O Z. 6046 -1 Preparation of highly pure nethyl tert-butyl ether The
invention relates to a process for preparing nmethyl tert-butyl ether
(MIBE) in-qualities which are suitable 5 for organic syntheses and for use
as a specialty.Zoloeft from MIBE in fuel quality. Technical grade MIBE is
a sought-after conmponent in fuels for_gasoline engines to increase the
octane 10 nunber. Wth. regard to purity, the demands nade are none too

hi gh. The conEaeparstivet lvfhdiighly perte nmithariol tewsty-Inaicyl bethigrt o 1% by
mass. Technical grade MIBE may al so conprise up to 0.5% by mass of C4- to
C8- hydrocarbons and up to 500 ppm of water (MIBE product 15 information,
Oxeno GnbH, 3[Ps0mnverid ®plKaekiseante extpoetans stasegriepatrieg methyl

phar maceut i calte rfd-@h@d @nd i Anghyst s 85 eqhh 0t . Qu%ﬁicﬁogégn%%ifgg?%
prepari ng frg nonet al I'i ¢ conpounds, for 2% exarrp?e Gignard conpounds, and
when reactt ng PhenPTI&prct i SYOShFERSs RaA ndodonsEepr éFer Bi espgcdalsed. To
this end, thessalveent $rusedimmre ift equantdualliqwer ethers, for exanple

di et hyl ether, diisopropyl ether, tetrahydrofuran or MIBE. The first three
ethers 25 nentioned have the di sadvantage of a lowignition tenperature
and a wi de exfkecdindralangeadén NTEE prieseacesowfhioxyfesr tdmmpaiso f amm

per oxi des ext y il I ccidents with peroxides, even
resulting in Egggkh,%gie é%gﬁgéﬁggngﬁﬁnggle%gnthFFS?EFurE%elnoﬁ3§Pe30
appl i cat itdhs, INMBErcaWbeh ugegsnsst tad mirithe fithst - derameds etfetes. alWEBE has

the advantagenbhat tbof ORIBHNO TIRET QR MaS  MIBE | $i0RL3IJ1ed oM Lgpbut eni ¢
CAd.olefin mxtures, ~ 35 for exanple fromthe C4 cut from steam crackers or
FCC units. ThBYE3RPk difes 7RI BE &Ebstantt abyy merss peeheheal i sgbdeene,

1-butene and MbBEt way2-ddwicentsiprise up to 0.5% by mass of C4— to Cg-
hydrocarbons and up to 500 ppm of water (MTBE product
15 information, Oxeno GmbH, 3/2001).

The solvents and extractants used in the
pharmacéuticals field and in analysis are highly pure
solvents. When preparing organometallic compounds, for
20 example Grignard compounds, and when reacting them,
aprotic solvents having donor properties are used. To
this end, the solvents used are fregquently lower
ethers, for example diethyl ether, diisopropyl ether,
tetrahydrofuran or MTBE. The first three ethers
25 mentioned have the disadvantage of a low ignition
temperature and a wide explosion range. In the presence
of oxygen, they also form peroxides extremely easily.
Examples of accidents with peroxides, even resulting in
death, are known from the relevant literature. In most
30 applications, MTBE can be used instead of the first-
named ethers. MTBE has the advantage that it forms no

peroxides.

MTBE 1is obtained from isobutenic C; olefin mixtures,
35 for example from the C; cut from steam crackers or FCC
units, These mixtures consist substantially of
butadiene, isobutene, l-butene and the two 2-butenes,

and also the saturated hydrocarbons isobutane and



and al so the saturated hydrocarbons isobutane and O Z. 6046 - 2 n-butane.
Wor kup processes for such C4 cuts which are practiced worldw de conprise
the followi ng steps: first, the magjority of the butadiene is renoved. Wen
but adi ene can beZ pro¥4¢ably marketed or there is an 5 internal demand for
i-t, it is renoved, for exanple, by extraétron or extractive distillation.
O herwise, it is selectively hydrogenated to |inear butenes up to
concentrat i onsndfuffarm 1Weokopl®inratess forbetleh dasesyta Wrdcocatzon

m xture (corrgﬁ%tdié@jtowwlam&wtc% Alse hyd{@@enégﬁo%ﬁgk e £mai ns

which, in addition to the saturated rocarbons ut ane
i sobutane), conprisestifieMDemity (950 D?eﬁ@taﬁl@@@en@ BAHOYERut ) .

Thi s hydrocarbjﬁtdﬂi@w eclaﬁ r@@ctp&%flwammaaneteun dhecpeesencs qfy an
d.in a fixed bed, hresultiln I\/rI'BE

acid cat alné 15 us g/ p? %

fromthe jorjlr{t;)e%?a % 13 ‘E 8he 1itn &c?cdrsdaﬁ%réo‘(?\?‘?h Phe SEGIPLE0r iRk

posi tion. The efxmta’rte:rmmr«npezotr&dats\re redstidhatizhur etherefikect ad bL)s

distillation i | & or .i.n a.reactiyv istillation 20
f%cé&&gL% ﬁ %Q%gggd i %1né§ ?ug%%l%alugra e MTBE

colum. The b both cases i's ec
(fuel quali ty)COnN%Ttn&telqra:hmfcalfrgmadb MEBE OoBt?ai hgd masshi scwaydids to

fulfill higher.ud ty requiyerept aﬁ%lb dhe Mgrlel S, (ci2e %%r{aeth anol and

but anol , have to be renpved.” The terature scl oses sev processes for
renovi ng LHet FEfA1TaEm MiBE Bydeaggnatadsenacproebssesaipfevwhishhadal is

renoved bef or Qi iy n@ot hendli %ta't'uﬂr@ttle‘de BOaseparBbhan of-theaMBEng
synt hesi s reac.tlo%élmxture In . other pro s £es, the net hanol |s r enmoved

directly from> 3% & i c%?m@¥hﬁ%s WEE D?ZG (HAPOYeLRE 1 bes Pat SMPBE
process in whiaghi 25bnekhasol. | $hienovedrbyawashi ngivddte water rfmemeche

with methancl in the presence of an acid catalyst,
15 usually disposed in a fixed ked, which results in MTBE
from the majority of the isobutene in accordance with
the equilibrium position. The further workup of this
reaction mixture is effected by distillation in a
distillation column or 1in a reactive distillation
20 column. The bottom product obtained in both cases is

technical grade MTBE (fuel quality).

When the technical grade MTBE obtained in this way has
to fulfill higher purity requirements, the impurities,

25 mainly methanol and butancl, have to be removed.

The literature discloses several processes for removing
methanol from MTBE streams. In some processes, the
methanocl 1s removed before or during the distillative

30 separation of the MTBE synthesis reaction mixture. 1In
other processes, the methancl is removed directly from
the technical grade MTBE.

US 3 726 942 describes an MTBE process in which
35 methanol 1is removed by washing with water from the
crude  MTBE obtained by distillation after the
synthesis. US 3 846 088 discloses a process in which

methanol 1is initially removed from the crude MTBE by



crude MIBE obtained by distillation after the synthesis. US 3 846 088

di scl oses a process in which nethanol is initially renoved fromthe crude
MIBE by © Z. 6046 -- 3 extraction with water and then the water dissolved
in the MIBE ©OsZrermd¥éd by azeotropic distillation with C5-Cl0 paraffins.
5 US 4 334 964 and US 4 544 776 describe processes in which the nethanol
is washed out of the MIBE synthesis reaction mxture with water before the
distillative egegacatioon.wilthh Usale 805787t ks ct bsesads tMIBE o beedsinn

uhi ch et hanek,of Syeggoved tea.de gyude, MEERORL AiAel i) o dict | Lh&HT on by
adsorption on zeolitic nolecular sieves (0.3 nmm 0.4 nm 0.5 nm. 15
According to EP-©:3PRrgfdinget hanol is renoved with the aid of a nenbrane

before or during the distillative MIBE renpval. According to DE 30 15 882,
met hanol is r ved fr 20 cru b xtractive distillation. . The
extract ant u?gg4ag§4o%ghoraﬁgreggo%gggﬁd§7groﬂ??ﬁ§lgﬁou5§08ﬁsaﬁ§ ant
trihydric al cehdks, tad moallcatml siandadhadt bylc- dfforuhesm MEBE 25 yvAchesdkeng to

US 4 256 465, t hanol . present._in cr BE,.i.s su Lal Ly
removed by dig%?EFgﬁﬁ og%Xtﬁﬁe Nﬁ%&&nﬁ%ﬂ%ﬁ%lb§§§3¥g0586t056§ giggglﬁﬁghly
pure MIBE st segpmraThenazeotrope nmay be recycled into the MIBE synthesis
reactor. 30 The abovenentioned processes are |lacking in that although they

renove net hanol and sonetines water from the crude MIBE, they do not
renove otHer HEc8mFARyiI’Ad rdterieses fép eXHift e BBOCEFEfi nisl t BRECBut ano

(TBA) 35 or 2meehhexybuiane < ¥RBE) . fFbhS GAN RrESENBPIYE b@btained by
distillation by adscrption on zecolitic molecular sieves
(0.3 nm, 0.4 nm, 0.5 nm).

15 According to EP 0 317 918, methanol is removed with the
aid of a membrane before or during the distillative
MTBE removal.

According tc DE 30 15 882, methancl 1is remcoved from
20 crude MTBE by extractive distillation. The extractants
used are one or more compounds from the groups of di-
and trihydric alcohols, aminocalcohols and dimethyl-

formamide.

25 According toc US 4 256 465, the methanol present in the
crude MTBE 1s substantially removed by distilling off
the MTBE/methanol azeotrope to obtain a highly pure
MTBE stream. The azeotrope may be recycled into the

MTBE synthesis reactor.

30
The abovementiconed processes are lacking in that
although they remove methanol and sometimes water from
the crude MTBE, they do not remcve other accompanying
materials, for example Cg~olefins, tert-butanol (TBA)
35 or Z2-methoxybutane (MSBE}. This can presumably be

attributed tc¢ the fact that the separation in the
existing distillation processes 1is carried out in such

a way that MTBE is obtained as the bottom product (i.e.



attributed to the fact that the separation in the existing distillation
processes is carried out in such a way that MIBE is obtained as the bottom
product (i.e. O Z 6046 - 4 as the high boiler) and an azeotrope of

met hanol and OMEBE @dr4tan azeotrope of C4-hydrocarbons with nethanol is
obtained as the top product. This separat4on is wunsuitable for preparing
very pure MIBE, since MIBE and 5 the oligonerization products of butenes

(di i sobut ene) asr eblmé nhilght Heo MRBE | andxcessiveoanopat ©f [meikanher éhdre an

obj ect of the € Y% Fowd d Si r r
preparing hi gﬁﬁlﬁio&%urg erré\;%%&%%%?t bu;’ti %g@%(e)rcgﬁé%%%t e%ﬁ#)cg%%gr%g 2 MI'BE

(fuel quality 6f beﬁé%ed%@@ plrrhet yJoPI tpﬁagu%w bBehS f GIRRER3TaOT hé s

desired purl tvir@fu iVMEBR e GRYY Qf:céﬁgzalrrgedvéwy %@félﬂa@BEyebynaépﬁml RAd

t echni cal rade MBElntothreefr tions, a | ow golle;o fragt on,
a mddle f actl HIFRF ghZbof P e FY 1isonOf ﬁPeteifb‘?ﬁ bdPr&POPPAEES
conprises MIBEema#trhamolthavMTBE iand:alessismaldmanumnts of C4 and C5
conponents. The mddle fraction consists of MIBE in the desired purity. 20
In addition to MIBE, the high boiler fraction conprises tert-butyl alcohol
(TBA), ol efi nd twhi £ ht haveZeeeularedo fadm of i gorerdnaRagn b vent épes to

derivatives O%ﬂo@%% ghef iHéxB@géj‘?{}eOtéﬁS cdYs PraduCts.. MF%%lme B §BEH

i nvention therefore provid rocess fpreparl ng havi ng a %url ty
of great et0t h®YIS9 Whn Yk o?r?%‘étlhlh\%hl e§hade TPBE 1L azR opgpde MTB

distillation, f@)élSQ%% atdyne it kg dreshniccal @nade,)MIBE into a | ow boiler
B

fraction corrpri si ng E, nethanol and water, a 30 mddle fraction
conprising MIBE in a purity of greater than 99.7% and a hi gh boiler
fracti on conpritsilg bubenbecal ifganer stteand TBA. dEke rprogessi of theMrBEenti on

al | ows NWBE_t%aQEkQPtgﬁgggned by distillatively separating technical
15 grade MTBE into three fractions, i.e. a low boller
fraction, a middle fraction and a high boiler fraction.

The low boiler fraction comprises MTBE, methanol, water

and alsc small amounts of C; and Cs components. The

middle fraction consists of MTBE in the desired purity.

20 In addition to MTBE, the high boiler fracticon comprises
tert-butyl alcohol (TBA), olefins which have resulted

from oligomerization of butenes, derivatives of these

olefins and/cr cther by-products.

25 The present invention therefore provides a process for
preparing MTBE having a purity of greater than 998.7%
from technical grade MIBE by fractional distillation,
by separating the technical gracde MTBE into & low
boiler fraction comprising MTBE, methanol and water, a

30 middle fraction comprising MTBE in a purity of greater
than 99.7% and a high beciler fraction comprising butene

oligcemers and TBA.

The process of the invention allows MTBE toc ke obtained
35 in a purity of greater than 99.8% or 99.9%. The
percentages always relate to % by mass. The technical
grade MTBE used is customarily used as a fuel additive

and has a meximum purity of 99.0%,



35 in a purity of greater than 99.8% or 99.9% The percentages al ways
relate to % by nass. The technical grade MIBE used is custonarily used as
a fuel additive and has a nmaximum purity of 99.0% O Z. 6046 - 5 The
fractional di $t.id.| &048n nay be carried out in one colum, in particular at
| east two columms. Preference is given-t® dusing at |east one dividing wall
colum. 5 The dividing wall colum is a colum which is separated into two
parts by a vertiecafrawticondhi siakliowsttiwo ndiyvsthé| abironest epst t bnbenearri ed
out in one apRaHs, iﬁopéPéicﬁggrCgk“@%aéy"k&ﬂSQoP&ﬁ or Hyaheat o
exchangers, may be di spensed W th’~ 10 The proqesslaccorﬁlng to the

i nventi on has 15h@1VRd [tewikFg redvéntl@&ges: onffe diitiekititerta ldnd-@psat i on costs
are relatively low The resulting |low and high boiler fractions may be 15
recycled without | osses into plant for preparin techni cal grade MIBE

(f uel quaf%tyF%GWﬂ%Y%éRQQN tTOH Hat1o df ﬂ%ﬁ%gwaﬁFE MPBESPG RIFBE  of
fuel quality iisitdoowtwbotgatthe bgw é)oideeftjaimﬂthelzg hTighs b(H]Jlewsf r agtl on )
may be recycled intq_the fuel MIBE stream .\Wen the ratios_are rger, the
l'ow boi [ er f FAGITOR Ay "be 1Eey cT 35T nEG EREMIEE Syht RASI SEPRRFLES  he
hi gh boil er fsactitgmihayobe utiollimed asirad f uglsocompenentr 28Bw@éccoedicng to

the invention r va he;:hi I re MIBE is carried out in one
Eﬂ%nﬁ%qulhﬁﬁip% %l@%ﬁiﬁ%ﬂﬁ%iﬁ%.

Coe . .
or nore dlStllﬁatlo Sone | e enbodi nents are schematically
illustrat¥e in Figs. 1-3. 30 Figs 1 and 2 illustrate process variants in
whi ch The process according to the invention has the

following advantages:

The investment and operation costs are relatively low.

The resulting low and high boiler fractions may be
15 recycled without losses intc a plant for preparing

technical grade MTBE (fuel quality).

When the production ratic of highly pure MTBE to MTBE
of fuel quality is low, both the low boiler and the
20 high boiler fraction may be recycled into the fuel MTBE
stream. When the ratios are larger, the low boiler
fraction may be recycled into the MTBE synthesis, while

the high boiler fraction may be utilized as a fuel

component.

25
According te the invention, the removal of the highly
pure MTBE is carried out in one or more distillation
columns. Some possible embodiments are schematically
illustrated in Figs. 1-3.

30

Figs 1 and 2 illustrate process variants in which
highly pure MTBE 1is obtained in one column. The
difference between these twe variants 1is that a
customary distillation ceclumn is used in the process of
35 Fig. 1 and a dividing wall column is used in the
process of Fig. 2. MTBE (technical grade gquality) (1)
is introduced into the distillation column (5). The top

product (2) removed is a mixture of MTBE, methancl and



hi ghly pure MIBE is obtained in one colum. The difference between these
two variants is that a custonmary distillation colum is used in the
process of 35 Fig. 1 and a dividing wall colum is used in the process of
Fig. 2. MIBE (t.echmiogiad grade quality) (1) is introduced into the
distillation colum (5). The top products(2) renoved is a m xture of MIBE,
nmet hanol and O Z. 6046 - 6 water. The bottom product (4) obtained is a

m xture of MBEert.erthdbubyttahcohobiuCTBA),) 2dretimexyhiud anemfi¥SBER o&nd

'n’the pr ocestPh: st orE gL “3ECRRBE | el GUST TSI C1s e THCPEauced
into the distiandat idmyhead urmlg2)ns . Mettanohi@ndy wapperet ofjéBEer (Bt hia

portion of the MBE_ arefemuved Jdhe top product (3) and high-boiling 10
acconpanying rmaterials are renoved wth the bottons (4). The sidestream

(5) is separated in the side colum (6) into highly pure MIBE (7) and a
bott om productyn( ne WHEIeds (8eYshedoirnta gt.he,f iNSiE cOh UFRe1( Bapendiyng on
t he procedure, the si'destream (5) matyr(a be. renpved from 15 th secorw ry
colum (6) in Lquid ol Weghetd” A8n  bBFovit bt el ¢he chéﬂ“r{ 1)\ ?'I n the
process accor tleft@hain® 1t hehd nvenét obogetde MIBE a mpdatelomuati tiei siTwar ked

up to give highly pure BE. 20. Useful starting duct re, MIBE,m xtures
whi ch may co%ﬁ i seTag® cc,aoﬁ“rpgﬁﬁl g PrafEPECS ?%g K dsbgilfj}ér S1r&fRanol
and wat erl0 andcalospatiyeén ghabeiriedls T8A¢ woingomebr svidth C4+al ebiotis omishe

al cohol's and mabhyip el Nl o daldy eds | NEL el L0m a00; 20 e hoxybULane 1 (HEEE)
25 Preference is given to using crude MIBE 1n the process according to the
i nventi on whi di§)hag tisedhl @bt i mede byTBE (7) and a bottom product (8)

which is recycled into the first column. (Depending on
the procedure, the sidestream (5) may be removed from
15 the secondary column (6) in ligquid or vaporous form

below or above the feed (1).)

In the process accerding to the invention, c¢rude MTBE
in fuel guality is worked up to give highly pure MTBE.
20 Useful starting products are MTBE mixtures which may
comprise, as accompanying materials, the low boilers
methanol and water, and also the high beilers TBA,
oligomers of C4~olefins, the alcohols and methyl ethers
derived therefrom and Z-methoxybutane (MSBE).
25
Preference 1s given to using crude MTBE in the process
according to the invention which has been obtained by
reacting raffinate I or hydrogenated crack-Cs with
methanol by known processes. This MTBE (fuel quality)
30 typically has an MTBE content of from 98 to 99.0% by
mass, a Cg-hydrocarbon content of less than 0.5% by
mass, a TBA content ¢f less than 1% by mass, a methanol
content of less than 1% by mass and a water content of
less than 0.05% by mass, and also a 2-methoxybutane
35 (MSBE) content of up to 0.53% by mass.

The process according to the invention allows pure MTBE

(purity greater than 99.7%) having a Z2-methoxybutane



reacting raffinate | or hydrogenated crack-C4 with nethanol by known
processes. This MIBE (fuel quality) 30 typically has an MIBE content of
from98 teo 99.0% by nmass, a C$-hydrocarbon content of |ess than 0.5% by
mass, a TBA cantZente@f6 | ess than 1% by mass, a nethanol content of |ess
than 1% by mass and a water content of -less than 0.05% by nmass, and also a
2- met hoxybutane 35 (MSBE) content of up to 0.5% by nass. The process
according to tdwntdemientifonedd onbapursElMTBEm (Ipur mby sgr eat epatdtarcQer’ %9

havi ng a 2- rretEqQFyb ne O 7 nt e I t 5 by
mass, in particu ar%?r gr%llgooo %%%o%ypﬁﬁ%%y rr{;és%t 0 bé obtai ngg. FEE%{?St hi s
end, it is ad@iftragedds, Bt nedveedegsaus,y &bt ganolty, NECESSaVIIBE in a

qual ity havi ngdiesmddian 5c0. 3%bymmmss: of 2 2BhRexy hulang; asethe t3tarting
material. The Opr gpar ati‘on of MIBE gyuel quality) having a 2-net hoxybut ane
content (MBBENX -of° | d&3% tHARS0. 250 By NSRS HRIEESridod, ther SFaMhiéd in DE

101 02 082. 1. mkGQutdlonatdey, pegpecien MIBE @fxmﬁgs(Mé@hqba?letmermavnm@par ed
in another way, for exanmple from TBA and angl ,, m so he,used. It is
boi nted out |t Fat? IR RBE S CHrarRg e MERE) 28 (MAEhC B cin2drebYbe

used to work wopscr ude AFEBE imed,urfess whase lconposilE arfsl di2 B2 cor respond to
the above information in this or other respects to give highly pure MIBE.

20 Highly gure MIBE is obtained distillatively in one or nore colums
havi ng i nteér n&Irs iemiadH Yoonpergeet r ISE  rdiat W hHgs t r as Chy arkione andeen

structured pa?ﬂeﬁa%edb%ul afBLHER t{ays iagkuds.dher d old. QM nagrypesa 25 -
e

Trays havi ng ol.es or slots in the tray plate. Trays having throats
or chi meys whiEdhagCd /cHfer &dso be used.

It is pointed out that the preccess according to the

15 invention can also be used to werk up crude MTBE
mixtures whose compocsitions do not correspond to the
above information in this or other respects to give
highly pure MTBE.

20 Highly pure MTBE is obtained distillatively in one or
more columns having internals which comprise trays,

rotating trays, random and/or structured packings.

Useful column trays include the following types:
25 - Trays having drillholes or slots in the tray
plate.
- Trays having throats or chimneys which are covered
by bubkle-caps, caps or hoods.
- Trays having drillholes in the tray plate which
30 are covered by movable valves.

- Trays having special constructions.

In columns having rotating internals, the reflux is
either sprayed by rotating funnels or distributed as a
35 film onto a heated tube wall with the aid of a rotor.

Columns used in the process according to the invention

may comprise random packings of various shaped bodies.



by bubbl e-caps, caps or hoods. Trays having drillholes in the tray plate
which 30 are covered by novabl e val ves. Trays havi ng speci al

constructtons. In colums having rotating internals, the reflux is either
sprayed by rotatzd.ngofaenel s or distributed as a 35 filmonto a heated tube
wall with the aid of a rotor. Columms usegl +n the process according to the
invention may conprise random packings of various shaped bodies. O Z 6046
- s They may Ttensi stayof adrmaisdt anyf medenoat s §syeehatestainl egstekdel ,
copper, carbon r rcelain |_ass, pl i tc, I

vari ous shapess’t(aépq%%\g?,&er%)ﬁ’gsgﬁgwﬁg %aé:t%dc?r’ p?%#?%@%rgm )ajé:g’s%?arl?lhgs
havi ng 5 integdalsswebslagtived | dreathesd Wirr evaisiging i algapessddhesesnd
spirals). Strugtifed,packings avipg J.egulialy 96QPRLEY sTRYr i £ONSHSE4 nbor
exanpl e, of sheet's or weaves. Exanplés of 10 such structured packings
“include SuPzeAPBRIRGVen WgRackitgs Wle Preeta®Sor PHESti BESBYl Fepds,

Mel | apack | areldda epackingeirrde )of sheet netal, structured packings from
Sul zer (Optiflow), Mdntz (BSH) and Kuhni (Ronbopack). 15 The process
according to the invention can be carried out at reduced, atnospheric or
el evat ed pressurectArepr ef pacednpsesstiein@angerdgmullan- 1G<oarctdyn paati cul ar
2-6 bar. 20 T I boi j on i Si ant.] f _can
MTBE/ net hanol %gjﬁlésg}tgfdpeéoﬁ %%%gué/ie%’ a&agES%%gt é%tp@fe; ue?%' V\%%{%ﬂjlyggbgéween
the boilihgy peiush ofstthectWRBE/ neahkbols azeorropge afdltdssr boBXi ngopeinnt of

MIBE 25 at the @iislysl | AkHON PF €§/W8. or plastic, Sulzer Mellapack
' lamella packings made ¢f sheet metal, structured
packings from Sulzer (Cptiflow), Montz (BSH) and Kihni

{(Rombopack) .

15
The process according to the invention can be carried
out at reduced, atmcspheric or elevated pressure. A
preferred pressure range is 1.5-1C bar, in particular
2-6 bar.

20

The low boiler fraction which consists substantially of
an MTBE/methanol azeotrope 1is removed at a top
temperature which 1is between the boiling pcint of the
MTBE/methancl azeotrope and the boiling point of MTBE

25 at the distillation pressure.

The high boiler fraction which consists mainly of MTBE

and TBA 1is removed at a temperature which is between

the boiling peint of the MTBE and the boiling point of
30 the TBA at the distillaticn pressure.

In a special embodiment of the invention, the
fractional distillation is carried out in a two-column
system which consists o¢f a main column and a side
35 celumn, and the low bcgiler fraction is obtained as the
top product and the high boiler fraction as the bottom

product c¢f the main cclumn and the middle fraction i1s



The high boiler fraction which consists mainly of MIBE and TBA is renoved
at a tenperature which is between the boiling point of the MIBE and the
boiling point of 30 the TBA at the distillation pressure. In a special
enbodi nent of ci.lie iatdvention, the fractional distillation is carried out in
a two-colum system which consists of & $aén colum and a side 35 col um,
and the low boiler fraction is obtained as the top product and the high
boil er fracti ourdsitdae bot thmm gpraductlaint e mad ne calhwmdandrédemripddl e

fraction is O.Z._.6046 - . rifi i;n the side colum to give the desired
MIBE havi ng gégﬁggi%'5?§§§8g¢§;62§é%ﬂing on the procedure, the MIBE having

a purity of 5 greater than 99. 7% nay be obtained as the top or bottom

product of th%éﬂéﬂé%ﬁ#lHHLtﬁQ“beJEHuEéﬁcéﬂ@ﬂﬁTé@ £ahngcaspuwhicGho¢o not
contain the desired BE may  optionally be recycled into the main col um.

One of these W&AL&ERt $Ha ol 1 ThetRY PF PEBINA® FhehPENECR] BESPPEART

takeof f is arpangedtakovedefeedolumy. the cBharcebdani phef ehakhyhhas
from20 to 100 theoretical plate i articylar from35.to

. , in
t heoreti cal pF&F@s.Wﬁlqme§3§thB8§etF83EaﬁPat ,etrle%%??%ct%%%anm@ébtion
general | y accoptti®nadl f riom Sdayd(:dt heovettiloal mpliat esplumnpar@neubd@r from

10 to 20 the i C I S,. .t i.ddl £ .sect.i on .generally accounts for
from5 to 20 ? %%Fé?%Caa%%%aﬁgégaq?fﬁéﬁxﬁhgﬁég fgon15 to 15 theoretica
pl ates, ah@ the 20 stripping section generally accounts for from10 to 50

theoretical ph@les.cid PAGLsCH AN TERELEE LQ 35 diRey ednspd phat egegThe

main colum is preferably operated at a reflux 25 Tatio of from5 to 80
kg/ kg, in parFF@ﬁhart%$ medm 190lunn preferably has from 20 to 100

theoretical plates, in particular from 35 to 70
theoretical plates. Of these theoretical plates, the
15 rectifying section generally accounts for from 5 to 30
theoretical plates, in particular from 10 to 20
theoretical ©plates, the middle section generally
accounts for from 5 to 20 theoretical plates, in
particular from 5 to 15 theoretical plates, and the
20 stripping section generally accounts for from 10 to 30
| theoretical plates, in particular from 20 to 35

theoretical plates.

The main column 1s preferably operated at a reflux
25 ratio of from 5 to 80 kg/kg, in particular of from 10
to 50 kg/kg.

The side column usually has from 10 toe 50 tTheoretical
plates, in particular from 20 tc 35 theoretical plates.

30 This column is preferably operated with a reflux retio
of from 1 to 20 kg/kg, in particular of from 2 to
10 kg/kg.

When the sidestream takeoff of the main column is
35 arranged below the feed tray, the main cclumn
preferably has from 25 to 130 theoretical plates, in
particular from 50 to 90 theoretical plates. 0f these

theoretical plates, the rectifying section generally



to 50 kg/ kg. The side colum usually has from 10 to 50 theoretical plates,
i'n particular from20 to 35 theoretical plates. 30 This colum is

pref erabl'y operated with a reflex ratio of from1l to 20 kg/kg, in
particul ar of droam&4® 10 kg/ kg. Wien the sidestreamtakeoff of the main
colum is 35 arranged below the feed t+ayy the main colum preferably has
from?25 to 130 theoretical plates, in particular from50 to 90 theoreti cal
plates. O theﬁa:odrttenreﬁdmalfr;ﬂmtés tche J(Bctﬂrfe;dmmi @lagensraliy O Z

6046 -- 10 nts f.o0 ot 0,394t I tes n, part ul ar
from10 to Cq %orcgfll%%lg at es 9? 20 ngﬁ&%ggg gaggﬁér alh1€5 acdc unt s
for from 10 tcﬁe&'thrheog@negalllp’l at escountpartﬁ@ul arfrfcmom 20 tot85 50

t heoreti cal plt"’}{é‘osﬁeﬁrﬁja]t he, sL£Lppi ngnse%td&chﬁréeir al$ Yo ac§guntt§) fors from
10 to 50 theoretlcal plates, In particulfar from?20 to 35 theoretical

plates. |n°thitdegheiigeremtlath® ndl® BB URRILEPHAEF 6PEBLPN DRIGFerdived
with a reflux gcddumnof ffroqm :fQotrp 800 kg/ kgo diedasitisdl arpeftd4,0mi60 to

300 kg/ kg. The side col u om5 to 20 t heoreti cal pI ates, in
particul ar fr oS! c%/ﬁ h%isavé%or %lﬁ#spjc%q%‘?m is preferably

operated with an evaporatlon ratio of from0.2 to 2.5 kg/kg, in particul ar

o rom 0.4 10, 1.5k’ kg, The-Law boLLer LLACtion geroved sontangup ¢

75% of 20 M r emai n I'S "Substanti a It ernor
smal | anolft s arfengdtest aith aks o eC4uxanh 05> fhﬁdlf@f@aw Béhst eray 04l sg/bg,

present. This ;sf reamimay e ofF ed-dtg the W@t%ﬁi reactor of an MIBE

plant. Wen only a small portion of the crude (fuel quality) 25 from
an MIBE plant is worked up to give highly pure
The side column usually has from 5 to 2C theoretical

plates, in particular from 5 to 15 theoretical plates.

15 This celumn is préferably operated with an evaporation
ratio of from 0.2 to 2.5 kg/kg, in particular of from
0.4 to 1.5 kg/kg.

The low beoiler fraction removed contains up to 75% of
20 MTBE. The remainder is substantially methanol.
Furthermore, small amounts of water and alsoc C4— and Cs-
hydrocarbons may also be present. This stream may be
fed into the synthesis reactor of an MTBE plant. When
only a small portion of the crude MTBE (fuel gquality)
25 from an MTBE plant Is worked up to give highly pure
MTBE, the low boiler fraction may be used as a fuel

component.

It is possible to recycle the low and/or high boiler
30 fraction into the fractional distillation, optionally

while discharging a bleed stream.

Over 70% of the high boiler fraction, usually over 85%,
consists of MTBE. It also comprises TBA, 2-methoxy-
35 butane, oligomers of butenes and their derivatives.
This fraction may, opticnally after hydrogenating the
olefins contained therein, likewise be used as a fuel

component.



MIBE, the | ow boiler fraction nmay be used as a fuel conponent. It is
possible to recycle the I ow and/or high boiler 30 fraction into the
fractional distillation, optionally while discharging a bleed stream Over
70% of the high boié®sefracti on, usually over 85% consists of MIBE It

al so conprises TBA, 2-nmethoxy 35 butane; ligoners of butenes and their
derivatives. This fraction nmay, optionally after hydrogenating the

ol ef i ns cont aiTtes hh@heynpulrieke/wiﬂe diec disast asy athgelproeesponaitordigy 6046
- 11 The highly p MLBE. _oht. t he 1 gele ss acgordi t

i nvention has éypugﬁgy aqgﬁg) }¥ preﬁbfﬁb y 9@€8Wbbﬁgﬁe gﬁirg}ably
99.9% The hW@E@EMconBénﬁobs | ewxret harpﬂeﬂ@/ﬁddylmss,9959|%referﬂatﬂy
l'ess than 0.03% @@§§Onth@ozgénﬁon5§pt léssle%%a%haWBQPDS%Eg

preferably less t 0.025% b mass, the methanol content is“less t

0. 02% by mass Pr%ﬁ%ﬁtﬂa&bl %/eﬁés§hﬁﬁa@ §261%byawss, thadTBRe aRattent clcﬁ1tent

i s less than 204 ppomdry @B@% Bpeﬁségbl kﬁrb@é%a%@yt h@@sl(%@laﬁlpm oy 9B,
OnMng to its high purlty B &é g&?d in the ph%rnaceutlcals
field, in andt g et Pveﬂn CQH& ar’ extiact3dt. OrP2Ps Dypdtaitul arly
sui t abl e asaapmﬂﬁ&ﬂﬁblm dregani G¢hasyntheges, byorm&xanplﬁndn1ﬂh£ prapar ati on

of 15 organo G C ds .and t t| r eof
furthernore haésoq’laé%q ma?lggci%%ut aﬁ“e co%? ngg% I ess %haﬁrgésrsgg?’w@eﬁass is
particul alPy wdldn siLthJe@pm‘ oryt hespr egariatd ohOOfltm g%hith ppueln:s’obwem: (by

cl eavage) to ipehut gpg, apd methanol, 20, Sugly @é‘@f aaglectpusll)g1
follows the process gccordl ng to the i nvent| on Tor %E pur| I catl on. A
analysis, as a sclvent and as an extractant. is

particularly suitable as a solvent in organic
syntheses, for example in the preparation of

15 organometallic compounds and the reactions thereof.
MTBE which furthermore has a 2-methoxybutane content of
less than 500 ppm by mass is particularly well suited
for the preparation of highly pure iscbutene (by
cleavage) to isobutene and methanol.

20
Such a process advantageocusly follows the ©process
according to the invention for MTBE purificatien. A
process for preparing highly  pure isobutene Dby
catalytically cleaving the MTBE having a purity of

25  greater than 99.7% prepared according to any of claims
1 to 10 therefore also forms part of the subject matter

of the present invention.

The examples which follow are intended to illustrate
30 the invention without restricting its field of
application which can be discerned from the description

and the patent claims.

Example 1l: Removal of low boilers from crude MTBE (fuel
35 quality)
The distillative removal of the low boilers was carried

out continuously in a first pilot plant column having a



process for preparing highly pure isobutene by catalytically cleaving the
MIBE having a purity of 25 greater than 99. 7% prepared according to any of
claims I. to 10 therefore also forns part of the subject matter of the
present inventd.an. 6l exanpl es which follow are intended to illustrate 30
the invention without restricting its i alzd-of application which can be

di scerned fromthe description and the patent clains. Exanple 1. Renoval
of | ow boil er slifamemenr udé MIBE rfrf uelThe35cqlahint yyadher i B4dl | wattdhve thenoval

of the | ow boid er rrie cont i nUo in a first, pidot plant
col um havi ng ééﬁé%\.,\%é{o%‘%q %ff%g]lga?raentde?lao#g% trlr]rﬁonﬁwtelccaoll f%a%%%‘ filled
with the Sulzer BX woven packing and had 25 theoretical plates. The

operating par iRt s RN e A Udpus FRed ral eld kg/h Distillate renoval
rate0.5 kg/h Bottor% renlnvg;z;lll%arate13.5S kg/ h Feefot enper at ur e80C Top

tenperatur%BO 8C Bottomtenperature93 5C Top pressureld bar 8th theoretical
Feed traypl af gliompatthke bott om Vapor | oadi ngp £ a@mp. 75 Pa0.;5 !_i qui d hourly
oo e B oot o S BT TR 4o of eolum
Subst anceConmp@gittion irkrivity Fasse 13.5 kg/h
Feed temperature 80°C
Top temperature 80.8°C
Bottom temperature 93.5°C
Tep pressure 3 bar
Feed tray 8th thecretical
plate from the
bottom
Vapor loading factor 0.75 Pa’-®
Liquid hourly space velocity |10-20 m®/(m®*h)
Reflux ratio 6 kg/kg

The composition of column feed, distillate and bottom

product was summarized in Tablie 1.

Substance Composition in % by mass
Column Bottom Distillate
feed product

C,/Cs—nydrocarbons 0.299 0.02 8.477

MTBE 97.897 98.741 73.164

2-Methoxybutane 0.295 0,309 0.017

Methanol 0.598 0.003 18.039

tert-Butanol 0.798 0.825 0.001

Water 0.010 <0.001 0.302

Cg—hydrocarbons 0.100 0.103 <0.001

10 Table 1: Composition of the substance streams in column

-1

Virtually water- and methanol-free MTBE was removed as

the bottom product.



Colum Bottom Di stillate feedproduct C4/ C5-hydrocarbons0. 2990. 028. 477
MIBE97. 89798. 74173. 164 2- Met hoxybut ane0. 2990. 3090. 017

Met hanol 0.-5980. 00318. 039 tert-Butanol 0. 7980. 8250. 001 WAt er 0. 010<0. 0010. 302
C8- hydr ocar boris. -1080:6.03<0. 001 10 Table 1: Conposition of the substance
streans in colum 1 Virtually water- and3ret hanol-free MIBE was renoved as
the bottom product. O Z 6046 - 13 Exanple 2: Renoval of highly pure MIBE
Hi ghly pure MPRmpe contRemairst yobhidhern myre FERE | | ation fromthe bottom

product of theyi Odms} %@Iﬂérm Mipa se\gggd p&é@élrm&m ol wp- hayidg &
di ameter 5 of 5 colum was filled with the Sul zer BX woven

packi ng and h&t H0-tifdordt | oI dtés. PAtE FpePdtaNWF tharcdmettdrs Weérs tas
foll ows: Feed datemh 5J.rkgi hs&xshd | bat et rereval ceatingd. hakghh Boldicm® tlenoval

{ampor at ur 874 0C. 78p B cedire1c sl 24th Boea-br dyA oo o8 car: 575t &% rom

t he bottom woven packlng and had 50 theoretlcal plates

The operating parameters were as follows:

Feed rate 2.5 kg/h
Distillate removal rate 2.1 kg/h
Bottoms removal rate 0.4 kg/h
Feed temperature 94,7°C
Top temperature 71.7°C
Bottom temperature 74.0°C
Top pressure 1.7 bar
Feed tray 24th
theoretical
plate from the
bottom
Vapor loading factor 0.75 Pa®”®
Liquid hourly space velocity |10 m®/ (m®*h)
Reflux ratio 6 kg/kg

10
The composition of column feed, distillate and bottom

product was summarized in Table 2.

Substance Composition in % by mass
Column Bottom Distillate
feed product

Cys/Cs-hydrocarbons 0.021 <0.001 0.025

MTBE 98.739 92.040 99.922

2-Methoxybutane 0.309 1.775 0.050

Methancl 0.003 <{.001 0.004

tert-Butanol 0.825 5.500 <0.001

Water <0.001  }<0.002 <0.001

Cg-hydrocarbons 0.103 0.687 <0.001




Vapor | oading factor0.75 Pa""' Liquid hourly space vel ocityl0 nB/ (nR2*h)

Refl ux ratio6 kg/ kg 10 The conposition of colum feed, distillate and

bottom product was summari zed in Table 2. SubstanceConposition in % by

mass Col utm B&t-tZom&Didsti | | at e feedproduct

Ca/ C5- hydr ocar bons0. 021<0. 0010. 025 MIBE98473992. 04099. 922

2- Met hoxybut ane0. 3091. 7750. 050 Met hanol 0. 003<0. 0010. 004

t ert - But anol 0.T828%. 500<ergeis Mater <gf 001x0s@odk@n@dlstreams in column

CB- hydr ocar bons0. 1030. 687<0. 001 O Z. 6046 - 14 Table 2: Conposition of the

substance streans in colum 2 MIBE was obtained as a distillate in a

purity of over 5 99.9% Onmng to its |low content of protic acconpanyi ng

materials (watenBe WRidasetaihedt aButangl 3ti1hise MIBEA Sutixpasti ewkar a

good sol vent fgr (g/rg‘aeqr;&),rret allic,_ synt hese%.[ (%j\/l ng to the |l ow .

2- met hoxybut are “cont eft?9 t v s iBE s GrartS eul 3 | 9 St t aBFEFBA ALY

preparation Iatefrikilghl wagnare isoihdrenke. ©@Z-6H0d6ncl 15- tMhat MI'SEclia med

is: 1. A process f j.ng MIB Vi rit f I r 99. 7%

fromtechni calmgr erﬁ%‘gf%/ 5 fr(g%(?c?ongglgleggi I I%?fon?ggg%%ﬁettaﬁ%@c
syntheses. Owing to the low Z2-methoxybutane content,

this MTBE is particularly suitable for the preparation
10 of highly pure isobutene.



whi ch conprises separating the technical grade MIBE into a |ow boiler
fraction conprising MIBE, nethanol and water, a mddle fraction conprising
MIBE-in a 10 purity of greater than 99.7% and a high boiler fraction
conpri sing TBA ahd ®Ut®ne ol i goners. 2. The process as clained in claim1,
wherein 15 the fractional distillation rsigarried out in at |east two
colums. 3. The process as claimed in claim1l or 2, wherein 20 the
fractional di SH3% ks ortaimedrised out in at |east one dividing wall
colum. 4. The process as clainmed in any of clains 1 to 3, wherein 25 the
fractional distillationis carried out in a two-colum system which

consi sts of a ‘mai n‘toPtRASSEnd A sPEePEsEnEM MERTd PABinow dophed thr act i on

is obtained as theyteray odueh aal, 1he thisgh Hoih@lcafr agtiRn Agnkhe, pottom
product of ;the mai nfrcoltu.rm éo Cﬁ;dﬁ#gle tm' ddle fraction is purifi eg in-the
side colufm to gi Ve The iy & PUtity of greater than 99.7% 5.
The process as cl aiwigdh caid@miimey 35 wherein the MIBE having a purity of
greater than 99. 7% g ne S roduct o e side col umm.
O Z. 6046 -16 6. Theei?ﬁrr%gctel?sgnagr% a%‘%‘g PRt &R grei‘-ﬂtPheaMFﬂB’E’
having a purity of hpddatrer fuwt 991 7069mpr bbimg neMTEE, t heehhthom preduct of
the side colum. water, a middle fraction comprising MTBE in a

10 purity of greater than 99.7% and a high boiler

fraction comprising TBA and butene cligomers,

2. The process as claimed in claim 1,
wherein

15 the fractional distillation is carried out in at

least two columns.

3. The process as claimed in claim 1 or 2,
wherein
20 the fractional distillation is carried out in at

least one dividing wall column.

4. The process as claimed in any of claims 1 to 3,
wherein
25 the fractional distillation is carried out in a

two-column system which consists of a main column
and a side column, and the low boiler fraction is
obtained as the top product and the high boiler
fraction as the bottom product of the main column

30 and the middle fraction is purified in the side
column to give the MTBE having a purity of greater
than 99.7%. '

5. The process as claimed in claim 4,
35 wherein
the MTBE having a purity of .greater than 99.7% is
obtained as the top product of the side column.




5 7. The process as clainmed in any of clainms 4 to 6, wherein the fraction
of the side colum which does not contain the MIBE having a purity of
greater than 10 99.7%is recycled into the main colum. 8. The process as
claimed in any-di- d%s 1 to 7, wherein the MIBE having a purity of
greater than 99.7% has 15 a 2-net hoxybufléne content of |ess than 500 ppm
by mass. 9. The process as clainmed in any of clains 1 to 8,  wherein 20
the | ow boil erofracthomriaresyad el dimean tihe cYaietd onal distillation. 10.
The process as claiymd-di any of clains 1 to 9, wherein 25 the high boiler
fraction is recycled into the fractional distillation. 11. A process for
preparing highly pihée Mottt pelpy acavaiyyi o |gredteawi hlganh® IMYBE ikavi ng
?Opuri ty of 30 greatffaithan 9. 1% HARAEHALEH I NG ¢ Ay of . Glaim 1 to

5
ST, The process as claimed in any of claims 4 to 6,
wherein
the fraction of the side column which does not
contain the MTBE having a purity of greater than
10 99.7% is recycled into the main column.
8. The process as claimed in any of claims 1 to 7,
wherein
_ the MTBE having a purity of greater than 99.7% has
15 a 2Z-methoxybutane content of less than 500 ppm by
mass.
9. The process as claimed in any of claims 1 to 8,
wherein
20 the 1Ilow boiler fraction is recycled into the
fractional distillation.
10. The process as claimed in any of claims 1 to 9,
wherein
25 the high boiler fraction is recycled into the
fractional distillation.
11. A process for preparing highly pure isobutene by
catalytically cleaving the MTBE having a purity of
30 greater than 99.7% prepared according to any of

claims 1 to 10.



