwted6@0€) , tHey reactich szanegh ods

met hane a5t BYEeN6h ARnBPBNEn 1HORRBEAREL &idtaRaiAg eOthe FavEREidm _

| nsi gni fi cagh  ANOUNT Sy, 1 3aHL NG LN End ety RLGRE! L Jcﬁﬁﬁ%h@f'oﬁ’éd),c%%@lérv"!th
decr easi ng VoI une th% conver sl on jgmy be “.ncreased by e ucing t QS parti al
pressure of PRAMGHSIuEPE. SHHIRL S a T %enifaled® T2 92551 & Hhnter - f or
exanpl e, b)?neéﬁ?(ﬁ%gé‘ﬂgﬂ’ﬂﬁnatmerté‘GBEedeHP@seé‘&reeiﬁa‘éﬁTd/rgg‘FaB?s a&?ﬂf)ﬁnﬁﬁ'i n
subst ant i abhypyherr tpegitenent REeryde,f allenefypPEopramPIMPYeRNe s FRFHHEPY an
i nert gad faad/dhenedaydpdgimati on reaction. Dilution with steam generally
has the further advantage of reduced coking of the catal yst used, since the

A S0 ot eafcedtaihd T chal Mverilh chiPeRE RAR AP nPORgete cBRELRS T 1S
! afﬁ'tnq rﬂ?@n{"ﬁ'é ufe Wt Yellrs 9857 zor}leotsééi g#g&?g&ﬁ che gﬁgﬁeﬁf £ '

relativ

Accordi ng % ,rtisentjirel?y usgt ntirety or
el se only &SBpBREeRM contepBedpidiig, CRRT e F2F o™ R Hfed SPRY 1 Bact i on zone B
accor di iip genehel Ihvekt Penless d-Hagr 580 mei'on InokbektWHeszohBe A, Exanpl es

of 30 furt eledularentizrbgenr eaciendn of ohkee AlarglindegLOmiBARArendEf nobl e gases
such as Hereblet 86 Ane( BOVWBVEKe piReski &fcdrtiingathi tife ZaWenfiony bated

D Fentt | oty Sho oo, thEHe SLHERLE can Be hO L SO, .
nol ecul ar &yg%ﬁ : 1m8?_Qf h&" 3% (#Fﬁen%é&n%onii'oﬁgﬁe%%égzg’eugggp#noafrqeacti on
zone A % ide BPbHe BRntity nef Malecydak; yhiPIes: PR drfe&P®according to
t he invent icharging igasamizhtne el ealciion heonti [Busat she anawstecfor t he

reacti on zdgebitatie amraiaktdyinmlihe ¢hbhveiis s mdbterd wf reactiom zpree B.

I n general g REEHEIBNE R0l EhEi MBRetA ofll WUENtforMRINEh Behave:40 Freqidntiy se.

| ess than ™l % preferably | ess than 3 nol % and even better less than 1
mol % are chérnically altered) in each reaction zone. In principle, all
dehydrog%%ati on catalysts known fromthe prior 45 art are suitable for
reaction zone A according to the invention. They can be roughly divided
into two groups, i.e. those of oxidic nature (for exanple chrom um oxi de
and/ or al um num oxi de) and 0050/ 53492 6 those which consist of at |east
one generally conparatively precious netal (for exanple platinum deposited

on at |east one generally oxidic support.



5 Dehydro gatal ysts which nay be used for stage A according to the
I nventi on are |n‘%er alia, all of those recommended by DE-A 10060099 (the
exanpl e), WO 99/46039, US-A 4,788,371, EP-A 705 136, WD 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, 10 DE-A 19 937 105, DE-A 40 211 275 and al so DE-A 19 937 107.

I n particufler modat réeiaafydhegamatntorfpmobessl aranitnegemewnitensed iim t hi s
docunent ashéeihaggitytgdy eniketre erm:trleentiemezo%eaecebdtm dndunliecf Nvent i on
may be carf{dghtaub &gk td?.e HE\ maﬁeeféilcng ﬂeecﬁi&mcﬁlela 2Rl SO

Secor di ng é10°‘%§§”9|°9°3" R Rl ’tﬁﬁl Serst@Thy ok pTTeS o0
cat al yst ?Fg"gufyr'o 1% "E"H"IQQWQ c‘)Lb SR it Sfali‘%/“fecgﬁ *dm di oxi de,

fromO to 60% by wei ght of al um num oxide, sili con di oxi de and/or titanium
di oxi de anth fatdwer2@ofdd, tthelfoddy menightfothatanomast obnsolxcarrant of t he
first or &mﬁéeﬁﬁbanﬂém iaf tRe @lgRAY §is tﬁe:tmbrsftfe%l&hwﬂoﬁ G:;Jp of
an el ement, SfeeanBhhidy S%Eﬁkﬁﬁ@ra&rtg&meaflﬁ hePBhbod o 138! eyt

Ianthan; ap )| ! e\#o e%% Vi sy b The

per cent g Bf \%u §ﬂt ?’% 685 b%° 35 e HEE8R % §°8‘af‘a y%‘? bed
(for exanpt® ¥4 @Fdfzem %J'eldwrrﬂ)@rjng WPedr8P 2i kP Bédy required for the

pur poses of the present  invention nay contain the dehydrogenation catal yst
in differimpegeatdy;itse donpoplesornfofustbuthageninet ghesmiurtehefpr ocess 30
accor di ng t&adtion RYREIE G ithel ﬁﬁ&emaaeéoﬁal ae% thal invdlloft 9111 be
monol i t ?ﬁ}%eﬁslﬁr G 1 3hfier (S L UAGOTYRRG S noSh AT See s T the

case of ex engt N 1S ntageously ftro

frequently t‘o 10 mm in many cases from6 to 10 mn and the di anet er
of the extrudate cross section is 35 advantageously from1l to 5 mm

f requent | yigqhmhanet ds@butranel: N2 t Qoo Ho@ sy :oftherags, the wal | thickness is
advant ageous440 :4-8r2 0-80 £56-22.: 6-p 0-avvd otBe | ength is from2 to 15 mm
frequengpy from5 to 15 nm and the dianmeter of the cross section from3 to

10 mMm A sy I I, € DE- A 40
10047642 an %ﬁsggéa%ﬁgiﬁggﬁq‘h%ﬂ %Egéﬁgnt;% ed fﬁgﬂ&% et ?éct t hat
oxi di ¢ suppOr tREE.rF eﬁ‘% ﬁgefﬁ'r%t d A r%ﬂ ‘acid (for

exanpl e concentrated nitric acid) can be conparatively efficiently kneaded
and can berr@dsentadl bfeatxesodf the proceddre agcandiogt todedtie ipvessicom an
appropr gat s stmpedihockyntrést to OO Wa38482 a.heterbaensbapeshdyoedi es are then
dried and gelleriddRdednsh f&&a& kéd Spuzlttllaqnéxﬁa@nﬁﬁwgeelaewfi dhemin a

sui tabl e seqlienche, Fhodldatar! -l %%%Brﬂééiﬂ A seal 6l il Og@may -

reaction zpone A reI’evant

0CEeSs. accor e |nven
principle b GBS 9R %Y zf‘Il ?‘é }&tlosr w??' ’6?/5}'?“%?8 olp‘ art for
het er ogene¥RPRa5A 14Nt ﬁP?Q’e’tfeﬁaF‘PF%?chﬁ”n)?’dFSQ%’ét |%h8Fmﬂ§/%lr66’§r bons in the
gas phad® eatalytiigedehydraosnatjon sin Rgaictapnrzensg iPorist engeyhermvies are from
200 to 800withomt 28ditional0BebsutEdCwhille woc&talyticessydehydroggphtdbny in
the range fg @Rdneri@c l0hahe gwéé‘@y agRSrAoNg | o RHACEnYEL O, | €fe Of
reaction gas A §aki8 f?ol%ofb tdfle O <9n rihed! Enp{ﬂé‘(idr%'dﬁ ta%z}s 53%%5% Aypes

and process_vari an RI nbo
reaction_zor mo,&egf’&?ﬁ %) °§§§sc%%%%lr'}?% g}t‘? h%r‘?cﬂ\.%nf’f"%rf“l%@r f‘f’fﬂ%s of
such praﬁe%"s“q}:é'rll ¥nPe = cGHEEP PRI lvn S Porf’e%%’i%’[téy 21 mftsP ar
docunents nentioned in relation to the dehydrogenation catal ysts. 20 A
conpar at i vidnymaddypr thensiciprdestropHtihen abbveednydicngenaat bn yirlacasses

sui tabl e aexdded ng M wﬁeﬂ W28t | Othd Mmoahs0r 08 AMedobRterelcdntbiféd

St udi DI t
Pr (l;clegz %h%” Eedate 9?%“‘9‘5 38%%&%539 bt “ﬁéﬁ?@'&’ S ggenar on
Califor 8 7%525"15 TG A imy @ﬁapae‘f%#’aqcer 409 4% € the partial

het er ogeneﬁl}éq“}leat ﬁ%%é@%@ﬁ?ﬁ%%ﬁgéﬁaﬁ 815 of USURIGIt &ne- § s ansatini many
endot her m easdsn=<dt.Rer onos ds5.t he heat (energy) necessary to achi eve the
required 30 reaction tenperature has to be supplied either in advance to

the reactlﬂn&e%raeg/%hlé@et hetEAM SR PO EohbEr SRR Whi Cedebydl Qg8BaAT O
nersroaftolt s e O RERShe Ao B SRIO Bt it Bl

het erogeneous § t1ons amount s
of hi gh- bof35% ‘fﬁﬂréjéﬁf;aF° egH‘tn VEPGiaR & kta(ﬁﬁléoﬁﬁdg sH}?lteopaﬁﬁ'

i ncl udi ng R ﬂona‘ﬂ@iqlfﬁr%dhwm% heogd€eten athaedatavely highf ace and t hus
deactivate it. In order to mnimze this di sadvantageous side effect, it is
40 possible, as already nentioned, to dilute with steamthe isobutane to be
passed over the catal yst surface at el evated tenperature for catalytic
dehydr ogenati on. Under the resulting conditions, depositing carbon is
partially or conpletely elimnated by the principle of coal gasification.



5 0050/ 534050/ 3y% her possible way of renoving deposited carbon conpounds
consi sts in passing an oxygen-contai ning gas through the dehydrogenation
catal yst at elevated tenperature fromtinme to tinme and effectively burning
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25 1is ro ?5 &?Q axially by the hot, isobutane-containing reaction gas.
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be operated in parallel, two of which would generally be carrying

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

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

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

45 operated virtually adiabatically, it is advantageous to operate
more than one reactor in series (typically up to four). This
allows excessively high differences in the temperatures of the
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20
In the fixed bed processes described, the catalyst geometry may
likewise be spherical, or else cylindrical (hollow or solid).

A further process variant for reaction zone A according to the
25 invention is described by Proceedings De Witt, Petrochem. Review,
Houston Texas, 1992 a, N1, which contemplates the possibility of

a heterogeneously catalyzed dehydrogenation in a fluidized bed
without diluting the isobutane.

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

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

40 disclosed in the literature as the Snamprogetti-Yarsintez
process.

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

45 to a process developed by ABB Lummus Crest (cf. Proceedings De
Witt, Petrochem. Review, Houston Texas, 1992, P1l).
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space vel og;ﬁé (1 at STP/1h) on 35 the oxidation catalysts is fréquently
0 250

from 1500 O h-1 or 4000 h-1. In principle, reaction zone B may al so
be configured as_described for simlar reactions, for exanple, in DE-A
19837517, %0 pealizeydhesgkoveneniiened oharbudnieararvEians 9y S,
Cust omar i | pdvahreagedusr hal cémeat iong, thé gyiudpneadehydrogentt iomeadoeadioy
syst ens,20 $oathelSif@énitiion IMERctkoAoReA 9@ howdhEingPpebbserd &ICErBA Jas
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to be dehydrogenated with steam. On the one hand, the heat
capacity of the water allows the endothermic effect of the
dehydrogenation to be partially compensated for and, on the other
25 hand, dilution with steam reduces the reactant and product
partial pressures, which has an advantageous effect on the
dehydrogenation equlibrium location. In addition, the concomitant
use of steam, as already mentioned, has an advantageous effect on
the onstream time of the dehydrogenation catalyst. If required,
30 molecular hydrogen may also be added as a further component. The
molar ratio of molecular hydrogen to isobutane is generally = 5.
The molar ratio of steam to isobutane in the reaction zone A
variant with comparatively low isobutane conversion may
accordingly be from = 0 to 30, conveniently from 0.1 to 2 and
35 advantageously from 0.5 to 1. It has also proven advantageous 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 temperatures are
sufficient to achieve the conversion in single reactor pass.
40
According to the invention, it is therefore advantageous in the
reaction zone A variant with comparatively low isobutane
conversion to carry out the isobutane dehydrogenation (quasi)
adiabatically. In other words, the starting reaction gas mixture
45 will generally be heated to a temperature of from 500 to 700°C
(for example by direct firing of the wall surrounding it in a
heater), or to from 550 to 650°C. Normally, a single adiabatic
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22 A, is adveinteededystywhich aayt bpahedtalinguiatedrief @dabbyt tx cipesiatddy air .
The et @6i hg fifowed dhaduglataxieddytleypareathote isdhmtiahe-bohtpimidigct 5 gas
mxture A i8addinPgaseSPhadce@adyBe §ébndieyl ANEMd %ritrre)f spraxikaadirectly
used to COQJ{tEJ}fedp'onHﬁﬁuﬂﬁs HoSEYLE, &h%ncswlgwxr er,s%&de% signe B. The
product gag, [l XligcR el Gl sanlioncane. k| 4 Npeusady 10 a6eqiing to

the inventi©o ﬁ? St an osed, 0 etarg product

net hacr ol efﬁar‘]]olr %th%?fa: ‘T%é’rfeopemi‘ﬁqp‘%é‘f“ﬁgg?%?’éu&@l Heaﬁ?Wh\ﬂé‘Ft efhe
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nol ecul ar byikdsghspohgdr byen jRokebdamd thebyatalyhic bednohprbelsattaaged

di l uent gasn tife GanB0Ar oydgleetasen Henll QdUELe aamﬂamatu&eelagé, ané | uent gas,

and al so shplie@RRUAES: Rf e B k—.%‘ﬁﬁalaﬂyd?nF lydr ocar bons and ot her
inert diluént gases. However, the Isobutyralde y e and isobutyric acid

contents are mnimzed in accordance with the invention. Wen the target

product 3RhPRFEYs CBFARYRRITRATEES Foll TRe FG2RbLoMeMEc PolBF e ButdSTerAARY v i ¢

acid, it i%opdgwsiipventien reddnrenperr bvedy- Aow3ISPETaneoceByRIGON: AR 2

met hacr ol esrTianipasai age piroguct igadarrbtieucetabysiuschiiiselosed rigact i on zone C

and to subpecd 1he@3NELOALIAHRieNald ehéiR AEELYEsERIY Waly Bardtadpiexi dation

in reaction zone Cin the gas phase 25 using nol ecul ar oxygen to forma
product gas mxture C. Advant age ous catal ysts

met hacr yl.i C in
for suc)rébagrgeéc% %8%@1 é%g longd ose fme’e&hae alboveBen 44 05 060,

US-A 5 166°353LYS58. 2B ‘i‘ssfefi@?eré‘ee% er4e§3121P36f5o Tn 8. ALHPELS gaseT Ry DE. A
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35 netal li gosbesBsAbg, in particular copper, vanadium arsenic, antinony,
cesium and al so potassium (cf. DE-A 4329907, DE-A 2610249, JP-A 7/185354).
DE- A 19922113 suggests mnultinmetal oxide conpositions of the 40 general
formula I'Il [Alp (BlJq (Il11), where the variables are defined as follows: 45
A: MD12XalXb2X~3Xd4Xe50X ~ 0050/ 5349229: MOf X6gX~hOp 23 X1 = H, of which up
to 97 nol Y¥emyempiep fE Wy tanh®nd Umb—k amb thegndkygerCsonsent of \theNb, Ta,
W and/ or Reegef{BeratBonSgas MayGbe Asomrd/5otoShos Xy wolumelh, Fe, Co, N, Cu,
Zn, My, Ca, Sr and/or Ba, X5 = X6 = Cu, Fe, Co, N, Zn, Cd, M, M, Ca Sr

and/ or Ba, IﬂOtﬁé fur@herTébﬁﬂy%&gﬁmS%bgé%ﬁ;ﬁ&58g1Qt&i% ’a9r m{i(ﬁg gségtég ¢

—fromOtgh fromO
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t he val enc?j°%‘?k¥1f°rne°'qu§ﬁc’§a%f9rf’ﬁ§“e‘?‘éweetlﬁe?rqméﬁ 8rRpYigatiien pping = 1
and q = 0 of piey togpurgettdigecetalysy hefomezeegendiasdonavitch pngricsgés om
160:1 to 1(£oﬁrakatrdp&esnia)n.dard devi ation of the stoichionetric 25
coefficients a of the X1 variabl es of i ndi vi dual crystal lites within the

conponegP fT téﬁ% éhé&gﬁfy rgéb QP%? %eg ?Frat % han Q. hopure

f e 5.
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from t hei r otherwisendidenhinalt condhtions & Feequentlwr cdnt ishadvarlageonposst i on

and the freatiproytBkhei peddnerheloh OfrddedagedtwidsicaNabré e GiecBssion.
chem cahgconposition B which 35 are delimted fromtheir |ocal environnent

owi ng 10"t hg 1, g u%éegsnecmegasggngo QS hgnel M LSLrgeals govi ronnent,

finely di viOBRPHRASYEHE %)‘I’w A'Lsghatgne Zﬁ?’\b’ﬁrﬂlﬁaogﬁé’@ Fed i nspAt| ar

mul ti et al C®%¢TdPc OREBH3TET Gits ther same aast heurkypripace vekeciti@snul ti net al
oxi de cat alyslatifngr bobhcto drhezomerdl 1 trieactuibhi gad alndoxbdehe aitsabyshfef or
react i orozemet{3rmde theséiprasl yhesesk amtsuaies hangd 1is6b@t§rié1efo¢i\$er§i&gs or
cylinders o s s®1i%).t 68id Yad RbuEPRlHFhceAVBLYSHS df Qeaq?{f&{) §%§ 4y inert
support paﬁél &S e&gﬁtf)fg i 566 @&tlov%OBOHDpSIfEIeagently %—):om (?5‘1:

3000 h-1, i.e. in many cases from 100 to 2000 h-l.

25 In a particularly elegant manner, the reaction zone A variant
according to the invention with comparatively low isobutane
conversion can be realized in a tray reactor.

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

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

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

45 through pipes heated by hot combustion gases.



24 Exanpl ees50f53d0Rabl e unsupported catal yst geonetries include solid
cylinders and hollow cylinders having an external dianeter and a | ength of
from2 to 10 mm In the case of the hol I ow cylinders, a wall thickness of
froml to 3 mmis advantageous. It 5 %n be appreciated that the
unsupported catal yst may al so have sb erical geonetry and the sphere
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countercurrent to the reactlon gas mxture. 25 A particularly sinple way of
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two 45 ¥nttdeysembugicionuedl bedygden dandhengeddyidyobarbemoexdaptes i of
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react ors. havi FeVHporative too
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from 250 thete20genédusliyeaetabyzext dsobneand dedydirbgenaivh Gni @ quasi-

advant ageciitbyhéfmdl Ghahnk®. Sas fiROeNbbyed ¥ikBndet Qink Q:rf %hebar- The gas
hourly spaeRc¥ebRCids/ inlthk STEAIYB: Qfedtt'? ﬂf&’r@%%@” £& S of reaction

Cwth t f { to 4000
R S M R R b éFaf‘FO%’sl %an 15

oxi di zi ng é’é‘éﬁgn\:n MpeTetine zw*taﬂﬁywaw ularLydkRpg PrEtTaARe to the
chargi ng dd®€frxture of reaction zone Bin its entirety. However, it wll
be appreciated that supplenentation with oxygen may al so be effect ed after

reacti on zonegeBerdhe dxggbnpoeeditid iay dbScHiIR@ aBoParihdil@beBePride two
reacti ofp zRRe$nBsedh ANdhabmar etﬁeﬁ?‘lt'héegx&&er; %nftgftg] 9f {nw IIelAQ%lQHr% | s

systens i S | ar. 0X reaction zon

al so a coqnlg‘ﬁ(égﬁg ol?a E@C%nhgﬁ °|fn H%/}ggca&fe ngcﬁ‘tﬂ’r‘tf(?ﬁecﬁn

oxygen sugglleeﬁeﬂt atd FFomad - 5E)et‘?: 0r Qéf BotunmRs WEgHYl PXYaRe SpBFEes| ar
oxygen. A ingduferbaetly pamespolecularabkygénrasliokygeppdEhmedatioh memoses i s
mol ecul ar gasygéor dixanipded @0} hcoynent grarmisughses, BR, i8apothAagases, N2
and/ or smtdiisat gdr NYHOGRERPOSng AbrBKBIRLE Rfsc3UgBnéPa 0y HaReSQH! CE May be a
cycle 30 gas diverted fromthe process according to the invention and
recycled into reaction zone C. According to the invention, preference is
given to using air for such oxygen supplenentation. Even in reaction zone
C, an excess (based on the reaction 35 stoichionetry) of nolecul ar oxygen
general ly has an advant ageous effect on the kinetics of the gas phase

oxi dation. Preference is given to setting a nolar nethacrolein : nolecul ar
oxygen ratio in reaction zone Cof from1 . 1 to 3, frequently from1 . 1.5
to 2 5 40 Frequently, the process accordl i ng to the |nvent|on |s carried

o, . o, o ~ 7 Y T o, g, ~ N




0050/ 534929@%0 fsga9gnt |y, the process according to the invention in
reaction zone Cwill be perforned at a nolar nethacrolein : nolecul ar
oxygen : steam: isobutane . nolecular nitrogen: other diluent gas ratio of
2-6 . 2-20 . 5-30 : 0-40 . 20-80 . 0O-6. 5 However, reaction zones B and C
may in principle also be conbined i nd® a si ngl e reaction zone. In this
case, the dditionedi 9hletians effeeh anshahus nauppastotdpnhetritdesneoneln

met hacryl i cataiy®edaieoblftfanet ddhydregenatidati on reactor which is 10 charged
with a catalyst which is able to catal yze the reaction of both reaction

steps. |t wdlsdiga2BRERS i lehpetaddie Gat BhyStra3696+¥¢ tHH Rpguch a

conbi ned.oxl dat i on _zone. may al so change conti nuodsly. or_abrupt| t he
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mxture C beavdti®n' 36h1 & 14016 600 h-9eNEE lar 1508PeRsbouRst antial |y of

met hacr yhi ¢¢ 3§d¢ -t hacrol ei n, unconverted nol ecul ar oxygen, isobutane,

nol ecul ar nrtrogen, steam forned as a by-product and/or used as a dil uent
gas, nol ecul ar hydrogen, carbon oxides fornmed as a by-product and/or 25
used as a B¢ UsRthgaBicHY off $Beshrltgrageaserslescallyendrishndang| dehydes,
hydr ocar bodehydrbgenasion man bei Euetrhermydspsoved oy Smgot pora sty ddoaad

i sobutyri cimeérhaient €0t Sexdmdlel bubiZad whidhCRdEReenebicidted Beestd on. 30
The net B8CEY]1] i PGndtHBYs iR BRVELL T ERLa PyAdUgs038 Meiag Cin a
TR r oM BRr St §911 BATRLEec P Chalaudl it nbal P hagBY DAV an
exit terrperﬁ ur e .of, a‘reexa e rrag I TSt be cooled- by drrect 35
contact w PRREe % B Ref YRR TS HiEs6: FBRCTHa R CRRERYR R Lk@Pdewhi ch may
be pol yner fehtd%er ARABI4E Fhirhr evsRaEAte, obymee ah@yet Rofewfaidiml | anount s
of hydr oqutemper atmrenethstebat hensimdiigOheand ande whenetrber ténpexrashr80C. To
this endp farlsi@edowsthits haugl, i ConddrnbeS@gtihOdnd S heReBYeidas@Nhappar at us
40 substantially free of internals into the product gas m xture C and
passed in k i S | fo S r.at fr t he gas
phase in tﬁx\g&l{}{e%f?rof%fig%iﬁtth% o?gwﬁ%qgﬁméﬁgs%@%ﬁé%&gpgﬁ %&ﬁ%&&c?@gas
mixture i s PRSTPIEEEd FIRY AHECHOR THATLOANZ MR It (i 5RCCBYQRRTS for exanpl e
a random y2geRIEIULOCcbhe Mhventipnconfisse LhecouFHingnat T talenchfcont ai ns
t he pol ghetheatsabmtianti and s Hdi sotilaieddi shedefied uss nghpo bdadralri ngygemui d i n
count ercur (g6 dxarmiphe bivét NpeddFic TR ibRNPLEAUYES, FOPNDPA82pE7 may
be, for exaimhB, dadeifAgdeAdit ML R IGRELBLYA P add tcCRBEBLE thE0C.
Toget her wth, 't%”‘i;h?”&'ei‘.ﬂ - RaLling by, BLodlets é:%r”%@a%‘é Sk ?tgx%t h&at
propi oni ¢, _acr c, .malelc naric,. cltracont ¢ andforme acid and al so

f or mal dehy %‘ﬁ?i’ui’ﬁ)}°f‘s’6%3£;ﬁﬁ§| UBhYYEE MARASE s oD SR LAEPE FOHTEE OB he

net hacr gPi Breicts SUFBnd® P2 nE21hrgh86FB RN PnPEAYTRAY i9athe i nto t he
aqueous phmstecul@rTiaygen keguired fef dheagobbuseimy edvertagedislyl yakeom t he
from 10 t oozOfhdyolei ght imapteddluart hpsel.i ¢ aci d sol ution wi thdrawn from
the bottom of the absorber using suitable extractants, for exanple
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ot her | one®s AAeRaTed BARPENIA8cAt bohs - 20irRegenatidddol 8lh can be renpved
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t he scrubbingrewitdibonbyoséd rA peicbgdisg b ahe andedteidml ed with the air into
reaction zone C. 25 Ot herw se, the isobutane and isobutene contained in the
[esi dudlyg0as {LTALRga AIEPIIEN SN UBIAG! Xhiak 8L L BTRUAL (EMG RS
substanti a % renmoved 1n a hi %h- Ol jncg&lhy Irop, ob}|1c orgam_c sol'vent from
ot her gaseS5eLTMi%A F8B%t ReteiNP sHERE s PAtaps - Rpthedn t8§ £8PPULR6) Bsgdses,
etc. by abBaY MR 1&Et WP sthPOFubkt veluwsy ofi ehhendaiesst £Pppe*airded al so
absor bent ethans, medhareydtdyleneo m-gadtanes, zoAsutendsl, pegpynesd, the
remai ni ng atdeFledsepropais i peopeié UL sTagope geddrabed &g dil uent gas into
for the patmihaesudlfy hecrite Sang rollh (RN sy ed 2ergaatpent
sol vent s, %?r%xgr?gf]g‘gal #J\%é]t%fage lfl?jirj%cae{:r Egﬁé" %/ctﬁ' Hrégf@fab?’%af%ﬁ\%l%o
external pdf ateasitodBE, PuniPmey BPEFRTeLeRPRIBCal KGRSE PR® Jahatodrmei ¢ s 40
desirabl e that the absorbents have a very high boiling point and at the
sane tinme very high solubility for isobutane and/or isobutene and very | ow
solubility for the other residual gas conmponents. 45 Exanpl es of useful
absorbents include aliphatic hydrocarbons, for exanple C8-C20-al kanes or
-al kenes, or aromatic hydrocarbons, for exanple mddle oil fractions from
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0050/ 53492 8%01?%%%5 havi ng bul ky groups on the oxygen atom or m xtures
t her eof , % a polar solvent, for exanple the 1,2-dinethyl phthal ate
di scl osed in DE-A 4308087. Further suitable absorbents include esters of
benzoic acid and phthalic acid with 5 straight-chain al kanol s contai ni ng
from1l to 8 carbon atoms such as n-bé¥l| benzoate, nethyl benzoate, ethyl
benzoat e, andreidsyl ppafémldiye aandlealsetIHil bphvdnhhm,eofahslolahmehean carrier
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Used Prof BAGIRS L %ﬁgﬁtJ@&nfacmfglwe«naagu’m%&a&rlsw O (SRamRIB  pe e

at a pressgpefides) &@ the oreRvHILR, ZpRefACABFJLing AL MiFtPpebar, nore
preferably from5 to 40 10 bar, and a tenperature of fromO to 100C, in
parti cul2sr Théom&ﬁxdtOgsaGuﬂiﬁealAsmémim ridaytbéen caone &g which n absorption

columms, f @pmSxAday EisBBGYa&&'dHH‘%sBBM{:é}Qa bulbligegan.pdiny €6 eMp trays,
col,umns hay0geHAHUEER, PEG s gL { Aidant v pasied, sl dpm : s 4 111 ckle

and spray to0 ora such as
and SPray oL et D SplC 2D anaelaﬁcstdva hPECREASRURLY CHUZERr ay
scrubbers &A8 PRAsE passiabpetridatiopoueimpayiesylax quygen| 48 BRe advant ageous
t 0o car rBOogreachiomlzoepto ovbtaina abnbbhac dledimcontadiomonprpduct igaser nal s.
The i sobut angtarsl/ af reqbiiede they phbedicimysedmixoutd 22 malpsbe bistcudhtbyn

Stripping, AdeREES VY liAak +ote Q%Qoéﬁizh%e( fler2RbNBda NGOk eflpstadd @t | ON
(rectifi Catr’efi@%reﬁ%%eﬁ%i@rplz% LOR stripping are in particular those which
c

may be recy into reaction zone A together with the isobutane and 10

i sobutene. Such gases include nitrogen, air, oxygen, oxygen/nitrogen

m xt ur es35 PRBEEREHRECAAELEIBREAL WidACaFREBLY SRy fRnPhitsesgéR REREHAAS are
used wher e zbhe Bxhayenbeent descriibedbpeny 1{00esy be Soxe|ande aret wehl krowsensi bl e
to add a gas vhosd skddueasin htheexplkosSIivgdmIge , bpfaferedicedtisi ivdérhe

Stripping ReE6EStng R kh@umé:vcl%w £8Pt £: 03388 bREed UrS rlEPRSEaIavVEe a heat
capacity of %389 JJJHHH%QQ eq%\a{#ﬁ:e i 248)- M l_%)(g_arrpl e, 1sobutane

may al so be used as sdc utane or i'sobut ene may al so
be remoA¥d from the absorbate by a distillation In order to mnimze

absor bent F8%seXammi@hUEhd ﬁ%@%ﬁasHsr%sﬁqqlﬁ@'fP%Tﬁ t¥e 122r PPHi ng and a

ri sing gas (phassmetesiuloiide dompusditsoné | af ithe maymbbaes dr,ulifednd nIT5 in

count er cur ka8t sakd ME-WJL, epE-A D 9Q6UDBHT NgnuiRtife HE sk iRy chmpooeiditedfst eam
cont ai ned Ltﬂet P@nﬁxﬁ%edﬂahn&laﬁ 19 Qﬁ&""‘séxﬁ'e dﬂ‘%)prﬁﬁﬁﬁulroe 1Y ¢ as descri bed

in WO 0196 Lop r n 3 Frth |bIe
met hods]%‘f% {./meh i oxl%u? ne an 18 Q ggett}% (%B?mgla e gua as are
adsor pt i ont 1""'e‘?':"t”l“"lz q@aﬁ ) onPETRY lﬂapﬁ?aﬂﬁ%oﬂﬂ’éﬁ&é{‘ﬁt% °’F3rd§f §P@H€§17%°q'tﬁ nto
carrying otrheaf e¥mitkd @nan Phesanee DB-3) i |DExA 48 8B° | O\ tl@wdeimetrls. The
pressure to be 35 applied may be, for exanple, from 10 to 100 bar. Useful
rectification columms include randomy packed col ums, tray colums or

col ums havi ng structured packing. Useful tray columms include those having
dual -fl ow trays, bubble cap trays or valve trays. The reflux ratio may be,
for exanple, from1l to 10.



40 Exanpleao & §§H§E possi bl e separating nethods include pressure
extraction, S é € swi ng adsorption, pressure scrubbing, partial
condensation and pressure extraction [sic]. For the purposes of a
fractional distillation, the separating |line may, for exanple, be defined
in such a manner that substantially &®BL 45 of those conponents whose
boi I'i ng pobride scdmpesiitidwe dthehboidinitgdapai bh e isaflUbELN®) &R renpved at

the top OfDﬁh@ 1eQlisl B8t [N tALHAT . oxhRRS Boff 6§¥¥¥ﬂa%so¥‘{ﬁelgyrﬁﬁihlf be the
car bon oxi gdes, lg‘aosamgoggl %%.%c%gsg%l(‘a%e% gd&EScPe : haEIa ‘\ﬁ?{%esu gsé?en and N2

and optlon? } 3% be récyc oge @ne and
i sobut ene R F TG oA%DrTE A 5 A more conprehensive description of the
above- ouPl i ned renmoval of methacrylic acid and methacrolein froma product
gas m xt urd varietys ofir vulicimegad okideircomposahidres fsmitdble f=P-AtAVVEES.

However, i fowitHe heaapporciciiecd témtbd Rbsaned By thePeRESSEF Rl 1S A
4925981 and US- A 4554054 may al so be used for this purpose. It is conmon to

all these processes at, . g conprisi.ng unconverted isobutane
remai ns %fter t he nePEH%?%F&% &c@% Wal éﬁkhls gas may al so be
recycle& as such into reaction zone A In order to avoid accumnul ati on of

gases suchvherethepyenisplepargvdefined asufedlafstine in such a case, a
portion of the residual gas may be bl ed off and, for exanple, conbusted for

the purposgs 0f @kenchsd/dreeepaly, For the purposes of the present
invention, it is possible to recycle no residual gas in reaction zone A and

to conbyst s he entir I s or th f. ene eration
25 It m#? x%e aﬁ%}géggg?dhﬁﬁgf & prgbgg %ﬁﬁaﬁBet% ron may
al so be carried out by recycling only a portlon of the reS|duaI gas
unchanged ¥hto raddecti BhosRinrua, aptsemitoyibagon s cinttismeayantin ssiextisme i n t he
m xture only frdmeadhendéomitinggtenyti on and |i kew se recycling theminto
reaction zone A and/or 30 into reaction zone B. In the latter case, the
remai ni ord i he, indual conmbined with the
productagag nlx?ﬁ#gkzﬁ I?iqﬁ?ngsot%EEEﬁﬁm gggg&%?gﬁ?§%h¥ehnved i sobut ane
and/ or |sobutene 35 for rposes other than recycling into reaction zone A
(for exanpfe™ t hef a?a.?d£ i sobutanol). If the gas containing

i sobut ane and |sobutene to be recycled into reaction zone A still contains
car bon nonbx¥de,from §.0hytd& ,4prefidrdbliy abimy2 sid &Gt i vel y conbusted to CO2
before @gr after) entry into reaction zone A The heat of reaction rel eased
may be used 10 hgal, Ho+dhep d t e ture. Catalytic
pOStCOﬂbUS?IOﬂ of Ccpcgﬁtg?nggggﬁpt Eggpd%a 3&2 to 45 C02 nmay al so be
recommendail e mhen renpval of the carbon oxides fromthe residual gas is
sought bef8re i tf5oQ gei':?c?'ec!’rieﬁ?ﬁa}?]e\écﬁ(mﬂ‘nozg?le tn Zror anot her zone),
because C02 can be 0050/ 53492 31 conparatively easily renmoved (for

exanpl e3PByeser ubziomg 0wt ¢ h8 a pragsecablyirdm 0VBers dehydr ogenati on catal ysts
are 5 toward oxygen or oxygen-containing will be renoved fromthe residua
resi dual gas=intQomeactdofp z@de A catalysts particularly recomended
dehydrogenation in this docunent. 10 used which are sensitive compounds,

t hese oxygenate s. befare recycli of the This is unnecessary for the
for the cafaTy tlac%’l’ﬁ‘Beﬁd‘R’/ha’rﬁha & Q%E%rg’b‘ﬂ? Py ¥R vMalessyi 8pd ofredigneRd

i sobut yP@Al dehydé’faﬁael %b‘m&q}iﬁl ether cthan prxmdeenrmi is substantially

i ndependent of the nultinmetal oxide catalysts used in reaction zones B and

C. Preferenge ddnpgeieion® 1% 8Btal0sRel 3nH! hasmialkne¥hdge£ adedl (¥l $ Whi ch
are explicggd yegsembonsﬁ Anot hbs glocunent ar]l[ héés@o%vae&gggﬁséé 3l £8

substantla of whet her’ t.he peci caf a activity
in reaction ydﬁgs E gﬂ%f ¢ Kep stoﬁgtgﬁfr%rofn2¥§hégsg% %’@¥8gses al ong
t he reaéb S?P%%Fa TY855 724 -RovbterlaRefe P Bt SURROTH PaREICIes coated
nethacrolthUtdﬁFEﬁﬁthPpﬂumﬁéﬁtggm m xture B to charge a reaction zone C
is not the preferred variant according to the invention. In-depth

i nvesti gat kgdifp iV 8 £ SEeabiRatnbfpSoia bataiydd Rdoadtl P& OfRARGRL S Ot her
than solid cylinders and hollow cylinders having an external diameter
45 and a length of from 2 to 10 mm. In the case of the hollow
cylinders, a wall thickness of from 1 to 3 mm is advantageous. It
will be appreciated that the unsupported catalyst may also have

.Q




25 nmet hacr@psopsgoep ai ned in the product gas m xture B reducing the
selectivity of nethacrylic acid formation in a downstreamreaction zone C
by having a negative influence on the catalyst performance, in particular
wth regard to | ong-term behavi or. Im;sdi ate use of the

met hacr ol ei n-cont ai ni ng product gas mi"xture 30 B to charge a reaction zone
C is not tTPIRFLCAoARRMRICY Ahdnthesrhereedtingtesf mayobetfxram i2ntpeact i on
zone B is l®gmn.t Harf@b eamitidoratabmstt lyeom88r e %ref 0 eRereidd \iisthesed
conver si onppfpE-s0hot ene 992 .t he reaction zone Bis from60 to 95 nol%. 35
In other words, an advantageous procedure according to'the invention is to

renove a%yiéaaosrtd.a pgrt% on .whi ch, nor r%“ltl’l% co ];i Ses | sobutane and i sobut ene,
pr ef er abP YA E104%@58t B0~ 19 SR 7 p i SBI';P fiimesadt oG APRALt Herg

pr ef er abl yU58E9lc 38t cyvrliRte, EPRereAftdoNyE8Ne B finehgOBRRS Hfianse ofpthe

anount s ofgey@eraddiferekd Idonponents contained in the product gas mxture B;
the renoval does not have to be honpbgeneous over the different conponents;
rather, it may, fyor,ye v3CARt ¥, va1divi, delgh conpon guantitatively
and ot hggs only [pa{t i gﬁ%?" only tdheesud% %é’sgﬁ‘obﬁg]to?i eve&tp%g' per cent age

menti oned),. of tggse conmponents 45 which boil at a | ower tenperature than
met hacr ol eTHF%% TRPnBR %6 BFesithiasePsr Eo1WS§ t he product gas mixture B
to charge a reaction zone C or a reaction zone for preparing 0050/ 53492
32 net hacr¥l it esiprsisutih as bisimth methatrldatte onAcedrithie @ lepehbe
invention, it i%edl6PidmCAREMNIRY, 110 @REVEoppEr et hacrol ein substantially
as suchjéromthe product gas m xture B and then to use it to charge a
reaction e C f her use 5 such as the preparation of

al kyl estz}?);I of m%:sl g%?@?%éllazgfd#%%sﬁ:e&anpl e the preparation of nethyl

met hacryl ate. For the abovenentioned application purposes, the nethacrolein
will al so ¥pt5 of8l pYkakl metadedtRadiivanepdl oy samariamy st eam contained in

t he product gas m xture B. 10 The abovenentioned renovals may be carried

out usi g ¥Newn afthR4abineRebetRNustdls RMSEREY, R1L) Dhpper33hafdanedd A

2400260, GB-A 1138432 and Jdai fn 2R nekBhrxanpl e, the product gas
m xture may be subj ected to a mul tistage fractional distillation, 15

pref erabl y_under, Bressure. In_the first stagfe, met hacrol ein and conponents
havi ng hi gher™ bdfPPndF pFith 8°8nah 1RASTaOPSI F Fher £1PBARYR FHTRMLHE! | | qui d
phase. This |iqGF8iWRy2rdiye8adewnl y either be used as such to charge a
reacti oB5zone C or for esterification purposes or the nmethacrolein

cont ai ned Y0 = t phiByphordd, hesefIOY asbrdd RHALPWARBHy| N a further
fractional distillation stage. The isobutane and isobutene present nay be

removed vig the | iguid se in.a fyrther fractiaqnal distillation stage
fromthe c‘?rrﬁonél %gy%/m?%&% rglgl??:l‘}Stﬁ' 284 By F heaF 1R ¢« AEH P E2PFat T onal
distillation st égﬁ?}‘f‘f&‘vé‘ul 3LUR o THATg UPoi #1LVahadOh€t hacrol ein 25 and
conpri s&0i sobut 8ABMERRM; SBdiENe, intHame sibigasl egermenivmeadiesiada zone A The
gas m xture di sthb¥éem amt/locadramiym,f or exanpl e, be di sposed of by
incineration or, if required, be used as a diluent gas in reaction zones A,
B and/or G- \therrehl ¥y. 1 ldomgt ed sharpness is sufficient in the

abovenenti oned separating 30 steps, fractionations may al so be repl aced by
sinple g9 densations, .The g sired renoval can also be achieved, for

exanpl €] gi/ cool Fﬂ’@ ?h]etrﬂ' tict gas m xture B and thus condensi ng out
aqueous 35 nethacrolein. To conpletely renmove the nethacrolein fromthe
remai ni ng @as pliaew, 0ttwe 4,atter will be washed with a recircul ati ng water
stream The resulting aqueous nethacrolein solutions may then be stripped
of f to obtfi o methgacs algiypcont ai ni ng st eam whi ch may be used for
esterifjgation purposes or 40 to charge a reaction zone C. In practice, the
procedure will be to_cool the product gas mxture B by direct cooling with
water or Wi tRK &f184uERTS om'éf’h%l@r ol ein solution (each of which is

pol yneri zati on-inhi bited 45 using hydroqui none or its nmethyl ether) (by
sprayi ng tfe =watfeemol tché,aqueous nethacrol ein solution into the product
gas m xture B and subsequently conducting in cocurrent). To renpove any m st
0050/ 53497233 Wekgh § Ald1s5,t he gas stream may subsequently be conducted

t hrough Venturi separators. The cooling liquid is, for exanple, circul ated
via a heat exchanger. It will be appreciated that the cooling may al so be
indirect. The cooled gas m xture is then 5 conducted to an absorption
apparatus (for exanple randomy packed colum or tray columm) in which the
nmet hacrolein (generally in countercurrent operation) is absorbed in a
stream of recirculating water (for exanple at tenperatures in the range
from1l5 to 20C). 10 The absorbate obtained is an aqueous net hacrol ein
solution which may conprise, for exanple, up to 2 nol % or nore

T T T o o, L M T I ' L T T o,



30 therei roogsoys8agznoved by absorption in a nonpolar organic solvent (cf.
the renoval of isobutane and isobutene fromresidual gas already described
in this docunent; all nethods cited there nay correspondingly be applied
here) and subsequent desorption and ?gcycled into reaction zone A The
unabsorbed gas conponents 35 may in rn be disposed of and/or find use as
di l uent gases i rgga%fvbﬁszones A, B and/or C Instead of recycling renoved
i sobut ane, isobutene or gases conprising these conponents into reaction
zone A, theyyfey misgertOvhéchtidd dedeini stDHye khbeyaldily %arrpf&gqéﬁa@y nay
a

be conbustcrd ell Bmén O Vehest 8hiRbolygent BE PHIRRSE Of energy generation or

used to gprepare isobutanol. It will be appreciated that another possible

I

rocedure js to 45 recycle only. a portion of the isobutane- and isobutene
Eont ai ni né”éa@ %ié%%rsné’ °58eﬁaét?o§93nﬁa 1Y %% d8d of methacrolein as such
into reaction zone A and to renove isobutane and -' 0050/53492 34

i sobut ene I farerapla wesesn| yhed muhttimetalk naiiiengoppsod itaonandI | ¢ ise
recycl e t frebntiimersnicinaQnrégivhsAwalgh Oird QRAMPBed OB tAkit 01458 themin
anot heriovahvi®ohhent 8L tbkeydise dri??%f@r&e ctoq\ggsht_icgrbeﬁjoﬁ\ogﬂéﬁq F.Il_ocaarid

i sobut ene-, o,pe recycl I nto.reac n_zone

conpri ses e&%g}tgh@é%aqﬁglsog ttg%r%lﬁg%{ Safc%?“éﬁc’)fﬁitéaﬁ %gaﬁéo'g’m &adi ¥BP§R t o0 02
bef or e (aﬂﬂf‘&?‘mﬁfqmetl#s(iﬂ?qe)ﬁti At-8er eRRGBEANgoRES points RBathef reaction
rel eased Madyfpget (hoindagy Laver)n ofothearégipn: enthpaskeing thgengl i tre

t enper at umainShe¢us afatthbytegigysticofbostl am &b OO tyem,C2egBynels Erbf
reconmmaxgiabl amwbersdthem 6 eftdroN uf 6 SEWVEst g, carbon oxides before
recycling the gas streaminto reaction zone A (or into 15 another zone)

because a tiwvely easily rempved (for_ exanpl e by scrubbing
with a b;@i% £ ?e%&f Q’%Eghgl shifhihg, Jthe ) rqn n%‘f’dg'a ﬁc‘?’hﬂé’aiédﬂﬁ'bﬁg ¥dIonat e
or am ne §8f“8?ﬂq)'ffs°dcﬁ oFggﬁfis%?maﬁBélf €9 e tiRetpt eaxiftee cOMPEBDL itads not
interfereInca@k§l¥isthe different reaction zones, carbon oxides will be

al |l one®% or 20 econonic reasons to accunulate in the recycle streamup to a

and o T ouaYB It e o s A SRty et 2o
sensitive g5t 93%&%5&%?%3%%%&%5%%%@%?ngE%%npoungé}, "t hese oxygenat es
f rea e €

will be renmoved fromgas S ey are recycled into reaction

zone A._\Wen the gas stream conprises hydrogen at the sanme tinme, it may be

removedd REACEIQIAQRE Byis Heostogreidy xedldeeidvby cattalber bindberbuesstdton of H2

to H20 usiwhgs@Xxatjuyalt! yub& dredcbgegedrayi the caeaDyel fihentbiRs LiHaaiishng

of f gases whyche asrilrelpesthsnesed ehe {&uchakdBEesp Y 918aRS, of nenbrane

processes gaDfl, 9798 11€ABbL Ry 9 Y LA4" SR 'cf%o%@ﬁef t'ﬁ%‘“@‘é%h he
u m xt'ur e

nmet hacr ol gLt r fromthe pro as, by ot her
known tﬁggg@{%rf%gxgwg,gﬂ%nye g)?t ?5{:??% u }Eﬁérﬁl%?!i FEBCE18R A& Bsol vent
and subPefagnbe r%ﬁlﬂﬁgg‘?i%t\%ﬂkﬁplﬁr”w 4458650 and [USF8] Shefl ubsequent
desorption. It is essential to the invention that the nethacrol ein which
has 40 be@&hepreadtdldny tempexzpiret ékygénend 19f £866 BEALY A80RONANeS as

descri bedreattial wayssopattd ndvaasageaylyy rablebyslaPrs i 0B od1G acid than
met hacr ol eidmobta) nGdpasC ol REst Hoﬁf‘fy@%@:gsé\eﬂﬁéc {d3e (Hegl esfp ArEQr Jart

wi th egeal,sepayaldiad g;tt_%fgjs.ts4§sl\/§%gacgn®1e|? T e hds %gg\ ogrti aPfy or
conpl et el %Ozé ed of secondary conponenta i tRPE &P § t'hen®be used
advant ageou 3’ for exanple, for preparing al kyl esters of 0050/ 53492 35
met hacrylic acid, in particular nmethyl methacrylate. To this end, the

met hacr ol &rnpxindipde, r peattsicndzoaet B ymay tah sbhbe appTfdgirat cas| de@le@l bed Or
exanpl e mebhasiolilairnréder yrRSeHee Okampiegennapsl Suidgahke;catal ysts. To this

end, the PELOr ANhs5PEOCKHSS _ [ , for exanple, in
DE- A 3018071, US-A 66iol;ﬁﬁggg?M?%?A%%%gg&ﬁng{%?r%g?’:igy, the reaction is

effected in the liquid phase using catalysts conprising noble netals such
as pal | adFBfromaG WeVéé),e"itFrHﬁ} g‘l’%‘b’-‘lﬂe 6§ e@PPYPRY igkBnéR Rudvizoper se for
sel ecti veTgRRtPhEyEtens alia iadjustedtive preper dtricom pkrnee hacrtpel ¢ aci d.
specific reaction gas mixture composition and also catalyst
45 charge.



Cat al ysts \d@s@r)sgggzbe used include the nultinetal oxide 15 catalysts

al ready recomme for reaction zone B. O herwi se, the gas phase oxidation
of methacrolein to nethacrylic acid nay be carried out as reconmended in
the prior art (cf., for exanmple, US-A 5 166 119, US-A 5153162, US-A 4 954
650, US-A 4 558 028 and DE-A 19 815 2¥b). The nethacrylic acid may be
renoved fr@hethelenlsroduygenaequixedr n ddeakeeationdesnei Benedexsargact i on
zone C (cf fobPEtke lihvedEidn7)s nbrmalepcidie’i dasedvist dn subtamt &9 to

reaction zeRe &hdPyimy $8sPRiMSRE BE' PeadMiddzbRete Substantial heat of
reaction, 25 preference is given to diluting the reaction partners

nmet hacrole n an inert gas such as N2, CO02, saturated hydrocarbons
(for exarplgrig fn ﬁd"%‘?b CPA TP LEAHLaThEXBISY drrtdouiBetiRed may be
pure nol ecGPéng%ygié‘r'F &PT nbPahilonr 280e B yafefram| Likdonidyhfreeyentdases, for
exanpl e (prfebmrhbl-ﬁ) t@i 2.5} nigyeedr.al , operation is effected at a nol ar

nmet hacrol ein oxygen : steam: inert gas ratio of from2 to 6. (from2 to

20) . (f roﬂh5ei<9e§§))(bas@5r&m191et %t@lch{mﬁe‘%r rSEeﬁ gy ﬁaéée)rtg')?ild35

(from 7 4t0 r ation
itself, ]]to l?%ﬁatlcg) 2 ﬂélé%‘ Fa) OXBée? %ﬁnefggl& ]i’?l%rar\ FW% bed
reactors of 513%% %t tﬁ’ﬁxgan%@ocsr Ofcthe sgaspPbpspeptidatdoy denreartian | atter.
The react i GANE Bpeimcontrast cigsttdraeongitiipnshénr teerefacsir 3gone 23%0C and
the reacti be prekiad accordimy 40 rhegenderyibon, 5the thdrodgRdmiderdtdlbgl space
vel ocity i snprefetia ¥oheom éi@@ub@té@@ﬁlhyahogrfﬁfTd%nczheb K Gfc2ag! N

gagtvg:;lrlerreaé@&é %«;@b\ggﬁn d tthi | ReOFUINILLE 0D, SlIyel ggé Fnoe 0
¥’ as i X J‘u‘_’le:l'rbrﬁ B dee P??@%I ‘b%tme&ga‘é’?g?lr”ed’&yua &F FHREF i t h

t he produc
regard to FEEEY?bn zone C. " In other wor ds, the product gas m xture may be
scrubbed with water after direct and/or indi rect cooling at tenperatures of
from 40C t 8n prindigfe/,53492s Athede@fote alHcnippsanbhe|l efdits efRinpbe; Wo ¢ aci d
sol uti orzof EAI 141 BN chiaegaet RaGiladbutefBYili® reHBYEsh Jde QX.%fpé enom

extracti onghids %1%:9.@@' € Sﬂe"%&e@'ﬁ'ﬁaf ?ﬁ%\ﬁ gsorxgr@ﬂlts QXB lGaklon.

When requir.ed. the i sed as an 5
inert dil usRPPHEERS aC% 8y$3éa%siu5‘ﬁ525h%gr°&e 8 aﬁd?ib]rue@taﬁﬁfor be di sposed
of, for exanple, by corrbustl on. \Wen isobutane is one of the diluent gases
used, the AsBeefwhEossaeafor riher aoil deal amy axygen ave@nitrageovetrylX eaycl ed into
10 r eact2isomeaotiorA zenehBr winikcis Ush normal Tyeradalied poi v produdesgdspti on in the
nonpol ar omgRtie $0begbis o rRAdsedceOBRRIYRIrebdtich Fonkenogyeral Iy the
case Lhal yhep: Apses o&ﬁ%é’ﬁ‘l@ﬂdt% OwilR SAREHIAR ZANG A, COMPr] se 02, this

oxygen may,R ction
conbust i bl & gﬁ ‘%ougl suth as %‘n é oc%?cgoar?sth%ﬂ’éyge(bs(ﬁ’?’rg e?*e%ﬁ B in
reaction zGAESA pqrﬂ: 8FdElPet’EFetdmf§rg’éﬂE?°d{1é‘rt REYERAt SIMCEehlerbieregenon
requi redO; AlP@akq jken ugefeim rer¢rannagensid yayt he ingtrvguceteimtaytibeat i on
will be careaetdimutsysitem fm tdpisr opnhet eirmnxy gepyeximsle swayt hat the 20

abovenenti oned residual gas recycled into reaction zone A has a sufficient

amount of axygesy f Qr Bmowﬂoq%e mm T %ggé? Sé ged! hg%& 1 30

dehydr ogen £ tion 93 %q 2 nd 886 ¢

of H2Pt 16%%?0-&6; % Bn‘f‘a%fa §t°h5%’6‘?aayré’e SQrEat r“‘1686 %‘ﬁ‘cat §Bﬁ||ed
Zr Oz Si n{“k’éﬁ"l’cﬁu"déntﬁﬁdw rﬁ")?@dr%%?‘ifé"hégna Br G??@e@iznﬁ&l ¥ht9ivem soof 95
. 5. The niPReRKXSENddeiBg negntiaiaedr du Hie mecdoat (WSAMixXTheenh x ethntbiede has

t he fol | owhsefslpeciybenasoumres3usibpe AXAhd110Z660dM Fodle MNAc124D0160042,

si eve frachbbecdladmokyfel cdAubdd BETh Swefx‘%cgaaéeasu&ﬁ a'%%@z, wensewfe

0.28 m /g GERIELNY BRBAS! TRhLYaFEAMETRAbondO AR SHREL NS gga[}g;r')s

t aken of Rat"ava atin vacuu
at a wat erga}(%ﬂ} esoue:rcature chy iﬁcga é/’lvﬁa t\gg ?’ﬁ%‘lﬁ téﬁfé’& E85%t2 élf‘gr 15 h
and then chPcHifi Agvartsencans gecyched b’d’ctl? GRACELIQR AqNGnBry air. A solution
of 7.71 g of CsN03, 13.559 g of KNO3 and 98.33 g of La(N03)3 6H20

In the process according to the invention, the source for

molecular oxygen in the downstream reaction zone B, apart from
45 any molecular oxygen already contained in the product gas mixture



45 in 2500 FQQ is then poured over the dry solids. The supernatant
water is ta en o? on a Rotavapor by rotating in a water jet punp vacuum
(20 nmbar) at a water tenperature of 85C. 0050/ 53492 37 Drying is then
effected at 100C for 15 h and then calcining at 560C over 3 h, both under
stationary air. The resulting catal yﬁz precursor has a conposition of 5 Pto
, 3Sno , 6Bbols a@Kentagea@lyoat teastcipegtbally ackebieferaly represent

wei ght rat exs)usdvel¥gr 82995 ~ (SiR)5 (stoichionmetric coefficients represent
wei ght ratios). 20 m of the catal yst precursor obtained are used to charge

2 L0 vert! ol fdtag 0696 Yol GE' O JRN0LUnoB0R T LRkl cndBlol bBbGINESS: 2

inte I.e.

aI umi nun%oﬁ?%lé“%ﬂ@d St etg{ﬂ PEB%esﬁeaﬁcPﬁSm‘él‘é:tttlhﬁcéPV ’é’%é"@yf RER HTM
Reet z, LOBre 1qm9¥65@eclz)t0t 6oal| theyinreduatl gas srizgureehgeth ids 689 mm
Iength of f{imeo Meacatiehysdndb@d: 75 nm position of the catalyst bed: at the
| ongi tudi nal m dpoi nt of the tubular reactor; filling of the remaining

[egctm%r vg&mﬂag&% g@éjen&@{ctrQWeV‘htfba%tl%%t kascéﬂ{ %%e(bniétb %e' gle) f}‘ Oﬁ

Cube s IPhAR SR BBUEAE hndRELEE) S dehePaffy Sahirantiahty GmeREal o rone

of 500C untRf @& édW%%‘tFtca‘ﬁFPBFr?Jnﬁé’e&roﬁ Bixthre theheef thitdugh by an

i denti cal Pekkacryddcseeihnjungonments MoleCST®) axydepdr dgelutarer, 30 min. The

hydr ogen i snd¢drerer2edr bpdlactetheat mobesilart niarbgéelatul & fliydroggnpy a 23. 6

éf) h (STP) dﬁwﬁfgarpffosﬁé/ams WO by0Br &dudt ta]@egsﬁ Wl %@,‘%abalyx%w%aef air over
mn 38 ﬁﬁﬂn @ﬁﬁ?gs' geny iy a;ré&G@@an%/oPUﬁﬁcﬁ'ars ?yﬁa%@%n{n#n Hje

mai nt ai n| ng ﬁ{,ﬁlpaul{ggv' ﬁiﬁ? Cfe@du

era
i dentical &7 easrﬁ HVEt °f5 ﬁcﬁlbb% 9 3 1/h
(STP) of hyﬁ?%fge‘ﬁleaaaﬁhhtﬁfttr 986eFt n“°wHY€racFP¢/a¥§Q9¥t§Fa%ﬁ%h¥% argdst

precur sor iLsohttaricoppidtcontehts axeutinimiped ielppdoodenee iwith ¢het or
charged w Lhversthicor. obemttilen taayeat ymtodachr eBit¢h Gt 20eatdal BAQIeiYed 3bs 2.
Prepar akpORo©fmet Ha@261é DN RN ReBha@ARLIQ ad)d Pr:@tpqrsatpbgglﬁie aastarting

4r2D 40 ar o g TEADHCEE Bk A 3028803, B GBpakyelufEl, 2000 g of (M) BMO-020
stirring w' wWheH rflﬁ18Tc%m%f‘n%5)§b?re\%fﬁhtgaﬁqﬂé’éﬁg%@ﬁ 88FLt3HP & 20C and

then with 38¥CEQR 6PRa A AMYF By SHRIYH TAGuBBLRACENEINsEP LR i o8t 1¥8C whil e
mai nt ai ni ngatakysteppetdaliraxigetbo imireeacitagn szing iConnlihe Agast phasag

sol uti oR52us ingpmelacetlar odyygeat tor fougn klaAdthagriflicaacaguesmsaiiniag nitrate
sol ution (Plodletbyyavehikiurdf cke) into 2449.5 g of an aqueous cobalt nitrate
0050/ 53492 38 sol ution (12 5% by vvel ght of Oo) at 60C while maintaining the
tenperature at 60C Wt the starting solytion 2 at
60Cis 5 sg?r VU9 ?%taqé'tségt Fﬂ? %‘b‘i}htal Sﬁaciha N geee ¢so ﬁ?rfﬁzfﬂ'i crjtl rring
has ended, fa572%Mpl6s Ry |RR-2 44) 0 {OF-215 3566 /149%, PEr2 B.1$3 éﬂ%an

metal caAt BHtA S35406 59, iti-gh¢, 5898. 028 bb}ldw@EghtlQ)fBlﬁi @29 . ntimfeapaterts
Dupont; LudbsdMeazhetbe iusecedfi atichtdeaAgeesusIn upmeralonpodicianed (at 60C) .
The aqueougemdrdiuyeghded RO cathlyts Kasear of hvlditaldonidey es. The
aqueous susHEAS; s&'ﬁg‘ $nd r@%n@%%oﬂﬁiﬂhﬁxh}) ﬁ,er&erw%tllir §s lﬁdleﬁggay dryer

fromN ro DK; entrl omi zer
fromNiro, g g’lhofﬁlsi n heysSPagoma{/\& r °8F‘pf)%1?‘?| eltglcsill‘fea a26ih o 25
um havi A3 a%%%q §SE™HT AP BBEEI‘EHFcfér CRPP§T ofVapFedtimg 035 I/P iP5 wei ght .
Thi s sprayapolfpny. f eessun andspasei Petaseiposi €f orPEBR 4B8P9%2paration of a
starting cDEpRSA610@A9B2TH-AL5/686304) f ungstic acid (72.94% by wei ght of W
are added in 20 portions to 6344.6 g of an aqueous tungsten nitrate
solution iPr_a 19922113 suggests multimetal oxide compositions of the

40 general formula III

[Alp [Blg (I11),

where the variables are defined as follows:
45
A: MO12XalXp2X3Xg4X 504



nitric aci gogbygg‘;gbt ric acid: 4% by weight, density: 1.24 ng/1; 11.2% by
wei ght of bisnmuth) at 20C with stirring. This gives an agueous suspensi on
which is stirred at 20C for a further 2 h. This is then dried by spray
drying (exit tenperature: 110C, 25 manufacturer: Niro DK, nodel: Niro A/S
Atom zer Mobile Mnor, centrifugal at%hi zer fromNiro, DK). In this manner,
a spray poB#ler ofogfeXimye size from 20 umto 25 umis obtained which has a
glow loss (3 h at 600C under air) of about 12% by weight. After addition of
37 g of wakels 40 & Gikhi SpPeyder mali e kieadedepdshédh 3y amMbhgh, &,
Pfleiderer LUK O , =‘=}%§rcgﬁneader has two signa bl ades operating in
contraroga%i on) ggr S0 1 n ,'Afé)er the kneadi ng, the kneaded nmaterial is
roughl y { ded And™r %8 FoPDY9F R§ra drying cabinet (Binder, DE, type: FD
53) at 120& TheBerfinr & affunks #nA/RE &pied material is calcined in a
muf f1 e 35 Klrmacerf rim RebefCohelin Cuapaui tMg,alfeut St 24nd/oraBa800C over 2 h
under an ak¥ strgam of 1000 1/h (STP). The air streamis at about 20C when
|1 1S passgd <Nt eyl v Med| Rif WiMaed, HRAWGIOCRO bhCardldr Bation
tenperature,;is effecie ineagtly from Wit hin . e cal cine
mat er i a}ﬂdig thenHr)ﬁ ﬁae%ntdégg %\%hber average particle size (narrow
di stribution, |ongest dinension) of about 5 umand m xed wth 1% by wei ght
(based on 8h® Si&pomrkdacdnposition) of finely divided SiO2 (bul k density:
150 g/ 1; nbnbker &vemayd parjcle size: 10 um (|l ongest dinension, narrow
di stributigny; BElfoto & bgce area: 100 n®/ Q). 0050/ 53492 39 This m xture
forms thg gtarti pgogQMQsShtion B2 c) Catal yst preparation 5 1096 g of
starting cgnposi ign dS]toagd 200 g of starting conposition B2 are m xed

14

honogeneously w 17T he Addi'ti on of (based on the overall conposition of Bl
and B2 use5)=1.55/§?}9 Q/vé:i°g t of finely divided graphite (according to sieve
anal ysis nBnT 50889%) W ¢t 1<524 um 24 um < nmax. 10% by wei ght < 48 um 5%
10 by wei ght=> 48rom2 BfeT 4surface area: 10 n2/g) as a tableting aid. This
gives a2ui x{yr< nhimsdrhamicheatd!dererigné® By theCiRNéy Hndl ¢PEQuEdyY

(after calcinatigh)ind B1eWtBs Stndékfan Qxygen ifl (I,
| M~12C05. 5Fe2. 94?(%%059Cﬁ=1léob080x~1 Cy. 15 rcular solid tablets of
ight "3

di aneter 1B nm an are pressed fromthe m xture. The gﬁressi ng

el .
pressure i 8’8 Hapre HE-RISEFePENST £hegnReFRtEPsEndatie RYA tifr S68R P &ileve
(0.8 mm nesh si z&9.1lThandatbei standardndpusation kfotht stuichiopetridter 20
addi ti or2s50f 2% byoef ghitenas graphitee X{ bemeihhdest be ivedighiiduafi t he materi al
\(NE! IC_h pagigg threﬂﬁ@télfif&t%isewgihilﬁ Oﬁib_@ﬁp&héﬁ a ba_bue% xﬁ’le:iﬁnlaﬂfgl r@s@if'de{‘e c
ilian ., Ppr . f.arce; : n [ metry
mm (ext ernal di aﬁ%@ﬁ%ﬁaﬁésgg&(@r’) ogli??'nﬁg(eﬁggéb I alrfelreétsgrgfié%%gfidé'o g of

these rings are caltined in a forced-air oven (Nabertherm about 80 1
capacity) as follows: a) linear heating is effected fromroomtenperature
to 180C390Thpet¢AmPoBikinng RIfieradApcrenryise shepfractiivad(RAby in khepfoim near
heat i ng i sof hehresf-fddokedidnaimreydcns ca 2D Cheimtibah donpoaddibhi s wegher at ur e
izgogai .nz ﬁ! aeg i}éléi{;ﬁ.tbg_ 35016)tﬂéi%dbc@?&iﬂﬂ_&ohﬁeﬁbi%;i@fgf QGL eﬂ:j:gfhlom 210C to
wi t hi g4 iLRt.a ] g i
heating i ssi h,fgpreeé‘_fdggggé?i?aro%ﬁf f%ij*f%%f@s‘{%t@itl E?ﬁ el r[.l.‘é‘rﬁdl téci {.@Sﬂ‘
tenperature”i S mai Nt al ned°Tor f(? 40 e ,fhl naft ,C?I,?Pé’s& éﬂni, Vféﬁh to cool
by itsel £5°rTUmMtEffef 2P0 (EodBE2DEE)VITHAPPRY THE% AP FREHRI ci nat i on,
150 1/ h (S#Pffexrendi chgmacphsxamposstion ofixgm theibvvieral epusoemBAYY 40dThe
end producthéoremicniseAnahd i Bretrad déortdibwdalredat Breé dcdbeavbedther rasadhi on
zone B. d) aChiigiyn@iofidedemiaaglel 08 R0 B.react or

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

45 inert support particles coated with the active composition.



5 A verticpbsbggger tube (tube Iength: 1500 mm wall thickness: 2.5 mm
internal dianeter: 15 mm reactor material: V2A steel; in a furnace from
HTM Reetz at a | ongitudinal mdpoint Iength of 1300 mm the remaining tube
{.ength at the tube entrance and the 10 remaining tube Iength at the tube
exit are heated with electrical heati 43 bands) is charged with 100 g of
cat al yst BEXgRRleseft Rudtablee vaguppystedhc@tpdyssmanmetThes pnsilviden of t he
cat al yst bedlid dylendeast amh hollewi syhindere hawning uoi eakenalpaiirinetdhe
remai ni ng BRAacA | Whdthbesveldwe above mnd hekaw bssd idsl eeWidini eatite 15

spheres (i e9i§.nc§@§ser' alnalgez DL 8N5E & dom ﬁmggseequtf Emgvglﬁtaacéeﬁ%g t ype

charge i rte rom n cat al yst

Pr epar at i oﬁlgfq%\ raé’gfﬁcbﬁ (rli‘g % Fgﬁc‘l'bsru 5§ aetﬁygﬁ BAY AL Sg’ ?f"é{?tl ng
conposi t i ofPEET Wely 9§OoBEtYINIA 6 VheosPhergsid appten IRy, bg SFOMMUME3 ar e

di ssol ved 3P woC Bamplesnet arsefyli coatry icatBlesbfgamietrips edmamttdwdsto 60C.
25 Wi |l e ndis¢tbbsed@yt bE-A erqpenappre at 60C, 421.7 g of a 76% by wei ght
aqueous H3P04 solution are added dropwise to this solution W|th| nlmn

With stig FH%% I tstl@a & Ye &Qm LUl 206 al:?d Eharﬁe e, scuals | %

pul verul en sena ntlt I ncor po

m xture i sTERER-HLHARE Po YO& &n Pﬁllﬁu %69ﬁFﬁ°€ma}&%F’8 331 femarksy) [ el |
424.9 g of medROIN Hedagien ot ddeatubedyndlesgearter afarepchietha@amedBt o 90C
to give a speutlsm simiWarlye vediidt oni ag-ubee bhedpe nadacteradf A¥Ectdéh. 5 g of
an aqueouszenppes nitrate solution (15.5% by wei ght of copper) at 90C are
added dngpwi se to mxture 1 V\Athl n mn with continuous 35 stirring.

Spr ay- dryi f exit. te erat f,_ 110C. (Nir
nodel : Ni rg %L% % R/?nf)?ac S glg?u h&a rfge eq’l('“d% %PFO DK) .
A spray pofdefP EFlé)'sf‘i‘é trben Bndle 3826H9TS rsseRMARIEd\HiOXh bPBh s

the starti H82ebiffbFONEOR Td Feackhien t3rne § MK be onsirated| eigheralin

st oi chi oneteguirdrtteor4@lsal ioi caunbteyculmEn2Ri Is\iei KCHeCappa&in d&d@do4Batb)

Pr epar at2008ro$scurdientt i DOws Qg0 also e Ghpe? impos&D5Y Eééﬁaeﬂﬂngfi?f@og of

pul ver ul entn@%éﬁ%ﬂ@émmﬁhrbﬁﬂa%@Qaﬁg QE‘tt%P:% 0358§ B gt are
d d t 20 t
Suspened Yol i kel ol Sntocddlyr W2 AL

r‘l1 4 1 of water
i s stirredSPRYTFSHe °§U%Be?1%‘i”d:ﬁr°3r’?ﬁ‘?% "gﬁ Fbe 5?13%‘%&%’019@5’0%% -on which is
stirred at 80C for a further 2 h and is then spray-dried (exit tenperature:
110C, Ni250ADpartmomdlar 1l simpleSwAyoof zeralizinhet b navactdient soddeyd aatiooi zer
from Niro, iPKiccotangRyay RMEIBunlaS Fedddol Ghensi amich 2Re EaiRpsr700 g of

the spray PRUHES cHad egeesﬁvJéabosag fgdl%n% 10. C¥lds n,gdhgﬁl iy Turnace

I h of
\(m:alngt pagsrhgg? ﬁallh%l Eﬁébggﬁ b eukgh Wthrah Cataw?'f’ﬁ T nh, 1inear

heating is 8 IBPRET YR ﬁ YI‘Péhtﬁ“t‘? i E’e? hetF & P&8&H to 200C wit hin
4 h. Af B8 BBriis?79813eaFP r 3004 6i én‘éfl?%d’{é 3036 30@ah shfh 2 prageduts t hen
to 400C wi thi an Z2duivaileat Ingnnerneaindettte egamplefdeaediad GiHationhofi 48
h. After cppbpylerieo tboastEPacaAlYl €In aHOWAeE b5 tHilsawBgdohi ch has a

specific B.Egaﬁﬂaftﬁ% atge Iﬂ:fl&u@ag% %e-l;h'r% qROVEETi ] Qb ?:g.g'r? AheSkarting

conposi tiog; ubst.ant | al raction ret ctlo s of CuSb206
(conpar sg \Q/e S cggt r%m%ﬁ%ﬁf}t fyucl)mgtJhe Bg SFEHY 197Ge Xy xE I frs1°t farting
conposi

oh®tSt 3P4 %PR8 Poll owi ng nol ar el emental stoi chiometry: 25 CuSb206.
c) Catalyst preparation The anounts of the starting conposition ClL and the
starti ng 38o¢engiosiprefer@icecdisr gépemdingerdizheg Mihd ngosteactionebngs(af t er
cal ci nat i oB) afdVir] 3R1 £hy/CG s loBU @wd SHUEW Huhax p 16 fad <Hay @BhReSted & Ntimatel y
m xed. 2% Byry&l ghtheqt ﬁnéi‘%p\h@h)ﬁﬂf%&rﬁ)plahteerém Qh gov\%gab%ve

anal ysi 20 E{nrl.'dl gna/b V‘%:gmct d21A:'o f%hrrﬁ/ ga)&)un[ Sn éd?n t <48 um

5% by wei sur are into 500
of t%e abo&%‘?ﬁé‘?ﬂ‘ia@ﬁ%s ﬂ%eéséﬁ% ?‘ébﬁ%ﬁ)nﬁgzi%ﬁr%“@%%i‘l prEedy 4§ machi %e

(Kilian S nob)agepmpedated titodhet patakicitt itohest Whirkehdheadatalwsds tubeshape
cylindricabreigegeraeflly purged through by a heat carrier, this does not

reach an inert bed installed as described above. However, the two
45 catalyst tube bundles will advantageously be accommodated in

spatially separated reactors. There may be an intermediate cooler

between the two tube bundle reactors in order to reduce any



40 geonetryogoeyiexternal dianmeter) x 7 mm (height) x 3 nmm (hole dianeter)
fromthe mxture. 500 g of the rings are then thermally treated in a
forced-air oven (Nabertherm capacity about 80 1) under a constant air 45
stream (500 1/h (STP)- kg of solid) as follows: heating is effected at
40C/ nin from 25C to 270C whil e mai nt &%i ng the internedi ate tenperatures of
180C and 299t iawegdt metlkaryrolednsopmanniion? in erpe maodnet ofa® Wi@thoe 30

m nut es eaehiciFileavey, redue itcenpenatBir dnisseadicsandd Bundle aledctbrgpC/ M n to

370C and tpistd e@per akthishder FohbiSHRvOHE sHL ané/QQOé\» datibBen
effect ed Qod 0y, { ROPEESMIRAANEoL Necdhigh b O F Y %ﬁ%zé‘ﬁ pafn%cessed to

spall ha I B9 di mensi on orns a
mul ti met gl calfélggggséatoma}ye §8db?n srélatctl on zone C. 10 d) Charging of the

reaction zone C reactor A vertical reactor tube (tube length: 1800 nm wall
t hi ckness: The meactaoer tenpatiagureein B acnion ezmtenC Hat genetally2Arsheriq in a
furnace froon3SONCReftequaintayl 6Aeh tashi ral 3P0@ROITAE i:&&giﬂbno réésdi@(?mmﬂ i's
charged W tdbckGos 9bnéhe 1@|ahbaﬁ£§§ec%1 esfdhal ¥to Cs ég reactl o

catal ystqgb Q0 p tlon.of the cat.al

t ube |siatfdfhd 38 Qf maq%e ggg ll“%rllﬁ)g% anvc?lﬁggg% fhaet mhet
reaction tﬂbe ‘\?&g&g@??s aﬁ%yé&svxﬁ’% HFRAcE3PPL e %F§§IQ+%rQaW§FP’é¢

di ameter: ¥ TXEWeRHY P 1080cHe 3300 dattaromot 49R0 ddrge is support ed
from bel ow on a catal yst base of height 10 cm The remaining tube |ength at

the tube emt rdreedgniedtlivonedyatne nibldtheat eagfdendireblierdaiis,edant as dipat ed

with el gstéiiplzingabhyditr BaNdeacePort- zd:)%r Eoh rH:lPre‘ati t?g PIRGL R according
to the i nvens n%g 3 %

n_zone A reac an_external wall
t enper at ure a on }b‘% cf}fﬁ%&hg ?lgs Wl’%ﬁﬁﬁ cfe":"rﬁ 5I18§eﬁ|°?%dap Bohtfol (based
on a tube FMowES fh?%‘ﬂeg‘FFrb nw?'h]erﬁei @QPrFﬁ%’?‘iedSGhﬁ‘asS%PEPJ@&}?)“tP*él@har ged
with a reditho@xygen may leléOOPe2€)ff1$Q1'—e@S¢F>}elofrqa§@bgname E) Thh (&) of
air and 8 ppgsidfilityans uEed iisopartitmliaz whérrde itwousésgt b edsef | BW
regul at 20 dndm Breokealidid @nt BRe V318 olf Stiid IElbe™BuRAEE dyHt@manigvapor at or
35 using ageHRIC punp 420 from Kontron, evaporated in it ‘and then m xed
with the isobutane and the air. During the charging, the tenperature of the
charging g s m xture C The starting pressure in the tube reactor is
set to 1. g) r aOpY ey (Haed dgureadrion: sAREKG diadi§esad 40 at
t he react oﬁ"°"§3@inﬁntm§m*§ter chareing lgaspmégture ofegelatden zdre Ehoduch gas
m Xt ur e2R ¢xygéepsepplenerde tionanhay JEherireied esguby nedns sl edreand t he
st eam C0ntlﬁbmdlhhedi:eyqbrnom.dﬁﬂﬁeﬁelolﬁxygzhes&lﬁ?cer %%Eb!['é nﬂoﬂ%u‘cﬁ anal yzed by

means of Gl iRnERO: ¥4 85 St atiAl 9&} Hked GRrnStRALI Ng

col unms: EQ(]:h aé) Qg s%?ie asci,:;1 8 uez 6h % E)&e €o)).

In a corr d| ng_nanner s mx e ﬁas arss anal yzed 10 15
ehﬁgiocar ons. An example & Lued 49 oxygen source may be a cycle

30 gas diverted from the process according to the invention and
recycled into reaction zone C. According to the invention,
preference is given to using air for such oxygen supplementation.

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

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

40
Frequently, the process according to the invention is carried out
in such a manner sat [sic] at least 50 mol%, preferably at least
60 mol%, of the total amount of molecular oxygen in the product

gas mixture C which has been introduced in the various reaction
45 zones has been converted.



After an oggg@t/h_;@ggtzl me of three weeks, the following 5 analytical results
are obtained: Charging gas m xture (%by vol une) Product gas m xture A (% by
vol une) i sobut ane5033i sobut ene- 10Ni t rogen2017. 5St ean25260xygen5- CO- <0. 1C02- 2
. 5H2-11Pr opene-< 0. 1Propane-< 0. 1Et22e e-< 0. 1Et hane-< 0.1 These val ues
correspond to an isobutane conversion“based on a 25 single pass of 25 nol %
and a sel eErequentlyf, ithebpregessf ecaarding ¢o ¢beniiventios porrdéamtioh t he
reacti on zeopeBCrwiddt be penforhed att &emasan meshaar sliedinnedmbledilased | oop
control at ogfgéxt ergtdlamnel iso'iﬁttaaaperxaéw&l(abaﬁger@bna byher fdawedt hrough
by an |den§|aga£a 8rds 925 styeqam. atayhi qaphe tih t.egegconversion at a
e

single pgs e reaction mxture 1s 92 mol % heatlng band at the

reaction~tube entrance (where the catal yst base is disposed) is |ikew se
set to thi §OVeYPer HEFCELARFEMNGE B5apdf By BanBrHCiHE réaetPoHNn tube exit
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For example, product gas mixture C (which may have an exit
temperature of, for example, 220°C) may first be cooled by direct
35 contact with a 10% by weight aqueous solution of methacrylic 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 in an apparatus
40 substantially free of internals into the product gas mixture C
and passed in cocurrent with it. Mist which forms may be
separated from the gas phase in two Venturi precipitators.
Afterwards, the cooled product gas mixture is then passed into
the bottom of an absorption column, for example a randomly packed
45 column. At the top of the column, water which contains the
polymerization inhibitors dissolved is added as the absorbing
liquid in countercurrent to the rising gas. The top temperature
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However, whedradagbpasicti on zone B reactor is charged, 9 1/h (STP) of pure
oxygen aoe used instead of 45 1/h (STP) of air.
The methacrolein can be removed therefrom by means of subsequent
scrubbing with water and freed again from the scrubbing water by
stripping using air and recycled with the air into reaction zone
C. '

25
Otherwise, the isobutane and isobutene contained in the residual
gas remaining after the methacrylic acid removal may be
substantially removed in a high-boiling hydrophobic organic
solvent from other gases contained therein such as 0;, H,, N,, CO,

30 COz, noble gases, etc. by absorption with subsequent desorption
and/or stripping and also absorbent reuse, and recycled into
reaction zone A. If required, the remaining other gases from the
mixture may be recycled as diluent gas into reaction zones A, B
and/or C.

35
In general, solvents useful as absorbents for the abovementioned
purpose include relatively nonpolar organic solvents, for example
aliphatic hydrocarbons, which preferably have no external polar
groups, and also aromatic hydrocarbons. In general, it is

40 desirable that the absorbents have a very high boiling point and
at the same time very high solubility for isobutane and/or
isobutene and very low solubility for the other residual gas
components.

45 Examples of useful absorbents include aliphatic hydrocarbons, for
example Cg-Czp-alkanes or -alkenes, or aromatic hydrocarbons, for
example middle oil fractions from paraffin distillation, or
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nonpol ar 50 S%ﬁ%ot have too high a molecular weight. Advantageously,

the molecular weight of the absorbent is =300 g/mol. The paraffin

oils having from 8 to 10 carbon atoms described in DE-A 3313573

30 are likewise suitable. Examples of useful trade products include

the products sold by Haltermann including Halpasols®i, for

example Halpasol 250/340i and Halpasol 250/275i, and also

printing ink distillates sold as PKWF and Printosol.

35 The performance of the absorption is subject to no particular
restrictions. All processes and conditions familiar to those
skilled in the art may be used. Preference is given to contacting
the gas mixture with the absorbent at a pressure of from 1 to
50 bar, preferably from 2 to 20 bar, more preferably from 5 to

40 10 bar, and a temperature of from 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,

45 surface absorbers such as thick film and thin film absorbers and
also plate scrubbers, cross-spray scrubbers and rotary scrubbers.



48 organi copgbysshg2and the isobutane and i sobutene are freed fromthe
absorbate by subsequent desorption and/or stripping and recycled into
reaction zone A. 5 5. A process as clainmed in claim1l or 2, wherein the
+ret hacrol ein contained in the pr oduct&ggas m xture B is used for preparing
met hyl nethacrylate by renoving at | t an isobutane- and

i sobut ene- Ebrital wilsg beradvanthgenvs heo cewpynent stheoabaonediom imhe product
gas m xt ur bubknddlamh ngitl) drowethdwt limtgrpalst s at atmospheric pressure
t han met hacrol ein and using the renai ning nethacrol ei n-contai ning mxture

to. char ge ﬁ‘e r Ltgﬂgzgrﬁ?/drn 1%Fﬁgeﬁ§§nag/ﬁ% %r% dn f!rgm ?Cta%% \g’}?gg? to

met hanol IB k%i %b g

gi ve net RyPY &@%Pat eprssyrization-avapgratiofn n‘éc aFH“&‘Fhlarﬂdermherel n
i sobut ane Qhﬂt’r]sl@l?&f’énér%ifé-frl@ﬂﬁv%l) from the isobutane- and

i sobut ene-contai ning portion by absorption in a nonpol ar organic sol vent,
ang the i SbeﬁrﬁﬁmﬂﬂlefSﬁmt@iepﬁiﬁg fareed n2Pat iG e t ROSO AR R¥y be
subsequent rdegards iiQ8o FEH Q1 ot [ n 1%&&] gzone A
7. A PrQpessofiniedl med in elﬁihg?ﬁgfﬁc&ﬁéﬁégc‘ﬁo&fqhb 5%)5 relgﬁ t he

met hacr ol ei nocontained in the product gas m xture 25 B is used for
preparing methacrylic acid by using the nethacrolein-containing product gas
m xture B 84ck gasesoinnhidpe ndtregerni crirzonsygen wixylgenlieimdeacrol ein i s
subj ect ed mnixiairss, edsonet dret emdgeﬂmmslwheaahai-ydze@xgaanpﬂ:a&ﬁ;mrtl al

Oxlh?gt :A\OI’I ﬁlQX'lil.ﬁréE aRthaged/ vineractle S8/ égnﬂémt is above A3’? Al A A
AL AYO@Z@:&@@% HERm \S'Ags‘{:Ae'%gn.gEe a% %\éa‘q:/&é A AE. Ah
. AF3e. Al ’% E’Rﬁl@g] 8?&3‘]’%%&)] ca] cal] ca] ca] c
aU] ca] caU] B&]  IREAS Jc % Ctra F’J] E%]Q%ﬁ%&@]’éa? chgata GpPassty b
>Anpt Y\ } xr f§ R ¥ c?a[i‘]]q,l (%UFé&q: cald dUptm) e B gkonblea] swlbutaheal] ca]
ca] caU] ca] nay| alajoc be| uae}ctaiﬂ] catbapcgdd.caljcaljcal H vy
B! I'!1"| wa2bgb\ W cal] ca] ca] cal] ca] ca] caU ca] ca] caU] ca] caU] cal ca] caU] ca] cal] ca
] cal] ca] Ca%ﬁéllﬂs“a%h%h&%l&/@rca ] g 43589 G R T(M)))
) *F x4 l% U]& ca ca ca ca ca ca ca ca] cal] ca]
cay ca] ca]é é!{:% c tY, cla ca @5 E%] F1] 11 2, 2. 222
333: 4@C55 Sd'p S?ﬁc’éﬁ 5"29] é‘zi‘]ecﬁFJ]fé@]”c‘bq éad] ea] ca] caUl

ca] ca] cal] Ehﬁ@%@ﬁ@b@ﬂ%a@s@é}éw c@]qxla]daa]:ca}@:la]qm]waweaﬁ]@aﬂﬂbed in
9: : +<. <2E3cowtBedcurretit-%0si@R> MARSABBBRBEOR i fy kratenhase®ma] ®aU] cal cal] ca

] cal] ca] capemidrahicslsablcaleabbaal s alieavbsadsal Gakcall cal cal cal cal ca] cal
cal] ca] caU] ca] ca . E9E: E<E/ F1F G GKHNHaH#I &l <J?J; K>KMMVp Ns NNNNNPP

Ri?SS\Lj]S| v]quté l]h ]SXS] %(}J aLi:a ]aEUB%: Uﬁl%"%]c bc@éﬂﬁ_ﬁﬁ(z@] cag! ca] cal] c

a]calUjca]c ca cajc calCa

Yi Yl YczZezZZ]F \& pmp pa)?? PR XS] U] U] ca] cal] ca] cal] ca] cal] ca] cal] ca

] ca] ca] 84U ca] caU] caU] ca] cal] ca] ca] cal] ca] cal] ca] ca] ca] cal] ca] cal] ca] ca] caF
- a0aaaa) Evxiderd gpeeelihivh eithiok k Jo M tdmaviing | fisd ditan¥Shhlfi Ldx allsedpeaheal] ca] ¢

al] ca] cal] £adme altec 2bs dwallges] aasl] at@d&qtitqahll ca&&atﬂlealélsa] &ﬁiﬂﬁa&keakﬂ caj ca]

cal] ca] ca] @mmeqaholmc}qaeér§§ ){éyUE 53], ¥pl]cal ca

aly

ca]cal] c a ca! aaié ajcalcalcalc
LU] I:a] (l:J] EJ] a ca ca%!?llc]?lcaz% Eg ‘}Ct % re ¥ b Heal
MPDG<{ vg IXBPY R 8 adirem &QUf‘caJ]O(Pa]béétJ] E%‘Eﬂ‘b]a] ca] cal] ca] caU
] ca] cal] cafeHfdspe40h Gqlaupc afe e Fleodohty] Rarledacolymls - &ray
=?}i | HK| vakdIymusc pXStéJumdsc abiiag catfwahral] padicald.cabeab cajayakealhss] cal
gﬂ ﬁaU] &a%wm%ﬁﬁﬁﬁﬁaﬁahfmmq% s¢] &?A&%Ulcﬁﬁséf ﬁd’@v&]@bg?\ V\{\J]C] X

ca Sal.caheald £alcall¢a Ctﬁa G3 ca] ca] cal] ca

] cay ca]lﬁa]’g 1% ca ca% at, N nngé’l{%g@] %Hi (];]} U% gcaU] cay
ca] cal] ca] ca f!] tal ca 8]°ca U XA %]Iﬁea']}}?alﬁ] CAF Y FESPEY] caUy ca]
ca] ca] ca] C ure swing adsorptlon, pressure scrubblng,
| Lw' % | wr | @%A’C\N@é] XS]“]‘?I]&?é‘-]l@aU]m@]mmpca]itai]mma]sca] caRdrc ghea] ca] cal] ca
] cay ca] capjmmisea] of] « afifacalioak] caddtcialeeabh £ e ldepath@KR 1ine may,

'~xsni CAYSE&IC%]x%&bE@U]Kea]d%Q]lﬁéJi cat &ﬁJhC%] ﬁéﬂ&@]&a]tcahsa&&%ﬂaqucaﬁalﬂ cajc

a]gggng?; (r:‘aﬂv;tq‘ U]s‘éa %C@L C_{% gﬂ]‘t PeaPeAT 49 ca ca
] ca] ca] ca] %%ﬁ?] caT% ]a('?a]"E%L}] ca ‘Ea Fication
PIMF] e\ >~x&ieEr TW‘%?EF}’@&?J]‘E%] lc ULEar ébXJ]k@a]t@a] ca{)]@a]qua]d@aw@a] call c

a] ca] cal] ca] caU] cal] ca] caU] ca] ca] cal] ca] ca] caU] ca] ca] cau6ADe9<COR' 6Gsvy}w mh
b] Wrhb] WJ] cU] ca] caU] ca] ca] ca] caU] ca] ca] cal] ca] cal] ca] ca] cal] ca] cal] ca] cal] c
a] cal] ca] ca] cal] ca] ca] cal] cal] ca] ca] cal] ca=y| ~[ "TW *?B~xsmhb] Wrhb] WJ] cU] ca]
cal] ca] caU] ca] caU] ca] caU] ca] ca] ca] caU] ca] cal] ca] ca] caU] ca] caU] ca] ca] ca] cal]
ca] ca] ca] cal] cal] cal] ca] ca+! ${ upj e ZUnhb] WJ] ] cal] ca] ca] cal] ca] cal] cal] ca] ca



F isvx{BHjg50/53492

OR| wgl fa\ Vi d*YSU] U] ca] ca] caU] ca] cal] ca] cal] ca] cal] ca] ca] caU] ca] ca] cal] ca] ca
Ul caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] ca] caU] ca] caR47&) 8[] BCux "

~xsmhb] W d"YSU] UU] ca] caU] ca] cal] ca] cgkﬂ cal cay] ca] caU] ca] caU] ca] ca] ca] ca] caU
] ca] cal] ca] ca] cay caU] ca] cal] caJca]c cal ca]ca" _

" ##9%< NG 02" Y (BLspwrpecnyented oxygen Jand gk indNopt ¥ses Uk @lkealizal caj ¢
aU] ca] cal|=ava hy abe ajexadled] teddtdelrc aj th U ssajutabecahd aldobakend) e al] cal
cal] ca] calfextftdoh/ 4 Q.01122M833a444W625e5h566: 7=7i 7 8#8b9e999: <: s;

}wrl gb\ Wd”*YSU] U] caU] ca] ca] caU] ca] cal] ca] ca] cal] ca] cal] ca] caU] caU] ca] ca] caU

ca] cal ¢ caUl ca ca c
LA SRR A RS SRR AR e bf A \ﬁ%&fi?se];t]m caTeR) of cal ca
Ul ca] ca] caﬂﬁté’é‘]ccé{ SaRed @&Fc’&?)f‘l%ﬂ%@}ﬁafwacm]’é A FEsUre ] cal] ¢
a] ca] cal] cRECEHCRRFE 935 3ULX3096 KKKtant bieME SuBNGINNERe Bt ZPH(‘Ehhc] Xi d*YSU] U] ] caU
] ca] cal] ca] ca] caU] ca] ca] cal] ca] ca] cal ca] caU] caj ca] caU] ca] caj caU] ca] cal] ca]

cal] cal] casvez! sa]mhccepa Rea ©f

YYDZGZZ S ca cal cal] ca] ca
R e Wi larhs e il il o
ANN X y‘ ) a "aUbXb] ¢” cccdd{upj e [ VU] ca] ca] ca] caU] ca] cal ca] cal] ca] ca] ca]
ca] ca] caU]¥a]iEa CPEEPR 9 @dficBhess qgrespea] et # esptdtik desal] cal ca
d4d5dodpdduumpddsaen vsfaiverted  { sakutagehddata s iaiftpkvihd ajedhbeplical ca] cau
] ca] cal] cadcial rembpeal ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] cal] ca] cal] c
a) ca] cajsga] ca] ca ']]]] kknkkkl I

| #1 xI11 r \ ] a cal] ca]c
a] cal ca] ca a ipgfil ég;%]dwg cJa%ca%f fc{éﬂﬂca’lﬂf cg'% cal] ca]c
als5ssstt"? Vet W‘\‘} ﬁfyg i‘ii he"“EUU]' T &FcSPz HYEXU ca] ¢
aU] ca] ca] ¢ G&’}‘E&?J] G tddec AP cag e A €aFea] @ RYEdPBapEat)e ajesdval czad ca] ca]
ca] cal] ca may be bled off and, for example, combusted for the purposes of

zz{{{{!20 {e{edgy{ Bet{vdri{.\ For| the Ghitpbkks ¢ "cthe piksihdi Hivédiliea] cad cal cal ¢
aU] ca] ca] Galsakeath qaédaéh@ahea}&ﬁuu%?c] ga4 cableakeabralsal sekaal €5 cal cal ca

calJca]ca
}:} W!ql f] ZU]&&}@%gg gasuf?:;a]thelﬂpélafgif%a']%ae@]efgfcaq cal ca] ca
] cay ca] c Ca] caU] ca] caU] ca] caU] ca] caU] caFH bgj KNx{!'$' *l 0- 0

#{ vgkf " [ Uni c"YU] U ca] cal] ca] cal] ca] ca] cal] cal] cal] ca] ca] cal] ca] cal] cal] ca] ¢
aU] ca] ca¥|amidlche)] apinreripted celidtc Aheapra¢esdacatiing rid k@ewz, / w<@ wr | ga\
Vni cAYU| ULi]m]nﬁ:ab]ma:]}caﬂs@abéa&@ﬁiﬂémbﬁa%ﬁadé@kéhﬁﬁbcaﬂxwleﬂ @)@Lea&ﬂ cef cal] ca
] ca] cal caqeabcablsal ﬁahgﬁ’c}&?wn@ﬁ] E@%Qn zone %caU] cal ¢

- 7qs @\ U-Pelo u%g ECAY EL ‘?M— C%]l&akc &a f Rk ZTni ¢
ar cauf

alU] cal ca] ca ca ca ca]?ca ca
AYUU caL& %t‘] ciPeruy E&B]:Ea‘]”caiﬂp(%@] ea €A ca] cau
] ca] cal}@ants] h‘]‘baﬁ%’@a?caU] cdlec 361 taw\ ca{anq lchezTemaindng) patkery] cal cau
] ca] ca] caLﬂ]fca;]h@arJ]acH]u:ealU]Q@a] talddeEntagboatl x ajablihed] eath ddlec pihdadtca) cal] c
a] caU] ca] opdd| edbfoag A, > @10%' ()-10!10% & ()-VY!1 109%& ()- Y1 9°10% : & () - F&
10% & ()-3110% & ()-t}[9!{0!"10%& E) Io:}. 109& () - lﬁlO% & () 0

! @H#109& (py RK! 1928 & {Jgil ¢ féd s iﬁd/ I, isobutene
i&gsslg?ﬁ)% rposjtsb ot%e?'%a:‘ﬂgioiyc J.Er%%i to ie&%ﬁnﬁz e{; (b;or

& ()-Y!! 10988R1e) the PHRRAT e oD Pf GRRLPFameLY-100& () - 3! : YLOYAAL () - >t YZX6g
VDI -@10%&R () -!{' -#109%& () - 3! 2! SHI09\NN& () - AN

1 109&' () - 'ﬂO%éO@ﬁ%ﬂaﬁnhﬁ#%ﬁx&a@k BRd ! ¥ ob@EAY VoD YR cyr1e @NNES () -

10 10 tion zone A still contains carbon mo this m

100" w@gﬂ% ggﬁsogib,g@gus BIRAT LRSI S Gagre O

102H' o&* #T0FPHF 82F 19T F8Rg1DewT ﬁioﬁ/&a‘(‘slqn&*ﬁ%@/&e? yrayche v () -

to heat to the dehydrogenatlon temperature.

Catalytic postcombustion of CO contained in the residual gas to

45 CO, may also be recommendable when removal of the carbon oxides
from the residual gas is sought before it is recycled into
reaction zone A (or another zone), because CO, can be
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isobutyraldehyde and isobutyric acid by-production is
substantially independent of the multimetal oxide catalysts used
in reaction zones B and C. Preference is given to using those

15 multimetal oxide catalysts which are explicitly mentioned in this
document. This advantage is also substantially independent of
whether the volume-specific catalyst activity in reaction zones B
and C is kept constant or increases or decreases along the
reaction coordinate.

20
However, immediate use of the methacrolein-containing product gas
mixture B to charge a reaction zone C is not the preferred
variant according to the invention. In-depth investigations have
shown that this can be attributed to components other than

25 methacrolein contained in the product gas mixture B reducing the
selectivity of methacrylic acid formation in a downstream
reaction zone C by having a negative influence on the catalyst
performance, in particular with regard to long-term behavior.
Immediate use of the methacrolein-containing product gas mixture

30 B to charge a reaction zone C is not to be recommended when the
conversion of isobutene in reaction zone B is less than 95 mol$%
or less than 98 mol% (frequently, the conversion of isobutene in
the reaction zone B is from 60 to 95 mol%).

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

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

45 which boil at a lower temperature than methacrolein at
atmospheric pressure before using the product gas mixture B to
charge a reaction zone C or a reaction zone for preparing
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GB-A 1199432 and US-A 4234519. For example, the product gas
mixture may be subjected to a multistage fractional distillation,
15 preferably under pressure. In the first stage, methacrolein and
components having higher boiling points than methacrolein are
removed in the liquid phase. This liquid may subsequently either
be used as such to charge a reaction zone C or for esterification
purposes or the methacrolein contained in it may first be removed
20 pure overhead in a further fractional distillation stage. The
isobutane and isobutene present may be removed via the liquid
phase in a further fractional distillation stage from the
components which are distilled overhead in the first fractional
distillation stage, have lower boiling points than methacrolein
25 and comprise isobutene and isobutane, and be recycled into
reaction zone A. The gas mixture distilled overhead may, for
example, be disposed of by incineration or, if required, be used
as a diluent gas in reaction zones A, B and/or C. When only a
limited sharpness is sufficient in the abovementioned separating
30 steps, fractionations may also be replaced by simple
condensations.

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

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

40 to charge a reaction zone C.

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

45 using hydroquinone or its methyl ether) (by spraying the water or
the aqueous methacrolein solution into the product gas mixture B
and subsequently conducting in cocurrent). To remove any mist
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The absorbate obtained is an aqueous methacrolein solution which
may comprise, for example, up to 2 mol% or more methacrolein. In
a stripper, the methacrolein may be stripped from water at
reduced pressure and using heat and taken off as vapor stream

15 (the water contained therein may, if required, be frozen and/or
condensed off). The water which has been stripped off is, for
example, recycled back into the methacrolein absorber for
absorption purposes. The proportion of the water formed in the
process (the steam contained in the product gas mixture B

20 condensed and absorbed with the methacrolein in the absorption
liquid) may either be disposed of (for example discharged to a
sewer) and/or recycled as steam into reaction zone A.

The gas stream leaving the methacrolein absorber comprises

25 isobutene, isobutane, noble gases, carbon oxides, hydrogen,
oxygen, nitrogen and other by-products such as ethane, propane or
methane. It may either be recycled as such into reaction zone A
(while bleeding off a portion to prevent by-product accumulation)
or the products of value isobutane and isobutene contained

30 therein can be removed by absorption in a nonpolar organic
solvent (cf. the removal of isobutane and isobutene from residual
gas already described in this document; all methods cited there
may correspondingly be applied here) and subsequent desorption
and recycled into reaction zone A. The unabsorbed gas components

35 may in turn be disposed of and/or find use as diluent gases in
reaction zones A, B and/or C.

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

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

It will be appreciated that another possible procedure is to

45 recycle only a portion of the isobutane- and isobutene-
containing gas which has been substantially freed of methacrolein
as such into reaction zone A and to remove isobutane and
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still comprises CO, the CO may be combusted catalytically and
selectively to CO; before (and/or after) its entry into reaction
zone A. The heat of reaction released may in turn find use in
10 heating to the dehydrogenation temperature.

Such a catalytic postcombustion of CO to CO, may also be
recommendable when the intention is to remove the carbon oxides
before recycling the gas stream into reaction zone A (or into

15 another zone) because CO; can be comparatively easily removed (for
example by scrubbing with a basic liquid; examples of useful
liquids include aqueous carbonate or amine solutions or organic
amines; since the presence of CO;, does not interfere in any of the
different reaction zones, carbon oxides will be allowed for

20 economic reasons to accumulate in the recycle stream up to a
concentration at which they can be conveniently and economically
oxidized and/or removed).

When dehydrogenation catalysts are used which are sensitive

25 toward oxygen or oxygen-containing compounds, these oxygenates
will be removed from gas streams before they are recycled into
reaction zone A. When the gas stream comprises hydrogen at the
same time, it may be removed, for example, by the route of
selective catalyzed combustion of H, to H,0 using O;. Equally,

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

However, the methacrolein may be removed from the product gas

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

It is essential to the invention that the methacrolein which has

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

45 Methacrolein which has been partially or completely freed of
secondary components in this manner may then be used
advantageously, for example, for preparing alkyl esters of
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5 used, as described, for example, in DE-A 3018071, Us-A 6 107 515
or GB-A 2070601. Customarily, the reaction is effected in the
liquid phase using catalysts comprising noble metals such as
palladium.

10 However, it may also be used in a manner known per se for
selective gas phase catalytic oxidative preparation of
methacrylic acid.

Catalysts which may be used include the multimetal oxide

15 catalysts already recommended for reaction zone B. Otherwise, the
gas phase oxidation of methacrolein to methacrylic acid may be
carried out as recommended in the prior art (cf., for example,
US-A 5 166 119, US-A 5153162, US-A 4 954 650, US-A 4 558 028 and
DE-A 19 815 279). The methacrylic acid may be removed from the

20 product gas mixture as already described for reaction zone C (cf.
DE-A 19 836 477).

The reactors described as suitable for reaction zone C may also
be used here. Owing to the substantial heat of reaction,

25 preference is given to diluting the reaction partners
methacrolein and O; with inert gas such as N2, CO;, saturated
hydrocarbons (for example isobutane) and/or with steam.

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

In general, operation is effected at a molar methacrolein :
oxygen : steam : inert gas ratio of from 2 to 6 : (from 2 to 20)
(from 5 to 30) : (from 0 to 6), more preferably from 3 to 5 :
35 (from 7 to 12) : (from 15 to 25) : (from 0 to 4). The gas phase
oxidation itself, like reaction zone B, may be realized either in
fluidized bed reactors or else in fixed bed reactors. Preference
is given to the latter. The reaction temperature is customarily
in the range from 230 to 350°C and the reaction pressure in the
40 range from 0.5 to 3 bar and the total space velocity is
preferably from 1000 to 4000 1 at STP/l1-h. The methacrolein
conversion based (as always in this document) on single reactor
pass is customarily from 60 to 90 mol%. The removal of the
methacrylic acid from the product gas mixture may be carried out
45 as already described with regard to reaction zone C. In other
words, the product gas mixture may be scrubbed with water after
direct and/or indirect cooling at temperatures of from 40°C to



#L0%' () - &DP5618389L) - &Iz X6SH-0
11 @, #10%&' ()-:!r0S)#10%n& ()- @ S) #10%&' () - @ 0S! - #109%&Z>Z>&' () -!S! - #10%&' ()

-0! 109ZF & ()-&F ~ =0 111110%0' 0& ()-2I10% o0& ()- 10Z[ 10Z[
10Z[ 0@ 5! 109%Z[ & ()-Z! @5! 109%& () - ZO 1092& () -:] e\ wx6~_=0
11 0- #10%0& () --#10% & ()-!0L" 10%0& Y9 - 1 0L 10%00& ()] L"10% " & ()-!

10% o* 0&' ( §9%& fQuweBLtain an eﬂ@a‘eﬁ/«@e(t)lwcrym@am%éa yion iEr@p1wbach jthe 1 {0

- #109%& () - methasmydgesamey -be repoyed, Koy exadnb6ADY =Xtk a0BIOVEALh) ab

109Z& () - ! e @&k Js01¥6ht il @ehbvedGE¥ER) W08y (JeddiGi#30%6n ( JwHdaOWU3{\ =0

!Z|&p%;ﬁlgg(?>§ecﬁﬁrfécgL#ﬂl@;{gei(qzz)du'agl—gégWea(\)rn'gl—%ﬂx@%é%z(b)ar' A%y 1 a( ha34R" 10%
/or r,b

109278 E?ég%# 7 6\/@ P Y98 TD s &P PRt AIYELEPE) - sy z;

0!F 10t(V3 0% ‘39%8 40 ““E )eé % ¥it1o

{9S10%& () - 373100/<z&' ()-=y{Y8yZ; 0 ! SH100&: ()-F10, "10%"'& ()-!0,

When isobutane is one of the diluent gases used, the

isobutane-containing residual gas is advantageously recycled into
10 reaction zone A either as such or after absorption and desorption
in the nonpolar organic solvents already recommended.

It is quite generally the case that when gases recycled into the
reaction zone A comprise 0O, this oxygen may be used in the

15 reaction zone A to selectively combust combustible substances
such as hydrocarbons, 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

20 abovementioned residual gas recycled into reaction zone A has a
sufficient amount of oxygen for this purpose.

Examples
25 1. Preparation of a dehydrogenation reactor

A solution of 11.993 g of SnCl, - 2H;0 and 7.886 g of H,PtClg - 6H,0
in 600 ml of ethanol are poured over 1000 g of a spalled Zr0,-SiO,
mixed oxide.

30
The mixed oxide has a 2Zr0,/Si0O, weight ratio of 95 : 5. The mixed
oxide is manufactured by Norton (USA).

The mixed oxide has the following specification:

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

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

45 in 2500 ml of H;0 is then poured over the dry solids. The
supernatant water is taken off on a Rotavapor by rotating in a
water jet pump vacuum (20 mbar) at a water temperature of 85°C.
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20 ml of the catalyst precursor obtained are used to charge a

10 vertical tube reactor (reactor length: 800 nm [sic]; wall
thickness: 2 mm, internal diameter: 20 mm; reactor material:
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

15 catalyst bed: 75 mm; position of the catalyst bed: at the
longitudinal midpoint of the tubular reactor; £filling of the
remaining reactor volume above and below with steatite spheres
(inert material) of 4 - 5 mm diameter, supported from below on a
catalyst base).

20
The reaction tube is then charged at an external wall temperature
along the heating zone of 500°C under closed loop control (based
on a tube flowed through by an identical inert gas stream) with
9.3 1/h (STP) of hydrogen over 30 min. The hydrogen is then

25 replaced at constant wall temperature firstly by a 23.6 1/h (STP)
stream of 80% by volume of nitrogen and 20% by volume of air over
30 min and then by an identical stream of pure air over 30 min.
While maintaining the wall temperature, purging is then effected
using an identical stream of N; over 15 min and finally reduction

30 using 9.3 1/h (STP) of hydrogen again over 30 min. The activation
of the catalyst precursor is then complete. This results in a
dehydrogenation reactor charged with dehydrogenation catalyst A
(reaction zone A reactor).

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

To prepare the starting catalyst Bl, 2000 g of (NHg)eM07024 - 4H50

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

45 by stirring 1123.6 g of an aqueous iron nitrate solution (13.8%
by weight of Fe) into 2449.5 g of an aqueous cobalt nitrate
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Si0Oz; manufacturer: Dupont; Ludox®TM) are stirred into the aqueous
suspension obtained (at 60°C). The aqueous mixture is then stirred
10 for a further 15 minutes. The aqueous suspension is then
spray-dried (exit temperature: 110°C, spray dryer from Niro DK;
model: Niro A/S Atomizer Mobile Minor, centrifugal atomizer from
Niro, DK), to obtain a spray powder of particle size from 20 pm to
25 pm having a glow loss (3 h at 600°C under air) of about 30% by
15 weight. This spray powder forms the starting composition Bl.

b) Preparation of a starting composition B2

1715.6 g of tungstic acid (72.94% by weight of W) are added in

20 portions to 6344.6 g of an aqueous tungsten nitrate solution in
nitric acid (free nitric acid: 4% by weight, density: 1.24 mg/l;
11.2% by weight of bismuth) at 20°C with stirring. This gives an
aqueous suspension which is stirred at 20°C for a further 2 h.
This is then dried by spray drying (exit temperature: 110°C,

25 manufacturer: Niro DK; model: Niro A/S Atomizer Mobile Minor,
centrifugal atomizer from Niro, DK). In this manner, a spray
powder of particle size from 20 um to 25 um is obtained which has
a glow loss (3 h at 600°C under air) of about 12% by weight. After
addition of 37 g of water, 400 g of this powder are kneaded using

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

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

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

45 surface area: 100 m2/g).
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tablets are comminuted and sieved through a sieve (0.8 mm mesh
size). The material which passes through the sieve, after

20 addition of 2% by weight of graphite (based on the weight of the
material which passes through the sieve) is tableted in a tablet
pressing machine (Kilian S100, pressing force: 15-20 N) into
cylindrical rings of geometry 5 mm (external diameter) x 3 mm
(height) x 2 mm (hole diameter).

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

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

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

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

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

During the entire calcination, 150 1/h (STP) of air are passed
45 through the oven.
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reaction tube charge is supported from below on a catalyst base
of 10 cm height.

3. Preparation of a reaction zone C reactor
20

a) Preparation of a starting composition C1

4620 g of (NHg)eMO7024 - 4H,0 and 153.2 g of NH4VO3; are dissolved
at 60°C with constant stirring in 5 1 of water preheated to 60°C.

25 While maintaining the temperature at 60°C, 421.7 g of a 76% by
weight aqueous H3PO; solution are added dropwise to this solution
within 1 min with stirring. First 10.9 g of diammonium sulfate
and then 317.8 g of pulverulent Sb;03; (senarmontite) are then
incorporated. The resulting mixture is then heated to 90°C within

30 30 min (mixture 1). In parallel, 424.9 g of CsNO; are dissolved at
90°C in 850 ml of water preheated to 90°C to give a solution 1.
While maintaining the temperature at 90°C, 446.5 g of an aqueous
copper nitrate solution (15.5% by weight of copper) at 90°C are
added dropwise to mixture 1 within 4 min with continuous

35 stirring. Spray-drying is then effected at an exit temperature of
110°C (Niro DK, model: Niro A/S Atomizer Mobile Minor, centrifugal
atomizer from Niro, DK). A spray powder of particle size from 20
to 30 um is obtained which forms the starting composition Cl1 and
has the following molar elemental stoichiometry (after

40 calcination):

Mo32P;.5Vp.6C51CUg,55b1S0, 040x.-

b) Preparation of a starting composition C2
45
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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
15 then to 400°C within 2 h. Finally, linear heating is effected to
900°C within 48 h.

After cooling to room temperature, a powder is obtained which has
a specific BET surface area of 0.3 m2/g. This powder forms the

20 starting composition C2 and substantially has the diffraction
reflections of CuSb,0¢ (comparative spectrum 17-0284 from the
JCPDS-ICDD index). The starting composition C2 has the following
molar elemental stoichiometry:

25 CusSb,0¢ .
c) Catalyst preparation

The amounts of the starting composition Cl and the starting
30 composition C2 corresponding to the mixing stoichiometry (after
calcination) (Moj2P;,5Vg,6C51Cug,55b1S0,040x)1.(Cu1Sby0g)g.5 are
intimately mixed. 2% by weight of finely divided graphite
(according to sieve analysis, min. 50% by weight < 24 um; 24 um
< max. 10% by weight < 48 um; 5% by weight > 48 pm; BET surface:
35 10 m?/g) are then admixed into 500 g of the abovementioned mixture
as a tableting aid.

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

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

500 g of the rings are then thermally treated in a forced-air
oven (Nabertherm, capacity about 80 1) under a constant air
45 stream (500 1/h (STP)- kg of solid) as follows: heating is
effected at 4°C/min from 259C to 270°C while maintaining the
intermediate temperatures of 180°C and 220°C and the end
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5 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.

10 d) Charging of the reaction zone C reactor

A vertical reactor tube (tube length: 1800 mm; wall thickness:
1 mm; internal diameter: 8 mm; reactor material: V22 steel; in a

. - furnace from HTM Reetz at a longitudinal midpoint length of

15 1600 mm) is charged with 75 g of the multimetal oxide catalyst C.
The length of the catalyst bed is 1000 mm. The position of the
catalyst bed in the reaction tube is at the longitudinal
midpoint. Above and below, the remaining reaction tube volume is
filled with steatite spheres (inert material; diameter: 2 -

20 3 mm), and the entire reaction tube charge is supported from
below on a catalyst base of height 10 cm. The remaining tube
length at the tube entrance and the remaining tube length at the
tube exit is heated with electrical heating bands.

25 4. Performance of the process according to the invention

A) The reaction zone A reactor from 1. at an external wall
temperature along the heating zone of 500°C under closed loop
control (based on a tube flowed through by an identical inert

30 gas stream) is charged with a reaction gas mixture of 20 1/h
(STP) of isobutane, 10 1/h (STP) of air and 8 g/h of steam.

The isobutane is metered in using a mass flow regulator from

Brooks, while the water is first metered into an evaporator
35 using an HPLC pump 420 from Kontron, evaporated in it and

then mixed with the isobutane and the air. During the

charging, the temperature of the charging gas mixture is

150°C. The starting pressure in the tube reactor is set to

1.5 bar by means of a pressure regulator from REKO disposed
40 at the reactor exit.

Downstream of the pressure regulator, the product gas mixture
A is depressurized to atmospheric pressure and cooled, and
the steam contained therein condenses out. The gas remaining

45 is analyzed by means of GC (HP 6890 with Chem.-Station,
detectors: FID; TCD, separating columns: Al,03/KC1l
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manner, the charging gas mixture is also analyzed.

After an operating time of three weeks, the following
analytical results are obtained:

Charging gas mixture Product gas mixture A
(% by volume) (% by volume)
isobutane 50 33
isobutene - 10
Nitrogen 20 17.5
Steam 25 26
Oxygen 5 -
co - <0.1
CO; - 2.5
H, - 11
Propene - <
Propane - <
Ethene - < 0.
Ethane - < 0,

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

The portion of the reaction zone B reactor from 2. in the
oven is maintained by closed loop control at an external wall
temperature (based on a tube flowed through by an identical
inert gas stream) at which the isobutene conversion at a
single pass of the reaction mixture is 92 mol%. The heating
band at the reaction tube entrance (where the catalyst base
is disposed) is likewise set to this temperature and the
heating band at the reaction tube exit is set to a
temperature 50°C lower.

The charge consists of a mixture of 45 1/h (STP) of air
(temp. = 22°C) and the 46 1/h (STP) of the product gas
mixture A (temp. = 500°C). The air is metered in by means of
a mass flow regulator from Brooks. The temperature of the
charging gas mixture is increased to the reactor external
wall temperature. The starting pressure in the reactor is set
to 1.3 bar by means of a pressure regulator disposed at the
reactor exit.
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B (temperature = 300°C) is depressurized and analyzed by
means of GC (HP 6890 with Chem.-Station, detectors: TCD, FID,
separating columns: Poraplot Q (Chrompack), Carboxen 1010

5 (Supelco)). In an identical manner, the charging gas mixture
is also analyzed.

After an operating time of 3 weeks, the following results are
obtained:
10

Charging gas mixture Product gas mixture B
(% by volume) (% by volume)

isobutane 16.5 16.5
isobutene 5 0.40
Hy 5.5 5.5
02 10 2.5
Na 48 47.5
H,0 13 19.5
20 Methacrolein - 3.8
Methacrylic acid - 0.1

15

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

25 formation of 84 mol%.

The portion of the reaction C reactor in the furnace is
maintained by closed loop control at an external wall
temperature of 290°C (based on a tube flowed through by an
identical inert gas stream). The heating band at the reaction
tube entrance (where the catalyst [lacuna] is disposed) is
set to 290°C and the heating band at the reaction tube exit
is set to 200°C. The charging gas mixture consists of 40 1/h
(STP) of air (20°C), 25 1/h (STP) of nitrogen (20°C) and the
remainder of the product gas mixture B which remains after
removing all components having lower boiling points than
methacrolein. This remainder substantially comprises 18 1/h
(STP) of steam, 3.5 1/h (STP) of methacrolein and 0.1 1/h
(8TP) of methacrylic acid. The air and the nitrogen are
metered in by means of mass flow regulators from Brooks. The
temperature of the charging gas mixture is increased to
2900°cC.

30

35

40

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

45 using a pressure regulator disposed at the reactor exit.
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Charging gas mixture Product gas mixture C
(% by volume) (% by volume)
N, 66 66
0, 9 6
15 H,0 21 21
Methacrolein 4 1.6
Methacrylic acid 0.1 2
20 These values correspond to a methacrolein conversion based on
single pass of 60 mol% and a selectivity of methacrylic acid
formation of 83 mol%.
B) The performance of the process according to the invention
25 from A) is repeated, except that no components are removed
from the product gas mixture B. Rather, the product gas
mixture B is used as such (92 1/h (STP)) in a mixture with
29 1/h (STP) of air as the charging gas for the reaction zone
C reactor.
30
The methacrolein and oxygen gas flows on the catalyst charge
in the reaction zone C reactor are accordingly, as in A),
3.5 1/h (STP) of methacrolein and 8.0 1/h (STP) of oxygen.
35 After an operating time of 3 weeks, the following results are
obtained:
Charging gas mixture Product gas mixture C
(¥ by volume) (¥ by volume)
40 N, 55.5 55
02 6.5 4.5
Ho0 14.5 15.5
Methacrolein 2.9 1.8
45 |Methacrylic acid 0.10 0.9
isobutane 12.5 12
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, dO#10%' & ()- , dO#10%' &] () Ch#Bging gas mixture Product gas mixture C
(% by volume) (% by volume)
isobutene 0.3 0.1
Hj 4 4
5

These values correspond to a methacrolein conversion based on

single pass of 40 mol% and a selectivity of methacrylic acid
formation of 75 mol%.

10 5. Comparative example

A) The process according to the invention 4.A) is repeated.
However, when the reaction zone B reactor is charged, 9 1/h
(STP) of pure oxygen are used instead of 45 1/h (STP) of air.
The total isobutyraldehyde + isobutyric acid content of the

product gas mixture B is perceptibly increased compared to
the experimental procedure 4.3).

15

B) The process according to the invention 4.B) is repeated,
except that the charging gas used for the reaction zone C
reactor is not 29 1/h (STP) of air but 5.8 1/h (STP) of pure
oxygen. The total isobutyraldehyde + isobutyric acid content
of the product gas mixture C is perceptibly increased
compared to the experimental procedure 4.B).
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B) passing the isobutane- and isobutene-containing product
gas mixture A into a reaction zone B and subjecting the
isobutene in the reaction zone B to a selective

15 heterogeneously catalyzed partial oxidation in the gas
phase using molecular oxygen to form a
methacrolein-containing product gas mixture B and

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

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

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

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

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

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

45 4. A process as claimed in claim 3, wherein isobutane and
isobutene are removed from the isobutane- and
isobutene-containing portion by absorption in a nonpolar
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mixture to charge a reaction zone in which the methacrolein
is reacted with methanol in the liquid phase in the presence
of oxygen and a catalyst to give methyl methacrylate.

15

6. A process as claimed in claim 5, wherein isobutane and

isobutene are removed from the isobutane- and
isobutene-containing portion by absorption in a nonpolar
organic solvent, and the isobutane and isobutene are freed

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

7. A process as claimed in either of claims 1 to [sic] 2,
wherein the methacrolein contained in the product gas mixture
25 B is used for preparing methacrylic acid by using the
methacrolein-containing product gas mixture B as such to
charge a reaction zone in which the methacrolein is subjected
to a selective heterogeneously catalyzed gas phase partial

oxidation to form methacrylic acid.
30
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