Process for production of isobutene by cracking MIBE-containing m xtures
The present invention relates to a process for preparing isobutene by

cl eaving MIBE-contai ning m xtures. 5 |sobutene is an inportant
internediate for the preparation of a nultitude of organic conpounds, for
exanpl e for the preparation of butyl rubber, polyisobutylene, isobutene
ol i goners, branched al dehydesgs, C5 car boxyl ic acids, C5 aI cohol S and C5
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synthesis of 10 tert-butyl arorratl cs and as an internediate for obt ai ni ng
peroxides. In addition, isobutene can be used as a precursor for
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In a side draw of the colum, MIBE and 2- nethoxybutane (MSBE) are

obt ai rdd, which are then fed to the acid-catalysed 3.0 cleavage. DE 10 2006
040431 d r obu BE
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ppm by mass. The recycling of unconverted MIBE is optional. Published
specification DE 10 2006 040434 describes a process for cleaving MIBE, in
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met hanol, the top stream being recycled into the cleavage. Accordingly, the
hi gh boilers fornmed in the process are discharged here via a sidestream
The formation of high boilers by dinmerization or oligonerization of the

i sobutene to 5 C4 oligoners, known as C8 and Cl2 conponents, is one of the
known side reactions in MBE cl eavage. The undesired C8 conponents are
principally 2,4, 4-trimethyl-1-pentene and 2, 4, 4-trimet hyl-2-pentene. I n
addi ti on, L%%@ 66 € Bbadegciihesra peasiess fertpibyaring, high-parityiissbuséne. tierapt hanol
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whi ch high-purity isobutene, as required, for exanple, for the preparation
of polyis gutene (RIB), butyl rubber or else of nethyl nethacrylate (MR,
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MIBE, 10 comtdangsircafds veeyerid iRtcthanbiithg brhenbeaise hi@) bdiers! I 1atively
separating stream (8) to obtain an MIBE-containing stteam (10, 12) and a

net hanol (S3ienalinilow beiless aseiremoved freamthestarting MTBE) recycling an

MIBE- cont ai ning stream (10, 12, 13) into step a) of the process, the nmedium
boil ers being renoved conpletely or partially before step d) fromthe 15

streanms (PLB/isHE) spacifitation Wi @robeioken 30 is fadkasomevoRperatiorstdshat |

surpri si E%I , .the cleavage of MIBE in the _?as phase forns reaction m xtures
whi ch ha Erieatuiproate pisilieatiomef therldTBbiused imthe deavramtalrese of the

C4 hydro el i et i sopr ene.
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f or mal xleppthetemecdbittiecd betat 1 280 ppm bheeesf The idayarigheinaiconleted RITBETan be
formed from.for ['ral dehyde and i sobutene. Since, gased on the boiling
sequence SYHOBR" hydr ocar bons and MIBE, these are conponents of noderat e
boi ling point, these conponents are referred to hereinafter as nmedi um
boilers. Their boiling point at 0.1 MPa(abs) is typically 25 between 12C
and 55C. Published specification DE 10 2006 040434 describes a process for cleaving

MTBE, in which isobutene, with (azeotropic) proportions of methanol, is removed
30 from the cleavage effluent in a first step. Subsequently, in a further distillation,

methanol is obtained as the bottom product, as are a sidestream containing

diisobutene, methanol and MTBE, and a top stream containing MTBE and



The concentration of the nediumboilers formed in the reaction is typically
significantly bel ow 500 ppm by nass based on the reactor effluent. Wat is
meant by these nediumboilers is not at hydrocarbons, for exanple 1-butene
or cis- and trans-2-butene, which can form for exanple, through 30

cl eavage of MSBE and boil only just above isobutene, and al so isobutane,

which can | ikew se be formed as a by-product of the cleavage. Table 1:
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Boilin hi koA - 74 | ne -7.06, 1-butene -6.28 ‘
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reactions in MTBE cleavage. The undesired Cg components are principally

2,4,4-trimethyl-1-pentene and 2,4,4-trimethyl-2-pentene.

In addition, particularly over basic catalysts, a portion of the methanol formed in

10 the cleavage is converted to DME with elimination of water.

The further workup of the methanol-containing isobutene streams obtained in
DE 10 2006 040431, DE 10 2006 040430 and DE 10 2006 040434 therefore
envisages a removal of the methanol by extraction with water and a subsequent

15 distillation, in which DME and water are removed from the isobutene.

MTBE cleavage in the gas phase has the advantage that it generally proceeds at
higher temperatures. The equilibrium of the reaction of MTBE to give isobutene
and methanol is thus more strongly on the side of the products, such that higher

20 conversions can be achieved. Owing to the higher cleavage temperatures,
however, other and/or additional side reactions can occur.

As described at the outset, isobutene is an important intermediate for the
preparation of a multitude of organic compounds. The efficient preparation of

25 these products is a core area of current industrial research and therefore places
very high demands on the product purity.
It was therefore an object of the invention to develop a process in which high-
purity isobutene, as required, for example, for the preparation of polyisobutene
(PIB), butyl rubber or else of methyl methacrylate (MMA), becomes available.

30 This object is achieved by a process for preparing isobutene from MTBE-
containing mixtures, which comprises the following steps:
a) in a reactor R, cleaving a mixture obtained from an MTBE-containing feedstock



Oxygenat es such as di net hoxynet hane have sim |l ar properties to the
typically 10 specified dinethyl ether (DME). Unlike DVE, dinethoxynethane
boi |l s at hi gher tenperatures than isobutene. This neans that DME and

di met hoxynet hane cannot be renoved fromisobutene in one distillation step.
| sobutane fornmed fromside reactions, in contrast, is generally uncritical
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since th ﬁﬂ? boi | ake ce to an increased
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of the process according to the |nvent| on, MIBE is

t
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bri ng about the cleava to 1so in the

t enper at baged amdfes bé:lxﬂ@@edmrﬁzeﬁﬁr Ceghpéocattoys aMdtMTBE] theseange from 200 to
400C. The cat alrﬁs':?g used i rocess according to the |nvent| on may, for
exanpl e, “CBRPATHS mgdegste mg Gyt ?690”&9”88 ar@é’ﬁ@é"egl Py those which

contain ﬁéﬂea%rés%&i@mamvee T%Wﬂorll?gr i %sr)ggggggc%gg oxi de

supports or netal salts or mxtures t cording to
t he i nvebg¢ineen W@Bndﬁ&‘]@aved to i sobutene and rret hanol in the gas phase
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What is meant by these medium boilers is not C4 hydrocarbons, for example
1-butene or cis- and trans-2-butene, which can form, for example, through
30 Cleavage of MSBE and boil only just above isobutene, and also isobutane, which
can likewise be formed as a by-product of the cleavage.



Particul ar preference is given to using catalysts which, in a formal sense,
conpri se magnesi um oxi de, al um ni um oxi de and silicon dioxide, and which
have a 15 proportion of nagnesium oxide of 0.5 to 20% by nass, preferably

of 5to 15% by mass and nore preferably of 10 to 15% by nass,
of al um ni um oxide of 4 to 30% by mass,

a proportion
preferably of 10 to 20% by nass,
and a proportion of silicon dioxide of 60 to 95% by mass, preferably of 70
to 90% by lABl&s!: aql'lﬂ@ta@ﬂlmiéoéd\ﬁa@l hg@'@oarbmhem OHeMEa@@j yst conprises an

al kali metal oxi additi-on—to—t+ e n oxi de. This may, for
exampl e, be sel et péﬁ’y?'ﬁ%ﬁ{q%zo or k?@”’”?h?é’”ﬁé | yst preferably conprises
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DE 10 2006 040430 and DE 10 2006 040434 have any step for the removal of



In addition, it is possible to use plate reactors for the performance of
the cl eavage reaction. Plate reactors are of anal ogous construction to

pl at e heat exchangers. 20 The separation of the plates between which the
catalyst is present is preferably 10 - 80 mm The tenperature decline in
the catal yst zone at any point in relation to the input tenperature is
preferably |l ess than 50C, nore preferably I ess than 40C and 25 nost

pr ef er abl yegditMpbGiEes. |THikeseaxboessesetigse abmpendets| acwording ththeastjarstired by
nunmer ous paraneters, for exanple b he tenperature of the heat carrier
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product s.PrRddetandar d reaction which occurs in MIBE cl eavage is the

formatio I | et her . This is formed by reacti of two
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These in e,..the cleavage of 2- 15 net hoxybut ane (NMSBE)
present i r)}(Hﬂﬁﬂee %’z%é.gw#&?éwgm i mnation of methanol, these can form

1- but ene and 2- but enes. 3- Met hoxy-1-butene or 1-methoxy-2- butene present
in the MIBE can form 1, 3-butadi ene in the cleavage. Raw materials 20 The

present’ | reg P the glospsd pdesart fessribpdin RE 1% HM X ragid MTBE. It is
i bl if L1ty : Ay b i bl
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use technical - vari ous qu
t echni calthajmeetbutdiBieemnirmed frathel protessosideafisdhargdy sélactivebhut ene of hi gh
purity, it is advantageous to use a starting 25 MIBE of high purity in step

a) of the process. This can be obtained fromtechnical -grade MIBE, which is

gener al | y, hntsmaed choditent dighe g%dg&%tk;o thtt%yhig RIBh frd géralﬂﬂﬁh b iBWeérﬁ red

enbodi ments of the process accordin Inventl thi's purification is
part ob tmegiypndoders,of dnel steotingeMABIE; athidr kekpshiBBddiionbleteasridaldi rect | y.

Techni cal- gr BE (fue ality) is therefore the preferred feedstock.
Tabl e 2 ﬁg‘gﬁg%%@gﬁg%’x'gkﬁﬁggﬂ

he typical conposition of a technical-grade
MIBE. Table 2: Typical conposition of technical-grade MIBE (fuel quality).
Conponent. Proportion by mass [kg/ k%] 1-butene / 2-butenes 0.001000 pentanes
0. 001500 F'he means of removing the medium boilers additionally extends the operation of

the cleavage to higher temperatures, since the formation of the medium boilers
25 takes place to an increased degree at high temperatures. This can be utilized, for

example, to prolong the catalyst lifetime or to reduce the amount of catalyst.

Cleavage reaction
In step a) of the process according to the invention, MTBE is cleaved in the gas

30 phase over a heterogeneous catalyst to give isobutene and methanol. In this step,
it is possible to use all solid catalysts which bring about the cleavage of MTBE to

isobutene and methanol within the temperature range of 150 to 500°C, especially



MIBE 0. 978000 2-net hoxybutane (MSBE) 0. 003000 net hanol 0.008500
tert-butanol 0.003000 water 0.000050 2,4, 4-trimethyl pentenes 0.003300
Techni cal -grade MIBE can be prepared by known nethods by reaction of C4
hydr ocarbon m xtures from which the pol yunsaturated hydrocarbons have been
5 substantially renoved, for exanple raffinate | or selectively

hydr ogenated crack C4, with nmethanol. Purification of the cleavage products

The cl eavaiibindhedangesfrom@dttbet00e@ct or are separated by distillation in
step b) of 10 the process according to the invention. This affords a stream
7 which conprises nore than 90% by mass of isobutene, |ow boilers and

proporti onge @kt $as in 1 r ‘ i o L t hanol ,
MIBE, nedi um b&ﬂﬁrs 'anlg h?gﬁ@cbefoslgla%?i{dr%tb?ﬁ%}r@e@ﬁ%ﬁ@vﬁg, @Fﬁ%&%ﬁ\p I'aega’subst ance
boi | i ng pePmial vetat exigenenixed myaialoalides, pspsaalty thosd Waicheaotain séicbhuent  at

0.5 MPa(apsk: | .as isaohuten the | ow boilers present are further 4
hydr ocag bgﬁée (aﬁaﬁ’\@%mm‘@ Bﬁ'ggn%cé(%’ SR RN BHRPORS Oél%e?a'i ’??itlsrﬂfxyrret hane
are medi umiagitdsahsrebprmed in the reaction with boiling points according to
the table below. The high boilers present, i.e. conponents with a 20 higher
boi ling point than MIBE, are TBA, diisobutene and MSBE. Table 3: Pure

mat eri al bk i S typpeal l resent.in the reactor
ot uent hng PR b AR G P BETs ek Pe ERp Bonedne it
propor ti omethanol in the gas phase preferably using catalysts which consist in a formal
10 sense of magnesium oxide, aluminium oxide and silicon oxide. Such catalysts are
described, for example, in US 5 171 920 in example 4 or in EP 0 589 557.

Particular preference is given to using catalysts which, in a formal sense, comprise
magnesium oxide, aluminium oxide and silicon dioxide, and which have a

15 proportion of magnesium oxide of 0.5 to 20% by mass, preferably of 5 to 15% by
mass and more preferably of 10 to 15% by mass, a proportion of aluminium oxide
of 4 to 30% by mass, preferably of 10 to 20% by mass, and a proportion of silicon
dioxide of 60 to 95% by mass, preferably of 70 to 90% by mass. It may be
advantageous when the catalyst comprises an alkali metal oxide in addition to the

20 magnesium oxide. This may, for example, be selected from NayO or K»0. The
catalyst preferably comprises Na,O as the alkali metal oxide. The catalyst used
with preference preferably has a BET surface area (determined volumetrically with
nitrogen to DIN I1SO 9277) of 200 to 450 m*g, preferably of 200 to 350 m?/g. When
the catalyst is applied as an active material on a support, only the active material

25 has a BET surface area within the range specified. The material composed of
catalyst and support may, in contrast, according to the properties of the support,
have a significantly different BET surface area, especially a lower BET surface

area.

30 The pore volume of the catalyst is preferably 0.5 to 1.3 ml/g, preferably 0.65 to
1.1 mi/g.



DME 19.2 0.1 - 2% by nmass isobutene 42.7 50 - 60% by mass 1-butene 43.4 O-
150 ppm by mass trans-2-butene 51.4 0 - 750 ppm by nass (sum of 2-butenes)
cis-2-butene 54.1 isoprene 90.4 10- 300 ppm by mass di met hoxynet hane 95.9
5 - 150 ppm by mass nmethanol 111.5 30- 37% by nmass MIBE 113. 8

The mean pore diameter to DIN 66133 of the catalyst is preferably 5 to 20 nm,

preferentially 8 to 15 nm. More preferably, at least 50%, preferably more than

70%, of the total pore volume (sum of the pore volume of the pores with a pore

diameter of greater than or equal to 3.5 nm, determined by mercury porosimetry to
s DIN 66133) of the catalyst, is accounted for by pores having a diameter of 3.5 to

50 nm (mesopores).

In the process according to the invention, preference is given to using catalysts
which have a mean particle size (determined by screen analysis) of 10 um to

10 10 mm, preferably 0.5 mm to 10 mm, more preferably a mean particle size of 1 to
5 mm. Preference is given to using solid catalysts which have a mean particle size

dso of 2 to 4 mm, especially of 3 to 4 mm.

In the process according to the invéntion, the catalyst can be used in the form of
15 shaped bodies. The shaped bodies may assume any shape. Preference is given

to using the catalyst as shaped bodies in the form of spheres, extrudates or

tablets. The shaped bodies preferably have the abovementioned mean particle

sizes.

20 The preparation and use of such magnesium aluminosilicate catalysts is described
in DE 10 2006 040432. Reference is made thereto.

The MTBE is cleaved in the gas phase within the temperature range from 150 to
500°C, especially 200 to 400°C, at pressures of 0.05 to 2 MPa, especially at
25 pressures of 0.3 to 1 MPa, very particularly at pressures of 0.5 to 0.7 MPa.

The cleavage of MTBE to isobutene and methanol is an endothermic reaction. In
order to prevent partial condensation of MTBE and products, it is appropriate to
operate the reactor such that the minimum temperature in the reactor is greater
30 than 150°C, preferably greater than 200°C. The input temperature of the MTBE,
which can be established by means of a heater connected upstream of the

reactor, is therefore at least 150°C, preferably at least 200°C.



3 - 25% by mass MSBE 120.8 0- 1700 ppm by mass TBA 131.3 0 - 1000 ppm by
mass di i sobutene 171.2 100 - 1000 ppm Through appropriate design and
operating node of the distillative separation in step b) of the process
according to the invention, it is possible to enrich the 5 nmedium boilers
for the nost part or conpletely in stream 8, such that the isobutene-rich
stream7 is free or virtually free of these nediumboilers. The

di sti | | at Intbesmpaseatfl aperationt, itenay eaudgmtpganisabsaieitise ppef eraaratued f ect ed
in exactl ne. distiJlation cqlunn. This distillation colum has preferably
20 to 55 ¥8?‘? ﬁ@@rﬁéwﬁbmcrﬁ%&x%@eavgwgv@? Qéﬁhﬁ opitalys) 10 Keam NERAWCINIT er abl y 30
to 40 thegspsalyHahgTonVdlsioh&bhthe Iﬁ%érooé ﬁw’airﬁﬁﬁg{i‘@h%a% Sesdpegber of
plates realized, the conposition of the reactor e uent and the required
purities bMmayba ativartegenus tb compiately ad pattjalip reflacatieycatalyst. t han 5,
preferentially less than 1. The operating pressure of the colum can
preferably be established between 0.1 and 2.0 MPa(a, 35). It is 15

advant agephs choverBioh s thd MEFBEOihLy% 8} ofthb PSdesBRESHUIR) ©AA ifveatien Rssur e
wi th which the cl eavage reactor I's operated. The reaction products 6

can then BRiweeaddrerne§9im poefswdlisbemiernci0tpand 9804, ynone pjafeeallis form after
parti al CM@ Io ofhe distillation colum. A conpressor to raise the
pressure gr a@@%@gp%bg fidensation can thus be dispensed with. More
preferably, the reaction products 6 are transferred to the distillation
colum after %%rti_al co% nsation. Preference is given to condensing 30 -
70% pa?ft | RUISRCIN R PESTRROY QReraisAEH: Weighd houthpspacs velagtyddeHsYy Bam  The
uncondensiggqgins o F it Sl j i t h he
condensed ggs §trea€'%ﬁ%| ?eﬁ@Ldgg%g@%ﬁ'@%hﬁ%@%ﬁ%&qﬁh@me 58%298{} means
of a punpl OThE gisstyigideaaad the |iquid phase can be fed in at the sane
point or at different points in the colum. Preference is given to feeding
the liquid phase in at the sanme plate or one to five plates bel ow the feed

poi nt of Iweere@@mr@haé@arJF@f@fasryqybmm Razests of tddeenilé tetctgrgndensat i on of
the gas phase is preferably 10 utilized el sewhere in the process, for

exanpl & tRSPREE'Y Hasel wihingsmeldube dirsagtershel 1hlacilmn ey arh pevfaeably o be
able to ft@;’% @aeaslose%leHB&gﬁﬁg?‘%%?@%ég#g water at the top of the col um,

a pressu of “appr ox. eeded. When the cleavage is 15
conducted, for exanple, at a pressure of 0.65 MPa(abs), it may be

advant ag oua when the distillation colum is conducted with an operating
pr essur e 'BRIGILLE, i & PossiNPLY s platerasiars foibe OpapEPaRG Oldhe Clf@veBBumn, f or

exanpl e, (83didnV ; j is stream
6, the i c;pa%}dgdﬁf%e??%?ﬁ@ FRePEPys FOIRbAD BEREHER SRERIEEC. Dc
pr ef er ableramparatimmofdbéplatesrbstveen which the catalyst is present is preferably

10 - 80 mm.

The temperature decline in the catalyst zone at any point in relation to the input
temperature is preferably less than 50°C, more preferably less than 40°C and

25 most preferably 5 to 30°C. The maximum temperature decline can be adjusted by
numerous parameters, for example by the temperature of the heat carrier used for
heating, and by the speed with which the heat carrier flows through the jacket.

Side reactions occur in the cleavage of MTBE. These are attributable either to
30 MTBE or the isobutene and methanol cleavage products.
A standard reaction which occurs in MTBE cleavage is the formation of dimethyl

ether (DME). This is formed by reaction of two molecules of methanol to give DME



20 of isobutene based on the overall top product. Optionally, the colum
can be designed as a reactive distillation. This has the advantage that the
MIBE conversion in the overall process can be increased by cleaving a
portion of the MIBE unconverted in the cleavage reactor to i sobutene 25 and
met hanol in the reaction part of the reactive distillation colum. The
design of the colum as a reactive distillation is described, inter alia,
in the pubhd yatat. Sheprddesataicoorddf thARO PHBANNBER. préfecaliip operated§udh thear

butenes i t tream7 Ls, based on ) ol ef i raction, 30 preferabl
Igss t?lalnﬂfoﬂgg?feﬂ) VB¥/°¥T§‘§§@%§%§F QME@I%?/S if\@g'sﬂ%")h»ame%@%yt?&ﬁﬁ % mass a%d
more pref ayawe b@@%ﬁﬁ@ﬁ%ﬁ%l BPMfo?ﬁ%@][{mo?QfeTﬁB%{toerertéa utene in

stream 7, based on the C4 olefin fraction,"is pre y l'ess’t han 5000 ppm
by mass, preferentially |less than 1000 ppm by mass and nore preferably

| ess than . PpIA; S...Jhe. content.of 2-butenes (sumof t t wo

o but enseRErQ PR RbUIRR il War i atbatingfly BRURS TarbBEh O (R BubER! | e
than 5000(TEAN Diye faramtion/cRf=REgh by TBRSS, HdWdve? (e RRIBrm FRSoR\Wharpr €

pr ef erablaz | ess than 5_00%?pm y 5 mass. A noninventive renoval of the

medi um bol PRISCesisteintavherreapier witbisie MIBEids nesnabiwadilesleayeas.
technically |ikew se possible. It is then possible to renove the nedi um
boilers fromthe isobutene, if appropriate after renoving nethanol. In this
i o case, Afwthemside teaskoreis,thelivraatied ci€sthyerdaarbcns st diemmizatdresfeas t he

entire ampunt, of .Lsobutene is qQbtained as the top product. This is |ess
advant é‘@;e’BE@u){?rﬁeﬁJ@?ﬁiQ%IS’sf8?’%?5‘@?&%?%“?@% HMEHE Srebhdnol present is

renoved ifintRMdhtehs-aBHE 4 SLE BRI )bai ned in step b) of the process.
Tabl e 4 bel ow%ows the boi'li ng:rjl poiﬁ?%ﬁgﬁg?he pure MIBE, MSBE, nethanol,

TBA and dii sobut ene substances, and al so, by way of exanple of nedium

boil ers fqr 1 r 1.0 he boilin ints of isqprene an

i et oy bk o G shERERe RS, el SRusuil BB AT e SRS AL HAEN 1 ¢ wo
i soners, itriperities fromghp MTBE 0éadt, Phekel intINBE Mt BRAYhpIL; Biecclvafadel gited by way
of 20 exan& is evident that the boiling point rises in the sequence

ot
of isopt R %SW%%N%§@QV‘MFBEQ M/EBE, Threvaaebminatisn imeptaanalobut ene.
o th . . Al |
€ SafRsd oMY BYRne 4 -Bﬁf%%grf-i\ﬂr;%cﬁgfﬁ% 1%%%?2&3‘5. éltﬁo%%-ene

conponents form m ni num azeotropes W t ng’poi nts of

t hese azduwtereperssaniintthe MBHosan faront, Bhutadiens fretheickd@digen table 4, the
azeotropes having been calculated 25 with the "UN FAC- DMD' property nethod
(see J. Gmehling, J. Li, and M Schiller, Ind. Eng. Chem Res. 32, (1993),
pp. 178- & nwdtbRalshe steady-state simul ation program ASPEN Plus (version
12.1 from AspenTech). Under this boundary condition, the isoprene-nethanol
azeot r opd heresantlimvertionlie e procassdosyreparngisdbotenefeombi EBEtisas t he top

duct ¢ ied out singl e 30 colum. Wen,
P ovouer . Pk L RE B St RO B |7 Phiamien. (i sRIRIIde ae t e bot ¢ om
product , tédmidatgradSMITBENST Aidus iquBLROHRihRES omfcﬁhicglz-gra%@%’rée

MIBE- net hanol , BE- net hanol and di i sobut ene- net hanol ot ropes
addi ti on&NAyne#{Baolt 0 be distilled via the top. As the sol e secondary

conponent, .4 F .. wWhich, | ot.listed in the table, and the

ot hanol "pe8LLFORR BRpk@rtRRignlthir: s diRbiaskBbS beaitet Tanre o

Boi | i ng POIBE sf ifhtouweitpinr stepa) ef ihal oees. ThR IS bORETedVrdM tedHHanol  at

0.1 MPa( %F?{SC@;M%‘EE'@ azeotropes were calculated with the "UN FAC- DVMD' property
u

met hod. whech is generlly dpfeneied faribe fustpnarkeichy earfieationi bh [ % by
mass] | sgRiengd EniBRIHABR AHREDIRREs 3%Atding to the invention, this purification
is part of the process, and so technical-grade MTBE can be used directly.
Technical-grade MTBE (fuel quality) is therefore the preferred feedstock. Table 2

30 shows, for example, the typical composition of a technical-grade MTBE.

Table 2: Typical composition of technical-grade MTBE (fuel quality).

10



i soprene / nmethanol 91.69 / 8.31 Pure isoprene 33.7 Pur e di net hoxynet hane
41.6 MIBE + net hanol azeotrope 50.5 MIBE / nethanol: 86.22 / 13.78 MSBE +
nmet hanol azeotrope 54.1 2-net hoxybutane / nethanol: 80.40 / 19.60 Pure MIBE
54.7 - Methanol + diisobutene azeotrope 59.2 nethanol / diisobutene 47.84

/ 52.16

Component Proportion by mass [kg/kg]
1-butene / 2-butenes 0.001000
pentanes 0.001500
MTBE 0.978000
2-methoxybutane (MSBE) | 0.003000
methanol | 0.008500
tert-butanol 0.003000
water 0.000050
2,4 ,4-trimethylpentenes  |0.003300

Technical-grade MTBE can be prepared by known methods by reaction of C,
hydrocarbon mixtures from which the polyunsaturated hydrocarbons have been
s substantially removed, for example raffinate | or selectively hydrogenated crack

Cg4, with methanol.

Purification of the cleavage products

The cleavage products from the reactor are separated by distillation in step b) of
10 the process according to the invention. This affords a stream 7 which comprises

more than 90% by mass of isobutene, low boilers and proportions of methanol,

and a further stream 8 which contains methanol, MTBE, medium boilers and high

boilers.

15 Table 3 shows the pure substance boiling points of components typically present
in the reactor effluent at 0.5 MPays). As well as isobutene, the low boilers present
are further C4 hydrocarbons (1-butene, 2-butenes) and DME. Isoprene and
dimethoxymethane are medium boilers formed in the reaction with boiling points
according to the table below. The high boilers present, i.e. components with a

20 higher boiling point than MTBE, are TBA, diisobutene and MSBE.

Table 3: Pure material boiling points of components typically present in the reactor
effluent at 0.5 MPaps)

11



Pure MSBE 60.8 - Pure nethanol 64.2 - Pure TBA 82.1 Pur e
2,4,4-trimethyl pentene-1 101.1 - io The distillative renoval of the

met hanol fromthe bottom product 8 is effected in one or nore distillation
colum(s), preferably in one distillation colum. Wen a distillation
colum is used, it preferably has 20 to 75 theoretical plates,
preferentially 30 to 65 and nore preferably 35 to 50. It may be

advant ageous when the colum, depending on the nunber of plates realized
and the MIBE 15 ¢ reactor, is operated
with a reflux raff@ectubsEdse han 1Goliggdempalitl of |[JvBiGabPBPOTYRS opef ati ng
pressure of the i Jr_é_ad.j_ust_ed to value in the range from
0.05 to 1 MPa(absYV5referably frahPé 1 to 0.3 I\/Pa(é)ok)'z%r@ymsthe
colum, for exanpt 4 VPa stedarfi —be-used—Fh UH 2 n calT,
according to the ggergtl ng pr essuréﬁ?el ected, be ef g/:'té} Sf‘ cool i ng

brine, cooling wateutepe air. 5 The4get hanol renove 01115@?9@5 ast i
process contai nsipreferably greater than 97% and re preferabh v great er

than 99% by mass|EINSn&bHERS . The |PBA content in t H hBﬁ@@ﬁﬁDbbﬁL&és s
preferably betwegn 5t t—2600—ppmBy—rass—and—the wat er, ten
preferably 0.5 t df%)%;@t%‘ nass. §4 di um boi l ers T(%Lﬂrﬂé)élz ?'ﬁe§ he

reaction part, fpsomsaaple 1sopr engoqnd dr met hoXynetnansgo apf By a8 abl v
present at less phan 200 ppm preflerably less than {100 ppm and nore

preferably |ess dﬂ@ﬁﬂmymgthanvhe w8bl¥anol thus has @st’hﬁ@lpomehy hyaslm hh
purity that it c sed—for—ets ¥ 1..uum..a{ f-or e anpl e
esterifications gﬁetg’?ﬂ(gri fications W?'F’ required, tHE ?’E(Z’FFB" MasH t hough,

\ &4

1%

al so be concentrgyeget o even 113.8 3 —25% by mass
MSBE 120.8 0 — 1700 ppm by mass
TBA 131.3 0 — 1000 ppm by mass
diisobutene 171.2 100 — 1000 ppm

Through appropriate design and operating.mode of the distillative separation in
step b) of the process according to the invention, it is possible to enrich the

s medium boilers for the most part or completely in stream 8, such that the
isobutene-rich stream 7 is free or virtually free of these medium boilers.

The distillative separation of the cleavage products 6 is preferably effected in
exactly one distillation column. This distillation column has preferably 20 to 55

10 theoretical plates, preferably 25 to 45 and more preferably 30 to 40 theoretical
plates. The reflux ratio is, depending on the number of plates realized, the
composition of the reactor effluent and the réquired purities of distillate and bottom
product, preferably less than 5, preferentially less than 1. The operating pressure
of the column can preferably be established between 0.1 and 2.0 MPaggs). It is

15 advantageous to operate the column at a lower pressure than the pressure with
which the cleavage reactor (R) is operated. The reaction products 6 can then be
transferred in gaseous form or partially in gaseous form, after partial condensation,
to the distillation column. A compressor to raise the pressure or a complete
condensation can thus be dispensed with.

12



15 higher purities in a further distillation step. The stream 10 obt ai ned
in step ¢c) of the process after the renoval of nethanol contains, as well
as the main MIBE constituent, also methanol and the nmedium boilers forned
in the reaction part, for exanple isoprene and/or 20 di met hoxynet hane.

According to the invention, the mediumboilers are renoved from stream 10
before it is recycled into step a) of the process. The nedi um boil ers can

be renovedldry pdifstablyl, dte macfion pratuctetraidtramfans) ©ahymstidatidmcuphur al ity

of colums,, It rga]y agdi ti ona%l}:é/ be advant ageous to conbi ne t he renoval of

the medi uflBOPIHRALCHABRTEIONe RFETeENRRIMOVAB Qeendensiagidd 6%t partiselarti ng 25
MIBE. ThepmifeaaBt td BYfH: IS ¥hd U t j et-aLl, W nce to

Fi gures 1pto 4, W tE((y)ut an 4%()?“2(?]{(,? gﬁh{g ag #%@ﬁ'ﬁ@%#ﬁ%@%@gbg{&%ﬂ cted to

t he enbodpiieaimds tépiducadidirdntlyéntoytheapluain, exdripd eond@Mséd beskedireaifir am of a

referred i t .with.which the process according to the invention can
Be per f or r&gtgg%%gwﬁfgwnqrﬁaﬁp%h}eep@ss. FePYs SRR A RM*'@E'gl a is conducted
toget her Whé bat Phasebad theStdUAPhast £ Be FOEING 9RY 88iRe HBRAE bP &t &ibrenfhe

e
cl eavage product 6 is separated in the colum (K3) into a top product 7
whi ch conP@nissnithe colyBi Pesferanserie giveDNe feading heilingidtmhasedont tigesdnoe mat i on

bet ween i e r rtions.pf methanol, and into a bottom
pr oduct 85@{%3%npr I @?ﬁ’&ﬁ%%g@%m@‘eeﬁggﬂ pﬂfﬁ@f&?cgﬁshtg"aﬁﬁj ority of the

met hanol Tloe erergy Teleabed inotive [paeithl cbn8emdation @@ tHedddsSpHdie igBekifurapppi | ers
formed in t!.he r?ac ion, pgrt, for exanpl e isoprene and/ or di net hoxynet hane.
The majbritiede Stel"i‘%'"’*‘l’i“‘(’at"'nt RAIroGass, (RarexpMple fodiasl asohna petarreheat heoduct 9
from streage@rkdsgLol um (K4). In colum (K6), the mediumboilers 14 are
renoved from 10 stream 10 and the principally MIBE-containing return stream
13 is recycled into the cleavage. A further preferred enbodi nent of the
process i in Figure 2. In this enbadinent, high ilers 4 are

addi ti ona‘ﬁloigé)re P'e F%rﬁet”sﬁé?qt?"ﬁﬁ%aﬁ’ﬁﬁqoﬁén&§a&rz§?§)t?%@pl\ﬂféﬁeI a and

t he MIBE-aohnha] MbRGsuRS siabppéX. RNVIFR 1.1 i€ RbetBy. (Win PefgsfabBey are fed
into the cleavage reactor (R). The di Stillate obtained is stream5 which is
conductieFONAtetefn®r exampley &t a pastssire ORP.651MBagudy, itimeay beradkaniageows f ect ed as

descri be . Fi q, Lqur. 0 a further erred

enbodi rre(r?\tlﬁ&(;{‘ m}é{hdg&g?g%'{e:é@tj@ﬁé Cé’ﬁg‘r‘&ueﬁ&“ %ﬂ%@‘%@%@ ?rregg't‘f o?fa(fégfkf oget her
Wi th st r &6rMEax). ToheanthelppoiEher sfethecblugir, Esaxkthplerd.aives seamel | as
t he unconverted#ﬁiﬁ@i)nd nmet hanol, also the nediumboilers forned in the

reacti on S Y OERERIPEUCRRiRBRE insiaram SdithedoRagdatistiaem T.n col umm
(K1), these Rt dRARL Pt ’
together with any | 0\8\7&' m§3@ﬁ%%%w @%F?’yréfegér%gg@ S '{Q%Ag[{\g&glg%g MTBE

| a. The bbisobuignedthset o the ouesdiedpipmdduatol uim (K2). There, high boilers
(diisobutene, MSBE) present are renoved at |east partially as bottom
product 4. The top product 5 is passed into the cleavage reactor (R). The
¢! eavage oprioAu, the LOURPRAALLesiBnce el WrebERl dibtiBign! PhsPgAE! 7 whi ch
contains the i sobutene 30 forned, "DVE and, ow ng to azeotrope formation
bet ween PY¥Hileandhatie MiBRootverppopotha ovesaibproceshaanbe incrdased bya bott om

roduct risi t u verted E and ,the majority of the nethanol
1I‘O or ned. ‘?’ﬁ%(’@@t% é@n&gpggﬁ‘tetlolggg g%cona/gﬁ(ggin}@etqg%a\/@gai ﬁ?@&?’q ISPRUEHRNed in
the reachndmgiBatol if te etEN pait P BIERRBCANS HRKI oI TRida88gn THhe
majority, of the nmethanol and water is renoved as bottom product™9 from

st r eam 8tercAlMaAS § regctiveraistitafiprpis stesetibedd intanalish i et pubiisheBE, a
proporti Qﬁbéfic%iowﬁ q@émmg d the nmediumboilers fornmed in the reaction
n

part, for exanple 1soprene a or di nmet hoxynet hane, is purified together
with the starting MIBE 1 a in colum (K1). Optionally, colums (K1) and
(K2) CanTRe? cggt@n?gf l?ne%){ ba‘cesniegg;rla ?he?I isfr\éégrinrllgisyvgalns!edlénoth%oéf cr;lre]ei‘in fraction,
30 preferably less than 10 000 ppm by mass, preferentially less than 5000 ppm by
mass and more preferably less than 1000 ppm by mass. The content of 1-butene

in stream 7, based on the C, olefin fraction, is preferably less than 5000 ppm by

13



The configuration of the process according to Figure 3 offers the advant age
that technical -grade MIBE can be used directly in the process. Low boilers
present are renoved in colum (K1) together with the nedi um boilers forned
in the process. This conbination gives rise to the potential advantage of
savi ng one colum. The 15 high boilers fromthe process and fromthe
starting MIBE (for exanple MSBE) are renoved together in colum (K2). A

bl ock di ageam pefaehiallyhess thaefl 600 eprebpodissrnt nedre drefeaattly iessWarch t he

: ! . b fi e seebly less Wharch, |
The ot ar t PRQPBD st The MRt Rofapess (SSGLEHER NP PR HEIEAPEs ai ni g
return stegém G2oichinGRlcHom drifblaply hiké/viééz Stha 5@@%%%@?@5?%”51 as well as

t he unconverted MIBE and met hanol’, al so e ned rmed in the
_reaction pgferapigless than@Ramprer by omssendamdreqpretiratiy fess et Hadepi by col um
(K1), tpeﬁ]gsgﬂadi um boilers are renoved partially as top product 2 together
with the ow boilers which may be 25 present in the starting MIBE (C4 and
C5 hydrocarbons). The bottom product is passed into the cl eavage reactor

(R). The Iea,vage,product 6 is separated in colum (K3) into a top product
7 whi ch cORPRINYENkYRremeyBlLieldhe metinmdoilprEtogather vith tle tsobatesetansijse

formatio @q{?{@ isltSOHML Oly, : £ f t.hanol, and into
a bottomrlgro ucfgﬁlg t?zorrprafﬁgﬁﬁg\ngﬁg%tgg@%m%?m‘%‘oﬁlsé@élﬁod%méﬁég%mj ority of

t he net hanediufroboiteds fromethb dsdhute e, dichptiroBrizae afle CRM@IMPmetanaR dh tirs boi | er s
formed in_the, reaction epart for exaggl e i soprene and/ or di met hoxynet hane.
Col urm *{ P C DR A B VR RINRINBH @S Rp PP ematliesm. dheseassthe)endire t he process
accor di ngarhounthe id J i } r f J . .bottom
product 9, into agc{s&;ﬂgéeﬁsét{r@g{ajﬁﬁml\é\ldgﬁgﬁ %Fd& g@%p@?%ﬁ'ﬁ%‘f’ g?%t%%%%P tom

pr oduct QG@HH@%{iTW@Spr eferably nore than 98% net hanol. Wth the sidestream
11, diisobutene and any 5 further high boilers, for exanple MSBE, are

di scharged. The MIBE, a proportion of the methanol and the medi um boilers

formed i Thehmajorigeofape netbsisl bredeit ILHMBIR! ih SR &FOAMY SFeam 8 _
tained as_the top product 12 and fed together with

di met hoxynet.hane, ar% o? al _

t he st&rﬂ%”%%tﬁa ) Rt Berpracess. dighle kpplowrshowsibe dioitivgtpairis of dieg t o
Fi gure 4, it t t : i_0 i . Xt ur es
whieh  cofihe ATBEIFSBE meMatl, Tion Rl e hang Sy iedsoafid Aty BLaR L U1 ¢
possi bl e of exanpiserfsvedittrhbailersifonmisa if the rezmtivi, e bbiiae polmPoniedprengpst ream

of the reacgtjon, part, which sj ifies the process. \Wen the starting MIBE
does not aE@H‘ﬂ'HFW%éWeFWG%Q-w@,%w- %%{rimﬁéﬁ‘ﬁ%g%ﬁ WhicBaaoyrs kot he

cl eavage igo@dsit Ofh iy’ (SR 4112 4 Wi L, ; rgim, oilers are
then renoved as fgcsos”??eam Zéf@A‘}:’%gp@félﬁg“t orﬁt h%@%’é%ﬁ?}@gn, \A%&?tjpi s comon to
al | emvo@xamates ltiis evident thabthe bailing poihurises in thidsequeredi afisdwehers forned in
t he cl ea r ved,via the top..20 The distillative
emoval SR AEbRane DUTRE LS aaARok HER PSR DI R: AT PETef or

exanpl e tisephewsvandidkopiciet NmRETAISBEGNd dl%b@é‘t@n@fcoﬁﬁjoﬂ@n%ff‘(o%t ed in
col unms £K6.) or (K1), can also be effected fromanother stream for exanple

fromstr M RESRIFAPEE) Wil metharam The hviing poins of thesseazgutiapes ando ar e

enmbodi ne : rdin o the invention, even if they are
not consi e?dgﬁp(gsztf)%r{r]gt!%%@&%%I\E%%fﬁgﬁg%eégéﬁ%ﬂz% "R fo@nl?%erhﬁ%]%'ﬁ@ﬁgt ?/ng
par amet ewith fireef @i FeAC-DMDE plopetts nidthol2sed<B. @Mhiy, desi, anatedsemiidd gures 1
to 4 a mbegn{lrelnafter. ures 3 & 4 In colum

re,sp 30 Colum (kl), Fig
(K1), actdr ﬁf*ag St A¢el1PPBh PP dB-U9Bbwith dhe segeinstate simuetioeact i on

ot urn op R o Py BRETEh 12O AT ARl M Risr M abSR T2 ¢ o, 1 ow
boi | er s ¢aptlitinm G5 isoptreemetiems) azsutrdpe it en@iedbbilepin tHeesyiseshringiedangr ade
MIBE. be obtained as the top product when the separation is carried out in a single
30 column. When, however, the intention is to generate virtually pure methanol as the
bottom product, the pure isoprene and dimethoxymethane materials and the

MTBE-methanol, MSBE-methanol and diisobutene-methanol azeotropes

14



5 Preference is given to performng the material separation in a
distillation colum which has 30 to 85 theoretical plates, preferably 40 to
75 and nore preferably 40 to 60 theoretical plates. Preference is given to
operating the columm, depending on the nunber of plates realized, the
conposi tion of the MIBE used and the required purity of C4 and C5

hydr ocar bons and of the nedium boilers forned in the reaction 10 part, for

exanpl e damnmrymwba@eeamm@@ visSBrERAs thetddlAsdhbin doripshdpgt ween 50
and 350, e@)ﬁ %ng%t,ebet ween 120 and 300. The columm is preferably operated

with an of &<ehiel isprotdistedt ip the Bbigardiby mq@moépmwat of valus to 0.4
MPa( abs) . . TRaheRkidshA i % xanpl e, steam can be used. The
condensati on can, !accoréérbng gr(?(?re&'operatl ng pressure selected, be effected
agai nst cooling brr ne, 15 cooling water or air. The top vapours of the

col um can be condensed conpletely or only partially, such that the top
product 2 can be drawn off either in liquid or vaporous form The top

product 2T#a84b I t
Cynt hosi o s 4pr ann0 PSERECH MR, atela8 Rt IR a BuyfpeSSAF AEhAdb) & | e
stream ccﬁrgr‘\ﬂ%amg), Nirmaoiroaesware edlctiatacewitl ehenl g FAG-DMTE), prep@epr ally

di i sobut e SR8t Bd/ or MSBE, fromthe MIBE. When primarily only diisobutene is
to be rem)ve in the colum, it nmay be advantageous when the col unm has 15
to 60 thePuetsuatadecatLsotBhET € & 010 Ty 3010725
45 theoretical -plates. The Pefl u BPQ??O de%é%yb&ff/ﬁgpmét xt of the

present [nvention as the mass fl ¢f@ned. the Jreflux divided by the mass fljow
of the d|stillate, is set, as a 1}; tion of the nunmber of stages reali zed,
the conppsition of the MIBE used the rljequired purity, preferably tqg a
val ue of |i6oprene +/metiiaiobagdtitiodel Y306 1 t0 4sopphdeRtino obuiensy agd
addition%—l-?l-—NSBE—a.Le to be renmoved in the colum, the distillation coljumm
used has p‘r‘@f'%‘i’%[ﬁl’? 50 to 140 theddétical |pl ates, preferably 60 to 120 and

nmost pr efE] ﬁ’\"ﬁr —Dbepentingor—the—nurber—of—ptat-es—+ealzed—t he
conposi t on 0 %Xw&y?&d and %Lg requijred purity, the reflux ratiojis
pr ef er ablMTBEG R@thagnotbes@rdgeal T y5@5t0 10. wﬁrge/hr&ﬁme the gg 2X) s '73 y

with regard—to the quality of the starting MIBE |a and to the require
purity ofM§ﬁg"i§@ﬁ‘Lﬂ®rﬁéZ©@fém ed|{54.1 may paRemethoxgbitgndé advBO4QL08E0t| 0
provi de ja colum w th which both|substancegs can he renoved, i.e. a colum

whi ch has _preferably 50 to 140 theoretical n}ﬁ@ﬁ Even if the renoval |of
MSBE shgiute hTBERNecessary, the [gg ger coljunm need not be a di sadvantage,

since al0-portion of the higher!capital iinvestnent for the larger col ymm
can be défgjBARRltedidobutang ener gy|5a%i ngs ((nedbanal ddiisabutdres r @784/ 5AHEQ) .
The oper%Ha essure can, irreppective of whether only diisobutene orn
addi ti on y Eis to be renoved, preferlably be 0.1 to 2.0 MPa(abs). |Wen

the 15 glFepy mBsBRf the top produgdg s 1Tnh The cleavage reactor 15 effectgd in
the gas |phase at elevated pressure, it may be advantageous to perform the
distill CLPU&”@(’ChWQﬁher pressure, |842whi ch jease the top condenser is

preferat’gmﬁ atet—as—a—partiatcondenserd—and-the—topproduct-5-is-drawn
of f in Vapb é\form When t he ré%?ciion pressure in the cleavage reactor
is, for |exaphe.trifethyNEXEAlT) tn@ g strtiation 20 pressure shtoutd
preferally he at least 0.75 MPaclabs). At gperating pressures of gr eat ef]

than 1.3 I\/Pa(abs) | ow pressure st eam can be obtained with the heat of
condens t ot her colums in rocess. To heat

the cof %Oag’g@%w ﬁ%&q\’@‘ uﬁgeéﬁ%tpéw H@%F’&EW@“%@@&@&%@@@W& heat
The hi g bor | eroBisURADn TRy RRiRegS o ind SRMpGartalfn,' Wrae This ' °
m xt ur e \WARNtsediatilationeelurhe isweddd; it praferdsy has@0ds 75 theerﬁrbalqﬂah‘eer a

h b dd f f uel
o oo ieRaEn RIS N0 s 85 107 e bity Y55 AR LETale pertaeas ey o
dependi nghamtHeheIFnstasdridney Mr%Ee rl.am%erd ras’:e%%ﬁfeooén&%vmre n of the

MIBE in the cl eavage reactor (straig t pass) n the case of use of
MIBE &f Qolﬁlée%?ma@hi@\/%Iretbemfe;avragetreamtabIreoaeram:i with iiBEUX caticesfdessn whi ch

isint g 5 the feed to the, co has i range
from 85%6"5 gg ﬁr@ffer%gb/ c%o(#g)m% ﬁl)? HBGF%'PH%%%SU&%H{%CQ 4mpys PF?BGW(IDQe from 2
to 12% by nass. The di i sobutene content is in the range from 1500 to 5000
ppm by mass; the MSBE content is in the range from 3500 to 5000 ppm by
~mass. Medium boilers fornmed in the redction 5 part, for exanple

di met hoxymet hane and/ or isoprene, are preferably present at |ess than 200
ppm preferentially | ess than 100 ppm and nore preferably | ess than 50 ppm
Further conponents present include TBA, water and possibly |inear butenes.




15 preferably permtted in the bottom product, preferably in the range from
60 to 85% by nmass, in order to reduce the conplexity for the separation.
The renoval of high boilers such as diisobutene via the bottom of the
colum (K2) has the advantage that only a small anmount of, if any, high
boilers get into the cleavage reactor. This can possibly protect the

catal yst fromaccel erated 20 deactivation, which can arise in the case of
cover age @fjuRted tgia tedie iortbe amngebssi MO ta 6 kil Pay.,sGoleferabl( Fom OFi gure 4 The
distillaty aration,i.s effected preferab under such condj ti ons that
very 25 se\égvgﬁgi’séﬁfowe@“@ %anﬁr %?(@”6’ Zr‘Lé] aage@rﬁéaﬂg}q‘b?ﬁ trTin@uct 9,
that the poegnsatieintamickb@ihdlo thB®piias %&@r%s@%@!éﬂ%@%ﬁé%@ formed in
the reaction, for exanple isoprene and/0t9 di met hoxynet hane, are obtained in
the top pReRAHNELcOPHNg hride tavalingmetarrailsliy nore than 50% of the diisobutene
present _in the feed 8, preferentially nore than 80% nore preferably nore
than 95% is obtained in the 30 sidestream 11. The side product

si mul t anedhs metadrd remowdd nwies cporf e tdredest @bnais peRizabhigrbateftHihesent in
the reactant and has not been converted in the cleavage, such that

excessi ve® CORENTPR Preterably greatet hiapRRSh by imassid nasthandlt The TBAr event ed.

it . . . . . .

o el Retin @RnboRih Bibodlct NEerdrinl MenfediPatd o254 BRRONZ eSB! VAL

t hef r eagltartﬂwtmaﬂ?teg cortbet ;i)rslfmafblyr@eﬁ fo 080cby mEke. T}ﬁmrrwdﬁdnl@tgiiéré fbﬁnefd
referabl.y . .recycl.ed into co (K1 Fi e . 5 As can be seen from

!to abl e %° 'ﬁﬁ%e f%%ﬂpgﬁéﬂn&' ﬁéﬂ‘%\wed‘%% ﬁ‘%uém%xVﬁﬁtWQv are Piefemelysyst em

and can Qeeeditaitned than 229 fpbﬁﬂ_p?éf@?'ér!ﬂ)t/ lésgitﬁn{}ﬂ%%get HéS88re ﬁtef%]rjéﬁlysama

time, it is also possibl or i soprene, ane and t
MIBEmet hdfi®t “’@ﬁoﬁ(KlBBE—"HﬁQ metianch Hulst haspe sufficieblly dightriuribethat it zantbe t op.

Di i sobut r i t h, net hanpl U ch boils between the
MTIBE- et ﬁjz}%gljfggé% r%@ngéﬁﬂ%lu%weﬁaf%lexmm% écﬁt%@@g?%%gf met hanol

azeot r opestoeaxificatioss. beretairey,gbe infethasoldRn! heagh, £46 be lddabemidtbdi®d bYen

di i sobutene-free top and bottom products can be generated in one col um.
The bot% @Q%M‘B?Sgﬁﬂlmdi%m@mﬁﬁprt ual |y pure methanol which contains,
as the sol e secondary conponent - in 15 addition to water, which is not
listed in table 4 - tert-butanol. The distillation colum (K5) used has

pr ef er abllyexxiraaon 80 obtedmeceini stap cpbithegropesafaftealihey radlovad of Metinghotor e

prefer ablé %%éto 60 It he reti.cmlll glzat es,. The sidestream can be w t hdrawn
bel ow or CSBEE AfdVelRA tedRaipdY RBE sensliveriop oiangleand Bednefithte i s
gi ven tobuliéRdbanedh hBFeaitdASIdrEdsn Sbp¥Se '@E&q&éﬁ&/& ably between 2 and 12

theoretical plates above, the feed point of e colum feed. The col um,
dependiongireethekemaiheber Aotordingde dhe eradentien tha cheatiun heil&fEREe cemoredi on

hi dgonl I t ith fl ti fol th 10,
o of or en{ T 7958 s ER B E e Ikl e i et “col urm (KB) 5
pr ef er ablMyieadpdiatnesbilets earyBé ¥embled By LREIIARIOForh BB §Pir ohd cdBaADS) |

pr ef er abl g from0.1 to 0.3 MPa{abs). To heat the columm, for exanple, 0.4
MPa of sPE&n? Bhialfolisddmnack may additienallidemseatdgegupiesembinesibeect ed, t he

30 The. 1 e P R B DB ST Shaf Al e 50 LR85, by rmss
of netzhalWdIBE.preferably nore than 99% by nmass. The TBA content in the

bottom product is preferably 500 to 3000 ppm by mass; the water content is
preferably 0.5 to 0.8% by nass. The medi um boilers fornmed in the reaction

part, fo i I K t . y present at
| ess thaﬁhgggé%ﬁd%ggéﬁﬁggﬁﬁtggy@%@ﬁ%djag%%’%%{ge@gpgsﬁg)?jé’r ably at |ess
than 50 withoutRny intenkian thattthe veasor beubétricieertd liye Birglodosrts Yeblvadd i t can
be used fh%r éustom%r%S i ndustrial syntheses, for exanple esterifications
or et her{i (e 8Y ML ”Ppé‘?quired, t he net hanol can, however, also be
concengrated to even higher purities in a further distillation step. The
resulting top product 12 preferably contains the predom nant portion of the
t o MIBE Aabtpakediagnaol oba psrfatred entiualimeridyist vedch the prloeesedccondingitber s
formed ipn _the reactiqgn part, for exanpl e di net hoxynet hane_and i soprene, and
possi bl y RearentdR Fand pafamast s shoupan ésqrﬁﬂot}gasmmn@kﬁsfi%ésMrBE
content is, according to the distillation conditions and col utm pressure,
preferably in the range from 65 to 88% by nass, preferentially in the range
from75 to 85% by 15 nmass. The nethanol content is preferably in the range
from10 to 35% preferentially in thel®ange from12 to 18% The MSBE
content is preferably in the



range fromO0.5 to 5% by mass. Wen the feed stream 8 contains isoprene, the
i soprene content is preferably | ess than 1% by mass. \Wen the feed stream 8
cont ai ns di met hoxynet hane, the di methoxy content is preferably |ess than 20
5000 ppm by nmass. The resulting sidestream 11 preferably contains virtually
the entire anobunt of the diisobutene present in the feed stream8. In
addition, the sidestream according to the node of operation of the colum,
may cont acnnductedhmgeﬁtgevmﬂbmrét@m StrééPo13yinhaersvade tetdvBRE THesent in

the feed S ream 8%3{:{1% accor d| ng to the node of operation and catal yst
used, the“NBERIS BF Sntrharaigd iy Gycql%mf\H@bm@a@/é@eprpéa@tt?owh(qh) there
woul d be EBStalristk [@,%ng in the
case of rec g |Sn e\?\ifot lﬁfout |ﬁ§ %g '[%Wé gé yﬁggen{&g%gg?%ibéﬁ%ﬁaﬁ be ,
avoi ded vis U@a@laryi gthiahel, drcz;xolﬁmrgmﬁmemlaao!sarmtemtcr edottofheroduckedst ream 11

can be 30 zed therma a afeed k for a synthe as pl ant
or used’ ag%bf'ﬂagqﬁ%%Wﬁftgd @%ﬁﬁa@%?’aj &Q@ met a@"'%ﬁ"ﬂ %Q(KGI)O
accor di ngbbttorh Prod et 8IS @BontERE itk Rl A fb%uéx@rf@%d iR éﬁ%??eéc?i% jzonfpart, for

exanpl e di met hoxynmet hane and/ or isoprene, are renove rom-t ret urn
stream 106@11@*65}%@9{9%aa@/@ﬁﬂmethoyymethweE and nethanol. 5 Preferably, the

mat eri al nadlstlll cou h has 20 to
75 theore |cgfa?‘%)ﬂlltg{& ggh% @rgg 'n§P %ﬁ}lwﬁ '%r%%ova?ﬁoaﬂb?g)()g?@f%rp Bf g'@mto 45

t heor et i cstregmh &:a&oluﬂne(k@t)l khnadlurel @ PEBY ithg ndidnh Boluts AR rare rebaé@ frofeal i zed,
the conpositi o e recycle stream and the anmount of the nedium boilers

f or med? nStfﬁ?”? déE@é’QBC’Pé%X:WIBE% -FIntaingig rekumsiream HeisHesysied idde and/ or
i soprene, thbscfééfv%lb@rabw operated with a reflux ratio in the range from 10
to 150, especially in the range from30 to 100. The colum is preferably
operated with an operating pressure of 0.05 to 1 MPa(abs), Preferably of

0.3 to O. To heat th olumm, for exanple, steam.can be used.
Accor di ng’éftghr%i%)?%%éﬁg C@P@@sﬁ & PEOCESP T thayn gﬁlég‘ér@réjgﬂs?ﬁl on can be
ef f ect ed crgiodditene Hadh ﬁ@ﬂebé unfe a@@ﬁlbhaﬂly Mﬁﬁ&fed% st partiafly k@R ¥rpours of
the colum can be condensed cong etely ‘or only parti aIIy, such that the top

products Biadpg MEBREAaaNddhe NT @ontmmngcq@mm atreamﬂaum cakinfroa) The top

d f k, of h
ae bl ant o8 LM sl it MERuR oo BOL S Bul R Bl R ™ o'
i nvent i ory which iexamghicted Into thel clomamgdeshenaiRY TS fulfer WetkuKds effctand K6 in
Fi gures @§é%85flb q?gy can be I’OVI ded with internals, which, for exanple,

are conp ?@W Wﬁedt Q‘Hjel nternal s, random packl ngs and/ or
structured packings. 25 In the case of col um trays, for exanple, the

foll ow n%_types can be used: - Trays with bores or slots in the tray plate.
- Trays Wwmiguie Seshiosvoa frtiiempesferrad ieibatimenoofehe grdvess abise startirapRTBETT ay's

W th borqs re covere y_nmovabl e val ves. 30-

t | ate,. h
Trays with ﬁé&f]e até@?ffapeﬁﬁ%&ew%wé}'fgam 0d6|cew Mﬂ%f%twrhar@%mépnm s, the
ref | ux C@an@mﬂ%w&ﬂas fherurR%aiak &y Pn%ﬂ?inor %{Iﬁ# HAOEHRRS! S, or

spread as a filmon a heated tube wall the ai’ a rotor. Inthe case
of use oﬁowﬁdﬁﬁﬁ@ewfﬂieﬁa&@tmqﬁi‘b(ﬁ n@xaxanmie Esopgarreaancbms packing 5

t | t of t all |
capect al P POPRENNE, B8 & s [HesBRnEim Baisfadie efore BREalas cel ai n,
gl ass ;@rtq:yj producs2 tageghdravieh gnwodﬁawbr BleXiuph bgiiérﬁ%ﬁ'@ﬁntﬁhﬁﬁe&ar{ pecial ly

t he shape _of spheres, rings th snooth or profiled surfaces, rings with

i nt er nal l\/thB(L-'uflg bhe \Wﬁﬁ@mmf@@‘éﬁﬁésls paisped tfé@l@Ohumfg(éQ)s'éfmmeb!gértmtisrﬂ rals. I10
S ,
of " sheot CHSPBFERBIBISHE brogl At rahBrEE R, RE Ry P G ifagucsd  apr e

packi ngsThndm pfodmet blis passeidasto the cRidvage rdBitbAgRAk TharRidvabe predidigs nade
of sheet, net al H erformance packings. from Sul zer such as
Nel | a- paqglfqe@gratg (yg g@!ﬁmﬂ (Bdpto a top product 7 which contams the isobutene
30 formed, DME and, owing to azeotrope formation between isobutene and methanol,
proportions of methanol, and into a bottom product 8 comprising the unconverted

MTBE and the majority of the methanol formed. The bottom product 8 also
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15 packings from Sul zer (Optiflow), Montz (BSH) and Kuhn' (Ronbopak).

| sobut ene wor kup The i sobutene-rich stream 7 obtained in step b) of the
process can be worked up to isobutene with higher purities. This renoves
met hanol , dinethyl ether (DME) 20 and water in particular. By way of
exanple, a workup of stream7 fromthe preferred enbodi nents shown in
Figures ito 4 is therefore described. The nethanol in stream 7 can be

renoved byoptaosdhe escdimovivilpsrfosted frotheg¥asiingpdty fPdxaaMld RBpreHee _
nol fromstream 7 can be carried out, for exanple, wth

extraction 8/f th

wat er or &R 8&5&%‘?@0%%@?8% as an extractant, for exanple 25 in an
extractio ] J i ] I ion with
wat er or gﬂéﬁﬂﬂzsﬁiﬁ ﬁ{eﬁf)&@%{ %r?%ﬁ)a’te'eir?sr gc %J%%%ﬁnb%u@ﬁéé@ﬁ erably has

4 to 16 t hicermntd inalolysha(lés). Thbéoeptodact thtwHitiowsenthing MITBE thpraporti@ct i on
col um rS\tl%rabIQg| i n, count erc rrﬁg}lt inrelation to the streamto be
extract éd”' THe eXErdAN ei'%e‘ﬁw@f gt fpragd in & reaction:patt, ferpy@mnlar e of 15

to 50C, preprinaHny/e&dikRttgmetitingd |t§getl I’Feﬁ fa @N
extraction Eol um with nore’than nG’%h@)g?g’;tei@%?th%ﬁg@zts ?gﬁbiwgggraat ed at
a pressur® @UONgKiPa(abs) and a temperature of 40C, a water-saturated

i sobutene with a residual content of nethanol of |ess than 500 ppm by
mass, preferably |ess than 100 ppm by mass and nore preferably less than 30
ppm by meSptiafallyptdiamols (Kapame(HhtanRireplted Bt SAgk-hahgiwiing wat er
extract obtained in the extraction can be separated 5 by distillation into
wat er ahdP¥PRanol . The water can be recycled into the extraction stage as
the extr achaapdnfi i |4 i.ndust ri al

synt hesee, G o SRS 80 BrodERE 2BPodic o o SHRORLEr I Tt

i sobut endeshitiealrgrade MTBRE cex beastd airecty inthe paccde. how kellerdprésersiraye 10

i sobut ene_| e or, nore further distillatjion colums by renoving water and
opt i onal ﬁy%ﬂ '&ﬁ%‘um&ig3@%@%&”#@%3@#@&%@@ KEMsdtin 81 Pios8ESt. In the
condensatTHg conBineitibAlgiidaiseas t éd@%t'ﬁpédj%ﬂ f argd i on,

wat er can . be drawn off in liquid Por rnI an D}\?Ig%véfﬁlﬁvﬁ ﬁh%?g‘aﬁﬁbﬁn s of

i sobut endighbeiieiailemite ecesssaulifomdhmstaxting MTBE o exancpb MSBESack wi t h

preferen Vil preferably 30 to 80 theoretical plates,
pref er abﬁ%mgagé?g%%rﬁé%r%g{@iﬁpl ates. The reflux ratio is, depending on
the nunber of plates realized and the required purity of the isobutene,
pr ef erabll%tP,I ess. than 60, preferentially | ess than 40. The operating

pr essur e “o?lOEHAiagRaRot @dHrtperprefasiad embodinent af a want imybichrt desso 2.0

MPa( abs) . i AN ; taj -t e I can, if
necessar ;? ¢ E&t}g”@\b{%stg%gﬁbaet% t(ggﬁ? 5@@%@@5‘?8?@? |SF§\3"W'§§?JUA§ 3075?8??%% he DME
can opti ONEBE Yl abie fraetianeted togethartwittetme MABEQatdivingsetum sthearaaarige of
distillation (ﬁ%} g 0 er%&i ng the condenser on the distillation colum or
react i vecagagm Qe T %re nifRead 12 epiteing) axwaliandks unqanvederd MTBE ¢4
fraction Sal ddfbn ; d on of
t he gas egﬁg %3?22?%9?!323?1%& can gbgﬁ%gg%ﬁg@#rpﬁg Cf%%&g?‘fs%%s@t }chf%% F'ié'%or kup
of i sobutSeREENH/aRNOT dicetboxyanethdna.tinldoammK1)s trdssenédient bolledetmi |, for

l e, i 8 370. Pref bl t h | is, ed f the t
or o sBos Aoiav s L RRHEREE Beiariin Po 1w ERiC BB SR DBppr opr 1 at ¢
wat er Ar presenpietielyarthg MTBRICLANA C@Wyﬁ”&aﬂ?{?ﬁiﬁ%b&i‘&ﬁ ?ﬁﬁ%tn 5 Mor e

preferably, in the process accordi n% to the 1nvention, a or
r enovi ngPEMEdAAlP tetdeavageusaetontR ) il headieavade paodwnt 6fissepanmbad ing wat er

whi ch | i ' h of t | umm. . The, i t] f th
docant er ST HES) Mo S \PahoE R TRANER cohis PovEhudioamed BREends be
mi ni m zeodwin§uotazaotiope fresRioh HedlE6 RoBatdrRathd ﬁq@fha%@@spéf);%rtiéﬁg gpplication

DE 102 38 370. In this case, the noist isobutene streamfromthe extraction
is, if apf L. e igta @ poitemavaduei8 exspdsiag theeurcatyeried W4T Biaread, the or

exanpl i f escer, fed.into a. cqlumm. .DVE is
obt oy red A Ehg SRRk b SRR AT K PR R R R Bol ow
or abovebdilees faraedantthe rdaotidn @artp forsxatpldisebage 4eper from the 10 colum is
wi t hdra i Iigggﬁ form and conducted into a decanter. In the decanter,
the aqu G@ﬂﬁna t @NQeparated fromthe water-depl eted organi c phase. The
wat er is discharged; the organic phase is recycled into the colum. The
removal of the streamto the side decanter is preferably effected bel ow the
~colum feed, the
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recycling of the streamfromthe decanter into the columm bel ow t he

w t hdrawal 15 point. The colum preferably has a nunber of plates of 30 to
80 theoretical plates, preferably of 40 to 65 theoretical plates. The

i sobutene to be purified is preferably fed in above plate 15 to 30, in each
case counted fromthe top. Preferably, two to five plates above the feed
point, the entire condensate of this plate is drawn off 20 and passed into

t he decanfelMnKSrconkitutest @ possilsie weefiguratia efistep ke obthgambcesghase i s
| ower. The reflux ratio of the

| ed : | . | |
cor i 1 s Colybade i BREoRET DR Baf Bieachaaten Jol itarmeradsity oo
purity of inthe sidesbrebene} afd ﬁft@t'éﬁgﬁ brc%o%%ﬂﬁ.hpr{'ér orR} o‘?fc?@{chﬁt'a'iﬁ’s | ess than

40. The operating pressure of colum is prefterably in e range from
0.1 to 2.0rai®apliagre then 88%smsthsmet. Attty tHensidéstrazamdé, disohuten® anad ahys

conposi t1 BHET ERDAERT 1 BTG Sha 208 o ¥HhatiRl TBE RIS @ BAPERIOS oot ene

aval | abl eoftthe tnirethamo|keid tRe omstidih GdseRYofres in e/ d&vata reactor, for
hydr ocar bons<0. 000100 but anes <0. 001000 i sobut ene >0.999000 1-butene /

2- but enesANRIB 1M BRRBFINEIhoomzbars aig ebtaiaedhas theiop poaBend 1Rat er
<0. 000050, pxagaBakfer mhn ANOCLRMIBRHN Lo R RUANMKS), OVE

di met hoxynet hane™
The embodiment according to Figure 4 is of interest in particular for those MTBE

10 starting mixtures which contain small amounts of diisobutene and MSBE. In this
case, it is possible to dispense with column K2 for removing these components
upstream of the reaction part, which simplifies the process. When the starting
MTBE does not contain any low boilers, it can be passed directly into the cleavage
reactor as stream 1b. In column K1, only the medium boilers are then removed as

15 stream 2.

According to the invention, what is common to all embodiments is that there is a
column in which medium boilers formed in the cleavage reactor (R) are removed
via the top.
20
The distillative removal of the medium boilers formed in the cleavage reactor (R),
for example isoprene and/or dimethoxymethane, instead of being effected in
columns (K8) or (K1), can also be effected from another stream, for example from
stream 8 (Figure 1) or stream 5 (Figure 2). These options too are embodiments of
25 the process according to the invention, even if they are not considered separately.

Material separation
Embodiments and operating parameters preferred for columns K1, K2, K5 and K6
designated in Figures 1 to 4 are specified hereinafter.
30 |
Column (K1), Figures 3 & 4

In column (K1), according to the invention, medium boilers formed in the reaction
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The |inear butenes (1-butene, 2-butenes) present in the isobutene cannot be
renmoved therefromin an industrially viable manner. The |inear butenes are
5 forned, inter alia, fromthe cl eavage of MSBE, which may be present in
the MIBE. Therefore, conplete renoval of MSBE in the colum (K2) allows the
formation of the |inear butenes to be prevented. In order to limt the
distillation costs, it may, however, be advantageous to permt a | ow
concent r atiednfosexamBBR. diffetoxysgtioars didiorsaerena) 4ng relmered fronsthepeta)n of t he

, ich. 1 idly th BE i
sed. - AccaTBRRg 1B 3T MRLCH TG BT PERBAPEH TREnsy eIaen. FBITSACs sl | er
concent r alahdIts Hrdd2ebSrR) @A B cARVBO BRI eabshtaYrasdvaredl e. 15 The

i sobut ene prepared by thé process according to the invention can, for
exanpl e, be used to prepare nethacrylic acid, nethyl nethaciylate,

i i . ( ' hal 1 yl
sul f onates Pk SRS 50 Ber ity SR B ah FonatatieY it BsBabRi et ot hamo
obt ai ned whidhtteasc3 (e thearaticahglates0 bref&raplyl4D BrAPaiEmdRs PidfeaBliarTr yI at e.

Such a pri)c&zéﬂ of 20 preparing nmethyl nethacrylate is described, for
exanpl e, hOEMePretical pigtes. Peefgranes iz given & epei@ting & eclumnpgerendimgoaxanpl es

hi ch 1o LRt ahBer T RASETkdiDel! AL RS AVETHENRCq BXAHR! 8 KAl © 1
Acleavage was carrie out 1na tubulfar reactor wt ahealng L<l:lC t,
t hr ough 5pwiity o Ca andd®s lnyirodaeborns bnd beihkatddium tBHlefs ormsd sotheGeatiicrs &

Sur f act fl d. .. Th t al yst d g I d d

St cociar b dar Sharep B e o R e A SREas VL £ iR BoRaM cat i on

DE 10 200 i 1 s i MT BE,
60 840438, eSRRIAN VB Eer? ]gza' BRd ege.#@&%u%qsweg%@?@{v

which is nornmally not uséd as a fuel additive but as a s ERON- S
f r om EvonVVih eR emeratingHyresse BN to BhMRaimnt preférablyed Gt dio 0.4HEPAGRE was

out ot o TRl o R B B P S T NP SRR P e 1 ced of
t he reactascording éd he dperatineppyseradsededbedifetteagiiast clidg bRagabs) by a
pressur e- nai.ntai nin at the end of the 15 reactor. The MIBE feed was

r egul at 2d*3HNG WasT: éﬁngar%gdgp YRROURRA E1p edvmBasigBrhescansleaseiisvmatetaly 78 h- 1
at an a%ni@ﬁaﬁéﬂﬁ&ﬁ?ﬁ tedt R ﬁ);g%rgl ggte%@%‘gﬁg%rﬁkﬁ@ﬁ%ﬁﬁemﬂfqﬁ{?ﬁoﬂzeav' ng the

react or was condense ully an as chromat ogr ap 0 After a
servi ce |Vaperafs f0006The tarsprodbet 2 oarv be sititmedahetrhalMiBie usstess bhe sel ect ed

reaction it ons 98% In addition to the isobutene and net hanol
cl eavage %5@538%}%@3?%‘%8%@&@8&@1 listed in table 6 were detected. Table
6: Anal yses of reactor feed and reactor effluent (in each case proportions

by mass) 25 Reactor feed Conponent
20 Column (K2), Figures 2 & 3

In column (K2), the stream comprising MTBE is distilled to remove high boilers,
especially diisobutene and/or MSBE, from the MTBE. When primarily only
diisobutene is to be removed in the column, it may be advantageous when the
column has 15 to 60 theoretical plates, preferably 20 to 55 and preferentially 30 to
25 43 theoretical plates. The reflux ratio, defined in the context of the present
invention as the mass flow of the reflux divided by the mass flow of the distillate, is
set, as a function of the number of stages realized, the composition of the MTBE

used and the required purity, preferably to a value of 0.5 to 7, preferentially of 1
to 4.

30
When diisobutene and additionally MSBE are to be removed in the column, the
distillation column used has preferably 50 to 140 theoretical plates, preferably 60
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Proportion MIBE 99. 949% 2- net hoxybut ane < di isoprene < dl C8 hydrocarbons
0. 026% net hanol 0.013% Reactor effluent Trace conponents Proportion DME
0. 955% C8 hydrocarbons 0.063% i sobutane 0.010% i soprene 0. 003%

di met hoxymet hane 0. 010%

10

15

20

25

30

to 120 and most preferably 80 to 110. Depending on the number of plates realized,
the composition of the MTBE used and the required purity, the reflux ratio is

preferably 1 to 20, preferentially 3 to 10.

To increase the flexibility with regard to the quality of the starting MTBE 1a and to
the required purity of the isobutene prepared, it may particularly be advantageous
to provide a column with which both substances can be removed, i.e. a column
which has preferably 50 to 140 theoretical plates. Even if the removal of MSBE
should be unnecessary, the larger column need not be a disadvantage, since a
portion of the higher capital investment for the larger column can be compensated

for by energy savings (reduction in the reflux ratio).

The operating pressure can, irrespective of whether only diiscbutene or
additionally MSBE s to be removed, preferably be 0.1 to 2.0 MPagaps). When the
cleavage of the top product 5 in the cleavage reactor is effected in the gas phase
at elevated pressure, it may be advantageous to perform the distillation at higher
pressure, in which case the top condenser is preferably operated as a partial
condenser and the top product 5 is drawn off in vaporous form. When the reaction
pressure in the cleavage reactor is, for example, 0.7 MPa@bs), the distillation
pressure should preferably be at least 0.75 MPaans). At operating pressures of
greater than 1.3 MPagaps), low-pressure steam can be obtained with the heat of
condensation, and can be used to heat other columns in the process. To heat the
column, according to the operating pressure selected, steam or heat carrier oil can
be used. The bottom product 4 may contain, in addition to the high boilers, for
example MSBE and diisobutene, also MTBE. This mixture can be utilized
thermally, can be used as a feedstock for a synthesis gas plant, or be used directly

or after hydrogenation as a fuel component.

The composition of the feed to the column (K2) may vary depending on the
starting MTBE 1a and the degree of conversion of the MTBE in the cleavage
reactor (R) (straight pas's)‘ In the case of use of MTBE of the composition
according to table 2 and an MTBE conversion which is in the range from 50 to
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It is found that further by-products (isoprene, dinethoxynethane,

i sobutane) are additionally forned in a relatively | ow concentration as
wel |l as dinmethyl ether 5 (DME) and C8 hydrocarbons. The fornation of
1,3-butadiene is attributed to the presence of 3-nethoxy-1-butene in the
MIBE used. Since the raw material is virtually free of 2-nmethoxybutane
(MSBE), no significant amounts of |inear butenes are fornmed. 10

Expl anat i 86%, tfos feexaotieecoldmanths3n ke Rxr@ERS 88 (0T, WAk of RITREW,
cal cul ati nsm\é%e carried out wth the steady-state sinulation program

ASPEN Pl u¥§ nehcorsent is olkeAspenrees to idied mags: dbediisehiders fect s of
> srSt T PO | . o
{1 e R T 0 AR SR PSS S0 A 1 9ASE e e AT .05

transparent, repro ( y ge 'y "avai € erial data were
used. | n Hudiahgerront 880050 om egyahasse Midiim bbidrs dornvesindhepemsied With in
all vari antg. These si I{gg}:xcati ons make it possible for the person skilled
in the arP?@ ’ofoéﬁé?m?eéﬁg? xynethane angerisenreamare RrefambhhPresenil hods used

do not ha hEine t [ [ [ ts, the
qual i at e e o L RELEPIr AR et fMan' 10 PHE A0 e REUEIIL Bhe AT
vari ants depam. &drtheneonyrBEnt® presest ionludai Ble water aralpabsibfy liséarg a reacti ve
distill atb@gh %n t he exanpl es, the "UN FAC-DVD' property nethod (see J.
Grehl i ng, " J. E and 25 M Schiller, Ind. Eng. Chem Res, 32, (1993), pp.
178-193) was used. For the reactor R a reactor volunme of 100 | was
nodel l ed i n each case, assumng a filling with a catalﬁst whi ch consists in

a format Sen8etieom pragirditrnbkinis2)dynineall cantains the higlbellars disoluxear, and
whose, 1SRRI RS 48 JERGHEY AR, A0, Mo e [soc1T,

nodel i ng, a Kinétic reactor use :
based on @lgmnsihedVi€RBeontemirathet msttond ptaalusi ¢dn dissiuceat & yalues T exanpl es

therefore, in case ecify the reaction tenperatures which were

assuned ﬁﬂaf‘ﬁg%gwaéﬁ ‘ﬁ@@ﬁﬁiﬁ%@fﬁéfé@é t?E@ ey 2186 (et $Bal nput and 5

out put stmarrgSp&ﬁt@iﬁ@reh@@&béﬂégﬁtmsesaér?d W@E,g drl eE?gﬁ%ﬂ*i‘i&?‘se’ It is
u

possi ble for the person skil inthe art to tolTowt ations of
t he exaniirefeighlieermidagw the battorepaaduchqureferaitg infthe rahge fomeG0 ts85Y

si mul at i r, 7 i i xed conversions. 10 Exanple 2 Exanple 2
correspon sﬁ]ggs’t}ﬁgalegr@5%4&2&%?5?8}9?@{5&3’% MPP§GPR™@ONAs the feed to the MIBE
cl eavage THeammowvat 60igh poildre shicl WsadiiBob@andNBEhS togdm dfhé ThRinkk (KR)MTBE) 15
of 100 k?f{ﬁg wWth the conposition listed in table? is assuned (typical fuel

MIBE, co yfae@ﬁvant@aglt@tm!y Famad amasyhebdi anyehighfbailess §ABREG theut st ream
la assumedhd\AGa (Lh&.Mik ﬂnesé(sa&ﬂy %&8& he rca%mgﬂbﬁw ZecelSated

20 deactivation, which can arise in the case of coverage with high boilers and
possibly coking.

Column (K5), Figure 4
The distillative separation is effected preferably under such conditions that very
25 substantially pure methanol is obtained as the bottom product 9, that the
predominant portion of the MTBE and all medium boilers formed in the reaction,
for example isoprene and/or dimethoxymethane, are obtained in the top product
12, and that preferably more than 50% of the diisobutene present in the feed 8,
preferentially more than 80%, more preferably more than 95%, is obtained in the
30 sidestream 11. The side product simultaneously also constitutes an outlet for any
MSBE which is present in the reactant and has not been converted in the

cleavage, such that excessive concentration of this component in the circuit is
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Starting MIBE | a Mass flow [kg/h] 100.0 Proportions by mass [kg/kg]
di net hyl ether (DVE) isobutene isobutane 1-butene/2-butenes 0.001000 C5

hydr ocar bons 0. 001500 i soprene di et hoxynet hane MIBE 0. 979650
2- met hoxybut ane (MSBE) 0. 003000 net hanol 0.008500

prevented. Limiting the concentration of MSBE in the circuit simultaneously
prevents an impermissibly high value of linear butenes formed by cleavage of
MSBE in the reaction part in the isobutene product. The top product 12 is
preferably recycled into column (K1) (Figure 4).

As can be seen from table 4, the isoprene-methanol azeotrope is the low boiler in
the system and can be obtained as the top product in the column used. At the
same time, it is also possible for isoprene, dimethoxymethane and the MTBE-
methanol and MSBE-methanol azeotropes to be distilled via the top. Diisobutene

10 forms an azeotrope with methanol, which boils between the MTBE-methanol
azeotrope and pure methanol. The diisobutene-methanol azeotrope can thus be
removed in a sidestream, such that virtually diisobutene-free top and bottom
products can be generated in one column. The bottom product obtained is thus
virtually pure methanol which contains, as the sole secondary component - in

15 addition to water, which is not listed in table 4 - tert-butanol.

The distillation column (K5) used has preferably 20 to 80 theoretical plates,
preferably 30 to 70 and more preferably 40 to 60 theoretical plates. The
sidestream can be withdrawn below or above the addition point of the column

20 feed. Preference is given to withdrawing the sidestream above, more preferably
between 2 and 12 theoretical plates above, the feed point of the column feed. The
column, depending on the number of stages realized and on the MTBE conversion
achieved, is preferably operated with a reflux ratio of less than 10, preferentially of
0.5 to 5. The operating pressure of column (K5) is preferably adjusted to a value in

25 the range from 0.05 to 1 MPaaps), preferably from 0.1 to 0.3 MPaps). To heat the
column, for example, 0.4 MPa of steam can be used. According to the operating
pressure selected, the condensation can be effected against cooling brine, cooling

water or air.
30 The resulting bottom product 9 contains preferably more than 98% by mass of

methanol, preferably more than 99% by mass. The TBA content in the bottom
product is preferably 500 to 3000 ppm by mass; the water content is preferably 0.5
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tert-butanol (TBA) 0.003000 water 0.000050 diisobutene 0.003300 The
starting MIBE 1 a is mxed with the recycle stream 10 and fed into the
colum KlI. The recycle stream 10is the distillate stream of the colum K4,
whi ch contains the conpl ete anount of the MIBE unconverted in the cl eavage
reactor (R), and 5 the secondary diisobutene, MSBE and net hanol conponents.
In addition, this streamal so contains nediumboilers forned in the

cl eavage toe@d8boby massimesmxtwmrpbeilérscﬁqmmmnamlreﬁctrem bevtyfaeekmngle The

assunmed conposi ti of ther cle str 0 and o fe streamto

ol i KiSHRIGCR &1 e IaRIRE AT eneia P54 SDBSRIFTL At 3B (ree0 BOab! €

8: Composi bichghasly légsethaﬁqmglpméh@még»ré@@aw at B8 f i‘h%ﬁcs mamof colum K1
for exanpl e Recycl e stream 10 Feed K1 MaSss ow 10. 2 110.2

Proporti omtwollrﬁw Heleg sufficientiVEg pooy266t |®cmbemed kumusmmr@ 002094
s Industrial syntheses, for example esterifications or etherifications. If required, the

methanol can, however, also be concentrated to even higher purities in a further

distillation step.

The resulting top product 12 preferably contains the predominant portion of the

10 MTBE and methanol present in the feed stream 8, the medium boilers formed in
the reaction part, for example dimethoxymethane and isoprene, and possibly
MSBE, and is preferably recycled into column (K1). The MTBE content is,
according to the distillation conditions and column pressure, preferably in the
range from 65 to 88% by mass, preferentially in the range from 75 to 85% by

15 mass. The methanol content is preferably in the range from 10 to 35%,
preferentially in the range from 12 to 18%. The MSBE content is preferably in the
range from 0.5 to 5% by mass. When the feed stream 8 contains isoprene, the
isoprene content is preferably less than 1% by mass. When the feed stream 8
contains dimethoxymethane, the dimethoxy content is preferably less than

20 5000 ppm by mass.

The resulting sidestream 11 preferably contains virtually the entire amount of the
diisobutene present in the feed stream 8. In addition, the sidestream, according to
the mode of operation of the column, may contain in the range from 10 to 40% by
25 mass of the MSBE present in the feed stream 8. Since, according to the mode of
operation and catalyst used, the MSBE is not converted fully in the cleavage
reactor (R), there would be the risk of undesired concentration of MSBE in the
circuit in the case of recycling without discharge of the sidestream, and this can be
avoided very easily by the discharge in the sidestream. The sidestream 11 can be
30 utilized thermally, used as a feedstock for a synthesis gas plant or used as a fuel

component.
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0. 000193 i sobut ane 1- but ene/ 2- but enes 0. 000013 0. 000909 C5 hydrocar bons
0. 001362 i soprene 0.002183 0. 000201 di net hoxynet hane 0. 000384 0. 000035
MIBE 0.593166 0.944003 MSBE 0. 017945 0. 004378 net hanol 0.376157
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Column (K6), Figures 1 & 2
In column (K86), according to the invention, medium boilers formed in the reaction
part, for example dimethoxymethane and/or isoprene, are removed from the return

stream 10 consisting predominantly of MTBE and methanol.

Preferably, the material separation is carried out in a distillation column which has
20 to 75 theoretical plates, preferably 25 to 55 and more preferably 30 to 45
theoretical plates. The column, depending on the number of plates realized, the
composition of the recycle stream and the amount of the medium boilers formed in
the cleavage reactor (R), for example dimethoxymethane and/or isoprene, is
preferably operated with a reflux ratio in the range from 10 to 150, especially in the
range from 30 to 100. The column is preferably operated with an operating
pressure of 0.05 to 1 MPaus), preferably of 0.3 to 0.6 MPays). To heat the
column, for example, steam can be used. According to the operating pressure
selected, the condensation can be effected against cooling brine, cooling water or
air. The top vapours of the column can be condensed completely or only partially,
such that the top product 14 can be drawn off either in liquid or vapourous form.
The top product 14 can be utilized thermally or used as a feedstock of a synthesis

gas plant.

When columns are used in the process according to the invention, for example the
columns designated K1, K2, K3, K4, K5 and K6 in Figures 1 to 4, they can be
provided with internals, which, for example, are composed of trays, rotating

internals, random packings and/or structured packings.

In the case of column trays, for example, the following types can be used:
Trays with bores or slots in the tray plate.
Trays with necks or chimneys which are covered by caps or hoods.
- Trays with bores in the tray plate, which are covered by movable valves.

- Trays with special constructions.

In columns with rotating internals, the reflux can be sprayed, for example, by
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0. 042411 tert-butanol 0.000030 0.002726 water 0.000016 0.000047 diisobutene
0. 007758 0.003711 The task of colum Kiln exanple 2 is, in addition to the
removal of the C4 and C5 hydrocarbons present in the starting MIBE, in
particul ar the discharge of the nmedium boilers which are present in the
recycle stream and have fornmed in the 5 cl eavage reactor (R), in this
exanpl e i soprene and di net hoxynet hane. The col um has 55 theoretical plates
and i s opmeanedf attating fahhets, sradpgreadbs hiffmamce béated puieswall ithth® a@d dPa( abs) .
The material, is added above plate 22, counted fromthe top. The top
terrperatu?l &5 72, 4C; the bottomterrperature is 87.3C. The distillate of
this colum 2 has a residual content of approx. 68% by mass of MIBE. 40
Increasing the reflux ratio and/or the nunber of plates would allow the
MIBE cont @rihecaseef vsalotedummt eithonndommpackings compfisieg vafiolopationg er s

h I d ro
Ul Ko st PEROE 57 oGNS (el Bey iconsl SamBRcA Ld deRe PROSABt Ranc, 1

Tabl e 9: GstEpI0 st Qéeidbé%bér' @ér@oﬁtét@ﬁ@@v&ea?grc@faurb%‘lés%rﬁr&ﬂé%ﬂié‘étar?d of
col urm K1 for exanp late K1 2 Bottom product K13 Mass fl ow

[kg/ h] 2. mavmwgiqwag@@f of Gfiereby sharss, prpekgly the shape of spheres, rings with
smooth or profiled surfaces, rings with internal struts or wall breaches, wire mesh

rings, saddles and spirals.

10
Structured packings with regular/ordered geometry may consist, for example, of
sheet metal or fabric. Examples of such packings are Sulzer BX fabric packings
made of metal or plastic, Sulzer Mellapak lamellar packings made of sheet metal,
high-performance packings from Sulzer such as Mella-pakPlus, and structured

15 packings from Sulzer (Optiflow), Montz (BSH) and Kithni (Rombopak).

Iscbutene workup
The isobutene-rich stream 7 obtained in step b) of the process can be worked up
to isobutene with higher purities. This removes methanol, dimethyl ether (DME)
20 and water in particular. By way of example, a workup of stream 7 from the
preferred embodiments shown in Figures 1 to 4 is therefore described.
The methanol in stream 7 can be removed by processes known per se, for
example by extraction. The extraction of methanol from stream 7 can be carried
out, for example, with water or an aqueous solution as an extractant, for example
25 in an extraction column. Preference is given to performing the extraction with
water or an aqueous solution in an extraction column, which preferably has 4 to 16
theoretical plates. The extractant flows through the extraction column preferably in
countercurrent in relation to the stream to be extracted. The extraction is
preferably carried out at a temperature of 15 to 50°C, preferably 25 to 40°C. For
30 example, in the case of use of an extraction column with more than 6 theoretical
plates which is operated at a pressure of 0.9 MPa sy and a temperature of 40°C,

a water-saturated isobutene with a residual content of methanol of less than
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DMVE 0. 001097 isobutene 0.008980 i sobutane 1- but ene/ 2- but enes 0. 042263
C5 hydrocarbons 0.063312 isoprene 0.009361 dinethoxynet hane 0.000822

0. 000018 MIBE 0. 682321

10

15

20

25

30

500 ppm by mass, preferably less than 100 ppm by mass and more preferably
less than 30 ppm by mass of methanol! 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 recycled into the
extraction stage as the extractant. The methanol can be utilized for customary

industrial syntheses, for example esterifications or etherifications.

The moist isobutene stream from the extraction column can be worked up to dry
isobutene in one or more further distillation columns by removing water and
optionally DME. The dry isobutene is obtained as the bottom product. In the
condensation system at the top of the column, after a phase separation, water can
be drawn off in liquid form, and DME with residual amounts of isobutene in liquid
and/or gaseous form. A distillation column used with preference for the drying has
preferably 30 to 80 theoretical plates, preferably 40 to 65 theoretical plates. The
reflux ratio is, depending on the number of plates realized and the required purity

of the isobutene, preferably less than 60, preferentially less than 40. The operating
pressure of column K2 can preferably be set in the range from 0.1 to 2.0 MPagps).
The DME-rich stream obtained at the top of the column can, if necessary, be

separated further by distillation.

A portion of the DME can optionally be removed from stream 7 as early as in the
course of distillation (K3), by operating the condenser on the distillation column or
reactive distillation column as a partial condenser. Therein, the C4 fraction present
in the top product can be condensed and a portion of the gaseous dimethyl ether

can be drawn off as an offgas stream.

A workup of isobutene by extraction and distillation is described in detail, for
example, in DE 102 38 370. Preferably, methanol is removed from the top stream
7 comprising isobutene by extraction, and DME and if appropriate water are
removed by distillation from the isobutene extracted.
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0. 949754 NMSBE 0. 000073 0.004473 net hanol 0.189593 0.039176 tert-butanol

0. 002786 water 0.002179 diisobutene 0.003793 The bottom product of

col um K1 which has been freed of |ow and mediumboilers is fed into col um
K2. The separating task of colum K2 is the renoval of diisobutene and
MSBE. The columm has 95 theoretical plates and is operated at a 5refl ux
ratio of 4.2 and at a pressure of 0.95 MPa(abs). The material is added

above pl aMergpraferabtyeth fheqrotdss doeprdind® theineptperatslu@nifer kit the
bottomte at@re is 154, 4C The top product 5 is a gaseous fraction which
is free oP Vi PAOMEIHS UseiwRchaSRdRsanErfonmminGyateaskhish isvBRESNs ee

tabl e 10.inkRe sffat f j 9 ] content of MIBE
in the bo;tnt omslo p@gﬁuégtthé\l@fagmgzgﬁgy%‘f%ﬁ}g%étﬁésdgaﬁtﬁé'reagi ng the refl ux

rati o andsigestremm o fher climg apews mobatene lvsadsdo del minirmized cSudheant of MIBE i n
of the

e o B BB e e L Rt abh S AR I B s ™S
Di still at#ekroist 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 in
the bottoms. Below or above the reactant introduction site, a sidestream from the

10 column is withdrawn in liquid form and conducted into a decanter. In the decanter,
the aqueous phase is separated from the water-depleted organic phase. The
water is discharged; the organic phase is recycled into the column. The removal of
the stream to the side decanter is preferably effected below the column feed, the
recycling of the stream from the decanter into the column below the withdrawal

15 point.
The column preferably has a number of plates of 30 to 80 theoretical plates,
preferably of 40 to 65 theoretical plates. The isobutene to be purified is preferably
fed in above plate 15 to 30, in each case counted from the top. Preferably, two to
five plates above the feed point, the entire condensate of this plate is drawn off

20 and passed into the decanter. After the water has been removed, the organic
phase is recycled into the column one or two plates lower. The reflux ratio of the
column is, depending on the number of plates realized and the required purity of
the isobutene, preferably less than 60, preferentially less than 40. The operating
pressure of the column is preferably in the range from 0.1 to 2.0 MPaas), more

25 preferably in the range from 1.0 to 1.5 MPa(aps).

The isobutene obtained in this way may have, for example, the composition listed
in table 5:

30 Table 5: Typical composition of isobutene available on the market

Proportions by mass [kg/kg]
Cs hydrocarbons <0.000100
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5 Bottom product K24 Mass flow (kg/h] 106.0 1.8 Proportions by mass [kg/kg]

DME  isobutene i sobut ane 1- but ene/ 2- but enes C5 hydrocar bons
i soprene

butanes <0.001000

isobutene >0.999000

1-butene / 2-butenes <0.001000

methanol <0.000030

Cs hydrocarbons <0.000500

water <0.000050

oxygenates <0.000010

Oxygenates: For example DME, dimethoxymethane

The linear butenes (1-butene, 2-butenes) present in the isobutene cannot be
removed therefrom in an industrially viable manner. The linear butenes are

s formed, inter alia, from the cleavage of MSBE, which may be present in the MTBE.
Therefore, complete removal of MSBE in the column (K2) allows the formation of
the linear butenes to be prevented. In order to limit the distillation costs, it may,
however, be advantageous to permit a low concentration of MSBE. This is
possible especially when, in step a) of the process, a Catalyst which decomposes

10 MTBE more rapidly than MSBE is used.

According to the purity requirements, however, if required, smaller concentrations

of the secondary components are also achievable.

15 The isobutene prepared by the process according to the invention can, for
example, be used to prepare methacrylic acid, methyl methacrylate, diisobutene,
polyisobutene, alkylphenols, methallyl chloride or methallyl sulfonates. In
particular, it may be advantageous to use both the methanol obtained in the
cleavage and the isobutene to prepare methyl methacrylate. Such a process of

20 preparing methy! methacrylate is described, for example, in EP 1 254 887, to
which explicit reference is made.

The examples which follow are intended to illustrate the invention.
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di met hoxynet hane 0.000018 MIBE 0. 955228 0.618100 MSBE 0. 002100. 0.148272
nmet hanol 0.039822 tert-butanol 0.002832 0.000012 water di i sobut ene
0.233617 The distillate stream5 of colum K2 is, after further heating to
reaction tenperature, fed to the cleavage reactor (R). The reactor is
operated at 305C and 0.85 MPa(abs). Under these reaction conditions, an

MIBE conversi on of approx.
Examples

Example 1
A cleavage was carried out in a tubular reactor with a heating jacket, through
s Which a heat carrier oil (Marlotherm SH from Sasol Olefins & Surfactants GmbH)

flowed. The catalyst used was magnesium-doped silica-alumina. The catalyst was
prepared according to patent application DE 10 2006 040432, see example 2. The
reactant used was high-purity MTBE, which is normally not used as a fuel additive'
but as a solvent (DRIVERON-S from Evonik Oxeno GmbH).

10
Before entry into the reactor, the MTBE was evaporated completely in an
evaporator at 300°C. The cleavage was carried out at a temperature of 280°C
(temperature of the Marlotherm in the feed of the reactor jacket); the pressure was
kept at a constant 0.7 MPas) by a pressure-maintaining means at the end of the

15 reactor. The MTBE feed was regulated to a constant 1500 g/h, which corresponds
to a WHSV of 4.78 h™" at an amount of catalyst of 314 g. The gaseous cleavage
mixture leaving the reactor was condensed fully and analyzed by gas

chromatography.

20 After a service life of 1006 hours, the conversion of the MTBE under the selected
reaction conditions was 98%. In addition to the isobutene and methanol cleavage
products, the by-products listed in table 6 were detected.

Table 6: Analyses of reactor feed and reactor effluent (in each case proportions by

mass)

25
Reactor feed Reactor effluent
Component Proportion Trace components Proportion
MTBE 99.949% DME 0.955%
2-methoxybutane <dl Cs hydrocarbons 0.063%
isoprene <dl isobutane 0.010%
Cs hydrocarbons 0.026% isoprene 0.003%
methanol 0.013% dimethoxymethane 0.010%
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5 94%is obtained; the conversion of MSBE is approx. 18% At these high
reaction tenperatures, the nmedium boil ers isoprene and di net hoxynet hane are
fornmed in side reactions. Under the reaction conditions, the reactor

ef fluent contains approx. 70 ppm of di nmethoxymet hane and approx. 210 ppm of
i soprene. |sobutane is present to an extent of approx. 220 ppm The
conposition of the reactor effluent 6 o is shown by table 11. Table

11: Conp s;k.mézﬁb@t1_bﬁ@n@ea{pgg4%er fTyent p3qpuga(9§né he di stifld gégsegtream 7 and
of the bottomstream8 of columm K3 for exanple 2. Reactior effluent| 6

Di stil | atremanderBot t om pr(baﬁ&% K38 [Massn-blienes kg/ h] 106. 4 68.0808%. 6

AQ7Q n annno a) nf‘nn&ﬂ o nbat
\vAw) . YU ne

Proporti hy—rass—katk PVME-0. O 5980006680634
0. 572505 §: GLBeiRR B 503503J

It is found that further by-products (isoprene, dimethoxymethane, isobutane) are
additionally formed in a relatively low concentration as well as dimethyl ether

5 (DME) and Cg hydrocarbons. The formation of 1,3-butadiene is attributed to the
presence of 3-methoxy-1-butene in the MTBE used. Since the raw material is
virtually free of 2-methoxybutane (MSBE), no significant amounts of linear butenes

are formed.

10
Explanations for examples 2 and 3
In examples 2 and 3 which follow, calculations were carried out with the steady-
state simulation program ASPEN Plus (version 12.1 from AspenTech), which
represent the effects of the medium boiler formation in the overall process.

In order to obtain transparent, reproducible data, only generally available material
data were used. In addition, the use of a reactive distillation was dispensed with in
all variants. These simplifications make it possible for the person skilled in the art
to easily appreciate the calculations. Although the methods used do not have

20 sufficient accuracy for the design of industrial plants, the qualitative differences in
the circuits are correctly detected. In all variants detailed, the MTBE conversion

can be increased by using a reactive distillation.

In the examples, the "UNIFAC-DMD" property method (see J. Gmehling, J. Li, and
25 M. Schiller, Ind. Eng. Chem. Res. 32, (1993), pp. 178-193) was used. For the
~ reactor R, a reactor volume of 100 | was modelled in each case, assuming a filling
with a catalyst which consists in a formal sense of magnesium oxide, aluminium
oxide and silicon oxide, and whose preparation is described in

DE 10 2006 040432.
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i sobut ane 0, 000219 0. 000366 1-butene/2-butenes 0.000242 0.000402 0.000003
C5 hydrocar bons i soprene 0.000210 0.000521 di net hoxynet hane 0. 000071

0. 000176 MIBE 0. 056836 0.141632 MSBE

For the reactor modelling, a kinetic reactor model was used in the calculations,
which is based on extensive experimental test data with this catalyst. The
examples therefore in each case also specify the reaction temperatures which
were assumed in the reactor modelling. Since the composition of the input and

s output streams of the reaction stage are also specified in each case, it is possible
for the person skilled in the art to follow the calculations of the example without
knowing the exact equations for the kinetics by simulating the reactors with fixed

conversions.

10

Example 2

Example 2 corresponds to the variant represented in Figure 3. As the feed to the
MTBE cleavage plant, according to Figure 3, an MTBE stream 1a (starting MTBE)

15 of 100 kg/h with the composition listed in table 7 is assumed (typical fuel MTBE,
compare with table 2).

Table 7: Composition of the MTBE input stream 1a assumed into the MTBE
cleavage plant for example 2.

20

Starting
MTBE 1a
Mass flow [kg/h] 100.0
Proportions by mass
[kg/kg]
dimethy! ether (DME)
isobutene
isobutane
1-butene/2-butenes 0.001000
Cs hydrocarbons 0.001500
isoprene
dimethoxymethane
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0.001720 0.004286 net hanol 0.359580 0.034866 0, 844037 tert-butanol
0.000422 0.001051 water 0.002559 0.000333 0.005880 diisobutene 0.000743
0.001852 The reactor effluent 6 is partially condensed and fed in biphasic
formto colum K3. The colum has 42 theoretical plates and is operated at
areflux ratio of 0.7 and at a pressure of 0.65 MPa(abs). The material is
added above plate 28, counted 5 fromthe top. The top tenperature is 51.3C;

t he bottomtenperatureM'ﬁgE.l?. 1C. The top pfogussg7 1S | sobutene with a
purity of greater than_95%hy mass of isobutene; see taple 11. Isoprene is

renoved conpl etely vi aZtMchbbsybtﬁaﬂeéMSBE)l i I&Q@%)@Odl met hoxymet hane. The

limts required in a tiypte at—t+sobut-enre—spee eatien—Fof |inear butenes (<
1000 ppm by mass) and égeﬂ%ﬂﬂjocar bons (< 10!(9306;Q nr)by 1.0 nass) are conplied

with reliably. An extragip@Bnd fiBAYRTET Canig, 0530rong refd, renove the

met hanol , the residuall_water and DVE can bel renbved by a subsequent
distillation and the ijs@akart ene can be concetoGEd to a purity greater than
99. 9% by mass. 15 The ut*"m “rcduct 8—of—col-um-K3—-consi st s predom nantly
of unconverted MIBE (& E %by mass) a{erOQ%’pﬁanol approx. 84% by
mass). In addition, this srream contai ns the conptete anhount of the medi um
boil ers isoprene and di met hoxynet hane forned by reaction. In addition,

anmong ot héhe starinaiNdas 1au$0‘omdwtnédthHBBchlé' BitcamdDend faddnidithe oblumnme

formed byKﬁ eﬁ% 'eoo?/clae strelr e,? 5 IS thezdO stTla e st?etarn? % hlescoﬁumn k% w?nclflx contazns
the complete amount of the MTBE unconverted in the cleavage reactor (R), and

s the secondary diisobutene, MSBE and methanol components. In addition, this
stream also contains medium boilers formed in the cleavage reactor, in this
example isoprene and dimethoxymethane. The assumed composition of the
recycle stream 10 and of the feed stream to column K1 which arises from the
mixing is shown in table 8.

10 ‘
Table 8: Composition of the recycie stream 10 and of the feed stream of

column K1 for example 2.

Recycle stream |Feed K1
10

Mass flow [kg/h] 10.2 110.2
Proportions by mass
[kgrkg]
DME 0.000256 0.000024
isobutene 0.002094 0.000193
isobutane
1-butene/2-butenes 0.000013 0.000909
Cs hydrocarbons 0.001362
isoprene 0.002183 0.000201
dimethoxymethane 0.000384 0.000035
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Tabl e 12: Conposition of the bottomstream 9 of colum K4 for exanple 2.
Bott om product K49 Mass flow (kg/h] 32.4 Proportions by mass [kg/kg] = DME
i sobut ene isobutane 1-butene/2-butenes C5 hydrocarbons i soprene

di et hoxynmet hane 0.000111 MIBE WNMSBE

MTBE 0.593166 0.944003
MSBE 0.017945 0.004378
methanol 0.376157 0.042411
tert-butanol 0.000030 0.002726
water 0.000016 0.000047
diisobutene 0.007758 0.003711

The task of column K1 in example 2 is, in addition to the removal of the C4 and Cs
hydrocarbons present in the starting MTBE, in particular the discharge of the |
medium boilers which are present in the recycle stream and have formed in the
s cleavage reactor (R), in this example isoprene and dimethoxymethane. The

column has 55 theoretical plates and is operated at a reflux ratio of 116 and ata
pressure of 0.3 MPaaps). The material is added above plate 22, counted from the
top. The top temperature is 72.4°C; the bottom temperature is 87.3°C. The
distillate of this column 2 has a residual content of approx. 68% by mass of MTBE.

10 Increasing the reflux ratio and/or the number of plates would allow the MTBE
content to be reduced. The bottom'product is free of low boilers present in the
MTBE and in the recycle stream (C, and Cs hydrocarbons). Likewise removed are

the medium boilers isoprene and dimethoxymethane.

15 Table 9:
K1 for example 2.

Composition of distillate stream 2 and of bottom product 3 of column

Distillate K1 Bottom product
2 K1 3
Mass flow [kg/h] 2.4 107.8
Proportions by mass |
[kg/kg]
DME 0.001097
isobutene 0.008980
isobutane
1-butene/2-butenes 0.042263
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met hanol 0.990796 10.001372 tert-butanol water 0.007719 dii sobutene

Colum K4 has 35 theoretical plates and is operated at a reflux ratio of
1.9 and at a pressure of 0.1 MPa(abs). The material is added above plate
10, counted fromthe 5 top. The top tenperature is 51.3C, the bottom
tenperature is 64.4C. The conposition of the bottom product 9 is shown by
table 12; the co the disti of gotumr K475 also |isted
in table 8. In t129§%a%%§ﬂﬁi BE, NMSBE q; %?ﬁ%obutene are distilfled via the
top with a certajisoprement of nethanol . |O0I0083&Kkpl oi tfs the azeotr gpe

formati on of theW—t—h—w—hangL._m_a ition 10 alll | ow

boi | ers and nedi hoyieetheRe  but endb00@82%ydr ocerQQQ%S i sopriene,

di met hoxynet hanefpggE al SO T enmoved Ver mtat h—that) a very
pure bottom pr OdJCtB;EVIth nore than 999 )Ooy masﬁl of noy%a can be obt ai ned.

The distillate 10M8BE Ol um K4 is added. 000078 feedoadoqaraum . Exanpl e
3 Exanple 3 corre varianti shown in Fidure 4 As the feed to

bsponds to the
the MTBE cl eavaggMgkanol accor di ng to HQGIBYWMW an NPEBXIGeam 13 (starting
MIBE) of 100 kg/ it g-Tonposttionrtsted—n—tghtet3+s—assuned.
Conpared to exarro'tleg@t?*s@e table 7), this starting ptmslhas all oner
content of MSBE hmgtedi i sobutene, and sjp gozfrgpval df these conpgnents
upstream of the feaction part can be th, and the di gscharge can
be effected accordjlsﬁéutecﬁleFl gure 4 in the si dest r eam0d303¥@3um K%. 10
Tabl e 13: Conposi ttomof—the—MBE+rAput—streamta—tnto—+he—MBE—<€| eavage
pl ant for exanple 3. Starting MIBE | a Mass fl ow [ kg/ h]

The bottom product of column K1 which has been freed of low and medium boilers

is fed into column K2. The separating task of column K2 is the removal of
diisobutene and MSBE. The column has 95 theoretical plates and is operated at a

5 reflux ratio of 4.2 and at a pressure of 0.95 MPagps). The material is added above
plate 32 counted from the top. The top temperature is 140.5°C; the bottom
temperature is 154.4°C. The top product 5 is a gaseous fraction which is free of
diisobutene and contains only 2100 ppm by mass of MSBE; see table 10. The
content of MTBE is approx. 95.5% by mass. The content of MTBE in the bottom

10 product 4 is approx. 61.8% by mass. Increasing the reflux ratio and/or the

separating performance would allow the content of MTBE in the bottom product to |
be reduced further.

Table 10:  Composition of the distillate stream 5 and bottom stream 4 of column
15 K2 for example 2.

Distillate K2 Bottom product
5 K2 4
Mass flow [kg/h] 106.0 1.8
Proportions by mass
[ka/kg]
DME
isobutene

35°



100. 0 Proportions by mass [kg/ kqg]

DVE

i sobut ene

i sobut ane

1- but ene/ 2- but enes 0. 001000 C5 hydrocarbons 0. 001500 i soprene

di met hoxynet hane
tert - but anol

10

MIBE 0. 981450 MSBE 0. 002000 met hanol 0.008500

0. 003000 wat er

isobutane

1-butene/2-butenes

Cs hydrocarbons

isoprene

dimethoxymethane 0.000018

MTBE 0.955228 0.618100

MSBE 0.002100 0.148272

methanol 0.039822

tert-butanol 0.002832 0.000012

water

diisobutene 0.233617

The distillate stream 5 of column K2 is, after further heating to reaction
temperature, fed to the cleavage reactor (R). The reactor is operated at 305°C and
0.85 MPaggs). Under these reaction conditions, an MTBE conversion of approx.
94% is obtained; the conversion of MSBE is approx. 18%. At these high reaction

temperatures, the medium boilers isoprene and dimethoxymethane are formed in
side reactions. Under the reaction conditions, the reactor effiuent contains approx.
70 ppm of dimethoxymethane and approx. 210 ppm of isoprene. Isobutane is
present to an extent of approx. 220 ppm. The composition of the reactor effluent 6

is shown by table 11.

Table 11:
and of the bottom stream 8 of column K3 for example 2.

Composition of the reactor effluent 6 and of the distillate stream 7

Reactor effluent | Distillate K3 Bottom product
6 7 K3 8
Mass flow [kg/h] 106.0 63.5 42.6
Proportions by mass
[kg/kg]
DME 0.004873 0.008098 0.000061
isobutene 0.572525 0.955934 0.000500
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0. 000050 diisobutene 0.002500 The starting MIBE 1la is m xed wth the
recycle stream 12 and fed into colum KI1.
distillate stream of col unm K5, which contains the majority of the MIBE

unconverted in the reaction part (R,
and net hanol .
boilers fornmed in the reaction part,

conponent s,

I n additi on,

The recycle stream 12 is the

t he secondary dii sobutene and NMSBE
this stream al so contains nedi um
in this exanple isoprene and 5

di met hoxynedha@Bagse The conpositiigpoed1dhe TEQUgn3eET €am 12 and of the feed
streamtolcolum K1 which arise¢s fromthe nixing is show in table 14.
Tabl e 14: Cbhpiesiet3-buteoes t he r e¢Q 08242 r eam [DD0DAA20f t hED.0@ED3st r eam of
col um Klfor—exatpte—3-: et-e—stream-t2—FeedKi-Mass—Howfkgth] 6.2
106. 2 Propdt B Rga'ﬁ?“%ass [kg/ kgl  DME 0.(000291 0.0000{L7 i sobutene
0. 003306 |isoprene 0.000210 0.000521

dimethoxymethane 0.000071 0.000176

MTBE 0.056836 0.141632

MSBE 0.001720 0.004286

methanol 0.359580 0.034866 0.844037

tert-butanol 0.000422 0.001051

water 0.002559 0.000333 0.005880

diisobutene 0.000743 0.001852

The reactor effluent 6 is partially condensed and fed in biphasic form to column
K3. The column has 42 theoretical plates and is operated at a reflux ratio of 0.7
and at a pressure of 0.65 MPaaps). The material is added above plate 28, counted
s from the top. The top temperature is 51.3°C; the bottom temperature is 117.1°C.

The top product 7 is isobutene with a purity of greater than 95% by mass of
isobutene; see table 11. Isoprene is removed completely via the bottom, as is
likewise dimethoxymethane: The limits required in a typical isobutene specification
for linear butenes (< 1000 ppm by mass) and Cs hydrocarbons (< 1000 ppm by

10 mass) are complied with reliably. An extraction with water can, if required, remove
the methanol, the residual water and DME can be removed by a subsequent
distillation and the isobutene can be concentrated to a purity greater than 99.9%
by mass.

15 The bottom product 8 of column K3 consists predominantly of unconverted MTBE
(approx. 14% by mass) and methanol (approx. 84% by mass). In addition, this
stream contains thé complete amount of the medium boilers isoprene and
dimethoxymethane formed by reaction. In addition, among other substances,
unconverted MSBE, TBA, water, and diisobutene formed by reaction are present.

20 This stream is fed to column K4.
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0. 000193 i sobut ane 1- but ene/ 2- but enes 0. 000021 0. 000943 C5 hydrocar bons
0. 000085 0.001417 isoprene 0.003550 0.000207 di net hoxymet hane 0. 000620

0. 000036 MIBE 0.824913 0.972322 NMSBE 0. 005645 0. 002213 net hanol 0.161560
0.017425 tert-butanol

Table 12:  Composition of the bottom stream 9 of column K4 for example 2.

Bottom product
K4 9

Mass flow [kg/h] 32.4
Proportions by mass
[kg/kg]

DME

isobutene

isobutane

1-butene/2-butenes

Cs hydrocarbons

isoprene
dimethoxymethane 0.000111
MTBE
MSBE
methanol 0.990796
tert-butanol 0.001372
water 0.007719

diisobutene

Column K4 has 35 theoretical plates and is operated at a reflux ratio of 1.9 and at
a pressure of 0.1 MPays). The material is added above plate 10, counted from the

s top. The top temperature is 51.3°C; the bottom temperature is 64.4°C. The
composition of the bottom product 9 is shown by table 12; the composition of the
distillate 10 of column K4 is also listed in table 8. In the column, MTBE, MSBE and
diisobutene are distilled via the top with a certain amount of methanol. This
exploits the azeotrope formation of these components with methanol. In addition,

10 all low boilers and medium boilers (DME, butenes, Cs hydrocarbons, isoprene,

dimethoxymethane) are also removed very substantially, such that a very pure
bottom product with more than 99% by mass of methanol can be obtained. The
distillate 10 of column K4 is added to the feed of column K1.
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0. 002825 wat er 0.000009 0.000048 diisobutene 0.002354 The task of colum
Kl is, in addition to the renoval of the C4 and C5 hydrocarbons present in
the starting MIBE, in particular the discharge of the nedium boilers which
are present in the recycle streamand have fornmed in the reaction part, in
this exanpl e i soprene and di net hoxynet hane. The col um has 60 theoretical
plates and is operated at a reflux ratio of 197 and at a pressure of 0.3
MPa( abs) ERemipes 8rial is added above plate 25, counted fromthe top. The
top tenperature is 48.2C, the bottomtenperature is 105.8C. The distillate

2 of thi sE¥3noien erreesponds éastheudriacbshawn inofigusod.As thadesdio tEBETBE

e R L I S R A
boi | er s (0D gt W thy ongpasionsbteer iAgasle 180s BBGUMBBE and in the recycl e

stream Likew se renoved conpletely are the nmedi um boil ers isoprene and
di net hokynet hane. 10 Tabl e 15: Conposition of distillate stream 2 and of

oroduct I RS PG ER o e B P brihg ot ey il syl

MSBE and diisobutene, and so a removal of these components upstream of the

reaction part can be dispensed with, and the discharge can be effected according
to Figure 4 in the sidestream of column K5.

10
Table 13:  Composition of the MTBE input stream 1a into the MTBE cleavage
plant for example 3.

Starting
MTBE 1a
Mass flow [kg/h] 100.0
Proportions by mass
[kg/kg]
DME
isobutene
isobutane
1-butene/2-butenes 0.001000
Cs hydrocarbons 0.001500
isoprene
dimethoxymethane
MTBE 0.981450
MSBE 0.002000
methanol 0.008500
tert-butanol 0.003000
water 0.000050
diisobutene 0.002500

The starting MTBE 1a is mixed with the recycle stream 12 and fed into column K1.
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DVE 0. 004469
C5 hydrocarbons 0.372063

i sobut ene 0. 050785 i sobutane 1- but ene/ 2- but enes 0. 248372
i soprene 0.054157 di met hoxynet hane 0. 008717

MIBE 0. 150000 0. 975456 MSBE 0. 000017

10

The recycle stream 12 is the distillate stream of column K5, which contains the
majority of the MTBE unconverted in the reaction part (R), the secondary
diisobutene and MSBE components, and methanol. In addition, this stream also
contains medium boilers formed in the reaction part, in this example isoprene and
dimethoxymethane. The composition of the return stream 12 and of the feed
stream to column K1 which arises from the mixing is shown in table 14.

Table 14:

column K1 for example 3.

Composition of the recycle stream 12 and of the feed stream of

Recycle stream |Feed K1
, 12

Mass flow [kg/h] 6.2 106.2

Proportions by mass

[ka/kg]

DME 0.000291 0.000017

isobutene -10.003306 0.000193

isobutane

1-butene/2-butenes 0.000021 0.000943

Cs hydrocarbons 0.000085 0.001417

isoprene 0.003550 0.000207

dimethoxymethane 0.000620 0.000036

MTBE 0.824913 0.972322

MSBE 0.005645 0.002213

methanol 0.161560 0.017425

tert-butanol -10.002825
[water 0.000009 0.000048

diisobutene 0.002354

The task of column K1 is, in addition to the removal of the C4 and Cs hydrocarbons
present in the starting MTBE, in particular the discharge of the medium boilers

which are present in the recycle stream and have formed in the reaction part, in
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0. 002221 net hanol 0.111419 0.017067 tert-butanol 0.002836 water 0.000048
di i sobutene 0.002363 The bottom product of colum KlI, which has been
freed of low and nediumboilers, is conpressed to reaction pressure in
liquid form heated and evaporated, and fed in gaseous form wth a
tenperature which corresponds to the reaction tenperature in the reactor,
to the reactor part (R). Reaction tenperature, reactor 5 pressure,

conver si oftss aramble- D6 1EHE NS RRAEIHAT MEFRING. TRE BRNERChLBPMBbtica exanpl e 2.
The reactor effluent thus contains approx. 60 ppm of dinethoxynethane and

appr ox. 2PBPHANGIS epsepedrs a efen atiore 194 andet emressuramf x2 MRBeed. approx.
220 ppm L] eactor eff i table 16. 10
Tabl e 16: @%@%ﬁ?@g#}%g&‘? %éo%égglggeoéﬁec%fjp%gnfl{oﬁ 'ﬂiﬁgapoﬁ h? R@V\%”ﬁ?rﬁﬁ'&? e stream
7 and of td¥8.BUl tthenbstiomatampendturnisuids &8 The destinaiel 20fhis ddaanh easef f | uent
6 Distillate K??Bottom roduct K38 Massfloyv[kg/h} _
s residual content of 15% by mass of MTBE. Increasing the reflux ratio and/or the

number of plates would allow the MTBE content to be reduced further. The bottom

product is free of low boilers (C4 and Cs hydrocarbons) present in the MTBE and in

the recycle stream. Likewise removed completely are the medium boilers isoprene

and dimethoxymethane.

10

Table 15:
K1 for example 3.

Composition of distiliate stream 2 and of bottom product 3 of column

Distillate K1 Bottom product
2 K1 3

Mass flow [kg/h] 0.4 105.8
Proportions by mass
[kalkg]
DME 0.004469
isobutene 0.050785
isobutane
1-butene/2-butenes 0.248372
Cs hydrocarbons 0.372063
isoprene 0.054157
dimethoxymethane 0.008717
MTBE 0.150000 0.975456
MSBE 0.000017 0.002221
methanol 0.111419 0.017067
tert-butanol 0.002836
water 0.000048
diisobutene 0.002363
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105.8 64.7 41.1 Proportions by mass |

kg/ kg DVE 0. 004662 0. 007599

0. 000044 i sobutene 0.584796 0.956378 0.000500 i sobutane 0.000219 0.000359
1- but ene/ 2- but enes 0. 000256 0. 000417 0.000003 05 hydrocarbons 0. 000005

10

The bottom product of column K1, which has been freed of low and medium

boilers, is compressed to reaction pressure in liquid form, heated and evaporated,

and fed in gaseous form, with a temperature which corresponds to the reaction

temperature in the reactor, to the reactor part (R). Reaction temperature, reactor

pressure, conversions and by-product spectrum remain unchanged compared to

example 2. The reactor effluent thus contains approx. 60 ppm of

dimethoxymethane and approx. 210 ppm of isoprene. Isobutane is present to an

extent of approx. 220 ppm. The composition of the reactor effluent 6 is shown by

table 16.

Table 16:

and of the bottom stream 8 of column K3 for example 3.

Composition of the reactor effluent 6 and of the distillate stream 7

Reactor effluent | Distillate K3 Bottom product
6 7 K3 8

Mass flow [kg/h] 105.8 64.7 41.1
Proportions by mass
[kglkg]
DME 0.004662 0.007599 0.000044
isobutene 0.584796 0.956378 0.000500
isobutane 0.000219 0.000359
1-butene/2-butenes 0.000256 0.000417 0.000003
Cs hydrocarbons 0.000005 0.000013
isoprene 0.000212 0.000543
dimethoxymethane 0.000056 0.000143
MTBE 0.058040 0.149304
MSBE 0.001819 0.004680
methanol 0.344041 0.034895 0.830158
tert-butanol 0.000423 0.001087
water 0.002525 0.000351 0.005944
diisobutene 0.002947 0.007581
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0. 000013 i soprene 0.000212 0.000543 di net hoxynet hane 0. 000056 0.000143
MIBE 0.058040 0.149304 MSBE 0.001819 0.004680 net hanol 0.344041 0.034895
0. 830158 tert-butanol 0.000423 0.001087 water

The reactor effluent 6 is partially condensed and fed to the column K3 in biphasic
form. The number of plates, material addition point, refiux ratio and operating
pressure of column K3 remain unchanged compared to example 2. The top
temperature is 51.3°C; the bottom temperature is 116.9°C. The top product 7 is
5 isobutene with a purity of greater than 95% by mass of isobutene; see table 16.

Isoprene is removed completely via the top, as is likewise dimethoxymethane. The
limits required in a typical isobutene specification for linear butene (< 1000 ppm by
mass) and Cs hydrocarbons (< 1000 ppm by mass) are complied with reliably. An
extraction with water allows the methanol to be removed if required; the residual

10 water and DME can be removed by a subsequent distillation, and the isobutene

can be concentrated to a purity greater than 99.9% by mass.

The bottom part 8 of column K3 consists predominantly of unconverted MTBE
(approx. 15% by mass) and methanol (approx. 84% by mass). In addition, this

15 stream contains the complete amount of the medium boilers isoprene and
dimethoxymethane formed by the reaction. In addition, among other substances,

unconverted MSBE, TBA, water, and diisobutene formed by reaction are present.

This stream is fed to column K5.

20 Table 17:  Composition of the bottom stream 9 and of the sidestream 11 of

column K5 for example 3.

Bottom product | Sidestream
Kt 9 Ks 11
Mass flow [kg/h] 30.4 4.5
Proportions by mass
[kg/kg]

DME

isobutene

isobutane

1-butene/2-butenes

Cs hydrocarbons
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0. 002525 0. 000351 0. 005944 diisobutene 0.002947 0.007581 The reactor
effluent 6 is partially condensed and fed to the colum K3 in biphasic

form The nunber of plates, material addition point,

reflux ratio and

operating pressure of colum K3 renmain unchanged conpared to exanple 2. The

top tenperature is 51.3C
7 is 5 isobutene with a purity of greater than 95% by mass of

the bottomtenperature is 116.9C. The top product

i sobut ene;
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Column K5 has 62 theoretical plates and is operated at a reflux ratio of 14.5 and at

a pressure of 0.15 MPaaps). The material is added above plate 36, counted from

the top. The sidestream is withdrawn in liquid form at plate 25, counted from the

s top. The top temperature is 61.0°C; the bottom temperature is 75.1°C. The

composition of the bottom product 9 and of the sidestream 11 shows in table 17;

the composition of the distillate 10 of column K4 is also listed in table 14.

In the column, the predominant portion of the MTBE and MSBE present in the feed

10

stream 8 is distilled via the top with a small amount of methanol. This exploits the

azeotrope formation of these components with methanol. In addition, all low

boilers (DME, butenes and pentanes) and the medium boilers formed in the

reaction part (isoprene, dimethoxymethane) are also removed via the top. The

distillate 12 is recycled into the reaction part.

The sidestream 11 contains all of the diisobutene, and additionally MTBE,

methanol and MSBE, and the medium boilers isoprene and dimethoxymethane in

traces. As a result of the discharge of MSBE, this component cannot accumulate

to undesired concentrations in the circuit. Limiting the concentration of MSBE in

20

the circuit thus simultaneously prevents an impermissibly high level of linear

butenes formed by cleavage of MSBE in the reaction part in the isobutene product.

The bottom product 9 obtained is very pure methanol which has a purity of more

than 99% by mass and is free of diisobutene. The sole secondary components
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i sobut ene i sobut ane 1- but ene/ 2- but enes C5 hydrocar bons i soprene
0. 000076 di nmet hoxynet hane 0.000186 MIBE 0.229335 MSBE

present are TBA and water. If required, the methanol can be freed of TBA and

water in a further distillation step and thus concentrated to even higher purities.
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0. 034997 et hanol 0.990493 0. 666034 tert-butanol 0.001457 0.000077 water

0. 008030 0.000008 diisobutene 0.069283 Colum K5 has 62 theoretical
plates and is operated at a reflux ratio of 14.5 and at a pressure of 0.15
MPa(abs). The material is added above plate 36, counted fromthe top. The
sidestreamis withdrawn in liquid format plate 25, counted fromthe 5 top.
The top te@ﬂﬁ@gture is 61.0C, the bottomtenperature is 75.1C The
conposition of the bottom product 9 and of the sidestream 11 shows in table
17; the conposition of the distillate 10 of colum K4 is also listed in

table 14. | he col ym, the predom napt p ron of the MIBE and, MSBE
present in fhé W%‘&?S#Br gi&Pay $chﬂ§’t%ﬁ'€‘s rem @EBE‘@'T‘W@"’(%W'W@?’ )&'?‘!,‘}'Fal |
anount of net icas HA i he azeotrope formation of these
conponent s W%bﬁﬁgﬂéﬁeﬁ;ﬁgﬁglﬁ%@hggﬁs?om all low boilers (DVE, butenes and
pent ands) andtine neadiani, wigdving afnoixtusel obtaindtkfromaan MiBpaontainisgpr ene,

di h d vja.th . _Ihe,.distil]l 12 1.
recycl od’ 1 nt doPRBoPk i Shan BBE Fataund firedfy, R0 Aiseah &' Hacie (ne
di | Sobut ene. goguaionsRNRL of AEBfendTeidIABNY), RITBEBRE,arEucs, FRdben

boil ers isoprene and di methoxynethane in traces. As a fesult of the
di scharge of ogBistingtafs conmponent cannot accunul ate to undesired

ciroutt thus e} BEUGIRY s 2 bbb 8ot HBerRPeSy Bt P Bt VB M near
but enety f or meaR)ediuralGies daviMGEFbOiling Réngecaict2 NSFA bt & prédstiré spbut ene
product. The bottom product 9 obtained is very pure nmethanol which has a

purity of mor@ 1t\MBa; 2y, by nmass and is free of diisobutene. The sole
Socoroar o RYIGNRICN R26) o ATEAERLIR) ot i8R g e hane!
concentr at ed W)distillativély gleparagtingi strezsn into a stream which contains the isobutene
product and low boilers, and a stream which contains MTBE, methanol,
15 medium boilers and high boilers;
c) distillatively separating stream to obtain an MTBE-containing stream and a
methanol-containing high boiler stream ;
d) recycling an MTBE-containing stream into step a) of the process, the
medium boilers being removed completely or partially before step d) from the

20 streams rich in medium boilers.

2. A process according to claim 1, characterized in that the cleavage is effected
over a solid catalyst.

25 3. A process according to either of claims 1 and 2, characterized in that the
cleavage of the MTBE-containing mixture is carried out within the temperature
range from 150 to 500°C.

4. A process according to any of claims 1 to 3, characterized in that the cleavage
30 of the MTBE-containing mixture is carried out within a pressure range from
0.05 to 2 MPa.
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Clains: 1 A process for preparing isobutene from MIBE-contai ni ng m xt ures,
whi ch conprises the followng steps: 5a) in a reactor R cleaving a m xture
obt ai ned from an MIBE-cont ai ni ng feedstock and/ or an MIBE-cont ai ni ng
stream affording a stream of reaction products consisting of isobutene,

met hanol , MIBE and by-products, the latter consisting of al) high

et hanol, M by | 19 of |
rodi um bor Per PRSI E SARBE P AT A KRms T € RpBEERBIE Findt he et

MPa; and a3) id effiedted btas ehtrahog tempariaturadntozhg eedstbouf dtd€astt150°0Qr essur e of
0.1 MPa; b) distillatively separating streaminto a stream which
contains the isobutene product and | ow boilers, and a stream whi ch contai ns

MIBE, net h@.nﬂlpro&éé?é'&ébﬁ?afﬁgitb%rnmgféirl%glhto@iéh%@éteriﬂd ﬂic}ﬁéi {HeAdttedph f
separating streamto obtalf an -contal ni'ng stream and a
met hanbl - conMAiBE-egntainjhg iesdstocksfeddarthe cleavageljs sudjgctbd bgferehand to a

bei ng 1 emovetieaiasrEparh way Hatihe SostalelStaie sy e RO Bott cams
rich in nmedi |43spoigsaNPa above thE FpePRirRdGTasSlirdDbfkke Eie%klﬁgé’reééi%fn@ﬂ erized in
that the cleavage is effected over a solid catalyst. 253. A process

according to either of clains 1 and 2, characterized in that the cl eavage

o oo Sob C0- BGREREY BE UL Sel SRR o AL R 1 e T onoe
charagperi zedistillatidnesf sthsant Weiskaigecoppettedfovividtiear® ot tiendlegvagestigire i s
carried out within a pressure_ range from process

| ] 0.05to 2 MPa. 5. A _
accordi ng t ocamigdgut @t anmaperatingipresparicaeitatieasd @. 0% MRmbelomethe aparaling i s |
ef fected at #%g{ into the reactor of at |east 150C. 6. A
process acco Eéls(ra?g%gp@%yélg egﬁe%éﬁciﬁ'to 5, characterized in that the stream
of S5MIBE-contai ni ng feedstock fed to the cleavage is subjected beforehand

to a distillation in such, a way that the operatin ressure of this |,
distillati BnAROGeS asardipdgs Aot 76 10 Gperadtelieencbetine greamis
cleavage r eagémmeﬁwitﬁréﬁ RAEES cBrEiNY fibdstkMhdPhigh!ilBEs, nddlufy

characterized in that
boilers and/or low boilers are removed from this overall stream.

9. A process according to any of claims 1 to 8, characterized in that the
distillative removal of the low boilers, medium boilers and high boilers is

20 effected in at least two distillation columns.

10. A process according to any of claims 1 to 9, characterized in that the low
boilers and medium boilers are removed as the top product in the first
distillation column, and the high boilers as the bottom product in a further

25 distillation column.

11. A process according to any of claims 1 to 10, characterized in that the low
boilers comprise dimethyl ether and/or C4 hydrocarbons.

30 12. A process according to any of claims 1 to 11, characterized in that the medium
boilers comprise dimethoxymethane and/or Cs hydrocarbons.
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10di stillation of streamwhich is connected downstream of the cl eavage, is
carried out at an operating pressure of at |east 0.05 MPa bel ow t he
operating pressure of the cleavage reaction. 8. A process according to
any of clainms 1 to 7, characterized in that the streamis 15conbined with

t he MIBE-cont ai ni ng feedstock and high boilers, nediumboilers and/or |ow
boilers are renoved fromthis overall stream 9. A process according to
any of cl agng pkodex } il kstbh ity of the
ow boi | er o e e oB MG iy e § 212 CPErisThpd g e BRI Y o
di still ati onbeisirsiapRprig®isoprgirencess according to any of clains 1 to 9,
characterized in that the | ow boilers and nmedi um boilers are renoved as the
top product in the first distillation colum, and the high boilers as the
bot t om pr adubtprodesa dedtidey o2l Sitdidilat1 @M X ehdfdterizdd i\ttt @rerighaccor di ng
to any of claims 1 to 10, characterized in that the | ow boilers conprise

di met hyF et h@fileshappries 2tipeiheshuienesandion8s hydrpeadess. according to any of
claims Ito 11, characterized in that the nedium boilers conprise

di mret hoxymet hane and/ or C5 hydrocarbons. 13. A process according to any of
claims 1 to 12, characterized in that the medi um boil ers conprise isoprene.
14. A process according to any of clains Ito 13, characterized in that the
hi gh 5boil ers conprise 2-nmet hoxybutane and/or C5 hydrocarbons.
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