Method for purifying methyl-tertiary butyl ether (MTBE)-containing mixtures and for producing
isobutene by cleavage of MTBE-containing mixtures The present invention relates to a process for
efficient purification of MTBE-containing mixtures 5and for preparation of isobutene by cracking of
MTBE-caraiotmgoppderes. "High boilers” in the context of the invention are agrotp i £opyeRgNts of
a liquid substance mixture whose respective boiling points are at higher temperatures compared to the
boiling poirifetisdd otiperifgimg omdhid-tdrtias basideteemMUBE ot onigisenvapoxtipse ssgsare lower
iothan the vapour pr : "high-baoiling. components"” is used
synonymously to the éermﬁﬁﬁ% q%%ﬁ)g?éﬁ{ecﬁg]v% %%ﬁg% %&ﬁ%ﬁt@ﬁ%@ﬂ%ﬁ\’f&ﬁ%n are a group of
components of a liquid substance mixture whose respective boiling points are at lower temperatures
comparathégtbedpoitingnidnpeintssab thprotees conepnen s eftESUbSIANGSE -BuxiHen g nMIQRS] Vapour
pressur higher than the vapour pressures of, er components. The term "lower-boiling
com%on%ﬁ@ﬁgsr B%éjéa rsé)}'r?gnélfrﬁsoogg )? %5 ec?%?réﬁnqo%g%zﬁgsm iaé'ﬂfﬁ?ewg( {grgﬁ. important intermediate for
the preparation of a multitude of organic compounds, 20for example for the preparation of butyl rubber,
polyisobutdemeiisebiens igomermdrvaened & aldehylss QR sHbaxWicatids Qpalsohels and
C5 olefins. In addition, it is used as.an alkylating agent, especially for synthesis of tert-butylaromatics,
and as AW IS eﬂf’gtgeisc?re(%\fgiRﬁﬁﬁ‘%é’%ﬁ%ﬁ@g{? ﬁ{%@&ﬁfotﬁ, QSB”E@?I%W%@&%@'M@CWSN for
methacmydicigciithadisstersitimerents 26 tso bubstmnis présenrt ior edstomanoieghnisalrstyeanisiegether
with,Satyahel apsbdnsBIuEaln e O eararbansa Moo e sl poling, Rabaiferenee aog the

low separation factor between isobutene and 1-butene, isobutene cannot economically
from theSOPIXRAREDIP dGilRTbN9RiRIRe is therefore frequently obtained from technical
hydrocarbons by converting 30isobutene to a derivative which can be removed easily from the
remainin b iX ' back-cracking the isglated derivatiye to isobutene and
derivatiz%)gt»5;%4’)(-E-:fr((?:f?.sr T@&c@gl&ﬁﬁsgo u g%%@%?gﬁ%}vae%ﬁ mlt?fgl%},ﬁ’ o 8')(‘%1%%%‘3%4’ &figh of a
steamcrAeREre aasifolesParterbpitg g itk arafritver itmprsBiuresatarateceyidridedbiing, principally

the, 35bitastie ey ansiasiiap-rad:distiatiomenselesivey drogenatinh R inRAL IS RES hibir
remaining mixture (raffinate | or selectively hydrogen techi:rack C4) is reacted with alcohol or WO
2012102993 P3P (T STIIES 770 5 AU RUBRRARE ForHiE IFERIP A BRIDEEREIR AP ESE R e
methanéyiwugaguaydadrebetanawWtBAdrelhen water is used. After they have been removed, these
derivatives can be cracked to isobutene in a reversal of their formation. 5Technical MTBE is a
sought-after component in fuels for gasoline engines to increase the octane number. In this case, the
requirerteRtdSItHS EgdPPR AT R STFRediRte &Y tfg@ RrepREHBY R AT dititderebrreaiur comentediay each
beaip tddt%xbynpiass: ineastditontitectinicsl MbB, palyissupiiae: U dbURn%0dny dRRSS, O Sdnte
C8-hydrec -ppm,of r [ ities, MTBE. is also as a solvent and
extrantat B S B C D LIRS, SR B8 ahhe anc
methan8i Uit 22Nk @ RAGA I EpFYabssls of iidrviansrlicatand esiantieisiguedipteaiss or gas/liquid
mixed phigtamianipdhxigeEs 1BaIehoscs SHe0e0d raEawof 48e REWPBr asesascAlRadauM in R.
Trotta agc{érsl\élti,lr&ce%efg show in Catalysis 15Today 34 (1997), p. 447 to 455 US 5 567 860 describes a
process for preparing high-purity isobutene. Here, isobutenecontaining 04 streams are first etherified
wit)f methanol, such that, according to the conversion, a mixture of MTBE, 2-methoxybutane (MSBE),

unconvestedRAdndsreainanuEISIAY dbovRies FRdime 1hyb eihertP ME) R4 Qligp s And 08, and C5
hydrocagrb ns a; an impurity of the 04 stream, is obtained. This product mixture is separated b
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boilers canitaieiegpd dHydeverdsthidesidealnamt bf tieencotnenoMfBiaisricba thetwmytutase(MSBE)
are obtgj [ 1 f id= ing. 25. 006 040431 describes a
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crackedarkhigyreactionaeking td ssepedaied/byvdissliesinnd néose BeRasME aRzfOtropic) proportions of
methanol, and a mixture comprising 30the main constituents of methanol and unconverted MTBE. The
methanol is subsequently removed for the most part from the methanol/MTBE mixture, and the

MTBE-cotmismingsstbeianadsreapenad it the edrirfa txerepitolial 6f hinghidoilbessioptioraiheriew boilers

are rempyedTeeiesAHaaNd MforBpSnAsifieRIPRIARIINRRP40A3Q ishrsssPiha comparable

rocess. Characteristic.f res are purification qQf the MTBE used in the cracking to less than 1000
Epo?ﬁeby r%ct;asdaée&ezepy ex’trgc 1‘élélneamec)! glé%llﬂa 10% or sé?ecgvel\lﬂ'vyc%ogengtion to gnear butegnes, U’Sles

remaining mixture (raffinate | or selectively hydrogenated crack C,) is reacted with alcohol or



WO 2012/0523273PCT/EP2011/067770 methoxybutane, and concentrations of linear butenes in the
isobutene obtained below 1000 ppm by mass. The recycling of unconverted MTBE is optional. In DE
10 2008 040511, medium-boiling components are discharged by conducting the output from the MTBE

crackingyafters 1emeye pf isobutene and the majority of the methanol, into a giétjl}gg%tq/{ﬁ%\ﬁe
these medium-boiling components and then recycling it into the cracking. The medium boilers can

optionallydter dissihztegeddsage thethyiterthatawthel evsrBresRAbNHaensHItIB G M BRdNdhe,quey boiler

removal QA 2740 scribes a combination of MTBE synthesis and MTBE cracking,
wherein _(tmc?r@ger%e%%?ﬁ%éjgﬁé ’31%%5‘%&_ are O&‘?r‘?&Jce eavf?grﬁ"}%%e@%’ﬂé“&f?a%%@djﬁ&éﬁ‘ih% e MTBE
synthesiSORVERBE i8 refRvesalirbhakiiaalienstream in order to prevent a reduction in activation of the
synthesis catalyst. 15DE 10231051 describes a process for preparing high-purity MTBE by double

distillation. The pr. IS notable for a very high purity of the MTBE obtained (>99.7% by mass) and
for r%latﬁ/ngé/g?é?é?eﬂyﬁbsdﬂép gﬁ@é#[?%ﬂ%ﬁ?ﬂ%gdﬁi@ﬁ%ﬁst@‘ﬂ?@%@&rﬁiﬁ‘?%ﬁm%ﬁ% tBfhoved from
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L oilers by dimerization or oligomerization of
the isobTIBREYSTEB RN Era “aRvMASILOHB41A EFYempBHRNE ard s D P BdPRAb AN IBactions in

MTBE chigtkéinguities idExirac:68 esmponentasdeprinainally hé ghiimatbyicarpentangsand 2,4,4-
25t{j)met£g(é]19%i—£entene. In addition, particularly over basic catalysts, a portion of the methanol formed
in the cracking is converted to DME with elimination of water. The further workup of the
methanol-containing isobutene streams obtained in DE 10 2006 040431 and DE 10 2006 040430

thereforgienyisagesg o ramevab afdhadne Brrnekiya38exiras B il YRR HANE 8s3Rseg U ic or
distillati%ré, ig which DMIT.haqd Wgte;{ are remoged rom the isobutene, MTBE cracking in the gas phase
it gen

has the advan éagiﬁalp TSI BPS S A A L S DR & R St P SRR Ao AR 9838 tion of

MTBE toayiow ridbatenevanereaesnanobistt frs:88mdre Tootheside. Mithecpraidets, Galefythat higher
conversioRfa¢an begelligvedy (wing to the higher cracking 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 these products is
a core adsRSBEUBEM terdubinb imeeassoapcbtiiejdtepiaady kehuhigh dermeanrdsgaibe product

motabie T A o o T R e o b e ehiPstfre
specificéﬂBWfHF’&%Eﬁgte%r&ﬁ@ﬁ?ﬁ?@‘ﬁ?ﬁ%(%3 HNEFIVEpECiSldppliccaibnss amethendigraterpurity
may, evelttiigatiked DMER Doivighiabeased L) %@@G%&%%@Eﬁﬁ!%ﬁ%%@%@ g,Table 1.
Typical %? osition, é)f |s(gb%enp%a?\)ﬁa%l%t)vl@on.the marl,fectga%% E{%ﬁmasstékg k%]ﬂ 3 hygrggf)a(i:%abons
<0.000100 butanes 20.001000 1sdbiitene S0, $d980H 1B ES  2HeRdped 2 tiet06 g
Cs, Cs and Cs hydrocarbons, methanol and DME, and high boilers containing C, cligomers. In a
side draw of the column, MTBE and 2-methoxybutane (MSBE) are obtained, which are then fed
to the acid-catalysed cracking.
25
DE 10 2006 040431 describes a process for preparing isobutene by MTBE cracking. in this
process, starting MTBE together with a recycled MTBE stream are pur.iﬁed in a column by
removing high boilers, and the resulting MTBE is cracked. The reaction effluent is separated by
distillation into isobutene with (azeotropic) proportions of methanol, and a mixture comprising
30 the main constituents of methanol and unconverted MTBE. The methanol is subsequently
removed for the most part from the methanol/MTBE mixture, and the MTBE-containing stream
is recycled into the column for removal of high boilers. Optionally, low boilers are removed from
the starting MTBE,

35 Specification DE 10 2006 040430 is based on a comparable process. Characteristic features

are purification of the MTBE used in the cracking to less than 1000 ppm by mass of 2-
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methanol <0.000030 05 hydrocarbons <0.000500 water <0.000050 oxygenates <0.000010
Oxygenates: for example DME, acetone 04 cuts which are used for the MTBE synthesis, however,
generally comprise not only the 04 hydrocarbons but also oxygen compounds. The type and amount of
the oxyg&® aengiotize’7depend on the type and origin of the raw material streamg psed goevthe
technical conditions selected in the crackers. The further workup of the 04 cut also influences the
content Bethexeitfites] dnsoxiajioncoripeargenes fortlexiavipkgracettie)deand acetone. As a
result offothaypreBATANSS. AidGaseRmERAGEANGBEE FRsythesis getsinto the MTBE
product. Thus, MTBE available on the market comprises not only 2-methoxybutane, 03 to 04
hydrocarbons, methanol, water and DME but also acetone. When the MTBE product is used for
preparativRofli$8b0teddand, avedame toitng cempueenbetoeedibenbtd BELgrashdingtiigeis duehe
reaglionReFIRE MRICE SR CURMMSIAONS B IL6ASRLUIIRHCIR SR AL 8 MG g acatalyst
for exargjple by coking. If acetone is not converted, it can accumuiEl fe h the process and L?Itlmately

gets intdHEFLBR HRLREBYSlEsS Medh 8- hRERIseoTIRRESREb RNgi e sss)dnabinpolederaeiindisrupt the

downstreaemprdices setdrs wiichpthmdligbeptisty dsgbutegetaecnignie ey wend-Hasshieidonnstream
aration qf polyisobutene (FIB), butyl rubber or else methyl

processgs are. for Ie, W re
methacr%%ate%M M% %Pﬁoﬁe%f%ﬁ'eef\ﬁ‘@%/%uriﬁcation and MTBE cracking processes mentioned and
described in the literature provides for the explicit removal of acetone. Most of the processes provide

for partigenversiaminthedtREsraekingnanse By titesEN T BR.aadmethanehsing semoygg from the
isobutene in a d&st{il%ﬂoéga?rgr‘a}ge downstream of the reaction and being conducted either back 25into
& Kb

g !
an MTBE §yRRE TEE AR P e BE LRSS Bedckio B MYRE bottom
product ®fnthisiistletdois teowsedrrtne thicyatling sifabe imooiarateeeMTBE reitheromio d08/MEBE
synthesis glaiRipdheMIREyiacking results in enrichment of the acetone in the process. If acetone
passes through the reactor without further reaction, the concentration thereof rises up to a limiting
concentration at which it finally gets into the top product of the distillation arranged downstream of the

reactor BEC1ORE Ofiniatelytintoatheisobute nesfractignibafterall MitkEciicubatipndrelRogthtssresults,

without di fr n.t iculation, i prichment to undesirably high
concentgg%%%%%ti ﬁ%ﬁ%i%%ﬁ?y%@t@ IE||%(tfg§ﬁteh'lasE@-u%enée13 A %&%‘%2 &g&ﬁﬁ§%5§$f8fcally
arrangeF@bvaistrsasPymmdusseiraams whkeirasddioniathemsecto damovepootds obmoded distillation
to remoxtertimetiyRethaidrom SohHiens h afieas troemeMakab ] ' €
productm')rhu&ing]t}%??sence 100f gig,chasr%?%f ne from the prﬁ%ig%é?g*gg&%ﬁlggbe
contaminAled and N6 Tonger et the Clsts Q?J?’@Ee RNEsdifidiatin A reanEent fehi I6E
specificatioiiog {1 orppancipmeidigequitedstiriteimsis very demanding particularly because not only

acetone but also further oxygen compounds, e.g. dimethyl ether (DME), are present in the isobutene
productﬁ% result of Egriﬁgaration and likewise have to be removed. Purification of the isobutene is

also 15¢0RCEIARIEN O UIB RYIE PR RIFSHAY By AaemissizshioaL bt 58bH!SRS & Smple, in EP
1562838lignth&/S 20040 H82B5SHOWewedhispyIication berstiwesienadeitanah workep step and

would di riepa t ' ss.of rocess as a result of the assqcjated higher
appara?ﬁsg %%Rngplexity%%%ﬁ%gﬁs Eggﬁ@éﬁé@y \g‘(%%r{% d ?t?}ucrsg %E)Q g’%ti rz{ff‘&% oﬁf?)rp %ne{er%%gﬂgg‘éo 1 of the
adsorbdHSViPiRE B REEe 3 68 REOWRAFHTHIBRY MEIBARC Fiaeln BoDIoN 0T2beIrGHTamY, the

MTBEcentainingfeecisiaakd i isoat teas! oatioeali:reeahiawnhailpsspy distillation. The low boilers are
predominantly C4 or C5 hydrocarbons. The distillation column is operated in such a way that the low
boilers are removed as the top product and the bottom product comprises the low boilers 25 (04
hydrocarBeAgies Watkupabibasnmteanicorigeing opdeandsteansasdinethioxymethane) only up to

those limiting g@@@@am@wvb;@h@gmtm@ngﬁémr@r&m@%@és SPenIficatan g W&A%RB&%“G .
product é%%eﬁ@ble, . WO 2012/0523277PCT/EP2011/067770 Table 2: Pure substance boiling points

5t WHTER EABTE SRS Gtet PR LRI R Br S wElch ME A1 (/i P ABr8PIRRAE Slbstance

of tomp
Boiling teenpo@¢me.0.1 MPa(abs) Boiling temp. C] at 0.5 MPa(abs) DME

MTBE cracking in the gas phase has the advantage that it generally proceeds at higher
temperatures. The equilibrium of the reaction of MTBE to give iscbutene and methanol is thus
35 more to the side of the products, such that higher conversions can be achieved. Owing to the

higher cracking temperatures, however, other and/or additional side reactions can occur.



o
-24.8 19.2 isobutene -6.9 42.7 1-butene -6.3 43.4 n-butane -0.5 50.3 trans-2-butene 0.9 51.4
cis-2-butene 3.7 54.1 isopentane 27.8 83.8 1-pentene 30.0 85.5 isoprene 34.1 90.4 n-pentane 36.1
92.6 dimethoxymethane 41.9 95.9 methanol 64.7 111.5 acetone 56.3 111.7 MTBE

WO 2012/052327 4 PCT/EP2011/067770

As described at the outset, isobutene is an important intermediate for the preparation of a
muititude of organic compounds. The efficient preparation of these products is a core area of
current industrial research and therefore places very high demands on the product purity.

s Table 1 shows a typical specification for isobutene available on the market. A particularly
notable feature, in addition to the high isobutene purity required (> 99.9% by mass), is the
severe specification for oxygenates (max. 10 ppm by mass). For special applications, an even

higher purity may even be required in the individual case.
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55.2 113.8 2-methoxybutane 59.0 120.8 TBA 82.4 131.3 diisobutene 101.4 171.2 5Table 2 lists the
standard boiling points for various components which are typically either present in the
MTBE-containing feedstock or else are formed in the reaction section in the process according to the
inventiowSiaoeanapgatistillations in the process acgording to the invention agg:preteraplygestiagmed
under elevated pressure, the boiling points at 0.5 MPa(abs) are additionally listed in the table. As can
be seen Tatdehe hiisalargropsseioVr BEbat cluealewitidpresthusanadeaione boils between MTBE
and methanol. Furthermore, acetone forms azeotropes both with methanol and with MTBE. Therefore,
acetone in customary operation of the distillation for low boiler removal does not get into the distillate
and is therefore not remoV&iapymrsplikoditdultaneous removal of acetone in this distillation is
conceivable. Typically, thedowydis RpHigrEeMovalis cordyctd pFucaway that the bottom product
is very substantially free 6f C4-and-C5-hydrocarbons and.that the top produgt comprises a minimum
amount of MTBE and metﬁﬁm‘?ﬁince the top product is fﬁs%%@@@d from the process (MTBE
concentration c25% by massutéeetone can then be diseliaggedoonly into the top product, by operating
the distillation with a muchrhigher-amaquntof distittate-(MIBE-cancentration-» 65% by mass) and
possibly also with simultaneous incréased reflux. Therefore, such a removal by simple distillation of
the acetone together with B&f8RmWer-boiling componentsdi$ag8dsiated with a disproportionately 5
high energy expenditure 8fg ﬁliﬂfbtyé[-g&—q@nd methanot IogSEss50Ee distittate stream, due to the high
proportion of 04 and C5 hydrocarbons, is alsounsuitable as.a fuel additive without another workup. It
was therefore an object cf"’fﬁ@'bresent invention to prov &Q‘QWSS for preparing high-purity oMTBE
from technical MTBE, in wihigheifetdechnical MTBE Is freegl @i@egione in anjeffective and economically
viable manner and hence-the-process-affords-an-MTBE-which-is—suitableinter alia, for preparation of
high-purity isobutene. Théshjscriess fachicvepdp¥ibmaiingghe MTBE-containing feedstock to a
distillation in which 15 the acetone is removed predominantly in a side stream. As well as acetone, the
side stream comprises predominantly MTBE and methanol. The top stream of the distillation
compris&é 6?5&%%?(@‘@2%@6 58 MR ESHBBRYS afeNREh RSP MreameBh IS 08 i rbedainantly
MTBE. 2QTheanvardibui thecesoygeprovidpsumds oTes tyfay muibingiteeh eahiddomhichieemprises
the followi ' [o]l [ ). ising. at least MT methanal,.04
hydroca%%%@ %%SW%%CQE;% gr?sr@rﬁlgg a%t%%%@'%%@éﬁgg{?&y%%%E%I%t%%ﬂ ‘?ﬁ&@ﬁﬁi&%ﬁ‘%% {)
into a topFREGAE {5 CRRPFISINGNE JuaharwesuR el Bieafiforid, alssidefisearces tipaoteptishithesestone,
methanahaoetiveT BEe argharbesiapbonad et (W) semplisinsMIR Ry deomparasbiothe clogesk prior art,
de%rib%iein PEa%%ic%QO? %4(31;453& DE Jﬁ(‘) 200? 040430 E 10238370, the process according to
the' invention Has BRETU3UUILE sHesREsieeMe&Re manner.

e advantage %%che on

Preferalfifpdrel.distisaliVeBsepeaiaion im froceskstepr)risssentdrongddmsiichxgbway¢hatdie Gpttom

product §DAksemprseseasthenaQvahy Massef the acslone _Wﬁéﬁ'%héﬁxhﬁ%éeg e AT%E fi} The
distillative se r,atlog,ln gr?ces%_‘s%%%gt)ﬂls t%plcallgI erformed in a distillation column and the side
i :

stream (A& VHEPARRARES AR AaMPYrEPpEEis MTRmeRmsiingh bents&tmiparticular
C8 hydrotionssdtiom theiSbattomgimacusit(idés pbtaineditristep )rinta pracesaistesr eeT herefore, in
a prefer badi f S ] I\V) of the first distillation is purified
e 1 e e g e R g

boilers, AMPAHERASIORER BidhRISRRYIGAS BECRNRIOVBIS RIS HilawisepradRmtag. Sofsrinetesk of

compounds can disrupt the downstream processes in which the high-purity isobutene goes on
to be used. Possible downstream processes are, for example, the preparation of polyischutene
(PIB), butyl rubber or else methyl methacrylate (MMA).
20
None of the MTBE purification and MTBE cracking processes mentioned and described in the
literature provides for the explicit removal of acetone. Most of the processes provide for partial
conversion in the MTBE cracking, unconverted MTBE and methanoi being removed from the
isobutene in a distillation arranged downstream of the reaction and being conducted either back
25 into an MTBE synthesis or back into the MTBE cracking. in the case of removal of acetone via
the bottom product of this distillation, however, the recycling of the unconverted MTBE either



* this tolumn may be the partial or complete removal of 2-methoxybutane; this is because
02-methoxybutane can be cracked in the reaction section to give linear butenes and methanol; linear
butenes at excessively high concentration can in some cases endanger the isobutene specification.
The MTBE:containi p product (V1) of the distillation can optionally, on account of its purity, be used
as a solv t%@%}égf}%?ant in the pharmaceutical s&tor. 15A preferred embddhEREHEG 0 ss
T U e & e L B T 1 T B e P )

in a process step c) in a further distillation info an “containing top product (vhane dbHoftom

product PGS PRI RRGPRISBB IBUSE i FRaTe tHathawtT BEh X0 Atigis tihatian serpeatition in process
step c) aasrptgiereblphe perarmgebirsveiisvr et MM@%E@%&M%W@%@M&/ 1) has a
ati

concentration of less than 2500 ppm by mass of 2-methoxybutane. The distillative separations are
preferab 3‘/8@5? ormec ?r?esﬁé "‘é”vsgg‘?ﬁfﬂa f:%ée Rﬁ?ﬁ%r-é?ﬁﬁn%gﬁ ”ﬁ@%e 1S BB RARYRPRJFaRER
MTBE-cafigaidiing e gimddio (vaihashiprsesidsswithabdipprardy ofasstohadetornae Seeass (V) or,

after higihbellesEameyalas SRR RAGIHaDY AilAbla ahiRRARGk (URIGRaTIAD olbiphsPurity
isobutene by catalytic cracking. 30 A preferred embodiment of the process according to the invention
e R iRty e

thus pro UrabRi Yt e RBERIGINOREING B RBTBYSATLP( R sfishikation — an
MTBE-cexitaitiing waip praiduit (atiaveamibeassstep distdiahtain scartackiogptioguthéVitheomprising at
least MT, Isphut 1ng.J riorme er a.solid catalyst in the

s phas e 2 e S R S R, TR 867770
Thetcra@kif§PBEE ! RATBIstalirad iR proresss e pravistavside ssscordprelaias fethee HisgRation into
an isobutese theropsisingriapxpiesiet {périaostian; MR EbIand TRethaad eI iRAGhoHBPIRaguCt

(V1) se ' invention thus also provides for the preparation of high-purity isobutene,
characid o B e R T B s oA e R el e o e
heterog EM¥E@RIL FUTRGLRES. shailirastid athqviDAbmpitsinesantdathd/ITBElane radotbasldsebuitene,

igd . ogg)éﬁatﬂkaih/ahdsvm”el@@lﬁg@r@%@ &MHM@%@BLIEQ&%BHL&#&%Q#@% %ng;,grising isobutene,
and a bottam product a ‘e st.comprisin .and methanol. € Isobutene-comprising top
A e e ey &

product TRFRITEFIST 15 BY BERALPHLS BRAEE®if el 6182 pPm by mass of
acetoneER5TH62MT BEIJIESONY A KiB6amM (elMgispibite rablicetiopaiedsitiadhaneailimaestbaupf the
MTBE ccqeking kiniiapripaserinay/wieedsilaon demsthanpldsaelaahly ampyed as the

bottom product and an and methanol-comprising stream is returned to the crac%ng. Particular
prefererﬂ:?%‘@ﬁ@ﬁ"@f‘?é%m@fWGW?$?W%8&%§%§M@HQ%tMQ favdistibationerfatively, the
recyclintheangaserbineffd ctechiorsaenM TBE synthesis, in which case no 20methanol removal is

re léil‘ed but may be advantageous. Preference is given to recycling into the MTBE synthesis from
which the MTBE-containing stream for process step a) also originates. In a preferred embodiment of
the procB8dEaBEBRIEXEANNTRALBA pEiNamdPE KA IR RBVEI200 L REAEH6H=BTOB Bimethyl ether

by distillesieiing fesiasanogesststeRMBRMAReR D ARdUsSiRAEI%) Whighis-0Riines LhMRCcSss step
e) and comprises |%|0b¢1 en or?eﬁ {gre erabI)r/q tha,_mﬁthanol ‘s removed from the isobutene-comprising
top product 0%} By extradior by MeEHE D WSHSLHEHP HERIYEAJS BRESHRT '8 FisthaMshb#idhging
extractidPsheitans @(@r&n@vem@giﬁi@ top isuiiue meik tricheitb streaiu Ko biises refieesbeerbodiment
of the pregessaRseising iosthgdrSEon: he %@ap&é—&e&ﬂ%ﬁma&%ﬂﬁ%@as%%%p%fgn i

separated in a further process step in a distillation intd a methanol-comprising top product (X
bottom SFOGHEPHIBRESRPIRGSGTHENLRHA I ERIfS. "ob e dangro B monaroptespedieatien 710

the isobutene product (see table 1).



In addition, the bottom product (VIII) which is obtained in process step e) and comprises MTBE and
methanol can be fully or partly, optionally also after further workup, recycled into process step b). The
bottom product (VIII) can be provided in process step a) instead of the technical MTBE (I) or in
addition\foates teabsicar MTBE (1), and then separated by distillation in procesg:5step i) 1,68 8770
preferred embodiment of the process according to the invention, the MTBE- and methanol-comprising
bottom skrdden2(\Auecsibsienaspzedinstoieirisoftbem peoes s whiph ity picdistibationifritwe aracking

methan@rseaapHsing Badors

yct (XVII1) and an MTBE-comprising top product (XVII), said top

product (XVII) being recycled fully or partly into process step b). In an alternative embodiment, in a
further process step, the MTBE- and methanol-comprising bottom stream (VIIl) and at least one further

methanol-containing s
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Table 2 lists the standard boiling points for various components which are typically either

present in the MTBE-containing feedstock or else are formed in the reaction section in the

process according to the invention. Since many distillations in the process according to the

invention are preferably performed under elevated pressure, the boiling points at 0.5 MPayps)

are additionally listed in the table. As can be seen, acetone boils very close to MTBE; at

10

elevated pressure, acetone boils between MTBE and methanol. Furthermore, acetone forms

azeotropes both with methanol and with MTBE. Therefore, acetone in customary operation of

the distillation for low boiler removal does not get into the distillate and is therefore not removed.

In principle, simultaneous removal of acetone in this distillation is conceivable. Typically, the jow

15

boiler removai is conducted in such a way that the bottom product is very substantially free of

C4 and C5 hydrocarbons and that the top product comprises a minimum amount of MTBE and

methanol, since the top product is discharged from the process (MTBE concentration < 25% by



ppm by mass methanol 0.3- 1.0 % by mass tert-butanol 1000 - 5000 ppm by mass water 5 - 500 ppm
by mass C8 HC 1000 -4000 ppm by mass acetone 10- 500 ppm by mass Technical MTBE can be
prepared by known processes by reaction of C4 hydrocarbon mixtures from which the polyunsaturated
hydrocavOrizbhaxs peeh substantially removed, foreexample raffinate | or selectiveprhydyogervaied
crack-C4, with methanol (MTBE synthesis). In principle, it 20is possible for this purpose to use all
known prassstesions/ EBENsyrRakissh foaeckanipioiatizeNtTBEsmthbgispeaatibg féedistilaticalogously
to the deggfigtiamin %&%@&&%&dEmaMmE@a/em%%ﬁaémteé%b)m%@ég@%%rbe& Gy, more

preferabl Ly I in thr fixed bed reactor % regctors used, in which the methanol is reacted with the

isobuterf& ASYLH g% NERLE RS RE fﬁi‘r‘ﬁ} %\?ﬁ%ﬂ% éﬁﬂ"llﬁl@ﬁf"iﬁiﬂ [SERIRsitiatan ptdbeoed reactors
(tube buriredogsibcadigihatiefiiedbédieactorpotiectdas assedsteds)itAn MIBEpoariainng reaction
mixure jg @H@'gﬂ{f QB&R&R&@&E@%&‘? ek DR RS 'f&§sae§h FRS Qs il P %'a%"% rSrF:‘C{Ka' of the

MTBE-containing fraction from the reaction mixture can be effected in a single column'in the simplest
case. THORAIOMHALP b GoYARFAEY e icalne HrsEARIA @S aruet ?G‘ilﬁﬁﬁéY'@WQGQMUtene

still preseatkimpthe reaction mixture. The bottom product obtained is technical SMTBE, which can serve
as the feedstock (1) for the MTBE cracking. The distillate consists principally of unconverted 04
hydrocarbons which, due to azeotrope formation with methanol, also comprise methanol. The bottom
product wﬂm@gf@g frepristpfbe, iﬁgsgmém@fqnéomwamwoam feheregsmm hightufity
exasnplwa‘mwmﬁaﬁas O BESiAnhieR hdesarbandmand \wately whichire fitheimed axa

by-product in th th 10alread the feedstock and th
ove B BUREING B 1 ek ANEUTEBEC e A S AR S HE CONVS S SHIABIRCURR, methanoi

removed D¢ epen
may als@hﬁefpr@ﬁemmhcm@fm@bass’facmmmeo the invention, the MTBE synthesis and the distillation
are preferably operated in such a way that the methanol content is at a minimum. 15The starting
streams_for the MTBE Sé/nthess generally comprise not only, however, not on%ghe 04 hydrocarbons

but also'OXyBRATIAPSGRGYET R Rbiesing hsvnBs ?H@@W&W%@?ﬁ%dﬁd’s Weterdn widkype and
origin ofttlecacatemdtanalsteegrsioshcangdithe didehitieahconditianssselectied. imshederaekers. The

further wg Qém%c%n%rﬁ %mg%%én%&ggmpg(%%%% O%‘htlg ’@HE%‘E)OX en compounds

are especially acetone. Aceto e IS not remov synthé)gl% &nd in the
subseq l&’éﬁ@%ﬂﬁ‘ﬁf?bﬁ@érﬁﬂ‘d&%%@ﬂﬁa&ﬁﬂ% prebiambeitoratIEassenmpiras MesiondnamiyE product.
As can herigiferred from table 3, technical MTBE, according to the preparation process and raw
material stream used, may comprise up to 500 ppm of acetone. It is an object of the invention to
remove the acetone very substantially and effectively from the MTBE. 25 Process step b): Low boiler
anekacelbfdmanivaleseiireapdesed plocess fietherfytgtesbsikadTEEomitio litenatizes the

MTBE-ge[eling8ieps:
a) providing technical MTBE (i) comprising at least MTBE, methanol, C4 hydrocarbons, C5
hydrocarbons and acetone; and
b} distillatively separating the technical MTBE (!} into a top praduct (It} comprising C4 and
25 CS hyarocarbons, a side stream (lil) comprising acetone, methanol and MTBE, and a

bottom product {1V} comprising MTBE.

Compared to the closest prior art, described in DE 10 2006 040431, DE 10 2006 040430 and
DE 10238370, the process according to the invention has the advantage that acetone is
3o discharged in a controlled and effective manner.

Preferably, the distillative separation in process step b} is performed in such a way that the
bottom product (IV) comprises less than 50% by mass of the acetone present in the technical
MTBE {I).
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30feedstock (I) is at least optionally freed of low boilers by distillation. The low boilers are
predominantly 04 or 05 hydrocarbons. The distillation column is operated in such a way that the low
boilers are removed as the top product, and the bottom product comprises the low boilers only up to
those linffAg 8b#HEERE&fions which do not endangePthe corresponding specifESER 26 11€0/6Gtene
product (ﬁgerﬁagie :%) In this mode of operation, acetone is not removed. It has sobeen found that, by
altering the HSALH %ﬁ%‘?ﬁf%f%r‘%%@&%ﬁﬁﬂ% hStAMBEEIY RedRmeddn aistiipr ks BerRdmoved
partly vidhgheidestgatistihcthywitbdeasmu thyeidioomnt of distillate and optionally also the reflux ratio. But
such a removal by simple distillation of the acetone together with other lower-boiling components as
the top product is associated with a disproportionately high ener% expenditure and excessively high

MTBE afdSrREHoaAtY Rigeaosaiipilofrensisrbigh PpileferB pastinges ey thasrshaventiom the acetone
remevalistesfeqted intd | distiffatien coltepoKih ia whigh sheM TR Erepstaningaigiured) is separated

into a to ) sl inantly the 04 an rocarbpns, a side stream (ll)
compris e B 0y o oo s s
substané&tbepiraforns fstiation: peirsisd miendighatdeitotusamprateaisiterdBmhieh tals 20 to
8t0 theor@@ii@l?plgt,g@ri@mff@éw&%@a@@r@?saﬁgl@éerfxf@‘@éa@lgl %&t%bﬁ Hogerelical ﬂfk%?é—bl ﬂi&ﬁéﬁetdlo
stream is_applied below,the side draw, prefer at leas ates below, more preferably at leas
plates bgig’wgajf'hrréﬂsgpqaé’ &?5&%9%%?EW?%W@?@%%&W@B@%%&H‘%@%@%&B% t%%ﬁﬂﬂ%%l/ from the top,
more préferaliigxpetiarertpiatescirketi? (ieefiablys thercal give lidependivg:oartieratimaber of plates
mplemegesh S0 sampestianobhmdf tBF-usedeRd ARG SaHiteClouibnalthe Rl ang top

products and_of the side stream, is operated with a reflux ratio betwee . , especially
betweerPA%H GAIC AN ALT RFERPIRING iRfripredyrt iy BotieerAistdalion erriaptienaly drRRRasBipthe
mass flool itf plueitdlistilated Esea2diatior ahoadssfiowtof the pleerdsvuiith teethser mass flow of the feed (1)
to the column is preferably 0.01 to 0.2, more preferably 0.05 to 0.01. The side stream (lll) is preferably
drawn off in liquid form. The column is preferably operated at an-operating pressure of 0.2 to 0.6
MPa(ab4)PRErEpaniBrdimant 040 peerss) arredaiinhednveetisadtul aevigesdanspareiample.
The conglansaiigmeastoateoMiingds HocReaip® Pres R saleunh) e sfiptiedarngasheooling

brine, caaqli ter or.air. The top,v rs of the column ca condensed completely or only
partially,agr&(}zlgr s%@fﬁ‘ér?gg‘ Eﬁ)%lﬁjc? rﬁﬂu(%pﬁ eaaraév]?logﬁ%im%&i' ql@i@&%ﬁﬂ@r@@%ﬁﬁﬁe top product
(1) can berupizectsibeamBIRBdr used as a feedstock for other processes, for example in a synthesis gas
plant. 30Preferably, by adjusting the distillation conditions, greater than 50% by mass of the acetone
supplied_|s removed through the side stream (I?I%, more preferably greater than 75% by mass. The
ot gAY RO CLT LAERSERS EE BhaHTReig00% o ARd aERAEG SUpAKE B e
preferaiT BEsctnéminingss80ftd Th ¢\t pheeatcatioentbéiostoiieds thenlxstompgaaguetdy bis preferably
less thag_mjmgggbmgﬁg_preferably less than 30 ppm. It should be pointed out that the acetone
removal can also be effected in a dividing wall column. Dividing wall columns are distillation columns
which have a longitudinal division in some regions. The longitudinal division, which is in the form of a

wall weltles! disinzaivixecpmarnoes ard peselynspeesmeVeBlaEossmbdnehehingic and r
streams.j -region of the mn_ jn.guestion. In the case of a design of the column K1 as a
divzlaingSD vé](at ccﬁ@r%ﬁ?%@s?dré%sett!\zzr%nlg(ﬁﬂn#giﬁgrrgjﬁpo (ljr?j ﬁ?te(‘r\&%onmgf’ 'ﬁ?gjﬁ%aﬁﬁﬂ'\%glﬁ)ﬁrﬂigmas the

advanta§éssfejreegtinénrichment of acetone in the side draw (Ill), and that the side draw (lIl)
comprises a lower level of 04 and 05 hydrocarbons. 10 Process step c): High boiler removal In a
preferre§ embodiment, after the first distillation to remove acetone and low boilers in process step b),
in a pro é@?'&é%[g ,rtﬁgﬁ\r/l(if‘g %équéfﬁrm})als%ﬁ%év?&fﬁﬂ%‘?’rﬁ?'a’f?ﬂ}’tﬁlé'tta?@ gtredRsACkThis step,
high boiteesaiatsr i bigh-@8iity dsobatdyensy satdiyéis disdingene, are removed as the bottom product. A
further task of this column may be the partial or complete removal of 2-methoxybutane, since
2-methoxybutane can be cracked in the MTBE cracking reactor to give linear butenes and methanol.

Linear BURSRESR SRS Righ T BIRGSHE-a667 €86 1R Yiniy ealies BHa MR Lsopialin
specificatimrirg0oT the distiiadbompeisaationont tredVi Bl jssrensn(ifdpviiatiinag heenisage pfacetone

and low: bgi ' TBE: rsing . r d.a bottom str. ). comprisin

igher S oL o AT S ) B Ao A T AR e o,
preferaﬁmﬁﬁés?h&gﬁd‘ﬁ%c{ﬂi@ﬁ|iaﬁ%ﬁ%'@mlvhwmr@@im\ﬁr@@@m&ﬂmy}mm @S hiyasecaitbons are to
be; remayeddreakl randsdrdhinay he sudvantageous when the column has 15 to 60 theoretical plates,
preferably 20 to 55 and more preferably 30 to 45 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, depending 30on the number of plates implemented, the composition of the MTBE used and the
purity required, preferably adjusted to a value of 0.5 to 7, preferably of 1 to 4. If CS hydrocarbons and
additionally 2-methoxybutane are to be removed in column K2, the distillation column used has
preferably from 50 to 140 theoretical plates, more preferably from 3560 to 120 and most preferably
from 80 to 110. The reflux ratio is, depending on the number of



platés implemented, the composition of the MTBE used and the purity required, preferably from WO
2012/05232716PCT/EP2011/067770 1 to 20, more preferably from 2.5 to 10. Even if the removal of
2-methoxybutane should be unnecessary, the design of the column with a higher number of plates

need nojhe A ¢isgsyagttage since some of the highgy capital investment for %1%9%69%%? n be

compensated for by saving energy (reduction of the reflux ratio). At the same time; this gives higher

operativerfiexifiiiyig Hhedepe(ainabRipssUresr Gy IBS MayprseiRanbnhs from flelofsfiMBa(@bs).

When tr}gtg/lgnallsio rg}cetlg]%g Qf/n:?)(?gaaiqed at §1e taé% of the cFﬁLLf,mn is cracked in the MTBE cracking
reactor in Process Stan di i gagh RS A e Fatka s RErént Ml BeckavaRrtisRaheteBerform
the 10distiritisi\At higheradeddsure, in which case the top condenser is preferably operated as a
partial condenser and the top product (VI) is drawn off in vaporous form. The top product drawn off in
vaporou; form can then be su‘%plied to the reactor directly or after further preheating. The pressure

différencd BANFESRHICHR ARMPARY FRR (A6 R eree RaHAR NP RREELY 5905 RiBaraBE CletiHed &xction

pressurdhid steperEdcking reactor is, for example, 0.7 ivlPa(aos), the distillation pressure should

preferably ATRR( [ esSur f ter than 0.95 MPa(abs), it i
possible togfszéi%%%ﬁg‘;tﬁ (gf cond?ggﬁn%{%sﬁg%%ﬁ%ﬁés&fﬁ%ﬁ g é)r\ﬁefrv?i FWhich OtReF Eé‘ﬁ sin
the process cal? BEIREASTerR(VHiipmeisngehiear d HREoromttprrtisabisebatene paessure selected,
using steag) oriusasvaneeptrAMbhartemaradustoy befrelun ke £0mBlises e alyless.than

2500 ppm of 2-methpxybutane, mote.preferahly less.than 200 m. Stream (VI), due to its purity, can
oot a5 = SRR ARG qu b

be used as a solvent an ntin tﬁte'%%sarrﬁgn ooy i gﬂgiysis. This stream,

however, preferably serves as a feed stream to MTBE cracking for preparation of high-purity
isobutenge2fsdiiRehatEsT RS CIdY hRGRILMN Kehe@MBrisasHie 6B BYUacahan and. morises
2-methox ?fmégif hl%f(‘:l b?‘;lﬁ S, an MTBE. If principally C8 hydrocarbons, for example diisobutene, are
to be re it {ﬁ Bﬁj RRE s #'¥he bottom product can be reduced to values less
than 25% by mass. If 2-methoxybutane is to be removed in addition, due to the small boiling point 30

differenges RefaEeRRdnaIaRRMIANe ARG MIBE, ahighey yﬂsﬁ.ﬁe%%a&%e% in.the bojtom Bf&?u'ﬂ“

between 60 and 85% by mass will approprla_te[?/ be permitted in order t0 feduce the complexity of the
separatiACHBoR it RUTPRS $niRia ST Histiiatisaqdthsonatinnal éearaierbewstovrdasilynthesis
gas plamottomspoasbdue badvTBDenidiretibhor afiephyeegrnmian - Rracess weprdikMJ BE

crackin roces cording to. the inventiqn, the MTBE stream (1V) obtained in

processg) s%%%?r {)%fgﬁ\%ﬁﬁ%g%igirv gpi%er g l?é E%E?a?tg hﬁbﬁﬁ%&%‘a %%ﬁ?ﬁS@?ﬁg‘?rg'}ﬁ&@g'gﬂep c) as
stream (WGTISBRIKKEE P rsting tRBRIS@ beteifeatedinioisoBdidte amnthasithandiichhms4TBE cracking is
praﬁerabiwﬁéa@teermaag@@mg@méﬁmg%aﬁé@ugQﬂ@@r%&e HisvieR %@Bﬂ?&%ﬂls to use all

solid catal ich bring about the cracking of MTBE to isobutene and methanol within the
temperziﬁﬁc}r/g}r?agr1%1%3/81tP‘f‘asf;SJ t@%w ',C%gé% IR HRS SRGRH BNPI8ERERS S58C) fS T REERRAsts
used in the process according to the invention may, for example, contain metal oxides, mixed metal

oxides. sparinidheRmIin A AR ade oL B OXIdg-AGl A pRElal oxide

supports or metal salts or mixtures thereof. 15In the process according to the invention,
crackedPiHTEGREHBAE LM AEIRANbEIRShRY FAdl [atiosein Actutas PIRTRE SRRy S oWt toprisrtuata
formal dbkpetithniaghesie inxidecakisipisiaotidenanid ilisopupxige. Such catalysts are described,
for example, in US 5 171 920 in example 4 or in EP 0 589 557. 20Particular preference is given to
using catalysts which, in a formal sense, comprise magnesium oxide, aluminium oxide and silicon

dioxide MR18 ARfefrRivEns PrIpanebis semRGAdErinsxierd Bcn S comoisity tovassdueféidily of 5 to
15% by exessianthynasamyeferalitabtAtodib 4oy erasing £ FRROHII & AR Wi 2kgs, of 4 to 30%

by mass, prefe EI f 10 t0.20% by mass, and a proportion of silicon dioxide of 60 to 95% by mass,
preferagf)r/% gﬁéq %&%e&o%[ﬂé%gg Ifgr%%@et?éa pit\ n%ﬁ%@ﬁ&mhen the catalyst comprises an alkali

metal oxide in addition to the magnesium oxide. This may, for example, be selected from Na20 or K20.

The catglyshpretesaldysegihe %%2;9, j d : d.wi ference
preferak%ld% %%és a BET su&f8 Iceggﬁaifl (dete?n%ﬁ%ﬁ%ﬁr@ﬁ%ﬂ%&%ﬁﬁ%@ﬁ%@%ﬁ of 200 to

450 m2f3 T BrAR NS} 980 872D SRRALIFHR R (HERSHBIDSESS Al isifelietvatenaterial on a
supportjretihytiotcotives BOrieeniad hets s B & subfatterapeindthixi thegapgsrapeeifisgrathgimaterial
compos(g@“gf 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. The pore volume of the
catalyst is preferably 0.5 to 1.3 ml/g, preferably 0.65 to 1.1 ml/g. 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%
by mass, preferably more than 70% by mass, 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
DIN 66133) of the catalyst, is accounted for by 5pores 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 pm to 10 mm, preferably 0.5 mm to 10 mm, more
nrafarahlvv 2 mean narticle cize nof 1 10 E mm Prefarence ic ainven to 1icina onlid catalvvete which have a



25prevent partial condensation of MTBE and products, it is appropriate to operate the reactor such
that the minimum temperature in the reactor is greater than 150C, preferably greater than 200C. The
inlet temperature of the MTBE, which can be established by means of a heater connected upstream of
the reactdl EXI%pERIE7at least 150C, preferably afl feast 200C. 30In the couRBTHEBpetalitsy ivtnay be
advantageous to raise the inlet temperature and/or operating temperature up to 500C with increasing
deactiva%o?‘ijg'f“ﬂ{b %HR}E@%HE%%%?HM%W&%%@#@W. RRRESIIRER RO ienmsais eoNBIRFer be
maintaireed ometittaioingraf SANE oit pacty bepbolvantagects i compiislmreaytialyreniasethe

catalyst..35The [ in step d) of the process according t t? inyention is between
a0 and BRI e e B I S e A ob e FERDEThe
reactor i@ﬁ?@‘éfb@]ﬂ%&%ﬁ%%ﬁ teahligat MOBE/(Bpare theo sty amtas vy skilotrarmspobresstant per
kilogramsefasytalyst per hour) of 0.1 to 5 h-1, especially of 1 to 3 h-1, in straight pass. 5The reactors
used are preferably tubular reactors or tube bundle reactors, especially those with internal tube
diameters of 10 to 60 mm. They are preferably operated as described in DE 10 2006 040433. Side
reaction Goeigfer e arzekingré ol e BroThes ecaredinittutabie\aittien s TB B Br dhe heisehutene and

methan i [ i j rackir he formation of
dimethﬁ%?ﬁ%;ﬁié@%’ﬂ%fﬁﬂ?&i‘fﬁg‘ﬁﬁf%ﬁﬁ?%é%ﬁd%%%iﬁ%%é“%%ﬂ%?ﬁ&%%@“ﬁ%ﬁ?%ﬁgrsn?%'%
i

isobuterfB¢R RIBP ARIEVREASH AN KHR RN RE-SSTPis iR S1dePChtas it (TBA);
converstly, sr&Aresdntinitge sepdtal fldgdcaariieicraskesk e givp water and isobutene. 15 In addition
to the side reactions, there are usually also parallel reactions in which impurities from the MTBE react.
These include, for example, the cra(;king of 2-methoxybutane present in the MTBE. Through
eliminat/BrABrRkRBRING I TR eaRt B MW hsiorracsnd staputibedy T Biviettbrpthabotenmprising
1-methatigrhetenennraagahindhedilds ﬁ@crhé@%th@w@%@ﬂi@ﬁﬁw@éﬁ@a%f{mﬂ%r%paﬁrocess step e):

Purification. of the cracking produc order to work up the ¢, ing product mixture further, it may be
advanta%‘:eﬁc))gfse3 %/]v Ce?ﬁ ’8"3%&%% in éi}o%alﬂ) ?\?H??s’; %%gja?&%ﬁés%ﬁﬁﬁ%@ﬂléﬂdﬂﬁﬁ%‘rocess step d)
intésan iSOHEBING-EMEHSIAY teoprshre spay@iey dnly annatdpintentedcMEBERbINprising bottom stream
VIM. The distillative separation of the cracking product (VIl) into an isobutene-comprising top stream
(IX) and.an unconverted MTBE-comprising bottom stream (VIII) in process step d) is preferably
effectegﬁeaftc' ngé'é?%%g%o amw,ef}r@fgfﬁﬁ TroPRhyBIRE IAARERNCE U tRainygntinidallation column
K3 used/intithiigristerehaeeinmracdsstiyisirhésaniplierablydrin 2@ ieats theoosicalphaies.gnore
preferahbyfiaen2 i akAmd sspacipduprelataiv a0 i 4 thsorelical piaties. [0 jefluy rato s

depending on the number of plates implémente omposition of the reac U?gu?"gﬁ‘c??he purities
of Eﬁsti||E%%ﬁd%8%ﬁ'br%@9%&%fh%ﬂﬁé§pwéw fedbendnapiperespierfabn s sabariie The
operatinggitessiifesstadiugtreld ox) cuniesablidvesey RAbULEHE:A:a88 LPJWRAtADS). In order to
dispense with.a ¢ ressor, I e advantageous erate the.column at a lower pressure than
the presgsxﬁbet%{?trﬂi %?c%i%gggégﬁﬁge reaé‘ﬁofﬁin&rﬁ%négg(s? sgt%rb%be) ?56'8?)%?899%95 FEY88IE"HE able to
conden¥&@i8bBURSRIHBAIRSI U Wilin g e exlea g siorestmpis dx 20 Stmtiabs)lismeeded. If the
cracking in process step b) is conducted, for example, at a pressure of 0.65 MPa (abs), it may be

advantageous Swhen the distillation.column of process step c) is performed with an operating pressure
o1 0155 16 L RO CRHS o FASTb  oP BT EEHER SR RS RoPESEITLfb A0LA RRP 6 SHkahan TREbotiom
productdqinitrebatipisesipreterably wntedvartech M BT isoiethamenl Erddanisbyupsne ictst ieaxaenple

diisob 7 s e ly. ] n r reater than
9;% b%ﬁggéﬂﬁfsmwﬁﬂaﬁgn%ggfggrgr&%%ﬁﬁ%gghﬁﬁb%ﬁ@r%%%%t é@?f H&?btgaf%%éﬁll(ﬁggrocess step
e) comprEsatnmiaigE GHY IR /ARM iRMdRoigedd e 21yd Sinalin milier Ry O theasrswaiiormed in the

cracking of the MTBE. The bottom product may comprise by-products, for example dlisobutene and/or
2-methexybitane. Tt 3 vafi lons for the use or wor f this stream (V]I]). If the MTBE
cracking pﬁnﬁ@ﬁrﬁ%ﬁ@%@tﬁ%ﬁﬂ%ﬁé% gl';ﬁ'tﬁ gtreﬁ’révé%ﬁé{?c?r? %Hfﬁef:‘@ tg‘f?ga&% (VIII) can be
conductBUSHIBthERPFBEE SBPOSFaR &1 1Y Rl hevisianiHeens ectisimTals! ik erdessvietionhbs the MTBE
plant presiiees @niyrist asdrusnMABRsanis Bt irthe eraekingans tBHE ROfURber Qulet for

hlgh-bo!iqggn?om%p.gnts iS ‘]gresent in }he s%ntheas section. A second ogtlon is to distillatively remove

the majority of the Methanor ot The st eant il SRS NS HATHRS A& 855608l b e he latter
option igigeigergishativareagebasiydhstaprialviatepiamgesmwugrinps of compounds mentioned

35 explicitly but also all sub-ranges and sub-groups of compounds which can be obtained by



delivered MTBE is used. Acetone is partly removed into the bottom product (V1) in distillation column
K3; only small fractions of the acetone present in the feed stream (VII) get into the distillate (IX). If,
however, as 25described above, the bottom stream (VIII) is returned upstream of the reaction section
R, acetopg assi4a4es to undesirably high concen fgatrons without the inve 8\{al gﬁg@;ess
step b). Preferably between 90 and 99% by mass of the acetone present in t e reac or output (V1) is
removedwiatieiRattarINAdss AR Intienpsense alidiiehnige ohARs NS, iR BAeGRSS Step b), this
means, hon ver, i that aceto?%?\ggll a cumulate in the circuit to such high 30concentrations that virtually
the entirg" 101 Poﬁﬁ%o %"r&éé\%\f in stream (1) gets into the top product (IX) of column K3. This
is prevented by the inventive discharge in process step b). The top product (IX), which is obtained in
process step d), in accordance with the invention is virtually free of acetone and consists preferably to
an extent of %reater than 95% b é/ mass of 35isobutene can be used directly as a saleable product or

purified FIRAEFS SHRRA)sbERYEHRNHBeMTiRferRiisg dsedsi®hethanol, the top product (1X)

obtained in process step €), in addition to the main isobutene product, may comprise especially

el e e ARANERtEs 11l BR BERdUe! AP RIS, R BEmBle SR A il

which may have formed, for example, as a result of con sa ion of met ttehes (1-

butene, &1 0bGi8RR/ AN ST3BRMRRS Whisrckig HAVERBrAasipiRneERkIERS. ddmpessiefo use

decompwwwﬁmmhwhytmemmm E@Qﬁ%’%rét@Mhd@@@éﬂﬁﬁglwgﬂ%fl&fﬁ%ﬂtene
qualities_ayailable on he > mar are megé] tuaég/ f meth B& table 1. The methanol can
be remo%%aj‘#rosn? 'th%xs réam FF)‘(& OBTaned moproce agit%p 55 QB% s%s%e fﬂﬁio%ﬁi\&@r‘geh%?f%‘i?ample
by extratfopreftreegaedsiopkol adenhslopfimrhystrannt ¢peuze, eegerfoatved) fositxaofale, with water
or an agdeAHeAlHtiem as an extractant, for example in an 15extraction column. The extraction with
water or an aqueous solution is preferably performed in an extraction column K4, which preferably has
from 4 to 16 theoretical plates. The extractant (XIII) can flow through the extraction column in
cocurrerMat8uilteicarrentinsitteticitdorthiead teBR (Gublenextigtted. The extractant (XIII) is preferably
congducted through the extraction column in countercurrent in relation to the stream to be extracted.
The extraction is performed 20preferably at a temperature of 15 to 50C, more preferably 25 to 40C.
For example, n%@’%@%"éf use of an extt&&t#éolumn having maféithan six theoretrcal blates, which
is operated at acqaregsure of 0.9 MPa(abs) ajtt & tgmperature of POy REE: iIgobutene with
an isobutene cententof more-than-99%.-hv.mass-can-be obtaine 5The methanol-contajining water
extract (XI) obt§f§galqn the extraction can BeC seﬁgpgted by  distillakiSm RS RAREr and methianol. The
separation is prigfeEably effected in a distii@iersg@dumn K5. The w%e:rycaeslse recycled into the
extraction sta C nethanc IV”) can-be-vused-for L,uotuuwuy technical
syntheses, fo??x%ﬁnertfrﬁbe es%% EM(?%E ore ﬁgtrj;‘"i"c%?g?rs. The methcplﬁml |§’ pre?erably recycled into the
MTBE synthesi&¥H@n@lhich the starting s®¢am(d 30originates. Abyaceteste present in the
isobutene-contagnng&ineam (IX)iS Not reqgygd30ga noticeable %%mggsexuacuon lue to the
solution equilitna—andremains-partlym—tte_mgrsusgbr,rtene stream (X)._The moist isobutene stream
(X) from the ext¥4&8on column can be separaid from dimethy ettRATRRY WaREr in a further distillation
column K6 anc @&)H@d up to give dry iso prmene Zl?bmjdry |sobutenepm(ﬂ§yt&tae§1 as the bottom product
(XVD). In the cot tion-system-at-the w.u..... after-phase scr‘arat:or‘., water (XIV) is
drawn off in Irq;uér gr?lr% and dimethyl ether &v? INn_gaseous form. ,/-F\)%fncwatron column used with
preference for the drying has preferably from 30 to 80 theoretical plates, more preferably from 40 to 70

theoreth@dara@mreélwéqﬂ@ﬁﬁ;ém;eram%&L%géérﬁ?%ﬁt@@faedw FB@ Risshanddhegequired
purity of the |SRbH referagltjléet Man 1@ %e %eferably less than he operatrng pressure
of coluntiPR"EH r% gf% (oA RFEISIES P SED54Y! ﬁ%@%ﬂ@rrﬁ’é@@ﬂ n stream
(X) is nataﬁamtﬂ/édrtsﬁ&ﬁemeamoaegaeedrnrdmrwatrmmmamarrés(méfodyreﬂmeihhgrpprmcmwatron

(seg tahle Rk amibin iR GARBJEMBINSPA K G-Rabuens: RX?QEC& Mk sl%%%%ggcﬁ " ream

invention,_ however, acetone is discharged in the acetone removal In process step
(X) in a(%g%ﬁlf'et%fﬁﬁ?@|H@§ﬁﬁ8ﬁ%%@%?%ét’8&@e PRECIEBINENE BRI REa%2his way may have,

for example, the composition detailed in table 1. According to the purity requrrements however, lower

o T SE U RS OMRPRERIA ALE AlspiacaNhie I eauied L bR iR o

preferred embodimeéent with w ocess accordrng fo the inventi on CaRb me ghown in

Figure TefHerstarfifigeRrisE ybed Supbirtths sothanoks reederimihkie tﬁebNrIEFBEa@(ﬁmamn*@Smrxtu re

(I)is semra&mﬂmmmmuwmﬁy msﬁm:@ﬁadﬁ»@m@@yé’éa&él and 8arfdrocarbons, a

side strea ﬁ}ﬁ‘g Whr o¥n gsDesdagg}: ne, %?(E{} tthoannr%aa MTBI]?‘éfﬁga ttom stream (IV) which
comprises e f‘ B5 M35t the acetone

Jottom stream comprrses pre %rb"f
present in the startrng stream (1). A further preferred embodiment of the process is shown in Figure 2.
In this case, the removal in stream (1) of the acetone present, of the methanol and of the low boilers

present, especially 04 30and C5 hydrocarbons, is effected analogously to Figure 1 in column K1. The

bottom stream (V) of column K2 is passed into column K2. High boilers present (08 hydrocarbons, for
avamnle diicobhiitene 2-methovvhiitane) are at leact narthy removed therain ac hottom nrodiicet (\/\ The



35pﬁarmaceutica| sector and in analysis. More particularly, the bottom product (V1) is also suitable as
a feedstock for the preparation of high-purity isobutene by back-cracking of MTBE to isobutene and
methanol. Such a process for preparing isobutene by back-cracking MTBE is shown in Figure 3. The

5proces§\,@:§@§gy@g«ft§2§igure 3 is a further preferrepsembodiment of the procgéﬁzgi%%qﬁé%ﬁj% TBE

(1) is worked up analogously to Figure 2 in columns K1 and K2. The top product 2is

conductagie DRSAT NG SRARIDIB: JFIRACKIBEHNERRHSE (M IDaish SRR atRY i GRIHTAN K RJNIP a top
producté%mg#’gm%the |s?butene formed, DME gnd, due to azeotrope formation between
isobute SRS EE3R FRTh AR ARG I B M P refiR It Al B ERERIETAR he
unconvéhediTsE case. thbisnajority ofahelsndtbalesidiortesl aAcactidingjsidti Hiernventionioxoatane is
removed 3 S e ol R GRIUIRL e dencrsingdorhe dEni BR. AR ) amises onl

such a low level of acetone that the acetone which gets into the top ct does not endanger the

isoute ' GectisBGAN PREDARANS [HethieciviliPeiie SptBRarpckner TemeiFilieememsisiol, be
recyclecbtipsisetywbiainerddIChayeeysiedintatithan M IBEsyntpesisrabasheiusadinseme other
way. Preferr i for,r Ij f bottom stream (VI mn K3 arg shown in
Figures%j%n%g%{?@ggig%}gg %')sihoc')r\?vezgé %Jr%? Cr}r%oiJ %trﬁBQ&”ﬁgﬁt ot \éggo%ﬁ%%{ir? %v%fgﬁ%ﬁgﬁgﬁom stream
(VIII) of REIRHAIRS, 2R Plesh6VEPenaTEsh G de wereatipstbetan o bl GhandiCa he majority of the
methaneligsearoyasl ar haitemipionl et ERMENFdramusiea By (MEBUS EoHIOIEE TharerLreduct

(Xvin, W?ichdcomé)ris ) IyII'}T E and portigns of methanol, is fed to column K1. In column K7, the
prédomifiait Partion of the alts @?1‘8 r@ggﬁ}{ ?nnégggfﬁg(‘\?ﬂﬁwg%aﬁg%c’fﬁg Bhfoduct and is
25dischengfddnnibsardandetiniteltnicthaodtiba donke sideadtdev€| netbakwhm#lalkighseksamprises
a preferreqemRodisaentoidhs f&rﬂﬁaeﬁ»&emmiﬁkb%ﬁ@,@%@ﬁi@é%ﬁéﬂd\’d@ﬁtﬁglm'a#éiaééfé?%ﬁ'ed into

an MTBE synthesis Si. Supplied t9 the MTBE synthe*s_ls I are at least one isobutene-containing C4
hydroca?BEREEARHE08 YW tBak Bt ESHIauHh CRAIRG Sram TS0, Stream (XXI) may, for example,
comprise fresh methanol or methanol which has been recovered in the extraction of

meltpaneﬂﬁ%oaga{mgg,t%érﬁg?&%wa%\g%ﬁ{m;#&?&ghé?@s %%Qs%%%%%%@%%“&& vgggg%géhe

process. The methanol present in stream’(XX]l) isteacted with'the isobutetie presert in ( 0 give
MTBE ifrthBYRIeessbsshesrsSOmeRMIB RO Se dhelitas grst amerdishilagivavesnsrinppiendsream

(XXII), agpEFREreoRapingreteam 0) tlostap AkRbRI thearrceasiaceomingdeibs ayention If a

stream (XXII) is removed before use in ste it prises at least the majority of the unconverted 04
ychoca B A S oo MRt UL ERGa b oy B i A bl
when th&digiiilegiverepriuen 6PRIPeHNT$R Pipesiaiutsdtimthé fetomeianaactivevelistiliatior column.
The, usepfseanting m&é@g&nmg@né N INET Sl sdqibesisinarier a1t anddsdspd iqlocrease the

conversion of isobutene to MTBE. 5The MTBE-caontaining stream (1) is supplied to column K1 as

describ@GCSPBREHLIR '82SHEART A8 PER N ERE B U ot SARERS N e HiRTBIEDIR fechnical MTBE.
In this prafenieal &iMBodmment]isgnetacptops giesentdassteeama@XXhgels ittestreast(bhand is
dischargehBce Ui pereseryia stear(t)s thesepcaiatan sharrioam ﬁg&&c%é glrgams (V).

(VI), (vl) and (VIII)) is so [ow that acetone does not get into the isobutene produ 0 a\(es%nificant
iodegre&VRRiaprgigeRy REeRively Eomehe M EREams (XX) and (XXI), in the process variant according
to ligure 5, water has to be discharged from the process. Preferred variants for water discharge are
described in DE 10 2009 027404. 15 Figure 6 shows a preferred embodiment for the further workup of
the methanol-containing isobutene stream (1X) obtained in process step e). Methanol is washed out of
stream [5O%RRR flarPPARybeaiiesangdotest @onfamevai The methanol-laden water (XI) is separated in
column K5 into a methanol-containing stream (XII) and water (XIII); the water is recycled into the
20extraction. Stream (XII) is preferably returned to an MTBE synthesis, mare preferably to the MTBE
synthes! Sf%’"r%a\%%ﬁt% 88%’%)‘%%@5?&8? %ﬁﬂ‘fvé}fé%%‘?égefé&ﬁﬁté% MT&%F?R%WW% still
comprises@Ivek i€ tisert [paafieditndiefieedailinnw KBleAt thaltmiiafctheTbaliowhaldd/Hzecontaining
stream Gy isio4Haines nwbwh}gg%ez@ﬂxr@ww&mﬁ@&m%QMﬁn&&&5%@3;{%@& 48 wihtne

advisable to equip the column K6 with a top decanter in which the water separates out as a

second 'BNAISRPEE FEBR MRS IR IPRIPIRZHSHES BE PPRiteBI iR UsImenEssils iowtheallaed. Any
acetoneopheserbithstetmitiiy risoatifatiyre movadieitoe pin asjenndbee oy ribinadidherefore
most of i gelsdia e Rhene et Y Inéseardina o e lnvention, steam (0, hayiever s
very substantially free of acetone, and so’stream (XVI) Is also very su%stanilarﬁy ree ofla acetone. 30

When coRfinfiRuarkiiRe gy iRENs S swde st ifrstishiNeinsialiniine thestonemas in
designaseieidicidelkd 18 Figieies baaipviheyecan be savidpdnoithdiginalarubiahesarampig, are
composed of trays, rotating internals, random packings and/or structured packings. 35In 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. 5In the case of use of columns

with random packings comprising various packing materials, the packing materials may consist of
almoet all matariale acneciallvy of ecteal ctfainlace cteal connear



carbon, stoneware, porcelain, glass or plastics, and have a wide variety of different shapes, especially
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, WWeXatagleZaE Eheet metal or fabric. Examples of such packings areFBut#es X fasie7o
packings made of metal or plastic, Sulzer Mellapak lamellar packings made of sheet metal,
high-perfbliABRbe R KIRGETS RPisu Bt Sidhaae MevRl-pakimipls dindstiereaiiée paekingddgethesulzer
(Optiflowyithietnier (BdhbameKstmmdiiRembaraley phriisphuisssRISRNRE HYitheprrasssageording
to the inxierg]tigrrg can ;{oré3 %éﬁl@pﬁlae cﬁeexgsseqvtqe\{)ﬁ%ﬁ\amg?tha%‘rj\/li%aci ,( methyl methacrylate,
diisobuterte, po?y%’o%d{fene, a pr BRO1S: HiethanyI ChisTidE OF et AR & SFeRpitar, it
may be &ER/&feous to use both 20the methanol obtained in the cracking and the isobutene to

prepare methyl methacrylate. Such a process of preparing methyl methacrylate is described, for
example, in EP 1 254 887, to which explicit reference is made. 25The examples which follow are

intended fS AR NGRHAR AN 2ERIES BURMAHIR affestrt iR PR lra R4S darmBbut in a
tubular racibt Bteantadatggjsicket) thrsaghratbitnta heap paodectdil ) Mavietbegmaddiarasgsol

Olefi - [um- d silica- ina..Th
cataet o e o e A S DR Cab s e AT e

reactant?u2e RRIR-PUNEPOPFSIEY 38(fHeh is normally not used as a fuel additive but as a solvent
(DRIVERON-S from Evonik Oxeno GmbH). Before entry into the reactor, the MTBE was vaporized

completely. | vaporator at 260C. The, cracking was carried out at 8 temperature of 261C
(ompera e PR B e B e 2 O R A5 B8 Y constan
0.7 MPaAt) bysa2ries8o tbeTriismitaiaier) nietaisbit #5eht andieoresueferatiy 35TBEFeed was
regulateghép N phatisl 508 @dn Whish OHBSRANESAR BYIRVIRIS - BR 18k 25 ARgunkaisatalyst of

331 g. Th i ture | t \ densed fully and analysed b
o oD LS R BT A ARy TR0 PTh S Ghe CERO S SER Y PN BB s T
reactionteiweitionfa el écted Aas908Wbfittre Seldotivitpfepdifahly mdhvesangs=8-53% angihe
selectivipy£pr diaPRHEERG RS ROSTmATR 8 13 RBUFS BRAINGR WaR Snelsrack %s!fo%%?

§§ n feed,
C 1
the reactor feed and the reactor output were ana_lgsed for acetongY y means of Cé%‘ analysis. %tﬁ}e

results aY8 ShovfRdrPRchiReseaurpd muisy alihe Soldn wutiep redustiarsheldre sifeistinasadh case
parts byapeaes}d inié fnjefoeterio bendn e teedldpprashydrassloieaianscens MdheupyLioppm by

mass] 1@’[% :?34 @e%%gdlﬁ&% %g%éjrga]sg%%vg’ %9 t%ggejﬂag%ié%iéd by the mass flow of the distillate. The

20  ratio of mass flow of the side draw (lli) to the mass flow of the feed (1) to the column is
preferably 0.01 to 0.2, more preferably 0.05 to 0.01. The side stream (I11) is preferably drawn off
it liquid form. The column is preferably operated at an operating pressure of 0.2 to
0.6 MPa(abs), preferably of 0.3 to 0.4 MPa(abs). The column can be heated using steam, for
example. The condensation can, according to the operating pressure selected, be effected

25 against cooling brine, cooling water or air. The top vapours of the column can be condensed
completely or only partiaily, and so the top product (il) can be drawn off either in liquid or
vaporous form. The top product (Ii) can be utilized thermally or used as a feedstock for other
processes, for exampie in a synthesis gas plant.

3o Preferably, by adjusting the distilation conditions, greater than 50% by mass of the acetone
supplied is removed through the side stream (ll), more preferably greater than 75% by mass.
The bottom product (IV) comprises preferably less than mass-50% of the acetone supplied,
more preferably less than mass-80%. The concentration of acetone in the bottom product (V) is
preferably less than 50 ppm, more preferably less than 30 ppm.

35



310 1729 258 253 1753 299 280 1797 314 320 1837 314 325 1849 310 305 No noticeable decrease
in acetone was detected; the recovery rate in all cases is above 90% by 20mass and hence within the
range of measurement accuracy. During the metered addition of acetone, methyl vinyl ketone (up to 8
ppm) antf 2-3W&#8%¢srdpene (up to 2 ppm) were défected in traces. The com@F4rstR0f MIBE7and
selectivities for dimethyl ether and diisobutene remained unchanged. This example showed that

acetone' iSRS AGFRIBIFHagr DR AR FRR CABIP RIGREAHake siprise ibradivignanaaisierivhen
present Dividengesstiordeadhs s el sesiirakent duriris attydrnichang eshgondasteatiepinihaeeput of the
reaction Tolgf ' f 25 2,3 In examples, 2. 3,.4 and 5 which follow,
calculatirggghv%rgﬁé)ﬁ%@%@g@ é&iﬁ?ﬁ@%ﬁ@iﬁie@gggﬁﬁa |c‘)wnarﬁ;;{r%689@39n%§ i{jeﬂhﬁﬂsa%g 'version
from As{SOSFYCRFSNATLIPTRYRNE frostratikifeecitnd andmershoRirgrmsiadte stithteaicstofddischarge

on the oysitalrpiogessthMA Bl c5eeking desrysier tﬁeqizﬂ@mrﬂmm%maaﬁ%MC&Blsrﬁﬁﬁ%&&l}'e

substance dat ich is generally 1Savailable was. used. In the examples, the "NRTL-RK" property
method ﬁggrﬁ(i e‘ﬁorﬁaé/‘%d%?m.t%erée R z??' ggc%il@g%ﬁlg itio gﬁ?%ﬁ&rﬁ%&ﬁﬁ%ﬁigf%@@é Functions
for Liquiehnrktiess of miceng invios. side Niewl(!{(1.988) [pgd.tha5idd drkar{tlIDcieplistsankbday [Svdkwong,
"On the Jilresrargyamigs,efseidtions V. An Equation-of-state. Fugacities of Gaseous Solutions,"
Chem. Rev., Vol. 44, (1979), pp. 223 - 244) was used. 20 For the modelling of reactors RS 1-1, RS1-2
and RS1-3 in the MTBE synthesis and of the cracking reactor R in the NITBE cracking, kinetic reactor
moaodels based on extensive experimental test data with the respective catalysts were used in the

calcuIatip;b%égges@éawIﬁ@bﬁg@fgﬁe%rbglso specify the reaction temperatures which were

assumed in the reactor 25modelling. Since the composition of the incoming and outgoing streams of
the reaction stages is also specified in each case, it is possible for the person skilled in the art, by

reworking sheseactarsruititiiixed, coryeisions detiewonkdhersaasmdsithand lsiewang the exact
equatio%%JgéS:tg Sté[{' 8}'% a%%'éé&@ %l[%pzr%: , ERg rmxg@ gyree)am (IV} is purified further in a further
w5 distillation. In this step, high boilers, in particular C8 hydrocarbons, such as diisobutene, are
removed as the bottom product. A further task of this column may be the partial or complete
removal of 2-methoxybutane, since 2-methoxybutane can be cracked in the MTBE cracking
reactor to give linear butenes and methanol. Linear butenes in excessively high concentration
can in some cases endanger the isobutene specification.
20
The distillative separation of the MTBE stream (IV) which has been freed of acetone and low
boilers into an MTBE-comprising fop stream (Vi) and a bottom stream (V) comprising higher-
boiling compounds than MTBE in process step c) is effected preferably in at least one column,
preferably in exactly cne distillation column K2,

f, more particularly, only C8 hydrocarbons are fo be removed in column K2, it may be
advantageous when the column has 15 to 80 theoretical plates, preferably 20 to 55 and more
preferably 30 to 45 theoretical plates. The refiux 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, depending

3o on the number of plates implemented, the composition of the MTBE used and the purity
required, preferably adjusted to a value of 0.5 to 7, preferably of 1 to 4.

if C8 hydrocarbons and additionally 2-methoxybutane are to be removed in column K2, the

distillation colurnn used has preferably from 50 to 140 theoretical plates, more preferably from
35 60 fo 120 and most preferably from 80 to 110. The reflux ratio is, depending on the number of

plates implemented, the composition of the MTBE used and the purity required, preferably from



In e‘iample 2a, a column KI* is considered, in which MTBE-containing starting stream (1) is merely
freed of low boilers such as C4 and 05 hydrocarbons. Such a column is described in most of the
processes known from the literature, for example DE 10 2009 027404. Accordingly, 35in column K1*

the MTBRRcsopi@inisssfeedstock (1) is separated intq g top product (11*) and apt@%gggg)r glﬁ%*) As

a feed to column K1*, an MTBE stream (I) (MTBE-containing starting stream) o W|th the

compositiondistedis fasierdbis RssLITED (WPEEiﬁéﬁliBﬂH&'T&%\%@mmm@ﬁyﬁ%lﬂwé’)shou-[@@'@ o
Compo of the a§r§u ed MT E enmélstre m nd of the dg?“” te (11 &and of the Sbottom
_productS(([h 3t eC % ar?m I\ﬁ'@'ﬁ? K Blg ARBETHREGtom prod. (1IV*)

or column KI* for example
Mass fI&ﬁ@Qt@Wﬁ]ﬁwm%W{B’Es’mwwtﬁm@@ﬁémﬁg] fordimethgtietbemniseblitene  n-butane

0.00015Q,MPE6RA8 for/3- BHARESHREP1RANBAFALR reLYdBratbRrRsQ92A20 this gives

s higher operative flexibility.

The operating pressure of column K2 may preferably be from 0.1 to 2.0 MPa(abs). When the
MTBE fraction (V1) obtained at the top of the column is cracked in the MTBE cracking reactor in
process step d), in the gas phase at elevated pressure, it may be advantageous to perform the
10 distillation at higher pressure, in which case the top condenser is preferably operated as a
partial condenser and the top product (VI} is drawn off in vaporous form. The top product drawn
off in vaporous form can then be supplied to the reactor directly or after further preheating. The
pressure difference between distillation and reactor here is preferably at least 0.05 MPaygg. If
the reaction pressure in the cracking reactor is, for example, 0.7 MPa(ahs}, the distillation
0.95 MPap), it is possmie o use the heat of condensation {o raise (Eownpressure) steam, with
which other columns in the process can be heated. The column can be heated, according to the

operating pressure selected, using steam or heat carrier oil.

20 The top product (V1) of column K2 comprises preferably less than 2500 ppm of
2-methoxybutane, more preferably less than 2000 ppm. Stream (VI), due to its purity, can be
used as a soivent and extractant in the pharmaceutical sector and in analysis. This stream,
however, preferably serves as a feed stream to MTBE cracking for preparation of high-purity
isobutene. |

25
The bottom product (V) of column K2 comprises the C8 hydrocarbon and 2-methoxybutane high
boilers, and MTBE. If principally C8 hydrocarbons, for example diisobutene, are to be removed
in the column, the MTBE content in the bottom product can be reduced to values less than 25%
by mass. If 2-methoxybutane is to be removed in addition, due to the small boiling point

30 differences between 2-methoxybutane and MTBE, a higher MTBE content in the bottom product
between 60 and 85% by mass will appropriately be permitted in order to reduce the complexity
of the separation. In both cases, this mixture can be utilized thermally, used as a feedstock for a
synthesis gas plant or used as a fuel component directly or after hydrogenation.

35



0.462191 0.000050 MTBE 0.979165 0.150000 0.982679 2-methoxybutane 0.002500 0.000064
0.002510 methanol 0.009500 0.108011 0.009083 tert-butanol 0.003000 0.003013 water 0.000005
0.000005 0.000005 diisobutene 0.002500 0.002511 acetone 0.000150 0.000078 0.000150 Column

KI* has K874 Hlates and is operated at a piéssure of 0.35 MPa(abs) HeBE Q% HeEREdCabove

plate 15Pcountedtfronc¥ ﬂ]ﬁ . The reflux was set to 671 kg/h, such that the ioMTBE content in the
distillate (ﬁgflsss f?rs?t?y E)w ( 36 gﬁg and the bottom product (IV*) is secondly very substantially free
of low boilers (C4 and C5 hydrocarbons). The distillate of this column K1* has a residual content of

15% by i o MTREASCL L boliam ReadshareeituAbaariaetati anddanaudrraibons of SO

ppm. The acetone present in the starting MTBE (150 ppm) is not removed in this operating mode of
the colufffif thePRdnea AR PSR LIRSV BFORRAT(PPH 18 GRRIRGABEIG K AYS0asErRteP C) as

stream (V1), is cracked in one or more reactors to give isobutene and methanol. The MTBE
cracking is preferably effected in the gas phase over a heterogeneous catalyst. In this step, it is
possible to use all solid catalysts which bring about the cracking of MTBE to iscbutene and
methanol within the temperature range of 150 to 500°C, especially within the range from 200 to
400°C.

10
The catalysts used in the process according to the invention may, for example, contain metal
oxides, mixed metal oxides, especially those which contain silicon oxide and/or aluminium

oxide, acids on metal oxide supports or metal salts or mixtures thereof.

15 In the process according to the invention, MTBE is cracked to iscbutene and methana! in the
gas phase preferably using catalysts which consist in a formal 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.

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

zs  advantageous when the catalyst comprises an aikali metal oxide in addition to the magnesium
oxige. This may, for example, be selected from Na,O or K;O. 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 ISO 9277) of 200 to 450 m?/g, preferably of
200 to 350 m?/g. When the cataly's‘{ is applied as an active material on a support, only the active

30 material 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 a2 lower BET surface area.

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

35



Exé&nple 2b: (noninventive) In example 2b, the distillate mass flow rate of column KI* is adjusted such
that, with the same reflux flow rate, 80% by mass of the acetone present in feed stream (l) is
separated into the 5distillate. Mass flow rate and composition of feed stream (l), and pressure, number

of platesyandmapplisasion level for column K1* remaig unchanged from exampledaphe0assHpw
rates and the corresponding composition of distillate (11*) and bottom product (IV*) are shown in table

6. 10 Talile GeGoppositioneod theliis dittes (61 thaodtaf th e otferapyaiuce 4 M, inerobmaaikl for

I > disti [* IVF f /h 9 767.1 Parts by mass
Fk):;rkrzgr]) | if&ﬁ%&etﬁé@g@o UtaegEée)ég?n%\g%ggen(@%%gg%%@yéa %t?aﬁ%éjj@é%ﬁ'?s%g ﬁ,/:’(?rgggrbons
0.0085 7P JObES (FATBH 1198251 Bue0s d1enpias iy BurarfedRoTiesy orearodsn or equal

to 3.5 nm, determined by mercury porosimetry to DIN 66133) of the catalyst, is accounted for by

s 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 pm to 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

o 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 invention, the catalyst can be used in the form of shaped bodies.
The shaped bodies may assume any shape. Preference is given to using the catalyst as shaped
bodies in the form of spheres, exirudates or tablets. The shaped bodies preferably have the

15 abovementioned mean particle sizes.

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

20 The MTBE is cracked 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 pressures of 0.3 to 1 MPa,
very particularly at pressures of 0.5 to 0.7 MPa.

The cracking of MTBE fo isobutene and methanol is an endothermic reaction. in order to

25 prevent partial condensation of MTBE and products, it is appropriate to operate the reactor such
that the minimum temperature in the reactor is greater than 150°C, preferably greater than
200°C. The infet 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.

30 Inthe course of operation, it may be advantageous to raise the inlet temperature and/or
operating temperature up to 500°C with increasing deactivation of the catalyst to keep the
conversion constant. When the conversion can no longer be maintained on attaining of 500°C, it
may be advantageous to completely or partially replace the catalyst,

35 The conversion of the MTBE in step d) of the process according to the invention is between
40% and 99%, preferably between 70% and 98%. more preferably between 85% and 95%.



methianol 0.040794 tert-butanol 0.001417 0.003480 water 0.000021 diisobutene 0.003259 acetone
0.000515 0.000039 15As is evident from table 6, the distillate mass flow rate has to be increased from
4.2 kg/h in Example 2a to 233 kg/h in order to remove 80% by mass of the acetone present in feed

stream (| B ottom product (IV*). The MTBE content in the distillate is approx. 94% by mass.
Thus, th@ﬁ%ggéﬁégconsiderable (22% by mass§ The content of C4 and Qﬁgp}‘@%?@éél‘%%é?@n the

distillate totals approx. 1.4% by mass. Thus, this stream is unsuitable as a fuel additive without being

worked %F again. Example 2c: (noninventive) 5 In example 2c, the reflux flow rate of column KI* is
increasel 87 KgAPErIar Aty diamRiasd wis £ Mg Rafeoor e shans velodly AW itSvd isdha et 806 by

mass of heaeeimnxRgsenbitieaksiean ) s agabnsarasairdintpdhe distifate, Mass.figuskate and
composition of feed stream (I) and pressure, number of plates and application level for column KI*
remain unchanged from oexample 2a. The mass flow rates and the corresponding composition of

distitlate (e epcidsorend produeciefibty treusitowercinrabyéube 18Tdls esacmn pasitizn ofHbesdistillate

(11%) andual dhs ke RERSISS (Y L 6 felumRdS 2 ioprrample 2k Aisiiliats () ki bottom prod.

(Iv") MaBSEf%%V\é(r}%%eo[g 4@5‘130.2 869.8 Parts by mass [kg/kg]

Side reactions occur in the cracking of MTBE. These are atfributable either to MTBE or the

ro  isobutene and methanol cracking products. Standard reactions which occur in MTBE cracking
are the formation of dimethy! ether (DME) from methanol and the formation of Cy hydrocarbons
by dimerization of isobutene. Reaction of isobutene with water can additionally result in
formation of tert-butanol (TBA); conversely, TBA present in the reactor feed can be cracked to
give water and iscbutene.

15
tn addition to the side reactions, there are usually also parallel reactions in which impurities from
the MTBE react. These include, for example, the cracking of 2-methoxybutane present in the
MTBE. Through elimination of methanol, these can form 1-butene and 2-butenes. 3-Methoxy-1-
butene or 1-methoxy-2-butene present in the MTBE can form 1,3-butadiene in the cracking.

20
Process step e): Purification of the cracking products

In order to work up the cracking product mixture further, it may be advantageous when the

25 cracking product (Vil) is separated in a further distillation in process step d) into an isobutene-
comprising top stream (IX) and an unconverted MTBE-comprising bottom stream Viii. The
distillative separation of the cracking product (V1) into an isobutene-comprising top stream (IX)
and an unconverted MTBE-comprising bottom stream (V1) in process step d) is preferably
sffected in at least one column, preferably in exactly one distillation column Ka3.

30
A distillation column K3 used with preference in process step e) has preferably from 20 to 55
theoretical plates, more preferably from 25 to 50 and especially preferably from 20 to 45
theoretical plates. The reflux ratioc is, depending on the number of plates implemented, the
composition of the reactor output and the purities of distillate and bottom product required,

35 preferably less than 5, more preferably less than 1. The operating pressure of column K3 can
preferably be set between 0.1 and 2.0 MPa(abs). In order to dispense with a compressor, it may



dirﬁéthyl ether isobutene n-butane 0.001152 1-/2-butenes 0.007909 C5 hydrocarbons 0.015331
0.000004 MTBE 0.900536 0.990939 2-methoxybutane 0.000530 0.002795 methanol 0.072946
tert-butanol 0.000638 0.003354 water 0.000038 diisobutene 0.002874 acetone 0.000921 0.000034

WO 2012/05232/5LREA/EP2011/067770 In spite ghan increase in the reflup@pgrprgl by mass of
the MTBE present in the feed stream is still discharged via the distillate (MTBE loss). The content of

04 and 0% hydaotarbousto operate the column at a lower pressure than the pressure with which the
cracking reactor R in process step b) is operated. In order to be able to condense isobutene
against cooling water, a pressure of approx. 0.5 MPa(abs) is needed. If the cracking in process
step b) is conducted, for example, at a pressure of 0.65 MPa (abs), it may be advantageous

s when the distillation column of process step c) is performed with an operating pressure of 0.55
to 0.6 MPa (abs). The vaporizer can be heated using, for example, 0.4 MPa steam. The bottom
product (Vill} comprises preferably unconverted MTBE, methanol and any by-products, for
example diisobutene and 2-methoxybutane. The top product is preferably isobutene with a
purity greater than 95% by mass, based on the overall top product.

10
The bottom product (VIil) obtained in process step e) comprises the MTBE unconverted in
process step d}, and the majority of the methanol formed in the cracking of the MTBE. The
bottom product may comprise by-products, for example diisobutene and/or 2-methoxybutane.
There are various options for the use or workup of this stream (VIll). If the MTBE cracking plant

15 is in an integrated system with a plant for preparation of MTBE, stream (VIll) can be conducted
into the MTBE plant, preferably inio the synthesis section. This is true even when the MTBE
plant produces only just as much MTBE as is required for the cracking and thus no further outlet
for high-boiling components is present in the synthesis section. A second option is to
distillatively remove the majority of the methanol from the stream VIl and to return the rest to

20 process step b). The latter option is especially advantageous for standalone plants in which
delivered MTBE is used.

Acetone is partly removed into the bottom product (Viil) in distillation column K3: only smali
fractions of the acetone present in the feed stream (VII) get into the distillate (IX). If, however, as

25 described above, the bottom stream (Vi) is retumned upstream of the reaction section R,
acetone accumuiates to undesirably high concentrations without the inventive removai in
process step b). Preferably between 90 and 89% by mass of the acetone present in the reactor
output (Vi) is removed via the bottom product (V1il). In the absence of discharge of acetone in
process step b), this means, however, that acetone will accumulate in the circuit to such high

3o concentrations that virtually the entire amount of the acetone present in stream (1) gets into the

top product (IX) of column K3. This is prevented by the inventive discharge in process step b).

The top product {IX), which is obtained in process step d), in accordance with the invention is
virtually free of acetone and consists preferably to an extent of greater than 95% by mass of

35 isobutene can be used direclly as a saleable product or purified further.



in distillate (1*) has to approx. 2.4% by mass compared to example 2b. Thus, this stream is unsuitable
as a fuel additive without being worked up again. 5 Example 3a: (inventive) Example 3a corresponds
to the process shown in Figure 1. Column K1, in contrast to column KI* in examples 2a and 2b, is
operatedWAtROd Fiefezdédw (111). Mass flow rate and @dmposition of isfeed stre BGTIF PEEIVO6TEHANged
from example 2a. Column K1 has 52 theoretical plates and is operated at a pressure of 0.35 MPa(abs)
Feed (1) TGRSR RGO PISR B IRYTh S8 HOREIMERSBE BRI bt om) RECRRF I RWAPIAITgHt form from
plate 12panckis atipstedritaddtion/to Fhersflisctatenasseletiathasdmpnaamplesta(§ dwmeihp 15 Table

8: Compgsiti f distil ) i f m product (|V) for col K1 for.example
3a K1 gﬁiﬁ"ﬁt@ I)C(Ilkﬁ]l%b&?ﬁ‘?g% f)% %@?EK%# sﬂc}g ﬁ{rg%v%a ﬁs%bl’%fésoﬁc?v)\(/arrg ele[kcéquﬁg %}gg ib“L;E)CB Parts by
mass [kGIRYEEAREERA it anydpire meresHiRitaprRISBRE27 6 01618054 and patdniten@U5209
0.0Q059%ufeh1saEBUONS trans-2-butene) which may have formed, for example, as a result of

decomposition of 2-methoxyhutane, and water.

Process step f): Isobutene workup

10
Isobutene qualities available on the market are typically virtually free of methanol; see tabile 1.
The methanol can be removed from the stream (1X) obtained in process step &) by processes
known per se, for example by extraction. The extraction of methanol from stream (IX) can be
performed, for e}(ampie, with water or an agqueous sclution as an extractant, for example in an

15 extraction column. The extraction with water or an agueous solution is preferably performed in
an extraction coiumn K4, which preferably has from 4 to 16 theoretical plates. The extractant
(X1t} can flow through the extraction column in cocurrent or countercurrent in relation to the
stream to be extracted. The extractant (XI!) is preferably conducted through the extraction
column in countercurrent in relation to the stream to be extracted. The extraction is performed

20  preferably at a temperature of 15 to 50°C, more preferably 25 to 40°C. For example, in the case
of use of an extraction column having more than six theoretical plates, which is operated at a
pressure of 0.9 MPa(abs) and a temperature of 40°C, a water-saturated isobuiene with an
iscbutene content of more than 99% by mass can be obtained.

25 The methanol-containing water extract (Xi) obtained in the extraction can be separated by
distiliation into water and methanol. The separation is preferably effected in a distifiation coiurmn
K5. The water can be recycled into the extraction stage as extractant (XIil). The methanol (X1
can be used for customary technical syntheses, for example esterifications or etherifications.
The methanol is preferably recycled into the MTBE synthesis from which the starting stream (1)

30 originates.

Any acetone present in the isobutene-containing stream (IX} is not removed to a noticeable
degree in the extraction due to the solution equilibria and remains partly in the moist isobutene
stream (X).

35



0.460260 0.000023 0.001758 MTBE 0.150000 0.991320 0.866124 2-methoxybutane 0.000018
0.002670 0.000391 methanol 0.107805 0.129506 tert-butanol 0.003222 0.000235 water 0.000009
0.000071 diisobutene 0.002700 acetone 0.000424 0.000064 0.001267 The distillate (II) of this
column WDtfs 2435@6eXxample 2a, a residual contepg of 15% by mass of MTBig wirgdhe dwttom
product (V) comprises only 23 ppm of C5 hydrocarbons (see table 8). The acetone present in the
starting MreBIost 5enppienerstieiane perfunythsoeidrssiitoctrivget odn tees sideaste (el extent of
approx. &A% MYHass: e RARAYRIRADN XL FOTREISAS RobkaPRE 498/%%86&{%%%&@”&'

amount, As can be inferred fro ble 8, the distillate mass flow rate (I) remains virtually unchanged
from exAED% SRETBFESSIES S NTHESURLA Lo B SRR O SR Gt ppros. 6%
by massadiithe aftesphiest MaiBERve seatdn(¥iv feodrsreafhis idisicfargeshd rmmwtras@ﬁmthx\m)lsilllate
streams in.exaenplas abd%%ﬁa%snt!@&mﬁ'md%% %%ngr%@ﬁgaa@ jar%i:ﬁtr? ever,

Is low (approx. 2400 ppm), oand so this stream II can be markete optlona?y also

after mi ﬂqﬁﬁfﬁté?%lti%%tﬁ?fr‘@ﬁf %ﬁrﬁfﬂ@tﬁysfiﬁﬁhé@@ EXxHrpretss! piatasntive) fﬂ?ﬁ!ﬁ sslimiple 3b, the

reflux flowpateing onlUmrmmbm@xammlﬁezﬁerﬁewwa@r@&@d@h@ﬁﬂ%@@&ﬂ@i@ mass flow
rate of I ch that.th illate (11 agajn com rlsesare5|du nten f 15% by
mass o M&F%QE %?n%%léﬁﬁl%d r{?(raefg@(h'dg %b? ?’é} )tt%éld)@re?séﬁro en%tr’rqgé)lr esfsa%ﬁg Hné‘{b cation
level forcﬁi‘b@rgi‘#é%t?h’&ﬁoﬁ%ﬂﬂ%%lolé\mcf&@%%%@é}aw for column K1 remain unchanged from
example 3a.

Any acetone present in stream (X) is not removed to a noticeable degree in distiltation column
K6 due to the boiling point situation (see table 2) and in this case remains partly in the
isohutene product (XVI).

15 According to the invention, however, acetone is discharged in the acetone removal in process
step b), such that stream (X} in accordance with the invention is free of acetone. The isobutene
obtained in this way may have, for example, the composition detailed in table 1. According to
the purity requirements, however, lower concentrations of the secondary components are also
conceivable if required.

20
A block diagram of a preferred embodiment with which the process according to the invention
tan be performed is shown in Figure 1. The starting MTBE (1) is supplied to column K1. In
column K1, the MTBE-containing mixture (1) is separated into a top product (i1} which comprises
predominantly the C4 and C5 hydrocarbons, a side stream (IIl) which comprises acetone,

25 methanol and MTBE, and a bottom stream (1V) which comprises MTBE. The bottom stream (IV)
comprises preferably less than 50% by mass of the acetone present in the starting stream (1).

A further preferred embodiment of the process is shown in Figure 2. In this case, the removal in
stream (1) of the acetone present, of the methano! and of the low boilers present, especially C4

s0  and C5 hydrocarbons, is effected analogously to Figure 1 in column K1. The bottom stream (IV)
of column K2 is passed into column K2. High boilers present (C8 hydrocarbons, for example
diisobutene, 2-methoxybutane) are at least partly removed therein as bottom product (V). The
top product (V1) is MTBE which has been substantially freed of low boilers, methanol, acetone
and high boilers and can, due to its purity, be used as a solvent and exiractant in the

35 pharmaceutical sector and in analysis. Mare particularly, the bottom product (V1) is also suitable



20 'Fhe mass flow rates and the corresponding composition of distillate (II), side draw (Ill) and bottom
product (IV) are shown in table 9.  Table 9: Composition of distillate (1), of side draw (llI) anq of
bottom product (IV) for column K1 25for example 3b K1 distillate (I) K1 bottom prod. (IV) K1 side draw

(Il1) Masgrfiope ratesiker-1] 4.1 925.9 70.0 Parts byamass [kg/kg] dimethyl ethenc-rsahyisaer7o
n-butane 0.035756 0.000038 1-/ 2-butenes 0.242768 0.000426 C5 hydrocarbons 0.462660

0.000002s @& eadsdsck for the preparation of high-purity isobutene by back-cracking of MTBE to
isobuteng and methanol.

Such a process for preparing isobutene by back-cracking MTBE is shown in Figure 3. The
5 process according to Figure 3 is a further preferred embodiment of the process. The starting

MTBE (1) is worked up analogously to Figure 2 in columns K1 and K2. The top product (V1) of
column K2 is conducted info the cracking reactor R. The cracking product (V1) is separated in
column K3 into a top product (IX) comprising the isobutene formed, DME and, due to azeotrope
formation between isobutene and methanol, fractions of methanol, and into a bottom product

1o (Vill) comprising the unconverted MTBE and the majority of the methanol formed. According to
the invention, acetone is removed partly via the bottom in column K3. According to the
invention, stream (VII) comprises only such a low level of acetone that the acetone which gels
into the top product does not endanger the isobutene specification. The bottom product (Vi
can optionally, after removal of methano!, be recycled upStream of column K1, be recycled into

15 an MTBE synthesis S1 or be used in some other way.

Preferred embodiments for recycling of the bottom stream (Vi) of column K3 are shown in
Figures 4 and 5.

20 Figure 4 shows a preferred embodiment of the process, in which the bottom stream (V1) of
column K3, after removal of methanol, is recycled upstream of column K1. The majority of the
methanol is removed as bottom product (XVIil) from stream (Vi) in column K7. The fop product
(XVIl), which comprises MTBE and portions of methanol, is fed to column K1. In column K7, the
predominant portion of the acetone present in stream (V) remains in the top product and is

25 discharged in accordance with the invention in the side draw (I1) in column K1.

Figure 5 comprises a preferred embodiment of the process, in which the bottom stream (Vi) of
column K3 is recycled into an MTBE synthesis S1. Supplied to the MTBE synthesis S1 are at
least one isobutene-containing C4 hydrocarbon stream (XX) and a methanol-containing stream
30 (XXI). Stream (XX!) may, for example, comprise fresh methanol or methano! which has been
recovered in the extraction of methanol-containing C4 streams with water and subsequent
methanol/water separation within the process. The methanol present in stream (XX!) is reacted
with the isobutene present in (XX) to give MTBE in the MTBE synthesis S1. This MTRE is used,
directly or after distitiative removal of a stream (XX}, as MTBE-containing stream (1) in step a)
35 of the process according to the invention. If a stream (XXI1) is removed before use in step a), it

comprises at least the majority of the unconverted C4 hydrocarbons and also fractions of



WO 2012/05232733PCT/EP2011/067770 MTBE 0.150000 0.991366 0.866584 2-methoxybutane
0.000015 0.002676 0.000323 methanol 0.108231 0129344 tert-butanol 0.003222 0.000237 water
0.000009 0.000071 diisobutene 0.002700 acetone 0.000562 0.000032 0.001681 The increase in

the refluy iy sxpmples3b makes it possible to remoyg 80% by mass of the in g@{fmﬁﬁrﬁ%&yﬁ)the
side draw and distillate, the side draw comprising approx. mass-79% of the acetone. In contrast to

examplefsthaand Bis Revsovehdiardy BEJoamipdbesdisibaigif WadAuhaRdpeain R-aRRIPX.
mass-6°/<% of th ount of I\@EE {hre ent n? the feed s r%n_ls discharged via the side draw.

Compared fo & amblse’ 5 hERIsINg W iR SRtV LR £ BP0 B G P B 81§ BRYErbons in the

side strebghliaige geldonsdfivinRE @mbress 17 aloppn prelishutizat thisstasmnihg boaradainbe

marketedqas @ fuel agthiive. 10Examples 2a, 2b, 2c, 3a and 3b showed that, in a customary operating

mode of the |QFVé oiler column K1* described in the literature, acetone is not removed from the starting
|

MTBE (1)BYiHereS¥NRINNG SIGmmd MR- PRte feoPid ssetrstiikest iQpaalieaitreate dame
configuredivhe(cisiomarpKd hndthauk stield; thrasptopienas techostaneTBE:. antbrdesisaly high MTBE loss is
associa ' ' ' i i | figuration of .the law boiler 15¢column -
column %ﬁ%ﬁ”ﬁi@%@@%ﬁé@gﬁ%ﬂﬁ%ﬁw ; %2%&%% %Eg vmviz [ower Rt}l)ﬁcé rﬁgoesg'fs%g'.mExample

4: (inveltR JSBEXKiR SlEeA A shm a8es triatind ¢ eseserindaei firigliesaos dreh S\ diidiv b
?ig;-pum'tydismmwwgo RESUBINEa MR iasiaseoseinaagsre Rdes Brsdperifigation ghgsisabutene
1X).
¢ degree. .

Accarding to the water content of streams (XX) and (XX1), in the process variant according to
Figure 5, water has to be discharged from the process. Preferred variants for water discharge
are described in DE 10 2009 027404,

15
Figure 6 shows a preferred embodiment for the further workup of the methanol-containing
isobutene stream (1X) obtained in process step e). Methanol is washed out of stream (1X) with
water (XHI) in an extraction column K4. The methanol-laden water (X1} is separated in column
KS into a methanol-containing stream (XII) and water (XIi1}; the water is recycled into the

zo  extraction. Stream (XI1) is preferably returned to an MTBE synthesis, more preferably to the
MTBE synthesis from which stream (!) criginates. The water-saturated iscbutene stream (X)
which still comprises DME is then purified further in column K8. At the top of the column, a
DME-containing stream (XIV) is obtained, which normally also comprises isobutene. To remove
the water, it is advisable to equip the column K& with a top decanter in which the water (XV)

25 separates out as a second phase and can be discharged. in the bottom of the column,
isobutene (XV) is obtained. Any acetone present in stream (1X) is not fully removed either in
column K4 or in column K6 and therefore most of it gets into the isobutene product (XVI).
According to the invention, stream (IX), however, is very substantially free of acetone, and so
stream (XV1} is also very substantially free of acetone.

30
When columns are used in the process according to the invention, for example the columns
designated K1 to K7 in Figures 1 to 6, they can be provided with internals, which, for example,
are composed of trays, rotating internals, random packings and/or structured packings.

35 In the case of column trays, for example, the following types can be used:

trays with bores or slots in the tray plate.



As the feed to the MTBE synthesis Si, according to Figure 5, a 04 hydrocarbon stream (XX) of 1800
kg/h with the composition listed in table 10 with a proportion of 60 ppm of acetone is 25assumed
(typical raffinate 1). Also listed in table 10 is likewise the composition and the mass flow rate of the

fresh metr@nol sigaatied (XX). Composition and mags flow rate of the recyclesistieanh (9 IHg £279ing
from process step e) (column K3 bottom product) are shown in table 13. The amount of fresh methanol

was adjusted sioays vithestdksnoa chiohaeyatichhraettametdd tsotatene findde. feed to the MTBE
thesis of 1. T : iti fth t
synthesis of 1.13,sWth %%1@4%%?@@?‘&%%%%@@3@& %Pﬁﬁ@gﬁé%é}@%&' lon of the entry

stream (XX) and of the fresh methano , and of the distillat d of the bottom product (1)
(starting MTBEJBEHIIMReRIBLCINRIFEkioRthle 4 Raffinate | (XX) Methanol (XXI) KS1-1 distillate (XXII)
Starting MTBE (1) Mass flow rate [kg/h] 1800.0 120.1 1249.5 1117.1 Parts by mass [kg/kg] dimethyl

etheSr QYQ 9%79§e'%?g%a&ec&l.9%§§ g&hor'aon%%@’gaciﬂ%?n%%tg&engf%%%oga%ogéogg&?r?g materials, the

packing materials may consist of almost all materials, especially of steel, stainless steel, copper,
carbon, stoneware, porcelain, glass or plastics, and have a wide variety of different shapes,
especially the shape of spheres, rings with smooth or profiled surfaces, rings with internal struts
or wall breaches, wire mesh rings, saddies 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 metai or plastic,
Sulzer Mellapak lamellar packings made of sheet metal, high-performance packings from Sulzer
such as Mella-pakPlus, and structured packings from Sulzer (Optiflow), Montz (BSH) and Kithni

15 {Rombopak). |

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 sulphonates. In particular, it may be advantageous to use both

zo  the methanol obtained in the cracking and the isobutene to prepare methyl methacrylate. Such
a process of preparing methyl methacrylate is described, for example, in EP 1 254 887, to which

expticit reference is made.

25 The examples which follow are intended to iliustrate the invention.

Examples

Example 1:

30
The MTBE cracking was carried out in a tubular reactor with a heating jacket, through 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,

35 which is normally not used as a fuel additive but as a solvent (DRIVERON-S from Evonik Oxeno
GmbH).



n-butane 0.080000 0.115250 butadiene 0.001500 0.002161 1-1 2-butenes 0.542400 0.779989
0.000441 05 hydrocarbons 0.000540 0.000056 0.000808 MTBE 0.972864 2-methoxybutane
0.003335 methanol 1.000000 0.043415 0.009500 tert-butanol

10

20
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Before entry into the reactor, the MTBE was vaporized completely in an evaporator at 260°C.
The cracking was carried out at a temperature of 261°C (temperature of the Marlotherm in the
feed of the reactor jacket); the pressure was set to a constant 0.7 MPay,, by a pressure-
maintaining means at the end of the reactor. The MTBE feed was regulated to a constant
1500 g/h, which corresponds to a WHSV of 4.53 h! at an amount of catalyst of 331 g. The
gaseous cracking mixture leaving the reactor was condensed fully and analysed by gas
chromatography.

After an operating time of 1600 hours, the conversion of the MTBE under the reaction
conditions selected was 90.6%, the selectivity for dimethyl ether was 3.53% and the selectivity
for diisobutene was 0.05%. After 1613 hours, acetone was metered into the reactor feed: the
reactor feed and the reactor output were analysed for acetone by means of GC analysis. The
results are shown in table 4.

Tabie 4: Anaiyses of reactor feed and reactor output (in each case parts by mass)

Acetone conc. Acetone conc.
Time in the feed in the output
ih] [ppm by mass] [ppm by mass]
1613 342 320
1627 320 315
1681 300 298
1705 311 310
1729 258 253
1753 299 280
1797 314 320
1837 1314 325
1849 310 305

No noticeable decrease in acetone was detected; the recovery rate in all cases is above 90% by
mass and hence within the range of measurement accuracy. During the metered addition of

acetone, methyl vinyl ketone (up to 8 ppm) and 2-methoxypropene (up to 2 ppm) were detected
in traces.



0.011162 water 0.000727 0.000003 diisobutene 0.001768 acetone 0.000060 0.000119 The 04
hydrocarbon stream (XX), the fresh methanol (XXI) and the methanol-containing recycle stream (VIII)
are mixed in process step Si and supplied to an MTBE synthesis. The MTBE synthesis consists, in
ExampléM @0hiéld 2étfes-connected adiabatic fixet¥bed reactors RS1-1, RFICT mmeRII16874m0 a
distillation column KS1-1. The first reactor RS1-1 is designed as a 10circulation reactor. Filling of the
reactors W ANBEIRB RS Bdhsderivitigs ossinaiby pibacandrisobutensogemiaesith a capacity
of 3.25 m;Habded.with 1.8 m3 and RS1-3 with 1 m3. The inlet temperature into reactor RS1-1 is 42C,
the circulation flow rate assumed 5100 kg/h. The inlet temperature into reactor RS1-2 is 40C, the inlet
temperature into reactor RS1-3 36C. Under these conditions, a conversion of isobutene over all three
reactors ‘G a g6 060 e d Shetineeisiteis aat iotiscebhsigaiaddd thékinetidionosieltioserf tre the

formatiogrpBER MR inRbERBS, AMdaiale it dipeszaderel isohuiepr i liiaaluigng. the reaction
of methano| to give DME ,(an Wateh, a?nfg the foymation, of 2-methoxybutane from n-buténes. The
SR G

reactor 6U SRS Tyt BHEA (5 S BT KL he column has 70 theoretical plates

and the feed is above plate 50, counted from the top. The column is operated at a reflux ratio of 0.9

and at agyesIRoM P NP ARSY, 1318 Raigosn product (1) (starting MTBE) 5 is technical MTBE; see

table 10. In column KS1-1, acetone Easses completely into the bottoms. The distillate (XXII) consists

predomiffRRIE 8% hydfbearbowsish EbethaiaalionersrrreduateseviT e Sipatiesiatand water. In
further workigtistepsgrowaASREN teditetiiresunexamplsextrectionrinr distlatmOrid wan be freed

of oxyg r r Wi er.products of value. 10 The MT am (1)
comprijﬁﬁ?&ﬂ%ﬁa a%%?@iﬁ%%@%mrgp?ﬁqé% @Z’%ﬁ%%éég ﬁ@%f?o%g%%ﬁs?vae{\%’%ﬁﬁ?g% i’g@ﬁgﬁ of acetone.
Accordiﬁ@afé“ﬂ’% invention, the 04 and C5 hydrocarbons and the acetone are removed from this

stream in column K1. Column K1 has, as in examples 3a and 3b, 52 theoretical plates and is operated

at a reflux rate of 1341 kg/h andﬂa a pressure of 150.35 MPa(abs). F-aepl ().is applied above plate 27,
counted O O A R G R SR QYR PN EORG A O AR B BRI 10 70 ke
Table 1&shioe thesofsaidtidiee @y obdidetted WRITH-RK) pidpettymetadlictE\P. GaralomndK1. 20Table
11: Compgsitipngidistiliate bnpbaids-Aran tiRR IR RE RN Rf ERIMMAAfaL example
4 K1 distillate SI) K1 side draw _
AIChE J.) Vol. 14, No. 1, (1968), pp. 135 — 144 and O. Redlich and J.N.S. Kwong, "On the
Thermodynamics of Solutions V. An Equation-of-state. Fugacities of Gaseous Solutions,*

Chem. Rev., Vol. 44, (1979), pp. 223 — 244) was used.

20
For the modelling of reactors RS1-1, R81-2 and RS1-3 in the MTBE synthesis and of the
cracking reactor R in the MTBE cracking, kinelic reactor models based on extensive
experimental test data with the respective catalysts were used in the calculations. The examples
therefore each also specify the reaction temperatures which were assumed in the reactor

25 modelling. Since the composition of the incoming and outgoing streams of the reaction stages is
also specified in each case, it is possible for the person skilled in the art, by reworking the
reactors with fixed conversions, to rework the example without knowing the exact equations for

the kinetics.

5o Example 2a: (noninventive)

in example 2a, a column K1* is considered, in which MTBE-containing stariing stream (1) is
merely freed of low boilers such as C4 and C5 hydrocarbons. Such a column is described in
most of the processes known from the fiterature, for example DE 10 2009 027404. Accordingly,
35 in column K1 the MTBE-containing feedstock (1) is separated into a top product (I1*) and a
bottom product (IV*). As a feed to column K1*, an MTBE stream (I} (MTBE-containing starting



| (III). kl bottom prod. (IV) Mass flow rate kg/h] 1.8 70.0 1045.2 Parts by mass [kg/kg] dimethyl ether
isobutane isobutene n-butane 0.000004 butadiene 1-/2-butenes 0.264378 0.000133 C5

hydrocarbons 0.476646 0.000424 0.00001

WO 2012/052327 28 PCT/EP2011/067770

stream) of 1000 kg/h with the composition listed in table 5 is assumed (typical fuel MTBE,
compare with table 3).

Table 5: Composition of the assumed MTBE entry stream (1) and of the distillate (I*) and of the
s bottom product (IV*) for column K1* for example 2a

Starting Kt* K1* bottom

MTBE distillate prod.

0 (") (V")
Mass flow rate [kg/h] 1000.0 42 995.8
Parts by mass [kg/kg]
dimethy! ether
isobutene
n-butane 0.000150 0.035548
1-/ 2-butenes 0.001G30 G.244102
C5 hydrocarbons 0.002000 0.462191 0.000050
MTBE 0.979165 [0.150000 |0.982679
2-methoxybutane 0.002500 0.000064 0.002510
methanol 0.009500 0.108011 0.009083
tert-butanol 0.003000 0.003013
water 0.060005 | 0.000005 [0.000005
diisobutene 0.002500 0.002511
acetone 0.000150 0.000078 0.000150

Column K1~ has 40 theoretical plate’s and is operated at a pressure of 0.35 MPaa0s). Feed (1) is
applied above plate 15, counted from the top. The reflux was set to 671 kg/h, such that the
e MTBE content in the distiltate (I*) is firstly low (MTBE loss), and the bottom product (IV*)is
secondly very substantially free of low boilers (C4 and C5 hydrocarbons). The distiltate of this
column K1* has a residual content of 15% by mass of MTBE and the bottom product a residual
content of C4 and C5 hydrocarbons of 50 ppm. The acetone present in the starting MTBE
(150 ppmy) is not removed in this operating mode of the column; the concentration in the botiom
15 product (V') is unchanged at 150 ppm.

This example showed that, in a customary operating mode of the low boiler column described in
the literature, acetone is not removed from the starting MTBE (1).



MTBE 0.150000 0.848364 0.982642 WO 2012/05232736PCT/EP2011/067770 2-methoxybutane
0.000017 0.000369 0.003539 methanol 0.108444 0.148768 tert-butanol 0.000384 0.011903 water
0.000005 0.000051 diisobutene 0.001889 acetone 0.000506 0.001507 0.000025 The distillate of
column KIChEs1a/tésidial content of 15% by mass 88 MTBE. The side streanPCIRFEEs11067770
predominant portion of the acetone present in stream () (approx. 79% by mass), while the bottom
product BXaMRIg S HRHEBVRRHYAE invention, comprises only a very low level 5of acetone (25 ppm,
20% by mass of the amount present in stream (1)). The MTBE stream (IV) which has been freed of low
boilers and acetgne is supplied to column K2 in which principally diisobutene and 2-methoxybutane
are rem%%géa\wgq%%%g% o&m?slf%:ter'ﬁ’gscstr)ﬁ?ﬁ M ﬁaﬁ%él}{ f(ﬁ%’[ﬁ'égﬁﬁﬁﬁ?i%g shenidgherithedesameriux ratio
of 3.2 aneflak dproatarest 200S 8P dijalrrBhe ams@v) s faddetatiod platpd@iadimtetidrom the

top.;The ionipiost{V | ' S5SEY fracti IS a %0( f MTBE.
The 2-methc!)x%buta§e !:%Vﬁgﬁ%ﬁ%h%%istillate v%;?ggﬁg{fge%ﬂlg;?%%%%%n&ﬁ%nﬁlass %é?e% ['g%% %B .In
2:

this col PRRIGABCRIENSH EPpERLEN o REIRY e ansersinaie /el Composition of bottom

product (V) and of distillate (VI) of column K2, and of reactor output (VII) from reactor R, for example 4
The mass flow rates and the corresponding composition of distiltate (11*) and bottom product

(IV*™) are shown in table 6.

Table 6: Composition of the distillate (H*) and of the bottom product (IV*) for column K1* for

example 2b

K1* K1* bottom
distiliate prod.
) (V%)
Mass flow rate [kg/h] 232.9 767.1
Parts by mass [kg/kgl
dimethyl ether
isobuiene
n-butane 0.000644
1- / 2-butenes 0.004423
C5 hydrocarbons 0.008570  10.000006
MTRE 0.942548 | 0.880281
2-methoxybutane 0.001066 0.002935
methanol 0.040794
tert-butanol 0.001417 0.003480
water 0.000021
diisobutene | 0.003259
acetone 0.000515 6.000039

15 Asis evident from table 6, the distillate mass flow rate has to be increased from 4.2 kg/h in
Example 2a to 233 kg/h in order to remove 80% by mass of the acetone present in feed stream
(1) from the bottom product (IV*). The MTBE content in the distillate is approx. 94% by mass.
Thus, the MTBE loss is considerable (22% by mass). The content of C4 and C5 hydrocarbons



¢

K2 bbttom prod. (V) K2 distillate (V1) Reactor output (VII) Mass flow rate [kg/h] 20.9 1024.3 1024.3
Parts by mass [kg/kg] dimethyl ether 0.002300 isobutane isobutene 0.539935 n-butane

butadiene 1-/2-butenes 0.000205 05 hydrocarbons
WG 2012/052327 30 PCT/EP2011/067770

in the distillate totals approx. 1.4% by mass. Thus, this stream is unsuitable as a fuel additive

without being worked up again.
Example 2¢: {(noninventive)

In example 2c, the reflux flow rate of column K1* is increased to 947 kg/h and the distillate mass
flow rate of column K1* is adjusted such that 80% by mass of the acetone present in feed |
stream (1} is again separated into the distillate. Mass flow rate and composition of feed stream
(1) and pressure, number of plates and application level for column K1* remain unchanged from

10 example 2a.

The mass flow rates and the corresponding composition of distillate (II*) and bottom product
- {IV*) are shown in table 7.

i5 Table 7: Composition of the distillate (11"} and of the bottom product {IV*) for column K1* for

example Z¢

K1* K1* bottom
distillate prod.
(") (V")

Mass flow rate [kg/h] 130.2 869.8
Parts by mass [kg/kg]

dimethyl ether

isobutene

n-butane 0.001152

1-/ 2-butenes 0.007909

C5 hydrocarbons 0.015331 0.000004
MTBE 0.900536 | 0.990939
2-methoxybutane 0.000530 0.0627385
methanol 0.072946

tert-butanol 0.000638 |0.003354
water 0.000038

diisobutene 0.002874

acefone 0.000921 0.000034




" 0.000001 0.000001 WO 2012/05232737PCT/EP2011/067770 MTBE 0.826570 0.985827 0.147638
2-methoxybutane 0.078959 0.002000 0.001678 methanol 0.301598 tert-butanol 0.012146 0.003024
water 0.003116 diisobutene 0.094471 0.000480 acetone 0.000026 0.000026 After further heating

to reactigpiemperaiigy the MTBE fraction (VI) is sypplied, according to Figys %@gg{ggw
reactor in process step d). The cracking reactor is modelled with a reactor capacny 0

assuminig ifingoivith ineatalyst vmlaleéﬂqsarmﬁ@ionmlwm,@%@ﬁwm@e eSMINIHE¥S¢de and

285 arad 02/ VA e O e SEitor M Rinioe, A9 PR o Ao s

found; th@ Qiéfrﬁ@sﬁbhf@ﬁZQW@m@Xy%&féﬁé’ mw@mp@m.t@)aeamp@tm rébusctiue stréaenpsoportion of
2-methoxybutane & 3008 BRANDY MRsstiRRg QIR (Befhain.

E

Example 3a: (inventive)

Example 3a corresponds to the process shown in Figure 1. Column K1, in contrast to column
K1" in examples 2a and 2b, is operated with a side draw (ilf). Mass flow rate and composition of

10 feed stream (1) remain unchanged from example 2a.

Column K1 has 52 theorstical plates and is operated at a pressure of 0.35 MPa,,;. Feed (1) is

applied above plate 27, counted from the top. Side draw (I} is withdrawn in liquid form from

plate 12 and is adjusted to 70 kg/h. The reflux rate was selected as in example 2a (670 kgih).
15

Tabie 8: Composition of distillate (il), of side draw (iii) and of bottom product (V) for column K1

for example 3a

K1 bottom | K1 side

K1 distiliate | prod. draw

(h (V) (i)
Mass flow rate [kg/h] 4.0 926.0 70.0
Parts by mass [kg/kg]
dimethyl ether
isobutene
n-butane 0.036276 0.000054
1-/ 2-butenes 0.245209 0.000593
C5 hydrocarbons 0.460260 |0.000023 [0.001758
MTBE 0.150000 |0.991320 [0.866124
2-methoxybutane 0.000018 0.002670 0.000391
methanol 0.107805 0.129506
tert-butanol 0.003222 | 0.000235
water 0.000009 0.000071
diisobutene 0.002700
acetone 0.000424 |0.000064 |0.001267




however, in spite of the cracking of 2-methoxybutane to 1- and 2-butene, there is no risk to a
specification customary on the market for linear butenes in the isobutene product. For acetone, in

accordance with exarggle 1, no conversion is assumed. The composition of the reactor output (IV) is
shown in¥ab#P12/0883rHe reactor output (V1) is pard condensed and fed in Biph&ER@®dr & Blumn

K3. Th lumn.h t tical pl di ted at flu tio of 0.3 and at f

0.65 ML URE 113 B PO 1 MR b e Rlac296m CoURHAIRBIRTHG (i PiesoRghn

product é6hsksteite dagriintionyroddunt div)enetbN4EB Enfnp Propm3T6 Hyurass)and (eethan@ g).

20 9 ' tj i d st
(appr%66%*“@@3?2%‘%&%@5%'%%5 IR He,%%gﬁ&%%&f %SSEE%}{%%J%% stream

(56 ppm); see table ) he MTBE synthesis Si. The top product (I1X) is
isobutenE'SitHASHGAY 6P PArér4RRNCO8DR Ry AR Sty TassutBRCItAR RN iheP BUseRes!i< 1000
pprmEby mEseXatdhChy hydse chthensigindCO00ppM Ay catass)idBregiires iarmdppieal draidteneass

specificat] ied with ] I er. IsQ table 1. Acetone is tonlyina
concent ] L o st By B St of
acetone fﬁf%§§ﬁﬁm-t§‘é*f@éﬂj§tﬁé’§ﬁ?‘(’\ﬂwy R 180 by mgesitbihe fhstoire O ERE trre HeNkinduf

distillate g eksatumaikchipgaxanm@atthsKd pastartipedstAMr distiiate 8XhLMess figw rate [kg/h]

446.4 577.9, Part m [kg/ imethy‘éeth.er 0.000019 0.004061 isoputane _isobutene 0.000500
0. 956605%—%3? g§§2{ ﬁﬂ?ﬁ% ﬁ%é(r%ka[ QBE ﬂg [% %Side stream,lhowever, is low (approx. 2400 ppm),

10 and so this stream (1) can be marketed as a fuel additive, optionally aiso after mixing with a
stream from an MTBE synthesis.

Example 3b: {inventive)}

15 In example 3b, the reflux flow rate of column K1, as in example 2¢, is increased to 947 kg/h and
the distillate mass flow rate of column K1* is adjusted such that the distillate (I!) again comprises
a residual content of 15% by mass of MTBE. Composition of the feed stream () and pressure,
number of plates and application level for feed stream and withdrawal teve! for the side draw for
column K1 remain unchanged from example 3a.

20
The mass flow rates and the corresponding composition of distillate (1), side draw (1ll) and
botiom product (V) are shown in table 9.

Table 8: Composition of distillate (II), of side draw (Ill) and of bottom product (IV) for column K1

25 for example 3b

K1 bottom | K1 side
K1 distillate | prod. draw
(1) (V) (1)
Mass flow rate [kg/h] 4.1 025.9 70.0
Parts by mass [kg/kg]
dimethy! ether
isobutene
n-butane 0.035756 0.000038
1-/ 2-butenes 0.242768 0.000426
ics hydrocarbons 0.462660 10.000004 0.001295




0.000025 0.000344 C5 hydrocarbons 0.000001 MTBE 0.338774 0.000001 2-methoxybutane
0.003850 methanol 0.642355 0.038392 tert-butanol 0.006940 water 0.006377 0.000598 diisobutene

0.001102, acetone 0.000056 0.000003 In the extraction K4, stream (IX) is washed with water (XI) in
order to WREPA RS M&thanoal still present. Column #34 has 5 theoretical plateB GHER2EA&RZA A a

3
pressure of 1.2 MP The fresh water (XII1) | Hﬁ(gat plate 1, counted from the top; the
methanol-laden wafﬁl? (agueous phase) is dL \'/%580 tp a@%%gﬁ the%g@??ﬁ]ethanol-free
isobutene stream (X3-(oetamxigopleanse) is drawn ofd 8DRMEER 1. OWD2676 | 0.000323

2012/05232739PCAERZALL/067770 Table T4 Gorggpesitionrof the-fresh 'Mggﬁgf—fheorganic phase
(X) and of the aqueous.phase (X1) of column K4 for examplei4 Fresh water )?(4 organic phase

(X) K4 aqueous pha€s-gdinol 0.003222  10.000237
water 0.000008 0.000071
diisobutene 0.002700
acetone 0.000562  |0.000032 |0.001681

The increase in the reflux in example 3b makes it possible to remove 80% by mass of the in the
feed stream via the side draw and distillate, the side draw comprising approx. mass-79% of the
acetone. In contrast to examples 2b and 2c, however, the MTBE loss via the distillate (1) is low,

Ut

and again only approx. mass-6% of the amount of MTBE present in the feed stream is
discharged via the side draw. Compared to example 3a, increasing the refiux allowed the
~content of C4 and CS nhiydrocarbons in the side stream fo be reduced further (approx.

1780 ppm), such that this stream (1) can again be marketed as a fuel additive.

10 Examples 2a, 2b, 2¢, 3a and 3b showed that, in a customary operating mode of the low boiler
column K1* described in the literature, acetone is not removed from the starting MTBE (1). By
increasing the distiliate mass flow rate (li)* and the reflux, it is possible with the same
configuration (column Kt* without side draw) to remove acetone, but an undesirably high MTBE
loss is associated with this operating mode. With the inventive configuration of the low boiler

15 column — column K1 with side draw — acetone can be removed effectively and with lower MTBE

fosses.

Example 4: {inventive)

20 Example 4 corresponds to the process described in Figure 5 for preparation of high-purity
isobutene, assuming a variant according to Figure 6 for the purification of the isobutene (IX).

As the feed to the MTBE synthesis 81, according to Figure 5, a C4 hydrocarbon stream (XX) of
1800 kg/h with the composition listed in table 10 with a proportion of 60 ppm of acetone is

25 assumed (typical raffinate ). Also listed in table 10 is likewise the composition and the mass
flow rate of the fresh methanol supplied {(XX}. Composition and mass flow rate of the recycled
stream (Vill) coming from process step e) {column K3 bottom product) are shown in table 13.
The amount of fresh methanol was adjusted so as to result in a molar ratio of methanal to
isobutene in the feed to the MTBE synthesis of 1.13.



Maéé flow rate [kg/h] 100.0 555.5 122.4 Parts by mass [kg/kg] dimethyl ether 0.003929 0.001342
isobutane isobutene 0.994815 0.001612 n-butane butadiene 1-/2-butenes 0.000358 0.000001
05 hydrocarbons MTBE 0.000001

WO 2012/052327 - 34 PCT/EP2011/067770

Table 10: Composition of the entry stream (XX) and of the fresh methanol (XX1), and of the
distiftate (Xi) and of the bottom product (1) (starting MTBE) of column KS1-1 for exampie 4

KS1-1 Starting
Raffinate | | Methanol |distiiate | MTRE
(XX) (XX (XXIN (H
Mass flow rate [kg/h] 1800.0 120.1 1249.5 1117.1
Parts by mass [kg/kg]
dimethyl ether 0.000709
isobutane 0.025500 0.036736
isobutene 0.350000 0.020956
n-butane 0.080000 0.115250
butadiene G.001500 0.002161
1- / 2-butenes 0.542400 0.779989 | 0.000441
C5 hydrocarbons 0.000540 0.000056 |0.000808
MTBE 0.972864
2-methoxybutane 0.003335
methanol 1.000000 10.043415 |0.009500
tert-butanol 0.011162
water 0.000727 |0.000003
diisobutene _ 0.001768
acetone 0.000060 0.000119

The C4 hydrocarbon stream (XX}, the fresh methanol (XX1) and the methanol-containing recycle
stream (ViHl) are mixed in process step S1 and supplied to an MTBE synthesis. The MTRE
synthesis consists, in Example 4, of three series-connected adiabatic fixed bed reactors RS1-1,
RS1-2 and RS1-3 and a distillation column KS1-1. The first reactor RS1-1 is designed as a

10 circulation reactor. Filling of the reactors with Amberlyst® 15 (Rohm & Haas) is assumed.
Reactor RS1-1 is modelled with a capacity of 3.25 m®, RS1-2 with 1.8 m® and R81-3 with 1 m®.
The inlet temperature into reactor RS1-1 is 42°C, the circulation flow rate assumed 5100 kg/h.
The inlet temperature into reactor RS1-2 is 40°C, the inlet temperature into reactor RS1-3 36°C.
Under these conditions, a conversion of isobutene over all three reactors of approx. 96% is

15 found. Side reactions considered in the kinetic mode! used are the formation of TBA from
isobutene and water, the dimerization of isobutene to diisobutene, the reaction of methanol to
give DME and water, and the formation of 2-methoxybutane from n-butenes.



2-methoxybutane methanol 0.000002 0.181264 tert-butanol water 1.000000 0.000892 0.815776 d
isobutene acetone 0.000002 0.000005 5 The compositions of the fresh water, of the organic phase
(X) and of the agueous phase (XI) of column K4 are shown in table 14.  Optionally, stream (XI) can
be sepa¥éfedHFaMd 238y water and methanol in a fusther distillation iocolumn RST&PsttowéT FHigure 6.
The moist isobutene stream (X) is virtually methanol-free, but still comprises DME. The acetone was
depleted slightly in the extraction. 15The isobutene stream (X) is supplied to column K6, in order to

remove TasiestaitwaigroantalimestidratsaraThegpimandasuntkenaticaknlsiesapddsygperated at a
reflux r ;?o ofE n'%,{ ata 2 pressure ?sfa 0] MP?(ta 'I(':ggnfee stre%m X) is added above plate 8,
counte fom the top. Tha colimn has & 16 decanter-SHHIPRdES:" Jﬁ’? PRI 2eSHiRtdecond
phase. at #refearrpiosidhe aidiaé @Irs“ﬁﬁatée(ﬂf\@)Géﬂ\ﬂﬁ’@(a,québabqntmee)(m):bﬂImamgéﬂﬁltﬁ)r and
of 5the hoteRnREpANPEEX YL hmelymMmicE anemskend Iac@m?eﬂp‘ésl@t%%:e%m%s 1o atdhe.
dls,tlllatelézf"lveS i@i beous hase XV of the to decanter, and of the bottom product (XVI) of
colum f8 ‘8 ﬁ%@ﬂ &Im&?g ntly of 4 hydrocarbons and of methanol, DME forme
in the MTBE synthesis and water. In further workup steps known from the literature, for example
extraction, the distillate (XXII} can be freed of oxygenates and processed further to give further
products of value.
ig
The MTBE stream (1) comprises a total of approx. 1250 ppm of C4 and C5 hydrocarbons, and
approx. 120 ppm of acetone. According to the invention, the C4 and C5 hydrocarbons and the
acetone are removed from this stream in column K1. Column K1 has, as in examples 3a and
3b, 52 theoretical plates and is operated at a reflux rate of 1341 kg/h and at a pressure of
15 0.35 MPags). Feed (1) is applied above plate 27, counted from the top. The side draw () is
withdrawn in liquid form from plate 12 and set to 70 kg/h.

Table 11 shows the of distillate (i1}, of side draw (i1l) and of bottom product (1V) of column K1.

26 Table 11: Composition of distillate (I}, of side draw (Ill} and of bottom product (IV) of column K1
for example 4

K1 K1 side K1 bottom
distiliate | draw prod.
(1) (1 (IV)
Mass flow rate [kg/h] 1.8 70.0 1045.2
Parts by mass [kg/kg]
dimethyl ether
isobutane
isobutene
n-butane 0.000004
butadiene
1-/ 2-butenes 0.264378 10.006133
C5 hydrocarhons 0.476646 |0.000424 |0.00001
MTBE 0.150000 |0.848364 |0.982642




s

IMI‘\/IAI K6 decanter aq. phase ) a K6 bottom prod. (XVI) 37.0 MEM IIM Mass flow rate [kg/h] Parts by
mass [kg/kg] dimethyl ether 0.119747 IMM 0.014149 isobutane isobutene Mal butadiene
0.870535 0.0004250.999629 1- / 2-butenes 0.000067 0.000368 C5 hydrocarbons
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2-methoxybutane 0.000017 10.000369 |0.003539
methanol 0.108444 0.148768
tert-butanol 0.000384 |0.011903
water 0.000005 |0.000051
diisobutene 0.001889
acetone 0.000506 |0.001507 |0.000025

The distillate of column K1 has a residual content of 15% by mass of MTBE. The side siream
comprises the predominant portion of the acetone present in stream (1) (approx. 79% by mass),

while the bottom product (IV), in accordance with the invention, comprises only a very low level
s of acetone (25 ppm, 20% by mass of the amount present in stream (1)).

The MTBE stream (IV} which has been freed of low boilers and acetone is supplied to coiumn
K2 in which principally diisobutene and 2-methoxybutane are removed via the botiom (V). The
column has 105 theoretical plates and is operated at a reflux ratio of 3.2 and at a p%essure of

10 0.8 MPa(abs). Stream (IV) is added above plate 40, counted from the top. The top product (V1)
obtained is a gaseous fraction comprising more than 98% by mass of MTBE. The
2-methoxybutane content in the distillate was adjusted to 2000 ppm by mass (see table 12). In
this column, the acetone passes completely into the distillate.

15 Tabie 12: Composition of bottom product (V) and of distillate (V1) of column K2, and of reactor

output {VH) from reactor R, for example 4

K2 bottom | K2 Reactor
prod. distitate | output
v) (Vi) (Vi)
Mass flow rate [kg/h] 20.9 1024.3 1024.3
Parts by mass [kg/kg]
dimethyi ether 0.002300
isobutane
isobutene 0.539935
n-butane
butadiene
1- / 2-butenes 0.000205
C5 hydrocarbons 0.000001 | 0.000001




allM11.1.1 2-methoxybutane 0.000001 methanol 0.000061 0.000665 tert-butanol water 0.009590
IMIMIE 0.984760 MEM 0.000002 diisobutene acetone 10 The distillate (XIV) of column K6 still
comprises approx. 87% by mass of isobutene. DME can optionally be concentrated to a higher level in

a furthegggluginy @b e isobutene can be recycle§i7into column K6. The b
with a purity greater than 99.9% by mass and meets the specification accor
@nates total less than 10 pp

particularly, the oxyg
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pm. SExample 5:

(noninventive) Examﬁww ne process
according to the inve SRR P&?’Hﬁly, a proces&gm to I:ﬁ)g%]aoé)(?s :Bﬁ@?j@?gd, except that
process step b), i.e. thetthgcblarge of the acetone in the side draw of colupmpik$gs gmitted. The place
of column 10K1 withrg;siderdraw-is takc._. by a_:,i nple di§tillati“rbg?§,}iiﬁmn '630’;]%852 ing to example 2a.
All other process steps_and column configurations remain unchanged from example 5. The feed to the
MTBE synthesis Si is#88Umed, analogously to eéxample 4, to be a C4 hjdf8rton|stream (XX) of
1800 kg/h with unchafiged @engposition; See tablgykp hahie 16 Tists isthetggREEition and the mass
flow rate of the fresh-methanol- 000 -supplied.-The-compasition.and mass flow rate of the recycle
stream (VIII) coming ASHPPFocess step e) (colu%en K3 bottom$bPGHEED aRARIRA in table 19. The

amount of fresh methanol was adjusted so as again to result in a molar ratio of methanol to isobutene
in the feggl.ia:th 106777

- ' . 32742PCT/EP201 T
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MTBE) 51tfURn fPRIS CTaRSEaRpir & XSSt shiafiifitd (Rxpasisggasiqpixmodelied with a

reactor capacity of 0.9 m®, assuming filling with a catalyst which consists formally of magnesium

ble 16:
?_I) (starting

oxide, aluminium oxide and silicon oxide, the preparation of which is described in patent
DE 102008040432.7.
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The reactor is run at 28 nd 0.7 MPas). Under these reaction conditions, an MTBE
conversion of approx. 85% is found; the conversion of 2-methoxybutane is approx. 16%. Due to
1o the restriction in the proportion of 2-methoxybutane to 2000 ppm by mass in the reactor feed,
however, in spite of the cracking of 2-methoxybutane to 1- and 2-butene, there is no risk fo a
specification customary on the market for linear butenes in the isobutene product. For acetone,
in accordance with example 1, no conversion is assumed. The composition of the reactor output
(V) is shown in table 12.
15
The reactor output (VI is partly condensed and fed in biphasic form to column K3. The column
has 45 theoretical plates and is operated at a refiux ratio of 0.3 and at a pressure of 0.65
MPa(abs). The feed stream (V1) is added above plate 28, counted from the top. The bottom
product consists predominantly of unconverted MTBE (approx. 33% by mass) and methanot
20 (approx. 64% by mass), and also the predominant portion of the acetone present in the feed

stream (56 ppm); see table 13. Stream (VIII) is recycled into the MTBE synthesis S1.

The top product (IX) is isobutene with a purity of greater than 95% by mass of isobutene. The

limits for linear butenes {< 1000 ppm by mass) and C5 hydrocarbons (< 1000 ppm by mass)
25 required in a typical isobutene specification are complied with in a reliable manner; see aiso
table 1. Acetone is present only in a concentration of 3 ppm, which, however, still corresponds

to approx. 6% by mass of the amount of acetone present in the feed stream (VIi).



Stér"ting MTBE (I) Mass flow rate [kg/h) 1800.0 90.8 1129.3 Parts by mass [kg/kg] dimethyl ether
isobutane 0.025500 isobutene 0.350000 n-butane 0.080000 butadiene 0.001500 1-/2-butenes
0.542400 0.000453 05 hydrocarbons 0,000540 0.000824 MTBE

y
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Table 13: Composition of bottom product (VIH) and of distillate (IX) of column K3 for example 4

K3 bottom | K2
prod. distillate
(VIR (IX)
Mass flow rate kg/h] 446.4 577.9
Parts by mass [kg/kg]
dimethyl ether 0.000019 |0.004061
isobutane
iscbutene 0.000500 |0.956601
n-butane
butadiene
i- / 2-butenes 0.000025 |0.000344
C5 hydrocarbons 0.000001
MTBE 0.338774 |0.000001
2-methoxybutane 0.003850
methanol 0.642355 {0.038392
tert-butanol 0.006940
water 0.006377 ;0.000598
diisobutene 0.001102
acetone 0.000056 {0.000003

in the extraction K4, stream (IX) is washed with water (X!} in order to remove the methanol still

present. Column K4 has 5 theoretical plates and is operated at a pressure of 1.2 MPaes). The

fresh water (XIll} is applied at plate 1, counted from the top; the methanol-laden water (Xt)

(aqueous phase) is drawn off at plate 5 and the moist, methanol-free isobutene stream (X)

{organic phase) is drawn off at plate 1.



0.969930 2-methoxybutane 0.003418 methanol 1.000000 0.009500 tert-butanol 0.012502 water
0.000004 diisobutene 0.001776 acetone 0.000060 0.001594 5The 04 hydrocarbon stream (XX), the
fresh methanol (XXI) and the methanol-containing recycle stream (VIII) are mixed in process step Si
and supplietbta and¥IBE synthesis. The arrangemeggt of the reactors, react%é¥%§?5q1lm§h?o
temperatures remain unchanged from example 4. Under these conditions, an overall conversion of
isobutene of approx. 96% is again found. The reactor output from reactor RS1-3 is again supplied to

column f efI X ra and colum ure in unchanged from
examp Ielﬁ%k}I Te:_lélcr?m %ﬁgﬁﬁar? r%tfsgss Iilow ?zr;ltg of dietiats % E?r?oaBét?mep?SH%Pf%@&ertmg
MTBE) ard) éﬁ@WHWWt’&fol@"l@@F%ﬂlld be noted that, due to the lack of removal in column K1 and the

associated increased acetone concentration in the reflux stream (VIII), the acetone concentration in
the starting MTBE (I)}-has-risen-distinctly-to-approx—1600.ppm compared to example 4. 15 The feed (1)

is applied above plate 15, counted from the top. In order to achleve analgéously to example 2a, a
concentration of 50 ppm of 04 and 05 hydrocarbpns in the bokéryguaducidléslsthe| column is
operated at a reflux fate of 826 kg/h. Table 17 sheysthe corwgggion of Hh istillate stream (11*) and
of the bottom stream (IV*) of column K1*. 5 Tablg 17: Composition of th¢ dIS late (II*) and of the
bottom product (IV"){for column K1" for example [g¥ater (XIt} | {X) (XD)

Mass flow rate [kg/h] 100.0 555.5 122.4

Paris by mass [kg/kg]

dimethyl ether 0.003929 |0.001342

isobutane

isobutene 0.984815 [0.001612

n-butane

butadiene

1- / 2-butenes 0.000358 | 0.000001

C5 hydrocarbons

MTBE 0.000001

2-methoxybutane

methanol 0.000002 |0.181264

tert-butanol

water 1.000000 {0.000892 0.815776

diisobutene

acetone 0.000002 |0.000005

The compositions of the fresh water, of the organic phase (X) and of the aqueous phase (X1) of
column K4 are shown in table 14.

Optionally, stream (XI) can be separated again into water and methanol in a further distillation
10 column K5, as shown in Figure 6.

The moist isobutene stream (X} is virtually methanol-free, but still comprises DME. The acetone
was depleted slightly in the extraction.

15 The isobutene stream (X) is suppiied to column K6, in order {o remove residual water and
dimethyl ether. The column has 70 theoretical plates and is operated at a reflux ratio of 81 and



. KlI*.distillate (r) KI* bottom prod. (1V*) Mass flow rate [kg/h] 1.9 1127.4 Parts by mass [kg/kg] dimethyl
ether isobutane isobutene n-butane 0.000004 butadiene 1-/2-butenes 0.273941 05
hydrocarbons 0.467714 0.000050 MTBE 0.150000 0.971288 2-methoxybutane 0.000086 0.003424

methanol
WO 2012/052327 40 PCT/EP2011/087770

at a pressure of 1.0 MPa.. The feed stream (X) is added above plate 8, counted from the top.
The column has a top decanter on which water (XV) is drawn off as the second phase.

The compositions of the distillate (XIV), of the aqueous phase {XV) of the top decanter and of
5 the bottom product (XVI) of column K6 are shown in table 15.

Table 15: Composition of the distillate (XiV), of the agueous phase (XV) of the top decanter,
and of the bottom product (XVI) of column K6 for example 4

K8
K6 decanter |K8 bottom
distiliate aq. phase |prod.
(XIV) (XV) (XV1D)
Mass flow rate [kg/h] 18.2 0.3 537.0
Parts by mass [kg/kg]
dimethyl ether 0.119747 10.014149
isobutane '
iscbutene 0.870535 |0.000425 |0.999629
n-butane
butadiene
1-/ 2-butenes 0.000067 0.000368
C5 hydrocarbons
MTBE : 0.000001
2-methoxybutane
methanol 0.000061 |0.000665
tert-butanol
water 0.009590 |0.984760
diisobutene
acetone 0.000002

10
The distillate (XIV) of column K& still comprises approx. 87% by mass of iscbutene. DME can
optionally be concentrated to a higher ievel In a further column, and the iscbutene can be
recycied info column KB.



* 0.107314 0.009338 tert-butanol 0.012523 water 0.000006 0.000004 diisobutene 0.001778 acetone

0.000936 0.001595 10Acetone in this operating mode, as already shown in example 2a, is not
removed and discharged from the process. The MTBE stream (IV*) is supplied to column K2, in which
diisobuttw% = xybutane are removed via Ee bottom (V). The number of plates and column
pressure rer%%%dn%%aar?ged 15from example 4. Thé£r eflux ratio is 2.9. Compg&Téﬁjg%Um%g Row

rates of tpRARBAABAOLISHALGAUINR K2are, Showe inJale 38, A1 acelans in s golumn again

passes completely into the distillate. WO 2012/05232744PCT 8% -"Composition
of the batRSHTSEIRTAdRE br gRiedistiie pemaizdiuiim RasaiaissinialderadhauiSuprwilfeom the
reactor Rideteexaroptediratidroettompriarod. (V) K2 distillate (VI) Reactor output (VII) Mass flow rate
[kg/h] 22.5 1104.9 1104.9 Parts by mass [kg/kg] dimethyl ether

s Example 5: (noninventive)

Example 4 serves as a comparative example and does not include the process according to the
invention. Accordingly, a process similar to Figure 5 is considered, except that process step b),
i.e. the discharge of the acetone in the side draw of column K1, is omitted. The place of column

10 K1 with a side draw is taken by a simple distillation column K1* according to example 2a. All
other process steps and column configurations remain unchanged from example 5.

The feed to the MTBE synthesis S1 is assumed, analogously to example 4, to be a C4
hydrocarbon stream (XX) of 1800 kg/h with unchanged compasition; see table 10. Table 16 lists
15 the composition and the mass flow rate of the fresh methanol (XX) supplied. The composition
and mass flow rate of the recycle stream (VIil) coming from process step e) (column K3 bottom
product) are shown in table 19. The amount of fresh methanol was adjusted so as again to

result in a molar ratio of methanol to isobutene in the feed to the MTBE synthesis of 1.13.

20



' 0.002344 isobutane isobutene 0.533905 n-butane butadiene 1-/ 2-butenes 0.000205 C5
hydrocarbons 0.000051 0.000051 MTBE 0.837882 0.974011 0.145868 2-methoxybutane 0.073196
0.002000 0.001678 methanol 0.009529 0.307412

WO 2012/052327 42 PCT/EP2011/067770

Tabte 16: Composition of the fresh methanol (XXI) and of the distillate (Xi}) and of the bottom

product (1) (starting MTBE) of column K81-1 for example 5

KS1-1
distilate | Methanol | Starting
(XX {(XXh) MTBE (1)
Mass flow rate [kg/h} 1800.0 90.8 1129.3
Parts by mass [kg/kgl
dimethyl ether
isobutane 0.025500
isobutene 0.350000
n-butane 0.080000
butadiene 0.001500 .
1-/ 2-butenes 0.542400 0.000453
C5 hydrocarbons 0.000540 0.000824
MTBE 0.969930
2-methoxybutane 0.003418
methanol 1.000000 |0.009500
tert-butanotl 0.012502
water 0.000004
diisobutene 0.001776
- | acetone $.000060 0.001594

s The C4 hydrocarbon stream (XX}, the fresh methanol (XXi) and the methanoi-containing recycle
stream (VIll) are mixed in process step St and supplied to an MTBE synthesis. The _
arrangement of the reactors, reactor sizes and inlet temperatures remain unchanged from
example 4. Under these conditions, an overall conversion of isobutene of approx. 96% is again
found. The reactor output from reactor RS1-3 is again supplied to column KS1-1. The number of

10 plates, reflux ratio and column pressure remain unchanged from example 4. The composition
and mass flow rate of distillate (XX!) and bottom product (1) (starting MTBE) are shown in table
16. It should be noted that, due to the tack of removal in column K1 and the associated
increased acetone concentration in the reflux stream (Vill), the acetone concentration in the
starting MTBE (1) has risen distinctly to approx. 1600 ppm compared to example 4.

15
in column K1* the C4 and C5 hydrocarbons are removed from the MTBE stream (1). Column
K1* has, as in example 2a, 40 theoretical plates and is operated at a pressure of 0.35 MPa a5



- tert-butanol 0.012778 0.003182 water 0.000004 0.003253 diisobutene 0.088922 0.000474 acetone
0.001628 0.001628 5 The MTBE fraction (V1) is, after vaporization and further heating to reactor
temperature, supplied according to Figure 5 to the cracking reactor in process step d). The reactor
volume, catalys c@ar e and reaction pressure remain unchanged from example 4. The reactor
temperaﬁﬁ%‘fﬁ}%’l égf%g 292C in order again to achféve an MTBE conversior& HBpR! 8886776and a

2-meth n i fa X..16%. For acetone, again no conversion is assumed. The
compO;E%%l%%%ﬁ%aéﬁ%ﬁre%at%ﬁ%g? B ﬁ?‘?o%ﬁnlr? R éf}#é Fégé?gf gou?ﬁﬁl[e({?rl?f? Sty o
condensB@ERLE S3pBlicd AeBiighesiel oo ebldnank & Sheimearbensairplages;ttefiuxroatiot dhvdicolumn

pressureHgaRiHNSbaBaRc M RxamRIe 4f AiRgBerample %haaéiﬂngf&li(r%!%%ﬁ% %%ﬁ/msss of
; apProx. o by mass

the acetgne present in feed stream (VII) is distilled info the top product (I

of the agé?gﬁ%ep%%ga@ m@ ?ﬁ'ép 6%(&?8 © ?BHB*E’F?W%Y%&& ?%@T&%ince, however, the concentration
in thre feed is very high due to lack of an acetone discharge, approx. 170 ppm of acetone gets into the
top pro | : iti t I istill umn K3
for exarivpﬁglgalgiﬁ)%ﬁt}%grf% %ét?)ﬁ()ﬂ ﬁ%ﬁiﬁh&%ﬁg )(é;)}q nﬂ%@%%ﬁ%{%m@ %5%1%9 ‘Sﬁ)iaﬁ% by mass
[kg/kg] HifRIRPether 0.000021

K1* K1*
distillate bottom
() prod. {IV*)
Mass flow rate [kg/h] 1.9 1127 4
Parts by mass [kg/kg]
dimethyl ether
isobutane
isobutene
n-butane 0.000004
butadiene
1-/ 2-butenes | 0.273841
C5 hydrocarbons 0.467714 | 0.000050
MTBE 0.150000 {0.971288
2-methoxybutane 0.000086 |0.003424
methanol 0.107314 [0.009338
tert-butanoi 0.012523
water 0.000006 |0.000004
diisobutene 0.001778
acetone 0.000936 |0.001595

10 Acetone in this operating mode, as already shown in example 2a, is not removed and
discharged from the process.

The MTBE stream (1V*) is supplied to column K2, in which diisobutene and 2-methoxybutane
are removed via the bottom (V). The number of plates and column pressure remain unchanged

15 from example 4. The reflux ratio is 2.9. Compositions and mass flow rates of top and bottom
product of column K2 are shown in table 18. The acetone in this column again passes
compiletely into the distillate.



0.0v04184 isobutane isobutene 0.000500 0.956450 n-butane butadiene 1-I 2-butenes 0.000025
0.000348 C5 hydrocarbons 0.000082 0.000026 MTBE 0.330005 0.000001 2-methoxybutane 0.003796
methanol 0.647238 0.038214 tert-butanol 0.007198 water 0.006596 0.000604 diisobutene 0.001073

acetone (003466052327 44 PCT/EP2011/067770

Table 18: Composition of the bottom product (V) and of the distillate (V1) of column K2 and of

the reactor output (VII} from the reactor R for example 5-

K2 K2 Reactor
bottom distillate output
prod. (V) | (V1) (Vi
Mass flow rate [kg/h] 225 1104.9 = 1 1104.9
Parts by mass [kg/kg]
dimethyl ether 0.002344
isobutane
isobutene 0.533905
n-butane
butadiene
1-/ Z2-buienes 0.000205
C5 hydrocarbons 0.000051 |0.000051
MTBE 0.837882 | 0.974011 0.145868
2-methoxybutane 0.073196 |0.002000 |0.001678
methanol 0.009529 |0.307412
tert-butanol 0.012778 10.003182
water 0.000004 {0.003253
diisobutene 0.088922 _ 0.000474
acetone 0.001628 |0.001628

The MTBE fraction (V1) is, after vaporization and further heating to reactor temperature,
supplied according to Figure 5 fo the cracking reactor in process step d). The reactor volume,
catalyst charge and reaction pressure remain unchanged from example 4. The reactor
temperature is raised to 292°C in order again to achieve an MTBE conversion of approx. 85%

15 and a 2-methoxybutane conversion of approx. 16%. For acetone, again no conversion is
assumed. The composition of the reactor output (IV) is shown in table 18,

The reactor output (Vi) is partially condensed and supplied in biphasic form to column K3. The

number of plates, reflux ratio and column pressure remain unchanged from example 4. As in
15 example 4, again only approx. 6% by mass of the acetone present in the feed stream (Vi) is

distilled into the top product (IX); approx. 94% by mass of the acetone passes into the bottom



-+ 0.000172 Stream (VIII) is recycled into the MTBE synthesis 51; the top product (1X) is worked up
further in columns K4 and K6 analogously to example 4. The number of plates and column pressure
10remain unchanged for both columns from example 4. Column K6 is operated at a reflux ratio of 73.
The corresponding compositions of the streams are shown in tables 20 and 21. Table 20: Composition
of the fréék wadéfVe#¥Ré organic phase (X) and of tHe aqueous phase (XI) of RGTURREEH66 EX&Mple 5

Fresh water, (XI1]), K4 orgapjc e (X), K4 aqueous phase (XI) Mass flow rate [kg/h] 100.0 592.7
123.8 PSFPsdE%} rﬁg@'ﬁs fﬁ&ﬂ?g%{@ E#r%ﬂ?ﬁ é‘ﬁYé‘?‘%ﬁdﬁﬁ 5 IO TBE eSS VY 91994541

0.00171/askbiieanacetone discharge, approx. 170 ppm of acetone gets into the top produict.

Table 19: Composition of the bottom product (Viil) and of the distillate (IX) of column K3 for
s example5

K2

K3 bottom | distiilate

prod. {XHI) | (IX}
Mass flow rate [kg/h] 488.4 616.5
Parts by mass [kg/kg]
dimethyl ether 0.000021 |0.004184
isobutane
isobutene 0.000500 |0.956450
n-butane
butadiene
1-/ 2-butenes 0.000025 |0.000348
C5 hydrocarbons 0.000082 |0.000028
MTBE 0.330005 {0.000001
Z2-methoxybutane 0.003796
methanol 0.647238 10.038214
tert-butanol 0.007198
water 0.006596 |0.000604
diisobutene 0.001073
acetone 0.003466 |0.000172

Stream (Vi) is recycled into the MTBE synthesis S1; the top product (IX) is worked up further in
columns K4 and K6 anafogously to example 4. The number of plates and column pressure

10 remain unchanged for both columns from example 4. Column K8 is operated at a reflux ratio of
73. The corresponding compositions of the streams are shown in tables 20 and 21.

Tabie 20: Composition of the fresh water, of the organic phase (X) and of the aquecus phase
(X1} of column K4 for example 5

15



butadiene 1-/2-butenes 0.000361 0.000001 C5 hydrocarbons 0.000027 MTBE 0.000001
2-methoxybutane methanol 0.000003 0.190243 tert-butanol

diisobutene acetone

WO 2012/052327

Table 21: Composition of the distillate (XIV), of the aqueous phase (XV) of the top decanter and
of the bottom product (XV!) of column K& for example 5

water 1.000000 0.000894 0.806316

PCT/EP2011/067770

48
Fresh K4 K4
water organic aqueous
(XHN) phase (X} |phase (X!
Mass flow rate kg/h] 100.0 592.7 123.8
Parts by mass [kg/kg]
dimethyl ether 0.004060 0.001401
isobutane
isobutene 0.994541 10.001717
n-butane
butadiene
1-/ 2-butenes 0.000361 [0.000001
C5 hydrocarbons 0.000027
MTBE 0.600001
2-methoxybutane
methanol 0.000003 |0.190243
tert-butanol
water 1.000000 |0.000894 |0.806316
diisobutene
acetone 0.000112 |0.000323

K6 K6
K6 decanter | bottom
distilate aq. phase |prod.
(XIV) (XV) (XVI)
Mass flow rate [kg/h] 201 0.3 572.3
Parts by mass [kg/kg]
dimethy! ether 0.119758 0.014157
isobutane
isobutene 0.870501 10.000426 |0.999483
n-butane

butadiene




. 0.000112 0.000323 Table 21: Composition of the distillate (XIV), of the aqueous phase (XV) of the top
decanter and of the bottom product (XVI) of column K6 for example 5 K6 distillate (XIV) K6 decanter
ag. phase (XV) K6 bottom prod. (XVI) Mass flow rate [kg/h] 20.1 0.3 572.3 Parts by mass [kg/kg]
dimethyl ether 0.119758 0.014157 isobutane isobutene 0.870501 0.000426 0.999483 n-butane

butadien& O 2012/052327 47 PCT/EP2011/067770
1-/ 2-butenes 0.0600069 0.000372
C5 hydrocarbons 0.000028
MTBE 0.000001
2-methoxybutane
methanol 0.000081 |0.000875
tert-butanol
water 0.009589 | 0.984537
diisobutene
acetone 0.000003 |0.000005 |0.000116

As evident from tables 20 and 21, acetone is slightly depleted in the extraction column K4, but
the isobutene product (XV1) reaches a value of 116 ppm which clearly exceeds the required
specification in table 1 (oxygenates less than 10 ppm).

The comparison of example 4 (inventive) and exampie 5 (noninventive) dispiayed the
advantages of the process according to the invention in a very graphic manner. As a result of
the fack of process step b) (acetone discharge), acetone accumulates in the circuit and gets into
the isobutene product is undesirably high concentrations.

i0



.+ WO 2012/05232747PCT/EP2011/067770 1-1 2-butenes 0.000069 0.000372 05 hydrocarbons

0.000028 MTBE 0.000001 2-methoxybutane methanol 0.000081 0.000875 tert-butanol water
0.009589 0.984537 diisobutene acetone 0.000003 0.000005
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List of reference numerals:

{h, (la) MTBE-containing stream or technical MTBE

(th
(i)
(IV)
(V)
Vi)
Vi)
VI
IX)
X
(X1)
(X
(i
(XIV)
(XV)
(XV1)
(XVIN)
(XVIIE)
{(XX)
(XX1)
(XXI)
(K1)

(
(
(
(

Top product comprising C4 and C5 hydrocarbons from K1

Side stream comprising acetone, methanol and MTBE from K1
Bottom product comprising MTBE from K1 _
Bottom product of K2 comptising higher-boiling components than MTBE
MTBE-containing top product of K2

Cracking product of K2 comprising at least MTBE, isobutene and methanol
Bottom product comprising MTBE and methano! from K3

Top product comprising isobutene from K3

Isobutene-enriched stream from K4

Methanol-comprising extraction stream from K4

Top product comprising methanol from K5

Bottom product of K5 and/or extractant for K4

Top product comprising water from K6

Side stream comprising dimethyl ether from K6

Bottom product comprising iscbutene from K6

Top product comprising MTBE from K7

Bottom product comprising methanol from K7
Isobutene-containing stream for $1

Methanol-containing stream for S1

MTBE-containing product from $1

Distillation column in process step b)

Distillation column in process step ¢)

Distillation column in process step e)

Distillation column in process step f)

Distillation column

Distillation column

Distiliation column

MTBE cracking in process step d)

MTBE synthesis



. 0.000116 As evident from tables 20 and 21, acetone is slightly depleted in the extraction column K4,
but the isobutene product (XVI) reaches a value of 116 ppm which clearly exceeds the required
specification in table 1 (oxygenates less than 10 ppm). The comparison of example 4 (inventive) and
example 5 (noninventive) displayed the advantages of the process according to the invention in a very
graphic MyahABFZES&3edsult of the lack of process st8p b) (acetone dischargdCadeR#H M aETTHllates
in the cirguit and gets into the isobutene product is undesirably high concentrations. List of reference
numeral$™8a) MTBE-containing stream or technical MTBE (Il)Top product comprising C4 and C5
hydrocarbons from K1 5(Ill)Side stream comprising acetone, methanol and MTBE from K1 (IV) Bottom
product compgsi fa]s I t of K2. ising higher-boiling components
than MTQB'E (ﬁ?&%@"igﬂm 10 tcc()h\pQC%g uct%af‘&%%&/f%%ggﬂg %o?%ﬂ ﬁ"(’:’f%fs St’:‘omprising at least
MTBE, isobutBhe RR{@HstierBIan N TIDB ohermpriing et sapidiig-vTeanall Gletivdrestdrbonsk3 (1X)
Topsproduct comprsinglisebuienesienckid ) daabutene-enriched stream from K4 (XI)
Methanol-comprising. extraction stream from K4 (XI|) roduct comprising, methanol from K5
15(XIII)Bottorrtﬁprgnﬁ%%)%\ﬁ&ssgﬁa%rmnkrrlgc AT “fé?ﬁﬁ@@ xMczor%ﬁOBr%%P %ng]ﬁ?@ﬂéswatgf‘from K6
(XV) Side stream @oirpdisirdjaianeeny| edies foparal(Xwirdsiomasriduet wethprisingdsdbtEne from
K6  (XVII) Top predyebaemprsine: MWREHeRiKy MPeEV Il Bottom product comprising methanol
from K7 (XX) Isobutene-containing stream for Si (XXI) Methanol-containing stream for Si (XXII)
MTBE-containing product from Si (K1)Distillation column in process step b) 25(K2)Distillation column
in procegs steProje3)@istilagionCGislumndneprotessstapie) (Keh)iBistillasigaeokhiimn in pearess step f)

(K5) Distillati [stillati I RIstillati n (RIMTBE crackingin process
step d) (Si)M% @Eﬁ?@”@%ﬁ.ﬁ%‘@?ﬁﬁ@ foﬁp%%ﬁ%%%ﬁﬁ%aﬁ%@ﬁ%ﬂ?&? E%S%%ﬁ%%g?ﬁ"e
following steplY Mass e AdsirRpREssrdrvresechyieambiiEing)at least MTBE, methanol, C4

hydrocarbons,

3. Process according to Claim 1 or 2, characterized in that the distillative separation in
15 process step b} is performed in a distillation column and the side stream (il) is withdrawn

in liguid form,

4. Process according to at least one of Claims 1 to 3, characterized in that the MTRE-
comprising bottom product (IV) from process step b} is separated in a process step c)in a
20 further distillation into an MTBE-containing top product (V1) arid a bottom product (V)
comprising higher-boiling components than MTBE.

5. Process according to Claim 4, characterized in that the distillative separation in process
step c) is performed in such a way that the MTBE-containing top product (VI) has a
25 concentration of less than 2500 ppm by mass of 2-methoxybutane.

6.  Process according to any of Claims 1 to 5, characterized in that the MTBE-comprising
bottom product (V) or the MTBE-containing top product (V1) comprises less than 50 ppm
by mass of acetone.

30

7. Process according to any of Claims 1 to 6, characterized in that the MTBE-comprising
bottom product (IV) or the MTBE-containing top product (V1) is catalytically cracked in 2
process step d) o obtain a cracking product (Vi) comprising at least MTBE, isobutene
and methanol.

35



- SC5 hydrocarbons and acetone; and b) distillatively separating the technical MTBE (l) into a top
product (I1) comprising C4 and C5 hydrocarbons, a side stream (lll) comprising acetone, methanol and

MTBE, and a bottom product (IV) comprising MTBE. 102.Process according to Claim 1, characterized

in that the distillative separation in process step b) is performed in such a way that the bottom product

(IV) compyisesiessshggy 50% by mass of the acetogg present in the technicaLMTBE (), 3 T5:%§17c7%ss
IS

according to Claim 1 or 2, characterized in that the distillative separation in 15process step

performes] in ®elistilatiensaligte anddhe érdeaer@e@u%%% WG ERWRJ sl id 1RER TP CESSid

according to at Ipqsttog of CaI!Sai S :éto ,I;‘; racterlfed in thatfthe MTBEcomprising bottom product
(IV) from process g?ep b) e he p%rra?edv |F1 i &%%%rg 'é']r? é?'?ﬁ% Ut ACHiGtion into an

MTBE-containing top product (VI) and a bottom product (V) comprising higher-boiling components

than MTBE. SpRIQSeSsA6RAFIR dtufrl e 4, Ehéufé&kf‘r%%qdﬂﬁ%&@&%ﬁ&%ﬂj&dﬁ&pﬂ@'on in process

step c) is perfo[B med in such a Wa¥ that the MTBE-containing top product as a ncentration of

less than 2500 PRIMEE) hPARESP SRRt xS nALed & @%E%%%Séé%ﬂrﬁbat BRE stigtitatiesn inte sn

characterized isvbuddribedMTBEpiop Hsitgd Gi) rnprad it EBY) erithe MaB Eceatianig b rmroduct
(VI) comprise ,Igég ” 0 ppm by mass of acetone. 30 7. Process according to any of Claims 1 to 6,
characterlzed in that t TBE-comprising bottom product (IV) or the MTBE-containing top product
(V1) is catalytically cracked in a process step d) to obtain a cracking product (VIl) comprising at least

MTBE, isabutPreceselaveshaingto Bigh20 123405232250 RGHHER2QBIHOBIA DG WRIAreSsRsFRIING to
Clalm 7, charfﬂ_cﬁrl%gg inthat t%rgcra(:klprge lgebf(ilrmed over a SF)hd atalyéot in the gas phase within a
temperature range from 50 H BB B B RIS 8 G toC ISR PREH A% o‘}fn that the
cracking prod@e#{®@n® Sobtained in process step d) is separated in a process step e) in a further

distillation into an isobutene-comprising top product (IX) and an MTBE- and methanol-comprising

bottom P du%t VIII) 10. Process ccordln to Claim 9, characterized in that the top product (1X)
which is obtainé¥E aﬁ?fﬁ&%@@ E%‘B%Tz?n‘d 8nF5ﬁ§%%€?§6%%t8rﬁeaéa?ﬁB‘rr§@érre@tﬁ 1Y ppm by mass

of acetone. léxtPadisessratioodiinghty @tainb distiBichanacterizedsindbet sreftanehisremgved by
extraction angfoyehrnathvh Aikersundistlationdnady g}ﬁéf&ﬂﬁ%%%%‘# L0, framthe top 15product (IX)

which is obtained in process step e) and comprises iscbutene. 12."Process accordlng to Claim 11,
characterized in that the methanol is removed in process step f) from the isobutene-comprising top

product (IX) byrextrsctiocobyirgeartiadhar, charagstiasiantiidd thendiremaving adneshanebequaprising

extraction str an |sobut ne-enriched, stream Process according to
Claim 12, ch %?%eﬁge%p%%ha?%ﬁe me% oReem 0 n%fﬁg“&@g%n fé%d% (%f TERHRIARd in a further
process step RXEedHsEIAHON B8 @Wﬁﬂm@@@mpﬂ%ﬂ@@tﬁ@pmﬁdm@d@&\%a béittantproduchgX|11)

comyprising thg@gﬁg@@ﬁg@mahg@%aﬁrmess according to any of Claims 9 to 13, characterized in
that the bottom product (VIII) which is obtained in process step €) and comprises MTBE and methanol

is fully or partly recycled into process step b). 3015. Process according to Claim 14, characterized in
that the MT BIEresassrastbridisigdoriimising buteoactstizemmn(\Hal) e separatektmefistaes nragess step in

a distlation eea eBQLcaRAINg herRISEEL OV aan N TR compiRing top product

XV, saldtg roduct (XVII beln% recycled fu or partly into process ste
2012/05232757BEASER S RIS 0! s?ﬂﬁ’rﬁet?% rﬁ&?ﬁ#&ﬁ @%hfﬁﬁm%'wé%@ﬁr%améﬁfm%
synthesis (Si) and an MTBEcontaining product (XXII) is recycled fully or partly into process step b).

14.  Process according to any of Claims 9 to 13, characterized in that the bottom product (VD

which is obtained in process step e) and comprises MTBE and methanol is fully or partly
recycled into process step b).

30 15. Process according to Claim 14, characterized in that the MTBE- and methanol-comprising
bottom stream (VIII) is separated in a further process step in a distillation into a methanol-
comprising bottom product (XVIlI) and an MTBE-comprising top product (XVI1), said top
product {XVII) being recycled fully or partly into process step b).

a5 16.  Process according to Claim 14, characterized in that the MTBE- and methanol-comprising
bottom stream (Vill} and at least one further methanol-containing stream (XXI} and an
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isobutene-containing stream (XX) are supplied to an MTBE synthesis (S1) and an MTBE-
containing product (XX} is recycled fully or partly into process step b).



