16 JANUARY 2004 Process for the cleavage of alkyl tert-alkyl ethers into
I sool efins and al kanols over acid catal ysts The present i anUWI\Rﬂ‘ARQIfd(ﬁF
to a process for the cleavage of alkyl 5 tart-alkyl ethers by reactive

distillation in the presence of acid catalysts to give the correspondi ng
| n particular alkyl

ol efins and al kan | eqavage of et hers, cul 8
tert-al kyl ether sp'ilo%fe (s)g-gﬁkti' q‘ﬁga‘%Qﬁo"fo?'%Y’i teet-alkyl gthetminip dsealefite anded f or
the preparation of!kpiRle oypeasidsatalystshus, for exanpl e, i-sobutene is

produced in technical -grade purity by dehydrogenation of C4 m xtures.
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| sobutene. Pure isobutene is therefore usually obtained. by cleavage of
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oxi des as di scl od@ges %brCeradple compolii 48cARENA 1-bLenkhand atbgenecase,
the reaction condiepaefisn 6fHEGRFL ' _are chosen so
that the MIBE cl ggy, %m?c%flﬁesca isrg3 tE%F?épskIQFllsg%iﬁgn?ggﬁoiage _grarrel)_'ﬁ&fLﬁ%“e ﬁure gas
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336 Al descri beputh@sdblichi Rt HR:ok cji]@,ng .afrg M Evover n acid ion
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20 The acid-catalyzed cleavage of ethers such as MTBE to obtain pure
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 latter
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
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i ntroduction of an MIBE/ net hanol m xture in this arrangenent woul d
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conver si on. th | 1nhibits {he aCtual cleavage
occupyi ng thi(;@ac_llggg’cecﬁ‘_ﬁePga(a'fva{eneth‘éabﬁvqu. acyl |Gatalyst daseddition] dhwage
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noted that high ddcBEsecths GestRASTERBPHo WFI’ B@EI?F\?’%‘% and' tRld Petccilugl?ﬁher-rhi s1s

oo, a1t qu S arslo BB DhE el eaveoeoraciion dust e
correspondi ng t STEIPYIRGEEeaeE gpnders pbthesatalnet.ng conposition: nole fraction

of isobutend> -- 14 nol % nole fraction of MIBE = - 70 nol % nole fraction
of net hanol = - Iﬁ@hé’f%s%cﬁ’%leavage processes which are carried out in the pure quuid-
phase, it has to be noted that high MTBE conversions cannot be achieved
in principle. This is because the cleavage reaction is a typical equilibrium
reaction. Thus, for example, a liquid phase at reaction equilibrium at 100°C
20 and the corresponding total pressure has the following composition:

In

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 C; molecules are 2,4,4 -trimethyl-1-pentene and 2,4,4, -trimethy!-
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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It is therefore an object of the present invention to develop a process for
the cleavage of alky! tert-alky!l ethers which achieves a high ether

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
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i nventi on, i slbpo'grs]ﬁgq gceig ‘ﬁ@éf i) %ﬁ:PﬂatFBH‘ C%U(‘@Iﬁ‘ﬁ?@i drs(ggatwnﬁearamyn ot her
aci d catal yst haP??’@n Waﬂ%@?\g@\rﬂnamial reesiani ¢ basis. The acid catal yst can
be | ocated i h5conventional distillation/reaction packing nade of woven

metal mesh. In the process of the invention, it is possible to cleave all alkyl tert-alkyl
ethers which form a minimum azeotrope with the corresponding alkanol
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 atkyl tert-alkyl ether with the corresponding
alkanol and/or the isoolefin.

When using the pure ether, addition of the alkano! which is produced by
the cleavage reaction is advisable. Aithough it is in principle 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.




15 In the process of the invention, it is possible to cleave all alkyl
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. tert-ButyI tert-butyl ether (TBTBE) 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.
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part of the al kaaeparatusin & distilfetion 3Bnd(Rigodn 16 JANUARY 2004 The
al kanol /i sool #1 i BupASAGIYORR AdsRthgRblistAl ioERfnt 8%8%@?&%%%8 ot TRL!
proportion of the erler. o above the inlet for the starting material prevents catal
yst
: poisons such as metal ions from reaching the reaction zone, sc that
deactivation of the catalyst is at least reduced. Furthermore, fractionation
of an alkyl tert-alkyl ether/alkanol mixture as far as the azeotropic point is
20  possible in the rectification section, so that alkyl tert-alkyl etherfalkanol
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 cleavage of MTBE is carried out in a pressure column which is

equipped with distiflation 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.




exanpl e, acid-activated bentonites and/or alum nas, zeolites, sulfonated
zirconium oxides or nontnorillonites. These catal ysts can bﬁgﬁﬂﬂh@(ﬂ? 2'%{94
hi gher tenperatures. 16 JANUARY 2004 Location of the catal yst packing above
the feed point prevents poisoning of the catalyst by netal ions which may
be present in the feed stream' it is also possible to use ether/al kanol
m xtures of any conposition, since 5 distillative fractionation of the

mxture as far adhoftempaaais opMCRAAE Hine BRIk MRHEELAA: 30T  he

reacti on packi ng.sgakhi e l,es e .reaction tenpera

reaction zone tofrgygﬁﬁ?#gfpe%%e?@f’%@er Af ??‘iﬁ% PO Ha@gas 9 Kis twienso t hat
damage to the caf¥ifydhenzans-Basesr colian edchange reésins inslalfeekin the ovass®@s whi ch
operate wi th fhepeckiag.yie tbraparards anthk bottd@ ivabsapeeet i on have a '
consi der abl e di sadvant age because of possible overheating in the bottom
section, so that da to.the catal yst can occur. The follow ng exanple
of the cl eavage 519 SRR I SeRigisone sxamplesdenstibert here; ithet eondsubition
illustrate the ppedeatfepdvsirgdnorendTive wkeaistilfe ARd BHORR BFedRs t
invention of ethewmat , - | PE, ., .TBSBE or TBIBE i s
carried out anal ggpusl| f/éli %ﬁgg%ilgga\ﬁrgégﬁgPE%Ee?%%m F?'%c?xﬁfﬁ‘f’% ¥ 9v85r essure
columm which'is qui pped with distillation packing and '
reaction-distil | ke siarimgoiatagal isfeel id@iackrieuPrThemiachvel dstNBBERbSShratus

adi abatical |y, hiass twiedis@ildtioni i i | | ocati ons:

Internal dianmetey,,=.80 Er)rm gg}?ﬁ?gﬁ o.¥ ﬁgf Eg@%tﬁg,gy%gﬁ&'nf@e éneﬁ"-‘%?h tray:
distillation packing & 7oh: 13t FOPHgPe Isclaken ooff Rsc Kistilpte 19frganB@.hand ay:

di stillation padRetignaiietaken pffiaapotioms ereath A. consi sting of 99% by wei ght of
MIBE and 1 %%y

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)




25 wei ght of nethanol, is subcooled to a tenperature of 68C and fed at this
tenperature to the 20th tray at a rate of 2 kg/h. The SUbCO.PéI ARY%O
starting material mxture is necessary for purely engineering reasons ang'
has no influence on the reaction. 30 The columm pressure set is 6.5 bar. At
the top of the colum, the condenser is operated at about 52-53C, so that

t he vapor ream can be conpletely condensed. Part of the condensed stream
is di scharé@émﬁrom the columm while another part is returned to the colum
as runback. The reflux ratio is 9. 16 JANUARY 2004 The tenperature in the
reacti on zone under these boundary conditions is from95 to 110C and
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2. The process as claimed in claim I, wherein rthe alkyl tert-alkyl ether is fed into the

reaction distillation apparatus between the reaction zone and the bottom zone.

- 3. The process as claimed in claim 1 or 2, wherein the alky! 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 p-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.




1. 321. 4% by mass95. 5% by mass3. 1 % by mass 0. 680. 2% by nmass0. 0% by
nmass99. 8% by mass Table 1: Mass flows and nmain constituents il NORIBY
(rounded val ues) 8 16 JANUARY 2004 Clainms 1. A process for ?éué' (rﬁije‘g‘\}age of
al kyl tert-al kyl ethers into the correspondi ng isool efins and al kanols by
acid-catal yzed reactive distillation, wherein the reactive distillation
apparatus has, in an upward direction, a bottom zone, at |east one
distillati o Z08@rcbe =3 clafasd inoh: he al.kyl tert-al kyl ether is
fed into the reaction zone vi a an %ggﬁ?gg%g’o&?%%%ﬁwﬁ-?w cthar ks ¢leaveler
and the corredp®iabwgnedndanghanoivher ei n t he azeotrope of the al kyl
tert-alkyl ether is fed into the reactive distillation apparatus bel ow the
reaction zone of the reactive distillation apparatus. 2. The process as
cl ai med i niel Fhepiocesdhaichited B! ddik 8Nt Kyl _ether is fed into the
reaction distillation apparat usmﬁet V\%ae]}r?@tlhtgaéf gé’ffei"bﬁt% \5E-buhd cthee Iseavedn
zone. 3. The Pioiseddengsndletianeld 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 clained in any of
clainms 1 tbl.3Theyeedk Bs lBndI§AGEY i sti)lati,on.apparatus has a plurality
of destillation zone, with oneﬁg‘}l’ asﬁfta?I Bk tgné%’f?én%&“Wllwléﬁl%ﬁm‘@%e
reacti on zonentogsoppRieng pstwsthamd. cl ai med in any of clains 1 to 4, wherein
the al kyl tert-alkyl ether is fed into the reaction distillation apparatus
in adistillation zone. 6. The process as claimed in any of clains 1 to 5,
wher ei n n-Bl Kifle procdss ad EMimeAtiNShS oREE; ed. i nto n-al kano] s, and

i sool efins. 7. The process as c|§i°ne§”f’§i§‘%§’ g%lergwaiifﬁf“?’lf?@yls?th%féﬁ@wd
sec-al kyl terpdsoppnters andresheapk ¢l eaved into secondary al kanol s and

i soolefins. 8 The process as clained in any of clains 1 to 6, wherein
tert-alkyl tert-alkyl ethers are cleaved into tertiary al kanols and

i sool ef i nd3. The pANHRY cBHR4] 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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9. The process as clainmed in any of clains | to 6, wherein nethyl
tert-butyl ether is cleaved into isobutene and nethanol. QCRI
as claimed in any of clains 1 to 6, wherein ethyl tert-but&fagt@mﬁs
cleaved into isobutene and ethanol. 11. The process as clained in any of
claims | to 6, wherein tert-amyl nmethyl ether is cleaved into isopentene
and net hanol. 12. The process as clainmed in any of clains 1 to 6, wherein
tert-anyl ethyl ether is cleaved . into isopentene and ethanol. 13. The
process as clainmed in any of clains 1 to 5 and 7, wherein tert-butyl ]
i sopropyl ether is cleaved into AB%BRA€He and i sopropanol. 14. The process
as clainmed in any of clains 1 to 5 and 7, wherein tert-butyl sec-butyl
ether is cleaved into isobutene and 2-butanol. 15. The process as clained

in any of cl ain&0GESS EOR\\EHE CLEAVAGE QBrALBYL yTERBFALBGYLY! ether is

cleaved int o isEESNEYEHdr $GODEE B! A N6 RACT PROCESS FOR
THE CLEAVAGE YL TERT- ALKYL ETI%S %W@?MDALKAN&S OVER
ACI D CATALYS] $H¥ention relates to a process for the cl eavage of

al kyl tert-alkyl ethers into the corresponding isoolefins and al kanol s by
aci d-catal yzed reactive 5 distillation, wherein the reactive distillation

t inveRti i J tt , I t

distillati %‘E‘S enUaR IHBNB10 & (TBEESHofthe Radfide R 4BV Tourboasibprs ot ner i s

fed into tNe FEAEPTEHPAGHG pralelins andoalkandls kyf acibieatdlyadd teictival ky! et her

_a][\d' thé co@fﬁ@ﬁﬂondmrahkaecrbaqtm EﬁBﬁlllégfdPﬁéﬁﬁatrbﬁ.lslS(H%é,%pﬁ g,%(ﬂ,ahhe cl te_avalge

of_pri gﬁgﬂ%&?sﬁ% oftfbrie’ bt 163sY ond Gi¥flialidh Zorie shd a renction zona. T 1 o "
and the alkyl tert-alkyl ether is fed into the reaction zone via an azeolrope

of the alkyl tert-alkyl ether and the corresponding alkanol.

10 The process is suitable for the cleavage of primary, secondary and tertiary

alkyl tert-alkyl ethers, in particular MTBE.

FIGURE : NONE
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