, e3e##6T0, 0050/53493 Preparation of methacrylic acid fromisobutane 5 The

present invention relates to a process for preparing net hacrﬂ“'m\“ﬁm m‘\wmm
|'sobutane by A) subjecting the isobutane in a reaction zone ““ I
sel ective heterogeneously catal yzed dehydrogenation in the 10 gasgpbase to
forma product m xture A which conprises isobutene and unconverted

i-sobut ane, B) using the isobutane- and i sobutene-containing p
mxture A tpréfdadfon beasdiiRRrz0ne & andrembieskitmet he 15 |g’@ mﬂwwﬂw
reaction zone B to a selective heterogeneously catalyzed part n

in the gas phase using nol ecul ar oxygen to form a nethacrol ei n- cot®BPhi ng
product ggsThe @UASENB WRYNtiRn BPbIted Gchat PrAReTHItr PEARRFHIDN of

i sobut ene | se®aanyll%caadi@ErOm usobgtdrnee byet hacr ol ei n- cont ai ni ng pr oduct

gas mxture B without preceding renoval of conponents contained therein to
charge a reaction zone C and subjecting the nethacrolein in reactioon zone C

to a sel ect Ve RRRIETUIRHEUS| P WWEANG 2L DFPIELPRI ZWE daltPoh RATTHG!

mol ecul ar oxygefelertilye haserPaeneously ordsalvirethderydyageaatdor ot #i8i ng
product g@s m Xyas epi@seMebhficryla pradudt isixturenpowhinit comppiseshen cal

whi ch is used agssbhtanehaadmdorverithae {ssyat@hel, ts nethyl ester for
preparing polynmers which are used, for exanple, finely dispersed in an
aqueous nedi um as a binder. DE-A 3313573 discloses a process for preparing
met hacryl i cBaci s 3% fhhemipebwtanare 288 deekutianedcanrta HulnsupPseduct gasocedur e
consi dered partmixtard B advendegreeusebytidn Ao@]18558d isubglevesngisiheg t he
product g3s m Xigswutend LROLéadiRGEEdboNE B il \4alkedbc DY BReBESg&EtuaiLed

therein for chapgifg JRPehPlaZ YI8 Rt 29 H5ithG BHE SpieleRias ddiecsquLce
for the nol ecul ar oxl}v1q__ec>n reacti,on_zon . vV
C a

required.i.n_4 e B wever...
i sadvant ages. opXieh 0 gPEch a8 e P Ao Bin e prdant® BHE mieure
of methacrylic BcVHE dMeaProRigRthad LSRG B aAthEOBY T 19aRd LRRPESE SN S of
formati on of th&Pymedddareéd 45 isobutyral dehyde and isobutyric acid, which
are parti2oul arly undesirable even in very small quantities since they are
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particul arl y’trGUblesolte | subsequent Uses, RotC eof srar _
satisfactory. |¥*FRo%n P&Ef@éfjn%fre?'f?éfabr‘égec'rﬂmﬁoﬁ\?éﬁfi%?Ptta&n Foé‘%"e‘?lé’ﬁf’ocess
for 5 preparingCherdacd yeretaer ceqneof RBS LIRSS tART delke mefddcreledie iBut set
whi ch only has trbectdigacwast Qges aesdecbive theterogenest lyxcehalyZd W have
found tha5 t hi spabi sl dxddachorvied nay md1eswieas dxiygen PIreRAel §8s NEdchyl i C

aci d from i sobulegpg DinedhadtPl£E1dd1G-EBREL SONY BREahdL HALATLERL ZONe A tO
a partial selective heterogeneously catal yzed "dehydrogenation in the

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

30

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

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

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



15 gas phaseo$0/53493a product m xture A which conprises isobutene and
unconverted isobutane, B) using the isobutane- and isobutene-containing
product gas mxture A to charge a reaction zone B and subjecting the 20

i sobutene in reaction zone B to a selegtive heterogeneously catal yzed
partial oxidation_using nol ecuyl ar enlnthe S asetofor

ot hacr of of S oM i G TR CF oAb e ST GPE BEOTSE (A8 BF BRRGIPRAET Hhe
mol ar conve‘F%ﬁ’l&ie@Pmﬁs%tﬁ%q%nt HES&fp| dEanat wr@leﬁeﬂngsqwesfactory

met hacr ol ei n-cont ai ni ng product gas m xture B wi thout preceding renoval of

conponents_gonfai fed 52&! v tth% §Pé‘v£&$c alnﬁz@ﬁ%iérﬁ’toz?s %v?dé‘”ad p%%le‘égtk&g the

nmet hacrolgin in reac on zo sel ect ous halyzed

30 partial BXERAFIOGN™GERHRTY eéﬁf‘%r@d Fha??t@s %g hh%ee taa" £8fm a

met hacr yl i couksetr ¥dAchi onHy hasodhet dippsvienkeaes ctgsqmpeﬁ Edrprresaseds
renmovi ng atekesstt. 80 nol % of the conponents other than isobutane and

i sobutene fromthe isobutane- and i sobutene-contai ni ng product gas m xt ure
A before it_is use arge r.eaction zone i ntroducin

nol ecul arloo?@gtéart’er% Hf’?’e{]}’éttn trhéﬁc?}f’?ﬁf:q'zdﬁeaﬁgi% bryeécPF%‘he%rté’r

acconpani ede?quﬁ?tDQc@P‘ahacﬁiltlrl@géﬁl@ nf@wsabut@t? ®¥R of nol ecul ar oxygen to
nol ecul ar nitrogen of from1l:1 to 1:10. In other vvords accordl ng to the

! nventl on ?) nagu%]ec]td.%g ?ﬁe ]'isgdbu%gpgr 4’re% 10!

or ousS El' rom% 2t o 1: 5 or
in the range frB?rJre;Lc"SlVFoh_ett r°‘iﬁnel°|118h¥1°%ta§ly128d ﬁﬁ rﬂ%ﬁnﬁﬁémbr’db&%‘&

0050/ 53498 3 acg®?® dthaget 0t HRIT oy @FPHBRE MG UABOD eI @ﬁ@ﬁra%‘b‘orrpanl ment

of the nol ecul atscbutgpme bypd nbeowveztedi tsayemanes advant ageously realized in
such a manner t hat the nol ecul ar oxygen is introduced into reaction zone B
as a conponent of whi ch al read ri ses the nol ecul.ar oxygen and
nol ecul ar nP?roﬁ%ﬁ“q %%nlﬁﬁg\‘/ieaﬁeen't ﬁeﬁs‘ﬁﬁ‘tr?G’eRcS?t%’dHﬂgsP OBt gtﬁ’%’/'S

nol ecul ar oxygeRikHFed EEUFRRTIR ©r 56BRLIN 4988 B #a3d isbAecting Hd'epr ocess
accor di n@0t o t hésolmwvemei én, reacfionegonei B 4yl vemelechivd dgterpgendalslly, nore
preferably predestampiddy part£4Tloididdeliyn wsinggmdlecwTar aygenrne the bas the
mol ecul ar  oxygephi&a4id &8rinNa MdHalceB18 e At alidYRY Srodulctl §a§|x§ﬂctﬁ2&§5hb| e
to introduce to,feacli0n a90g, HdOlng IRl e oAbl Jg&t agiLbapally ;

nmol ecul ar oxygeh nd - ad |ona ecul ar rogen-or arr g
additionally a m%?t We%o?n%l ecul ar nitrogen and rml ecul ar oxygen V\hl ch
corrprlse§5the two gas 15 conponents in a ratio other than that in air. It

i s essentiag, tOutbﬁg'trh\éeR\Ehﬁacpéte)inmehtamxfgabted&@egar@tn&kehf@cb overal | .
According t6'thg S0 HrQBeg me% o% AP ESitAhell LhOGRH G8Ul 4

al so be int roduce [{E

wor ds, whi | e DECASEER 35 FearEich doney g%‘?e%‘t 358 ﬁgget’fbegé'ﬁéﬁagt%e@gt Iryzed
partial qQxidati 5A28Fi9%G9HECRet? P ﬁ@&EFFb‘ﬁe eterpIpRedislgacats m xture
whi ch COT'?&‘I sespant pak taxddeaion seimgt apdecilsgbokygen aird tiel eealmawygen,
the 25 reactionfgag dimdthaeryDid eadid-eonzoneing pRolibet pfaacasiztacea,di ng to
the invention necessarily contains isobutene, isobutane, nolecul ar oxygen
and nol ecul ar nitrogen. The additional presence of the latter in the
process accUhélPthCtI@Itlﬁésl nvention surprisingly ensures a reduction in the
undesi r ed,.conversi on of 30 isobutane to undesired by-product. A further

feature €55¢dhboind Gl e H@a VS0 oA 8?“&5 {orioBnbhEs r@a%uathgt fodueant 80

nol % of the ' C an3 uta te rom

i sobut ane- gﬁgn&%ﬂ-& e: 58’htteﬂen| ﬁ‘ a%‘s‘%bg( e ge o1 |s used
to charge r @EEHRGH FSnAiBtung A gt areret e‘rseh‘%'édb‘égl%hai@et ﬁ‘éa%'l':l’rﬁ"of“f’ﬁe

mol ar anoun®s shdtintrgidbfénerthde molerdlar cxygponteasinashiai reartipn gene
product gRs BTEst HeégctBonAzones dB ng:comphhied by mogdatubay rikeogeoviamentiodasd
removal doegaR9b RAE noQebf1iPMMGRRAHS WRcullle #i{fRjeanbrcor@pnant so

Rat her, it g%( ocapture i ndi vi dual” "conmponents quantitatively and others only
parti aI ly. y'the sumtotal has to achieve the abovenenti oned percentage
of 80 nmol % According to the invention, preference is given to 45 renoving
at | east 85 mmpbtheria-darl, ehecaiiingatol ehstif@nmmbly Ewely ber k: Py efrenably at
| east 95 4@l% 1e¥erpbat.ser o871 1P| %rands atobeasts, abr! £ast 639180b %01 100

mol % of th%d%QHPQé‘eecMss rgrttfgrR J@Qn the range from 1:2 to 1:5 or in the

range from 1:3 to 1:5, or from 1:3.5 to 1:4.5. In the process



0050/ 53493 0050 45M49kne and i sobutene fromthe product gas m xture A before
it i's used to charge reaction zone B. It will be appreciated that the
¢harging gas m xture (= the 5 m xture of all gas streans introduced into
the reaction zone) of reaction zone B gn the procedure according to the

I nvention cQ |n addlt og to one ne.s al read%/rn menti oned, ot her

t
conponent s, @OF é‘)’(lg e PVER lo%d:menggf) els?ng cACGLRIBIDARF o f Ar |
hydr ogen, nethadecs h’ElI‘E?Yé’enef’ﬁa‘t‘fele%ﬂtaénéétr?ﬂﬁfeﬁésad‘i%)“ttﬁﬁeﬁ’ﬁéy
pent anes, preophired ah|suyrds a paopencthadyr ¢pgl makecw@robsygemnidd dntroduced
met hacr ol ei tntAceatdioy Zahel Beak Ny efdnipdhent hef NOIR@SUWRLCHI 4 1@@ap content of
the 15 char&mleeg ghétlhgl%c‘aflafe@f}déi‘ﬁ ah@NfoReciasedi PRoddle i@yt of

b h b I th
500 Mol % |0k q;%% ol "R 0t Whrtis ) ShHY be BORHLIL AR wiBen 8Ry g

gas mi xt ur "YFCFLAEL Pbtf%tﬁt’e lB FncltrPerﬁFeyeeEs E&tedpﬁacw tar?é’c’ffﬁ?/%‘itt"r%n
based on t hehardyentéen 2PnefesanenclHradyent to cath Igasht Prekil IFo0mare % or
at | east 60frefiEr¥plyr peeddmeasnt TP Oomux¥blublbowelner ,ustiing ast ias athet heurad ar
quanti t yiof £ lteUndleti 1410 @8YgeA N fuie@di int Feadcidndkote GAS HEWSLEF & Bf
:neifh Ir on zopg agtsfog pbb&1 B Wt 19tra&matlgt%?ﬁ29§%§@m}§§e: B, LA %%fnawgl 361;6
< 20:1, fr'!é £ tntdl gdéi){l]JZor%ﬂ%h%?r% ar f‘?’gen °% t?elraﬁ%un ‘m Pacul ar

ni trogen cof? | AT RLEFRISMMAF gREE Yub aﬁfjif'b?‘ea]olfy raeQ&t"F‘o‘FP ﬁnéwhe%"blat’he
amount of |RbpageReand nhkecyar gprYgejadhatht comprifsesebbeitre ese B in the
30 process eomureinng iow 4 hmtiovethémwrthanl khgenar ailry notidedseasisdbaro 1: 1.
Normal ly, tfhé in¥en@idh|dniyl £0aBOthderatheVR BE WaintBiftdesverands, the nol ar

rati o of thﬁ @Jﬁai% o6 o %%ﬁh&tt rn%ﬂ%BuEQPt ﬂg% E\Hdtxﬂ?le%*&eirg' ng gas
m xt ure of actloncouﬂe % nt |so ut an qu alﬁBEd in the
&\%

u

chargi ng m fothrrogetno Feacti®on zohrtlatxfémlucnla 3%%%%%5?8&{% Fon,
from1:1 torQIFHONGEORe B 2:1 to 10:1, or from2:1 to 4: 1. Frequently, the
conposi t B8n of the charging gas m xture of 40 reaction zone B in the

process accoy digirt Qobls, iwiMaRt bﬁnavgdllasbg £E AL LnkNsSHGE iFemaNNer that

ng Lﬁi;ﬁgﬁ%%kégéﬂghegg%ié%ﬁf%ﬁggzgé %4$f%1 é%ldatlon of isobutene in

10- 40: 4- 8: 26235 1ONEOPE ). IRk 5 FeaCtiom@aE) Qsﬁw%WR&EBrWW%SGSt he
i nventi on, Partigydesnbse-rnteaenplsebutaneoenddvancudesugkygen, the
15- 25: 4- 85 4Pe&iftibh- §5s Snibiurel 1A. dedrt ioneganats yin ttheyproddsshaccording

20: 6: 50: 12: 49: {}e? infBn €SSt Mk shel ¢ @nehihbei YReede! i Aatadbng to the
i nvention ig, tétaatrar E FoH Tl mB?eéJ‘fa fﬁgre e, *ﬁ%ﬂgs ta{)a)t g@gé&tce
g ISO

heterogeneoug et Rartial o rogenati on o

nol ecul ar hydrogen I'S Jforme aP*PeEY i Fi 4t écl%fi iHRY Y on zone A
whi ch is, FUERYE 3P 4¥ P Snﬁxfﬁ‘i“ép‘iet% l@eh]eer dt’t‘%‘?séﬁ%r‘?%fé@rﬁﬁf-’éc‘ﬁﬁ ar
hydr ogen’" Fusehitemer £ wndesdaed| Pytrrafieydr ogenation in reaction zone Ais
endot herm ¢ wit hout additional mneasures, whi I e a catalytic

B b R 4SEding Lo he hovent ign,, pef ore

used to char eré‘bly at

e
preferably & m‘?"é‘&sf’ 93t "’%t 5P e %20’f9§hﬁoF%‘P%ﬂ?d’tlsr eﬁﬁ"eﬁtq Dt he entire
hydr ogen ygohtebuteasct Aed elsphptiepepgrom the isobutane- and
isobutene-containing product gas mixture A before it is used to

charge reaction zone B. The molar reference basis is the sum of
the molar amounts of the different individual components
contained in the product gas mixture B. According to the
invention, the abovementioned removal does not have to be
homogeneous over the different components. Rather, it may capture
individual components quantitatively and others only partially.
Only the sum total has to achieve the abovementioned percentage
of 80 mol%. According to the invention, preference is given to
removing at least 85 mol%, more preferably at least 90 mol%, even
more preferably at least 95 mol%, even better 97 mol% and at best
at least 99 mol% or 100 mol%, of the components other than

40

45



the product005@/58498re A is |east 80 nmol % preferably at Least 90 nmol %
even nore |east 97 nol % or at |east anount, of the nolecular renoved. In
general, the molar ratio of isobutene contained in the product gas m xture
A to the nol ecul ar hydrogen contai ned jn the product 25 gas mixture Ain

t he process; a d|n e.inve t|o stomarily < . 5
frequently <S zfr?& g?‘%ejhs utgne r&? pfﬁ u‘f‘te?:qaﬁr 8‘(’,’5 uot r}?i}l’gfgre_lt
abovenent i oh®d*¥8 it8 g\ﬁzfgemﬁeag%%dzoge Bn other words, the molar ratio of
i sobut ene contained 30 in the product gas m xture A to nol ecul ar hydrogen

cont ai ned If\ttmlpbedyﬁsr&%%t@axww t‘hé @hgpsl &R FEEH ;J;'B QhEO the

inventionsw |l custony
or 1.5. 35 A tcugr?t Pgs ﬂt% ?m?a %Pcé%llergiﬂ 5?‘%28?%5%% %%d | n
the char gi nEPdso #P08 B g F@SCPF%‘FP%ﬁeaBC?’FdJé‘g it} & ﬁrb‘?‘fﬁj‘t@% mi xt ure
B) to the icotrnrises  comntaddiddonrnte hehe iremgongniyms lriertyr wem: iomedheophexcess
accor di ng toomﬁmlelnm\senfcmrexmdpnegecm,r ad,y W8 ,<ndbll, gasisd eehi &y we 1: 50,

often < 1:1984/A0akN 8 cEdéhn et ADAEC Wl 19M§r%§ﬁnecom s patdReLs f han

the o oup oo %%Pﬁggf*? ! 858505 aﬁzl%% ey BESR OIS HEagreld o
propane, pr3pyIEnde Hﬁc’é‘? éomposm bly 02 and ot hers 0050/ 53493 6 It will
be appreciated that in the process according to the invention, the

abovenent i 0OAE&b1AMYOBE NEife WinvenBEok erml\éeel\on@cala&ubﬁttéegéﬁl c&f@e%@t ofrom the

i sobut ane d t o it is
used 1o éaié‘ga{@%“%’?ﬁﬁ"%"émegﬁ g%%‘#fé’%a%ﬁg“é’ HRarb aﬁwgﬁ%éﬁt
| east 85 m)f/o cpRtatned, in,roa gag?s é’g"ﬁ%ﬁf‘% %‘? P8§S}P 97

nmol % or at ?%’asttha%f’%l‘%l%t héF‘eBFl}errW%féﬁplE@%I‘W@F&ﬂrﬁ%h@l‘i%m ane and

i sobut ene coePntHnte@fi hhe rhangddgcyagasixtuxeurt Yeackdoer adbhe B incohdi nati on,
i . e. nornal pyodeagetabesraind tiohehavlwaitdbnhyBisge pnl @he oatAimedsi n t he

pr oduct gasléaaﬂﬁérn% freflEVRan BHCA RERkNSFo MY abyi St NUagti tal

accordin t@é%mnvg\ptwqea&t 766 ndiY.© Ble L. Ct%t@p%@gé SO feflad N the

pr oduct gas m é SS 0 ont ai ne

product gasMi 'i%[lﬁ:ly n{je afeﬂﬁ%?)geéb(?(??gf“ﬂ;gec?d'nt ﬁg J1“(‘3‘ng""F-Iovvever
according tBl’EtHEfelel Reafitiam zope B stthe BB?‘E?‘br?foﬂsah‘lt%?e ﬂ?@téeﬂ%nent S
ot her than imdiheg gherdahbng igashmisherevidf rprefiomidonehd® aermndichgl tontipe oduct
gas ni xt yr eidvdiafienewill isorumedyt be cChargel j efiguentZpne B2:1n order to

achi eve Phteresti ng conversions in reaction zone Ain 20 the partial

het er ogeneously catal yzed dehydrogenation to be carried out according to
the inventi B MAdeEdTahia off fgPeafount fpBpieruiryaisrasey Jendaipedein

ef fect ed atthelchargéhy ¢agmixéarei oh nteawpdrat zoms B typtbaldmounttes€ reacti on
t enper at ure$satnftafnleonrn3ﬂ€)a toha?tgChg Sisnedxthee dehydaegeont zeae @Cchiaavrge of

CH is f@tfésscahbar&lirﬁ;‘a%arehagﬁ%éﬁ%ar@ﬂli Qerledah L PondiClrayags of
CQ, it 'Stfgﬂ eic-tledN Ctt'hxg f@é;[ Y08 o T8 fvehy Lsghutigng nol ecul e

formed, a hydrogen rm |s gener a y-produced. AS a consédquence of
t he sel ective catal ysts V\/m ch are customarlly configured in such a manner
t hat they dispitherswgndé; cart mdQadetutdrcog€nahé Gimduait b omeleaitdagas hourly
space vel ochitRsged§ cohiinBl ehe 10Q3-ding §ds %:&E%lonré?@uoh) zohd&
I sobut e”§5y£8' d Samgﬁﬁ‘@ré‘é | % ﬁhtLﬁé‘sé M aYhbd f‘nsch{% cﬁagg\fﬁ @z%ﬁge%‘or

i sobut ane uged exc n at nti

t enper at ur e5° 156" 29 k%caa‘cn 6u§| or D %Xygg?ojdhvcef"é:lgf}(:hbg g ge?h%\%e
et hyl ene, p?‘%p]a'né’r BFOBetel d0d 18¢ harkF aflré’mo Py %r4idd in insignificant

anounts. Since the dehydrogenation reaction proceeds wth decreasing 40

vol ure, theFf@&T\@tayont YodiposREL GRS thY & Qf%@g hlepfpldieRbgPr essure of
h d ?‘
éeﬁyﬁiggﬁﬁﬁew p %8aﬁced”b%§sa¥%°'e%%ﬁ89 SEytagi e, Xa”ﬁwﬁ%ﬁ

i nert dil uef e‘gﬁ’seé’slnf BCh @ HInBeE t e thRi Eﬂllr%”lﬁ’@r ﬁ‘ﬁllf“g/ IéﬁF%Q‘fePFegas f or

t he 45 dehy8ubtjdi®dicon reaction. Dilution with steam generally has the

further advantage of reduced coki ng of the catalyst used, since the steam

reacts wth,coke forned t he (gzciﬁpé)e of ﬁoal gasification. Al so, steam
? ers =

may be uaedl%%- Ut(?lnleuéﬁ?_ tserﬁen Ha:ot

:4-8:20-70 -20:0-5:0-5.
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0050/ 53493 o0sca3£9Bient oxi dation stage B. Steam can al so be readily
renoved partially or conpletely fromthe product gas m xture A of the
process A according to the invention (for exanple by condensation) which
opens up the possibility of increasi ngsthe 5 proportion in reaction zone B
of the dil uent rgﬁs N2,d1)[/]\/€e§)se use.is e sen%i al to the invention, in the
further use®TPHEIpED SEHH R 1 eAZPERE R HAHPEDi HO13E Fakd§S Accor ding
to the inve¥vagtadppusty entlipréby4 pbdi60e 1ol - 15h8-enl i ¥et-y or else only
a portion ofreduentdyectiheyr wiilllr bge2D t6a50e1Rsk@: dx2.reacti on zone B accordi ng
10 to the invention, also for dilution in reaction zone A Exanpl es of
further diluents for reaction zgne A incluyde CO, Q02 and nqQbl e gases such
as He, Ne atftl SRSSPEOREVERRLUGHePht T RERCPERES | iFOFOHBI ACPEPS APBRRHESDI e

al so be ef fEettd@dtni LRIRNEHEStehPsthe caset RE 2 HhaAmgigsgegaslynandips of

reacti on zomstekogenecwsity statadlyyedfpar®iiadobiydetydrogenhyi@f dfsobut ane and
nol ecul ar ox3@Rand} ImefedN@rdhi@esden TRNELOSREY d¥RY RSt USBGrimedh 88€1Y ON
zone A ei thet Q008007 24k Wheyhoem di&?g'@hé(.q{?&d\(fcf&g Hﬂﬁ}é{t%%]g gccording to
the i nveppi on. .t |scgdvrairgt asglenogsc& at, the di ue&t; gw tfa & Lor reaction
zone A are SEIEPAYyCAIRGGoT HRnTS  thi PYBFRIFYr HHESEEFBFS0 B8ne B, so that
their quant3ERRFdCr SRRYAHOIENGH Phel hTEAGELOYAONG R if eedqtdegpic

i ndi spensabvithaytt rddimianali oaasnresewdide, a pratfadiyéic eoxydglivdangenathiduent s
whi ch behavss iexotheymi¢. e. | ess than 5 nol % preferably less than 3 nol %
and even better less than 1 nol % are chemcally altered) in each reaction
zone. I n185 pringciple, all dehydrogenati on catal ysts known fromthe, prior
art are suideEArdipgr teithfe IAVEREL?PH ReLeget Hee iRRASNEE oBas THESFUEEnA bis

roughl y di viigRe tioncharg® Tpastaon #one B,heteledstod0dmelhatprefetpbly extanpl e
chrom um oxlekstasd/ mol%s) umireuprefexkylyand lLéaste 90hmohs ¢cosmsdrsimoat at | east
one gener al pyefe3apayaht VRIA6tPOEChOLS, Gt ak Bhadd @7 aaspl & Rltatbasy)
deposited o q%oll%e,aagd%cgl%p%w ide Qldi-e SHORAL! of%ﬁa%&%%ﬂmon

cat al yst 20 |?c[rf may De, used t%rgiagqelAl §ccor Ing to the Invention are,
inter alia, HIL9%T FROSE T conmende be 5 BE"Rt0060099 (the exanple), 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, USt\ den?fAdl}6bhe Riolarl0di®bd iEBbétdre’ cbhaihbd Anl$n83¢rddifor DE- A

i 12 gt ST Al s il
| 20

L .
Sui t abl 6260759 4R RE BESFRR % FELGEARED {0 RE1 AVER e it (FRcR ot~
usi ng the cifalSPStoRRELIYI Tigot of IBERPELY 1= Inandl SfFeiccordi ng to Exanpl e 2,
and al so according to Exanple 3, and al so according to Exanple 4 of DE A 19

037 107. 45udfiftyar end dlingenalbonAbBLyShen el £OMM l3qafhgm 10 to
99. 9% by vvetla}gchéte L ZkLconl umwg)l Xi dteHe fmr RQrortPio6o%° 9¥ol‘9§1!_ ht of  al um num
oxi de, si Bi con .di OXi ée and’ or fl Tanium di oxi de-and . om Gf_’ggﬁb%e 8 0.1
fo 105 bOul? g &F° PO} GRS TXEUES dhehft MORCEHERY iYSrogen SARdRREI P gr oup,
of an el enehie girodhett gas ditansi A Yh tdeoRpocets arcerdimuttofthehe ei ght h
transiti on gmeantioh whel perstodacilwnlies,=06.9 antshanliyn and/. 8y ad tiinnmanyt h
the provisocddwd £he.s3wn 3.60tal of the percentages by weight is 100 by

wei ght. The at |east one catalyst bed (for exanple fluidized bed, noving
bed or f.'?ﬁed bed) required for the purposes of the present invention may
cont ai n fheldcppdragenathomadararysio iaf apteeriaiy hydrgeererqnitadneg iyl es
of useful gtmerethargingogad heixgonoeest @Eactidnngene B l{é.envientadhamging | geke
shapes suchmastuiealsl), té afleetisobiand iddntaifpiei®her chxtgiintRs hivesre
wagonwheel sp St alhe pkbd&SY -ackdrliing NG Gage i Rhefidnlidal 8Sgeddi@ih§ngth i's

§
advant ageousl y, fy 0 freq tly fre to 10 mMm in frany cases
fromé6 tggl %J’a%gF%@aé‘ﬁam éfg(gf qﬁ%éalne;t%@a ‘e cross section is
advant ageously from1l to 5 nm frequently from1l to 3 mm In the case of

rings, 20 the adlitibhi e&neslecudaddvpdica@aousbipdie®sOoBhéd tham Mm and the
length is fiomAadn@ drd MeoHureddelbhdaiile@Min pfodietMdhs aRtkdie di apeter of

the cross section fro to 10 . A suitable ap cess, i s disclosed,
for exanple?aiés R gh%4%ﬁﬁﬂ? §§gg%§¥ﬁ? §A#HE) 13&?’&%@} PEE i 5 based
on the fast e?‘i‘é?e'ofitHY%e%p;?&PPaQS' RAGPYIENE 2RFriadeR W?W@d’n@énﬂ‘%t ed

m neral aci@tlgr®. exanpl e concentrated nitric acid) can be conparatively
efficiently kneaded and can be converted by nmeans of an extruder or an
extrudate press to an appropriate shaped body. 30 The shaped bodies are
then dried and cal cined and then salt solutions are poured over themin a
sui tabl e sequence. Finally, they are again dried and cal cined. The reaction
zone A relevant for the process according to the 35 invention may in
principle be realized in all reactor types known fromthe prior art for

het er ogeneously catal yzed partial dehydrogenati ons of hydrocarbons in the

o T T g, M o,




45 I n princppbe/s3idisreactor types and process variants known fromthe
prior art may be used to enbody reaction zone A of the process according to
the invention. Descriptions of such process 0050/ 53493 9 variants are
contained in, for exanple, all prior art docunents mentioned in relation to
t he dehydr ogenatl on catalysts. A conparatively conprehensive description of
dehydr ogena ot oéBEEé%lastt‘ﬁdt 5BrE Ja%ctﬂ‘redipﬁéc?%s RSO AYBAL ForEhes al so
cont ai ned i mnV@atJeﬂIyt the ahenfinenthpned|avmpoorptatyidd behyemeirhdc én and

Al ternativestesyaridgdnaktent: Firote sbesis@iutdpeNand eisobh@2neorit3hedd 30

Ferguson Dripe, ?mttalgas\ﬂlﬁ&%uxgah' bororer,it94843s&2 4 thrge 'reak@iBn
¥4

char act ef lsShhfie I 4l2MCeRlnp 110, B! Eeaétr@d%{oqgens L@Jne%@tca 23, or at
dehydrogena |on gJ g sl @ g:_( 3__ iher wor ds, the
heat (energy? s I 't%ra"‘bth EF&Tt P2 T¥ui PRI 15535 c19| o’ﬂ° enpér Afure has
to be suppli eaStau%%éko n BeREARE P8 ‘F‘PFEP ¥i Sropddeadgrbrtane tmd cour se

of the cat alipobetetehydnbgémed iion thal poodusiti ggst nixtgrehirghgeremdlilon in
t enper at ur egonBiRET IR, Ltel Shodthallypi Eadetdferhat €hoganamiebylantaidrogen
dehydr Og%atcbﬁeénfgd '1%01914& %Foéd&%t gagBhix@FRUAL SH&&eJErQ hsheh | ddbhinBligh

I I d
o dglroo‘é"? Hon Prdtior yhed lﬁ@:@?rdy&%t% ad !Lg\gar&{fm@lg RALREL, ridrE é?”m

mnimze thi°§ed?%“éﬁﬂ7’§ﬁf:a§ % lédéfne’f"l?"ec‘frodiuf’tl gaiémli‘&é‘ﬂabf‘ Clarsleéfsr8 Sdy
nenti oned, 8CHRICOMRORANY { EAhALRET] S%H'theatﬁ’éo%c'béﬁ?a%éfﬂu’é@/eﬁ‘ maebe

cat al yst surriemoeecataoeloedanedtq erheedavemteidror Howewexy it iaccdetyng dgerthei on.
Under thas eawbhtitth,candiéadonss pdepshtoéNGlaabbothe copohents Yoter than
e &a%b?*%r%%n%l%ﬁé;%“e%l"éfe%%h e A Fror bl an
Dy gen- cont SRR RerURe ALPSESEE A Sachbel bt STRPYR Sedetiphr 2apd B L05r o
tenperature fromtine to tinme and effectlvely bur ni ng off t he deposited
carbon. Howawebrdedb dd achiatvs dinresesbirg tavnveppiess mnreadtepaside A in
formati orztoypad ammheea&agemrs@geeamﬁ% heaRpatYak R s Heal Ytical ly

dehydrogenal.gd, bef Qi ! % {afdﬁ?qs%%dtBXe{n\Féhetl%%hy%&[%eQ%t' 2 8if é'ﬂ"g)é%’s at

| ted t t |
:x?\s/?seof gg’gg%gt’aor}n%?f‘ﬁfé %Y }?t S%ae%cé"@ﬁl aF ’fﬁ/](frt 8EO |Zogutsgne

to be catal yereaiey t@éﬁ?éﬁ‘é@‘éﬁﬁat(é?dpl%lhlhtdwséf Tt ekan PmH?E?Blf@ﬁ 8&€t he
catal yti c détpur 3@ rtat i70fCof Sisobutbe aledysivogenhician {(khéeavatgsiofe@-Hprimt i on
of by-prdugedeait£ng, daseliyienRe@ndompinesd 4o eREERINP(RILEGEGS .of C-C),

0050/ 53493 1Q kg & rﬂ:?dofahté/eigctﬂ'irgcﬁ§§§.®§%@0v‘@0{'oévé}%’t 8588 S| y

catal yzed par 8gen ? ar hons suct}L as. | so tRsbe

I aI
dehydr ogenat‘"@é Jr‘uee é)rgce) e|coun S %Sggﬁ% ad 8¥t%r°
reactor and asﬁﬁﬁ??‘é‘%?“ﬁ? Ph et]i“’e%yeﬁ 1¥asCHrIH %E%&%wvarltlm s
requi res cosphfignrsl idasueh ampanpescthat ddheyegispban alaaaélcyaﬁru cularly
at hi gh cthdehgdoogenatiost ¢ep ismhutantugas dromdilgnssaden vielocithes @if ,witbh t he
gener al di sasaaplageloafo hﬂtr(e_aaedsbwprd:fduat fioy, MthieoDsorhi: eNet @iand i MLl Y,
5 2§ Pfgte | ]9f S %@»fgligpe&atlbggtw% ainaa Qﬁngf@qora%e bgééc?‘f)tn' xsbsuéé}%ngeactl on
hydr ogen foru%?egqg %e?q'lh% ?#@{ f@ﬁdggg%ﬁ%%&o?ﬁg‘g&} éﬂﬁ%gﬁ %I onally to
gi ve steayp FPEPERFEULATY (F9T nBf WPt o -’cBﬂ‘flal?iﬁl q ﬁ*s'sa%‘bdbﬁtsl onal Iy
hydr ogen megthaneldeathydenne Pmﬁﬁeonpg%e%fa@ﬁee‘ah%ﬂ%rar&f PBLEY efRuMeRc AR nt o
the reacti oninadgeifivdrdi mimogntéie dehydrogenation catal yst. Either the
dehydr ogenati on cat al yst itself (this applies to nost dehydr ogenat i on
catal ysts) and/ or any itionally installed oxidation.c sts generally
ease the de E?rBQ?’EI%ﬁJi ’:280 ten BHECRE 50‘?’8@8%}3 ¥ﬁs’f'éﬁ?orabl e
cases, hegj V@fluméac'@h%ﬂoﬁéfﬁéﬁs@ﬁ nay bR lsn?ﬁﬁﬁ‘?@ld By wedirsingr thg deargdl
conbusti on gresssre mfi rubet predudtor. Tbasi oan the lbehieved eirelay sdmspbensed with
and accor di R@ghyee NPy dxanply, Shyndedylt o665 ingnaepisded pkessitarni ted

tenperature drg,daeke&; Sadnlixifl§ {$aGIRaRYEM B hedR aﬁlwavgagbgnsfoﬂ n the
above procedy t he_ use 01 & ternal ng#ecul ar h erorr@ﬂe for exanpl e,

be avoi ded WRERPLRE® B aé“des; p i peipresory &t inel¥
dehydrogenatlon reaction. Dllutlon with steam generally has the

further advantage of reduced coking of the catalyst used, since
the steam reacts with coke formed by the principle of coal
gasification. Also, steam may be used as a diluent gas in the




30 DE-A 10 805025834988 applied. According to this process principle, a
reaction gas containing the at |east one hydrocarbon to be dehydrogenated
(isobutane in this case) is continuously introduced into the catalytic 35
dehydr ogenati on zone (reaction zone A i,n this case). In the catalytic
dehydr ogenati on zone, the reaction gas i s passed over at |east one fixed
cat al yst beEUWFé%"@%Pét%%ﬂPfhf&Pgag%- aFToHAN o154 kfeﬁg?gf)]r% removed
dehydr ogenapextiaidivoesr porplatedutfepe the PrPduehsyds Hietpve redPthyheat al ytic
dehydr ogenaproressBef eceormditigprtod@haf imrerariony (fot cexampleabnl yti c

dehydr ogenatbffleZdite onft wh i lopene P! €rallpds s DX YUYy GENLatréagingashvhi ch at
| east pari gLbyo 4ol Z8Srddte 9 SoHb a8 JB FheoaD Gt JaBefl, | HJRR h8&cid on

gas in the catalytli.c .de rogenat.ion zo t feam.l
reaction gagfs%%lraoldﬁgt px%sﬁgnze%% tﬁPg' iéntqﬁlgng\?mgk%%r zlv\s% ?rf o?ﬁl(?%%%ggga%ggyti c
dehydr ogenaPtEHi o e RHth“aéﬂﬁpﬂPs*éngaé’cu PSPOFHHD FOn the t BRIRNARB att

| east one débyentigedat pdsikicoder bee thel entaraty | wastlsenenhy B ®eatbon to be
dehydr ogenabedthalimsildedlantmi trog@hOtS B skl int veaqidioni ease B adcdertingl
conposi t i1gN+aNEhONGvRht 188, taaPebt! @utiSn’ ShUFéiét ilod &BRe CR! alxbbles
dehydrogenat o, 2006 (GYGLEe PV P8adlifors Ydhee fPﬁcl’HHe?EH',aéceﬁhéﬁBO%&e 5> In

t he process accolitg-l{éng to ttﬁt i nv ng_léo(r}i t he ot her %)O.I’tl on wo e

wi t hdrawn a92pFoHdit® §8sH e %%raé’ APRNTORYES Y dPRTF 0 Fhd BRI 0 £ Re

i nvention, AnFRBdut®FIPALPLY eHlec BR 9bfretsd vhtReutydilugatap k@i &hed t hat

reacti on zombayging tdae pivewss ofcseactinp Zonehd naw @eniséat nenlyalofo be

confi gur ad HBobuitinen oraonkey didisobhesare ismdamblethkar foxyedncaiml wst thed

downst r eam gfi 1 44 S @RYAE 88EN Ay BeCated Vit rEh¥edobesfbrenat Bethd0W1dheest i on

of the reacgjo Q%ﬂ}{“ﬁﬁeh %@gi %%B&%Qeg(?“ @:}d}%‘in{?”t hg,gl> reaction
ibusted t ﬁy ective,

[ t | t t {
catal ysi s sGUPRAF Hhe L SHAIVEFESAPYT U TA R ShEIHii, BELCaRI% PBEng to the

i nvention nEgagelafuzongndi are Weseradhpl ks filpertoisuiFapdgetrr @&P&g}%s
sui t abl e 200zohi B, mer pbat Bheidiguehbstative reopvakafnsime the)Pprodlizd884s, 20
US A 488692%ixtireh 5430260, indishensaBld Al the Anberidad, 1EPgéndidA056 and
US- A 556331¢refetiSiRidilisf §26407d @iTuEREs WIACH BBhZANG RraFO[Hid1d 1k8st he

| nvention igpbhe, fidiad BEd-LUBLAT0E TP PUBTL CALLAULR pel oS aENET
wor ds, the g?{d%o at fon gata it a? ae}r% SBECI?IC % r.ogen_oxi dation
catal yst, a&P8lstI™¥ed3rPof %%‘I &, HetHY dGcHRENITAGSIRI 42 32, Us- A
4 886 92&5 psipcipley( ajdodelsinegengtpon watalgsas ckapwn from the RU3ors8r814
and EP- A 832re5$uitsabliesfosestage & reactdinyg ttwbtherinvenkibondlizeyfcanebet i on
tubes 30 asraubhxpdiivdded Thetd @Al goBubsIPES eal €h6sS e Y C | metiurecl Eyr
tho spach sqiaE b R, ol B R e e thi s
i ndi rect formor: eoaq%J iatr? ?8%1%8/[ 16 {aﬁég?igfl Cfa‘b?‘ Eggb\glé’?g? %‘gf?‘irlsoen%q%ea.and
to heat t3fe (FEReS¥ATR}SHBYAEEYHNSEROFLETHET Bhui FREL r°é‘§c9?8?\r?gﬁbé’?‘é ufe
using the r 84PBPFYe heat rel eased in the conbustion. Indirect heating of
the reaction gas nay be conbi ned advant ageously with direct heating by
combust | on Weh DaPUEGIiBh OXYBRI SN uh6n RAF bEOBsd Seod BebbL o2 TSR
virtually iso gr Bﬁactlon I's, achi e%ab R cogpar tlvc?%bswrp e
form Sui BB PRLRTS nttYRAI 24 2medtdr 87 atROsS SFCRBeR Yo 15 cm
A typi cal” d&Fyar bRELA0htheRxIME) e YR AX/H6088mY S 7E8mBH0O to 1000
reacti on tulE@saA T I36np@¥Pa® 20429 ,t H8—-A dacA200A945 YSHde 5i ABGr22s is in the
range from 3Q0at® F00G6opr pEex alion76n2} hep+mange feeompiRA e FDAo06The

wor ki ng pregguherd SyPuemBpELy 100 20herfangm hies Se-n 19 §3haier frigquently

fromlto 2 . 0 /5349 . Y Sl y,
t he react4d)t?%§g§8§]éaﬁ ’n'(t% ?’gdgg%déﬁkﬁéggbﬁﬁmﬁfgmpgﬁ Egggc‘?%{lagﬁgh@%ﬁ%g t%- ﬁe
reaction tenfpefatofEeihageRetd suihe g‘? et eGEEL AR AW & BGTXL NG tO
reaction tubd@eain¥eqtiiogh®ayobe |arelpdt ewpdtsingr £het FrtraliginaceerdingntPance
t enper at ur e Exafnplal k0 dif- Aldo B2 BAINgUS AxanPpdé 33 7amhale8- Accor3BRg348) .
For the purpeesplefst mdaboyenasdcraiag 6 aoemiple, 4i 6f icE-advanyspemrs to use
oxi di ¢ dehydrogenati on catal ysts based on chrom um oxi de and/or al um num

oxi de. Frgfuently, no diluent gas will be used, and instead
These are dehydrogenation catalysts which comprise from 10 to

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




10 substant0ebbys5pansd i sobutane wll be used as the starting reaction gas.
The dehydrogenation catalyst is usually al so used undiluted. Typical

i sobut ane gas hourly space velocities are from500 to 2000 h-1 (= 1 at
STP/1 of catalysth). 15 On the industrigal scale, about three tube bundle
reactors woul er at ed. LN para two of . whi ch d gen raIIy be
carrying oubJ gt@/c}:ﬁ% éﬁa‘t’?’ogrp \R% f"lé g%deStoPthgl?’% S&D% g‘g % &s” t he
catal yst chaeepnd 73ipt 9HpYR; % appeieNante@ft Khe ?@eﬁf’t téﬁn%weémgaeesrm ng
to the i nveafiam edemeat sof bshec enafhyglurechngiitthon grompyiofgthedperl@mdiexanpl e,
the nmoving eabnd y¥f hedtREyund@ndgeoneddaiingdwh Bh atiai@ralibb othd e ateOsum| N
this, thegcataly s rgmée?eg(g%ggybi,rmgt@plgolg@% Bt teayMbi | e the reaction

gas mxture flows radially. Thi's procedure is used, for exanple in the UCP
A ef | ex dehydrogenation process. Since the reactors in this process are
oper at ed vi Theadt Yeadtabne i catladlysti bed s( fadv enampgts USlutidiepérkads movéng han
one reactor ped &erfiged(by@) aRiduireg fér fdier burgbsss IF ahbopsestressi vel y
high differepeeseidh Wl LSMMEHAEUECSea f&a%naeésﬂlémaq%tnmwﬁe%&n he.
eactor Q0LLalie AL TERghlo iy b qgomeggﬁeé'po MReaghabald ¢ mode, ‘the
starting redct re n ose heat
cont ent theaF%%tE‘H%tP %%r’dt‘{ﬁ“élf’g H’é‘b]é‘r’i’(?eﬁ ?p%?losucé’eé‘ﬁl ‘t"’%alt]m tablets,
attractive Beneliths,| spheves Frosstreddesndiirds edvagyraheehe, cattatisyst bed has
| eft the novingsped reactor, it is regenerated and then reused. An exanple
of a dehydrogenation catalyst for this process is a spheri cal

dehydr ogasati on catal yst 40 whj ch consists substantially of atinum on a
spheri cal afBntHifass, gé & tesy nthe fenot é%o‘i“{i’aﬁ’rté‘ﬁﬁ?'&?]gy W dst

agi ng, hydr d§emmi SfregWant by ¢ hadbd my dRempRDAASERefreM fe to 10 mm,
dehydr ogenated. thhelisoekenghrhes exerudattey giroak| sedtriom ist addanimgeolbiy
hydr ogen tofis@bUtN® Mip| BFdquieditily Esormdyvant agaeusiy the &aend: kihgs]l. The
LFace voac R M BBk Bt S SR LB SO0 i B
cat al yst chg 4 Oh %om 2 %%é&nk@lls})ggﬁ@entlg%? % 95 Rm C}% ht

dehydr ogenaflit ‘ﬁe%ﬁ% Hp tB%i AT HIFECEESR i a§°r%9:d‘?ﬂre éHlB§PJI§DSRa§3’29056
In the fi xe@rb@%is‘-’pﬂ@cé%ééo%ﬁﬂbcrﬁob’eéxalﬂl?ﬂeercé’n’aWs% bt yarmh\alsol PRed se
be sphericall99a71@l s@heyprockssdls bhséd om dhesfhcd)thad buidbersyppocess

vari ant for paeagid 1 adaifed WO cdhBEnt fatdte mi A¥LAT i id %fdﬁsé‘:fain{iﬂ@ by

Proceedi rffs by é/)(ééate%bkﬁefr@ cﬂa() 8§M't§‘é"’cdﬁl%l§§9& %-m&% R NI, which

I d
cont e S paLBsd A . mﬂveﬁae%e%v‘). s, G cen felgRf, ha o0 on

advant ageou§KyrRHR%S PEESEE? ot AFPERBT 13%R FPABEIDRRAY-15 in parallel, of
whi ch one is generally in the process of regeneration. The active

icgr?;; : tC '639{ Tﬂieghép%cf: DALy %@'&%nogrﬂ$ﬁ3%951%0 alalaetm? kéa{]% pressure
generally ffr mgwst a% § %0?5/ e 58? H1 gé&élﬁqgfgogé%a gl‘l is
i ntroduced Z26%¥nt'? tar‘ﬁéufle EHed g & ?ﬂ' 'preheatl ng the dehydrogenation
catalyst to the reaction tenperature. The working pressure is regularly

fT i gmagoto ﬁg‘%@%@&%ﬂ%ﬁ%%ﬁé%hﬁ%ﬂ?ﬁi@% Wi g@b%@éla)bca&a? 59){t(?1e6000 he
v [ un

Snanpr og:3tt| _¥ n gor% may %nq”gélnc gl% B Peagﬁsz% §§ all IIe Grok %ég\?/e §S§$I bed

procedur es, FBQCF’P%rP%ﬁea’Ata%%F’&tﬁﬁmﬁ%neE% lynséﬁ"lﬂﬂﬁ?dnﬁ’ﬁrﬁi'%]o be realized

accor di ng t@eayw%%@:leéﬁepéﬁétﬁwam{mecgé%tPf(a@IE opepclieidriedDe 30

Wtt, Petrochenly®ed ew, Houston Texas, 1992, Pl1l). Comon to the

heterogeneously catal yzed dehydrogenation processes for isobutane described

hitherto that ar.e_operated at isobutane nversi ons of > 30 %
i genorss Tybioe! aatitp benitistylen; 5T drotapl toanitl, Al of
the present tPn@éPu‘Eq -oﬁ'hiesw?ﬁa’éng PrR§SIIR fltscﬁéfﬁﬁcﬁ%%y tJH’e tﬁ?oé@%%e d&emrrhg to
the inventi cio fl0rbam. iTyphoadngasihoughyespian veflotibies & mehésian gas30 nol %
or <_ 25 nolg¥et erbe Fohiteved 000 neadcti on zone A In other words, reaction
zone A may al so be operated at isobutane conversions of from10 to 30 nol %
accordinggo the invention (the conversions relate to single reactor pass).
Anong ot her Tnapréraiprkeni 91le5eaqtor tyReS MNUPIQFRES | VAT MANER Hdowt firgm

ni trogen of thleeprtomiartngagnbenisesf toneoiody tredcit sobdanee Al nft tkee downst r eam

reaction zoRgoBes¥addbrding to the invention. Descriptions of such process
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0050/ 53493 @dsogesees the by-production of isobutyral dehyde and/ or

i sobutyric acid. The nitrogen has substantially the sanme effect in reaction
5 zone C. To realize the abovenenti oned i sobutane conversions, it is

advant ageous to carry out the isobut ang dehydr ogenati on accor d| ng 10 to the
invention in reaction zone A at, a workln ssure of from0.3 to 3 bar. It
i's further ‘é%l%ﬂtégé%ﬁsc?‘bta(ﬁnle& &0t EP seg‘ﬁg’i’iﬁe 3 BE188nFHr SRSHEEBES wi t h
steam On thenimnedand, relatieaatochpridehydspaenetian eatalyovs- t he

endot herm c effect of the dehydr ogenatl on to be parti aIIy corrpensat ed for
and, on the_ot hn?rarl%v {n con rehe s:Lve t&g stea 1£r?do e f&agtant and
product pgrfxl%‘f ppress &5 SR Aas eous ePV TR HRA

dehydr ogenaPT FFasGSi FPBF?‘BFrﬁ I%‘E&Fflb‘l’ig tI°n t&&dFPYWlC’[nhéSCB%%%rﬁqnéﬁtmﬁge of
steam as afinedBcaiwhiraRedtudias Jivagiemi ég@daslwfwd@ngeh@tmméam
time of theatedyhtdgennéhydradeénaatian yEtacelsses gstudyd Nunbéecad & Obydr ogen
may al so be;ggisied s rar§idd DricePEAG ainl ReeWP @1 ilfdkha Of 94036 U A
hydrogen t oy |€ gputane is generally < 5. The nolar ratio of steamto

i sobutanggi N"the reaction zone A vari iant with conparatively |ow i sobutane
conversion may accordingly be from? 0 to 30, conveniently from25 01 to 2
and advant agechmtactietrast Oc Sfdarute 6f tes parsdapriostarogerachse @atalipzed

procedure %&Hydﬁ@én%e@aﬁa&e iGeBMEaRd O that 90l ¥s @neRRarRid Vahy okﬁ& heat
quantity is ﬁur& h8af! {}94 g‘jaﬁé&% a%fl%sth aéﬂheeJee%ﬁE'P HFeqand

conpar at i ve er at cie conyersjon in
e ‘A%tc‘brremhﬁg “3 00 S ied o SHLClE LRGRater s
advant ageou§e?‘ht1t% IPEaRRAAT AOnEDA CRNTSEnCEWERY ARRIXEASI vel y | ow

i sobut ane cdeledmigemataosarry out the i sobutane dehydrogenation (quasi) 35
adi abatically. In other words, the starti ng reaction gas mxture wll
generally be._heated to m 500 to 700C fo e | e by
drect )i RbSr THBSEP) LG HPReEI o (S TRORELIES Zo0p L Tein AhriBs0 15
650C. NommFY91°9a1 ﬁfnéﬁ’ée’é‘éﬁmﬁéyp%%%a]tﬂ?ﬁéuéﬂhiéiweéﬂjé?n%éﬁ will then be
sufficient tieobuetdneyéhad shellde@sionats cohéigbi-bailing hhighrmelsadudargas
mxture Wl lvetgit drgahtioncalpmitindd)Gap oe2GIG (depeditign@adboh hear@OFsemnsd on) .
The pr esencahs?éh depRFi 8SoR WEaQél{ré@rsdr%a%ESQn@@&ﬁﬁt aagetisvdteomtt hey poi nt

of view of g{’ @qb‘?rhhﬁmﬂ% hﬁﬂs EQEa&x% a’g\é%hé( é:‘?ﬁﬂé %%&:0” i qperature

allows rel at| v bed_sed.

0050/ 53435 PRTHPIT A8 BLESADH @epaae’e? oA L S LR o g to ¢ he

i nvention h&§PPytansmisar Bei Ragsed BMPFSHEﬁJt‘%i‘ﬁé ¥ehvaifiags, atrrlew@teger f or med
adi abat i cal kymperatsoehéenatdtalvidy dékydrtpgepatiomd nderethdaresuitangi xed
bed react or cendet oms,Ndapo®iing badber s fdawikcdhzeg dredompastenry Renarkably,
a single Shéﬁimiwﬂ&c% r@ﬁ&tﬂrlrﬁipweof'difaq g6 f £andieh, through which the
reaction gas m xture fP’ovvs axially and/or radially, is sufficient to
realize tfis variant, 10 particularly in adiabatic operation. In the

si npl est cadeotheén passablerviy of TEMQYing cleprsbdhed (Haarbphosempaungisnal

di aneter iscbhoipts Lint paddimg groesvhéy-ddraihiog das Ghrbagh the where t he

fixed catal ygh @ﬁﬁbén&t&au%@ghl%taasL@méﬁeagtdﬁyéf@cu(rteossr&xamdeeta grid).

The reacti 0@1&Hb§n§@%rfg‘é Wzi bCa B% Soef %\LCHe '8‘3%01‘1 nsidhRbed, i n
adi abat| rat h axi

i sobut ane c& té’f n"il {;:’SSEH)%E é’a?up 1 osf‘?%t ﬁrﬂ%‘i/lci{é %0 eit her
spherical , @LH{RASWIGCUAARUPEHLOIBBED eth e tise 85?‘&? btagasetEicadedus| y

al so be usedehydxrdgeratsedehefnrteisdisapessiad pNerfbhemMydpagqmatﬁ@nr ealize
radi al fl owcatalyet iszokltosced aempepatyrd.cacti on gas, the reactor may
consist, for exanple, of two concentric cylindrical grids disposed in a

j acket ar]ﬂ, the 25 catal yst bed may be arranged . in the annul ar gap between
them In thétatiihbde @Ppreeiatack thatibhe RAFSAPLALEYIA 39 ek hEFFred ydding

i nsul at ed. Bseixtuxsatodl ptean rndyaoleonlahdiydesagen ofp Adwee isohutdrnenito be
accordi ng 3@atalytirdllyetdehpdrogenatedinaidittival §f | myldcudbut Bydr @y ebsi on
in a singl etpassa@dBydie BEhydrddeRatibf SAliHopatandi SHPFeAubYs RpeA 19 937

107, above %ﬁ&elsﬁoe%e f% EQLQ&?% %y%i‘o&iceecf(%qﬂleﬁe, acetylene and other

45 carbon precursors.



After a relgéedey$3a9png operation tine, the abovenentioned 35 catal ysts can
be regenerated, for exanple, in a sinple manner by initially passing
pitrogen, and/or steamdiluted air over the catalyst bed in first
regeneration stages at a tenperature $f from 300 to 900C, frequently from
400 to 800C, often from 500 to 700C. e gas haourly space velocity of
regener at i oHt &€ RAJOBELY A5 PEPCRIERFHKEOWR B9R SEtESCIBneRNF 1Y fa*éﬁﬁyﬁﬂa
oxygen contpartiefl debydragemataonorf dusireagrbens sgeh0as isplamnpytedbaine. I n
t he furtheradigasyerated cghechait WE lehgasogendt ivay ibegersachtad bheside

regenerati ofh 3% 8008 af RPN $8a | AfHineC 2babLORNYaB! EPBm ASuteaaditions. |t
15 e ot Jalons sl o i lonDisligle 5
1t |s then ThaeafFy PECHARLAGLH %*o,wggﬁspgf%swﬂheg SE9P FEPROEaTuTe

nol ecul ar hy%REEEESoLD viEheh TRBFERT Wit Flieogerei) disadirrtrdeneft gas (the

hydr ogen coimeasstioby-eptmiust] Fobyatiginune) under ot herwi se identi cal
conditions. Frequently, it is advantageous to carry out the regeneration

d tw . ' Lon. 10 The reacti A | ant
accor di ng bl HRBSCHENY 1 deWPERC COmRRIEFQEPyRT iRy nednafshd gRbBFeTTh (<

30 nol % nedirertdylieaths neacsper gan idsel fePy AALiggsmatRFY AL pEEEGEN
vel ociti es 4meleafoithgribitdiliyo cohbustirqlhlydregen i fmrmgdseatitert ant fkbei sobut ane
con 15 tai ngshjdivigenBiids diheuppliédtaidiitibndih tosgbué agetanyer shiy (> 30
mol % . Thi e s ah%Uﬁ.laé(ufﬂa%@cy\é@hQE&ﬂﬁ’ainfinaeégé | Oy 9% 15RY1 BE hyliebgéxanl e,
from 100150, 40 Bida"ed: old SAUCHLLY ddL BBl [ a0 alidy dniiiantl TRIY cases
from 100 t 0°20 1.2 na partj il ar éel ant _manner t’thereaclon
zone A var i B SRACHLAR nEPD COREAFPAR NS URhY FE QG R ] VRIS FLUIRR ane
conver si on tg dehydsgagenatiqm catatyst ridgedsr (thig Sppdaps i 52 d9%sre t han one
cat al yst bedelnatmigenahion hmt23ydesy darsjemathpnadditdpaaldy sd@ddeflon. The
cat al yst begxidd¥ioh BaYabsts 9BhdraDlY@asadvhatRgaeesl kydfayen? okad8t ar
axi 8l succesel o R e b R eaeous. 10
used the fiﬁ% .a(?zftdalli}g%ﬁ o %fllsgafi’% Igeuag‘n g’%t fr?%dr nr 58{5‘?%%%%%?%&9% npl est
case, the fiRdtFecht ZPPSEODHAREIRIALS G FWF%&%@' d5peBFed ety ABfAged
axi al ly or pecondingduromparardvely coludiet Precess iasdcephs d ¢d-so35
Advant ageousinitddieempardtore gasdientsirien whel rdsctaubegeneat thoghnt er medi at e
heati ng RA tbgvdrsavynseactor on its way fromone catal yst bed to the next
catal yst bed, for exanple by passing it 40 over heat exchanger ribs heated
by hot gases or by passing it through pi pes heated by hot conbustion gases.
Wien the tray thea@bovei Bresafirgi sthe peddestedtt Meaprylay thyidsogerf i ci ent
for the desmapd fieoleubmpke cdreveveided when 8Benpiddessi prigcRale ioful ar when
t he cat al %sbg_ﬁeﬁprzimemfr, N dPEpp1184937 107, in particular those of the
exenpl ar $Pembodi ments, are used, to pass the reaction gas mixture into the
dehydr ogenati on reactor pre 0050/ 53493 17 heated to a tenperature of from
450 to 550CRefRrdiddmEPntRis RUCCREE HPRLRGIPI ey eAPERARLICE BARJEPTHEPERIt he
tray reactothelat delast one dydrokerbon i e bes dbbydregedalredr otzotattiapa &an t hus
be realizedtnis veige)l 9w ¢GpigvaLELeSintuidudedSipes tiheukbatdyytaidvant ageous
for 5 thg ORshy@HYenalBoR2d e (re¥BEiSRIANESh DRUhis case). In the

catalytic dehydrogenation zone, the reaction gas is passed over

at least one fixed catalyst bed where molecular hydrogen and some

of at least one dehydrogenated hydrocarbon (isobutene in this

case) are formed by catalytic dehydrogenation. Before and/or

40 after entry into the catalytic dehydrogenation zone, at least one

molecular oxygen-containing gas which at least partially oxidizes

the molecular hydrogen contained in the reaction gas in the

catalytic dehydrogenation zone to give steam is added to the

reaction gas. A product gas mixture is then withdrawn from the

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



It is even ppk6/bsAgBicial to carry out the above-described internediate
heatl ng in a direct way. To this end, a limted anmount of nol ecul ar oxygen
or a gas containing it is added to the 10 reaction gas mxture either
before it flows through the first cat st bed and/or between the
subsequent catal yst beds. Depending on the dehydrogenation catalyst used, a
linited conbietPHtionst AE tICALBARPDHERP N 2R ‘%‘et R FB%CW%%&&%MS

m xture, anyscoktumnedcbRethe K@t@émpegrﬁ@y&rpsaaytu@p@gnﬁedcwq lg@s)5as

cat al yst surhacsowd @dbrhyelemganrf hydesheém t he course of the isobutane
dehydr ogenati on and/or added to the reaction mxture is thus effected (it
may al so Re advant ageous from an agpl icatjion point of view to add catal yst
beds in tReIfrBle RFACEEP AFFUHIIRTe tENERQ P YRPEROR attdley SEDRRI RIFS158ci fi cal | y
(sel ecti vel yputdtkd wishdpgwn ras mnﬂustuqms ofxhyde yend,apdrordigfg to the
hydr ocar bon}ehexanfezhef i nsaftiilon; aiat ystwedndhtiderddmsienototdieB.docunent s
US A 4 788 371, US A 4886928, US-A 5430209, US A 55 530 171, US A 5 527 979
and US-A 5 563 314); for exanple, such catal yst beds coul d be accommobdat ed
in the trgylFedttbbs APRFEEaAA SHaE oT e 1581 20D8 B it 4P RECETRS

dehydr ogenalapgﬂr@m‘alby’slt)\e Imrertdan ohy ralEst bencerfinyed thugudl l2ows
virtual ly i sahher neHatopbesei i offurbrehef infedigencaligdty bedt dbyaetkdazobiit ane

dehydrOgenatthendélfy&ro%ﬁﬁtw#tﬁtfaqgael fﬂ?eﬂi"'%d fa the faekeal psbdivn dence
time of thetl & lséq{ih aaagnwtg szsr r'oﬁehn&; S.L?xgd _’L§Qt[tl+ét ane 30

dehydr ogena ROS 8@ nt i const ant
t enper at Lg_rger\‘/?ﬁFEhmhlqa(?v\é pﬁT’t ‘?ﬁﬁ aPF§ f%ﬁd’ &R P%E t Qm? ea§5 an gener al ,
oxygen feedisRgeasivredetrreaenanive CaRBLY R DS APAT O RTOLRCE LGS ALHkHARS
that the oxygén thmtmmocess adeondiagt tonthmsinvertior mavadbedsepstantiaddynt of
i sobut ane awg toapLEtRIg Eoaé aohaydrbgeri ICatalybesmWitakle $O6P0thyisvol une.
Useful oxygenrpess chise ld&ghyégecb ) BYECedMAGY apsOxyoee3angd oxygen dil uted
Wi th inert %a% ﬂfsﬁ%@”}?uf mﬁ%-&‘%s%o’i@??' glae8307944, I N

parti cul &0 t ustion gases genéral [y have an
addi ti onal @iprﬁtg%%osésf Félét é gt#%gé tpport the heterogeneously catalyzed

i sobut ane dehydr ogenati on. The dehydrogenati on tenperature in the tray
reactor in tAh‘ﬁsQE@Pex%%c%%oféhﬁlgfotrorEH@tf&n iZwBNhI Sdcdr@iagnesainey from 400
to 800G a“qnbagt%r?sl%urtﬁg 2LAGPELA LYpl{ AN 2.b0 JhdI re Qeegraﬁ'y from

0.5to0 4 b
veloci ty 3% OthgESHEEg3h fsd%@f%w%%“ L0 g ieh SUOC PSR o

Sn
hi gh-1 oad opWExPESH WidlRtipnteatedYe60 AS 19i5d@gedr | 901% reaﬁﬁméeo i the 000
h-1. The i sclokements tUs-af 4t "8 hst2ar U§ehecdb BA6y 9281 aVyZed 4S6b&0ANne 5
dehydr ogenatuscn sassdea 7fiyr tbex 5 rger7oved, bysimnGo6pBr al4d rahdCc EpsRA33INtoseNnal s
(for exanpl g4 HRUhGEdd W &hrdavei e elbeVeE Ua @dphREDE & ff lrteabagoﬁ Redded
spaces bel YRRl al Pex&dtdl S&héeldéaatqo&,h@uf)%@yaﬁ CR6Lebnad f1yMihlt Dbty

I cat a bed.

appr eci at¥y nt er nal ace

These inter ﬁ’ﬁa§egolﬁ¥ aﬁ%bélﬁﬁa%ﬁe gf(%’sé?f a%xad‘g’llel au{’@r%ﬁrg’ﬁn ‘b% *fte or

nel t above ASEBARG; nik &MGeFRRERF SURIREPALYI cﬁ}%ﬁﬁ?ﬁbl%étubeéndnvﬂ‘%n t he

t enper at ur e adyiahsapedunytoheppinlthds dodirect fogn af arehtingr ebyy red ddee

heat. 15 Anctiltet postd lHoa bEt tiosl fifxedebéd ngnd e heatttlon rgaaining Wee to the

required 556%%%%6 i eaaiied x?éa@%lenoéexﬁ;r&areheee@ﬁ@cmedrmlémbhe
'CSXEQT 'ngg fﬁ{eér gf%& %%En“&”f?a“%é ”&ox&u@%&&ho il h '6‘?. @feiéill %adﬂzlon
conbust i on ERFaf¥Re ‘gJ(S‘Pl eang:ﬁ%gf’%’(r%/ ‘Hﬁ's%"ge‘f‘h B é hd/ or

t hr ough) an@q!‘@uéﬂ%tw%tﬁem%e%ﬁ PFYEen t He td’@sirPéHU‘@h&alsonI{le‘f'ﬁ)’e? ature
by nmeans of niampehead wirtvedbysisarhersdareaction hssachiawableThe aesul ting
combust i ofyy Picahdehsivesh saspl@2fodi?0 and al so any N2 acconpanying the

nmol ecul ar oxygen required for the conbustion advantageously take 25 n the
role of inert diluent gases. It will be_appreciated that reaction zone A
accordi ng t Suikablaksaqtdenc kiba Wy-egaal cat 3@ risn a5 j Biom@hputi 1 fi%at i on
reactor as désecm.badtynice- Aehpdrogeraiion (ke bgl@déﬁatq!aﬁtoe:lgo@nrises
dehydr ogenatfr@m 8ao0i eatnodeseacbixsh itubbE: ATHd t2hbe?Zbure einishbl peaction

reaction gongd apeoF Y il0ihhend @Rkl ePfom |00 200366, @kef@réﬁl@ in
nvent i on {alcLhg .l Sebu afip UsSHhdR RSO ANE Ad. B3, Glegabyt ane.

Rat her, thelso npris

gases, for eXhfpeeraRiffFem ﬁegﬂg‘?les éf‘:hy?’é?fg“e“r’flh’ LRt P@’ﬁe%r
propyne, acetylene, propane, propene, H2S, S02, pentanes, etc

Advant ageousl y, the crude isobutane to be used conprises at |east 60% by
vol une, advantageously at |east 70% by vol une, preferably 40 at | east 80%
by volune, nore preferably at |east 90% by vol une and nost preferably at
Ieast 95% by voI une, of |sobut ane. In part| cuI ar, a m xture of isobutane,

. o o o o o M Y T o e



19 The prodgosogssapBxture A | eaving reaction zone Ain the process
according to the invention conprises at | east the conponents isobutane and
i sobut ene, and al so general |y nol ecul ar hydrogen. Furthermore, it wll
general ly al so conpri se gases fromt h group 5 consi sting of N2, H20,

met hane, et hane, eth | ene ropa en CQO and C02 and al so possibly
02. The mi xBLFe %qn} Eﬂe$ atF"‘} @5"3’9 ‘%’rué ar E'ST9355AP8. 928 *SL0 bar and
frequent|y anteegiaesk arl‘éo ofhe rt(.‘)‘llﬁu459 JEQﬁCBMCPr&beQﬁq &ogsherEgagtiopeact or s
havi ng passteapexhturiesr [orgewdrad , atke ussrivcer gagatiziturez dagves adeor di ng to
the inventi gacditth Rasei ¥atd qhilR¥r ber efdwrst) edempdiatet@NBLRer D3hadpRhY¥i NY

sintered %5 Pﬂ&w@e EP&&&”&%'Qi%'ﬁ-A"‘@' bo?eéﬁeugeﬂyﬂ”%%%' 9Rq Of

phssivat ﬁgﬁé. LSO A, Shebly e oeen St gy o Torts

However, paB¥Peedutsh ﬁ‘ﬁylél adyapdagenre v Usk 9#%@%?%&%%‘3%%?@1‘3“
quant i ties ohtphpstisy besad enndhromibmsoxide aoddapl @lwonym Pkikds) to the
reacti on zoreeduedlygi g @hbughitigasewilhoa agvipl ard icwmpadent s ot her than

;i 22‘;; ?gg.o?@qiggaf&ﬂaqaﬁ {égpén H&u@aﬁffﬁeﬁlg%%taté& Elhlt%t%e\éfg;smrg e% Z enti al
a 1 o
gl B S ot LG B

i nst ance, eac

r{“’q"é’é
whi ch i 5 abRBIE BT ddP bRy TRPRIARG Fa% AEBGHENTRECE SR ES SRS TEh
hydr ogen nmay9Bete fidfelt” b)ﬂ'p&séFn%TR/h'e ofr 6atRIYSFa8) mi xture A, optionally
after it has been cooled in an indirect 30 heat exchanger (advant ageously

the heat. nseggvgg &gl?,%glgf gkﬁ‘.-{i 0 BO\Q'E {fiee! €6l GATRA L ggyéff;ds Confl, ured

process accordi o n
b a tube, BRI BRETRSShRY ﬁg@? 108, B PTHSTROP Y IRRFBYLR, DT ABIER U ar
hydr ogen i né?P%"l @I‘E%erfgﬁé iWRidsi gn‘?ra‘?ﬁé'flhenﬁ?ac‘fcfrsr éfﬁﬁPP%Ptelﬁet 5 at

| east parti gekglyskdatharges eact or zone A or utilized in another way. In the
si npl est case, it nay be conbusted in fuel cells. Steamcontained in the
reacti on 29a e i L dual ly. renoved, sinply.in ndensati on
Stage and I PELL &Ppréeweecﬂd% AR o i Srhind ¥ Pact i on
zone A Renﬁ@&PnHOTthlnog &80 BR) conéagpred pHiBI 8 MIHNIREfp EOT by
converting lexdmpien thenmaivhey qatatllvetrb%tttma(ynbgascmmmadta@edoim& snaéécﬁciby

sel ecti ve hetlewogesewis| yncelitd y2ahed catdhliait movesi qithduwaldentooercopuitbabl e
catal ysts a'ib@twﬁWﬁﬁ@‘éhagréécé%bnceagerﬂﬁ%d&nle@&Ml@%ygﬁtﬁd n the

reacti on 4fa egsepmf Uy bl € ablglvetrggngbpr@gﬁ%g{ectl ve combusti on,
t

nol ecul ar en c% ﬁélnt $ralr{h as _mxture A may
be renoved é’le E°% lf’f’rrgr stshe éBS?/e Shie8hH&" 15Tﬂ§°‘b‘?s§cla5§ure
cont ent of QBﬁAaEec?S@rfWEl1D§%a$a$86a§328' igsig advanragsous ke Qpsyatsy 171,
US- A 55 2791eTe timah WBeAr8a&td 3k sprlies ectyrdcBlintup yt Sovn) t Mitis f or such
a sel ectiVve a006hssétamssikBle eyt edfdademngendnnehe €EApeaatareechi rhiehe
reacti on YhseRbxioh S saRthEe S ahbl ¥eh¥r SOEIUSERCE LahdORRabEbA G a4 kabl

catal ysts ang, ragé?ﬂc?é T inMhd %i?ab%'t&‘éaﬂéfd&m’éh%' Egrtﬂuagt *}EXE%? | 10 gas

m xture A, be f such
basi ¢ |i qui &E‘RHE?U&? ﬁﬁ@ﬁui E’%alt st et hydr 8§ ?%% téecﬂtuf:f’gﬁi 1%‘l?eous
anmoni a sol t}leﬁﬁﬁsmarfd?“meé&ﬁil’éea]rﬁ Repenfprt o goe  r SRBRHie Fhilf - t HEtTASHLYRe

Wi th i sohyt mverahll ¢ulersénas mey bel achéeweded, be renoved from them by
condensation 15 of the hydrocar bons. A si rrpl e net hod of renoving

subst anti al | en the as _mi re A. ot her than

i sobut ane a ef’s%‘&%t%@ 38% P% lghg Vlh’a %?%rreeafécﬁpl'el%y si mpl y
passi ng t hr F¢gRNe 3 raéIF’eFB%’I‘yr%G dA’(‘p?’é"?“@r &Py ® AWIAEEPERYTED of from
10 to 700) patddyst gior rohisuprogessf ds axsphrnical dehydrogenatadenfeatmalyst to
50 bar ang, amtierpesndists ehbstamidlly d60flatdinim an(pregfmerdbhy aluminum

hi gh- boi | | nq)xlarega@%rspl ¥anbrdd¥ &loehaBly Maoaabebweal\yytcagzég

f L] d f
E;Smglrgngl ahé,)éfé Q' 'ﬁ%ﬁ%&?%ﬁ%agégggéogﬁﬁgn gggi %néﬁ g%;; gtl on, for

eSS
distillati orﬁiﬁgﬁgﬁ”? YOrking, BFRES WS 1§ & OPslitert in
relation to % &a&t| Bhe ANFEOBERf bR iSERMERBE NN GFanTaRtr ors SO¥aARY2IRYSY

nol ecul argpxirgpen0ot ¥ Xit.uTbs véad(ianéppeesr eandr emprEXAsrablyxfrymn 5600r
exanpl e air)td @60Uerandt BRe i o Hoakey amshdes Glelbeey iof treactivh Was whikebrar e

used to charge eh8aCLHAL 200€£8. 10MEM-1 herrat ELERI Pék GARrY8esay iRl Or an
oxygen-nitrogen m xture 35 where the oxygen content is above 10% by vol une

it my be



sensi bl e t ooesd/83483 before or during the stripping process which reduces
the expl osion range. Particularly suitable gases for this purpose have a
heat capacity of > 29 J/nol ~K (based on 25C and 1 atn). For exanpl e,

i sobut ane may be used as such a gas. 40; The absorption offgas containing

t he nol ecul ar hydrogen can, for eéaﬂ££ g i.n_be subjected t.o nmenbrane
separ ation SARPIHReRT PrOFEQHS &4, Of ﬁﬁﬁ" géﬂn ved 8’& Hd8sed in
reaction zofetalyshse ﬁ§s¥%ﬁﬁﬂm%3§§drbﬂn§ af2¢- t he hydrogen renoval nmay,
if 45 required, be used as a diluent gas in reactlon zones A, B and/or C

The boi | h b 0C,
I 5 S Sk o it S,
usi ng col um]1§ %/}‘fls@ & F’Hh‘?’b’t s%f?fercé)i E?“éﬂ QW pRr eﬁ“f ded in

cocurrent or countercurrent. Exarrpl es of useful absorption colums include
tray columg é@ﬁeﬂ&g pPHbbL & \Fa%ﬁanEEPéf'xféb%EoHrzédeE\Ae abE8Y¥&ing &) YHBS

havi ng struetur acki l, p aving a
specific suriwer(lat ‘e lg $g$cr51 lq-' 98 rrrapak 250 Y)

exa

and randqgl §e]5’a‘”cvf<'ed1°88f:ﬁ?rn'§e For 3§§ é‘ Eéﬂhvﬁct’ﬁeﬁﬁggﬁ?
bodi es). | tpmﬁﬂbnaetarppfeeufe&t@aosﬁa?wslwcL@laéaéhee%;ﬂeévdrem%tm@r &Bhiit e

bl ock absor fdusdiz=gr badewatisnrthdidusimd tde tibpbktdnd.m 10 and thin film
absorbers and also rotary colums, plate scrubbers, cross-spray scrubbers
and rotary scrubbers may_ also be consjdered. It is advantageous according
to the i nveRPFBNVATHERt %@ tpafcrs1E UNNEEnPPe A R quEE HHidEegnke ‘ﬂ%
fulfills 115hénbm1r41|4§1poPﬁthF3éﬁbﬁﬁﬁnﬁ%{tgwréllllﬁaw HievPaopess Af t he ot her
hand at theregemenati®ndohe raattilvayveonpus itiigh ased| o whapmien gitide on
Advant ageoughymiddie oxelecutid wekghy Sfeddieealisotfeitialily fromO tg/ nol . 20
Exanpl es of 1a951951beanxtdstﬁel&éﬁy&ro@eﬁ%Parneeheeweuf@vlenbbﬁeraw 448m 550

rel atively ngng@ ey ?ﬁgq{}%é& ;gggfpéch%' %Hepcﬁ%ﬁjder%gle}hgfgﬁ aln 199ﬁ§€\5&[

groups haV|n n I"es I.ncl ude al Ic (for
exanpl e @ * 85 C“yitBE dfle%ﬁe% Brstes QYOWI';%R} HrB%%r%WQ oggpa le middle
oi | fractiomgtalyss ar &hei ﬁe%ﬁfé{qnl rerpeyptuge . e?hervsoq%@mngrww dfoups on
t he oxygen akqulaxdly rfiromul elso tthéaeohnd t themrieaht dopoiempesetveattydficaldyxanpl e

the 1, 2-di met-Bil sqhtdealsab®s. dhechpses! dehyBEodedati®h A8¢hodrads hasadded.

Furt her sui abl e @J&S%b%ﬂés}(w&at&%eeéé ¥ %fnaﬁgr Lgaagighand phthalic
acid with stralg hai n al kanols containing ft to 8 carbon atons such
as n-but ),315 Soate, net hyl benzoate, ethyl benzoat e, dinethyl phthal ate

and di ethyl phthalate, and al so heat carrier oils such as di phenyl or
di phenyl et hgr agnah tdrnadies € thepBBoyé-ditrdbpaepydcetulter, Ofeatit ikl or i ne
derivatives zkh@rﬁoicc%f}ﬁlh '@6 yét@' Kﬁ{)@ﬁmérp%a?xéﬂ% %e realized according

4- nethyl 4' - benz | di e 0

nmet hyl - benz¥ %ré) G%E)A %IYC % F@ég?é) eednly tRane

[ sic] and" 0 W =tyo San ‘Eﬁ %?rhénr? agng! es of such i soners.
A 40 usef ul absor bent is a sol vent m xture of diphenyl and di phenyl ether,

preferably icBnhbf @7 @l RBLEY SRUHRBRLLY OFatd 1y zRET &éﬁﬁiﬁ{ eﬁﬁtﬁ&Qlﬁro%@%’séy
wei ght of digghenylo ] banehggxégbaﬁgad LI ﬁ@gyareea SFa §§ cexampl e
1

th
Conpr | Soaga SBPUEHE GRACEELS (e ng) BT nd: BPSrain SrbLACIS (PO 1

to 25% by weRgRingkmsE@csArtPRESINti re sol vent mixture. Cther possible
absorbents i nclude octanes, nonanes, decanes, undecanes, dodecanes,

005053493 33 LejRCANCS: LALAURGANCTyy o8 AEGAISEaRES, heradeeanes: féa o bon

hept adecanes. _an

£ t s C ngf;p% 2 oa\é# r.g nr grsn

atons descriR&d P%@Wﬁ%%ﬁ he | IAVGRELOR F TR Mi%s of

sui tabl e jg &eEVRFBERRE S EREMUTe St H@l’br‘iﬂj%t%o LG BY ﬁal2t5eF‘ﬁﬁgﬁnt‘? R udi ng

t he Hal pasolash;.evexi iox aepbeitinl gzsoh. 250/ 4@ wands Hateggasdbn 25@ie2 26 may and
al so printi ngsbnie pdrateat &6 iNvlRkahbecoarsrs iBKYFoaNtkdir il0t 66030 mbQ sl n

or der 1o 1l NicBb2g; ADSY RAE! ihoSRADA RheuivAsLbRs | AONMCCRE £1:0d he
absorbat e, hath, he %n pﬂ%?ﬁ Snlélrt ngté%ththhg ?éé AR r%gofhmghéa SO a

ri sing gas pﬁae rP!‘é‘ ? |Qnor %; tlfIC |onrra rubbed in
count er cugg EHLUGLPH ALEEBPRY altde HERRLEY B g’t‘% after its
condensat i onmmnmrm lééhtlaﬁ%dlq ﬁhehéowstg@emore%%mrpepaﬂ BOrvHEchi se,

t he absorptive renoval can be carried out as described in WO 0196271 usi ng
t he exanpl e of propane/ propene.



20 An al teroe80/8343%si bility for renoving the conponents other than

i sobut ane and i sobutene from product gas m xture Ais offered by fractional
distillation (rectification). Advantageously, a fractional pressure
distillation is carried out at |ow 25 anperatures The pressure to be
appl i ed may. om 10, t fuI ectl tion
col ums | ncﬁfﬁlgeﬁaﬁa%ﬁw ngggs{al%%l%ﬁn%sétlgaﬁaaf&w O/ ephEey £
structured #d¢ki ng. useful tray col ums include those haV|ng dual - f1 ow
trays, bubble cap trays or valve trays. Two rectification colums, for
exanpl e, SOy 9eoalh AENEAuLBLIRI A% Y Rn8 ShiPl:ABONSE - rdddiBG first
colum, tge conponents having higher boiling points than isobutane and
|sobutene aﬁ%?%‘ nmoved as the bottom product. In the second col um,

i sobut ane and i sobutene may be renoved overhead from | ower- boiling

conponent rsm Téﬁ:eéfltlgé the arb%%mahti@ﬂaa 8dpacgRs Uohek8i ke, Iihveati on of at
a};lltaégggg r@%‘%@%} m?{ '}Q%E‘éﬁr?@‘#e%pﬁréggn%ﬁ%% BGQSrdlr%c_hr e

contained it X
&ty beoued o LRGP dRcEPERE SOhdOBE Rt 2% oty O8NS AT RETH B

mxture A 9ed %”e3b‘f”6’€|grﬁt 6 EHEtheRAGVERtRBRRRST att%fiéi%%]meedsphuwaﬁ:u on
zone A" by todia dehytiregeratedangth steamebOhathelanenhend; aihe mgapr oduct gas
m xture B fedpmd tiynodStiieanite@NaZivs Rhesehethdiafd wEtdottofpraeedi ng
renmoval of &{g@% Bhat £ON@ BRAphPEILI1Y LOmPERE AR P rbBaghd ObrZ@RE Sther

0050/ 53493 £ §5 hcg RARS sfcggmtlta e LAUT AL Q,RT 0L 0%, Sef0d part of

t he process Abold CCesSive reaction
zones B andP@Ffial; Hé ’F%\‘E:"Eesc'héfplf’hg&‘%taé‘rﬁ Ak cﬁfg??"zéﬂ‘ 8 phase
partial oxidehydnegenat e aaid iy iwm rﬁmcei@erpar Bkwgiént@@ns Thet hacr ylic acid
proceeds i nconeorsitacessse ofstseépamal an@lireedy epeiti iomedeohals et €, of whi ch
the first | gatntageblt heefedtcion one dridtreamonind rcXmMehet davydroRjefiat fon

met hacryl i coagirstl, nxeafét;‘mrehhemsmlﬂeaa%yefog&ﬂ% Bagfd e dddgqoxsdiL£

cat al yst 290 %che% ggﬁﬁomﬁ be, 9 pﬁ‘b?&z 10 é?em&ae@% %gnf;ﬁ]eoaq%e;gg reaction

condi ti ons. s}l oxi dat'l on,z0 g ion zone B
(i sobut ene- "rﬁi’é‘feoll%l% &Ver‘e ce TPE [RIfH IAYOGPVH ST 5OchEH

based on nui®ithe a’leaski-@észmr variapt Nétél CPRPAT a@éffﬁﬂ-haﬁ‘fbrﬂﬁb“Bﬂ?e

whil e for téenweasdoed paydetdoadihgly dree friome =r datbi 30, zaonve@iently from

(met hacr Ol eo N1 -toTet Baar ¥dvantagehs 1Pr@ica ensetcd S1 .Naitmhl Yalid/ @rolén ad-

| o Mb- P
((:?L ap)al.ﬂl o gft%g%% %‘-‘k&f npt oceéggiwaﬁq@womfsma% eesﬂe%ﬁagw Qggggn

a
Chtal st b oofin i eompprpERiaity 1oy heat ik %ggd 5 Conpet i dindds 6so
US-A 5 166 {i@ct%EPAS§0°i2"1he5gza€Hﬁ?‘hgr?ét ap o%?wr@&&%ém%#&wme
formul ae |, th¥esragel srfficignd §9rréCIEEVAa th@ECW“ZI.QFW 9575-'(’Fﬁi|-|et LRBEEOY oxi de

25 cnposi |pa|ss.of the formulae | and Il in the same DE-A), DE-A 10 101 695
(rrultlmsl3 | oxide conpositions of the fornul ae I, Il and II'l in the sane
DE-A), DE-A_10 063 162 (nultinetal oxjde co tlons of the formula | in
t he same DEASE\§°r43E‘SAtT0 B oPVEREEARL t1etal ﬁ?— % SISBEFRIHS OF Fﬁ%

fornul a | iReadtelognFene Mad@ninwitiE-omperendvelss lovuephgtasie oxi de
conposi t i onsonfersionf bonthery outt the swmtbBie Alehyiinogenet yomwf(qualst) net al
oxi de CO@EOsaiamc%uu abie Aihegavatds) hkeokthheineachtood o hikdtrde
subsuned ywiff 28 f)@é RdaRel %@@%@%@&&@J@ﬁ ol gom f?o bhe

vari ables at fofldiipd eaé% ﬂk%t fléQnﬁf decfiely dhhndoRalle (12, alkal
ar seni c, boPSﬁ et i°FohS, £xqm, 550 to 50°c Normally, a s:.ngle I&la aord
pass through a catalyst bed will then be sufficient to achieve

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

45 bed used.
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isobutane-containing reaction gas. The catalyst geometry may be
either spherical, extruded or annular. However, the catalyst may
advantageously also be used in the abovementioned case in the
form of spall. To realize radial flow of the isobutane-containing
reaction gas, the reactor may consist, for example, of two
concentric cylindrical grids disposed in a jacket and the
catalyst bed may be arranged in the annular gap between them. In
the adiabatic case, the jacket would in turn be thermally
insulated.

20

25

Useful catalyst charges for the reaction zone A variant according
30 to the invention with comparatively low isobutane conversion in a

single pass are in particular the catalysts disclosed by

DE-A 19 937 107, above all those disclosed by way of example.

After a relatively long operation time, the abovementioned

'35 catalysts can be regenerated, for example, in a simple manner by
initially passing nitrogen, and/or steam-diluted air over the
catalyst bed in first regeneration stages at a temperature of
from 300 to 900°C, frequently from 400 to 800°C, often from 500 to
700°C. The gas hourly space velocity of regeneration gas may be,

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

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

45 conditions. It has proven advantageous from an application point
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3, bar. The_gas hourI space vel 00|t (1 at STP/1~h) on the oxidation
catal yst 20 377 JoFTe Rlaseat, Binasy he Eradidonene.A veriant

accordlng to the invention w1th comparatively low isobutane
conversion can be realized in a tray reactor.

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

In the simplest case, the fixed catalyst beds in a shaft furnace
reactor are arranged axially or in the annular gaps of concentric
' cylindrical grids.
‘35
Advantageously, the reaction gas mixture will be subjected to
intermediate heating in the tray reactor on its way from one
catalyst bed to the next catalyst bed, for example by passing it
over heat exchanger ribs heated by hot gases or by passing it
through pipes heated by hot combustion gases.

40

When the tray reactor is otherwise operated adiabatically, it is
sufficient for the desired isobutane conversions (< 30 mol%), in
45 particular when the catalysts described in DE-A 19 937 107, in
particular those of the exemplary embodiments, are used, to pass
the reaction gas mixture into the dehydrogenation reactor pre-
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reacti on zopgmBs.45 The product gas m xture B | eaving reaction zone B to be
used according to the invention is generally substantially conposed of the
target product nethacrolein or a mxture thereof with nmethacrylic acid,
unconvertfnganenQﬂqﬁy oxygem, fdestilpgt apedescribed above should be carried

out in such a manner that the oxygen content of the reaction gas

mixture, based on the amount of isobutane and isobutene contained
therein, is from 0.5 to 10% by volume. Useful oxygen sources
include both pure molecular oxygen and oxygen diluted with inert
gas, for example CO, CO;, N, or noble gases, but in particular
also air. The resulting combustion gases generally have an
additional dilution effect and thus support the heterogeneously
catalyzed isobutane dehydrogenation. The dehydrogenation
temperature in the tray reactor in the process according to the
invention is generally from 400 to 800°C, and the pressure is
generally from 0.2 to 10 bar, preferably from 0.5 to 4 bar and
more preferably from 1 to 2 bar. The gas hourly space velocity is

40

45
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Ba, X~ = NbERGTSHHiFGH SEPHEINIE’ P hractignazope (A (qh, £hE RTQEPSE ¢ = from
0 to 5, 0850P53igR teg the —invenkiont gonsists-ipn, geplenstdng, afprergiained to 2,
g = from 0. Bheoidoltame=ahd fon Mot codtained theavedens ingi nblerwladepsygemed by
t he val ency (g8 étsapiencyedfspdid fakbeapmhsstiiohetat ABystdxygon éxan(dle, b0 p =
1 and q :oosgﬁply passing them over and/or through) and to effect the

2 heating to the desired reaction temperature by means of the heat

of combustion released in this manner. The resulting combustion
products such as CO,, H;0 and also any N; accompanying the

molecular oxygen required for the combustion advantageously take

on the role of inert diluent gases.
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It will be appreciated that reaction zone A according to the
invention can also be realized in a jet pump circulation reactor
as described by DE-A 10 211 275. Quite generally, all

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

It is essential to the invention that the isobutane used in
reaction zone A is not pure isobutane. Rather, the isobutane used

'35 may comprise up to 50% by volume of other gases, for example,
ethane, methane, ethylene, n-butanes, n-butenes, propyne,
acetylene, propane, propene, H,;S, S0, pentanes, etc.
Advantageously, the crude isobutane to be used comprises at least
60% by volume, advantageously at least 70% by volume, preferably

40 at least 80% by volume, more preferably at least 90% by volume
and most preferably at least 95% by volume, of isobutane. In
particular, a mixture of isobutane, isobutene and cycle gas
arising from removals from the product gas mixture A may also be
used for the reaction zone A according to the invention.
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0050/ 53493 @ds6/s30983dati on catal ysts of reaction C of charging gas m xture
IS frequently from 1000 to 2500 h-1 or to 4000 h-1. As already nentioned,

t he nol ecul ar oxygen required overall as an 5 oxidizing agent in reaction
zone C may al ready be added in advance‘,do the char gi ng gas m xture of
reaction zone B in |ts ent i vg i ggrematedthat

suppl ement aP¥EEWCOR 63{9@%&%&5 €aPsY ucfet @FFe’Ef’é‘ﬂ“rﬁ 1Aefn B EBRVEEnREB. The
| atter posstis|game timgsed the pheverentdionfHeRaRRRY + Bder 848 IBWIE0 zones B
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i nert gasesIsutltcaze€péndidly manbee, e ednthZnaddinrtheatreaat Brh 2@s

hydr ocar bong;i x it 12 BRh Eb®fseleeh i 381 P XIBUsEOHN €8 JBYubHENR iiehslgas

it Do e iR e
air for suche® §u p%rerrﬁ“t PPy I’:‘\%gﬁng 2% ?’ O%E dd. an excess
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reaction zomgo&@sfnef may), Lis rJeéfJQréd feaemaibl f¥iMthem By Scdritied@alPon
Frequent l1g, g,tagggaﬁg Iing to the invention is carried out in such a
t

manner that at % preferably at |east 60 mol % of the total
anount of nol ecul ar oxygen in the product 35 gas m xture C which has been
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2-5:5-15: 0- §ﬁe %CEB 6JPr ﬁéggfy 59 58{“?8?13%1}1%55 %% S Ay 78
principle aPEedRE fIGENREFHULSS PcoﬁBFn%’EP’?R’heoa& 3 Prfiseur€aeti 6P dnd. tPn this
case, the t%d baaandon temperatugebaf efreom 0 frot heRCo| wiihh aeforefesakln

met hacryl i chaghdjoidriagef begdreid isplaenoXipaifeoabl e dogtdxiophbbidy) ivhich

0050/ 53493 geﬁéhaérﬁﬁ(il\l&té‘bs?ox%t ibMﬁﬁtéﬁfH Ghd $seblerdeQ eabséyzatt he
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anbi ent terrg(ﬁ1 ai r/| nt g a}?da prr oggugl %@Jﬁong‘ xture B in the
process accdFUPHyY ERe ?5 b (*E5 B s%% GHHRMTRYS P
cool i ng theapﬁéﬁm&lqﬁ‘aésn%&%rtﬁ emBrB?ei1 %n ito reagkian Z9NehBr HkoT EXEFMPOR zone
C. 10 The pnotuegergandifpxt srearg asdlongnalesviponoxygen Cri Biyemssallfy
conposed subﬁéﬁﬂtgafddsy afll nEldvaday! beyder  forebkanpla ain) teworarer tihd

mol ecul art%0X¥gBRkaries ARUL 2860utBHEEH! Bhe MilntAFENWh ShE WP QEER AT harge

by- pr oduct ag a diluent gas, (optionally nolecul ar hydrogen),
carbon oxi dggg%ﬁoﬁﬂé}%ﬁe B. 15 by-product and/or used as a diluent gas, and

al so small quantities of other |ower al dehydes, hydrocarbons and ot her
inert dil uemhegasies stirtippisghydsyuabdehy deirand asodxigeni-oiacogecarikents are

m ni m zecgg Whass OFARGG gdh t Foridemtl ¥ eabdwan 1020by heoTdiehaer Mhy ®eaci d may be
;igom\;?g ora u%?bfef Q:%“%Edgés 4y E%%? Qaf Qhﬁ: 'Hgn{?ﬁé éﬁl‘i‘ffglﬂ §' x.scfcl?r go(r) or
exanpl o, DoUBShoAFeRS, LS PRIE ey LHC ec?afél%%f%ﬂcyt “§irioLe Hsh

wei ght aque68§ shisitHuUgROsE ]iﬁ%‘fehéc?‘?ﬁ CCARAG TN PE 2 ey Jf@ol K (based °n

pol yneri zat 26fC iarid Bi atu) . fRar example, ippbukanedtin benused sAmisuchndugass. of
hydr oqui ngyne nononet hyl ether (MEHQ and have a terrperature of 80C. To this

renn)c(it u;[, 26 aq%%gugbsnc?ép al%%yl)%gggscIc%n%gg.rlf}.rllé)rlzﬂes ngcrag\ylear Ih?rdgo&gr? éjarno,d'fCt gas
example, again be subjected to membrane separation and then, if
required, the hydrogen removed can be used in reaction zone A.
The residual gas remaining after the hydrogen removal may, if
45 required, be used as a diluent gas in reaction zones A, B and/or
C. The boiling point of the organic absorbent should preferably
be = 100°C, more preferably = 180°C. The absorption may be
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- al kenes, car.baons 0 agtions from
paraffin di ?ng‘? dnan§ ﬁﬂ), Q ?rno gl Eughr%su ds én {he’ oxy%en at om

or nixtures tlﬁe?%]f etthﬁr\/\ﬁP‘EH“’d‘tb‘cFﬁér°§oq yl f?) eq&mﬁpeltﬁ o Xdi net hyl
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0050/ 534 A4 me by Ll -behey sd ighdngimet barar iaghdants piddrarisc acid with

straight - ChQI_ﬁ\ee.h Aol HeadPl @igHdhg1heonyil [tsac§,car bon atons such as n-butyl
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Frequently, this solvent mixture comprises a solvent such as
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based on the entire solvent mixture. Other possible absorbents
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nitrogen, abackekyapdumnexyepay moﬂnmgerprmqotlumee widolstraatured PRCEARY- When
air or oxygesénl ragencoluiny ancande uslsskenhareng hbnadafden toagssnbubblabove

10% by vol uggp tﬁaygi)brbeaﬁeé\%ﬁlye t Bwd kb 1gasa Wit kolaAHS pSEdhexamplesi on

ange bel ol G pdWeddnkC: 2 e HBENGn P AfifiTe Aagpde ! irfukaL ! yi il tabl e
f K d 25C
it P St S e S 3

i sobut ane aﬁHPB‘Fta}‘?olﬁﬁfiehédﬂﬁ';Fn&I 852 HEeTRNRSy 88 ’F]P%rh"ctﬁé’mzﬁr% ba&PetEy a
di still ati osecomd sradaymny oisehitfinee andsbydiurenponar e FeMAved otprhephase
resul ting fEpsnt hewet-bopping amboaentsi ng gas phase resulting from

distill atai on may be scrubbed in countercurrent using water. The scrubbi ng
wat er use mag be condensed steam contained in the residual tr$1 ﬁr

O herwi se, PhESHr e FErevALyr ¢ 1xedaser by A W?O‘fé’@?f‘Pﬁs? gt ngast
exanpl e of BPopake/qfi Gheneomprnantsr opbesitian FephwtrneRNfekBRPYIFENesobut ane
and/ or i sobdbabeiddt finowhehprodsitdgak wistuaree Aadsbe pteswitingcprdducat ges and
partial condersaté ar. nByeher @t tioS cBa¥Ed dedctabhyidie @t 18 féq@ririednal

pressure g si| 'b?z?d\ﬂﬁc %o A 'mé gva %6% bIJae REESSUWife kRabeigpp!ied may

be, for exanp u t,lflcat .0on _col unms i ncl ude
random y pa&?g‘aéﬁ?ﬁ"lﬁﬁ"@eqf‘f”é?/ 3"5n Eglau ozronco?‘ éiwrr?cg Jf"%juct ur ed

packi ng. Us&ghaR9%y col ums incl ude those havi ng dual - flow trays, bubble
cap trays or valve trays. The reflux ratio nay be, for exanple, from1l to

10. Exanpl esfhgf ngtIRE: J1QSALES SHNALADE 08P AL R kil 4O £BERSS UIrP.

extracti sure SW g r ) rtial
condensaﬁrso g éﬁt‘?s}éegflugﬁg gi?% ou greﬁ% %‘Fﬁ.l bvag P

fracti onal dﬁoﬁPPP‘P%ﬁﬁ &r?ntﬁhéeée*d&rétlpnbolqkﬁer‘ﬁaﬁ re ﬁﬁf‘% C‘oe defi ned
in such a manner that substantially all of those conponents whose boiling
point is |ower than the boiling point of isobutene are renoved at the top

of the rectification 45 colum. These conponents wll primarily be the
car bon oxi des CO




0050/ 53493 @ososi3492 and al so unconverted oxygen and N2. Steam may be
recycl ed together with isobutane and isobutene into reaction zone A A nore
conpr ehensi ve description of the above-outlined renoval of 5 nmethacrylic
acid and net hacroI ein froma product s m xture such as product gas
m xture C can f.ound in EP-B_297445. Ho ¥§ gr EO%P reci at ed that
the separat THy &ée Qs PRI HPIES %ds%?n k8% yPaPes™H
used for th@%cqmirlr‘j‘@s‘éo the jinvephion b t¥P1sPARSR! It éc‘ég%%%l‘tenétea&tr%%r duaI
gas conpri szompsukcendef t bal tiheolfat anehandhgehetrerfdgenescublly esrrtalyrefdngasf t er
t he met hacryﬂléé'é aird 1 h Enewialat 186 COE disubuitent heitnuineabar ldkyyeaf ebence i s
9' ven to Fexgé( 1T:|.B' §c1c?‘~°pr@c(e@é§ylr§fﬂ!%$d QQedes #veS $eBps Nh orfFapki On zone
A1t wi RLECHBEEANAL ok NG PLPGERS (RELOTAIG 18 hdiehd dDEERL O ™Y

o oo be car A S SRl S e P

m xture only fromthe renmaining portion and |i kew se recycling theminto
reaction zopg &cH bt BRe 980 %atewﬁ %de%OBUEﬁ‘@Q: Anghel 59t9alt@rteattaq Be to
recycl ed mn% 25 > d 8agt 8”0 zane A;si cosr; H% r?eaj:r l%gntﬂg q_ h| S may
be catal yti s@lagc n‘g tdl or a entry into
reaction zoﬁ%nc}l}tlﬂ’i‘é h@%\’f ’d{sWQEtl e Bgeﬁoxt% 8%t to the
dehydrogenaté%ﬁtltcmrﬁépat%rr@S%téa?al"VFPécmlﬁléﬁan§?f%?ﬁftﬁe o gemrAlddd in
t he resi duayigas too aCoatatystalbeseticon endimatabl axidesn cospoisingofthehe
carbon oxi dgsedeiNcohBingcidhMo-gasré s widuehkobefy %eicbniisoiﬁﬁa)tﬁb_ﬁd into
reaction 15098 & (tqre gegwfan ZQA8) ¢ Eﬁéﬁﬁﬁo@gn%tﬁﬁcfﬁﬁpwéﬁ ively

t

I
Sgﬁ;dyogggg¥$ fér%ﬂ ormgpéx éag @k%EgSE$R§ Q%d nguﬁgflm A

ge
oxygen- cont SFHi%Ry k@éﬁﬂoﬁ’hd"she EHETEN b SRIRHRRELoR MR H I(lBep?’é??cﬁPg‘d Fg?n t he
resi dual gabeberencdyeeége)ing of the resi duaI gas into reaction zone A
This is unnecessary for the catalysts particularly recomrended for the

Catalytidod h¥%gflséﬁt#89tlmetgy %égggngghgs ? é&lé%ble Qgraggﬁﬁhlﬁtggnéhat

i sobut ane a s ese gases
may al so beBud¥®ids¢lrged p‘?th?s’és‘lo?ﬁ‘érGSt%aHsréc?/c]lqﬁn 126 reaction zone A
(for exanpl BE+drl0 12056PB30usltimeppdparidey conppeiinis of the fuwmdaei bn for
t he pur posesIoindnErigyngehersdnecoDE-ATheDEdy a0t 0ge FETcdmdingmetrlt logide

i nvention OEoﬁ\ @n2 bsOoBME Worindehy e s 1irS ehut e isamacbe-Ay, production
i's subst &H bﬁ' yld p%aeemuloémreteslna,st;tden%abogﬁﬂﬁtscctfatuét@ofraqqel 8,

reacti on zoges a3t Gp ELETELRNGE LP h/ah 100k 8, r{g\%@@l@; ! Bl oxi de

catal ysts expl ICI ang age

i s al so subSPERPFHIIARS; ﬁée’b%‘?tcfé’r‘?tmudf‘ ?LO“W’F@FhéF‘m?h@ AdIruRE |°r5| c

cat al yst act(iwitimetalr ozédé orpmpesasiename Ghﬁsfkﬁml%énéﬂahhe oramen®Eehkes
or decr eaiiseanal DEWA tlte Oneag13 qmudedmelt ahtexidéScompareitdoak, obpereatfioonuis
effected nIr EACLAOamNBECGAPf the process according to the invention at a
nmol ar met hacrol ein oxygen : steam: inert gas ratio of (2-5) . (5-15)
(0-20) . (5-25) (20-80) . (0-6), nore preferably of (3-4) . (6-10) .
(10-20) . (ROvaplety ofomudyimeyad- ride|Ganposdsirnh Sitabde 29 GatadyBsh zone
C may be redbrzele nedacaiby zond iB<ednbbe suwwcinedshby bilte glegserah fdmxudiaz&@d bed
reactors.;glhe nethacrol ein conversion in reaction zone C based on single
reactor pass (as always in this docurrentj) j$ gustomarily from60 25 to 90
nol % MolzBlaFechdeeXfOn (I)

where the variables are defined as follows:

40

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

cerium, lead and/or tungsten,
45



It is quitepgsoLs3d9y the case that when gases recycled into the reaction
zone A conprise @2, this oxygen nmay be used in the reaction zone to

sel ectively combust conbusti bl e substances such 30 as hydrocarbon, coke, CO
or preferably H2 in reaction zone A iyy order to thus generate the heat of
dehydrogenatjon required in reaction zane A. 'Advant ageously, the

met hacr ol ei %' oxi FAti-60" vi FUTHEUR A, FHEAPT6T: 2RA{ OF aﬁfrz‘gﬁmlﬁfi ate oxygen
excess so that the abovenentioned residual gas recycled into reaction zone
A has a 35 guffi Gigpt o asmuts ,of oxygen for this purpose. Frequently, the
process according to the invention will be carried out in such a manner
that at lgast 50 nol % preferably at |east 60 nol% of the total anount of
nol ecul ar oxygen firotr 0ddted 50 pnebexrdid ydifkdmwr2mto deacti on zones has been
converted in product gas m xture C. 45 0050/ 53493 38 Exanples 5 1.
Preparation of a dehydrogenation_reactor_ A solution of 11.993 g of SnC 2
2H20 and 7.%86 g &P™ P'f‘%llgj’ @ﬁ?Sef%ﬂé’O(frﬁf“ gft%t gnol are poured over 1000
g of a spalled Zr02Si 02 m xed oxide. 10 The m xed oxi de has a Zr02/ Si 02

vei ght rapi@ Of Bom - tdNE, Préedrayiferon oropfastyred by Norton (USA).
The m xed oxide has the foll ow ng specification: 15 Type AXZ 311070306, Lot
No. 2000160042, sieve fraction from1l.6 to 2 nm BET surface area: 86 nt/g,
pore vol unee 9. 2&neoiv § toed cwprgfpoably rfatomy Onkasr enent). 20 The

supernat ant ethanol is taken off on a Rotavapor by rotating in a water jet
punp vacuum_( 20 ar) .a terbath tenperature of 40C. Drying is then

ef f ect ed-1atf1ﬁ0Cr$8f“? 95&?16]&%"&% cal cining at 560C over 3 h, both under
stationary air. A solution 25 of 7.71 g of CsNO3, 13.559 g of KNO3 and

98.33 g of hatiNOJ) umbbROuh itn? 38048t efihindd0 by Sthd Bra1RaEY Ch @ VilequBRCHTr Y
solids. The supergpttggtey@,ﬁnﬁ{té SthakemHf fox?@eﬁ- Rpt@avapor by rotating in a
0

wat er jet punp vacuum (2 ar) at a water ténperature of 85C. Drying is
then effected at 100C for 15 h and then calcining at 30 560C over 3 h, both
under st 201 DhargompiositIbes rasulobtajnazlalipst pamver kmowhagem s=ortpedsiti on of
Pto 3Sno €68kxale, S5hadn 1 (123t 99Z)i QP CoeHRIdral gntSed &Y eaent
wei ght rati gdpdf sedbgbhdred Sirdahs, (S A8t [d 5L aR LRS! AP 030
represent weight ratios 20. 'l “of _{ he cdat.a t _precursor obj}al ned, are used
Lo charge aCORTY CATLHBESf chicoP PP AaRe ABPER (P HPPA0 PRRT LI SOREPH
t hi ckness: YifknthenPSta¥e TAMRASLELON20 mm reactor material: 40 internally
al oni zed 28i . e. al um num oxi de- coat ed) steel tube; heating: electrical
(furnace fr MRet gni i hhelppdefd cakalfs Jeumityel Ndlciduer age
ength of 648 i%gtﬁ SRy Pindisd. h25i£qﬂ PIRLLLED Ofsohllfer
catal yst be§°L3¢ $H& Sﬁ?l%udl ar Ot Ghoiits 6f "Ehe T BulFarcreicer, it ling
of the 45 r @8R8 HilRPIEalt ofTPIuUte ABITR FRdEBBI BIPNAH EBE 2R YW spheres
cylinders, a wall thickness of from 1 to 3 mm is advantageous. It
30 will be appreciated that the unsupported catalyst may also have
spherical geometry and the sphere diameter may be from 2 to
10 mm. Useful coated catalyst geometries are likewise disclosed
by DE-A 10 121 592.
38 According to the invention, further multimetal oxide compositions
useful as catalysts for reaction zone B are compositions of the
general formula IT

40 [Y1a:¥2,.0xr 1p[ ¥3c  Y4q Y5 ¥0£. Y74, ¥Y2: 0y 14 (I1)
where the variables are defined as follows:

Yl = only bismuth or bismuth and at least one of the elements

45 tellurium, antimony, tin and copper,



0050/ 53493 @gBs6ypsab3material) of 4 - 5 mmdianeter, supported from bel ow
on a catal yst base). The reaction tube is then charged at an external wall
tenmperature 5 along the heating zone of 500C under cl osed | oop control

(based on a tube flowed through by an 4 %entlcal inert gas stream) with 9.3

1/h (STP) of. hydro over . _The drogen is then replaced at

const ant wakf 'y rﬂ?g'rgfjﬁ?‘émf?r}ds/tg’l]rytlif}g%t .6 1/h (STP) stream of 80% by

vol une of nltrogen and 20% by volunme of air over 10 30 min and then by an
identical syseampf AWLE: AhdtNYChkhdP1 MM an@olkes iRl ihal, ni ng the wall
tenperature, purging is then effected usi ng an identi cal stream of N2 over
15 mn ang finally reduction using 9.3 1/h (STP) of hydrogen again over 30
m n. The acttvatiam adkalhee csrtradhy metpl equircked , | sobdlsn coppéei enanfansse,
results in a 15 dghgr eggpadddivmeand fér Gleaicdeq, wi t h dehydrogenati on

catal yst A (reaction zone A reactor). 2. Preparation of a reaction zone B
reactor 20 ag Preparation of a starting conposition Bl To prepare the
starting ca¥ I'ystn@Il oFOBYrR) Y eNHLISEND TIR4 0L 4HDe) eieReapaty| ShrPminm,
portionsjign 5.4 Ilcexfiuwatrd wnagli@mand admi xed 25 with stirring with 9.2 g
of a 47.5% by wei ght aqueous KOH solution at 20C and then with 387.8 g of a
47. 5% by wel %%ueugk{s CsNO3 sol,ution at 20? whi | e, mai ntai ning the

t enper ature at 6 SFPtha%s(ﬁ’\}Fro}fﬂ°’i‘3n BRALOL RPN ution 2 i s prepared
by stirring 1123.6 g of an aqueous iron nitrate solution (13.8% 30 by

weight of Fey i ntép x%&égeérgh Gletdn, agy@%npogékéoﬁ‘i&n( ah@oﬁ@ﬁdm't 't%!?xt@xl@m5% by
b Py o e0 e lf‘f%n@u %I ontlgr?aisqgggf l?IP]éIHJ nt oI ?hg

period of 30 mn esl’ar

starting sol uti orf3t mGOE‘éJi‘g“'msr’r PPy WP Ha?sadena Brl%?a /9 of
silica sol (densi®%:uren3omg/ni: pH - 8.8; alkali netal content: s 0.5% by
wei ght, 50.0% by wei ght of Si 02 manuf acturer: Dupont; LudoxTM are stirred
into the aqyeous Nk 0p, Qé)t ained (at 60C). The aqueous mxture is then
stirred 29 tor a hér 15" m'nut es. The aqueous suspension is then
spray-dried (exit terrperature. 110C, spray dryer fromNro DK, nodel: Nro
AI'S Atom zeb’MebitmonMonartocant ri fugal atom zer fromN ro, DK), to obtain a
spray powder of particle size from20 umto 25 umhaving a glowloss (3 h
at 600C under ai rg of about 30% by 45 weight. This spray powder fornms the
starting cofpoSi txaR B1t° 40050/ 53493 40 b) Preparation of a starting
corrp05|t|?(§n B2 1715.6 g of tungstic acid (72.94 by weight of W are added
in portionsgto_6 3A4p 9+8f > n aqueous tungsten nitrate solution in 5 nitric
acid (free nltrlc acny 4% Dby weight, density: 1.24 ng/1; 11.2 by wei ght of
bi snuth) at 20C with stirring. This gives an agueous suspension which is
stirred at 20Cfpsic furfhem @ to 2This is then dried by spray drying (exit
terrperature 110C, manufacturer: Niro DK; nodel: Niro A/S Atom zer Mobile
M nor, 10% ntrif atonm.zer fromNro, DK). In this manner, a spray
powder of partrcl ???e P;ngm 20 umto 25 umis obtai ned which has a gl ow

|l oss (3 h at 600C under air) of about 12% by weight. After addition of 37 ¢
of water, 4@0 g ofrdrhiostBoygler are kneaded using a Werner & Pfleiderer LUK
075 kneader (kneader has two signma 15 bl ades operating in contrarotation)
for 30 m After the kneading, the kneaded material is roughly divided and
dried for 2hti Fn &raef\8 fg &¢&bi net (Binder, DE, type: FD 53) at 120C. The
entire amount of the dried material is calcined in a nuffle furnace from

Nabert herm 5@ gcit bout 0C ove 20 .under _an air stream
of 1000 1/ (SR e, vkt a0 PR bycele hieiET, o) dayShirc
the muffle P rﬁé%’éemﬁaé’ﬁ'—flﬁﬁ tRen REYEeR cimath GRd terrper ature is effected
linearly ggom25C within 8 h. 25 The calcined nmaterial is then mlled to a

nunber aver Qalru; r% Shase (A gég ﬁ)rf bon, g,olrtgest di nensi on) of

about 5 um m xe th 1% by wei on t e Si02-free conposition)
of finely divi ded Si 02 (buI k density: 150 g/1; nunber average particle
size: 10 umIfl fagexsdblei kBBES prthenzul oimelt £l roxidei conposBELIo8S FLrdaperiaeea:

100 n2/g). thirseldihdislohl "BedithsSwBieh NOres GRNOKIESDFBA their local
45 environment owing to their different composition from their local
environment and of the chemical composition ¥!,.Y2,.04. and whose
maximum diameter (longest line connecting two points on the



c) Catal ystoosepssasgon 35 1096 g of starting conposition Bl and 200 g of
starting conposition B2 are m xed honpgeneously with the addition of (based
on the overall conposition of Bl and B2 used) 1.5% by weight of finely

di vi ded graphite (accordi ng to sieve l ysis 40 mn. 50% by wei ght < 24
um 24 um < max. 10% ht < 48 u?ﬁ%ﬂS% ht > 48 um BET surface
area: 10 er?ﬁSfaé'se a(bPaﬁﬁﬁif YREA. Ofnihe dﬁe\?égn RAFEE AN FRIPYES thee

fol I owi ng noate fcawenfathetisiodrnondt rirqmaflt an tal Kham ofjequentipl y@0g 2
W3) 0. 5 ~ML2C5nm Re? 594 Sir . &0 G301 QB xal 50 60508 58493 41 Circul ar solid
tablets of diameter 16 nmand height 3 mmare pressed fromthe m xture. The
pressing gressure is 9 bar. The tablets are conm nuted and sieved through a
si eve (0.8 Whthea9agrzEy. the, Shapiag; fheuhemarhsstade ORr BULhinetals peide
after 5 addronpesidfions, Bycakslyistsoappivple meltbnetal oxidhecorpagittionst he
mat eri al whithcgaases.t hrough the sieve) is tableted in a tablet pressing
machi ne (Kilian S100, pressing force: 15-20 N) into cylindrical rings of
geonmetry 5 mm (external dianeter) x 3 mm (height) x 2 rrmghole di ameter).

10 150 g3 fTPﬁe&"eeHairﬁ@§°ar%f aldinesel rP’%dFoFe’éHC’sa‘itrl%\?eﬁ (PRlFYEREr &5
about 80 1 dapeicitied), dorfexdmpide, b E\B-Alﬂéémhe%ﬂ-fmg%%eﬂect ed fromroom
t enper at ur epEoeA 180046 BB7 natl IDEaAd10hixl ts@zperature is maintained for 1 h;
b) linear heating is then effected from 180C to 210C within 1 h and this
tenperature is naintained for 1 h; 20 c) linear heating is then effected
from 210C t BE2GH(OMiZORPNB 11 MASE ERPLLY HRSSEERArY % th‘%?n?‘éﬁ‘% edFtern; d)
| i near heast whgse scatikdysef fehasedrer ohapEBCwish46@G Misthi Ahe@ScdnfEigurahdon hi s
t enper at ur emag PAidHtdredd £imilk@ B €he fiaarhling éheroweniisideft to cool by

itself to resmtenuanat ipea (agdls dr&)pE-30 2801 69 faletﬁetbaﬁtfaaﬂ ci natl on,
150 1/h (STE)4 fdnr o%r tt e BYRBryidY \?@QCE’ 89“%} g\§h grmns the
h

B
HUHI o E ot R 9500

mm wal | 20hi ckness: 40 2.5 mm internal dianeter: 15 nm reactor material:
V2A steel; erearééHﬂl%etéﬁﬁé’@dﬁ%RQQtéex?éra@l 0Bgbh @boﬁ'%b 7% 6RO Fhel engt h of

1300 h
t ube |menng: hS?a5‘%?'&{1liflL Bsbife 1 oinBladdit gf,ﬁn(g o esa”:@riﬁjfgﬂl ni ng

charged witf 'ch"ér IgasTﬁ%uW °8fv 650
nm The posi PFO?P”Eﬁattlﬁé Eﬂ'f%t]ri&ﬁé:ts BédfF?ﬂ"c%\é'leeﬁEWo]rF Oube 230Qth

| ongi t udi2$ak0fP dpdi-nt. The remai ning reaction tube vol‘ume above and bel ow
is filled with steatite 0050/ 53493

i
In principle, reaction zone B may also be configured as described
for similar reactions, for example, in DE-A 19837517,
DE-A 19910506, DE-A 19910508 and also DE-A 19837519.

30

Customarily, the external heating, if appropriéte in multizone
reactor systems, is adjusted in a manner knowniper se to the
specific reaction gas mixture composition and ﬁlso catalyst
35 charge.
|
The molecular oxyden required in the reaction zone B necessary
for the invention is normally added in advance| in its entirety to

the charging gas mixture of reaction zone B.
40 ‘
Normally, a molar isobutene:molecular oxygen rﬁtio in the
charging gas for reaction zone B of from 1:1 to 3, frequently
from 1:1.5 to 2.5, is set. i
45 An excess (based on the stoichiometry of the ghs phase partial
oxidation) of molecular oxygen generally has ah advantageous
effect on the kinetics of the gas phase oxidatFon in reaction



42 spheres ¢overs34vserial; 2-3 nmdianmeter), and the entire reaction tube
charge is supported from bel ow on a catal yst base of 10 cm height. 5 3.
Preparation of a reaction zone C reactor a) Preparation of a starting
conposition Cl1 10 4620 g of (NH4)6I\/D~ 4H20 and 153.2 g of NH4V0O3 are

di ssol ved at 60C wi_.th const ant st rri r eheat ed to 60C.
Whi l'e mai ntZ9 iy EReCORTRASEALAr EhS (S %%etlazi i e raeoBieh 28, 3

aqueous H3Poa apsiliedoacerrdiagded the pWiveation hﬂse WE@P%HW%%FH"—P% n
with stirriig.rddatibnlfoe B afredsabbstaritimliyl et enf3uended Han t3&7m8lar of
pul ver ul ent r ShAQt( $0086 M Niricee}hal KetdiyenB860E PPIctady zdegd<L phbbeNg

m xture '§ bA5 d41 Qaﬁpo%@ WsbBh fertd d ﬁe{;ﬂaegdareqnlls diudiiahbele 424.9
g of CsNO 1.SSO ved at 90C in 850 nml of water preheated to 90C to give

a sol ution I°"%#le mai ntai ni ng the tenperature at 90C, 446.5 g of an
aqueous 20 copper nitrate solution (15.5% by wei ght of copper) at 90C are

added dr opwigeptihcTpXbyir £t LisnithBrardrdlidlse hbBssMlld ,N¥QUSeRAhgld, NGo
Spray-dryi n%%af&ﬁgncﬁﬁ&&t ako &a@ tlntt%npgaééwn z%elé% (aN'mBQaPK

nodel : NllbO cent zer

m N
A spray powdeFeHt | ?Pﬁ%?etosltzhg P?g Wity CXYEEh 3 (aJ{n %tm'g %%?a’ t%g Pe
forns the s%—&?}‘?‘%trﬁj‘ecéﬁﬁ’b%]r]tx @ﬁse’_’t‘e%nﬁl%zﬁ’l@hgffﬁlql&\ﬂeﬁﬁ #@far el enental
stoi chionetry (after calcination): MJyPl.5V0. 6CS1Cup. 5Sb1S0. 040x 30 b)

Preparati ony O}E At 8bhikog .g{mqaé' hb?&ﬁ%ﬁ%ﬁzaﬂ ere%'l\eeau&@&taﬁb%RB

tit tent of ded th
(senay mont: LelaPi idpas Shoasito dlacty Hatiiq IRl padtce lagenoes

a solution B%XW @ gbBFO’@(WO(}FZ“S%Z%? ichazge ¥RASKICB ZP’éesEi i¥ &® into the
suspensi on. pPFht e yiare oxpgem fidotedsube moileguhnr ghitrogenirred at 80C for a
further 2 haavahtsyeohelyspairy wdlileHe (wsed aserperatyyen: sdibce N rleadd €K
nodel : Ni rochbexr A 3er cthdltide’d FbPROfolde@ilaki biipddn als@itéetnd mMaprdgen, DK).
The spray PougsTeddR asearfa GleRcti&f %ncfz% mdf b@nl&%agce& m% $REAY

powder ar2@ ther na Ln_a c rotary.furnace (length of the
cal ci nat i on*ERAMSE %@sgﬁmn‘}n i Y8 ﬁ% %Ir alr?etaeyeriizs % "&hi | e passi ng
t hrough 200 1/h 45 (STP) of air as follows: within 1 h, |inear heating is

effected t OHéé&Qer Llangafth&atdmghbsmmmrf B8y §&h tﬁéq&@.@@d%\fré’ﬂaﬂlﬂrlh
%%aa eSEPé’%&f b%og&mrﬁldﬂ in Bné du%@.5§é§3493
(o4

f d
f\hteﬁr\tNgr 430& h@?ﬁz{ QS)%E Eq& nea at i
ef f ect ed 2t50m7‘-\1‘ ollfﬂﬁﬁ Y d(I)Vld'ﬁ{c?e aecftailt 0 &£°0% \%&FVFE r ITHIHER RN ch

has 5 a spedFfJtVeSETLOs BPfBR¥ES S*yIeBf ‘E)l@ eopgained thesrdnr FurtheT he
starting compefil iaxyg€R apuircashsisahile aln ycheageatbiali fZongcinendeef | ecti ons
of CuSb206 mebaperat ioxggepedi IutedlwitR 8ihdrtomasae sdPD3s| ADN icadexpbldhe
starting COGEQéétlenaﬁa/J?ﬁSsétlﬂlQaf:@Jﬂ irftgaBbas . elredRahple SdOistbhogt ry: 10
CuSb206. ﬁé,) ggtéﬁyééur%eﬁzér@tdme %@met £roth éﬂzeep%éééé "ghooRERAg! tion

Cl and t D 1fve ggSPn%R#ﬂf ched 1§¥gjgghgglon zone g X1 hg

st oi chi onet §7
(Mp12P1. sVOQO. sCsl Cuo, 5Sbl So, 04~x)i (CulSb206)0.5 are intimately m xed. 2% by

wei ght of firpelye dndcd8d 86¢@PRHinG to the invention, the source for
molecular oxygen in the downstream reaction zone B, apart from
'35 any molecular oxygen already contained in the product gas mixture
A’, is advantageously at least partially and preferably
exclusively air.

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

40

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

45



20 (accordipgsbpssaeye analysis, mn. 50% by weight < 24 um 24 um < nax.
10% by wei ght < 48 um 5% by weight > 48 um BET surface: 10 nR/g) are then
adm xed into 500 g of the abovenentioned m xture as a tableting aid. 25 A
tabl et pressing machine (Kilian S 100)2§' s used without the addition of
further additives to shape cylindrical. Tings of geonetry 7 mm (exteynal
diameter) xUICHEEEEGHEIPUE SRt PR TRl AT SHEYEFTIaN Gth LREPHSATAS TAB 500 g
of the ringseagteianh@ane hkraffording ek &g AnyerbieedSaPreéeerPNEhaFt Per m
capacity abaul7 8®1%) moderpreferablant 3 modfr emdnn(ds30 pietheX8IR) ~ kg of
solid) as fgléoumlsheahblgrilarehiecégsh qlopteaChaiTy oaedbar tiyddddenyhi | €

mai nt ai ni gon} gl IeBEREAT A Byl BABRIAL WpB7of ! uddid sAR0a 22 MnARASL he end

tenperature 0 30 m nutfes.each. Finall t he tenperature i

| noreaged af SRR ARIERS A Ay PEoaTar S olnieds A d: JELPENT ARl ALY ned
over 6 h. 43l¥RciMadd PBOWMh off PERREJIIMET 4ATR¥IRr AYdrecarRPshénrol | ow
cyl i nders apthgr doesrtedituenipglalsehavionpverl, ohbestsalivrynsldehysde &ang - 3 mm
This spall festhmcyicubtideiaitenttabystimi@imizbd irsetdordarestwinh zaee C. 45
?030/ ?3433 fﬂﬂv@!atiga@rS gt NPs Cgsstélﬁﬁiﬁﬁ_a%'% za0enidieagher gfe uditaircal rgact or
ube ube s - hi , er er: mm
reactor mat é?&g‘%&l\%ﬁggt%@@# ag'g ?ﬁ%%gt%?% MtBREeLgtz %%{éﬁ%'

| ongi tudi nal midpoint |ength of 1600 nm is charged with 75 g of the

mul ti metal advaletagmioabysétdlyskEse fbenggdrtdiont hene at alrgstiibelbse’l, 1@00 nm The
posi tion of ekhfpXat dyysk-Refiosvebheusendt i1gs Ludbe ussadb 168 16¥)gi t udi nal

m dpoi nt 15456V AN 4DRLEW. ud e of S8R INULRELA O 18438 2¥ 8l Uik des phehid | ed
with steatite spheres (1 hert ter#]a' |amate%: 2 mn fﬂﬁ thE entire
react ion tUBLERNRAE FhS ATt BHCR GHHSGR- ofd 4"t 2Py o Lyhtenty SRy oy
10 cm The PBASRRATAG t GBRY | RFOmazily HompTEEechetaHcdE AR PFANSIEARMNI ng

t ube | engt hmatalhie tedbmeris+ iins pashiewlay copperctvaredlivheatysapilgands. 15 4.
Per f or manceantimdrg; ,pestas @t aldbngotasdiue i( 0¥ ergi-an 442930, reacti on zone
A react 0120f e lagi1f248n gxigryalgswsh), 20 tenperature al ong the heating zone
of 500C under closed |oop control (based on a tube flowed through by an
identical inert gas strean) is charged wwth a reaction gas m xture of 20

1/ h (STP) oPE+kcHutdddelliosugdestsTmilvimetial grilde qpmposfitiersmmt 2BeThe

i sobut ane i genet&r edbrimnlasiIm a mass fl ow regul ator from Brooks, while the
water is first metered into an evaporator using an HPLC punp 420 from

Kont ron, 28vaporated in it and then nmixed with the isobutane and the air.
During the charging, the tenperb®ledBd& the ch&f§Thg gas mixture is 30
150C. The starting pressure in the tube reactor is set to 1.5 bar by neans
of a pressupg.reoulatar;hiam REKOdispased abiibgs s eactor exit. Downstream
of the pressure regulator, the product gas mxture 35 A is depressurized to
at nospherj c pressure and cool ed, and the steam contai ned therein condenses
out. The 3§as:r enaMoi g 3SXalkatyed by nmeans of GC (HP 6890 with

Chem - St ati gn, dehgc)g.;o?: FI D, TCD, separating colums: A1203/KCl

( Chr onpack) , "Car box&n 9 d’f@ (Supelco)). In a correspondi ng 40 nmanner, the
charging gas mxture is also anal yzed. After an operating tine of three
weeks, the kbéld4 owlpgofindliyhi apl to esuiniod taney At aepedced Dy ammonium, K,

‘35 Rb and/or Cs,
X2 = V, Nb, Ta, W and/or Re,
X3 = B, Si, P, Ge, As and/or Sb,
X4 = (Cr, Mn, Fe, Co, Ni, Cu, 2Zn, Mg, Ca, Sr and/or Ba,
40 X5 = 8,
X6 = Cu, Fe, Co, Ni, 2Zn, Cd, Mn, Mg, Ca, Sr and/or Ba,
X7 = Nb, Ta and/or Sb,
45 a-= from 1 to 3,
b= from 0.1 to 2,

c = from 0 to 5,



0050/ 53493 @656/48€49% Charging gas m xture (~ by volune)Product gas m xture
A (~ by vol une)i sobut ane5033i sobut ene- 10N t r ogen2017. 5St ean25260xygen5- CO- <
0.1C0Oz-2 . 5Hz-11Propene-< 0. 1Propane-< 0. 1Et hene-< 0. 1Et hane-< 0.1 These
val ues correspond to an isobutane con\éeaf'si on based on a 20 single pass of
25 nol % and a selectivity of isobuteneTormation of 90 nol % The portion of
the reacti of Zonef % datPot’from2. in the oven i s maintained by cl osed

| oop controé at afpr@extoersal,wall 25 tenperature (based on a tube flowed

t hrough by ?n_i dentic%l i nert gas strean) at which the isobutene conversion
at a singl et pass Bf°% e *Pedttion mixture is 98 nol % The heating band at
the react jog + ubefxsit rasceo(wwre the catal yst base is disposed) is

| i kewi se setf to this tenperature and the 30 heating band at the reaction
tube exit i8 Set tiP% % &fpdtature 50C | ower. ALl conponents other than

| sobut ane angy i=sohuiilere @héch ey @@ tbrnimdddyprbducilagay @ndt firaguencyhe

remai ni ng m Xt ur e fehkd elbhehts Denek LB W 8RnANE 4,5 1/h (STP) of
i sobutene together with 45 1/h (STP) of air 'and 7 1/h (STP) of steamform

the chargpng gas Rixtlu@df 8r=theé% eacti on zone B reactor. The tenperature
of the chargl,r? g&fe NMirtlde®s | StHdICpafChetd WhdBe £RE1Dp/RXEEI BAbm VWE0: 1

tenperature. The sfafli RaPLRS SWabhdalq! BE I HACKObs | Sné & diBnilndedbar by
means of a pressure %ﬁ%u at or Cliﬁj %eélat the.reactor exit. govvnstream of
the pressure reguf@tor-fRs®p? sguc s ‘fﬁrﬁ‘g}g 4 B“t‘flé(r]rﬂ%?‘_ture = 300C)
i s depressurized %?\%F%Hllfrfédw’ov%é}g% SPmRSBENEPAGBD ORG MY lERBRAISOXiABN,
detectorgs TCD, Fe®npasdifdeat ifigless tims: 0 Pt aprefeaibGhrliesgatkan GROkoxen
1010 0050/ 53493id pArBipalan) Jesd rhan 0denti cal manner, the charging gas

m xture is also anal yzed. After an operating tinme of 3 weeks, the follow ng
results are 5 obtained: 10 15 Chargi ng gas m xture by  vol une)Product %as
m xture B (%‘?.QQ%H%&B&?%%&‘PZGFBPE%W&B?SE“ fraction [A]p in the form
0. 1H2- - 021206 3NRERH4ILmENSIONE hegioheik-of zhenherk ydompoast b 20 whigh These
val ues c@oOr espaddl indtad fsabuihede Tocwkresivitohasetd owingi Agl thgiass of 98

mol % and a gekestdnd theRicd®idiapbslelidh faldmehe ofr&tih fBIJ0in the form
of three-dimensional regions B of chemical composition B which
are delimited from their local environment owing to their
different chemical composition from their local environment, and
25 the regions A and B are distributed relative to each other as in
a finely divided mixture of A and B.

DE-A 4405060 recommends similar multimetal oxide compositions for
a reaction zone C. Like the multimetal oxide catalysts for
reaction zone B, the multimetal oxide catalysts for reaction 2zone
C are customarily used as such shaped into spheres, rings or
cylinders or else in the form of coated catalysts, i.e. preformed
inert support particles coated with the active composition.

30

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

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

40

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



25 The port0050963488 reaction C reactor in the furnace is naintained by
closed | oop control at an external wall tenperature of 290C (based on a
tube flowed through by an identical inert gas stream. 30 The heating band
at the reaction tube entrance (where t catal yst [lacuna] is disposed) is
set to 290C and the heating band at the reaction tube exit is set to 200C
The char gi ndF YS9 fﬂ'{f}i‘%abl% idd 1A e 5 |%ﬁ@&n@u@}"egﬁa&tol@?%m‘%ﬂgnof 29
1/ h (STP) otorgC.and the product gas mxture B (73 1/h (STP)). The
tenperature of the chargi ng gas is increased to 290C. The pressure at the
reaction tupe eX|t b usin ressure re ato dlsposed
at the reg CP BT &5 gt"’lr t ereél%w gt]ﬁeacuon fe ér)ec{a%’leatlng r?eﬁi tt gas
mxture C (Féﬂi‘%x’%\tsﬁllé. ?@O’O) the WWPZE%%M%H&F?B’B@W ﬁf@éngmﬂ% of
GC (HP 6890rencticdh&nne P ancbeadebierntanns: CTORy B4 Ppegepad aithgrcohums:
Por apl ot Q ¢é&burrgmacky, eles hiox epuidBdfeurr@dh0/ 584813 14 be( Spipedciated thaw

correspondi pgod@iIgentt bfowéﬂa{agl RUs8ase Bupkvifpbsed! gomaaaayge% £Abf; €5 an

‘éﬁg: glt 'nggg;{s-.ﬂ@ Qmper Qgﬁ}% mév O%an QHSM ”c%er %%HL tart%béé § H89cuilrly
Vol unre) BaSETPHALE R 1 3R HASVERLPYSE ShesRERRECTy 1Y AEPU BB 48 2 These
val ues cor r E3PHHENto O h%t‘FP&H\*GFSPﬁr%\Fé’r $hBnreREtEPo A | Hitditfass of 60
nol % and a sel ectivity of nethacryl ic acid formation of 81 nol % 20 5.

Conparat | ve,alas af) y T I0Ge) %0 20R0NdLag. oyl *}%ac@xsmcﬂgegagcgmlélg to

4. is repeat action zo agged

eac
t he char.gisng® g%%c%\ﬁf‘ﬁﬁg ‘?Jhcé’g’% guﬁd G ARCE OB wfﬂé”éﬁ'%llf"g
m xture A (2hangs qhanpes oForfifsPRNaingbhAloranthe ndivigug T‘P‘)téils}’s team) and
45 1/ h ( STPjubés aiThe 8hafigre dfoddiengatdluste tobes| wisth chaadest mayhe reaction
zone B reacbptiondlly bebimesaruptddony gan ineracbed diprglay 941513/ h (STP) of
I s?b;ﬂ e?e ﬁﬁﬁ' -8 /98165 TER -9 DEBgeAn@DE-A éeaam@ls Emchoadema YrokBaure
catal yst c [ 0 en
'S 3.8 100 ZET% éﬁuﬁt’glﬁﬁﬁﬁ%ﬁ‘n&@ﬁ g o d‘f§€ 2;%‘% %?E'g'f‘&f 08 8200
After an opBF % iFRe20FY B S8R | 8 rBeE| f’g a‘? obt ai ned:
40Char gi ng §83ligakigre tbe U&ol\?ﬁl‘l&ﬁé)%ﬂﬂktreg%r?ﬁ ﬂ%#@aet{% ppne C
vol une) N25585@&dbha5HRO 184 BB ined in the charging gas mixture for

reaction zone B.

25
However, preference is given to realizing the two reaction zones

B and C in the form of two tube bundle systems connected in
series. These may optionally be in one reactor and one tube
bundle may be connected to the other tube bundle by a bed

30 (advantageously accessible on foot) of inert material which is
not accommodated in the catalyst tubes. While the catalyst tubes
are generally purged through by a heat carrier, this does not
reach an inert bed installed as described above. However, the two

. catalyst tube bundles will advantageously be accommodated in

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

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

The reaction temperature in reaction zone C is generally from 230

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

1l to 3 or 2, bar. The gas hourly space velocity (1 at STP/1l-h) on



Met hacr ol ei po8o}s8dBshacrylic acid< 0.10.9 0050/ 53493 48 These val ues
correspond to a nethacrol ein conversion based on single pass of 40 nol % and
a selectivity of methacrylic acid formation of 75 nmol% 5 B) The process
according to the invention according tp. 4. is repeated, except that instead
of 45 1/h (STP) of air, 9 1/h STP% of“‘pure nol ecul ar .oxygen are used for
the char gi nEPgRF¥Gt1PRCH LHHNSTEN L oFRAGE 1080 Lt BF . chATingt gps mixture is

i sobut yr al déhg@eentlys§bomy¥qdd &oi d5e@rener ofo t4980phoduct gas mixture Cis
10 perceptibly increased conpared to the experinental procedure in 4. 15 20

25 30 35 40,45 0050/ 53493 4 clajm 1. A process f.or prepar.in

ot hacryl e At PRI bba e By BOLgeuds BePasty T PRdbtrait | Asaen
reaction zZoA¥IM NI, g8RE | L TEACELPT VPN CeFBY R ALYy PEARATSS dd

dehydr ogenaafivanden tohshgashanwise gas fokxhureppddreactiiont apre /B vini dlys

conpri ses i snbitetiye dbdevscOontektizll H dpprleviated tHatusuppglémentazabat ane-
and i sobut epeek AUlyen ﬁ\ggpé%l% g28edied Wreef FOAIDNISoRe BAGHON zONe B

and subj ect } 00, LG de39BY AP 41 EEACLA QPhoATBE Br [ IRECELL VEaab? 1on

het h
B A I N W L LB

with the prédiserisfat the nol ar conversion of isobutene is

Since the molecular oxygen used in reaction zone B is also a
component of the charging gas mixture of reaction zone C, such
oxygen supplementation may be carried out by means of pure
molecular oxygen. A further oxygen source usable for such
supplementation purposes is molecular oxygen diluted with inert
gases such as CO;, CO, noble gases, N; and/or saturated
hydrocarbons. An example of such an oxygen source may be a cycle
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.

15

20

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

30 2-5.

Frequently, the process according to the invention is carried out

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

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

zones has been converted.

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

40

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

45



>95 nol % an0020/53493i ng t he net hacrol ei n-contai ni ng product gas m xture B
wi t hout precedi ng renoval of conponents contained therein to charge a
reaction zone C and subjecting the nmethacrolein in reaction zone Cto a
sel ective 25 heter ogeneousl y catal yzedypartial oxidation using nolecul ar
oxygen in t e to far t hacr c acid-c qnt ai duct gas
mture G Rt SRR e el vy WG 1o Rbhe oS ralare: Pud G oo
ot her than P%ﬁblﬁua’ﬁésahﬂelrﬁﬂﬁ‘}tléﬁes??&ﬁnthe i sobut ane- and

i sobut ene-cont ai ni ng product gas m xture A before it is used to charge

reaction zopg, Bye 09 nhnLE Ay Qtthﬁb te%ﬂngérﬁ%%&% a&?qi'ﬁioedch'e”hB?aC“ on

zone B to reac#ﬂﬂon zone, acco n|e éb‘{vﬂ a |trogen 1.n

ratio R of BEC O8PPSR G R ‘ﬁlb? &P SNt T YFER 9o F© f?tb?nlfvf“ﬂtbori 10.
2. A procesBans2kfoabredsed &8 & ﬁ#{eCWYePﬁ RO?%lffgr &he1PBoduct 98§ 40 3. A
process as mimtured B hefbrgé mtl iswheeditp Rhiaggerveacti®dnt gone6C. 4. A process
as clainmed in any of clains 1 to 3, wherein air is used as an at | east
partial source.of the o%(g%‘%g‘ regw rfd in 45 reaction zone

. AF. AF. A3g. RRE T ofyctag RECAC YLo0V 188 REFCWEOR A’i‘—"nﬁYCAJ?s JRERTAELY A3. AY_.
AF. AY, . ASY. POMPOERAASYbAFANY i AR YAVS. mm}lAWW:AmeAhacm_@lAm A AYy. Al F_
. A y. ASR A GBncdijvertR@FrmdbduiaY? pxyg&tq isobutane, molecular nitrogen,

{zt 0i c"YSU| 583 4m] roablbaakh calwadreahéa dmbealbed] £5]Ccavl cadeajaegU] ca] cal ca
] caU] ca] ca] é G Aglciﬁlycﬁlnf@éalca@c EE]EE@&&J Q:%rpg’)h oxidds| FPMned a

Qriwr |l ga\ Vi c_'a o ca] cal u uea]sj g ca cf:a]lggUllgaa] ca] caU] ca] cal]
ca

caj ca] cal.1]]5c ca ca ca ca

f Oaf c ks &ﬁh@a] ¢8®ftal ca
] caU] caj caU]iéhl}Ga@U]Q@aFéaLPc%U]s@a?PéﬁQ&ﬁW ca chﬂ%’ly]&’é‘a]: cacid ePREeRtI $#% %
a%OBA&L &N&&EE€ (m)riimized in accordance with the invention.
)j)k)s)v)| )}))))*~ysn| d _ZUU] ] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal ca] cal] c
a] ca] cay] caULca cal caUl ca cal.calU] ca].ca]ca
*% %% | *** jpgyFhe eth CR ig(%c?g%g]a 4 35re oved from the prod ct gas mixture

7~ysnhc] Xi dCZLIlJH G]%@@Fch?%lﬂp@a] €8t ca] ca] cal] ca] cal] ca] cal] ca] caU] cal] ca]

cal] ca] ca] caU] ca] cal] ca] ca] caU] caljca]calcalcalca 7

7f 77788999: . <<Z=] =>>77? falVi
cal] ca] ca] cgﬁ cgiﬁc% Qf%% éﬂigp% Cag égﬁ%kﬁ@g I?] ngcggchg
] ca] caU] caDEE PEaJ !\gﬁb % ca]

cal ca] cé’]%&?)]"é@@] cHltha ] £@} dUMeapRhEgug] ealekgc &) EQFB%RJ]Yé-aFcaGJ]- a] ca
U] ca] ca] caUlbale akdyc die; Qp QYrigrQRRRISATIAAALNAK, for example, by the

XXX$Z' Zb[ e[ \ahaliidmld‘fa\sh(amzau\eﬂuu@]scak qag}@xaic]hcabﬁatﬂ&a;h@amae}a@lﬂ qakea}] ca]
caU] cal] ca] gay| cale alkead Sf‘éﬂ ‘Eﬂl&adrﬁia] cabl sqd&Aldscal 9111-_0_I°

a7aaabbcceg eee q_JhI\/h txvq{i% JEJéJ]t a]o ﬁl%}‘ C?nll a] ca
0 e ol et e i e e Y

aU] ca] ca] caGP@a{t%!]fca@]tba}ca]l‘@ﬂg] Uﬁ@)]”@a]%ra‘@] é‘é}’c}a@]&ﬁtﬂaé&méljm d&e] gas cal
ca] cal] ca] cabhsa] talWwoaveathciapreripitdfansk| Rfterwardsy~thke|, ¢&3ad ga\ W d_ZUU
1 U] ca] cal] g2baadd Ggaa]scanh&ea:}@alé] e;a]aﬁalb&wa]ocahcawm]m}tca%ﬁaaﬂ ca] caU] cal ca
U ca] ca] ca] g E%: &Xamp l‘egré’ randoml packed column,

VYL $[ " PS| a0 5@1 Jl ca a ca c sa c1 U cé ]o%a] caU] calca
U] ca] cal ca] ch ]ca&h calca ca < %S

- >0<. 1LOXzt GRBARAYY =e£ 85 'E% % h(,ea]El Rip a' Ea]]c’a'] caU] ca] ca] ca
] cal] ca] caU]C@H]ltai]@BF]r@a}]tca? c‘ahﬂ Fdpénpcars cé‘lb]ecaPEatemperature may be, for
dort v_b?BADEexamiie Zld3eCYatd |thelUpoathr ajampldiratth e a] iraUexalphd c 40eaU] ca] cal] ¢

a) cal] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca] caU] cal] ca] cal] ca] ca7: 7: "

;] (I:EZnU]nLg} cakfeg\ V %ﬂ%?&h‘ﬁ%‘ cgﬂ} bgaU] cal.cal cg]é %‘,1- [Ta‘]cca] ca aé] cal caUlca] c

o</ : =2} xr ngavﬁk ax \RAIPIPBAT ¢ ALY e ale Q)a]f@é}]iéa‘U] cca]té&]:@aU] cl%al] ca] ca]
cal] ca] ca] c&drma¢ caddd apdadl] sa ] fajmed dbbyde alddc abl caddart4indlaehydd epdDhi | } ?J
'VNa} quu}‘ a[ ]Vlifsabt{ H&a@hﬁaksﬂwcﬁa}tﬁaﬁaﬁ]gma&cgj cﬁ%&aﬁg& Cﬁ]T%:&U] tca] ga]Y
caU] cal] ca Eﬁgg a v+ cytoi d®
SU] ca] calyscal ca ca] ca of@ %J? ﬁnca c% ca&%aU] c%]aca]gca]géqaa] cal] calU] ca] ca] ca] cau
] ca] cal] ca] caU] ca] caU] ca] cal] ca] ca

>A69} TW upj e_ZTi d*YSUU] ca] cal] ca] caU] ca] caU] ca] cal] ca] ca] caU] ca] caU] caU] caU
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ure. lar y useful absorbents also include octanes,

nonanes, decanes, undecanes, dodecanes, tridecanes, tetradecanes,

20 pentadecanes, hexadecanes, heptadecanes and octadecanes, and
tetradecanes in particular have proven particularly useful. It is
advantageous when the absorbent used on the one hand attains the
abovementioned boiling point and on the other hand at the same
time does not have too high a molecular weight. Advantageously,

25 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
are likewise suitable. Examples of useful trade products include
the products sold by Haltermann including Halpasols®i, for
example Halpasol 250/340i and Halpasol 250/275i, and also

30 printing ink distillates sold as PKWF and Printosol.

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

50 bar, preferably from 2 to 20 bar, more preferably from 5 to

10 bar, and a temperature of from 0 to 100°C, in particular from
30 to 50°C. The absorption may be carried out in absorption
columns, for example tray columns having bubble cap and/or sieve
trays, columns having structured packings or randomly packed
columns, in trickle and spray towers, graphite block absorbers,
surface absorbers such as thick film and thin film absorbers and
also plate scrubbers, cross-spray scrubbers and rotary scrubbers.
It may also be advantageous to carry out the absorption in a
bubble column with or without internals.
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Particularly suitable gases for this purpose have a heat capacity

of 229 J/mol-K (based on 25°C and 1 atm). For example, isobutane
may also be used as such a gas.

15

The isobutane and/or isobutene may also be removed from the

20 absorbate by a distillation. In order to minimize absorbent
losses, both the gas phase resulting from the stripping and a
rising gas phase resulting from distillation may be scrubbed in
countercurrent using water. The scrubbing water used may be
condensed steam contained in the residual gas.

25

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

Further possible methods of removing isobutane and/or isobutene
from the residual gas are adsorption, rectification and partial
condensation. Preference is given to carrying out a fractional
pressure distillation at low temperatures. The pressure to be
applied may be, for example, from 10 to 100 bar. Useful
rectification columns include randomly packed columns, tray
columns or columns having structured packing. Useful tray columns
include those having dual-flow trays, bubble cap trays or valve
trays. The reflux ratio may be, for example, from 1 to 10.
Examples of other possible separating methods include pressure
extraction, pressure swing adsorption, pressure scrubbing,
partial condensation and pressure extraction [sic]. For the
purposes of a fractional distillation, the separating line may,
for example, be defined in such a manner that substantially all
of those components whose boiling point is lower than the boiling
point of isobutene are removed at the top of the rectification
column. These components will primarily be the carbon oxides CO

30
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comprising unconverted isobutane and generally isocbutene remains
after the methacrylic acid removal. According to the invention,

.15 preference is given to recycling this, as already mentioned, as
such into reaction zone A.

It will be appreciated that the process according to the
invention may also be carried out by recycling only a portion of
20 the residual gas unchanged into reaction zone A and removing
isobutane and isobutene in the mixture only from the remaining
portion and likewise recycling them into reaction zone A.

If the gas containing isobutane and isobutene to be recycled into
reaction zone A still contains carbon monoxide, this may be
catalytically selectively combusted to CO, before (or after) entry
into reaction zone A. The heat of reaction released may be used
to heat to the dehydrogenation temperature.

25

30
Catalytic postcombustion of CO contained in the residual gas to

CO,; may also be recommendable when removal of the carbon oxides
from the residual gas is sought before it is recycled into
reaction zone A (or another zone), because CO; can be

35 comparatively easily removed (for example by scrubbing with a

basic liquid).

When dehydrogenation catalysts are used which are sensitive

toward oxygen or oxygen-containing compounds, these oxygenates

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

45 It will be appreciated that isobutane and/or isobutene removed or
residual gas containing these gases may also be utilized for
purposes other than recycling to reaction zone A (for example for
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C 1s kept constant or increases or decreases al
reaction coordinate.

In general, operation is effected in reaction zone C of the
process according to the invention at a molar methacrolein :
oxygen : steam : inert gas ratio of (2-5) : (5-15) : (0-20)
(5-25) : (20-80) : (0—6), more preferably of (3-4) : (6-10)
(10-20) : (10-20) : (40-70) : (0-4). Like reaction zone B,
reaction zone C may be realized not only in fixed bed reactors,
but also in fluidized bed reactors.

15

20

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

It is quite generally the case that when gases recycled into the
reaction zone A comprise 0y, this oxygen may be used in the
reaction zone to selectively combust combustible substances such
30 as hydrocarbon, coke, CO or preferably H; in reaction zone A, in
order to thus generate the heat of dehydrogenation required in
reaction zone A. Advantageously, the methacrolein oxidation will
be carried out with an appropriate oxygen excess so that the
abovementioned residual gas recycled into reaction zone A has a
35 sufficient amount of oxygen for this purpose.

Frequently, the process according to the invention will be
carried out in such a manner that at least 50 mol%, preferably at
least 60 mol%, of the total amount of molecular oxygen introduced
into the different reaction zones has been converted in product
gas mixture C.
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in 600 ml of ethanol are poured over 1000 g of a spalled 2r0;-5i0O,
mixed oxide.

10
The mixed oxide has a Zr0,/Si0O; weight ratio of 95 : 5. The mixed

oxide is manufactured by Norton (USA).

The mixed oxide has the following specification:
15

Type AXZ 311070306, Lot No. 2000160042, sieve fraction from 1.6
to 2 mm, BET surface area: 86 m2/g, pore volume: 0.28 ml/g
(mercury porosimetry measurement).

20
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; + 6H20
in 2500 ml of H,O0 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.
Drying is then effected at 100°C for 15 h and then calcining at
560°C over 3 h, both under stationary air.

25

30

The resulting catalyst precursor has a composition of
Pt(.35ng.6Csp.5Kp.5La3,p (stoichiometric coefficients represent
, weight ratios) on (2r03)9s * (8i03)s (stoichiometric coefficients
'35 represent weight ratios).

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

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

45 remaining reactor volume above and below with steatite spheres
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5 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
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
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).

10

15

2. Preparation of a reaction zone B reactor

20
a) Preparation of a starting composition Bl

To prepare the starting catalyst Bl, 2000 g of (NH4)eMo;024 -+ 4H30
are dissolved in portions in 5.4 1 of water at 60°C and admixed

25 with stirring with 9.2 g of a 47.5% by weight aqueous KOH
solution at 20°C and then with 387.8 g of a 47.5% by weight
aqueous CsNO3 solution at 20°C while maintaining the temperature
at 60°C (starting solution 1). A starting solution 2 is prepared
by stirring 1123.6 g of an aqueous iron nitrate solution (13.8%

30 by weight of Fe) into 2449.5 g of an aqueous cobalt nitrate
solution (12.5% by weight of Co) at 60°C while maintaining the
temperature at 60°C.

Within a period of 30 min, the starting solution 2 at 60°C is
stirred into the starting solution 1 at 60°C. 15 min after
stirring has ended, 157.0 g of silica sol (density: 1.39 g/ml; pH
= 8.8; alkali metal content: =<0.5% by weight, 50.0% by weight of
Si0;; manufacturer: Dupont; Ludox®TM) are stirred into the aqueous
suspension obtained (at 60°C). The aqueous mixture is then stirred
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 um to
25 pum having a glow loss (3 h at 600°C under air) of about 30% by
weight. This spray powder forms the starting composition Bl.

35

40

45
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11. 2% by welght of blsmuth) 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,
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 pum 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
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
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.

10

15

20

The calcined material is then milled to a number average particle
size (narrow distribution, longest dimension) of about 5 pm and
mixed with 1% by weight (based on the SiO;-free composition) of
finely divided $i0O, (bulk density: 150 g/l; number average
particle size: 10 um (longest dimension, narrow distribution); BET
surface area: 100 m?/g).

25

30

This mixture forms the starting composition B2

c) Catalyst preparation
‘35
1096 g of starting composition Bl and 200 g of starting
composition B2 are mixed homogeneously with the addition of
(based on the overall composition of Bl and B2 used) 1.5% by
weight of finely divided graphite (according to sieve analysis
min. 50% by weight < 24 pum; 24 pum < max. 10% by weight < 48 pm; 5%
by weight > 48 pm; BET surface area: 10 m?/g) as a tableting aid.
This gives a mixture which has the following molar elemental
stoichiometry (after calcination):

40

45
[BiW209 + 2 WO3]o.5 [MO12C0O5,5Fe€2,94511,59C81K0.080x]1 * Cy.
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(Nabertherm, about 80 1 capacity) as follows:

a) linear heating is effected from room temperature to 180°C

15 . . . , .
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;

20
c) 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

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

e) finally, the oven is left to cool by itself to room
temperature (about 25°C).

30
During the entire calcination, 150 1/h (STP) of air are passed

through the oven.

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

d) Charging of the reaction zone B reactor

A vertical reactor tube (tube length: 1500 mm; wall thickness:
2.5 mm; internal diameter: 15 mm; reactor material: V2A steel; in
a furnace from HTM Reetz at a longitudinal midpoint length of
1300 mm, the remaining tube length at the tube entrance and the
remaining tube length at the tube exit are heated with electrical
heating bands) is charged with 100 g of catalyst B. The length of
the catalyst bed is 650 mm. The position of the catalyst bed in
the reaction tube is at the longitudinal midpoint. The remaining
reaction tube volume above and below is filled with steatite

40

45
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10 4620 g of (NH4)eMO7024 - 4H0 and 153.2 g of NH4VO; are dissolved
at 60°C with constant stirring in 5 1 of water preheated to 60°C.
While maintaining the temperature at 60°C, 421.7 g of a 76% by
weight aqueous H3PO4 solution are added dropwise to this solution
within 1 min with stirring. First 10.9 g of diammonium sulfate

.15 and then 317.8 g of pulverulent Sb;03 (senarmontite) are then
incorporated. The resulting mixture is then heated to 90°C within
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

20 copper nitrate solution (15.5% by weight of copper) at 90°C are
added dropwise to mixture 1 within 4 min with continuous
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

25 to 30 um is obtained which forms the starting composition Cl and
has the following molar elemental stoichiometry (after
calcination):

Mo12P;1.5V0.6C51C10.55b150.040x
30

b) Preparation of a starting composition C2

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

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

‘35

40

45



10@. 0050/53493
10@10%@& ()-!q0/ #109&' ()-!/#10%&' () - PPPPoQr QQIE{\=! "1 10%& ()-F10%& ()-!'1
0%g& ()-& s10%& ()-1 t10%& ()-

10%g&' () - QRRRSTUM{\ =1 f#10%" & () - 1098 () - vaf #10988& () -

10%g& u XyXVBY !
109%f/§ﬂ)'100§ é% 4(\]98 ‘(1%%1} ;i g ‘P? Y)IO %%?r()h g“ng is effected to
1 0f ) F" 10%gg&9 m#t)*mlé)%h&' ()- n)x4xx Y
ZS[ [ ZX6MBT! ! 0#10% & ()~ 0#10% () -1 0#109%&: ()-! #10%2& ()11 110%2& ()- MB1
0%z & AA< 7||| " OF"
& ()- (@)10<[>/[[\*"‘>E io% {80 %‘E %}3)@‘0? Eé%’%g&d’%@r‘ﬁ %R%}w \ch }sz 107
1020@ g#1o%?& P oi; 'g'";ht?dfbB ?j;s PG@’ e #’fﬂﬁ}&

|

b] cdef wU3d YBLAY sr@mwfs&twn @#mu tantig @#11@%1111& (i}ffl{‘l‘f's*@@lotymu&'
)-'{S@E#lOW@e&léqtithO%E|QF%b - { tb@hpdrdtive spectrum 17-0284 from the

| #] a?dY7!! V%@éﬂlﬁﬂﬁ‘}ﬁib&) ( )Tﬁe{ sSH 10 YIate dmpodi t D8H | & (h)as+$ﬁ@%¥j]&o@v)1nf;) 10%

| & () - T#10%h & (dremtinthyl st&iddiYnekbyt3! 1 v0" 10%& () - @Vv" 10%& () -
109%&' () 1|08Y10%<x&' ) - 10PP10PP1OPP

8G'109%°P&' () -1 11 ammmkn}A<wU3! ! vO! @ 10%& ()- 10%@& ()-!;
31 1094 {& ()-! N 109 ()cusbsa@ ()- "10%a& ()- @nnnRooopwX6wJ3! ! | @#10988& () -
.1 Z109%@% ()-!,"10%@@& ()-!v' ! 109%& ()-!1$10%& ()-!

I 109 () - *r - ' 10%& ()-L 10%& () - () -
s.lOA@EE.()CR[qE22gl§sgrg£%%ara%gg&&.() L 10%& ()-F10%& ()- 10

15
The amounts of the starting composition Cl and the starting
composition C2 corresponding to the mixing stoichiometry (after
calcination) (Mo13P;.5Vg.6C51CU0.55b150.040x)1.(CuiSbo0g)o.5 are
intimately mixed. 2% by weight of finely divided graphite

20 (according to sieve analysis, min. 50% by weight < 24 pm; 24 pm
< max. 10% by weight < 48 um; 5% by weight > 48 um; BET surface:
10 m?2/g) are then admixed into 500 g of the abovementioned mixture
as a tableting aid.

25 p tablet pressing machine (Kilian S8 100) is used without the

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

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

oven (Nabertherm, capacity about 80 1) under a constant air
stream (500 1/h (STP)- kg of solid) as follows: heating is
effected at 4°C/min from 25°C to 270°C while maintaining the
intermediate temperatures of 180°C and 220°C and the end
temperature of 270°C for 30 minutes each. Finally, the temperature
is increased at a rate of 2°C/min to 370°C and this temperature is
maintained over 6 h.

‘35

40 Cooling is then effected to room temperature and the hollow
cylinders are processed to spall having a longest dimension of
1.6 - 3 mm. This spall forms a multimetal catalyst C to be used
in reaction zone C.
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A) The reaction zone A reactor from 1. at an external wall
20 temperature along the heating zone of 500°C under closed loop
control (based on a tube flowed through by an identical inert
gas stream) is charged with a reaction gas mixture of 20 1l/h
(STP) of isobutane, 10 1/h (STP) of air and 8 g/h of steam.

25 The isobutane is metered in using a mass flow regulator from
Brooks, while the water is first metered into an evaporator
using an HPLC pump 420 from Kontron, evaporated in it and
then mixed with the isobutane and the air. During the
charging, the temperature of the charging gas mixture is

30 150°C. The starting pressure in the tube reactor is set to
1.5 bar by means of a pressure regulator from REKO disposed
at the reactor exit.

Downstream of the pressure regulator, the product gas mixture

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

20 (Chrompack), Carboxen 1010 (Supelco)). In a corresponding

manner, the charging gas mixture is also analyzed.

After an operating time of three weeks, the following
analytical results are obtained:
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: Charging gas mixture Product gas mixture A
(% by volume) (% by volume)
isobutane 50 33
isobutene - 10
3 Nitrogen 20 17.5
Steam 25 26
Oxygen 5 -
Cco - < 0.1
10 CO, - 2.5
Hj - 11
Propene - < 0.1
Propane - < 0.1
15 Ethene - < 0.1
Ethane - < 0.1

These values correspond to an isobutane conversion based on a
20 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

25 temperature (based on a tube flowed through by an identical
inert gas stream) at which the isobutene conversion at a
single pass of the reaction mixture is 98 mol%. The heating
band at the reaction tube entrance (where the catalyst base
is disposed) is likewise set to this temperature and the

30 heating band at the reaction tube exit is set to a
temperature 50°C lower. All components other than isobutane
and isobutene are removed from the product gas mixture A.

The remaining mixture of 15 1/h (8TP) of isobutane and

4.5 1/h (STP) of isobutene together with 45 1/h (STP) of air
and 7 1/h (STP) of steam form the charging gas mixture for
the reaction zone B reactor. The temperature of the charging
gas mixture is increased to the reactor external wall
temperature. The starting pressure in the reactor is set to
1.3 bar by means of a pressure regulator disposed at the
reactor exit.

35

40

Downstream of the pressure regqgulator, the product gas mixture
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

45
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(Supelco)). In an identical manner, the charging gas mixture
is also analyzed.
After an operating time of 3 weeks, the following results are
5 obtained:
Charging gas mixture Product gas mixture B
(% by volume) (Vol.-%)
10 isobutane 21 20.5
isobutene 6.5 < 0.1
H, - -
0, 12.5 3
N, 50 49
15 H,0 10 19
Methacrolein - 5.2
Methacrylic acid - < 0.1

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

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

30 The heating band at the reaction tube entrance (where the
catalyst [lacuna] is disposed) is set to 290°C and the
heating band at the reaction tube exit is set to 200°cC.

: The charging gas mixture of the reaction zone C reactor

35 consists of 29 1/h (STP) of air and the product gas mixture B
(73 1/h (S8TP)). The temperature of the charging gas is
increased to 290°C.

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

40 using a pressure regulator disposed at the reactor exit.
Downstream of the pressure regulator, the product gas mixture
C (temperature: 200°C) is depressurized and analyzed by means

45 of GC (HP 6890 with Chem.-Station, detectors: TCD, FID,

separating columns: Poraplot Q (Chrompack), Carboxen 1010
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mixture is also analyzed.

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

obtained:
Charging gas mixture Product gas mixture C
(% by volume) (% by volume)
N, 58 58
10
o7} 8 6
H,0 14 14
Methacrolein 3.5 .
Methacrylic acid < 0.1 .
15
These values correspond to a methacrolein conversion based on
single pass of 60 mol% and a selectivity of methacrylic acid
formation of 81 mol%.
20
5. Comparative examples
A) The process according to the invention according to 4. is
repeated. However, when the reaction zone B reactor is
25 charged, the charging gas mixture used is a mixture of the
entire product gas mixture A (41 1/h (STP) of which a
proportion of 11 1/h (STP) is steam) and 45 1/h (STP) of air.
30 The loading of the catalyst charge in the reaction zone B
reactor with isobutene and oxygen is accordingly 4.5 1l/h
(STP) of isobutene and 9 1/h (STP) of oxygen as in 4. and the
loading of the catalyst charge in the reaction zone C reactor
with methacrolein and oxygen is 3.8 1/h (STP) of methacrolein
35 and 8 1/h (STP) of oxygen as in 4.
After an operating time of 3 weeks, the following results are
obtained:
40 Charging gas mixture Product gas mixture C
(% by volume) (% by volume)
N, 55 55
0, 6.5 4.5
H;0 15 15.5
15 Methacrolein 3 1.8
Methacrylic acid < 0.1 0.9
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The process atcording to the invention according to 4. is

repeated, except that instead of 45 1/h (STP) of air, 9 1/h
(STP) of pure molecular oxygen are used for the charging gas
for the reaction zone B reactor. The total isobutyraldehyde +
isobutyric acid content of the product gas mixture C is
perceptibly increased compared to the experimental procedure

in 4.
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proviso that the molar conversion of isobutene is
295 mol% and
20
C) using the methacrolein-containing product gas mixture B
without preceding removal of components contained therein
to charge a reaction zone C and subjecting the
methacrolein in reaction zone C to a selective
25 heterogeneously catalyzed partial oxidation using
molecular oxygen in the gas phase to form a methacrylic
acid-containing product gas mixture C,

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

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

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

4, A process as claimed in any of claims 1 to 3, wherein air is
used as an at least partial source of the oxygen required in
45 reaction zone B.
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10.

11.

50
A process as claimed in any of claims 1 to 4, wherein at
least 90 mol% of the components other than isobutane and
isobutene present in the isobutane- and isobutene-containing
product gas mixture A is removed before it is used to charge
reaction zone B.

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

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

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

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

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

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



