1 Producing isobutene by cracking MTBE The present invention relates to a process for preparing
isobutengroy20$3 008698 of MTBE. Isobutene is a starting material for the p/ep2oi@0Esa2aY
products, e.g. for the production of butyl rubber, polyisobutylene, isobutene oligomers and
t-butylaromatics. In addition, isobutene can be useg as precursor for the preparation of methacrylic
acid and esters thereof. In industrial streams, for example, in the C4 fraction from petroleum crackers,
isobutene is frequently present together with saturated and unsaturated C4- hydrocarbons. Isobutene

cannot %Wﬁqqégﬁﬁ‘ﬁ?ﬂ@rﬁiE@%@’Iﬂﬂ#'ﬂﬁ'f@ﬂ"iXtures by distillation because of the low boiling
point diffEfence or the very Iow separation ractor between isobutene and 1-butene. Isobutene is
therefore usually isolated from industrial hydrocarbon mixtures by converting isobutene into a
derivatlverBLeA FvERAOR RaRRE R TarBd P BrRIbar R SsBIRa BY s gedrliseociating
the isolated derivative into isobutene and derivatizing agent. Isobutene is therefore normally separated
from C4Mad&fons from steam crackers as follows: after removal of the major part of the multiply
unsaturated hydrocarbons, mainly butadiene, by extraction/extractive distillation or selective
hydrogenation to linear butenes, the remaining mixture (raffinate | or hydrogenated cracking C4) is
reacted VHEPEIRBRJS & statdnaaratatiaiier the Ayesustinaohmanyaedicts _dbdasiBavith water, and

an alkyl %ngﬂgﬁhﬁrtjgﬂ@rmwmmg TS ety 6‘!’!158&%}:95?160 being determined by the

alcohol used. When methanol is used, methyl'tert-butyl ether (MTBE) is formed; when ethanol is used,
ethyl tertifudilatpeiatics Sin)addiione dauie e Rp0 MenUs BFLaS RREFH s e srRRA@E R
increasing FHStRS@Vﬁc%RPﬁﬁ@fe%?@fﬁﬁé‘maﬂ fuels. The reaction of isobutene with ethanol to form
ETBE has only become industrially relevant in the last decade since legislation prescribes a proportion
of_ renewable raw material in _the fl_JeI and bioethanc_)l is a_vailable in sufficient quantities. Etherification
with C3- pricdsipahelihanliksnisabees, i deseibrddndharepniBiiaiRiRreRsaelq! Preparing
isobutene (US 4,287,379; US 4,320,232). After tg;:a/ have been separated off, both the ethers and TBA
can be di%@Bb‘_f&ﬁ%l ’mff?@é%ntfﬁ&r@'ﬁﬁ%ﬁ _9@@5@6 : Eiﬁ%H‘fﬁiﬁ&ﬁ%é@éﬁt@tﬁi&ﬁtﬁge of the reaction
with alcohgirds Ahas sV RYBUEhESRIOBCE AR ISR N8 SR MYt tRBI priagResary, in

particular,”"when 1-butene in polymer grade purity is to be isolated from the remaining

C4-hydrddafigiiatinaaspusortibrRyheiinarrirtdierents petbr YeaIioWsaRasRlIA0 Petrole,
Vol. 46, Modr Maween 4B terRfaRa 305utal) bR R ST abhRiraiy RB1ated gerasary here

can be achieved in the reaction with methanol in one-stage or multistage reactions iC_ZataIysis Today,
1997, vdndustpabBydiacanien MpdHERORY FRAMBHBIG RS dens MR g paaiy formed

from it bxésgrm%@iee B R HOERSASM A REPRAGRZ AE S RYEreesTdevasRsd 4y e reasing

extent since the 1970s since MTBE has been used on a large scale as fuel additive for increasing the
octane nigpiBiedderivativedsparispRruiene aprheriivatirne REPRY decades was the use of reactive
distillation processes. This technique has been used industrially since the 1990s. Despite the very high
conversion of isobutene, this technique made it possible to reduce the specific energy consumption.

since thdroRens BERSrRinseisoRalloRRRRatBE BRESraEastipnaftPlR slerinreRRak R 8RR ilation
processeﬁéi(s\@s:%?térw&aw)of’méeﬁéfgﬁ%m tReineRmA emel e RiaerRsya Bkpyise been

known for a long time (DE 1 216 865). However, the dissociation of MTBE has been used on an
industriaafly Spdiree.(R¥ essastianiexsartivedstiiatinparssiedivechypiananatiano a limited
extent. ThecdisREM) PlMREIRRY PRivRmder Ao ityeraganatet brorpgtages Typical

secondary reactions are the formation of water and dimethyl ether (DME) from methanol and the
formatiod@AURAMIR HFefghRIMaIisobutene (mainly C8-, C12-hydrocarbons). 3 water (about 200-

400 ppmt@f—t“%ﬁéﬁdlﬁ%ﬂﬂ%ﬁdﬁ%@a FRHaedatadhosEbREmd aihevaten Anses digimgthanol
(0]

fractions s'sfarated f in the MTBE dissociation, in particular, often still contain water from the DME

formatiorPh¥hetBRiS RIBRI ke P BleQRRk e uRedy M N CAVMBEPHPI BRI ARKPTRINPBA. The
TBA formgrkgarResenasate bR hetRandratieseal hetrradeatBufletepmvngEyhesis before

dissociation. As a result, this proportion of the isobutene present in the raw material is lost to the

preparatitiBedonhemethanobistisetheitiat betdethesdfdPRasirrarie B9ilize at least part
of the TBAAPBLEHTS e PATIRNIP feethadrepisahenibisaiiiansny (halsetihewnriaitos

introduction of water into the ether synthesis over acidic ion exchangers leads to a significant reduction

in the reaRATISRIYORSURlSy ThRIFRRIOD A deptisengiflos tRARPER fore FASEPASRIMN rate in the

MTBE syhéresifeimBasgifblpberacaasanny/nes theeags\gridendgitisRihpreyatibegshas to be high

enough to reliably su?ply a downstream 1-butene production process. ) _
proportion of renewable raw material in the fuel and bioethanol is availabie in

sufficient quantities. Etherification with C3- or C4-alcohols has likewise been



The problem that coupling of an MTBE synthesis with a dissociation from which the alcohol formed is
recirculaygrbtodh¢/egodmesis can lead to accumulation of components ingper BpYH 19 ¥4 4A Ithough
this coupling of synthesis and dissociation is the subject matter of various patents, very little
information is given on the removal of these compenents, in particular not in the case of TBA. In
Hydrocarbon Processing, August 1981, pages 101 -106, the authors indicate that recirculation of the
methanol from the dissociation to the synthesis is possible as long as a residual amount of at least

30% of i ili j | a0y i r e pnents. If the
entire arl\ré%? ngtr l(l))qfe %ﬁg&%%&@@%%gé %ﬁﬁ%@%@?gﬁyc é’%{%igggﬁ%zw&comes
necessab)SItis #232acified which components are discharged and in what way. US 4,570,026
likewise i ' [ j Iafl sl ts of
MITBE s e O e S e O Bt e YERRHat b, BRSO = i
an MTB_ESQ*PQE?ﬁ@rEhﬁt@%ﬁﬁh@%ﬁb@@h\'@mﬁ@{ed to the dissociation. 4 US 5,567,860 describes the
Separaliofha GrReR R AR SRS i ORIA B dHRR S T At PR B S RRYGIE PP

n 107 disc

obtained being recirculated directly to the dissociation. The patent 0SesS a process
for prepdhifigSebutene cabiheasignadv This iTRecesbarenin ipadicalatewheifrotmudeméxiore of

hydrocarigRARAYAIAL G iRy o1 BOLbARETRSR IO HERHAMNA! VAR ARdsgligtion and a

subsequent’catalytic dissociation. The products of the dissociatidn are Separated into an

isobutenidetrialioftemptefrasithasoraliinalg theRawjsr Parinsting FremeaisldorRettyisossibly
undeco S I j a n hi I00.1S,1] ' partly
recirculgt\gg ‘tgéh?gﬁfﬂéﬁﬁﬁ&%}%ﬁd ?ré%%%l]l@n?g nt?eggrtid%ﬁ/%gﬂﬁfgﬁ Egé%%a@ motor fuel
fraction. YRS nfcassAVMAE o RaRbiave’ iite cradiproniiomathasstitbenenstagexample,
water is pRAUiRrhg WHRABRITRMRS(OTBIRL OGP YU CORABRALIPRTIRES o RiARY. The

m e Il cont

major part of the méthanol, which may be recircllated to the syn Is, still ¢ ins proportidns of
unreacte@fiTEOERsdiRcrd ANtear et Ne Riafie cpodir igonest fremsiteanelimivatiesefoed. Some
processggadd steam in the dissociation of the ether. Thus, DE 1 934 422 describes a process for
separating tertiary monoolefins from hydrocarbon mixtures. Downstream of the reactor, the product
mixture is separated in a decanter into an aqueous phase and an organic phase. Residual amounts of

alcohol ppggestass RemHals Al inr B HEORLATHIR ANEPHS RS AU ELRUAIERIR he

synthesis. The water is reused in the dissociation. In the process variant t steam in

the dissd8i8tiY Asreinep MIGRMRmbasn csed g diria senisl a9 fushadditiyarfitdsereaairg is
recirculaipd Jhgry Rasis-aAtAirsadatiohahM iBF/isAkR ﬁvm%%mnﬁ{g%é'&%@é@mm” in

Catalysis Today, 1997, Vol. 34, pages 447-455. According to this, in particuldr, an excessive increase

in the cofR@N8StRfTeAivectiRliliation REqrsssss sEaibinghaiate NEsEEEn usethiagisisiadiycuit should

be avoidgthda A INBISHE IHETRIIgTRh BrRsRpa AL BAIRA M TEEn RMIBGHAN on the

re-dissociation of TBA under 5 the condifions of the MTBE dissociation. No information is given on the

recirculafloPPSediscipargduserba sherlitaparavranstBPtionc Sincaithemn #esMEBE ore an object of
the invendigRtiedle YRIOR MRIEIISHIOLHE SHNERihaaMH 1ivsaciaH poR W &%im‘m makes the
isobutene bound in the MTBE synthesis by formation of TBA available to the dissociation and at the
same timMYARFESER 6B atARAERRIN of TBA and/or water in the synthesis and dissociation. This
object wasgehiRRt M AFOLASSIORRPAT b ISRRHEAS WY kesasiatier Pk NBVRErVRIhpmprises

the following ste%s: a) MTBE synthesis; reaction of isobutene-containing hydrocarbon mixtures (11),

with metHERR (R 1Fd 8B3R5 ViRloiberigracirtiom el hP& Bambeemusey eddrhcidic ion
exchangﬁfaagtames,aaww%@m})eomaaqgm%ﬁ%sm&[ﬁ%@gm teHavanRiMd Bie spma@dign of a
stream (V), containing MTBE and TBA, from stream (IV) by distillation, c) MTBE dissociation;
dissociat%ﬂ%%ﬁé’ﬁ'ﬂ&?@ﬁﬁ?ﬂé gas phase over a heterogeneous catalyst to give a stream (VI)
containing at least isobutene, methanol, MTBE and water and possibly TBA, d) Isolation of isobutene;
separation of the stream (VI) by distillation to give a stream &VII), containing in each case more than

50% by nhB&RsREalRERTMIFRtaRRe, qasresruliiihe liciddinhase ariheIgasn@haseeam (XVII)
containinpyspilescoRIRereaabAk WHELTh SeBATRIIRIN O WAR RN SiFsaiR &R fsiat 1% by mass

by distillation to give a stream (VIII), )
from meéthanol and the formation of dimers and oligomers of isobutene (mainly C8-,

C12-hydrocarbons).

The C4-hydrocarbons used for the MTBE synthesis are generally saturated with



f) Recirculation; total or partial recirculation of the methanol-containing stream (VIliI) to the MTBE
synthesigy®neoarpoese96 the invention is characterized in that the watepeqnigpb 5 [pgygad4o below
1% by mass in the fraction (VIII) in process step e). The advantage of the process of the invention is
not only the utilization of the isobutene bound as TBA for the dissociation. Only a relatively small
amount of wastewater is obtained as additional stream and this can, for example, be passedto 6 a
water treatment plant. On the other hand, if TBA were discharged from the process as a separate

stream, (ysarauld YD U°-DR0B BG5S 4 SR8A P BucHi Wi dsplafin gp Blendipgale.a residual

MTBE stream which is marketed, for examp as carburettor as is often’indi e literature,
is possib¥éatdhenpjcaehiusebxide metharsidraotienassnearaiedyifdal thechTBEiciskocisdidetable
MTBE isiaeHiet P L L FdAn AP aRANS AR i SN I RLOGREB Al A cissociation
of the ether, there Is a risk that the subsequent workup steps will have an acidic pH. The cause can
be, for example, the release of traces of acid by the catalyst or the formation of, for example, formic
acld as sereRIRYSETIRB L S I ARSRBEAN- TSR RS oS R R gl o
inexpensive unalloyed Steels can be used In these subsequent process steps, butinstead it becomes

nece;;aﬁﬂfb%é@ﬁ@h@@érﬁlfé&} Higtpandigaiiesiofrihg depduat olixson dsion tteuspatigsise acidic
o eeibrRE G ALBBER i BROOTAING WAGRARITRANP T GEGP ~1or ©) of

the process of the invention. A further advan e process of the | Ion is that the alkali can

be disphmgé%riﬁbim et m&@ﬁm@rgtiﬂp|@fmdf@@meﬂvﬂtaim@mpmmoﬁm removal of
water in piocRAsPFBShdrBRl R BRI %Efb%%ﬁﬁ&%ﬁ%ﬁﬁ&&}m}fé S 3)
yst used. urther

and here possibly leading to damage to the cata he invention rovides a
shell-andhgsueppatiauohisahgtens il nalRpdienenthat) thbarateoduntinmns of) waterphie the deflection

platies, NHHEREIFbA BIRISILEIESEH R ARG e e g ghifashoRsliaband et vi) space

within the shell Containing a fluid which gives off or takes up aracterize e inner shell

is joined WiasHan AN FgoChemaasal IRD BRiHREdfietlidipnaeerirmssuigiontr the length of
the bundjg alithesnd iR HRERIHR YL %ﬂwﬂggﬁggégﬁﬁmﬁ i e gl gnelosing

the inner shell on both sides. 7 Starting materials In e invention, 1t is possible to use
all industig ethes gysdhesisnhasdares lgkereuakiairgakivalephuadswnsitaaané-boteaming C4
streams gpgd[%tw&%s@ht petroleum spirit fractions from refineries, C4 fractions from crackers (for
example, steam crackers, hydrocrackers, catalytic crackers), mixtures from Fischer-Tropsch
syntheses, mixtures from the dehydrogenation of butanes, mixtures from skeletal isomerization of

inear butees @R HUESBER INaRRITRESs Aheel T hesR BehiBHIR AR IRERIRE] I the

technical literature (K. Weissermel, H.J. Arpe, Industrielle Organische Chemie, Wiley-VCH, 5th edition,

1998, padlsbal fornedistresicyiaied trothe syoihesisrarlead roresumigriion dfactions from steam
crackers Jyhib AL R HE L PERAL kB CANROUSHAR ' N AL pronese aﬂq in which, for

example, refinery gases, naphtha, gas oil, LPG (liquefied petroleum gas) and LNG (liquefied natural
gas) are @i§sgeidtian imine sykiestonatianphvarerscaatants cratkbtde Themetioats @ivsitained as

by-produ peraRafBPEENBLOMEIMEFRE KRG RFAEGRT: HENINGARAN S qigobutene, 1,3-butadiene,

1-butene, c-2-butene, t-2-butene, n-butane and i-butane. The isobutene-containing C4-hydrocarbons
used in the process of the invention preferably have a 1,3-butadiene content of less than 1% by mass,

particularly RiefRiabhidpPrRL ST ANGlSPFoBID IO RYEROrBBN IR AR At RERPBMIxtUres

are, for example, hydrogenated C C4) and raffinate I. H)édrogenated CC4 is, for example,

H
obtained B FREROBt ﬁbﬁlﬁﬁﬁtﬂwéﬁrﬁméeﬁs@@%@aw SRHIEeHR IS sassibivimpipng
unsaturaid Nk REAIAAS BRESE Bt IRARE 294 SOUTHAMBIRoMANbEd-RIRELRLE A4S TES are

formed from 1,3-butadiene. Raffinate | is obtained by separating 1,3-butadiene and other multiply

unsaturafS8eH B SistBaraeEscoMEAne MR eisodf B qatire PRI of dHRE isdedxample by

extractiveyidishalien; an additional “recycle purification unit” becomes necessary. It is not

specified which components are discharged and in what way.

US 4,570,026 likewise describes a process with coupled MTBE synthesis and
dissociation. Residual amounts of MTBE and oligomers are still present in the
recirculated methanol. The oligomers are discharged via an MTBE stream from the
synthesis which is not fed to the dissociation.



8 HCC4 and raffinate I. Table 1: Typical composition of CC4, HCC4 and raffinate I. Component CC4

(S) HCOwBashae b dsde tane 0.6 - 6 0.6 - 6 1-10 n-Butane 0.5 - 8 0.5pcH)Peho 4g/d puiene 9-25
24 - 67 15 - 42 Isobutene

4

US 5,567,860 describes the separation of secondary ethers from the dissociation

products, with the purified recycle stream obtained being recirculated directly to the
dissociation.

The patent EP 0 869 107 discloses a process for preparing 1-butene, isobutene and
MTBE. The isobutene is separated off from a mixture of hydrocarbons containing
1-butene and isobutene by formation of MTBE and distillation and a subsequent
catalytic dissociation. The products of the dissociation are separated into an
isobutene-rich fraction and a fraction containing the major part of the methanol
formed, possibly undecomposed ethers and possibly heavy compounds. This fraction
is, if appropriate, partly recirculated to the synthesis. in specific embodiments, part of
the MTBE is utilized as motor fuel fraction. In the purification of the products from the
dissociation reaction as described in the example, water is separated off with the
isobutene formed, which still contains proportions of methanol. The major part of the
methanol, which may be recirculated to the synthesis, still contains proportions of
unreacted MTBE and dimers of isobutene. A further purification of the stream is not
described.

Some processes add steam in the dissociation of the ether. Thus, DE 1 934 422
describes a process for separating tertiary monoolefins from hydrocarbon mixtures.
Downstream of the reactor, the product mixture is separated in a decanter into an
aqueous phase and an organic phase. Residual amounts of alcohol present are
separated off by distillation from the aqueous phase and recirculated to the
synthesis. The water is reused in the dissociation. In the process variant without
addition of steam in the dissociation, a fraction comprising unreacted ethers, alcohol
and generally traces of water is recirculated.

The synthesis and dissociation of MTBE are also subject matter of the publication in
Catalysis Today, 1997, Vol. 34, pages 447-455. According to this, in particular, an

excessive increase in the concentration of 2-methoxybutane (methy! sec-butyl ether,
MSBE) in the methanol circuit should be avoided. In addition, there is information on
the formation of TBA in the MTBE synthesis and on the re-dissociation of TBA under



10-3510-3517 - 58 2-Butenes 4-20 14 - 48 6-33 1,3-Butadiene25-700-10-1 C1-C3-HCs 0 ) 1

- 0-10 - Wzt 176db69EB typical for a C4 mixture obtained from the crgemMEP2dH0TOE 28 cracker
(high severity) without additional moderation of the catalyst. HCs: hydrocarbons All figures in % by

mass The mixture of C4-hydrocarbons obtained after partial or complete separation of isobutene from
raffinate | or HCC4 is generally referred to as raffinate Il. The residual isobutene content of raffinate Il
varies with the method of separating off isobutene and is normally less than 5% by mass. Typical

methodsibsenimione off the IAPBEI NS BERRRATNEOMIRR SHRRN S ERESENME BEeif B RbANE
synthesis of TBA and the dimerization of isobutene. Process step a). MTBE synthesis
or discharge of TBA or limitation of the water concentration.

it was therefore an object of the invention to develop a process for the synthesis and
dissociation of MTBE, which makes the iscbutene bound in the MTBE synthesis by
formation of TBA available to the dissociation and at the same time limits excessive
accumulation of TBA and/or water in the synthesis and dissociation.

This object was achieved by a process for preparing isobutene by dissociation of

MTBE, which comprises the following steps:

a) MTBE synthesis; reaction of isobutene-containing hydrocarbon mixtures (1), with
methanol (11I), present in one or more methanol-containing streams (VII, iX),
over acidic ion exchangers to give a stream (1V), containing MTBE and TBA,

b) Isolation of MTBE; separation of a stream (V), containing MTBE and TBA, from
stream (IV} by distillation,

¢}y MTBE dissociation; dissociation of stream (V) in the gas phase over a
heterogeneous catalyst to give a stream (V1) containing at least isobutene,
methanol, MTBE and water and possibly TBA,

d) Isolation of isobutene; separation of the streamn (V1) by distillation to give a
stream (VII}, containing in each case more than 50% by mass of the amounts of
methanol, TBA and water present in stream (V1) and a stream (XVIl) containing
isobutene,

e) Removal of water; separation of water from stream (Vi) to below 1% by mass by
distillation to give a stream (VIlI),

f) Recirculation; total or partial recirculation of the methanol-containing stream (V1)
to the MTBE synthesis.

The process of the invention is characterized in that the water content is reduced to
below 1% by mass in the fraction (VIll) in process step e).

The advantage of the process of the invention is not only the utilization of the
isobutene bound as TBA for the dissociation. Only a relatively small amount of

wastewater is obtained as additional stream and this can, for example, be passed to



In process step a) of the process, isobutene (1) present in a mixture with other C4-hydrocarbons is
introduceg@2FPPIgessaeontaining C4-hydrocarbons (Il). In the procespieppoditieBgagicular
preference is given to using HCC4, raffinate I, mixtures of these or mixtures of these with raffinate Il
streams as isobutenecontaining C4-hydrocarbons fl1). The C4-hydrocarbon streams used can contain
water up to the saturation point. A water content of 200 -400 ppm is typical. In addition, the
C4-hydrocarbon streams are preferably washed with water in order to 9 remove polar components,
after whi SRINS r ' r f I ter present in
heteroge%l%%%%ﬁ?nﬁ{ls pret@é&%ﬁ%&%gﬁ‘# %%@’e@?ﬁﬁﬁ%@%@é&m aaéqé%@% @-%(%ﬁé(%}rg Without
coalesceat@ griARIsFiramaldivwmd haventprbeqrosensey. sepriely Jbe ryuiethé process of
the inveng | ;ﬁ?ﬁg( ey | - N - ns. () s reacted with
methanc?lg(gi} %tmﬁscﬂgic 10 %(%%Sr%%‘@t% %ﬁeﬂ Eﬁﬁ%ﬁ%@%ﬁ‘%ﬁ%ﬁéﬁ%ﬁ%ﬁ% ure (IV).
In princigterreRetfvehcindaSiesyntiesiethin MesSiteratipe. ispagsibleisopomnhoadirfiteskample, the
MTBE sulbsriscRLRBEPLehiI Hevstanapamisf bt ARaign i Ealon 0,082, The
MTBE synthesis in process step a) Is preferably carried out In at least two, particularly preterably
three, fix@HeeaoriErtbeé 9B reactors in which the methanol (I11) is reacted with the isobutene (1) to
close to the thermodynamic equilibrium, it is possible to use conventional fixed-bed reactors
(shell-and-tube reactors, adiabatic fixed-bed reactors, circulation reactors). They can be operated with

or witho@ﬁ@_@ﬁﬁiimadméﬁtaim iﬂ%@q)ibp&j@u@mm@mgoéﬂiﬁeo@@me efrthaetherMmne®e- and
TBA-confaining Rt RISER (L GR5MRIRIQtk (UG Rlian i SRAL: c%”ﬁ.théogg{}%%“éan be,. |
t as further constituents is

2-methoxybutane, C8-hydrocarbons, DME and residual amounts of methano
taken offftbRx@ReRis e FrlaparIidmeeabasidiny donvatalysopribadopuatinniolf farssible carried

out to acesﬁéfﬁmsnmmeaaﬁrggogamwqagwmr?m\éﬁﬁgs%ag}gﬁ‘er%&%i%.OPH RAgywith an

isobutene conversion of preferably greater than 90%, particu y greater t ann95%, very

particulaff YRha Aoy sieaeace HirdBodnsxnepsito aainved sEalsreantbrsugedir sty operated
at a tempgliderfuehtr B L &t C pRtsHRIBElY i@%é%é? rgg@ﬂgcﬁgﬁﬁﬁ}g%%fm%ﬁ Qrﬁ)f‘%éc!vl Pa,

preferably from 0.7 to 2 MPa (abs). Since the thermodynamic eq lum between methanol/isobutene
and ethegﬁgfp?élearﬁtﬁalﬂm&fdﬁétgi@wfitmﬁwWémwéM@@ﬁm@mﬁﬁmﬁeT@mo@ is
preferablRpeila SsPEIRBRTMES TR BEN QU A BNSHIARLUREIRY dithe

subsequent reactors in which the equilibrium position is exploited.” 10 Preference Is given to operating

the first dPfERSREdRS dnvertinpefafurther Aavantags Tédheneropesamighadnusmiisquisnthetactors at a
temperaigg SikERFAHE &9&&%&%@@ Bl ézfedRs WA Qe msﬁtab%n?mbﬁﬂ%%ﬁjfereams

which can additionally contain further components into the reaction in“step a). For examp
followingfFREHME-Bsiammpsebwrie ciiPrecess stemesnTheta sn derefarenmmAskwfitehas not
been recayalPadhi fepiRanatoalil priveriionda ramPREREISIAL Bl RaRRdORPaaMuRagischarge of
MTBE or formation of DME), the methanol-containing fraction (VIII) and stredms obtained In the
fractionatf GHAMEUSSE methanol from extractions. Methanol (1) is, for the purposes of the present
invention, the sum of the pure methanol present in these streams. Further components which can be
present in these streams are, for example, MTBE, TBA, water, C8-hydrocarbons and isoprene. It is
naturally padpientiqadurinersrexides s shslrardytubeapparpiusdiavinadhs Joliewinpwever, they
are prefesalyamiged and utilized as a joint stream. The molar ratio of methanol (l1l) to isobutene in the
feed to the first reactor or process step a) is preferably in the range from 10:1 to 1:1, particularly
preferabl? hundie ptdubas) and very particularly preferably in the range from 1.8:1 to 1.2:1. Catalysts
used in th,at Awnthesis are solid acidic ion-exchange resins having sulphonic acid groups.
Suitable ion-exchange resins are, for example, those produced by sulphonation of phenol-aldehyde
condensHeeefiestiofohsesers of aromatic vinyl compounds. Examples of aromatic vinyl compounds
for prepaiinehig eprligomers are: styrene, vinyltoluene, vinylnaphthalene, vinylethylbenzene,
methylstyrene, vinylchlorgbenzene, vinylxylene and divinylbenzene. In particular, cooligomers formed

by reacti$h IESSHERLSAIINGiRHIRE Shel rontainisePhieard QreIriabAROiRluction of ion-exchange
resins hayigpsdpRATMARE SReHROITARIFEINA GNP BRRES NIk KBRGIRAYS O Sponge form.

The properties of these resins, in particular specific surface-area, porosity, stability, swelling or

shrinkagENAAERERED halihe RRRNRDSR RiPRednathorliarinsra@as on witha sorallermne of
the ion-exskeaefiestismusiataseatalvats e miesaeimione SR rigbdd RMEY I dramBd.-5 to

0.9 ml/g. The patrticle size of the resins is preferably from 0.3 mm to 1.5 mm, in particular from 0.5 mm
to 1.0 milaFeeitdbe Lid eresantipinasnsceuiibindhewbebepriesivg thainner sheher,
ion-exchaage ¢ri#aS having a very uniform particle size (monodisperse resins) can be used. The
capacity of the ion exchanger is, based on the form as supplied, preferably from 0.7 to 2.0 eqg/l, in
particular from 1.1 to 2.0 eq/l, or preferably from 0.5 to 5.5 mol/kg, in particular from 0.8 to 5.5 mol/kg.
The capacities in mol/kg are in each case based on the ion-exchange resin dried to constant weight in

a stream of hot nitrogen at, for example, 105C. In the process of the invention, the ion-exchange
recine ~ran he riced in their H form <tronalyvy acidie recine nf the ctvwrene-divvinvvibenzene tvvne whirch are



Process step b): Isolation of MTBE The separation of the MTBE- and TBA-containing fraction (V) from
the reactygompqyraddéoly distillation can in the simplest case be carrigseriEp S0P 8 EHLI4MN. Here,
the fraction (V) is obtained as bottom product. The distillate consists mainly of unreacted
04-hydrocarbons, which owing to azeotrope formaton with methanol also contain methanol, and DME.
The bottom product contains not only TBA and MTBE but also 2-methoxybutane and
C8-hydrocarbons. Depending on the methanol (l11)/ isobutene (1) ratio selected and the conversion
achieved, methanol can also be present. The distillation column preferably has from 15 to 55
theoretical plates, more preferably from 20 to 40 and particularly preferably from 25 to 35. The feed to
the colurMiastingmratsyial§oduced between plate 10 and plate 30 (from the top), more preferably

peteen HfepioRd RPuThAOHBR F GINERK sl hARIRSFER AIdBARI 25

MPa(abs), more preferably from 0.5 to 1.0 The retlux ratio Is,

theoreticEliptHEeS whikhearansualcaraiebitoboftatde dsaitoiengscantaining fod streams aies of
distilate pLRAHRI DAY SLIRSRIGHNMIRTaLIRS iR RLHab e s liph e wbii? é?%ggﬁﬂoajs

defined as the ratio of the runback stream into the column to the distillate stream discha

preferred @mBxaIMRG KeFm, errckersehydrerTaskassneatatijie scackers) imikerftema side offiake
stream frﬁ@bﬂ@ﬁ%ﬁ@ﬂné&@ﬁ@@@éﬁﬁ%k&{ﬁ%@%&%ﬂfﬂ&%@ﬁpaTrhae@%ﬁaﬂsﬁflufgiosgf{aggg, i BASs

discharged from the process is obtained as bottom product: removal o appropriate

08+-hydr@@ﬁ?%ﬁ?ﬁ%é&ﬂ@@dﬂéﬁ@@g@fﬂﬁf&ﬁ&f&i@@ﬂ%%nﬁtﬂéimmg fpsroedtoyoetatesigioh reactor.
The catayisfifsimbEREARATAIAR BdlLRRIR RGNS ROPRRLIHEAR I IAIBIIS AR result o

which the risk of a reduction in  activity and a shortening e operating li e catalyst’is reduced.

A distillatibd - id ustiei e noarsche-dhemmies dNtlannvira &ibredition 14098 orfegesids offtake
stream, F{EFQQ!’?@MB@’Q”@QQ%Q 1@@? theoretical plates, more preferably from 25 to 55 and particularly
preferably from 30 to 45. The feed to the column is preferably introduced between plate 10 and plate
30 (from above), more preferably between plates 15 and 25. The side stream is preferably taken off

elow e RO BB SIHIEIE 138 RSN PRSI SR eAB R URIF g fRelow. particularly

preferably from 10 to 20 plates below, the point at which the feed is intro preferably from 5

to 20 plafResperiieatder draredyieciomnsfethenaend propanssansbifewhicbofdm offtake. The
column ISRIRIRIBDIARGIALRABL A iR RIS TP B GRS WA B FIRA R oM 0.5 to

1.0 MPa(abs). The refluxratio is, depending on the number of theoretical plat

compositibausfied nakial Gy areNEeH e BIRRIRE s estmetionsdooweatalviiguct, preferably
less thanceagpare PrRiCtab i deas Ababiita 44 hiRbRSE RT3 RBRO RN grafRrocess step b),

the column is configured as a reactive diSti”&tIOﬂ%ElS has the advantage thaf"additional isobutene
which haSrASKIRGPIEHSHryeBdsgGRPANSRseRttente MiBetadisnes Mpdenss), preferably from
0.5 to 1.G:MEn(ghe, atdRitaAemMpsiains dhihryggastion zone of from 50 to 90C, preferably from 55 to
70C at a reflux ratio in the range from 0.5 to 1.5, preferably from 0.7 to 0.9. The reactive distillation
column preferably has a region of a purely distillative separation above the catalyst packing. The zone

above thqﬁét@%&t@rédmmﬁf@wwgaF&%édﬁ@%@%%%%{%% 8t pRtRyiaism 10 to 15

theoretical plates. The separation zone below the catalyst comprises from 10 to 40, in particular from

20 to 30, RFISFabbuhaweca T wiadienerrontaptiol lessithannidoimmass, mariedatved above or
below, prsfaraloaiayim sy hZAnT 1o Joal SR aRBCtyR SR ion S ERa i eferably

introduced below the reactive packing, preferably from 3 to 13 theoretical plates below, particularly

preferabl{PKtdres &ieofetisxpmies Mekoganatrchttvd (Heikdy anderatiianist iz 6heiregepatestimated to
have a digdiatyeraeiRampleoBoldnéitbooriion BllRsRAMiMfIERRI BRSKIRGLSIP s dBeheioht of the

catalyst zone/reactive zone can be determined as a function of the desired isobuténe conversion by

means of ¥#PRSPRLiRRIRAI @ MYdHRIE MRSAHERRRIIYTSCaIRANS: REgRERt BTResEedied¥o that an
isobutene gamyesinmapromBtane AR saleRRMHOMATP PEY AntRAsicRIly preferably from 95
to 97%, based on the isobutene content in the feed to the reactive distillation is achieved. As in
process step a), an acidic ion-exchange resin is used as catalyst. In the reactive distillation column,

the catalyshgmaeithey disditedrsiesdpindhngPackingigieperatl thataMMpio AsstiiRge n EP 0 428
265), KatePak(r) (as described in EP Q_ 396 650 or DE 298 07 007.3 U1), or polyélr?erized on to shaped
|

bodies (AYYdEEARRN PR 4640\ His Sa) ha Giferiadiny e merdpaian ey arpie &umn is
preferablgfpmmt/a%itildfsaq, more preferably from 20% to 70%, of its flooding point loading. For the
purposes of the present invention, the hydraulic loading of a distillation column is the 14 uniform
hydrodynamic loading of the column cross section by the ascending vapour stream and the
descendimgpiguichelisrihdldnrénidaprgiogdmiBiasiagsest the Marnesmieading by vappur and
runback liquid above which the separation performance decreases as a result of entrainment or
banking-up of the runback liquid by the ascending vapour stream. The lower loading limit characterizes
the minimum loading below which the separation performance decreases or breaks down as a result

of irregular flow or empty running of the column, e.g. the trays. (Vauck/Miiller, "Grundoperationen
chemicerher \/arfahrenctechnik” n A2A \/ER Deariiterhear \/arlan fiir CCriindetnffindiictria)



At the flooding point, the shear stresses imparted by the gas to the liquid become so great that all of
the liquidnezerpiyesbead e form of droplets in the gas or that phase ine{IPREESYF08 a2 40lumn (J.
Mackowiak, "Fluiddynamik von Kolonnen mit modemen FL)&Proem and Packungen fur
Gas/Flussigkeitssysteme”, Otto Salle Verlag 1991} The reactive distillation technique for further
isobutene conversion enables, in particular residual isobutene concentrations of less than 1000 ppm
by mass (wppm), preferably 800 wppm and particularly preferred less than 500 wppm, based on the
C4 mixtyie-in4hs,distpisdq be obtained. More methanol than is consumed for complete reaction of
the isobutene still present can be present in the feed to the column. However, the methanol excess
should be limited in such a way that, firstly, a sufficient amount of methanol for formation of the
azeotrope A e NARAE AN HOVHF B2, M PIe IS @ rdiRRaRNAly, not so much that an excessive
amount of methandl gets into the bottom product, so that an MTBE having a methanol content of
preferablRIEPURR0 000 wppm| @edi¢Riarly preferablyddes than 5000 wiFpaffingisbtained. Additional
methan i!Q@BLRQHQ”a“y befedmt d_’rﬁe__r ctive distittati ls(é)%llllll. Thistam ey gether
with the feed stream from process|step a) or else at a different point or a plurality of points onjthe
reactive |disBié@o® column, e.g. at|hé tof of the colum®dme/dlon, betwee@dhd/dB under theicatalyst
bed. 15 'iii_lgd{é-ﬁt' anot=contaiming-g4-hydrocarbons-seggrated off asdistitatgcap,be processed
further in various work-up variants, In a preferred work:up variant, the methanol IS separated off from
the methdsabduien@ining C4-hydroctBbodfs obtained as| di3tHidfe. The sepajdtfon 58the methanol from

Nty

the over uzmcgwé' ggbt can, inparticytat, becartied-ot ¥, eﬁ%@* er %r af-agueeusisolution
as wash|ng medium. Preference ig given to using an aqu%ous Solution having a SH of greater|than or
equal to |8, prBideatigniom 8 to 12 IHe T can be set,|foekample, by addiieniof the sodium

hydroxide-grei/ot: ""Igs‘huric acic- T“.bs e_rtraction ear-be-carfpd-outaceordingto-the known-standard
method w%%g}; for example in~an extraction column or'in a cascade iiers and settlefs. The

methanoNstpseferably separated off by means of water or an aqueous solution as washing medium in
an extracti umn, The residyal alcohol content js preferably reduced fo below 0.2% by mass,
particulacﬁ%ﬁgrg%'réwct%l E%ﬁ&ﬁ?o@ %Oéngﬁér}ﬁgﬁTalh?ﬁ%@Fmﬁg el mmg‘?@
extractiothighusendrisfievatry icedditiorhionddlgpativeuitsir@eieiily from 5 to 15, theoretical plates
and is prE{ ra_l?%lé ﬁger ed at temperatures of from 10 to 90C and pressures of at least 0.1 MPa above
the vapo Erﬁ’e raC6f é‘%4-hydrocarbons. The mass ratio of washing medium to overhead product
fed in (indlidigaresikiuye by wliasgnethanol) is preferably from 1:5 to 1:40. The alcohol-laden washing
water from the extraction is preferably worked up in a separate unit and the water is at least partly
recirculated to the extraction. The work-up can be carried out, for example, by means of a distillation in
which a iteatijxticelfiGrebwiteaiiboto nlitainapfb ap theidaiaprapikmpebeacitismbiined as
overhead product. The methanaol can turned to ste of the proce o{ﬁt lpvention ye
ethancEH B ETE oD GG dBliCE FeTBARe A e e 0 2 S e 6 oy RAGFAHEIods to
give highsuimitiepebctebentrafl tifnadenpid varitess witantinderictioed of suphpiting sitisataadydrocarbons
are firstly hydrogenated in a selecti drogenation (e.q. DE 31 43 647) and firstly n-butane and
2-butene€§, igngﬂrgﬁgﬁgihﬁgﬁzﬁﬁb%t im&%ﬁf}’é’ﬁﬁrg@[&%&aﬁfﬁﬁp E%Q%fé% ér‘llgm the 1-butene
by doublestracteneation,. diariontethescthpnsyret edfs i MESES ETREY thgosyatikgie oF TBANe can, for
example tr)](g| %roc ssed fL{rther in_an %@omerization to give C8- olefins (e.g. OCTOL process, see
Hydrocar%on Fo @g,”ﬁ%.'%pfﬁ%% % 31 - 33) or in a hydroformylation to give valeraldehyde. In a
second preferred work-up variant for the C4-hydrocarbons which have been separated off, these are
firstly fedﬁ?g%é%rths r regg.timgge in erer to reduce the isobutene content further. This reaction is
preferably CAFriaa oLthn one or twggaﬁasg{ﬁ: fixed-bed reactors, using the same catalysts as in
process $teprage$hsteppeodtine patosbs;isthinuteactid hpsassenieih autboi @ efittabtirdrom 20 to 60C,

more preferably 30 - 50C. and the pressure. is preferably from 0.5 Pa, more preferably from 01
o 2 MPeC BB R B R e R R o e
methanopooresatadittieeioveiption (iparbadar prisferefeaiByglive iGeoUusning S Chheaffitiefom the

reaction e is separated | (stillationy column to give m nol-containing C4-hydrocarbons as
distillate.ﬁ%gsu ';f?gtﬁﬁi('%gtgog?n?g%%gscgf% ot E@, X rég%{ﬁeé cﬁtgﬁﬁéﬂ%ﬁsfﬁ%ge%ﬂ%rocarbons can be
processetbfitetmimdp{Cdximabimarbetec(iip TindrGgehpdimtarinbdi stifizdios msadremmeontwiogous to the
first work-up variant. . The hot roduct Qhtained is an MT. tream which npormally still contains
methanci)}'.&%{B %%%Eégﬁﬁz%%%}é%%ﬁtg?ﬁgf /gawn {:earr%%lr}(?u gﬂgﬁlq@ éﬁr% rgmésp{gﬁfﬁ process step a).
In the wdrkagudeonrtieddé-thidreearbhdrwairkamsyaraptefesatdpavatbedhitie wedetion onddrte (IV) by
distillation can be carried out with a lower outlay so that proportions of MTBE still remain in the
distillate stream. The energy input required can be reduced in this way. In a further preferred
embodiment, AFF3 of process step b), the MTBE bottom product from the first column for separation
of the reaction mixture (IV) is purified further in a second column. In this column, high boilers,

especially C8-hydrocarbons, are removed as bottom product. A further task of this column can be to
canarate nff nart or all of the 2-methovyvbhiitane cince 2-methovvhiitane fcran be diceenciated into 17

ro
1

At vantls oy
COTT VWit vy




The column is operated at a pressure which allows the major part of the TBA present in the feed to get
- into the Wik 1OB0GIHN Of a pressure azeotrope). The column presRETIEN R €i00Sg4kerably in
the range from 0.3 to 2.0 MPa(abs) regardless of whether only DIB or additionally 2-methoxybutane is
to be separated off. When the dissociation of the i TBE- and TBA-containing fraction (V) obtained at
the top of the column is carried out in the gas phase at elevated pressure in the dissociation reactor, it
can be advantageous to carry out the distillation at a higher pressure, in which case the overhead

condensghis RIYSIAPE ARRIREPI2 B ReP AHRIFBRIEASE8AmM IS 8\CIRSL AAAHGLAYS S taken off in

vapour form. The overhead product which has been taken off in vapour form can then be fed either

directly BEIGEEUSRITE PREPRREIRPLE il AlRIcRsRSPRE iprBsierecgirenmsco BatisdsafaraMition and
reactor iscpraigiabbretirasidhtd\yatriins bibcdsaniien vigserritRdle disrasiairareactor is, for

example, 0.7 MPa(abs), the distillation pressure should preferably be at least 0.75 MPa(abs). At

operating Bra_ineBisrtals (ReiREmUPO iMPIRESE 518B\R bressure) steam can be generated by means
of the heat of condensation and can be used to heat the other columns of the process. Depending on
the operating pressure selected, steam or heat transfer oil can be used for heating the column. When,

in particllRTRAYDERH ELRbiRe REeres® Hdhe Ruantianrthe dsekuianmi i reasert dathatageous for
the CO'U@65&@%&:&%ﬂiﬁd%@%{?@@@ﬂ%r@%ﬂfsﬁ@i@[@@%ﬁ@%8@1&?\5%#?}380%‘&5(‘5’&8@35 and

more preferably from 30 to 45 theoretical plates. The reflux ratio, which for the purposes of the present

inventiofPfs et gEStR Ghies @M A BEuARE dEAvresiaiinserapadionddrawstivatdnis preferably set
to a valygiabipmn A kiRvinRiieisly drapniniasdidie ReNJin G o tae demisy @id 8l plates

realized, the composition of the MTBE used and the required purity. If DIB and in addition
2-methoRyBMEISe hie WREAUhasis sanbaeabrmRHLHe ARARRRHAMNRERUSEYtR ferably has
from 50 gaddipthapnetselriates, ggore preferably from 60 to 120 and very particularly preferably from
80 to 110. The reflux 18 ratio is, depending on the number of theoretical plates realized, the
composition of the MTBE used and the required purity, preferably from 1 to 20, more preferably from 3

to 10. EvaipifPrEmtoperiagians groeiaesessalil rdreanaciasedbiremdasiensehips column with a

higher number of theoretical plates does not have to be a disadvantage since part of the higher capital

costs foPRIEGHIBEY LERIRTARK e IhBERedd836iass- Meciragip i whirtuihaiseh anteflux ratio).
At the sampismsadidigiiet aRersdsnrirlewpibitvissedoenedrsmsaswhntibeRaipruprodust from the

column contajns the high boilers diisobutene and 2-methoxybutane and also MTBE. If, primarily

diisobut@STIE B ueparmenbanrifixebReA eai N abarttdperteapias afirkatican be
reducedftRedaBirs reeler2 St dianapsdhunstriyp eian disdpdiaradiianalwieraiiaeteil, a higher

MTBE content of from 60 to 85% by mass |s advantageously permitted in the bottom product because

of the sTRHTHIRLG BANCHHRPERLRT AWM SIS Sk BE PRy alustisa R, MndWiR o aflice the

outlay forgre camaraierdadioh satrREet19)BbAtMERY) RRAFEFSIINRIEMY, dg-employed as starting
material for a sy thesisr%gas lant or be used either directly or after hydrogenation as fuel component.

In a furtfMAEPSRINEA% ABBRIRMONERNE of-FrbySEecarP bF . PMinaRdieRisHsh 2A0HMHS S separating
off by-prafiistmisl iastRilakbebrearLEIRWOLtaRBIUTS I A RhS |43 tlaistAe hes Lol dactors.

intermediate-boiling components are separated off in their entirety or partly as distillate at the top. For
the purposes of the present invention, intermediate-boiling components are components having a

boiling poivg berwessidhai ehéhieskArdeyd ecarpessisiad MHBE Qutths MRREARRIFBSPIRZEotrope.

Examples are dimethaxymethane and Ch-hydrocarbons such as n-pentane, isopentane, neopentane,
1-pentertBeHT Mﬂ@,‘%ﬁﬂﬁ |l‘i%8?e’}4§ éﬁd iR 204, RORHIRIV AMRANSARINEREI present are
separatesbaifdegsthel prifetaslintpenesigtedoling pampanrsiipréhadsppgréiarpitaiewsegiate-boiling
components in the f e? to the column is geperally not high and is preferably below 2%, more
preferabﬁ?ﬁ’eﬂﬂﬁt'ﬁ%?% Y PSSR %‘Yegﬁ%ﬁ% f%efﬁeal ?éﬁ!&%?r‘& 3L %t@ﬁ@f@&%&eﬂ?ﬁli%gméfﬁnts
would berefatil topethridndt tiienysaeieis BrUEbNEP0aMOud), Yirsiérayily eEb e Wadee distillate
of the fir%t columr%(. Hg ever, they d be sepa tee off from the I(gtter Ttjg/w(‘}irstillation only as bottom
product.asﬂ{géstHEeé?ﬁﬁgrﬁﬁ):mg’i ﬂngr\?fgﬁﬂﬁéfa RTb%E RstidE 248RBrhead for this purpose, this
option would be energetically less favourable. The distillation column for separating off the
intermediate-bqiling components preferably has from 30 to, 75 theoretical plates, more preferably from
3010 65 SR e TR AT B G WP RS HERP R R AP B ORLRER AN IIEET Fhe colurmn s
preferabpyregematetht tekngiche dif ehalstther tf itve esaticakmake stieafizedbfifiseoiapradion of the
MTBE used.and the ?eem?r d purity in respect of inter,medip te-boiler. components, at a reflux ratio in the
range T RLB0Y 985 HIoshAICH BRBRITBBIRLS. Fi i imATEIENer S MW CREFLRR B
operatingharetiseisubééquett PdadbobifP atsibh)treerguilleirriabhoiiionOis éafloftddPa(abs). The
column can be heated using, for example, steam. Condensation can, depending on the operating
pressure selected, be effected against cooling brine, cooling water or air. The overhead vapours from

the column can be condensed completely or only partially, so that the overhead product can be taken

off in either liquid or vapour form. The overhead product can, for example, be utilized thermally or be
oambnlovved ac ctartina matarial faor a evnthecic Aaac nlant The MTRE- and TRA-containina fractinn (\/)\



20 content of C8-hydrocarbons is preferably from 0 to 1% by mass, more preferably from 0 to 0.1% by
mass, panouery jeedegeoly from 0 to 0.01% by mass. Typical other copqTEptEa oS i S
3-methoxy-1-butene, 1-methoxy-2-butene, dimethoxymethane and C5-hydrocarbons. Process step c):
MTBE dissociation In step c) of the process of theqgvention, all or part of the MTBE- and
TBA-containing fraction (V) is fed to a dissociation reaction where it is dissociated into dissociation
products (VI) containing at least isobutene, methanol, MTBE and water and possibly TBA in the gas

phase Ovsfefeéibonenven s araling acmsiis el edacisral ?&%@fﬁi@ WhirgRg about the

dissociation of MTBE into isobutene and methanol in the temperature e from 120 to 400C, in

particulafdHO TeraRd RpErad0dd B pd srapRb ceastorsi nlemnatasuseced faom 288 @ so that a
very large part of the MTBE produced in step a) is fed to step c). It is therefore particularly suitable for
the production of pure isobutene from isobutene-containing C4-hydrocarbons when a high proportion

of the isoliRREPaR At ihied asgarearmer: Retharodisamatning streartsbwiish cahan

alternathe RARIPOSTRA AMIE iF SHEAT MRS 11 TR R GERSS SRR PBURII fRother

way, for example, for use as fuel additive. However, particular preference is given to feeding at least

80% by fellewipgrnsthapalsanirtinasiyeanssendn wizedSreshasirapbisanethamteaction
mixture (RMAiEA HEP SR EErERNINR A theeratRysSryReAAVLRE I RS S Ak igergion can be, for

example, metal oxides, mixed metal oxides, in Bartlcular those containing silicon oxide and/or

aluminiumeiiaecHosres HHfeta Uk R pbMT B ustiosantion afildMEs. the sosthaned-process of
the invendigqtapiipig IRaaRols @VENERd-SiRcaRNkMEA TN dRMabSATRSH BF WaRISHIYM oxide,

aluminium oxide, and silicon oxide for the dissociation of MTBE into isobutene and methanol in the gas

phase. sthathanalfsespextrrationedVishanahipie isnfordieirurposan efdhe preacst inrgmitiopgo 557.
21 ParticiarsraiBranesis8 MriHanst pecai s hudichiggmally comprise magnesium oxide,
aluminium oxide and silicon dioxide and have a proportion of magnesium oxide of from 0.5 to 20% by
mass, preferably from 5 to 15% by mass and more preferably from 10 to 15% by mass, a proportion of

aluminiuy piide Q5B JHeR Y apess preier iviase 1042 #R% R s anfia, ApfgEtion of

silicon dioxide of from 60 to 95% by mass, preferably from 70 to 90% by mass. It can be advantageous
for the catBksMBtEBNHE¥HRGAKEANS &aA dRRREFASddition to the magnesium oxide. This alkali metal
oxide can be selected, for example, from among Na20 and K20. The catalyst preferably comprises
Na20 as alkali metal oxide. The preferred catalyst preferably has a BET surface area (determined

volumetriéaVaiuraduRestiRlg do dead the sttraines inisepatatsty abyaionsslAcasondso m2/g, more
preferabIyﬂ@@@@.%@é@&,%-d?ér&@@@w AAZEEOHMY OREA RNEGHi PRl as active
nly

composition to a support, o e active composition has a BET surface area in the stated range. The
material composed of catalyst and support can, on the other hand, have a significantly different BET

surface arga. ioRa HistdabeRURITBETIBUHaseIRRIRRRARIBELR e TRl TR SicosyBedsd he pore

volume of the catalyst is preferably from 0.5 to 1.3 ml/g, more preferably from 0.65 to 1.1 ml/g. The

= y )
average PR Aldmeieierstiicin e dangmirm 40 Retibonsstisdanyreiesaiy)sms da@lyst is
preferably fromyada el pAIRAERIPISISraRIY T amteteahad oA tig4las Arefgrence is given to at least

50%, preferably over 70%, of the total pore volume (sum of the pore volume of pores having a pore
diameter greater than or equal to 3.5 nm determined by mercury porosimetry in accordance with DIN

66133) oCiigatalysbhainthaRARBEP dPHBIEE BrYisslia dEmetRincELHabe FesiAsRa(gsopores). In

the process of the invention, preference is given to using catalysts which have an average particle size

(determirfsPHPRIE RCIGLIDURS- 0P WER € APHERShNERT ESIBR AR BB AMRI0!BARE to 10 mm,

particulagyqiete@ By aifsiagsrPer HerAaRIdR T kihadnaxtBsSp SNESoigBivRid @ 1Ising solid
catalysts which have an average 22 particle size d50, of from 2 to 4 mm, in1?articular from 3 to 4 mm.

In the pr@SRASCHINH GOTRBRAUTIHS EXA)AR IESPH 8Tosaat iV FUIMRYBE S TRE RGNS 4Bfes can
have anycelosigemidie ariabgténel eiipialliuenred asshapethBrMesvinetigiBeaLsnBeres, extrudates

or pellets. The shaped bodies preferably have the abovementioned average particles sizes. The

productidR &Y BRE i oiRRElTebRIzeng YA dane aisidnylherazaBed!m rsEtiedIanos
040432. sobhigdminecinenate e prcerieseneEstyrene with divinylbenzene are used as

precursors for the production of ion-exchange resins having sulphonic acid groups.
The resins can be prepared in gel, macroporous or sponge form. The properties of
these resins, in particular specific surface-area, porosity, stability, swelling or

shrinkage and exchange capacity can be varied via the production process.



It can be advantageous in terms of the activity and/or selectivity of some catalysts for proportions of
water toygagefidodegdeed to the reactor. Thus, for example, JP 19992t 964 ns58484
continuous addition of water to an aluminosilicate doped with alkali metal or alkaline earth metal in
order to reduce the formation of secondary compgnents. In the process of the invention, the addition of
water to the feed to the reactor can be effected by, for example, addition of water to the stream (V).
This is effected, for example, directly by addition of water or water vapour to the gaseous stream (V),
which is fed into the reactor. If the stream (V) is vaporized separately upstream of the reactor, water
can be added at this point. A further possibility is to add the water in process step b) in the isolation of
the MTBEN@RErepAldBR ARG Pacasahange nesinasisedrathiatalystprsforafayaily frcomieIeed to the

| . rIe . | . in the column,
ich e g B e S et i cariec
out in suRFetEvRRIVtaNMHR bropolechiommatér pasicsdan fionsGhiefenalto, F0mmd Beoiartintss,
particulagly pHaLERRNCHAE D IhddY ARSI DRSS YRR BrelRiehER SHvERipigOa fuly

demineralized or distilled water or water vapour. 23 range from 1 In particular from 180 to

350C at @@igsUra\iRg-arvan ub o mPagstiep Rizedanad irnsissstesiner eambe. 8sed. Vima(abs), very
particulagly preforapiiAiop essHRel foBad oR HMBAREY s I ;fé.iasg?éﬁ'é% TN A

isobutene and methanol is an enddthermic reaction, which means that the reaction mixture is cooled

during tHe ke8@rh. imrariada froprdidrink. O peraten prefecabinimHiabiio pdrtmptiadénsation of
MTBE apd mfiactionh dheteasad/ sl g i eap aiBters G A SIHARSSRIT ciedk Thedgagior is

particularly preferably carried out so that the minimum temperature in the reactor at any point in the
catalyst Hili greahRangR FesIDdTigd Ap sansiantyeigitiamsram ofthot pbdogenat fekimum
temperagggrgsg,efggo@n be set via numerous parameters, e.g. via the temperature of the heat
transfer medium used for heating and by means of the rate at which the heat transfer medium flows
through the jacket. The temperature profile in the catalyst bed is preferably monitored by means of a

sufficentinUBsHRL P BT8!IiGaMIRG S HIRNBALEEHARGL RETAL LA SEROGARMARIAPRYR IO Increase

the inlet temperature and/or operating temperature with increasing deactivation e catalyst in order

to keep tAHRRBIVASIHF EosivAf theshoRRerdviNYBRZTS tYRe sYepi @) arenr ¢ieraddy usete invention
is in the E3RARHOTRIP Y1t SRYar RFRISEABIING Balie A APBEY I RN AREY1B SLRrRIl fLr $15%0 10

95%. Under the conditions for the dissociation of MTBE, TBA is likewise at least partly dissociated.
The con{@r§BR_hMAcaRsH R beWRIH®IBBZILMMERSDT the reaction at the respective
temperature. The reactor is preferably operated in a single pass at a space velocity (Weight Hourly
Space Velocity (WHSV) in kilogram of starting material per kilogram of catalyst per hour) of from 0.1 to
5 h-1, in PERG&REStomb) iselationaf MEREar those having internal tube diameters of from 10 to 60
mm. ThertbegsaeiBaleriHe ITeEEadAn el BYMSARR T 2LEBR (V3 raMR IR O rdialdrpnster oils.

Particularly when using liquid heating media, the shell side is constructed so that a very homogeneous

temperaff¥stgradivity giciiation canindae sienasifeserhetamiacteubissa singlerelianxnown to
those skiegeintHeerait Mm@/ FisloptaiRe B R HEPBIE LS TSR AIAS RIS ORISRy of

disc-and-doughnut construction, introduction/discharge of the heat transfer medium at various points

on the re#RiBRCERE ChbYEHRFARRMIENMIIEN RMNgdaseeatERe osRatincmibyneshaapb alsp
cocurrergopgsliewithiapisiesAlID Vi the toprden/prsaiht BEREmNSr BRigtRRes A Nigisgactor shell.

A preferred embodiment is described, for example, in DE 10 2006 040433’5. In conventional

shell-andHiEEsSFARSthesxbytaRe @Rd G- yiEosasons thepsarnacm brigathaeabtiie flow of
the heat ggpgtenduiy whic s aebatyAnaRACBIRKRINS dPRs/ B0 R&RARWRSHANEStag. This

improves heat transfer and, in addition, significantly increases the flow path length. However,
manufadiifig§Melated gaps occur between the deflection plates and the outer shell of the heat
exchanger. To be able to push the bundle of tubes into the shell, a gap having a width of a few
millimetres (in general greater than 3 mm) is required. These@gp losses inevitably lead to a reduction

in the hehPG&iiliatien eplnan Staterrbishas Mnmdias P theerstical MmiRfuaN8&yments, leakage
flows ineyisfebaBRCHOHRYEH A0eBRPSHEURATY Hhatbris! Hertionplates e thighowing

through the gap around the edge takes virtually no part in heat transfer. Overall, the leakage flows can

be up to SHHRA LR INTeAHERIRFIMSE R Rate I RnanehelaleR0 (from the top), more

preferably between plates 15 and 25. The column is preferably operated at a
pressure of from 0.3 to 2.5 MPa(abs), more preferably from 0.5 to 1.0 MPa(abs). The
reflux ratio is, depending on the number of theoretical plates realized, the



A specific type of reactor in which a special construction completely prevents the leakage flows
occurringAnetaEeTydpesmdlection plates and the shell in shell-and-tube gppaRip999 GlabErpeat
transfer is thus significantly improved is therefore used in a particularly preferred embodiment of the
process of the invention. 25 to as sleeve, which is;placed around the bundle of tubes. Unlike the
actual shell, this sleeve is placed against the deflection plate without leaving a gap and fixed in place
there. The sleeve is joined without leaving a gap to the deflection plates and to the tube plate on the

side of ne kil Uiy RRTaN s e ol Iincleir GBS AL/ BKGY sma!

segments and the segments are faste ection plates. For manufacturing reasons, these

segmentBradufdsiieéerableasitharel suase aséeradinlass thanvy! e refilix watiscigleflection plates
Put also HeAREd B8 I rAfotiIAK anpASK NEEAM i i Bsiih By BRmEtd rsaHch 1o
generally quite long, does not have to be threaded into the sleeve, so that gaps can be entirely
dispenséﬂi%ﬁlﬁ!’%@peraﬂon, the fluid flows through the space inside the shell only within the bundle of
tubes enclosed by the sleeve. The sleeve is advantageously not fastened around the bundle of tubes
beyond the last deflection plate, so that the fluid flowing through the space inside the shell encloses

the sleev® éntisdesigs RripgdmantiAn hdhsuNTIBBf ankdJ BAdapniaisirg fsanéer(hd éguilibrium. In
this desiggy on e B SRMISHLIE eRES PRI E ARIIRFINATUR R SR SHEG-frops within the bundle

of tubes is applied to the sleeve construction. The sleeve construction described therefore does not

bear pre$s8raygrecashans @l copesriraied ed mrelines discharoedcitnasdae pempasds to the outer
shell. A pigtarably 48iBomBle b RRRE M8l ARSI iands %,ﬁ@éﬁ@ﬁg@&g% {6 fhe sieeve. The use of

thin-walled materials enables the manufacture to be significantly si the laying of the metal

sheet agBirdiogrrgens Aasmtbaasyaniagedhrienaianyeasisieof Hrisagietaintecthieis conceivable to
weld the gutes shellindbrisPoMsdonsiRa gAY ﬂ}rﬁsﬁy&%%%igﬁﬂﬂgmﬂﬁg%ﬁae%%g%agsﬁné? such a

solution, the sleeve construction presented here offers a series of advantages which, in"particular,
significarfeyd e fnhighmeiieisiras Pheeaipt afatdtiah dneddsls e ceruition inlaivibuanmbeof
pressuregtpﬁﬁl{g}gﬁﬁeéglm iHé‘ m@%@%&%&%ﬂ%@%&éﬁs can be kept unchanged and do not
have to have increased wall thicknesses, etc. The bundle of tubes enclosed by the sleeve can as
hitherto be pushed into the pressure-bearing shell. However, the gap dimensions can here be made

virtually g0yisiEeaRshackiahGh Which assaRbES AlscrimAiied Aidg FR0ih éfg IRIRER Blthe

double-wall construction presented here makes it possible to eliminate the leakage flows which

otherwis@®&ide pifpke strame fseiRiaplatiasdienmeOdaréibherpreticad pigiasionasethe leakage flow
has a fay @P&:ﬁﬁﬁewwﬁ%gad?ﬂ%%@ﬂfhmﬁd%ﬁé@w REHBBRLASVaYR: fdarROgdmportant

effect is the increase in the mass flow which follows the planned path between the deflection plates.

This incrE24aMp dsPReiRaRbITEedHE SR Detwarnstale tHe aod Rialech) (irem absye kireens to an
improverpeatdrabRAbURRSIA" Mstuees HHid ﬁ.W%i&é%@W@PEF&%Yfﬁﬂéﬁtm RO/ Within a

segment, the radial temperature gradients decrease significantly. This reduction in the temperature

gradientsBforRint st yvish e dredisinimiiicaibragsadrplerakivmm i d betalesrbat@w side and

(ube sldepaRIEIAN SHUNPUBIY AR 1IPE HORHRESBRIBIRC i BEMIBRWHRA Hirladd ip the

dissociation of MTBE, the sleeve construction in combination with the tube reactor used has a positive

effect on {HEOBEEBraRctRERipaslvriem 3itp iinkaiesabaviibrobetiomafftakerdrrierabipparatus,
which leafisr0 1 OIS ¢RaRI3 AbSFBRAERBERRIPEIRAMENTHREHIDMANS priR AaAG IS FaRIg St

temperature decrease is therefore smaller than in the case of a comparable apparatus without such a

sleeve chBiRRSIM® aHEER QAdAR PO MHTR @fhsot TearR Rreferidiree MAade ol Mai@hshe
individuatrsrorappisrafidr seasendiibieehslinfser seavdRENRIC Bified adiatiampseature profile is

reduced. This effect improves the product qualities. Apart from shell-and-tube apparatuses, it is also

possible RPTRPBILR RRES eRGtREAYIRY ARdHBRIreskiaRopLinsiohsigilaterangibriteae a
structure @-@@g@g@é@%@qg heatiesehsngrRie phaseasnesy thepiates between which the catalyst is
located is preferably 10 - 80 mm. Secondary reactions occur in the dissociation of MTBE. These can
be attributed either to MTBE or the dissociation products isobutene and methanol. The formation of

dimethy! pihefRREE bReERalY RRBUHHEMEAB TSRS SSMBEbheRe. dyrimelRdpsiglimgthanol

react to form DME and water. The process of the invention is preferably operated so that the DME
selectivitfdfafedelh@icistliadon. 2hiphasihr sdveniresoh dherdiinpabisomuaneviishibaskectivity
= 2 x [mohef Febctdammerdibesy efdiEpastesViditdainfs flurise secondary reaction is the formation of
C8-hydrocarbons by dimerization of isobutene. These consist mainly of a mixture of
2,4,4-trimethyl-1-pentene and 2,4,4-trimethy1-2-pentene. The formation of further by-products is
observedTtRergaaavaliisitaficatdnsmalicbpsianid Thespiasiue rigRmaaimle. ssgputane, isoprene
and dimethoxymethane and also higher oligomers (C12-HCs, C16-HCs). The secondary reactions
also include most reactions which proceed in parallel and in which impurities from the reactor feed
react. These encompass, for example, the dissociation of 2-methoxybutane present in the MTBE.

1-butene and 2-butenes can be formed from this by elimination of methanol. 1,3-butadiene can be
faormed in the dicenciatinon from 2-meaethovyv-1-hiitene nor 1-methovyyv-2-hiitenea nrecent in the MTRE



Process step d): isolation of isobutene In step d) of the process of the invention, the dissociation

- productaifd)Zoarydpegesctor are separated by distillation to give a fracp@TfEPpodlofisEyeach case
contains more than 50% by mass of the amount of methanol, TBA and water present in the

dissociation products (VI). Table 2 shows the boilijg points as pure materials at 0.5 MPa(abs) of
components typically present in the reactor output. Apart from isobutene, further 04-hydrocarbons
(1-butene, 2-butenes) and DME are present as low boilers. Isoprene and dimethoxymethane are

example shifpeiassiatedasians faying Bl ﬂ%%iﬁagggg%ﬁg %ﬁg Nt el

C4-hydrocarbons. The intermediate boilers are partl reaction or get into the dissociation

as impurigastinrrenscef Fragh Wbl 201k, pwftahbhfomifdaMbnat porafiuigraticiath®at of MTBE,
present aagqoFBRATBI% 8- IRERlbHisRH G RR1872-methoxybutane. 28 reactor without additional

addition of water to the stream (V). If additional water is added here, the content of water and of TBA
in the reactor output typically increases. Table 2: Boiling points as pure materials at 0.5 MPa(abs), of

componeriie il @raitaitioln dBRIFABRITGHIBH HHRIGILRENPOPH BN/ SiilenA, Boling point [
Typical proportion Dimethyl ether 19.2 0.1 - 2.5% by mass Isobutene 42.7 48 - 65% by mass 1-Butene
43.4 10- @i harednenatatvsi@askisg. The zone above the catalyst packing

preferably has from 5 to 25 theoretical plates, in particular from 10 to 15 theoretical
plates. The separation zone below the catalyst comprises from 10 to 40, in particular
from 20 to 30, theoretical plates.

The feed to the reactive distillation column can be introduced above or beiow,
preferably below, the catalyst zone. The feed to the reactive distillation column is
preferably introduced below the reactive packing, preferably from 3 to 13 theoretical
plates below, particularly preferably 4 to 10 theoretical plates below, the reactive
packing.

The catalyst zone can be estimated to have a distillative action of from 1 to 5
theoretical plates per metre of packing height. The height of the catalyst
zone/reactive zone can be determined as a function of the desired isobutene
conversion by means of simple preliminary experiments. The amount of catalyst is
preferably selected so that an isobutene conversion of from 75 to 99%, preferably
from 85 to 98% and particularly preferably from 95 to 97%, based on the isobutene
content in the feed to the reactive distillation is achieved.

As in process step a), an acidic ion-exchange resin is used as catalyst. in the
reactive distillation column, the catalyst can either be integrated into the packing, for
example, KataMax® (as described in EP 0 428 265), KataPak® (as described in

EP 0 396 650 or DE 298 07 007.3 U1), or polymerized on to shaped bodies (as
described in US 5,244,929).

The hydraulic loading in the catalytic packing of the column is preferably from 10% to
110%, more preferably from 20% to 70%, of its flooding point loading. For the

purposes of the present invention, the hydraulic loading of a distillation column is the



0 - 50 ppm by mass trans-2-Butene 51.4 20 - 750 ppm by mass (Total 2-butenes) cis-2-Butene 54.1.
- 2-Butenws(® 26130000698 pm by mass Isoprene 90.4 0- 100 ppm by m@STEPADOO068HRNe 95.9 0 -
150 ppm by mass Methanol 111.5 27 - 37% by mass MTBE 113.8

14

uniform hydrodynamic loading of the column cross section by the ascending vapour
stream and the descending liquid stream. The upper loading limit characterizes the
maximum loading by vapour and runback liquid above which the separation
performance decreases as a result of entrainment or banking-up of the runback liquid
by the ascending vapour stream. The lower loading limit characterizes the minimum
toading below which the separation performance decreases or breaks down as a
result of irregular flow or empty running of the column, e.g. the trays. (Vauck/Muller,
“Grundoperationen chemischer Verfahrenstechnik”, p. 626, VEB Deutscher Verlag
fur Grundstoffindustrie).

At the flooding point, the shear stresses imparted by the gas to the liquid become so
great that ali of the liquid is entrained in the form of droplets in the gas or that phase
inversion occurs in the column (J. Mackowiak, “Fluiddynamik von Kolonnen mit
modernen Fullkérpern and Packungen fir Gas/Fiussigkeitssysteme”, Otto Salle
Verlag 1991).

The reactive distillation technique for further isobutene conversion enables, in
particular residual isobutene concentrations of less than 1000 ppm by mass (wppm),
preferably 800 wppm and particularly preferred less than 500 wppm, based on the
C4 mixture in the distillate, to be obtained.

More methanoi than is consumed for complete reaction of the isobutene still present
can be present in the feed to the column. However, the methanol excess should be
limited in such a way that, firstly, a sufficient amount of methanol for formation of the
azeotrope of methanol and C4-hydrocarbons is present and secondly, not so much
that an excessive amount of methanol gets into the bottom product, so that an MTBE
having a methanol content of preferably less than 10 000 wppm, particularly
preferably less than 5000 wppm, is obtained.

Additional methanol can optionally be fed into the reactive distillation column. This
can be introduced together with the feed stream from process step a) or else at a
different point or a plurality of points on the reactive distiliation column, e.g. at the top
of the column and/or on, between and/or under the catalyst bed.



3 - 25% by mass 2-Methoxybutane 120.8 50 - 1700 ppm by mass tert-Butanol 131.3 0 - 2500 ppm

Water 1@ 20h 4 AB0eperass Diisobutene 171.2 100 - 1500 ppm by mpgsTiRRr2o-irssgkembodiment
AFF5, the fractional distillation of the dissociation products (VI) is carried out in precisely one

distillation column. This distillation column preferably has from 20 to 55 theoretical plates, more
preferably from 25 to 45 theoretical plates and particularly preferably from 30 to 40 theoretical plates.
The reflux ratio is, depending on the number of theoretical plates realized, the composition of the
reactor output and the required purities of distillate and bottom product, preferably less than 5, more
preferabgl less than 1. The operating pressure of the column can preferably be set in the range from

0.1 to 2.0 MraE{BaNat isoptaiing frddaviretebpaatenrratad afl assistdatacanber than the
pressurepb¥aueBdEtHer G 0HRBUS ISAL-IfpORsiaHRd. The dissociation products (V1) can then be

transferred in gaseous form or partly in gaseous form after partial condensation to the distillation
column. A compressor for increasing the pressure or a total condensation can thus be dispensed with.

ParticulafpselpsrsiredSWinen SO HARR{CIHE SR spRF OB aaruiels EriirishAdisiliptip column after

partial condensation. Here, preference is given to 30 - 70% by mass, particularly preferably 40 - 70%

by mass CetRanis hdyrroeabanseriaied pedisttatichbedgaarsiienqfitnmeihasebirectly into
the columanaRebtBesPRARNSRASEEAN InkpRiNer Bk rldBalieedaeqensafy lsteasing the

pressure by means of a pump. The heat liberated during cooling and partial condensation can be
utilized fOF RERGMBOHSRA R SHEasIBeIRediWth Biederaoeeds gixas. PHISINEANAGHERIH can be

carried ogbRERR MGG KM BIAESRIARSN %@a@sri@sf%rﬁm%fwwﬁ%t% vaporizers

or preheaters or pre-vaporization in the feed to the column. The gas’phase and the liquid phase can

be fed inGRe $&hdysnesrie davaaddition ekt apdisnhydrorideqing/prastrRusiereibly fed in on
the samerpiate,aritamnam iBdivarniades P alows MRSk RMact RBae imEAJ8s Bre energy

liberated in the partial condensation of the gas phase is preferably utilized at another point in the

process, FSUSIBMIRE SHATRRIRIRAR CHNATHRN FSH Wi eAIR P rRsEadeefftxescand settlers.

The methanol is preferably separated off by means of water or an agueous solution
as washing medium in an extraction column. The residual aicohol content is
preferably reduced to below 0.2% by mass, particularly preferably to below

500 wppm, very particularly preferably to below 50 wppm. The extraction column
preferably has from 2 to 25, particularly preferably from 5 to 15, theoretical plates and
is preferably operated at temperatures of from 10 to 90°C and pressures of at least
0.1 MPa above the vapour pressure of the C4-hydrocarbons. The mass ratio of
washing medium to overhead product fed in {(industrial mixture IV plus methanol) is
preferably from 1:5 to 1:40.

The alcohol-laden washing water from the extraction is preferably worked up in a
separate unit and the water is at least partly recirculated to the extraction. The work-
up can be carried out, for exampile, by means of a distiilation in which a virtually
alcohol-free water fraction is obtained at the bottom and methanol is obtained as
overhead product. The methanol can be returned to step a) of the process of the
invention.

The methanol-free C4-hydrocarbons obtained from the exiraction can be worked up
by known methods to give high-purity 1-butene. For this purpose, for example, traces
of multiply unsaturated hydrocarbons are firstly hydrogenated in a selective
hydrogenation (e.g. DE 31 43 647) and firstly n-butane and 2-butenes, then



To be able to condense isobutene against cooling water at the top of the column, a pressure of about
0.5 MPawigs pr1neoee69e/ - If the dissociation is operated, for example, pb R PSYIG/65845%
MPa(abs), it can be advantageous for the distillation column to be operated at an operating pressure
of from 0.55 to 0,6 MPa(abs). The vaporizer of theygolumn can be heated using, for example 0.4 MPa
steam. 30 bottom product. In the case of a work-up corresponding to this embodiment AFF5, the
fraction (VII) additionally contains MTBE. The fraction (VII) obtained according to AFF5, preferably

contains e SRPR Y7 S 2ep B GURPLIKES S hesosnaigpucts (V0

more than 98% by mass of the amount of TBA present in ssoclation produ e than

85% by FrRdRifiactiandlinh.of ift-Puieneserpaiaied Witiuite first frastionpbon anskéh®an 98% by
mass of B @EIRYELA! 11 BkaRigRe tob EASsATatREr P A didoetba deiclionsenagpted offin this

way particularly preferably contains wrtuallﬁy e total amount of thé amount

2-methoRyBiingre 8 PHEOburErEesFe SE6t Hythocastobi Riresesadnit £0/1§1 98@8)Giiepm3diate boilers

present iQSK‘BrQHtQHNG‘PB?&?ﬁ i ﬁgp{gt@g@@@;gj@@ﬂjgéi‘kewise separated off with the fraction (VII)

obtained in this way, preferably to an extent of from 60to 100% by mass, particularly preferably from
80 to 98% by mass. The typical composition of the stream (VII) is obtained simply in combination with

the conceplialiel FRNBIGHERRARNAZ 4G RS IR AL A IAFIRRASY Whepniaining

mainly isobutene, methanol (owing to azeotrope formation with C4-hy ons) an

obtainedSeraAtek off. shaseara fosilv feidecadhathaerersliat sagerinrdentoisedussctaad
dimethoxgRIsihane s RIRRER! thiteartbRed pIRheRmuRy LaRBIPBIPHABRLBIRRS preferably

below 50 ppm, the content of isoprene is particularly preferably below 20 ppm, and that of the
dimetho AR dxedhad neastpreferng tbeisane ¢ialysiseamnrincessrman af. thbistilate is

typically {&pppria % b e Rsed AR IR Ustlatol S s qihgpotiree basis, the

concentration of isoprene is preferably less than 25 ppm, more preferably less than 1 ppm, the content

of dimetHBRyPrRIAERTENY pHarerBdif I e RIS pwe indiecfrEabhabipr Bgiodniife, content of MTBE
is preferahiydessIiNAoA BPMo PN R SesAl eI TR Mlaﬂgﬂmﬁ%ﬁawc\_{?ﬁm

overhead fraction containing mainly MTBE and methanol. In addition, an essentially MTBE-free,
methanoliFeBstBMmsRgsoratRahibe iMethrnsl santents therutatsfihe weastagsdBo present is
obtainedpl¥ReaHRe1CORIBR iy, PRgsated without an additional side offtake, the C8-hydrocarbons are
likewise constituents of the bottom fraction. However, ills possible to discharge at least part of the

Cs-hydrotagHputdrarsitiermaricasinge i raramted i m istilationeeeimar tegiegample, in DE 10
2006 04QAdthaHes BOMMiHgWahiRiteeaHRshaE A EAMN IrifSRRigARI AN foBIAGiTH QT the invention.

This second distillation column pre??rably has from 20 to 75 theoretical T%Iéltes, more preferably from 30

to 65 anFBHIGE RRfgDRfepBivadistiiatiensd he Girnwsacarhans 668 e processen tarthebperated,

dependir&@%ﬁ%ﬁ&ﬁ?@@é&ﬁﬁb@ﬁ%&@?@@%ﬁ "SRUZReMBESRe MY BB PSR ASRIRY LN the

dissociation reactor, at a reflux ratio of less than 10, E)referably from 0.5 to 5. The operating pressure

of the colifgiMerrER Ve iebotimiRrafUR Rptaierd dsandy T RiPsirsssy wieh meraraliy from
0.1 to 0.3 {}Ratwbms ThetsahsNntcaih R Renied uinaries e eale et dia@hsksicag- The

condensation can, depending on the operating pressure selected, be carried out against cooling brine,
cooling vEAEFESY Qf PRRY A RIGSESH PERAhed in this way at the bottom preferably contains more than
95% by mass, particularly preferably more than 97% by mass, of methanol. The TBA content of the
bottom product is preferably in the range from 100 to 1000 ppm by mass and the water content is

preferab\NREVP YR BAYGIRRAIR tRESHIRAD NREIBoTRAS RS iherspratieadbihgection, e.g.

isoprene raadiimaibesenethane data aisieaihbRrespd d ot @meNbREessiha8R4pm, more
preferably less than 10%ﬁpm and partiqularz"gsreferably less than 50 ppm. The overhead fraction
i

containing APARIPRFE M RFsilsRr bt distiisia steann d e anssaxinsbireatiszmed in the
reaction seeties & RsAMPBissppkene and/or dimethoxymethane, in addition to the main constituent
MTBE. This stream is preferably fed entirely or partly to step b) of the process of the invention. It is

particularly preferably fed, in combination with embodiment AFF4 of the process step, into the middle

column ofntefdiptiesr GRS \EUbS IEPHMRERILPRIEER S816g pI7) CORCRMIBIN I #SRArated off as

overhead Producf%{in this column. Process step e): removal of water In process step e), water is
separateBTGAYRS AL tha diish RHIbiaIRaP R ahsaLtie rartionimbdura héhisaviifiechrinciple, the
removal efrtRierrcarsdeotry derLawi. iy ahidncbisalhigreBBIR R 0seSE8RMHEBAS BRSS!

pervaporation, adsor tiork)(for example pressure swing adsorption on molécular sieves) or distillation.

The rem&V&I'STURYRY RS PP pregHR AL HTEREG @ e s sABM GRS laRsPasRimAE.

part or all of the 2-methoxybutane since 2-methoxybutane can be dissociated into



In a preferred embodiment AFF7, the water is separated off by distillation in a single distillation
column. Wd&hznaaseoueder is obtained at the bottom of the column, andgdi pipH690)8SRANS are
obtained at the top of the column. The distillation column preferably has from 15 to 50 theoretical
plates, more preferably from 15 to 40 and particulgry preferably from 20 to 35. It can be advantageous
for the column to be operated, depending on the number of theoretical plates realized and the MTBE
conversion achieved in the dissociation reactor, at a reflux ratio of less than 2, preferably from 0.5 to 1.
The opesal) " ' J "

Pa(as) B e g oD Mhike valencs HeyarRe e andan o,
MPa steferormescubigtatni tae isgdpdenmapesificatipratirighpressure selected, be carried out
against cooling brine, cooling water or air. In a further preferred embodiment AFF8, the removal of the

water is carried out in two distillation columns which are operated as a dual-pressure distillation. Here,
for examphe aeduirs: isohperaied pé emrasauagowbeip alissuectiicamaiier ssbafitbel IR A atdshrtbottom

f the fi ' ' f th
cecond o O B T BORD e,
more pre‘?@éﬁwﬁi’riﬁﬁhﬂi&fﬂmﬁwwme{m pﬁé@@afmmr_@rﬁ 1528 MPApes resgaredessofrom 0.1 to
2, prefergiiu g ES’Ié-oT'é%&ﬂ%'h”éH}ﬂzDﬁ?éﬁ&@L@ﬂér@t%%%‘%ép@}&%?%!%ﬁég’tﬁé’ame in the

range from 0.01 to 1.0 MPa(abs), more preferably from 0.05 to 0. e condensation can,
dependiriissaciiopatneg\b iEEuandelBAenmaipigdmetiorst/aghisined airoivr ofdbiing water
orair. T istillati : ! ical plates, more
Dreterabh o S o A ey e 3D St i e o o 5.0,
preferabRERBIONLicRLe. At aingrRMEctp saBcAthtprdisiletiantab  bigherdirersare dolumn and
(e Pressyfof!daed IOERRRAPEO-ERHEY RePERRRR NHErag SBISIRINI S OHiREE I (he

vaporizer of the first column (= condenser of the second T . The operating pressure of the

second o@ﬂ%hﬂ@ﬁ%\’tﬂ%l?f%‘y@ AMdrtakemeltimyarein foms hhe D rergagrasod the pressure
at the boliprphinefitahaaiEiL MATGASIRIRAN Eamufetrdg %%%%Féﬁkﬁlﬁ&&wgﬂaﬁwf the

two columns can be carried out using, for example, steam. It may be useful, in"order to achieve better

regulatioR'GheRiiBg i e yersip ol dgunsaseUfiest B enaahatweer distlaliva ik eeagerdted using,
for examplessiga ANEJ0eFEEAMRSRIUMR WEhALAGHIHPSSL sRNAFfRE G AR5 RRPR ON the

operating pressuré selected, operated using, for example, cooling brine, cooling water or air. As an
|

alternativiet¥RaRR Hid dHdametvdGrdistiediompre syuin sheWd Reclerahbubr@igearin with other
process YIPSMPJALSXATHE B PrEcKAIaS BRARSIAAR (G5 MPERR.DRGH PRESFe] e heat

integrations are carried out according to the known prior art, for example, via bottom vaporizers or

preheate B @URRDHSEESABH e Reansahthededpipaerensatonaad senderusediigured as
one distiljasignise REr LAY IR BRSO RBBAAR BRI OiUatIBBglG Sase of the

configuration as two distillation columns, the sum of the two distillate streams obtained is obtained as
fraction (FRIgCRdirttRABIAISIAatdransfaaelsanan)usRdfREMeSinghfIGPEMANd the water content of
the fraction (VIII) is less than 1% by mass, preferably less than 0.5% by mass, particularly preferably

less than 0.1% by mass. The fraction (VIII) obtained is recirculated entirely or partly to step a) of the
process WV RiHDRRIGRUIAR B SrB-BYEERRITON S8 tﬁeb&)ﬁ%ﬁf@feﬁﬁd?ﬁ RehR 68HMBIdnN consists

predomingiily Obwaipk b LIa%sH thErRsItRPRIARMROPSIRIV BIEENBD reapiticanpiagnts. The water

content is preferably greater than 99.9% by mass, more preferably greater than 99.99% by mass and

particulafy §SRsRINHKP AP Prathearalisalgystes and saothrrefesakiciaBidRindltilized as
process WedeFeficdl iPIA¥RR Of e EntrasHen SRRHIERIRR IS SUOEE e PrisHisHansAR

Wastewatergif appropriate after further purification. When acidic catalysts are used in process step c)
UﬁSE@

the reactde hecapRafowPhEbans divideshhvwdaainmassdion idistilrifeyad steels not being
able to beytgechif iR E1Pa’AIREIIRERSE SepT DrskebIyTRATISUR U T RaliRybFpien of the

column and the two columns in process step d) and in the subsequent process step e), but
higher-pri¥&bRighf ANEraiiea Pialasy trtredseinemrasitionief tbalbiBEResIANdted by the
acidic copgiifiprsd paryoid this, a stream of alkali can be introduced in process step d) or in process
step e). In process step d), the alkali is preferably introduced into stream (VI), more preferably into the
column or the first column at a point below the introduction of the feed. In process step e), the alkali is

preferablyf in{awerih indBicAINYINoRBLRAETara My HRtQ ARR GRBHHAA e sk eat rHe Delow the

point of introduction of the feed. The alkali is discharged from the process again with stream (XLI).

There is fstERlieMEAmBHpRLRIgiasaRly hasifromel i AR theasetica) RlAtPRRIOSBssibly leading
to damagsrégeRPEARINSBASRA1 25 AftPlient paRRYHMNG frerranyeis solwiang of alkalifgtal
hydroxide or alkaline earth metal hydroxide. Preference is given to using sodium hydroxide and
potassium hydroxide, in particular sodium hydroxide. The concentration of the hydroxides in the
aqueous solution is from 0.5 to 30% by mass, in particular from 2 to 5% by mass. In the case of

sodium hydroxide, the sodium hydroxide content is preferably in the range from 0.5 to 30% by mass, in
nartictilar in the rande from 1 to 504 by mace varv narticiilarlvi in the ranae from 2 B tn R 504 hy macce



The extraction with water or an aqueous solution is preferably carried out in an extraction column
which prefgsasgy 1yao dewe 4 to 16 theoretical plates. The extractant prefpigdp|gPoy$diygggb4he
extraction column in countercurrent to the stream to be extracted. The extraction is preferably carried
out at a temperature of from 15 to 50C, more prefeiably from 25 to 40C. For example, when an
extraction column having more than 6 theoretical plates, and operating at a pressure of 0.9 MPa(abs)
and a temperature of from 40C is used, a water-saturated isobutene having a methanol content of

below 1 ' h inj r optali in.the extraction can
be se pa%%%%ﬁﬁ@éﬁ ﬁt%ai%%%%%%qﬁ @%‘3} vi%g%egr rgéi[%%&Fe&cl‘%‘c%ﬁa%é%%s?oe%xtérgctant to the
extractioth&tAdEB Frusesbanshiblasenuieedmynitei metarabty fwp 4)tof2Germpoavequeiel dhdyifiemtion. The
moist iso%%ep@ stream from the extraction column can be worked up in one or more further distillation
columns by removal of water and optionally DME to give dry isobutene. The dry isobutene is obtained
as bottorkrygodi2tmatinxgbutanesistiont syeneasarihtotbp separaisidrof, thatdesidiyofdiierm and DME
with resigual ] i igui t ff after phase
%%ﬁ%ﬂﬂ%ﬂg@%ﬁ%ﬁrﬁ%%ﬁ%pﬁ%@%&@ﬁ% e {b be

separation. A distillation column pre y used for drying pre ly has from 30 to 80 theoretical
plates, mégagverdrgshsines partobihentigharccapiaen stadoethe langeis;alepencingoen the number
of theorefigal hla 7 | ' fhe | a S }q%p more
preferably less tﬁ%ﬂﬁ?&%@%ﬁ%ﬁé@?ﬂ% t%‘é%lhﬁ%{g%ﬂgé?é%rﬁiy%@s%e? mn etl?ﬁ%’ge from
0.1 to 2.@WizaeIRpemtiooal fentnlityrisnachisrddasa mewlp of the column can, if necessary, be
separated further by distillation. In addition, part of the DME can optionally be separated off from the

stream VI as early as in the distillation in step d) by operating the condenser on the distillation 36
column of heaeaenipmiduehitenthe aslarpartantaindéhednian trilaragdijspeudaniesandn present in the

overheacolindekgBlaRS andsE denskoa s AparouBlineliyietiesepndirikgn e as ofigas

stream. A column for separating off DME and Water having a decanter for separating off water present

in the sidéheteelimmothadTdi santepefititabtinaromsycsanibenegusedss oribesivelonon. The

ntearat ) ; :

ibedie S Sl eV LR L I G ST A s -,

The mois@@gﬁmfténﬁér@t?e%@ntcﬁﬁﬁf’/orkyerma@ti@rm{aﬂmﬁ@pﬁht@alfmitmﬁmedwagmal _

heterogegrousMaie5. f05 SXaRMPLERAY %ﬂﬁgbﬁéﬁﬁj&ﬁ@?&?{& 88&0%?&5-?%&%}3@&9%@%9'\"5 Is
utene Is obtained at the bottom. [

obtained at the top of the column and dry Is e stream is taken

off in liqui T8 iRHgfcte sRAARIRPBRY I thB RPENEliML of introduction of the feed and is
passed 19 Alecanlels IHREIRARRIRE IR S RIATRIY, P8 ?&%@8'}%&%‘? ?ﬁ%%g‘ﬁﬁ@ﬁﬁ?

depleted in water. The water is discharged and the organic phase is recirculated to t umn. The

stream tdeR@ SithrsiaGas Blpnb e b6y sekkeitbeéikeRt e paftexhydirgenatiteasfustoduced into

the columyp, 1§ recirculation of the stream from the decanter to the column is effected below the
offtake point. The column preferably has from 30 to 80 theoretical plates, more preferably from 40 to
65 theoretical plates. The isobutene to be purified is preferably fed in above the 15th to 30th plate, in

h 520 ' fath tical
eac Casmcé)\!ﬁﬁﬁgJ%éﬂ%&oénﬂﬁﬁ@ﬁ%ﬁﬂvﬁrb%g%@@%%Bfg'é,g%nfgﬁ]%%%%ﬂ a theoretica

plate from two to five theoretical Elates above the feed point an ecanter. After

the wate SRR E9T Separatingaff therirstints pnisialieddnetnaen toatwe srikmng afpdift3rom one
to two thaQreHE Rl RIFEEEARIMEH AANSIMERASINSITAY L OHIPE AN S s BERRIEING P [k s fpumber of

theoretical plates realized and the required purity of the isobutene, preferably less than 60, more

preferabl§Tésatannesty ge gjsdilatepbibedar briHO: AUmmA sepritthanNaseman agidom 0.1 to 2.0
MPa(absinRarisulafL RS sGARMAERNIR BeMpbRASHE A iME a(BBRingHolRNErckRPIR-E: Typical

composition of commercial Isobutene. Proportions by mass [kg/kg] C3-hydrocarbons <0.000100

Butanes @18 1obdsbpGashens @0dddbBE ke MIBE( anol azeotrope. Examples are

dimethoxymethane and C5-hydrocarbons such as n-pentane, isopentane,
neopentane, 1-pentene, 2-pentene, 3-methyl-1-butene and isoprene. Any residual
C4-hydrocarbons still present are separated off together with the intermediate-boiling
components. The proportion of intermediate-boiling components in the feed to the
column is generally not high and is preferably below 2%, more preferably

below 0.5%.



<0.001000 Methanol <0.000030 C5-hydrocarbons <0.000500 Water <0.000050 Oxygenates
<0.0000¥p0¢veroeteddor example DME, dimethoxymethane It is noplg¢BIEs {76 E4a 43 separate

off the linear butenes (1-butene, 2-butenes) present in the isobutene from the latter. The linear
butenes are formed, inter alia from the dissociatio é)f 2-methoxybutane which can be present in the
MTBE. The formation of the linear butenes can therefore be avoided by complete removal of
2-methoxybutane before the dissociation. However, in order to limit distillation costs it can be

advantaq(m%: [t | - X . This is possible,in particular, when
a catalyst w %ﬁﬁ%;ﬁ?ggﬁ%ﬁmﬁﬁ lﬁ%%)&?@g}%hggﬂﬁg&% r?engggssgv(? Pﬁdsgé% c) of the
process.remprabiagesharuwiih ibeupenssally, novelr leogerearationt b Gceydooraragnsovimtinents can
also be j | | ork- 4- r hi ve been ated off in
L R S B A Gt S e R A e
producegistétation nntes mottorepwitottafinne thabhtisefadayd intatbars wod!ch bnea o by

distillati Hhe ﬁ iStlkat f Calt jointly. i istillatian., If further
Water/moeBt artlo gé;é%fnqé‘,éagyg %%?a%lcr?rer%%}rE%@%%b@%%ﬁ%%@%%a%%a%%%@*@ré elég' glso to be
includedfavega@garation. For example, it is 38 possible to combine the removal of water according to
step e) with these water/methanol distillations. Particular preference is given to the combination with a

column which, when configured as a dual-pressure distillation, is operated at a higher pressure. The
isobutené&healisiiliation e prociysseparatingeofidheimaronedérterbolingsimponeméspreparation of

diisobut ' ﬂl}lﬁﬁ I Iy vl y r tj hacrylic acid,
methyl met 3?;%3 t@l,é?het a@?c@lﬁcﬁ?@?ﬁéﬁﬁ? sufphéggé)te?tr#\%%?tﬁgﬁ}? éan e advantageous
to use bdtreaetioaipiaies cndinadicutadyiissteiatibnfean tHe s Souteeeréticalabaidsg Tinethy |
methacr ay I ' [ ple in EP 1 254
387, Wi B S e A o e
individudigsiézadstheepananpgianuetine MiBiEHead dod Rhriresuinedipyrititho ue spedt\afntion being
restricteq iy hesfaldBiifet SHANSRRBIGRSSRNIL Ui AU AR RIHTRSIS 882 10 12
showing embodiments of the individual process steps.

particular from 200 to 300. The column is preferably operated at an operating

pressure of from 0.2 to 0.6 MPa(as), more preferably from 0.3 to 0.4 MPaags). The

column can be heated using, for example, steam. Condensation can, depending on

the operating pressure selected, be effected against cooling brine, cooling water or

air. The overhead vapours from the column can be condensed completely or only

partially, so that the overhead product can be taken off in either liquid or vapour form.

The overhead product can, for example, be utilized thermally or be employed as

starting material for a synthesis gas plant.

The MTBE- and TBA-containing fraction (V) separated off in process step b)
preferably has an MTBE content of greater than 95% by mass, particularly preferably
greater than 98% by mass. The proportion of TBA is preferably from 0.05 to 5% by
mass, more preferably from 0.2 to 2.0% by mass, very particularly preferably from 0.2
to 1.0% by mass. Methanol can be present in addition to MTBE and TBA, preferably
in an amount of from 0 to 5% by mass, more preferably from 0.1 to 1% by mass.

Concentration and occurrence of further components are greatly dependent on the
raw materials used in process step a) and the process conditions in steps a) and b).
The 2-methoxybutane content is preferably from O to 1.0% by mass, more preferably
from 0.05 to 0.5% by mass, particularly preferably from 0.08 to 0.3% by mass. The



Figure 1 shows the individual process steps with the associated streams. The isobutene-containing
04-hydregey ¥ fHdoadgethanol-containing stream (IX) and the methap@ﬁ@p?' %%5)41 (VIIl) are
fed to process step [a]. The methanol (lll) which is reacted with the isobutene (I) from stream (ll) to
form the MTBE- and TBAcontaining reaction mixt B (IV) is present in the streams (VIII) and (1X).
Stream (IX) can, for example, contain fresh methanol, i.e. methanol which has not been recovered in
the process of the invention, or methanol which has been recovered in the extraction of

methanq]- ININgLC e ith r bseque thanol/water separation. In [b] the
MTBE- ?r?@q?@Aago% alAX?hPS rac'ﬁ’c¥:{r!15 (?/\%?sg?see%rgqr%i% o# ?%nr#%:w yr&%ﬁ%n%@ﬁ?{?\ﬁ is gives a
stream df@m-Ayiaro by snagswhatictilhdy missfer abtypboian tof Gr@tiahy masssecond stream. 39 In
[c], fraction (V) is dissociated into the dissociation products (VI) from which a fraction (VII) containing
more than 50% by mass of the amount of methanol, IBA and water present in the dissociation
productsTgoical séperatrdnsihenid]prasaidition Samettioapol-taritaia|ntyisethaene dictane(XVII) and, if
appropri 10l- ining stream (XL) are obtained. Finally, in [e], water (XLI) is
separatﬁ%%ﬁ%%gggﬁg(%?%ﬁﬁ?@%@lﬁﬁ% stream (VIII) is recirculated to [a]. Figure 2 shows a
preferred embodiment of process step [a]. The isobutenecontaining C4-hydrocarbons (II) are mixed
with the l=containi .and (1X) and fed to a first reactor (R11). The reactor (R11)
is operate t§§€1€1 %‘Eggt? ficnﬁ-x%%e-gfe% é}ggt{ﬁ%vith recirculation, while the two subsequent reactors
(R12, Rizstep opefdbedprpaasagitthadsv@ntiormannsd if the M BEsandjiBAecosdpimiately

upstrea : . ' ixture (1Y) is,obtained from reactor.(R13). Figure 3
shows ﬁ%ﬁw’%@ﬁg&r}mﬁ%‘%@? E'tée?ég%wg& f%eg'éigﬁlgn%%t%re[ﬁ\eif{iisn %§5Sf%?g&gltﬁ° e column
T-21 intPtheWiEE N} )arunEBingol idaisigsrhstiend\nethiahds, fRB Eofirasveatiteffldassibéam, a

methan iR d t] - and a C8-enriched bottom fraction
o Th B R R e e S B T A8 et arre.
preferre@aligrkaiplystmwivebrbgng abotibthedlissadiitionaif A hBErinThisobetiemechixiwashed out of

the metl—;ﬂag{mtmq' & r%nﬁqse( i egeirent with r.(X1) in an extraction column
(E-21). The water/melt%gjatr%jlli #%l{%t%%é( S gg’;@é%ggﬁgé%u I’eﬁﬁo%%#@é ﬁrm?ﬁ 3950 L bottom
product W3elo(2P0RBich is recirculated to the extraction and the overhead product methanol (XIV).
The stream (XIV) is preferably used as substream of stream (1X) in step [a]. 40 containing bottom

fraction (XVI) and a methanol-containing overhead fraction of C4-hydrocarbons (X). The column T-21
is in this EMeHYGiIeesatridfe iavgrbpsriasdeierablyacariedisiltsin theab lameryTheeopdiguwhtion of the

column it AJERCN GIUILPR FOB RN RANIRPIREARaNR AR s Bbad et AFF2.

The bottom fraction (XVI) is fractionate n‘a further on co E- and

TBA-corEdingtiRaciope)sobutanttren ahtientemontaining €¢Syyroatbonsvaa a

2-meth t tor ) Quing t ifficult
TBE 2 D e e R Y e o dB o
preferabl%ﬂé%ﬂﬁ@élﬂ@f\@t éi‘saﬂi@i@ﬁlﬂ}ﬂﬁ@l prepsttiensiofib e ATBE (ighostieantnaftimingérous form
at the tog,af the-cQWIm 3y SPpY %Wéﬁ%ﬁ%%ﬁ%%ﬁ@#%%@bé% Re Baﬁﬁfed. directly to the

dissociation reaction. The purification of Einco -23 corresponds to the above-described
embodinfwenar3paitisatatisrictatepeads oivende deedingditilepai8& oo esseaney) in order to
moderat isngi LT Cli - ' . analogous to
embo o e e o B o R e (v) i
separateBiftufe E¥iimaterns)ivie e fragien fMhethoxybutane-, C8- and TBAcontaining bottom
fraction (XVI) and a methanol-containing overhead fraction of C4-hydrocarbons (X). The column 1-21
is preferably operated as a reactive distillation column in this embodiment. The configuration of the

column 1ha catalystscusediistingiproesrmt heinveniion saadpaiios exaepdoveidd suites)
embodirﬂ%&éé\ﬁf&amﬂéé{"ﬂnlﬁ%?ﬁ&%%w%ﬂfé#ﬁﬁg%‘?ﬁ'@éﬁ @i&&fﬁ%@@%gﬁﬂ}!ﬂ' amounts of

C4-hydrocarbons and C5-hydrocarbons, are separated oif from the fract e top. Thus, for
example¥if @ oAGidhentTBER fyid s HiPROsE R saRtAl saltsaronixpasdbereah be separated off via
the distillate. The purification of the MTBE in the column T-22 corresponds to the above-described
embodiment AFF4. The bottom product (XVIII) is then separated in the column 1-23 into the MTBE-
and TBAD thedieesshgiiaetioravubiarséeranerdsgivendendsingtsatalystiiat (g fovmelihas a
composEeAsiRaRGHEsIIA bxIBE] ek AibMIRFRdBsGAHE G d<e8 2r agan

i
corresponds to the above-described embodiment AFF3. Here too, the option of a gltlona y adding

water to h&dREainto/ srbutaee @ndsuethesshindhagas iehase iuchcatalysisvaik-up of the
overhead deastiosi(¥dieLaHisE, AHISIRANES RRRAISAND 19 £BPRCERCH H8d 57,



The advantage of this embodiment [b3] is that residual C4-hydrocarbons and intermediate-boiling
componay(e RFFEID0EGEY 1) can be separated off in a simple way. ThusEgEpopipihEsa3s the
MTBE dissociation reactor nor into the overhead fraction (X). Figure 6 shows an embodiment [b4] of
process step [b]. The reaction mixture (1V) is sepa?lted in the column T-21 into the MTBE- and
TBA-containing fraction (V), which is taken off as a side offtake stream and a C8-enriched bottom
fraction (XV). A mixture of C4-hydrocarbons, methanol and possibly MTBE is obtained as overhead
fraction (X1X). This mixture is fed to a reactor R-21 in which residual amounts of unreacted isobutene
react further to form MTBE. A methanol-containing stream ()00 can additionally be introduced into the
reactor. Rayiealaop@igrancr)g)gventsadigingtbatapaiawtich daomathnchppriste magnesium

methanols aining.CA4-fracti TBE- nin fractiop (XXI1). This fraction is
utilized ségia&%’tgl)%@g#{ l?e%rwéé;iéﬁﬁa%t%%ge&ﬁfgﬁ%r%ﬂg@%g%i%géﬁ%o%ﬁﬁ%ﬂéc%%%. Fhe overhead
fraction (R¥igeopcramdlibio 2% by imass amaérrablidupnsitoeth3o disneragd dhdmtoikeembodiment, it
can be a ' t - . ive distillation, The-advantage.f this
em bodim%Yr%%P‘%qag l‘:@eﬁsﬂ%ﬁgﬁ%g r?v@%%;}%r} é%t’gb gﬁ&%ﬁﬁ%ﬁ&%@ﬂ%ﬁr@& am. grfé?]z{a%qgoré‘f’sult of
which lesay2rmasthaighenably fsotor e 26% ksngss coldnanpTopsdisisafsilicomeaditodderaints [b2] and
[b3] may [}t ti ignificantly smaller. 42 Figure 7
shows arfP esrrﬁt?g)%fr%egr%}?g%# g%)%’c'é?sgsfés}t%%?b@? er?(eﬁ, %%% .c&gﬁ?’%%%gr% -%%rity 1-butene is carried
out, with sbigntagenuanies Biesetalsicdo somriseancalialo mataRkidadnladdition tuthization. The

reaction mj \VAY ted. indk T-21 into. t ini ion (V),
hich 13 Lo B R e R o e Mt
methanoPtRxéizamd i es2- T astiem =it Irefarehbtidorontitas M asatialinsetslisolideeTdes taken off
as overh | [ g f.t I ; water
o(X(1Vv) i?g;gg%%ggn%aﬁ? %@f% gu%ﬁ%ﬁ%&tga %Kgigﬁ%@ﬁr@i@ ﬁé@geéﬂp .H(g stream
(O(:V)ta;ré%@f\ﬁﬁéﬂlff@@@ﬂbﬂtm( qia_a«&w@h@W&@g&ﬁwbnmetﬁ,OMaAﬁ?mﬁfjgr?gere art1_d thef
outpu r%?eﬁ*é e 27 - [ ration o
the C4-hydrocg%%%ﬂ@%@rﬂg%-é%%ﬁeéh%E%‘ggﬁgﬂ 0 é%%ﬁé‘r’#gj ?(go utr?a?n-&g?njr'l%ﬂ?)%v%gj%%apresent,
in particuffr @W’Efmmﬁi’éimE ayimppsr, anydbarrityacomphsitionhasiatBEX\slyfacButane,
2-butenes ahpasebhuiidiaka TRYHBRILAURIS A Breadll o é@%@%ﬁe@ﬁégﬁm&” as

stream (XXVI). Any water obtained in heterogeneous form in the over IS separated
off. The diéhighteaRdebaversignitivasty differoninBRTicuifade slietnrin Rarbautet avitwvardihol
(XXVI). &?ﬁ%h@%ﬁ‘@g, @éﬁgﬂﬁiﬁqwtiﬂﬁsr\%%%%% gﬁ'of process step a) of the process of the
invention. The mixture (XXIX) obtained from the reaction’is separated in the column T-28 into
methanol-containing C4-hydrocarbons (XXX) and an MTBE-containing bottom fraction (XXXI). The
MTBE-fragti il i i i step a) of
the procggqeéi)?ﬁff ﬁ/ﬁe&%%sﬁ 'I[\ﬁgzﬁgtngg %%ﬁ%@% ou §¥ t e(g'?eqé?r? &?@%ﬁﬁ?ﬂ%@% w%f}:ar (00(1V) in
the extrafifdA &89 taAe\altBr/methanol streams (0001) and (XXXII) from the two extractions are
separated in a common column T-26 into water (XXXIV) and methanol (XXXV). The stream (XXXV) is
preferabl%jrecirculated as substream of (I1X) to step a) of the process of the invention. 43 The

water-sathPf&yetassperexiomeier; taneligiatlysdelesmiead dytmanethrdbasegianhigh-purity
Lbutene GRS | oprBlaaN S DBHAEARAIGHTE T D6 Ak B HAdRb AT AR FINN.

isobutane and low boilers such as DME are obfained pOO(V11). To separate oif the water, it is useful

to equip the eBluRRrticoavrisiarehrs it alyeramblensibith insalemblyapmauidoniibeecond
phase angeabeRUSRIEIRAT B %20 WaIame B adHEE HElAH £ bRSBrE ShaRAdH brbfer

fractionation of the dissociation produc s_é\Q which have preferably been partially corlﬂg_densed by heat
integratioNaRIcBRIab i 8 eh BgirETinad fuoreataH RePIgeimetNHfoRcsoRIARCE- with which the

fraction (WiNase"aiBjrg ReeaRRIEHY PRARAN THBGRDRR AN ailsAsS BPIRIRGS 3 {hie bottom.
The overhead product (XVII) comprises isobutene, methanol and 16w boilers such as DME.
Intermed 2P Ho (B8 SARITES) C5-hydrocarbons, isoprene and dimethoxymethane are preferably
obtained together with the bottom product. The isolation of isobutene in the column T-41 corresponds
to the above-described embodiment AFF5. Figure 9 shows an embodiment [d2] of process step [d].

Here, thelF e dageRoPENRedR@Rlian rpiRIGRRe 3 pivenitadsing rrtalyrwhishheepanthis
correspoRde{adapanrie #es¢HBeshaBadeRVA R Sy SRS SYaIRarbRIATHE Y BYRKIhFgplimn T42

(XVI1) comprises isobutene, methanol and low boilers such as DME. Intermediate boilers such as

C5-hydroRER (SSRB!YSERM A ARAdRrERHBRynRariswaEhnsRirral ) A aVeERDR gamislasiRaIR bottom
product. TraeropHe™ sikearmdreraribe GOjnen To%ﬁ?@&ié)da 18 ARRFPRAVECUAVErAGe AN
azeotrope of methanol and MTBE (XL) Is taken off at the top of the column. The fraction (V1I) which
contains methanol, TBA and water but is virtually free of MTBE is obtained as bottom stream. The
MTBE/methanol azeotrope (XL) can be recirculated entirely or partly to the process. Recirculation to

step a) or b) of the process is preferred. Particular preference is given to recirculation to one of the
colimmne T-21 T-22 nr T-22 nf the nreferred embodimente Th11 Th?21 Th21 ar ThAl or recirecinilation to the



Methanol is washed out of the stream (XVII) by means of water (XLIII) in an extraction E-71. The
methanopjedegMaie0686!V) is separated in the column T-72 into a mehaRoEpapipapygaggam
(XLVI) and water (XLIII), and the water is recirculated to the extraction. Stream (XLVI) is preferably
recirculated as substream of (IX) to step a) of the prpcess of the invention. The water-saturated
isobutene stream (XLV), which still contains DME, Is subsequently purified further in the column T-73.
A DME-containing stream (XLVII) which normally still contains isobutene is obtained at the top of the
column. W, 18 IR i I - ith.an overhead decanter in which
the Wateéggggar;%{(gset%? ’a@g?gg‘l)r?dl{%?;@ﬂ éﬁﬂ%%r@%ﬁ@r&e@?{ the 45 bottom of the column
isobutene (XLIX) is obtained. Since the overhead stream from the column 1-73 often still contains
considergplaamesais drpabiaandhe A el daPULn aduibsbaumadnehahown). In this
column, a DME stream depleted in isobutene is dbtained at the top and an isobutene-enriched stream

is obtainéb@%@bdmammgmﬁbmmn'ﬁbép@@dbt;ﬁé&'@éﬂgtéﬂ usedeasotiapet-73. The
P T iy e Tl Y S5SRY BRATERIR Lt Y HAA A8 ALaRge BRGRAIN BF can
ther alcohols. r'to

also be employed when using s. This applies in particu e synthesis an
dissociatt@yethengbavemerienreravempt apriaieasiarshol), n-propyl tert-butyl ether (use of
n-propanol as alcohol), n-butyl tert-butyl ether (use of n-butanol as alcohol) and isobutyl tert-butyl ether

(use of isobutanol as alcohol). In the case of all these alcohols, olefins can also be formed from them
in the disEaeiatefuUsliem ansatss of susle maanssivaunkimiaosilichtie vatalysidus ttesofibaddn into the

process.sxaypiesd Bﬂd_ﬁﬂ%‘.’%?‘ﬁrﬁé%‘]ﬁlﬁﬁ' W@éﬁ%v&%#@ﬂggp' Example 1: Varying amounts of

water were added to a mixture of synthetically produced raffinate | and methanol. The mixture was
then introduced into a laboratory reactor. The reactor was a tube reactor (length 1000 mm, internal

dametenzécp) wignsieiEchsL e eridiBPeas AR LB SH i s

Olefins & Surfactants GmBH) flowed. An acidic ion exchanger, viz. Am aas),

was use®@@pegiansofinatentalbe addadntibedeeptoidheradieigrat ausrdgeakamepter of 0.6 - 0.85
mim, a SERGaGH99f SesERls bl dBNS DS Wates RrithoaRRtiv O taReallLy, based
to3 eat exchanger

on the moist catalést, was 1.7 eg/ml. 46 The feed mixture was preheate Ina

before eMEhirlkalk matatsr alkalthe pakenieiabénardentadatuoadbedormation afrapeandayof the
Marlotheggip dpe Hlet to the reactor jacket) in all experiments. The pressure was set to a constant 1.2
MPa(abs) by means of a pressure regulator at the end of the reactor. The feed stream was regulated
to 510 g/h, which at an amount of catalyst of 273.5 ml corresponds to an LHSV of 3.12 h-1. The feed

mixture qRIEHNE ARSI AL APRIBRO TS LAY SPNARG e RARIGH WS TRANSINESH R

chromatography. Table 4:Analyses of reactor feed, reactor output and isobutene conversion for
Example _eg@gehyngpﬁqxgqm,nqéqmpn of water to the stream (V). This is effected, for

example, directly by addition of water or water vapour to the gaseous stream (V),
which is fed into the reactor. If the stream (V) is vaporized separately upstream of the
reactor, water can be added at this point. _

A further possibility is to add the water in process step b) in the isolation of the
MTBE- and TBA-containing fraction (V). The water is in this case preferably fed into
the feed to the column or into the runback of the column. This is particularly
preferably carried out in the column, in which the stream (V) is separated off.

The optional addition of water to moderate the catalyst is carried out in such a way
that the proportion of water in stream (V) is preferably from 0 to 5% by mass,
particularly preferably from 0.2 to 1.5% by mass.

As added water, preference is given to using fully demineralized or distilled water or

water vapour.

The dissociation of the MTBE is carried out in the gas phase in the temperature
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range from 120 to 400°C, in particular from 180 to 350°C at pressure of from 0.1 to
2 MPa(abs), in particular at pressures of from 0.3 to 1 MPa(abs), very particularly
preferably at pressures of from 0.5 to 0.8 MPa(abs).

The dissociation of MTBE into isobutene and methanol is an endothermic reaction,
which means that the reaction mixture is cooled during the reaction. The reactor is
preferably operated in such a way that no partial condensation of MTBE and
products on the catalyst occurs under the pressure conditions selected. The reactor
is particularly preferably carried out so that the minimum temperature in the reactor at
any point in the catalyst bed is greater than 150°C, very particularly preferably
greater than 200°C. The maximum temperature decrease can be set via numerous
parameters, e.g. via the temperature of the heat transfer medium used for heating
and by means of the rate at which the heat transfer medium flows through the jacket.
The temperature profile in the catalyst bed is preferably monitored by means of a
sufficient number of temperature measurements.

During operation, it can be advantageous to increase the inlet temperature and/or

operating temperature with increasing deactivation of the catalyst in order to keep the
conversion constant.

- The conversion of the MTBE in step ¢) of the process of the invention is in the range

from 40% to 98%, preferably from 75% to 97%, particularly preferably from 85% to
95%.

Under the conditions for the dissociation of MTBE, TBA is likewise at least partly
dissociated. The conversion is limited by the position of the equilibrium of the

reaction at the respective temperature.
The reactor is preferably operated in a single pass at a space velocity (Weight Hourly
Space Velocity (WHSV) in kilogram of starting material per kilogram of catalyst per

hour) of from 0.1 to 5 h™, in particular from 1 to 3 h™.

As reactors, preference is given to using tube reactors or sheli-and-tube reactors, in
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particular those having internal tube diameters of from 10 to 60 mm.

The tubes are heated via the reactor shell by means of steam, salt melts or heat
transfer oils. Particularly when using liquid heating media, the shell side is
constructed so that a very homogeneous temperature gradient is present at all tubes.
The technical measures necessary for this are known to those skilied in the art and
are described in the literature (installation of deflection piates, disc-and-doughnut
construction, introduction/discharge of the heat transfer medium at various points on
the reactor, etc.). Reaction medium and heat transfer medium are preferably
conveyed in cocurrent, particularly preferably from the top downward, through the
tractor tubes or the reactor shell. A preferred embodiment is described, for example,
in DE 10 2006 040433.5.

In conventional sheli-and-tube apparatuses, deflector plates are used on the shell
side in order to deflect the flow of the heat transfer fluid which actually runs paralle! to
the tubes into a transverse direction. This improves heat transfer and, in addition,
significantly increases the flow path length. However, manufacturing-related gaps
occur between the deflection plates and the outer shell of the heat exchanger. To be
able to push the bundle of tubes into the shell, a gap having a width of a few
millimetres (in general greater than 3 mmy) is required. These gap losses inevitably
lead to a reduction in the heat transferred.

Owing to the pressure differences between the individual segments, leakage flows
inevitably occur through the gaps between shell and the deflection plates; the fluid
flowing through the gap around the edge takes virtually no part in heat transfer.

Overall, the leakage flows can be up to about 40% of the total flow through the space
within the shell.

A specific type of reactor in which a special construction completely prevents the
leakage flows occurring between the deflection plates and the sheli in shell-and-tube
apparatuses and the heat fransfer is thus significantly improved is therefore used in a
particulariy preferred embodiment of the process of the invention.

The special construction comprises a further (sheet metal) shell, hereinafter referred
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to as sleeve, which is placed around the bundle of tubes. Unlike the actual shell, this
sleeve is placed against the deflection plate without leaving a gap and fixed in place
there. The sleeve is joined without leaving a gap to the deflection plates and to the
tube plate on the side of the shell-side fluid inlet. This generally requires that this
sleeve consists of relatively small segments and the segments are fastened to the
deflection plates. For manufacturing reasons, these segments are fastened,
preferably welded or fastened in another way, not only to the deflection plates but
also to one another. As a result of this method of manufacture, the bundle of tubes,
which is generally quite long, does not have to be threaded into the sleeve, so that
gaps can be entirely dispensed with.

In operation, the fluid flows through the space inside the shell only within the bundle
of tubes enclosed by the sleeve. The sleeve is advantageously not fastened around
the bundle of tubes beyond the last deflection plate, so that the fluid flowing through
the space inside the shell encloses the sleeve on the side facing away from the
bundle of tubes and thus effects pressure equilibrium. In this design, only the
pressure difference resulting from the dynamic pressure drops within the bundle of
tubes is applied to the sleeve construction. The sleeve construction described
therefore does not bear pressure and can therefore be constructed in rather low wall
thicknesses compared to the outer shell. A preferably thin-walled sheet metal
construction is therefore selected for the sleeve. The use of thin-walled materials
enables the manufacture to be significantly simplified and the laying of the metal
sheet against the deflection plates is made substantially easier.

As an alternative, it is conceivable to weld the outer shell in the above-described way
directly to the deflection plates. Compared to such a solution, the sleeve construction
presented here offers a series of advantages which, in particular, significantly simplify
manufacture. The apparatus then does not consist of a large number of pressure-
bearing welding seams. In addition, the deflection plates can be kept unchanged and
do not have to have increased wall thicknesses, etc. The bundle of tubes enclosed
by the sleeve can as hitherto be pushed into the pressure-bearing shell. However,
the gap dimensions can here be made virtually any size, as a result of which
assembly is also simplified at this point.



0.28 Miscellaneous [M%] 0.60 0.67 0.55 0.49 0.61 0.58 Isobutene ryoi conversion 93.12 83.50 33.69

Table 4 yyonzothHEOBEEes of reactor feed, reactor output and also themgieigpiegisaisgana
conversion. In Experiment 1, no additional water was mixed into the mixture of synthetically produced

raffinate |; the water content of about 200 ppm resygts from the water originally present in the methanol
and in the raffinate. It can be seen that the isobutene conversion decreases significantly with the
increasing water content; in Experiment 1, the conversion is about 93.1%, in Experiment 2 at about
1100 ppm of water in the feed only 83.5% and, finally, in

The use of the double-wall construction presented here makes it possible to eliminate
the leakage flows which otherwise occur between the deflection plates and the outer
shell. The elimination of the leakage flow has a favourable effect on heat transfer
within the reactor in a number of ways. The most important effect is the increase in
the mass flow which follows the planned path between the deflection plates. This
increase in the mass flow results in an increase in the flow velocity which leads
directly to an improvement in heat transfer between fluid and tube. Furthermore, for a
given heating power within a segment, the radial temperature gradients decrease

~ significantly. This reduction in the temperature gradients along a segment resuits in a
higher average temperature difference between shell side and tube side, so that an
improvement in _heat transfer can also be assumed from this fact.

In the dissociation of MTBE, the sleeve construction in combination with the tube
reactor used has a positive effect on the reaction in two ways. The first positive effect
is improved heat transfer in the apparatus, which leads to a more constant
temperature profile along the tube axis. The reaction-related temperature decrease is
therefore smaller than in the case of a comparable apparatus without such a sleeve
construction. The second important effect is the increase in the mass flow through
the individual segments of the space within the shell, as a result of which the radial

temperature profile is reduced. This effect improves the product qualities.

Apart from shell-and-tube apparatuses, it is also possible to use plate reactors for
carrying out the dissociation reactions. Plate reactors have a structure analogous to

plate heat exchangers. The spacing of the plates between which the catalyst is
located is preferably 10 — 80 mm.

Secondary reactions occur in the dissociation of MTBE. These can be attributed
either to MTBE or the dissociation products isobutene and methanol.

The formation of dimethyl ether (DME) normally occurs in the dissociation of MTBE.
Here, two molecules of methanol react to form DME and water. The process of the
invention is preferably operated so that the DME selectivity of the reaction to form



47 Experiment 3 at about 6500 ppm of water in the reactor feed only about 33.7%. At the same time,

- the TBAWORDHI70008T8€S With increasing water content; in Experimegsgg/epon9afo¥glpsnass of
TBA was measured in the reactor output. Notes on Experiments 2 and 3: In Examples 2 and 3 below,

calculations were carried out using the steady-statgy simulation program ASPEN Plus (Version 2006.5
from AspenTech) to show the effects of the removal of water on the overall process. To generate
transparent, reproducible data, only generally available materials data were used. This simplification

makes itmgtgs' I r cllati hepd i a.person skilled d art. In the
examples, thel%%%%}%et éﬂ;ﬁ@ﬂ%&%@%ﬁ@g% %ﬁgﬁ%%&%ﬁ l?il, uﬁ?m f@@ﬁfﬂgbﬁ% Eng.
Chem. Hesnsgd]/[ms9 3 wyetrted IMIBR3s utilized. For the modelling of the reactors R11, R12 and
R13, the reactive distillation in the column T21 in the MTBE synthesis and the dissociation reactor in
the MTBE dissociation, kinetic reactor models based on comprehensive experimental data using the

respectivie foatagyecondans egaictivr isdhe fatioratidroott U8 repd mtatim nednyi dintenipsiatunfs assumed

in the m [ I ted in the les. Since the composition of the
inflowinﬁ%%%bﬁﬁ%%ﬁe%ﬁgﬁ ﬁq@?eaﬁ:%iﬁ@gge%??ggﬁh ?c{ﬁyeﬁd{fﬁ ee%?ghn%ggeé,) a person skilled
in the arlehrd-teiprethydethenieaeple by the remodelling of the reactors with prescribed conversions
without knowing the precise equations for the kinetics. Example 2: (according to the invention)
Example 2 corresponds to the process shown in Figure 1, assuming a variant [al] as per Figure 2 for

the re_acfrd}ﬁ?cﬁwh'@tkﬁbgf.éuélhawbyi@mg@@}as pérseiyed 6, dogenemlyBiidisiciatiynsmaterant [dI] as
per Flouis R R i uiiiaaten o W dimeciaspiaraticin AL A XA s es peL fipure 10

for the drying. 48 The compositions of the fresh methanol infroduced an e recyc eam (VIII)
coming fad#a pigdessligeppipdfeikéViise ShBwiia)Table 5. The amount of fresh methanol was set so
that a molar ratio of methanol to isobutene in the feed to the first reactor of 1.14 is obtained. Table
5:Composition of the feed stream (ll), the fresh methanol (1X) and the recycle stream (VIII) for Example

2. Raffih&teIqWnds reagiions alsy fedydemost reactions which proceed in parallel and in
which impurities from the reactor feed react. These encompass, for example, the
dissociation of 2-methoxybutane present in the MTBE. 1-butene and 2-butenes can
be formed from this by elimination of methanol. 1,3-butadiene can be formed in the
dissociation from 3-methoxy-1-butene or 1-methoxy-2-butene present in the MTBE.

Process step d): isolation of isobutene

In step d) of the process of the invention, the dissociation products (VI) from the
reactor are separated by distillation to give a fraction (VII), which in each case
contains more than 50% by mass of the amount of methanol, TBA and water present
in the dissociation products (VI).

Table 2 shows the boiling points as pure materials at 0.5 MPa(abs) of components
typically present in the reactor output. Apart from isobutene, further C4-hydrocarbons
(1-butene, 2-butenes) and DME are present as low boilers. Isoprene and
dimethoxymethane are examples of intermediate boilers having boiling points
between that of MTBE and that of C4-hydrocarbons. The intermediate boilers are
partly formed in the reaction or get into the dissociation as impurities in the feed. High
boilers, i.e. components having a boiling point higher than that of MTBE, present are,
for example, tert-butanol, diisobutene and 2-methoxybutane.

The figure given for the water content in Table 2 relates to a mode of operation of the
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reactor without additional addition of water to the stream (V). If additional water is

added here, the content of water and of TBA in the reactor output typically increases.

Table 2: Boiling points as pure materials at 0.5 MPaas), of components typically
present in the reactor output, typical composition

Pure material Boiling point Typical proportion

[cl
Dimethyl ether 19.2 0.1 — 2.5% by mass
Isobutene 427 48 ~ 65% by mass
1-Butene 43.4 10 — 350 ppm by mass
1,3-Butadiene 451 0 — 50 ppm by mass
frans-2-Butene 51.4 20 - 750 ppm by mass
cis-2-Butene 54.1 (Total 2-butenes)
2-Butenes 51.4 20 — 850 ppm by mass
Isoprene 90.4 0 — 100 ppm by mass
Dimethoxymethane |[95.9 0 - 150 ppm by mass
Methanol 111.5 27 - 37% by mass
MTBE 113.8 3 — 25% by mass
2-Methoxybutane {120.8 50 — 1700 ppm by mass
tert-Butanol 131.3 0 — 2500 ppm
Water 151.8 0.1 - 2% by mass
Diisobutene 171.2 100 - 1500 ppm by mass

In a preferred embodiment AFF5, the fractional distillation of the dissociation
products (Vi) is carried out in precisely one distiliation column. This distillation column
preferably has from 20 to 55 theoretical plates, more preferably from 25 to 45
theoretical plates and particularly preferably from 30 to 40 theoretical plates. The
reflux ratio is, depending on the number of theoretical plates realized, the
composition of the reactor output and the required purities of distillate and bottom
product, preferably less than 5, more preferably less than 1. The operating pressure
of the column can preferably be set in the range from 0.1 to 2.0 MPaapg). It is
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advantageous to operate the column at a pressure lower than the pressure at which
the dissociation reactor is operated. The dissociation products (VI) can then be
transferred in gaseous form or partly in gaseous form after partial condensation to

- the distillation column. A compressor for increasing the pressure or a total
condensation can thus be dispensed with.

Particular preference is given to transferring the reaction products (V1) to the
distillation column after partial condensation. Here, preference is given to 30 — 70%
by mass, particularly preferably 40 — 70% by mass, of the gas stream being
condensed. The uncondensed gas stream is introduced directly into the column, and
the condensed stream is introduced in the column after, if necessary, increasing the
pressure by means of a pump. The heat liberated during cooling and partial
condensation can be utilized for heat integration within the process or with other
process parts. This heat integration can be carried out according to known standards
of engineering, for exampie, by means of boftom vaporizers or preheaters or pre-
vaporization in the feed to the column.

The gas phase and the liquid phase can be fed in at the same point or at different
points on the column. The liquid phase is preferably fed in on the same plate or from
one to five plates below that at which the gas phase is fed in.

The energy liberated in the partial condensation of the gas phase is preferably
utilized at another point in the process, for example, for heating a column or for
preheating the feed to the reactor.

To be able to condense isobutene against cooling water at the top of the column, a
pressure of about 0.5 MPa(abs) is necessary. If the dissociation is operated, for
example, at a pressure of 0.65 MPa(abs), it can be advantageous for the distillation
column to be operated at an operating pressure of from 0.55 to 0,6 MPa(abs). The
vaporizer of the column can be heated using, for example 0.4 MPa steam.

The fraction (V1) containing in each case more than 50% by mass of the amount of
methanol, TBA and water present in the dissociation products (V1) is obtained as
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bottom product. in the case of a work-up corresponding to this embodiment AFF5,
the fraction (VII) additionally contains MTBE. The fraction (VII) obtained according to
AFF5, preferably contains more than 90% by mass of the amount of methanol
present in the dissociation products (V1), more than 98% by mass of the amount of
TBA present in the dissociation products (V1), more than 85% by mass of the amount
of water present in the dissociation products (VI) and more than 98% by mass of the
amount of MTBE present in the dissociation products (VI).The fraction separated off
in this way particularly preferably contains virtually the total amount of the amount of
MTBE, TBA, 2-methoxybutane and diisobutene present in the dissociation

products (V).

The intermediate boilers present in the output from the dissociation are preferably
likewise separated off with the fraction (VII) obtained in this way, preferably to an
extent of from 60 to 100% by mass, particularly preferabiy from 80 to 98% by mass.

The typical composition of the stream (V) is obtained simply in combination with the
concentration ranges given in Table 2.

At the top of the column, the fraction (XVII) containing mainly isobutene, methanol
(owing to azeotrope formation with C4-hydrocarbons) and DME is obtained.
1-Butene, 2-butenes, 1,3-butadiene and intermediate boilers such as isoprene and
dimethoxymethane can be present in traces. The total content of intermediate boilers
is preferably below 50 ppm, the content of isoprene is particularly preferably below
20 ppm, and that of the dimethdxymethane is particularly preferably below 30 ppm.

The methanol content of the distillate is typically from 2 to 4% by mass. Based on the
distillate stream caiculated on a methanol-free basis, the concentration of isoprene is
preferably less than 25 ppm, more preferably less than 1 ppm, the content of
dimethoxymethane is preferably less than 10 ppm, more preferably 1 ppm, and the
content of MTBE is preferably less than 5 ppm, more preferably less than 0.1 ppm.

In a further preferred embodiment AFF6, a first distillation analogous to that in AFF5
is carried out but the bottom product from the distillation is purified further in a second



0.002416 The C4-hydrocarbon stream (ll), the fresh methanol (1X) and the methanol-containing

recycle swengo v iopesaeixed and fed to the reactors R-11, R-12 and RGP /mp2girsroissaas per
Figure 2. 49 connected in series, with the first reactor being configured as a circulation reactor, as
shown in Figure 2. Filling of the reactors with AmbgjlystO 15 (Rohm & Haas) is assumed. The reactor
R-11 is modelled with a volume of 18 m3, R-12 with 10 m3 and R-13 with 5 m3. The entry temperature
into the reactor R-11 is 40C, and the assumed recirculation is 28 300 kg/h. The entry temperature into

the reacigifirdiols. 49fe GEdhR YVEYHERPRALSR %Ht&ﬁi@ﬁﬂrﬁih?’ﬁéé%d%@ﬂ 55%n

conditions, a conversion of isobutene over all three reactors of about 97.8% is obtained. As secondary

reaction@a@itionrARRTEentAX MIBEsbsainethisaolieh m@fﬁw@ﬁﬁﬁﬂﬁﬁmm@m angjor
diisobuteng mqﬁsfmfﬁrha&mﬁfh@%feﬁm&%%@@Htwg@ata%m\m@n%%af&m%hoxybutane

from n-butenes are taken into account in the kinetic model used. This gives the composition shown in

Table 6 fPeFiedvikost g adgiqnal siderEakrntheCirhydm akiers amlikenids of the feed
stream (Bohndhe 854 I81SHRNEHRER RLRALR AFYFIEY i r%a&éme'wm&ﬁér&f &riegRipar Feedto

1-21 (IV) Distillate from 1-21 (X) Bottom product from T-
of the C8-hydrocarbons via a side offtake on the column. Such a process is
described, for example, in DE 10 2006 040434. The bottom fraction is then fed as

fraction (VII) to step e) of the process of the invention.

This second distillation column preferably has from 20 to 75 theoretical plates, more
preferably from 30 to 65 and particularly preferably from 35 to 50. It can be
advantageous for the column to be operated, depending on the number of theoretical
plates realized and the MTBE conversion achieved in the dissociation reactor, ata
reflux ratio of less than 10, preferably from 0.5 to 5. The operating pressure of the
column is preferably set to a value in the range from 0.05 to 1 MPa(abs), more
preferably from 0.1 to 0.3 MPa{abs). The column can be heated using, for example
0.4 MPa(abs) steam. The condensation can, depending on the operating pressure
selected, be carried out against cooling brine, cooling water or air.

The fraction (VII) obtained in this way at the bottom preferably contains more than
95% by mass, particularly preferably more than 97% by mass, of methanol. The TBA
content of the bottofn ‘broduct is preferably in the range from 100 to 1000 ppm by
mass and the water content is preferably from 0.3 to 2.0% by mass. The intermediate
boilers formed in the reaction section, e.g. isoprene and dimethoxymethane, are
preferably present in an amount of less than 200 ppm, more preferably less than

100 ppm and particularly preferably less than 50 ppm.

The overhead fraction containing mainly MTBE and methanol contains methanol and
the intermediate boilers formed in the reaction section, for example, isoprene and/or
dimethoxymethane, in addition to the main constituent MTBE. This stream is
preferably fed entirely or partly to step b) of the process of the invention. It is
particutarly preferably fed, in combination with embodiment AFF4 of the process
step, into the middle column of the three columns, with the intermediate boilers being
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concomitantly separated off as overhead product in this column.

Process step e): removal of water

In process step e), water is separated off from the fraction (VII) obtained in process
step d} to give a fraction (VIII). In principle, the removal of water can be carried out by
all industrially useable processes such as permeation, pervaporation, adsorption (for
example pressure swing adsorption on molecular sieves) or distillation. The removal
of water is preferably carried out by distillation in one or two distillation columns.

In a preferred embodiment AFF7, the water is separated off by distillation in a single
distillation column. In this case, water is obtained at the bottom of the column, and all
other components are obtained at the top of the column.

The distillation column preferably has from 15 to 50 theoretical plates, more
preferably from 15 to 40 and particularly preferably from 20 to 35. It can be
advantageous for the column to be operated, depending on the number of theoretical
plates realized and the MTBE conversion achieved in the dissociation reactor, at a
reflux ratio of less than 2, preferably from 0.5 to 1. The operating pressure of the
column is preferably set to a value in the range from 0.05 to 1.0 MPa(abs), preferably
from 0,1 to 0.5 MPa(abs). The column can be heated using, for example, 0.4 MPa
steam. The condensation can, depending on the operating pressure selected, be
carried;out against cooling brine, cooling water or air.

In a further preferred embodiment AFF8, the removal of the water is carried out in
two distillation columns which are operated as a dual-pressure distiliation. Here, for
example, the first column is operated at a lower pressure than the second column
and the bottom of the first column is heated by means of the heat of condensation of
the overhead vapours from the second column. The first of the two distillation
columns preferably has from 5 to 35 theoretical plates, more preferably from 10 to 20
and particularly preferably from 15 to 25. The reflux ratio is from 0.1 to 2, preferably
from 0.5 to 1. The operating pressure of the first column is preferably set to a value in
the range from 0.01 to 1.0 MPa(abs), more preferably from 0.05 to 0.2 MPa(abs).
The condensation can, depending on the operating pressure selected, be carried out
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against cooling brine, cooling water or air. The second of the two distillation columns
preferably has from 10 to 45 theoretical plates, more preferably from 18 to 38 and
particularly preferably from 20 to 30. The reflux ratio is from 1.0 to 5.0, preferably
from 1.4 to 2.8. The difference between the pressure at the bottom of the first column
and the pressure at the top of the second column determines the driving temperature
difference in the vaporizer of the first column (= condenser of the second column).
The operating pressure of the second column is preferably set to a value in the range
from 0.05 to 0.5 MPa(abs) above the pressure at the bottom of the first column, more
preferably from 0.15 to 0.25 MPa{abs) above. Heating of the two columns can be
carried out using, for example, steam. It may be useful, in order to achieve better
regulation of the column system, to equip the first column with an additional vaporizer
operated using, for example, steam and the second column with an additional
condenser which is, depending on the operating pressure selected, operated using,
for example, cooling brine, cooling water or air.

As an alternative to heating the one or two drying columns by means of steam, heat
integration with other process streams, for example the dissociation gases from the
reactor, can be carried out. The heat integrations are carried out according to the
known prior art, for example, via bottom vaporizers or preheaters or pre-vaporization
of the feed to the column.

When the removal of water is configured as one distillation column, the distillate
stream is obtained as fraction (VHI}, while in the case of the configuration as two
distillation columns, the sum of the two distillate streams obtained is obtained as
fraction (VIlI). Main constituents of the fraction (Vill) are methanol and MTBE, and
the water content of the fraction (VIII) is less than 1% by mass, preferably less than
0.5% by mass, particularly preferably less than 0.1% by mass. The fraction (VIII)
obtained is recirculated entirely or partly to step a) of the process of the invention.

The bottom stream (XLI) from the column or from the second coiumn consists
predominantly of water with traces of methanol and possibly further organic
components. The water content is preferably greater than 99.9% by mass, more
preferably greater than 99.99% by mass and particularly preferably greater than
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99.999% by mass. This stream can either be utilized as process water, e.g. in one of
the extraction steps present in the process, or be discharged as wastewater, if
appropriate after further purification.

When acidic catalysts are used in process step ¢) the reactor output (Vi) can have an
acidic pH. This can result in inexpensive unalloyed steels not being able to be used
in the subsequent process steps d) and e), in particular in the bottom region of the
column and the two columns in process step d) and in the subsequent process

step e), but higher-priced, high alloy steeis having to be used instead in order to
avoid corrosion caused by the acidic conditions. To avoid this, a stream of alkali can
be introduced in process step d) or in process step e). in process step d), the alkali is
preferably introduced into stream (VI), more preferably into the column or the first
column at a point below the introduction of the feed. In process step e), the alkali is
preferably introduced into stream (VI), more preferably into the column or the first
column, below the point of introduction of the feed. The alkali is discharged from the
process again with stream (XLI). There is therefore no risk of the alkali being

recirculated to process step a) and here possibly leading to damage to the catalyst
used.

As alkalis, it is possible {o use agueous solutions of alkali metal hydroxide or aikaline
earth metal hydroxide. Preference is given to using sodium hydroxide and potassium
hydroxide, in particular sodium hydroxide. The concentration of the hydroxides in the
agueous solution is from 0.5 to 30% by mass, in particular from 2 to 5% by mass. In
the case of sodium hydroxide, the sodium hydroxide content is preferably in the
range from 0.5 to 30% by mass, in particular in the range from 1 to 5% by mass, very
particularly in the range from 2.5 to 3.5% by mass. The alkali is metered in in such a
way that a pH of preferably greater than or equal to 8, preferably from 8to 12 is
established in the bottom stream XLI.

Work-up to give high-purity isobutene
Commercial isobutene grades are usually virtually free of methanol. The isobutene
stream obtained in the separation of the dissociation products (V1) by distillation still

contains methanol. This can be removed by methods known per se, for example, by
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having more than 6 theoretical plates, and operating at a pressure of 0.9 MPa(abs)

and a temperature of from 40°C is used, a water-saturated isobutene having a
methanol content of below 10 ppm can be obtained.

The methanol-containing water extract obtained in the extraction can be separated
by distillation into water and methanol. The water can be recirculated as extractant fo
the extraction stage. The methanol is preferably recirculated to step a) of the process
of the invention.

The moist isobutene stream from the extraction column can be worked up in one or
more further distillation columns by removal of water and optionally DME to give dry
isobutene. The dry isobutene is obtained as bottom product. In the condensation
system at the top of the column, water in liquid form and DME with residual amounts
of isobutene in liquid and/or gaseous form can be taken off after phase separation. A
distillation column preferably used for drying preferably has from 30 to 80 theoretical
plates, more preferably from 40 to 65 theoretical plates. The reflux ratio is, depending
on the number of theoretical plates realized and the required purity of the isobutene,
preferably less than 60, more preferably less than 40. The operating pressure of the
column can preferably be set in the range from 0.1 to 2.0 MPa(abs). The DME-rich
stream obtained at the top of the column can, if necessary, be separated further by
distillation.

In addition, part of the DME can optionally be separated off from the stream VI as
early as in the distillation in step d) by operating the condenser on the distillation
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column or reactive distillation column as a partial condenser. In this case, the C4
fraction present in the overhead product can be condensed and part of the gaseous
dimethyl ether can be taken off as offgas stream.

A column for separating off DME and water having a decanter for separating off
water present in the side stream from the column is particularly preferably used in the
process of the invention. The integration of the decanter into the side stream of the
column enables isobutene losses to be minimized. Such a process is also described,
for example, in the Patent Application DE 102 38 370. The moist isobutene stream
from the extraction is, if appropriate after removal of residual heterogeneous water,
for example by means of a decanter or coalescer, fed into a column. DME is obtained
at the top of the column and dry isobutene is obtained at the bottom. A side stream is
taken off in liquid form from the column either below or above the point of introduction
of the feed and is passed to a decanter. In the decanter, the aqueous phase is
separated from the organic phase depleted in water. The water is discharged and the
organic phase is recirculated to the column. The stream to the side decanter is
preferably taken off below the point at which the feed is introduced into the column,
and the recirculation of the stream from the decanter to the column is effected below
the offtake point. The column preferably has from 30 to 80 theoretical plates, more
preferably from 40 to 65 theoretical plates. The isobutene to be purified is preferably
fed in above the 15th to 30th plate, in each case counted from the top. Preference is
given to taking off all of the condensate of a theoretical plate from two to five
theoretical plates above the feed point and feeding this into the decanter. After the
water has been separated off, the organic phase is recirculated to the column at a
point from one to two theoretical plates lower down.

The reflux ratio of the column is, depending on the number of theoretical plates
realized and the required purity of the isobutene, preferably less than 60, more
preferably less than 40. The operating pressure of the column is preferably in the

range from 0.1 to 2.0 MPa(abs), particularly preferably in the range from 1.0 and
1.5 MPa(abs).

The isobutene obtained in this way can, for example, have the composition shown in
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Table 3.

Table 3: Typical composition of commercial isobutene.

Proportions by mass [kg/kg]

C3-hydrocarbons < 0.000100
Butanes < 0.001000
Isobutene > 0.999000
1-Butene/2-butenes < 0.001000
Methanol < 0.000030
CB-hydrocarbons < 0.000500
Water - 1< 0.000050
Oxygenates < 0.000010

Oxygenates: For example DME, dimethoxymethane

It is not technical feasible to separate off the linear butenes (1-butene, 2-butenes)
present in the isobutene from the latter. The linear butenes are formed, inter alia from
the dissociation of 2-methoxybutane which can be present in the MTBE. The
formation of the linear butenes can therefore be avoided by complete removal of
2-methoxybutane before the dissociation. However, in order to limit distillation costs it
can be advantageous to permit a small concentration of 2-methoxybutane. This is
possible, in particular, when a catalyst which decomposes MTBE more quickly than
2-methoxybutane is used in step ¢) of the process.

Depending on purity requirements, lower concentrations of the secondary
components can also be achieved if required.

The work-up of the C4-hydrocarbons which have been separated off in step a) and in
the purification of the fraction (XVIl) by extraction with water or aqueous solutions
produces methanol/water mixtures which are preferably separated into water and
methanol by distillation. These two distillations are preferably carried out jointly in one
distillation. If further water/methanol streams are obtained in the process, it can be

advantageous for these also to be included in the separation. For example, it is
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possible to combine the removal of water according to step e) with these
water/methanol distillations. Particular preference is given to the combination with a
column which, when configured as a dual-pressure distiliation, is operated at a higher
pressure.

The isobutene prepared by the process of the invention can be used, for example, for
the preparation of diisobutene, isobutene oligomers, polyisobutylene, butyl rubber,
t-butylaromatics, methacrylic acid, methyl methacrylate, methallyl chloride, or
methallylsulphonates. In particular, it can be advantageous to use both the methanol
obtained in the dissociation and the isobutene for preparing methyl methacrylate.
Such a process for preparing methyl methacrylate is described, for example in

EP 1 254 887, which is expressly incorporated by reference.

The invention and some embodiments of the individual process steps will be

ilustrated with the aid of Figures 1 to 12, without the invention being restricted to
these.

Figure 1 shows the process with its individual process steps; Figures 2 to 12 showing
embodiments of the individual process steps.

Figure 1 shows the individual process steps with the associated streams. The
isobutene-containing C4-hydrocarbons (11), a methanol-containing stream (IX) and
the methanol-containing fraction (Vi) are fed to process step [a]. The methanol (ilf)
which is reacted with the isobutene (1) from stream (i) to form the MTBE- and TBA-
containing reaction mixture (1V) is present in the streams (VIIl) and (1X). Stream (1X)
can, for example, contain fresh methanol, i.e. methanol! which has not been
recovered in the process of the invention, or methanol which has been recovered in
the extraction of methanol-containing C4 streams with water and subsequent
methanol/water separation.

In [b] the MTBE- and TBA-containing fraction (V) is separated off from the reaction
mixture (IV). This gives a stream of C4-hydrocarbons (X) which still contains
proportions of methanol as a second stream.
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In [c], fraction (V) is dissociated into the dissociation products (V1) from which a
fraction (Vil) containing more than 50% by mass of the amount of methanol, TBA and
water present in the dissociation products (Vl) is separated off in [d]. In addition, a
methanol-containing isobutene stream (XVI11) and, if appropriate, an MTBE- and
methanol-containing stream (XL) are obtained.

Finally, in [e], water (XLI) is separated off from fraction (VII) and the remaining
stream (VIill) is recirculated to [a].

Figure 2 shows a preferred embodiment of process step [a]. The isobutene-
containing C4-hydrocarbons (Il) are mixed with the methanol-containing streams
(Vill) and (IX) and fed to a first reactor (R11). The reactor (R11) is operated as an
adiabatic fixed-bed reactor with recirculation, while the two subsequent reactors
(R12, R13) are operated in a single pass. The temperature is in sach case regulated
separately upstream of the reactors R12/R13. The reaction mixture (V) is obtained
from reactor (R13).

Figure 3 shows an embodiment [b1] of process steps [b]. The reaction mixture (1V) is
separated in the column T-21 into the MTBE- and TBA-containing fraction (V) which
is taken off as a side offtake stream, a methanol-containing overhead fraction of
C4-hydrocarbons (X) and a C8-enriched bottom fraction (XV). This configuration of
the column T-21 corresponds to the above-described embodiment AFE1.

A preferred work-up of the overhead fraction (X) is additionaily shown. The methanol
is washed out of the methanol-containing C4-hydrocarbons (X) in countercurrent with
water (XI) in an extraction column (E-21). The water/methanol mixture (X11) is
separated by distillation in column T-24 into the bottom product water (XI) which is
recirculated to the extraction and the overhead product methanol (XIV). The stream
(XIV) is preferably used as substream of stream (IX) in step [a].

Figure 4 shows an embodiment [b2] of process step [b]. The reaction mixture (V) is
separated in the column T-21 into an MTBE-, 2-methoxybutane-, C8- and TBA-
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water to the stream (V) in order to moderate the catalyst is indicated. The overhead

fraction (X) is worked up in a manner analogous to embodiment [b1].

Figure 5 shows an embodiment [b3] of process step [b]. The reaction mixture (1V) is
separated in the column T-21 into an MTBE-, 2-methoxybutane-, C8- and TBA-
containing bottom fraction (XV1) and a methanol-containing overhead fraction of
C4-hydrocarbons (X). The column T-21 is preferably operated as a reactive
distiilation column in this embodiment. The configuration of the column T-21 as a
reactive distillation column once again corresponds to the above-described
embodiment AFF2.

in column T-22, low and intermediate boilers (L), for example residual amounts of
C4-hydrocarbons and C5-hydrocarbons, are separated off from the fraction (XV1) at
the top. Thus, for exampie, all components having a boiling point below 50°C at

0.1 MPa(abs) can be separated off via the distillate. The purification of the MTBE in
the column T-22 corresponds fo the above-described embodiment AFF4. The bottom
product (XVill) is then separated in the column T-23 into the MTBE- and TBA-
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containing fraction (V) obtained at the top and the bottom product (XV) which has a
composition analogous to that in [b2]. The purification of the MTBE in the column
T-23 once again corresponds to the above-described embodiment AFF3. Here too,
the option of additionally adding water to the stream (V) in order to moderate the
catalyst is also indicated.

The work-up of the overhead fraction (X) is carried out in a manner analogous to
embodiment [b1].

The advantage of this embodiment [b3] is that residual C4-hydrocarbons and
intermediate-boiling components present in (XVI) can be separated off in a simple

way. Thus, they get neither into the MTBE dissociation reactor nor into the overhead
fraction (X).

Figure 6 shows an embodiment [b4] of process step [b]. The reaction mixiure (IV) is
separated in the column T-21 into the MTBE- and TBA-containing fraction (V), which
is taken off as a side offtake stream and a C8-enriched bottom fraction (XV). A
mixture of C4-hydrocarbons, methanol and possibly MTBE is obtained as overhead
fraction (XIX). This mixture is fed to a reactor R-21 in which residual amounts of
unreacted isobutene react further to form MTBE. A methanol-containing stream (XX)
can additionally be introduced into the reactor. The reactor output (XX!) is
subsequently separated in a column T-25 into a methanol-containing C4-fraction (X)
and an MTBE-containing bottom fraction (XXIt). This fraction is utilized separately or
can be recirculated entirely or partly to step [a] of the process. The overhead fraction
(X) is once again worked up in a manner analogous to embodiment [b1]. In this
embodiment, it can be advantageous to configure the column T-25 as a reactive
distillation.

The advantage of this embodiment is that the isobutene conversion in step [a] of the
process can be smaller, as a result of which less 2-methoxybutane is formed. As a
result, a column T-23 as is used in embodiments [b2] and [b3] may be able to be

omitted entirely or the column can be made significantly smaller.
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Figure 7 shows an embodiment [b5] of process step [b]. Here, purification to give
high-purity 1-butene is carried out, with residual amounts of isobutene being
converted into MTBE in the 1-butene purification.

The reaction mixture (V) is separated in the column T-21 into the MTBE- and TBA-
containing fraction (V), which is taken off as a side offtake stream and a C8-enriched
bottom fraction (XV). A methanol-containing C4-fraction (XXIII) which still contains
residual amounts of isobutene is taken off as overhead fraction (XX!1). The methanol
is washed out of the stream (XXIil) by means of water (XXXIV) in an extraction
column E-21. Amounts of 1,3-butadiene still present in the resulting stream (XXIV)
are converted into n-butenes in a selective hydrogenation SHP by means of
hydrogen, and the output from the hydrogenation (XXV) is fed to the column T-27. In
column T-27, the first separation of the C4-hydrocarbons occurs. 1-Butene, the |
residues of isobutene, isobutane and low boilers present, in particular DME from the
MTBE synthesis, are obtained as overhead product (XXV11). n-Butane, 2-butenes
and possibly residual amounts of 1-butene are taken off at the bottom of the column
as stream (XXVI). Any water obtained in heterogeneous form in the overhead stream
(XXVIl) is separated off. The distillate is fed to a reaction stage R-22 in which the
isobutene is reacted with methanol (XXV1I1). Catalyst and reaction conditions

correspond to those of process step a) of the process of the invention.

The mixture (XXIX) obtained from the reaction is separated in the column T-28 into
methanol-containing C4-hydrocarbons (XXX) and an MTBE-containing bottom
fraction (XXXI). The MTBE-fraction preferably still contains methanol and is
recirculated as substream of (IX) to step a) of the process of the invention.

Methanol is washed out of the stream (XXX) by means of water (XXXIV) in the
extraction E-22. The water/methanol streams (XXXII) and (XXXI) from the two
extractions are separated in a common column T-26 into water (XXXIV) and
methanol (XXXV). The stream (XXXV) is preferably recirculated as substream of (IX)
to step a) of the process of the invention.
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The water-saturated stream (XXXVI} is distilled in a subsequent distillation T-29 to
give high-purity 1-butene (XXXVIIl). It is obtained as bottom product from the column.
At the top of the column, isobutane and low boilers such as DME are obtained
(XXXVN1). To separate off the water, it is useful to equip the column T-29 with an

overhead decanter in which the water separates out as second phase and can be
discharged.

Figure 8 shows an embodiment [d1] of process step [d]. The fractionation of the
dissociation products (V1) which have preferably been partially condensed by heat
integration with other process streams is carried out in a single distillation column
T-41 in which the fraction (VII) containing methanol and unreacted MTBE as main
constituents is obtained at the bottom. The overhead product (XVIl) comprises
isobutene, methanol and low boilers such as DME. Intermediate boilers such as
C5-hydrocarbons, isoprene and dimethoxymethane are preferably obtained together
with the bottom product. The isolation of isobutene in the column T-41 corresponds
to the above-described embodiment AFF5.

Figure 9 shows an embodiment [d2] of process step [d]. Here, the fractionation of the
dissociation products (V1) is carried out in two distillation steps. This corresponds to
the above-described embodiment AFF 6. The overhead product from the column T-
42 (XVIl) comprises isobutene, methanol and low boilers such as DME. Intermediate
boilers such as C5-hydrocarbons, isoprene and dimethoxymethane are preferably
obtained together with the bottom product. The bottom stream from the column T-42
(XXXIX) is fed to a second column T-43. An azeotrope of methanol and MTBE (XL) is
taken off at the top of the column. The fraction (V1) which contains methanol, TBA
and water but is virtually free of MTBE is obtained as bottom stream.

The MTBE/methanol azeotrope (XL) can be recirculated entirely or partly to the
process. Recirculation to step a) or b) of the process is preferred. Particular
“preference is given to recirculation to one of the columns T-21, T-22 or T-23 of the

preferred embodiments [b1], [b2], [b3] or [b4], or recirculation to the reactor R-21 of
the embodiment [b4].
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Figure 10 shows an embodiment [e1] of process step [e]. The removal of water from
the fraction (VII) is carried out in only one distillation column T-51. Here, water is
obtained as bottom product (XLI) and the fraction (V1il) depleted in water is obtained
as overhead product. The removal of water in the column T-51 corresponds to the
above-described embodiment AFF7.

Figure 11 shows an embodiment [e2] of process step [e]. The removal of water from
the fraction (V1l) is carried out in two distillation columns which are operated as a
dual-pressure distillation. This corresponds to the above-described embodiment
AFF8. In the first column T-52, which is operated under a lower pressure, the first
substream of fraction (VIil) is obtained as overhead product. The bottom stream
(XL, which contains mainly methanol and water, is fractionated further in a second _
column which is operated under a higher pressure. Here, the second substream of
the fraction (VIil} is obtained at the top and water (XL1) is obtained at the bottom. The
column T-52 is preferably heated by the vapours from column T-53.

The configuration of process step e) in the form of a dual-pressure arrangement of
two columns offers the advantage that it generally requires significantly less energy
than the separation in only one column. Particular preference is given to a variant in
which the feed to at least one of the columns is substantially vaporized using part of
the heat of condensation of the dissociation gas from step ¢).

Figure 12 shows a typical embodiment for the further work-up of the methanol-
contai.ning isobutene stream (XVII) obtained in step [d].

Methanol is washed out of the stream (XVII) by means of water (XLIII) in an
extraction E-71. The methanol-laden water (XLIV) is separated in the column T-72
into a methanol-containing stream (XLVI) and water (XLHI), and the water is
recirculated to the extraction. Stream (XLVI) is preferably recirculated as substream
of (IX) to step a) of the process of the invention.

The water-saturated isobutene stream (XLV), which still contains DME, is
subsequently purified further in the column T-73. A DME-containing stream (XLVII)
which normally still contains isobutene is obtained at the top of the column. To
remove the water it is useful to equip the column T-29 with an overhead decanter in
which the water separates out as second phase and can be discharged. At the
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dissociation by elimination of water, which results in an additional introduction of

water into the process.

Examples

The following exampies iillustrate the invention.

Example 1:

Varying amounts of water were added to a mixture of synthetically produced
raffinate | and methanol. The mixture was then introduced into a laboratory reactor.
The reactor was a tube reactor (length 1000 mm, internal diameter 21 mm) with
cooling jacket through which a heat transfer oil (Mariotherm SH from Sasol Olefins &
Surfactants GmbH) flowed.

An acidic ion exchanger, viz. Amberlyst® 15 (Rohm & Haas), was used as catalyst.
The catalyst used comprised pellets having an average diameter of 0.6 — 0.85 mm, a
surface area of 45 m2/g and a bulk density of 770 g/l. The acid capacity of the
catalyst, based on the moist catalyst, was 1.7 eg/mi.
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analogowyty Zoermgesde stream (I1) of 10 000 kg/h is assumed as feeﬁ&}ﬁp@@fw@m%

compositions of the stream (ll), the fresh methanol introduced and the recycle stream (VII) coming
from process step [d] are shown in Table 9. The cgmpositions of stream (ll) and stream (I1X) are
unchanged compared to Example 2, see Table 5. The amount of fresh methanol was again set so that
a molar ratio of methanol to isobutene in the feed to the first reactor of 1.14 is obtained. Table

G e SR SRR S S e A T
Proportid@8®pinaRe tkg/iagket temperature was likewise set to 38°C (temperature of the

Marlotherm in the inlet to the reactor jacket) in all experiments. The pressure was set

to a constant 1.2 MPa(abs) by means of a pressure regulator at the end of the

reactor. The feed stream was regulated to 510 g/h, which at an amount of catalyst of

273.5 mi corresponds to an LHSV of 3.12 h™'. The feed mixture entering the reactor

and the product mixture leaving the reactor were analyzed by gas chromatography.

Table 4: Analyses of reactor feed, reactor output and isobutene conversion for
Example 1.
Experiment 1 Experiment 2 Experiment 3
Feed |Product| Feed |Product| Feed |Product
Isobutene [M%] 13.85 0.95 14.31 236, 13.77 9.13
Methanol [M%] 13.57 6.25 13.61 7.08 13.23 11.47
MTBE [M%] 0.00| 20.04 0.00 17.75 0.00 5.66
TBA [M%] 0.00 0.02 0.00 0.26 0.00 1.40
Butanes [M%] 12.23| 1215 12.30 12.32 12.21 12.20
1-Butene [M%] 36.56| 36.53| 36.20| 36.59| 37.14 36.93
2-Butenes [M%] 2317 23.37 22.92 23.10 22.39 22.35
Water [M%] 0.02 0.01 0.1 0.05 0.65 0.28
Miscellaneous [M%] 0.60 0.67 0.55 0.49 0.61 0.58
Isobutene
. [%] 93.12 83.50 33.69
conversion

Table 4 shows the analyses of reactor feed, reactor output and also the calculated
isobutene conversion. In Experiment 1, no additional water was mixed into the
mixture of synthetically produced raffinate |; the water content of about 200 ppm

results from the water originally present in the methanol and in the raffinate.

It can be seen that the isobutene conversion decreases significantly with the
increasing water content; in Experiment 1, the conversion is about 93.1%, in
Experiment 2 at about 1100 ppm of water in the feed only 83.5% and, finally, in
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Experiment 3 at about 6500 ppm of water in the reactor feed only about 33.7%. At
the same time, the TBA formation increases with increasing water content; in

Experiment 3, over one % by mass of TBA was measured in the reactor output.

Notes on Experiments 2 and 3:
In Examples 2 and 3 below, calculations were carried out using the steady-state

simulation program ASPEN Plus (Version 2006.5 from AspenTech) to show the
effects of the removal of water on the overall process.

To generate transparent, reproducible data, only generally available materials data
were used. This simplification makes it possible for the calculations to be
comprehended readily by a person skilled in the art. In the examples, the property
method “UNIFAC-DMD” (see J. Gmehling, J. Li, und M. Schiller, Ind. Eng. Chem.
Res. 32, (1993), pp. 178 - 193) was utilized.

For the modeliing of the reactors R11, R12 and R13, the reactive distillation in the
column T21 in the MTBE synthesis and the dissociation reactor in the MTBE
dissociation, kinetic reactor models based on comprehensive experimental data
using the respective catalysts were used in the calculations. For this reason, the
reaction temperatures assumed in the modelling of the reactor are also reported in
the examples. Since the composition of the inflowing and outflowing streams of the
reaction stages is also indicated in each case, a person skilled in the art can
reproduce the exampie by the remodelling of the reactors with prescribed

conversions without knowing the precise equations for the kinetics.

Example 2: (according fo the invention)

Example 2 corresponds to the process shown in Figure 1, assuming a variant [a1] as
per Figure 2 for the reaction of the isobutene, a variant [b3] as per Figure 5, for the
MTBE distillation, a variant [d1] as per Figure 8 for the purification of the dissociation
products and finally a variant [e1] as per Figure 10 for the drying.

A C4-hydrocarbon stream (il) of 10 000 kg/h having the composition shown in Table
5 (typical raffinate |, cf. Table 1) is assumed as feed to the plant as per Figure 1 or 2.



n-Butane 0.080000 2-Butenes 0.202850 0.000001 C5-hydrocarbons 0.000150 0.001097 MTBE
0.14880Wd ¥ wopbeyee PCT/EP2010/058424

48

The compositions of the fresh methano! introduced and of the recycle stream (VIll)
coming from process step [e] are likewise shown in Tabie 5. The amount of fresh

methanol was set so that a molar ratio of methanol to isobutene in the feed to the first
reactor of 1.14 is obtained.

Table 5: Composition of the feed stream (If), the fresh methanol (IX) and the
recycle stream (Vill) for Example 2.
Raffinate | fresh Recycle
(i) methanol stream
(IX) (v

Mass flow [kg/h] 10000.0 502.8 2109.4
Proportions by mass [kg/kg]

Dimethyl ether 0.000025
Isobutane 0.025000

isobutene 0.350000 0.000203
1-Butene 0.340000

1,3-Butadiene 0.001500

n-Butane 0.080000

2-Butenes 0.202850 0.000001
C5-hydrocarbons 0.000150 0.001300
MTBE 0.147283
2-Methoxybutane 0.004743
Methanol 0.997500 0.841886
tert-Butanol 0.001342
Water 0.000500 0.000250 0.000800
Diisobutene 0.002416

The C4-hydrocarbon stream (II), the fresh methanol (IX) and the methanol-containing
recycle stream (V1) are mixed and fed fo the reactors R-11, R-12 and R-13 in
variant [a1] as per Figure 2.

The isobutene present in stream (Il) is reacted in three adiabatic fixed-bed reactors
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methanol-containing recycle stream (VII) are mixed and fed to the reactors R-11, R-12 and R-13 in
variant [al] as per Figure 2. The arrangement of thgyreactors, the reactor sizes and the entry
temperatures are unchanged compared to Example 2. The recycle stream (VII) contains about 1.1%
by mass of water and thus significantly more water than in Example 2 (there stream (VIlII)). As can be
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concentrations under otherwise identical bount?ar cog%ong Consequently, a conversioh 0

isobuten® eVt Bliftireee Rkiirgafdhs !@@qmr%vgmaﬁm@laam@i@mm@m &%iaaskmme 2). The
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Among other things, the TBA content in the reactor output is signifiéantly higher at about 8000

ppm in Exapiat 2apdul P2 6othy fempexalmisidnty. the reactor R-11 is 40°C, and the
assumed recirculation is 28 300 kg/h. The entry temperature into the reactor R-12 is

40°C, and the entry temperature into the reactor R-13 is 35°C. Under these
conditions, a conversion of isobutene over all three reactors of about 97.8% is
obtained. As secondary reactions, the formation of TBA from isobutene and water,
the dimerization of isobutene to diisobutene, the reaction of methanol to form DME
and water and the formation of 2-methoxybutane from n-butenes are taken into
account in the kinetic model used. This gives the composition shown in Table 6 for
the reactor output (V1) (feed to the column T-21).
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Table 6:  Composition of the feed stream (IV), the distillate and the bottom
product (XV!) from the column T-21 for Example 2.
Feed to T-21 | Distillate from Bottom
(V) T-21 product from
(X) T-21
(XV1)
Mass flow [kg/h] 12612.2 6714.1 5898.1
Proportions by mass [kg/kg]
Dimethyi ether 0.0003%4 0.000888
isobutane 0.019822 0.037235
Isobutene 0.006077 0.000169|  0.000001
1-Butene 0.269581 0.506313 0.000099
1,3-Butadiene 0.001189 0.002233 0.000001
n-Butane 0.063431 0.119125 0.000032
2-Butenes 0.160274 0.299307 0.000844
C5-hydrocarbons 0.000336 0.000719
MTBE 0.447633 0.976586
2-Methoxybutane 0.001678 0.005414}
Methanol 0.025947 0.034285 0.008509
tert-Butanol 0.002298 0.005518
Water 0.000278 0.000445 0.000007
Diisobutene 0.001061 0.002269

The variant [b3] as per Figure 5 is assumed for the MTBE distillation. Accordingly the
reactor output (1V}) is fed to the column T-21. The column is configured as a reactive
distillation. The column has, including the catalyst zone, 75 theoretical plates, the
catalyst zone is located on plate 15 to plate 50 and the feed is introduced above
plate 60, counted from the top. The catalyst volume is 0.2 m® per plate, with a
KataMax® packing (Koch-Glitsch), filled with Amberiyst® 15 (Rohm & Haas) being
assumed. The column is operated at a reflux ratio of 0.9 and a pressure of

0.6 MPa(abs). The temperature at the top is 51.4°C, the temperature at the bottom is
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120.9°C. Under these boundary conditions, the conversion of isocbutene in the
reactive distillation column is 88%.

The bottom product (XV!) consists predominantly of MTBE (about 98% by mass) and
meets commercial specifications for fuel-grade MTBE. In particular, the TBA content
is less than 1% by mass, see Table 6. The distillate (X) consists predominantly of
C4-hydrocarbons and also methanol, DME formed in the MTBE synthesis and water.
The methanol can be removed by extraction with water, as shown in Figure 5. The
methanol-free C4-hydrocarbons (Xli) obtained from the extraction can be worked up
by known methods to give high-purity 1-butene. In this context, it is important that the
isobutene content, based on the 1-butene content, of stream (X) is less than

350 ppm. A high-purity 1-butene which meets commercial isobutene specifications
(e.g. < 2000 ppm of isobutene in the 1-butene) can therefore be obtained by means
of a purely distiliative process after removal or reaction of butadiene in a selective
hydrogenation.
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Table 7: Composition of the distillate (L) and the bottom product (XVIil) from the
column T-22 and of the bottom product (XV) from the column T-23 for
Example 2.
Distillate Bottom Distillate Bottom
from product from from product from
T-22 T-22 T-23 T-23
(L) (XVHI (V) (XV)
Mass flow [kg/h] 6.7 5891.4 5747 .4 143.9
Proportions by mass
[kg/kg]
Dimethyl ether
Isobutane 0.000158
Isobutene 0.001252
1-Butene 0.086129 0.000001 0.000001
1,3-Butadiene 0.000712
n-Butane 0.028309
2-Butenes 0.677852 0.000071 0.000073
C5-hydrocarbons 0.036666 0.000678 0.000685
MTBE 0.100000 0.977588 0.982811 0.769032
2-Methoxybutane 0.000020| - 0.005420 0.002100 0.137986
Methanol 0.067130 0.008442 0.008653
tert-Butanol 0.005525 0.005662 0.000023
Water 0.001771 0.000005 0.000005
Diisobutene 0.002271 0.092959

The MTBE stream (XVI) still contains a total of about 1700 ppm of C4- and
C5-hydrocarbons. In the column T-22, these C4- and C5-hydrocarbons are removed
from this stream to a residual content of 750 ppm by mass. The column has 52

theoretical plates and is operated at a reflux ratio of 212 and a pressure of
4.5 MPa(abs). The feed (XVI) is introduced above plate 22, counted from the top.
The temperature at the top is 48.1°C and the temperature at the bottom is 107.3°C.
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under these, ROLAAAL/ FRARANR T DIuRN (L) has a residual content of 10% by mass of MTBE.

The MTBE content could be reduced further by increasing the reflux ratio and/or the
number of theoretical plates. Table 7 shows the composition of the distillate stream
(L) and the bottom stream (XVIil} from column T-22.

The MTBE-stream (XVIIt) which has been largely freed of low boilers is fed to the
column T-23 in which primarily diisobutene and 2-methoxybutane are separated off
at the bottom (XV). The column has 95 theoretical plates and is operated at a reflux
ratio of 5.9 and a pressure of 0.95 MPa(abs). Stream (XVHI) is introduced above
plate 28, counted from the top. The temperature at the top is 144.1°C, and the
temperature at the bottom is 149.16°C. A gaseous fraction containing more than 98%
by mass of MTBE is obtained as overhead product (V). The 2-methoxybutane
content of the distillate was set to 2100 ppm by mass (see Table 7). The content of
MTBE in the bottom product (XV) could be reduced by increasing the reflux ratio
and/or the separation power. As a result of the operation of the column at elevated
pressure, virtually the entire TBA present in the feed is distilled into the overhead
product (V).

The MTBE-fraction (V) is, after further heating to the reaction temperature, fed as per
Figure 1 into the dissociation reactor in process step [c]. The dissociation reactor is
modelled with a reactor volume of 5.5 m?, and filling with a catalyst which formally
comprises magnesium oxide, aluminium oxide and silicon oxide and whose
production is described in the patent DE 102006040432.7 is assumed.

The reactor is operated at 298°C and 0.75 MPa(abs). Under these reaction
conditions, an MTBE conversion of about 94% is obtained and the conversion of
2-methoxybutane is about 17%. Owing to the proportion of 2-methoxybutane being
limited to 2100 ppm by mass in the reactor feed, a commercial specification for linear
butenes in the isobutene product is not put at risk despite the dissociation of
2-methoxybutane into 2-butene. The reactor output contains water formed by DME
formation and TBA dissociation, about 6000 ppm. The composition of the reactor
output (IV) is shown in Table 8.
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C4-hydrocarbons and also methanol, DME formed in the MTBE synthesis and water. The methanol
can be removed by extraction with water as shown in Figure 5. Owing to the deterioration in the
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Mass flow [kg/h] 5747.4 3610.3 2137.1 27.7

Proportions by mass

[kg/kg]

Dimethy! ether 0.011201 0.017817 0.000025

Isobutane

Isobutene 0.594182 0.945788 0.000200

1-Butene 0.000001 0.000001

1,3-Butadiene

n-Butane

2-Butenes 0.000301 0.000479 0.000001

C5-hydrocarbons 0.000695 0.000347 0.001283

MTBE 0.054055 0.145371

2-Methoxybutane 0.001741 0.004682

Methanol 0.330802 0.034738 0.830956 0.000005

tert-Butanol 0.000493 0.001325

Water 0.005642 0.0008289 0.013773 0.999995

Diisobutene 0.000887 0.002385

The variant [d1] as per Figure 8 is assumed for the purification of the dissociation
products. Accordingly, the reactor output (IV) is partially condensed and fed in two-
phase form to the column T-41. The column has 42 theoretical plates and is operated
at a reflux ratio of 0.3 and a pressure of 0.65 MPa(abs). The feed stream (VI) is
introduced above plate 28, counted from the top. The temperature at the top is
50.8°C and the temperature at the bottom is 117.0°C. The bottom product consists
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predominantly of unreacted MTBE (about 15% by mass) and methanol (about 83%
by mass) and also the predominant part of the amount of water present in the feed
stream (about 1.4% by mass), see Table 8.

The overhead product (XVI1) is isobutene having a purity of greater than 94% by
mass of isobutene. The limits for linear butenes (< 1000 ppm by mass) and
C5-hydrocarbons (< 1000 ppm by mass) required in a typical isobutene specification
are reliably achieved, see also Table 3. As shown in Figure 12, the methanol can be
removed if necessary by extraction with water. The residual water and the dimethyl
ether can be separated off by means of a subsequent distillation and the isobutene
(XLIX) can be concentrated to a purity of greater than 99.9% by mass.

The variant [e1] as per Figure 10 is assumed for the drying of stream (VII).
Accordingly, bottom stream (VI1} of column T-41 is fed to the column T-51. The
column has 32 theoretical plates and is operated at a reflux ratio of 0.7 and a
pressure of 0.11 MPa(abs). The feed stream (VII) is introduced above plate 14,

counted from the top. The temperature at the top is 61.7°C and the temperature at
the bottom is 102.3°C.

The water is separated off from the distillate stream to a residual content of 800 ppm
(see stream (VIII) in Table 5) and the distillate is recirculated to process step a). The
bottom stream from the column consists of virtually pure water having a residual
content of 5 ppm of methanol.

Example 3: (not according to the invention)

Example 3 serves as comparative example and does not comprise the process of the
invention. Accordingly, a process as per Figure 1 but without process step [e], i.e. the
drying of the recycle stream (VIl) and the corresponding removal of water, is
modelied. The reaction of isobutene is carried out, in a manner analogous to
Example 2, according to a variant [a1] as per Figure 2, the MTBE distillation is
carried out according to a variant [b3] as per Figure 5 and the purification of the

dissociation products is carried out according to a variant [d1] as per Figure 8. The
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stream (V1) from process step [d] is recirculated to process step [a] in Example 3.

In a manner analogous to Example 2, a stream (I1) of 10 000 kg/h is assumed as
feed to the plant. The compositions of the stream (!1), the fresh methanol introduced
and the recycle stream (VIl) coming from process step [d] are shown in Table 9. The
compositions of stream (ll) and stream (IX) are unchanged compared to Example 2,
see Table 5. The amount of fresh methanol was again set so that a molar ratio of
methanol to isobutene in the feed to the first reactor of 1.14 is obtained.

Table 9: Composition of the feed stream (ll), the fresh methanoi (IX) and the
recycle stream (VII) for Example 3. |
Raffinate | Fresh Recycle
(th methanol stream
(IX) (VID)
Mass flow [kg/h] 10000.0 518.1 2109.1
Proportions by mass
[ka/kg]
Dimethyl ether 0.000056
Isobutane 0.025000
Isobutene 0.350000 0.000200
1-Butene 0.340000
1,3-Butadiene 0.001500
n-Butane 0.080000
2-Butenes 0.202850 0.000001
C5-hydrocarbons 0.000150 0.001097
MTBE 0.148802
2-Methoxybutane 0.004200
Methanol 0.997500 0.832828
tert-Butanol 0.000008
Water 0.000500 0.000250 0.010962
Diisobutene 0.001845
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The C4-hydrocarbon stream (), the fresh methanol (1X) and the methanol-containing
recycle stream (VI1) are mixed and fed to the reactors R-11, R-12 and R-13 in variant
[a1] as per Figure 2. The arrangement of the reactors, the reactor sizes and the entry
temperatures are unchanged compared to Example 2.

The recycle stream (VIl} contains about 1.1% by mass of water and thus significantly
more water than in Example 2 (there stream (VIil)). As can be seen from Exampie 1,
the conversion of isobutene into MTBE decreases at higher water concentrations
under otherwise identical boundary conditions. Consequently, a conversion of
isobutene over all three reactors of only 68.1% is obtained in Example 3 (97.8% in
Example 2). The corresponding compaosition of the reactor output (IV) is shown in
Table 10 (feed to the column T-21). Among other things, the TBA content in the

reactor output (IV) is significantly higher at about 8000 ppm in Example 3 (about
2200 ppm in Example 2).
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04- and C5-hydrocarbons. These 04- and C5-hydrocarbons are separated off from this stream to a
residual content of 750 ppm by mass in the columpgl-22. The column is operated at a reflux ratio of
192, and number of theoretical plates and column pressure are unchanged compared to Example 2.
The temperature at the top is 48.3C, and the temperature at the bottom is 100.8C. Table 11 shows the

Table 10: Composition of the feed stream (1V), the distillate and the bottom
product (XV1) from the column T-21 for Example 3.
Feed fo Distillate Bottom
T-21 from product from
(V) T-21 T-21
(X) (XVI)

Mass flow [kg/h] 12627.2 7371.0 5256.2
Proportions by mass
[kg/kg]
Dimethyl ether 0.000659 0.001507
Isobutane 0.018799 0.033916
Isobutene 0.088515 0.080591 0.000016
1-Butene 0.269260 0.461209 0.000077
1,3-Butadiene 0.001188 0.002034 0.000001
n-Butane 0.063355 0.108517 0.000023
2-Butenes 0.160304 0.273468 0.000777
C5-hydrocarbons 0.000302 0.000726
MTBE 0.311137 0.902868
2-Methoxybutane 0.001238 0.004278
Methanol 0.074873 0.038018 0.068855
tert-Butanol 0.008065 0.020294
Water 0.000624 0.000739 0.000447
Diisobutene 0.000683 0.001640

Once again, the variant [b3] as per Figure 5 is assumed for the MTBE distillation,
with the column T-21 being configured, as in Example 2, as a reactive distillation.
Number of theoretical plates, catalyst volume, reflux ratio and column pressure
remain unchanged compared to Example 2. The temperature at the top is 51.0°C,
and the temperature at the bottom is 110.7°C. The conversion of isobutene in the

reactive distillation column is about 47% under these boundary conditions.
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present in the 1-butene in a second MTBE stage (R-22 in Figure 7) is also not

possible since the isobutene content is, owing to the limitation imposed by the

equilibrium, significantly too high in order to achieve the desired specification in
simple fixed-bed reactors, if appropriate also with reactive distillation.
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Table 11: Composition of the distillate (L) and the bottom product (XVIII) from the
column T-22 and also the bottom product (XV) from the column T-23 for
Example 3.
' Distillate Bottom Distillate Bottom
from product from from product from
T-22 T-22 T-23 T-23
(L) (Xvill) (V) {(XV)

Mass flow [kg/h] 9.5 5250.7 5028.8 221.9
Proportions by mass
[ka/kg]
Dimethyl ether
Isobutane 0.000099
isobutene 0.015489
1-Butene 0.073655 0.000001 0.000001
1,3-Butadiene 0.000660
n-Butane 0.021950
2-Butenes 0.673179 0.000076 0.000079
C5-hydrocarbons 0.050616 0.000674 0.000703
MTBE 0.100000 0.903705 0.924709 0.427689
2-Methoxybutane 0.000017 0.004282 0.002100 0.053740
Methanol 0.047796 0.068876 0.071916
tert-Butanol 0.020315 0.000043 0.479732
Water 0.016538 0.000430 0.000449
Diisobutene 0.001641 0.038839

The MTBE-stream (XV1) still contains a total of about 1600 ppm of C4- and
C5-hydrocarbons. These C4- and C5-hydrocarbons are separated off from this
stream to a residual content of 750 ppm by mass in the column T-22. The column is
operated at a reflux ratio of 192, and number of theoretical plates and column
pressure are unchanged compared to Example 2. The temperature at the top is
48.3°C, and the temperature at the bottom is 100.8°C. Table 11 shows the
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composition of the distillate stream (L) and the bottom stream (XVill) from the
column T-22.

The MTBE-stream (XVIH) which has been largely freed of low boilers is fed to the
column T-23. In Example 3 the step according to the invention of water removai as
per process step e) is absent. As a result, all of the water formed by TBA dissociation
and DME formation in the ether dissociation is returned to the synthesis, more than
50% of it is there converted into TBA and thus, bound as TBA, returned to the
dissociation. Without discharge of TBA, TBA or water would therefore continue to
accumulate in the process and steady-state operation would not be possible. For this
reason, not only diisobutene and 2-methoxybutane but also TBA are separated off at
the bottom (XV) in the column T-23 in Example 3. The pressure in the column is
therefore reduéed by 0.2 MPa(abs) compared to Example 2; the number of
theoretical plates remains unchanged. The column is operated at a refiux ratio of 2.6.
The temperature at the top is 73.2°C, the temperature at the bottom is 87.6°C. Owing
to the disappearance of the pressure azeotrope of MTBE and TBA at low pressures,
TBA is discharged at the bottom in this mode of operation. The MTBE content of the
bottoms was set so that, as in Example 2, 2% of the MTBE present in the feed
stream (XVIil) is discharged at the bottom. A liquid fraction containing more than 92%
by mass of MTBE and 8% by mass of methanol is obtained as overhead product (V).
The 2-methoxybutane content of the distillate was, in Example 2 set to 2100 ppm by
mass (see Table 11).

in contrast to Example 2, the MTBE-fraction (V) cannot, owing to the low pressure in
the column T-23, be fed in gaseous form, without compression, {o the dissociation
reactor in process step [c]. In Example 3, the MTBE-fraction (V) is therefore taken off
in liquid form from the column T-23, compressed to a pressure above the reaction
pressure, vaporized completely and finally fed, after further heating, to the reaction
temperature, to the dissociation reactor. The volume and the pressure of the
dissociation reactor are unchanged compared to Example 2. The reactor is operated
at 293°C. Under these reaction conditions, an MTBE conversion of about 93% is
obtained, and the conversion of 2-methoxybutane is about 16%. The composition of
the reactor output (1V) is shown in Table 12.



0.000774 For the purification of the dissociation products, the variant [dl] as per Figure 8 is assumed,
as in Exgpeo41)voeegof theoretical plates, column pressure and re géﬁvg # T 41 are
unchanged compared to Example 2. The temperature at the top is 50.8 the empera re at the
bottom is 116.9C. The bottom product (VII) consists, predominantly of unreacted MTBE (about 15% by
mass) and methanol (about 83% by mass) and alsé the predominant part of the amount of water
present in the feed stream (about 1.1% by mass), see Table 9. Stream (V1) is recirculated 63 directly
to process step a) in Example 3. Comparison of Example 2 (according to the invention) and Example 3
(not according to the invention) was able to show very clearly the advantages of the process of the
inventionf dlje §2the éhmapoeitibpmmmxe) (Wi feoiputee elissocEtomrsadenr @astheery
significantly in Examp the sed portion o w the MTB synthesis and the
associated inhibition cfﬁ%e?arv*ea |on t gﬂﬁ ﬂe ?A'éfnﬂn r 3?4 dary conditions,
neither in-specificatign 1-butene nor in- specmca%on feebgdrade MTB&mmé)ﬁmduced. Furthermore,
the absence of procdss step e) makes dischargel of TBA in process step b) necegsary. This leads
firstly to an increased isobutene loss caused by heq@?f))ﬁf@ﬁgrbound in TBA and secondly to an
increased energy comsumption since, at the low presseestoftftake in ggeeas form from the column
T-23 and direct introduction into the dissociation feactor,are no Idnger possible. Iff steam is introduced
in the ether dissociatjon in order to influence the Jreacti P?Dosmvely or alkali is intoduced in the
process steps after thivledwefleisfagialion in ordefr to avoidsepgasion, the drgagvantages of a process
without the removal @f wa*m aecordigto-the-ivientionin-process-stepe).are incileased even further.
64 Claims 1. Procesy JPB%BQH%&YS%&\% by|dissociation of MITBE, which comprises the following
steps: a) MTBE synthéaigkgaction of isobutene-containing hydrgcarbon mixtureq (I1), with methanol
(1), present in one ofmere-methanel-containingistreams (LX) _gver acidic ion exchangers to give
a stream (1V), contair QWWIEG% IBA, b) Isoldtion oﬂ\ﬁ’l’ﬁézge parati@r%@ﬁ@cream (V), containing
MTBE and TBA, fron gi¢eam /) by distillation, ¢) MTBE disSociation, dissociation of stream (V) in the
gas phase over a heterogeneous catalyst to giveia stream (V1) cantaining at least isobutene,

methanol, MTBE and (§8Rt8RA possibly TBA, d) Isolatf48 1dcutene 0s8#a94dn of the stream (V)
by distillation to give pSEEaERS VT, Contaimning freach o830 ? thrar ' ass of the amounts of
methanol, TBA and water present in stream (V1) and a stream (XVII) containing isobutene, €) Removal
of water; separation ¢ft wakditggienstream (V1) tojbelow 1% by mass by distillation to give a stream
(VIII), f) Recirculatior ’I’*%‘tg g tratrecrcutatiorof the-methanof-contatning-stredm (VIII) to the MTBE
synthesis. 2. Procesg according to Claim 1, characterized in that

2-Butenes 0.000294 0.000506
C5-hydrocarbons 0.000703 0.000419
MTBE 0.062409
2-Methoxybutane 0.001762
Methanol 0.369455 0.034726
tert-Butanol 0.000003
Water 0.004964 0.000631
Diisobutene 0.000774

For the purification of the dissociation products, the variant [d1] as per Figure 8 is
assumed, as in Example 2. Number of theoretical plates, column pressure and refiux
ratio of the column T-41 are unchanged compared to Example 2. The temperature at
the top is 50.8°C, and the temperature at the bottom is 116.9°C. The bottom product
(VHi} consists predominantly of unreacted MTBE (about 15% by mass) and methanol
(about 83% by mass) and also the predominant part of the amount of water present
in the feed stream (about 1.1% by mass), see Table 9. Stream (VIi) is recirculated



the removal of water from stream (VII) is carried out in two columns, with the first being operated at a
lower prg¢@URe tH1G00E6IB®tom product therefrom being purified further poraEP20d GSBYRaPerated at
a higher pressure. 3. Process according to Claim 1 or 2, characterized in that the first column is at
least partly heated by means of the vapours fromghe second column. 65 4. Process according to any
of Claims 1 to 3, characterized in that additional water/methanol mixtures are distilled in the second
column. 5. Shell-and-tube apparatus having the following elements: i) bundle of tubes, ii) tube plate, iii)

deflectiogilaligSol WHREESER! m%@gnng outer shell containing at-least one inlet and-outlet,
vi)space W|th|n9 the‘&slhell conta?n\lér?g a fluid which gives off or takes up heat, characterized in that the

inner shell is joined without leaving a gap or with a small gap to the deflection plates installed over the

length otjbmpaﬂédm%@k&ma@ﬂ%&%a@iﬁewmwwmmé@ oM 58“‘9 shell

enclosin et?qthe inner shell on both sides. 6. Process accordlng to at least one of Clalms 1to

charactdRZD iRYRREQMAY W%ﬁo\rﬂ&ﬁr"% hothe advairges of he ssesesseldig to at least
one of Giai@stibio Bueharaeelzashib Bebrocess step e), the isobutene conversion is

decreased very significantly in Example 3 owing to the increased proportion of water
in the MTBE synthesis and the associated inhibition of the reaction, to such an extent
that, under the same boundary conditions, neither in-specification 1-butene nor in-
specification fuel-grade MTBE can be produced. Furthermore, the absence of
process step e) makes discharge of TBA in process step b) necessary. This leads
firstly to an increased isobutene loss caused by the isobutene bound in TBA and
-secondly to an increased energy consumption since, at the low pressure, offtake in
gaseous form from the colurhn T-23 and direct introduction into the dissociation
reactor are no longer possible.

If steam is introduced in the ether dissociation in order to influence the reaction
positively or alkali is introduced in the process steps after the ether dissociation in
order to avoid corrosion, the disadvantages of a process without the removal of water

according to the invention in process step e) are increased even further.



a stream of alkali is introduced in the isolation of isobutene and/or the removal of water. 8. Process

accordingyo @AYo FEggacterized in that aqueous solutions of alkali m%ﬁ%ﬁg@;ﬁmﬁgkaﬁne

earth metal hydroxides are used for the addition of alkali. 9. Process acco ims 1to 7,
characterized in that 66 the alkali is removed in th§4removal of water together with the water which is
separated off. 10. Process according to any of Claims 1 to 9, characterized in that one or two
distillation columns are used in the isolation of isobutene and in that the addition of alkali is effected by
introductie%m the feed to the column or into the feed to the first column. 11. Process according to
Claim 7 and at least one of Claims 1 to 10, characterized in that one or two distillation columns are
used in the isolation of isobutene and in that the addition of alkali is effected by introduction into the

column or int | t it of § uction fl,tlﬁer ed. 12. Process acgording to
Claim 7 anjld gtﬁ%s%%rﬁ%%ﬁﬁ@%?g qtﬁﬁéhﬁaggc{%gﬁzgé%?'ﬁﬂﬁit one%‘r\fvv%ggigﬁ ﬁ%ﬁﬂﬁ%%fl} ns are
used in the rdalowdngfatensr and in that the introduction of alkali is effected into the feed to the column
or into the feeg t irst . 13, Proc rding to.Claim 7 and at least one of Claims 1 to
12, characte%ﬁe(jvifr? %1%’?8@%?‘1%1\’/6% (%gﬁ@téﬁ%:%%%ﬁsé ag}%gl,ﬂ%ﬁgl ﬂzt\)(g W%(%ﬁglt\)/%?g? i/)f/%{'é?sa 'in that the
addition of alkali wiﬁff@lﬂ&:ﬂbsﬂiﬂﬂibcﬂrmﬁmm @otoome ondtivanioddivsttzioling sthedmst il hoint of

introduction of thedeed 14 FRGeRSACFA I RSt SPE2h ?Il\%fnc?o%tgoen]i%g MTBE and

TBA,

b) Isolation of MTBE; separation of a stream (V), containing MTBE and TBA,
from stream (IV) by distillation,

¢} MTBE dissociation; dissociation of stream (V) in the gas phase over a
heterogeneous catalyst to give a stream (V1) containing at least isobutene,
methanol, MTBE and water and possibly TBA,

d) Isolation of isobutene; separation of the stream (V1) by distillation to give a
stream (VI1), containing in each case more than 50% by mass of the amounts
of methanol, TBA and water present in stream (V1) and a stream (XVIl)
containing isobutene,

e) Removal of water; separation of water from stream (VII) to below 1% by
mass by distillation to give a stream (VIii1),

f) Recirculation; total or partial recirculation of the methanol-containing stream
(VIII) to the MTBE synthesis.

2. Process according to Claim 1,
characterized in that
the removal of water from stream (VII) is carried out in two columns, with the first
being operated at a lower pressure and the bottom product therefrom being

purified further in a second column operated at a higher pressure.

3. Process according to Claim 1 or 2,
characterized in that

the first column is at least partly heated by means of the vapours from the
second column.



characterized in that the column, into which the reactor output is transferred is operated at a lower

pressurafitsPgiq ffsgeE 1. Process according to at least one of Clai@&tlmg §g) %Q%%:terized in

that the heat from the cooling and partial condensation of the reactor outpu I héat
integration within the process. 65

4. Process according to any of Claims 1 to 3,
-characterized in that

additional water/methanol mixtures are distilled in the second column.

5. Shell-and-tube apparatus having the following elements:

i) bundle of tubes,

i) tube plate,

iii} deflection plates,

iv)inner shell,

V) pressure-bearing outer shell containing at least one inlet and outlet,

vi)space within the shell containing a fluid which gives off or takes up heat,
characterized in that the inner shell is joined without leaving a gap or with-a
small gap to the deflection plates installed over the length of the bundie of
tubes and to the tube plate, with the fluid present in the space within the shell
enclosing the inner shell on both sides.

8. Process according to at least one of Claims 1 to 5,
characterized in that

water or water vapour is added to the stream (V).

7. Process according to at least one of Claims 1 fo 6,
characterized in that

a stream of alkali is infroduced in the isolation of isobutene and/or the removal of
water.

8. Process according to Claim 7,
characterized in that
aqueous solutions of alkali metal hydroxides or alkaline earth metal hydroxides
are used for the addition of alkali.

9. Process according to any of Claims 1 to 7,
characterized in that
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the alkali is removed in the removal of water together with the water which is
separated off.

Process according to any of Claims 1to 9,

characterized in that

one or two distillation columns are used in the isolation of isobutene and in that
the addition of alkali is effected by introduction into the feed to the column or into
the feed to the first column.

Process according to Claim 7 and at ieast one of Claims 1 to 10,

characterized in that

one or two distillation columns are used in the isolation of isobutene and in that
the addition of alkali is effected by introduction into the column or into the first
column below the point of introduction of the feed.

Process according to Claim 7 and at least one of Claims 1 to 11,
characterized in that
one or two distillation columns are used in the removal of water and in that the

introduction of alkali is effected into the feed to the column or into the feed to the
first column.

Process according fo Claim 7 and at least one of Claims 1 to 12,

characterized in that

one of two distillation columns are used in the removal of water and in that the
addition of alkali is effected by introduction into the column or into the first column
below the point of introduction of the feed.

Process according to at least one of Claims 1 to 13,
characterized in that

the column, into which the reactor output is transferred is operated at a lower
pressure than the reactor.

Process according to at least one of Claims 1 to 14,
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characterized in that
‘the heat from the cooling and partial condensation of the reactor output is utilized

for heat integration within the process.



