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gas/|iqui d phaseS*Rafatipniaglar tor Tdwiamernnd iseadencon distillation col urm over
acid catalysts, as disclosed in EP 0 302 336 Al or DE 4 322 712. EP 0 302

336 Al describe ioh. nat | nol.fr MIBE over an acid ion
exchange resin @F%%f&%@iégﬁ%égqen Gg%gﬁbghag}%gg};y t??‘:éavé'g?u methd 35
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the catalyst is continually surrounded by a mxture of ether, olefin and
al cohol . Tht® | She aisenipddagiealatf bNRURFSRIERTdOMTRE 1 WS Mie ST NCE,
firstly, it olefins such as isobutene is a process known per se. A distinction is made

here between two different process variants. Firstly, the cleavage can be

carried out in the liquid phase over acid ion exchange resins as described,

for example, in DE 3509292 A1 or DE 3610704 A1 or over acidic

25  aluminum oxides as disclosed, for example, in DD 240 739 A1. In the léttef

case, the reaction conditions (167°C and 1 bar or 297°C and 10 bar) are

chosen so that the MTBE cleavage occurs in the gasfliquid region or in the

pure gas phase.

30  Secondly, the cleavage reaction can be carried out in the gas/liquid phase
in a type of combined reaction distillation column over acid catalysts, as
disclosed in EPO0302336A1 or DE4322712. EPO 302 336 A1
describes the elimination of methanol from MTBE over an acid ion
exchange resin which is positioned in the bottom of the column. The

35 cleavage of the ether here takes place in the bottom of the column, i.e. the
catalyst is continually surrounded by a mixture of ether, olefin and alcohol.
This is a disadvantage for the preparation of isobutens, since, firstly, it
does not ensure that the isobutene which ofigomerizes readily under acid
conditions is taken off quickly and, secondly, the acid centers of the




does not ensure that the isobutene which oligonerizes readily under acid

conditions is taken off quickly and, secondly, the acid cenjguanNUIAR
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2,4, 4, -tri met hyliD pn@@ﬂge'ﬁ!@s ahbechuse dhe tlieavarfehrgbetion is a typical equilibrium
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20 and the corresponding total pressure has the following composition:

mole fraction of isobutene =~ 14 mol%
mole fraction of MTBE =~ 70 moi%
mole fraction of methanol =~ 16 mol%

25
A further problem in this process is the isobutene dissolved in the
homogeneous liquid phase, which can undergo subsequent reactions. The
most important reactions of this type are acid-catalyzed dimerization and
oligomerization. For this reason, undesired Cs and Cy; components are
30 also found in addition to the desired target product isobutene. The
undesired Ca; molecules are 2 ,4,4,-trimethyl-1-pentene and 2, 4,4, -trimethyl-
2-pentene. Furthermore, owing to the sometimes high reaction
temperature, a further subsequent reaction in which two methanol
molecules react to eliminate water and form dimethy! ether occurs. Since
35 this reaction causes a considerable methanol loss, fresh methanol has to
be fed in, especially if the cleavage is integrated in a circuit with an MTBE
synthesis.
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20  conversion together with low downstream product formation and low
catalyst deactivation.

It has surprisingly been found that the acid-catalyzed cleavage of alkyl
tert-alkyl ethers into the corresponding olefins and alkanols can be carried

25 out at high conversions and with low by-product formation when using an
azeotrope of the ether and the corresponding alkanal.

The present invention accordingly provides a process for the cleavage of
alkyl tert-alkyl ethers into the corresponding isoolefins and alkanols by
30 acid-catalyzed reactive _distillation, wherein the reactive distillation
apparatus has, in an upward direction, a bottom zone, at least one
dis_ti!iation zone and a reaction zone and, if desired, a further distillation
zone and the alkyl tert-alky! ether is fed into the reaction zone via an
azeotrope of the alkyl tert-alky! ether and the corresponding alkanol.
.35
The particular advantages of the process of the invention are that .the
endothermic equilibrium reaction:

alkyl tert-alkyl ether «» alkanol + olefin




30 acid-catal yzed reactive distillation, wherein the reactive distillation

apparatus has, in an upward direction, a bottom zone, at | t
distillation zone and a reaction zone and, if desired, a fﬁﬁ?ﬁéﬁnﬁARy’2004
distillation zone and the alkyl tert-alkyl ether is fed into the reaction
zone via an azeotrope of the alkyl tert-al kyl ether and the corresponding
al kanol . 35 The particul ar advantages of the process of the invention are

that .the endot hescoirihgediithé béthemdeRassd a8 Bhivb Hﬁ'ﬁﬁétﬁ)}nk}g &Sty
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so low that tHe fduwmtream paddudtdgsdinetzatipndownst ream products by
dinmerization: 2 olefin <- diolefin or oligonerization is reduced conpared

to the pure liquid-phase process. 10 As catalyst in the process of the
invention, it is possible to use an 4@lrtnkediolafiichange resin or any ot her
acid catal yst having an inorganic or organic basis. The acid catal yst can

be located in conryepbdmeplish athllak [ i.on ki ng made of woven
netal nesh. I'n thée procl?té&sjrléégl?b?%é C?ﬁ{%ﬁet%ﬁéme P't"%ﬁgl”ﬁﬂg‘?isﬁp@cﬁés-cl eave
all alkyl tert-alkyl ethers which forma m ninum azeotrope wth the

correspondi ng al Kerfstalystindthegmodess of theviaekrition} e RIseBRN©sal arfsdid ion

catal ysts. The steReHdnde r88h iRl otep", GoRM . i nvent i on, can
therefore be a pyra Q,I.@k%l .éert-ggkﬂelp aﬁ%dq‘g‘fﬁg% or a?oir’ﬁ]i'{bﬁgaé"%?r PN Kyl
tert-al kyl ether "With R acidl Grlalys igeatgr i Aenventienad distiftiongeattiohi n.  \Wen
usi ng the pure ePREfNG Made of wavepfmethloneshikanol which is produced by the -
cl eavage reatdion is advisable. Although it is in principle possible to 25

add ot her al kano|sihet &0k -up_of .t he al kanols is nmade nore
difficult. If seg&gat@ﬁ%&#gﬁﬁgg negé\gs}ggﬁ' ?,pqs?‘@?e F%gle?‘éeoﬁb é'%kiyﬁteir%afhﬂe act ual
target product, o1 ErcHACB o & minimyp azratrorg Wil dhefeofresprindingt dlkarad eot r ope
to add - and can be cleaved in the presence of acid catalysts. The starting material
for the process of the invention can therefore be a pure alkyl tert-alkyl
20 ether or a mixture of the alkyl tert-alkyl ether with the corresponding

alkanol and/or the isoolefin.

When using the pure ether, addition of the alkanol which is produced by
the cleavage reaction is advisable. Although it is in princfple possible to
25  add other alkanols, the subsequent work-up of the alkanofs is made more
difficult. If separation is not necessary, i.e. the isoolefin is the actual target
product, it can be useful for the purpose of forming the azeotrope to add
an alkanol other than that produced in the cleavage. '

30  The cleavage of the alkyl tert-alkyl ethers according to the invention leads
to the corresponding olefins, i.e. generally to the branched olefins from the
‘part of the ether molecule which bears the tertiary alkyl group. The tertiary
“alkyl part of these ethers from which the corresponding isoolefin
subsequently results can contain from 3 to 10 carbon atoms.

35 )
The second cleavage product obtained is the corresponding alkanol. The
alkyl part of the ether from which the corresponding alkanol subsequent
results can be branched or unbranched and contain from 1 to 10 carbon
atoms. ' |




an al kanol other than that produced in the cleavage. 30 The cl eavage of the
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corresponding olefins, i.e. generally to the branched olefins fromthe

part of the ether nol ecul e which bears the tertiary al kyl group: The
tertiary alkyl part of these ethers fromwhich the corresponding isoolefin
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cleaved into Se@ﬁﬂgf\éo%&%wb% oﬁﬁ'&jsé polefins, and tert-al kyl tert-alkyl
ethers can be cleaved into ter rary al’kanol s and i sool efins. Exanpl es of
such conpounds are: Al kyl tert-alkyl etherd efinAl kanol Methyl tart-butyl
et her MIBEI sobut eneMet hanol Ethyl tert-but | ether (ETBE)IsoputeneEt hanol
tert-Anyl nethyl Aﬁ&”‘t@&-aﬁl&f‘ Iso ent eneMet hiano o IEI_AWI erhyt—ettmr

AEEI sopent enekEt lanmor—tert="Btt y. +Ssepropyt—ethe FRELsoby anol

tert-But | sec-| 1t 1e ¥l sobut ene2- Bilseingénet ar tf MatHanbl t er |- but |
et her BTBE! sobuf em@ﬂtsmbmy@nﬁlr(sh@ghe al kyl terfrablide e Nefnah@ Pe E{eaved

is fed into the action zone - Qe reaction GISlIIIdLIUIItappIalaL S via

an azeotrope of ' ORan f
process vari ant teﬂ:ﬁmvbethﬂgéﬁfﬁaﬁﬂ)these ar e shplopdaieneay | éfhandl5 exafrpl e in

Figures 1-6. I n|th®suly Ebﬂr@p@l ether (FGPE) (i ntroductianab th“lsﬁbr%ﬁér{opg

material), O: ofgll ol outiet], R reaction zone, D1,
D2, 03: distil fehesinPee J’“EV'?—“.Q Mvnm (can/ 159RUenBe oh?Bulenel R | bot t om
zone. tert-ButyI tert butyl ether (T BTBE) Isobutene Iscbutanol

10 The alkyl tert-alkyl ether to be cleaved is fed into the reaction zone of the
reaction distillation apparatus via an azeofrope of the ether and the
corresponding alkanol.

A series of process variants can be used, and these are shown by way of

15 example in Figures 1-6. In the ﬁ'gures, F: feed (introduction of the starting
material), O: olefin outlet, A: alkanol outlet, R: reaction zone, D, D1, D2,
D3: distillation zone, E: empty zone (can also be omitted), B: bottom zone.
The bottom zone is heated externally or internally, and the olefin outlet is
provided with a condenser (not shown).

20 The azeotrope can be obtained by feeding the ether (i.e. the starting
material) into the reactive distitlation apparatus below the reaction zone,
preferably between the reaction zone and the bottom zone {e.g. Fig. 1 and
Fig. 2). As starting material, it is possible to use ether/alkanol mixtures of
any composition. An appropriate MTBE/methanol mixture is frequently

25  produced by MTBE production plants.

After the ether/alkanol azeotrope has been cleaved in the reaction zone,
- the corresponding olefin is taken off from the top of the apparatus as
olefinfalkanol azeotrope, while the major part of the alkano! runs to the

30  bottom.




The bottom zone is heated externally or internally, and the olefin outlet

Is provided with a condenser (not shown). 20 The azeotrope taHaed
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distillation apparatus bel ow the reaction zone, preferably between the
reaction zone and the bottom zone (e.g. Fig. | and Fig. 2). As starting
material, it is possible to use etherlal kanol m xtures of any conposition.
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zone being | ocat @, SainG\Fﬁﬁgﬁ(d)_. e. downstreamin the direction of gas flow)
the reaction zone (e.qg. ig. 5 and Fig. 6). 10 In another variant of the

invention, it is possible for the alkyl tert-alkyl ether to be fed into
the reactivel@i s #nodhsroariangehthetingertionwbisrpasisibtel fot thtsi adky! sartialkylestissr on
zones (e.g. Fig. tdpe fédirftd the Peactie distilatdnNSppaRatas iRlwded &isthation gt ween
two distill ationg zohdd t(Qgrrf_q g,) t‘#ﬁ:iet#e{h can_be feFI JE’[_O t he
apparatus in a d*)stl atlon zone é iy r?g- 5 §u?a‘“6m"§i fgtariay fyy fed in
advant ageous| y, PBWEED bt distifatien zepas Jirthermarenthessthermean batedtintorthzone
above the inlet 8eparatheirss distillatign xahe(Figl4)pr events catal yst poi sons such
as metal iongsfrempfsAG 4Hd AVBNTRRELAY oEARG t hi \Gthgn of the
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that an ether- cgHPhi RS- : s .t s the . reactLon zone, SO
fhat an et cavage T ?g%?ﬁ)nfkg%%ge%@?{ @18&5% 2GRS0 G azeotropic point Is
_ 2 ssible in the rectification section, so that alkyl tert-alkyl ether/alkanoi
mixtures of any composition can be processed. This ensures that an ether-
containing liquid phase always reaches the reaction zone, so that the
cleavage reaction does not stop.
Suitable column pressures for operation of the reactive distiliation
25 apparatus are in the range from 1 to not more than 10 bar. For the
cleavage of MTBE, a column pressure of 3-7 bar has been found to be
useful. If the catalyst used is, for example, a cation exchange resin,
considerable elimination of sulfonic acid groups from the resin surface has
to be expected at above 125°C, so that deactivation.of the catalyst
30 | gradually takes place. In this case, a reaction temperature of from 105 to
115°C is advisable.

The operating temperature which is optima for the catalyst can be set via
the column pressure.

35
Other catalysts which can be used in the process of the invention are, for
example, acid-activated bentonites and/or aluminas, zeolites, sulfonated
zirconium oxides or montmorillonites. These catalysts can be employed at
higher temperatures.
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the catalyst lo teg i n . the 10 bot}ggrsection have a consi derabl e
di sadvant age becalls&8MNGoEXIBPIE ofhths risavagr) of MTBE Wi tepthansdtansh, so

that darmmge to tisburneaisyitercled tooitesirate Tee pfasichbinvegtiex arma eleafagene
cl eavage of 1MTBRccoidimg®ithaiflenfdifor étRGBLLERSs IETHEN TRRAE Ak ifg Pt rate the

resent inventi ' .1 ccarding to the i nvention of ‘ethers
guch as ETBE, Tmﬁﬁﬁéﬁ%ﬁﬁ%&necﬁ%@g@%o% BE is carried out
anal ogously. The cl eavage of MIBE is carried out in a pressure colum which
is equi pped wi flhedélsavdgeats MTBEAGK cagiednslt rigas toressued ShidinmihRA Racki ng.
The equipped with distillation packing and reaction-distillation packing. The
20 column, which is operated adiabatically, has the following dimensions and
packing locations:

» Internal diameter = 80 mm .
* location of the packing elements: - 2nd-6th tray: distillation packing
' - 7th-13th tray: reaction packing
- 14th-30th tray: distillation
packing

The starting. material, consisting of 99% by weight of MTBE and 1% by

25  weight of methanol, is subcooled to a temperature of 68°C and fed at this
temperature to the 20th tray at a rate of 2 kg/h. The subcooling of the
starting material mixture is necessary for purely engineering reasons and
has no influence on the reaction.

30 The column pressure set is 6.5bar. At the top of the column, the

condenser is operated at about 52-53°C, so that the vapor stream can be

- completely condensed. Part of the condensed stream is discharged from

the column while another part is returned to the column as runback. The
reflux ratio is 9.




20 columm, which is operated adi abatically, has the foll ow ng di nensions
and packing locations: |Internal dianeter = 80 mm | ocati I*Flp@R az‘dﬂ ng
el enents: 2nd-6th tray: distillation packing 7th-13th tra?:rs?]cé\ac io*rq 4
packing 14th-30th tray: distillation packing The starting. material,
consisting of 99% by weight of MIBE and 1 % by 25 weight of nethanol, is
subcooled to a tenperature of 68C and fed at this tenperature to the 20th

tray at a rate offie tsgpbraiFBen mheaBldrnGor] Ll ineABd TS BRIAL 1 X ur e

i S necessary for kneeri.n asqQns an
reaction. 30 Thef@o iiyﬁzgﬂg&aﬁ}d;ﬂgog'{c[ﬁgr org Igad to g damage & ther styresecol um,

the condenser 9% gip-hasesh 6aliors 2xgi3Dges tesirh dbstellesl Vrapthe relati@m can be

conpl et el y cohdempsekdng. Fdwetteperatife apind R isbh@anpbes di scharged from the
colum while another part is returned to the colum as runback. The reflux

ratio is 9. 16 JANUARY, 2004 The tenperature in the reaction zone under

t hese boundary cblfiPtichR%atically depisisoheaxamplrciensedberhbeied teheomepaitionl ead t o
no damage to theoktthe eleed stradnmydricernt ethie- BREMRSe Catd BoteXENARESHS €SN
installed in thestiB@akizéNi Kiqag. rature .at the bottomis
about 120C. Fjg. %/scr:erraﬂ ?3@?3'3@% '\(ﬁggt%‘%wggséoﬁ]pr%ﬁﬁ%se&(?WBl?d'sh@Yeé; t he
conposi tion " of ? e feed stream and of the distillate and bottoms streans
are summarized Tie Faping nateffdlds MEBE vizoneeF STiRrebBtiveistilgigBpSarkfisover 10
99% The starti ngag"BieHis@lation FoR8s i aH ' reactive disfillation
apparatus has tl‘@%ctgcisrf:{tziohl %i fn z?ﬁes%”??gjh%eggﬁt?&gﬁ?gg A8 B zone B
and a reaction Zone RZO1EdHutSRUEENE isalakan off dss distidate | steaae d3r eadh 0, and
met hanol is t akeReHanolistaken ofims bottomasirdem 25 Feed stream

i5
kg/h | MTBE Isobutene _ Methanol
Feed stream | 2.00 | 99.0% by mass | 0.0% by mass 1.0% by mass
Distillate 1.32 | 1.4% by mass 95.5% by mass - | 3.1% by mass
stream )
Bottoms 0.68 | 0.2% by mass 0.0% by mass 99.8% by mass
stream

Table 1: Mass flows and main constituents of the streams (rounded
vaiues)




Distillate stream Bottons stream kg/ hMIBEI sobut eneMet hanol 2.0099. 0% by

mass0. 0% by nassl. 0% by nass 1.321.4% by nmass95. 5% by nass

0. 680. 2% by nass0. 0% by mass99. 8% by mass Tabl e 1: Mass floa‘llsé.‘e{%( AWSZ?JM
constituents of the streans (rounded values) 8 16 JANUARY 2004 C a| rrs 1. A
process for the cleavage of alkyl tert-alkyl ethers into the correspondi ng
i sool efi nsggnd al kanol s by acid-catal yzed reactive distillation, wherein
the reacti stillation apparatus has, in an upward direction, a bottom
zone, at least one distillation zone and a reaction zone and the al kyl
tert-alkyl ether is fed-into the reaction zone via an azeotrope of the

al kyl tert-hl&kyptocessifer thanitbatiye EPOARY Rehedt i n th zeot { ope
of the alkyl ter% al k ether ﬂ?gd i nt'o the rg‘{;@’%f’fie §F (%mg Sﬁ&lﬁ

appar at us beldpap é’Yrae Gafadyred é@?étlbﬁf dlﬁihi@tlon,e‘aharemehﬁitea&tidelcagtm@ﬁo@&ﬁ@faﬁsus
2. The procegssag o where the aj k tert-alkyl "ether is
fed into the reacti [ (sﬂtrl tfﬁéﬁtaé g%t%dé’b tgﬁaﬁ&w latien zengcandonreadive and
t he bottom z@are a®l thHﬂk){irtﬁcchSjl &BerCl aﬂadrﬁg if ein

al kyl tert- alamﬂi etzﬂﬁ&1 i's fed [nto the re%c%{/\egﬂ@%m ¥ %a% &83?8{-[}?

bet ween di st torts oteer amd the serdspendingnalkanl, Whereiprthe assoudpe @fqlen@glyli n
any of cl ai mgerl r-ea e.distillation apparatus has a
plurality of degl%flﬂl %r?%%&%ﬁéﬁ et}gactnﬁe gﬁhﬁﬁf(’é‘ﬁpﬁrgﬂlﬁ ?ﬂowztb?lteahteftnrﬂjmb ofticed
above the rtactiveodistibtion afpardilie process as claimed in any of clains 1 to

4, wherein the alkyl tert-alkyl ether is fed into the reaction
distillation apparatus in a distillation zone. 6. The process as clainmed in

any of cl aRn¥hd pkatess aVBBIGID I | k ethers are cleaved into
n-al kanol s and. i Fsooleti ne. ml'%gilng?ibggeh%%e'%?] Ivisg-alylgtheris fed dntasthe t o
5, wherein skactigndjstiliaton amam;uhs tehhm&h@reecnoelzeﬁe/eﬂi thebcicandary al kanol s
and i sool efins.

- 3. The process as claimed in claim 1 or 2, wherein the alkyl tert-alkyl ether is fed into the

reactive distillation apparatus between distillation zone and reaction zone.

. 4. The process as claimed in any of claims 1 to 3, wherein the reactive distillation apparatus

has a plurality of destillation zone, with one distillation. zone being located above the

reaction zone.

5. The process as claimed in any of claims 1 to 4, wherein the alkyl tert-alkyl ether is fed

into the reaction distillation apparatus in a distillation zone.

6. The process as claimed in any of claims 1 to 5, wherein n- a]kyl tert-alkyl ethers are
cleaved into n-alkanols and 1sooleﬁns

7. The process as claimed in any of claims 1 to 5, wherein sec-alkyl tert-alkyl ethers are

cleaved into secondary alkanols and isoolefins.

8. The process as claimed in any of claims 1 to 6, wherein tert-alkyl tert—alkyl ethers are
cleaved into tertiary alkanols and isoolefins.




8. The process as claimed in any of clains 1 to 6, wherein tert-al kyl
tert-alkyl ethers are cleaved into tertiary alkanols and i$®9lagfii

JANUARY 2004 9. The process as clainmed in any of clainms | to g’$%#§$g}€§b4
met hyl tert-butyl ether is cleaved into isobutene and nethanol. 10. The
process as clainmed in any of clains 1 to 6, wherein ethyl tert-butyl ether
is cleaved into isobutene and ethanol. 11. The process as clained in any

of clains | 9 @ThéprodbRrRichi - ther is cleaved jnto.
i sopent ene and ot hano@.‘:&iﬁé&r f%h%?}grk‘ gfég{ggwé%g’cw Eir?fﬂ&’qﬂﬁé%g‘gyf hagiingleaved o

6, wherein teiittoéﬁﬁ?qltemmlﬂlmﬁhdmt. is cleaved . into isopentene and et hanol.
13. The process as clained in any of clainse 1 to 5 and 7, wherein
tert-butyl isopropyl ether is cleaved into isobutene and isopropanol. 14.

The proces$0a$he paicBRGsichialy ity j to 5.and 7, wherein tert-butyl
sec-butyl ether is cleaved intoy?ifg%%géetogényhﬁf%F@ﬁloﬁm‘bPﬁl ethse Isprlepved s

as clai ned i nifhigobftensiaaidethatiolt o 5 and 8, wherein tert-butyl tert-butyl
ether is cleaved into i sobutene and i sobutanol. 16 JANUARY 2004 ABSTRACT
PROCESS FOR THE CLEAVAGE OF ALKYL TERT- ALKYL ETHERS | NTO | SOOLEFI NS AND

ALKANCLS OVERTIGhBcesSAT Ak i t relates to rocess for the
cl eavage of al ky tert-alhl}kégg%ét e?gaxﬁ%tlot%ﬁ’l %f%ﬁﬂﬂfgti?ﬂai ¥l gthsr isroleszedind
al kanol s by a@idsenenteny ambimetbastli ve 5 distillation, wherein the reactive
distillation apparatus has, in an upward direction, a bottom zone, at

| east one distillation zone and a reaction zone and the alkyl tert-alkyl

ether is fiEd Thetmrotddead Samiddan 289RE cMifs zeotrope . of the al kyl
tert-al kyl ether, and the correspgndicng arE%anBerf’él t?ﬂ?“%&@@ls%th?rslsﬂﬁﬂf%l e
for the cl eaVBigdsapenigng andreghangkcondary and tertiary alkyl tart-al kyl

ethers,- in particular MBE. FI GURE : NONE

13. The process as claimed in any of claims 1 to 5 and 7, wherein tert-butyl isopropyl ether is
7 cleaved into isobutene and isopropanol.

14. The process as claimed in any of claims 1 to 5 and 7, wherein tert-butyl sec-butyl ether is
cleaved into isobutene and 2-butanol.

15 . The process as claimed in any of claims 1 to 5 and 8, wherein tert-butyl tert-butyl ether is
- ~ cleaved into isobutene and isobutanol,
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