- 1 Process for preparing isobutene fromtert-butanol The present
invention relates to a process for preparing isobutene by dissociation of
tert-butanol (TBA) over acid ion-exchange resins. Isobutene is a starting
material for the production.of butyl rubber, polyisobutylene, isobutene
ol i gonmers, branched C5-al dehydes and C5-carboxylic acids. It is also used
as al kylating agent and as internedi gte for producing peroxides. In

i ndustrial streans, isobutene occurs together with saturated and

unsaturate C4 hydrocar bons. y ng.to the small boiling point difference
and the ve%ﬂ%ﬁ%@%&%&ﬂ“t terts i sobut ene and 1- but ene,

i sobut ene cannot be separated economcally fromthese m xtures by
distillatign. For this reason, isobutene is isolated fromindustrial
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easily be @ﬁ%&%ﬁ%ﬁ%vgﬁgm&;ﬂh&m&rﬁ DRL;QL g hydrocarbon nixture and then
redi ssociating the 1solate erivatfve to form isobutene and the
derivative-form ng agent. |Isobutene is usually separated fromC4 fractions,

for exanpl h fraction froma steam cracker, in the follow ng way.
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isobutene and the derivative-forming agent.
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Isobut_ene is usually separated from C4 fractions, for example the C4 fraction from a steam
cracker, in the fo.Ilowing_way. After the major part of the multiply unsaturated hydrocarbons,
‘mainly butadiene, has been removed by extraction (or extractive distillation) or selective
hydrogenation to linear butenes, the remaining mixture (raffinate I or hydrogenated cracking
Cs) is reacted with an alcohol or water. When methanol is used, methyl tert-butyl ether
(MTBE) is formed from isobutene, and when water is used, tert-butanol (TBA) is formed. After
they have been separafed off, both products can be dissociated to form isobutene in a reversal

of their formation,

The dissociation of TBA can be cartied out more easily than that of MTBE and gives a smaller
amount of by-products. The acid-catalyzed dissociation of TBA to give isobutene of high purity

is known. This dissociation can be carried out in the liquid or gas phase.

The dehydration of TBA in the gas phase is carried out over acidic aluminosilicate catalysts, for



t hese processes is that, owing to the high tenperatures and hi gh isobutene
concentrations inherent in the process, by-products are fornmed by

di meri zation or oligonerization of the isobutene forned. Attenpts have
been nade to mnim ze these secondary reactions by reducing the isobutene
concentration in the gaseous starting nmaterial by addition of inert gas.
This results in an additional process Step. A nunber of processes are
known for the. dehydration of TBA in the liquid phase. In DE 29 53 583,
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i sobutene, b '-ggroducts, water and a water/ TBA m xture which is
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is suspended in a solution of TBA and water. A mixture of water and TBA is passed in gaseous

form into the liquid phase in this reactor. At the top of the reactor, a gaseoué mixture

comprising isobutene, TBA and water is obtained. At the bottom outlet, a liquid mixture

comprising water, TBA and by-products is taken off under level control. The overhead product

is separated by distillation into isobutene and a mixture of water and TBA, which is returned to

* the reactor. The phase taken off from the reactor in liquid form is separated in at least two

colurnns into water, by-products such as oligomers of isobutene and TBA which is recirculated

to the reactor. Apart from the complexity of the plant, a further disadvantage is that the catalyst

is damaged by the mechanical stress, which results in a short operating life.

In DE 31 51 446, the redissociation of TBA into isobutene and water is carried out in a
homogeneous and liquid phase at temperatures of from 80°C to 150°C and pressures of from 5

to 25 bar over a strong acid ion-exchange resin present in a fixed bed, and the homogeneous,



whi ch corresponds to the tert-butanol/water azeotrope. As a result of the
recirculation of a large anpunt of water, the space-tinme yield of the
process is not particularly high and a high energy input is necessary for
the materials separation. In addition, the |arge anounts of circul ating
material require a very large outlay in _terns of equipnent or
correspondi ngly | arge di nensions of tﬁé'apparatuses. Si nce the known
processes are not satisfactory in terns .of selectivity, space-tine yield,

energy consunption and/or capital costs, it is an object of the invention
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The present invention accordingly provides a process for preparing isobutene by dissociation of
tert-butanol into isobutene and water over a strong acid ion-exchange resin arranged as a fixed
bed in at least one reactor, preferably at a temperature of from 80 to 150°C and 2 pressure of
from 5 to 25 bar, and subsequent separation of the reaction mixture into isobutene, by-products,
water and at least one mixture of undissociated tertiary butanol and water, wherein the reactor
is operated pseudoisothermally, i.e. the difference in the temperatures of the inflowing and
outﬂowix_lg streams (feed stream and product stream) is less than 15K, preferably less than
10K and particularly preferably less than 5K and very particularly preferably less than 1 K.
. The feed to the reactor is composed of fresh feed stream and one or more recycle streams which
comprise a mixture of undissociated tert-butanol and water, with the mass ratio of fresh feed
stream to the sum of the recycle streams being less than 1: 10, preferably less than 1: 5 and

very particularly preferably less than 1 : 3.



pressure conditions under which all starting materials and at | east one
reaction product are predomnantly present in liquid form in particular
for carrying out the process of the invention, wherein the reactor system
has at | east two physically separate reaction zones which each have a
catal yst arranged in a fixed bed and fqgﬂ lities for maintaining isothermnal
operation, where between each two reaction zones there is a separation
zone having neans for bringing at |east part of at |east one of the
product s of the equi libriumreaction into the gas phase by changing the
pressure ontf g’?é"tvﬁ?téon ST BIOYIHG 15abutsng prepased IIYH& Preeess ¢fhe inveatione and
di schar gi ng |t from the reactor and for transferring the remaining
reaction mxture to the follow ng reaction zone, wth a further neans
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The process of the invention makes it possible to  carry out the dissociation of tert-butanol with
significantly smaller mass flows, in particular smaller amounts of circulated material, while
maintaining the same high selectivity. In this way, the energy consumption and the dimensions

of the apparatuses can be reduced compared to conventional processes of the prior art.

Carrying out the process in a specific type of apparatus in which a plurality of reactors or
reaction zones are connected in series and a separation zone in which isobutene is vaporized
and separated off in gaseous form from the reaction mixture is present between each of these
reaction zones makes it possible to carry out the dissociation beyond the equilibrium ratio in a

simple fashion, since part of the isobutene is removed from the equilibrium in the separation

Zones.



enbodi nents. In the process of the invention for preparing isobutene by

di ssociation of tert-butanol into isobutene and water over a strong acid
i on-exchange resin arranged as a fixed bed in at |east one reactor,
preferably at a tenperature of from80 to 150C and a pressure of from5 to
25 bar, and subsequent separation of the reaction m xture into isobutene,
by-products, water and at |east one ni-ture of undissoci ated tert-butyl

al cohol and water, the reactor is operated pseudoisothermally with a
difference in the tenperatures of the inflowing and outflow ng streans
(feed stredhteasmrvglefdvaer from tha repctor oute or from otheswiter-qonisningabreams tgsmeanhan 10
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series or ilA° pEcsssiofithe ifyqntion tsedeadribad belpwiwithout the provess hping restristedrts thesé ng
operated i gpbhememily. It is possible to use various types of reactor in

whi ch i on-exchange resin can be present as a fixed bed, for exanple
fi xed-bed reactors, shell-and-tube reactors or reactors of other types. The
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sum of the recycle streams being less than 1 : 10, preferably less than 1 : 5 and very particularly
less than 1:3. It can be advantageous to use a plurality of reactors which are connected in
seties or in parallel, with preference being given to all reactors being operated isothermally. It
is possible to use various types of reactor in which ion-exchange resin can be present as a fixed
bed, for example fixed-bed reactors, shell-and-tube reactors or reactors of other types. The
reactors us¢d have to have means for enabling isothermal operation, i.e. for the removal or
introduction of heat, e.g. heat exchangers. The reactor(s) is/are operated pseudoisothermally,
 ie. the difference in the temperatures of the inflowing and outflowing streams (feed stream and
product stream) is less than 15 K, preferably less than 10 K; preferably in a single path and the

flow through them can be from the top downward or vice versa.

The reaction temperature in the dissociation reactor(s) is preferably in the range from 80°C to

150°C, more preferably in the range from 106°C to 130°C, in the process of the invention.



it is advantageous for the pressure in the dissociation reactor to be
greater than the colum pressure at the feed points.of a colum installed
downstream of the reactor or the last reactor of a reactor cascade to
separate the isobutene obtained fromthe product stream because the
expansi on vaporization can then be utilized to aid the renoval of isobutene
and a punp can be dispensed wth. The'ﬁrocess is preferably carried out in
one or nore reactors in which a particulate acidic ion . exchanger is
present as _catalyst in a fixed bed. A preferred group of acid ion-exchange
resins useaw§§ad&#dﬂ¥§ﬂ§méﬁﬁﬁﬁwgﬁbms@mnmﬁmmﬁu%&bm@ﬁgbdcrdﬁﬁmmmbearing

sul fonic acid groups. Exanples of suitable ion-exchange resins are those
which are prepared by sul fonation of phenol -al dehyde condensates or of
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particul ar ,specifi.c surface area, porosity, stability, swelling or

shri nkage %{‘ﬁlge“f &5‘<change capacity, can be varied by neans of the
production process. 7 Commercial, nacroporous cation exchangers whi ch have
been nodifjed by partial ion  exchange or by thermal desulfonation can al so
be used if featiis preferably carrigd auidn gre enyeore measters iorwhichreparwlat adidin den
resins areg : 0 st e form The ion-exchange capacity is
pr ef er abl yxﬂl%f%&rz@ gye%Png?Elﬁ'%E%%éa(lr%dbul ar from3 to 6 eqg/ kg (based on

noi st commercial resin). Particular preference is given to using
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resins bearing sulfonic acid groups. Examples of suitable ion-exchange resins are those which

are prepared by sulfonation of phenol-aldehyde condensates or of cooligomers of aromatic
vinyl compounds. Examples of aromatic vinyl compounds for preparing the cooligomers are:
styrene, vinylioluene, vinylnaphthalene, vinylethylbenzene, methylstyrene, vinylchlorobenzene,
vinylxylene and divinylbenzene. Particular preference is given to using the cooligomers formed
by reaction of styrene with divinylbenzene as precursors for preparing ion-exchange resins
bearing sulfonic acid groups. The resins can be produced as gels, in macropdrous form or in
sponge form. Strongly acidic resins of the styrene-divinylbenzene type are sold, inter alia,
under the following trade names: Duolite C20, Duolite C26, Amberlyst 15, Amberlyst 35,
Amberlite IR-120, Amberlite 200, Dowex 50, Lewatit SPC 118, Lewatit SPC 108, Lewatit
K2611, Lewatit K2631, OC 1501, Lewatit K2671, Lewatit K2629, Lewatit K2431.

The properties of these resins, in particular specific surface area, porosity, stability, swelling or

shrinkage and ion-exchange capacity, can be varied by means of the production process.



be used as shaped bodi es such as cylinders, rings or spheres if desired.
The particle size of industrial resins is generally in the range fromO0.5
to 2 mm However, the particle size distribution chosen can al so be
narrower or broader. Thus, for exanple, ion- exchange resins having a very
uniform particle size (nonodi sperse resins) can al so be used. It can be
advant ageous to use larger particles in ‘reactors through which the reaction
m xture flows at high linear velocities, so as to reduce the differential

pressure, d to.yse smaller particles in reactors throqgh whi ch the
reaction m c1gly ARASTORPTOYS | FUPY iehehangse Mbicht Yave skeea smedifieda i pawtial dpt i num

conver si on.exMAREE di B Hdrifal B [fgﬁdﬁwBgiaﬁoe%qlg&rﬁ;dm{?&pse can be charged with

resins of identical or different cle size (or particle size
distribution) or with different or identical shaped bodies. To prevent the

resins fro L.na bhg.acid groups during .operation, which could cause
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can be pretreated, for exanple by rinsing wth water, the TBA or TBA/ water
m xtures. BOHSPFHYREa F%ﬁbrably carried out at a tenperature of from40 to
120C. Since the conversion in the reactor is usually limted by the

chem cal equilibriumand/or the mscibility gap, it is often necessary to
use | arge garﬁ@dﬁramrpfwngq Segivien tonusingdmecroporaushicanse fui examalel Levaitic SGPI HBe

di ssoci at i I la ep,_L;h t .of circulatin

mat eri al i,%&'g éSb\?\ng%bvla g‘fﬁ%@é’ %g%rﬁgtrﬁgoﬁt }feﬁgsggg‘m}elmﬁgxc FHin8 C%’r to
reduce it, b¢used gs shepedrvbdigeonch at oyliadens, oiyngs @aphersuf ddsirddypes of reactors or
reactor systens which allow a node of operation which avoids these

di sadvant ages. The process is therefore particularly preferably carried out

with the Thepmidesizos hdisapl fsins isatnablly n\the fab@d fom 0{500 B ERMLeR M Of
t he di ssociation reactign ipn a firstf reaction zone, isobutene being

separ at ed prticle ﬁ‘z‘@élégmg"’? GPOFER (o als he dyyrawer ‘é"e‘i’faﬁcf&f-i Bz on examplel ippre
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di ssociation reaction 1in a subsequent reaction zone,
separation zones and reaction zones are present, these process steps being

repeat ed t{e,ARPLRRAkALES f L esylt.of this neasure, the
di ssoci ation reactioﬁ&%ro@gggg&ﬁ%ﬁmgkﬁ§§%Ségngnef’éh“%§%§%1$§ﬁWBﬁPmﬂﬁ
equi | i bri ultevsuat hignBnendtelbtities; eaas it redoanthb diftdntiblepteuie, andtoniesnfled | Mes,
dependi ng p%ctlégem ad ores rthrgflgh which the reaction mixture flows at a low linear velocity, so as to

achieve optimum conversion.

When using a plurality of reactors, these can be charged with resins of identical or different
particle size (or particle size distribution) or with different or identical shaped bodies.

To prevent the resins from eliminating acid groups during operation, which could cause
problems in the work-up section of the process, and to maintain a high catalyst activity over a
very long period of time, the ion-exchange resin can be pretreated, for example by rinsing with
water, the TBA or TBA/water mixtures. Rinsing is preferably carried out at a temperature of
from 40 to 120°C.

Since the conversion in the reactor is usually limited by the chemical eqﬁilibrium and/or the

miscibility gap, it is often necessary to use large circulating streams in order to achieve virtually

v




separation zones, to establishment of the reaction equilibrium In this
way, nore conplete dissociation is achieved in a single pass of the
reaction m xture through the reactor or the reactor systemthan is
achieved in conventional reactors or reactor systens. The abovenenti oned
node of operation can be achieved in various ways. Thus, for exanple, it
can be advantageous in the process of te invention to use at |east one
reactor having at |least two reaction zones which each have a strong acid
ion-exchange resin arranged as a fixed bed, where between each two
reaction z6&emeleterisseciation of the F&nini aplant oFrekdep thahinohntalf clredatingpantariabiix thne of

t he produc ¢) I i at. | I rated off fromthe reaction m xture
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vapori zes | rIgRetgn \£ap e GaFRdleoyt Fo pumbg of Himesn depgadipg eauhe nsmperaeh (31)
be passed ghidfdd Yorks 6 QbtHREmEA) ofdhe bdasti ibAum. e FZIY the
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mat ri x ( 329issogigion iscaghigvedhiaste sipglg passaef the rdsetivnghixtuse ticough thiceagler of gwi bl e
reaction t.gomp JERNS i eat - e el ement (34)
before it 15 ‘%f:?i‘e Tl JORRPR1 iR bbbl °f°gsn°q%ee*‘§€6g§g%§) which is, like
the first reaction region (29), charged with catalyst and can be heat ed.
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fromone anbkhévantgedus irethelproceds dfik MeAEbPTo B0 BSIcisd 6hé RActorRing P Rasteans
(36) and (,31) Ieavir}’g t he re(glctor correspond in total to the stream(3) in
fig. 1 and™dreagfpn gougs paichepcihave & skeng agidrienexchangs resin ayeanged as a fixed bed,

where between each two reaction zones there is a separation zone in which at least part of one

of the prodﬁcts of the dissociation is separated off from the reaction mixture by bringing it
(partly) into the gas phase and is discharged from the reactor. In each of the reaction zones,
there are means, e.g. heatable plates or tubes, which enable isothermal operation to be achieved
at least in the reaction zones. The pressure and the temperature in the reaction zones of the
reactor are preferably chosen so that the reaction mixture is present in the liquid phase. The
pressure and the temperature in the separation zones are preferably chosen so that at least part

of the isobutene is present in the gas phase.

Fig. 3 shows the structure of such a particular reactor. The reactor feed (28) is fed from below
into the reactor and passed into the first reaction region (29). There, catalyst is located in
heatable tubes or other heatable intermediate spaces. The reaction which occurs forms

isobutene and water to a maximum extent limited by chemical equilibrium being reached.



colum (4), stream (36) can, as shown in fig. 1 and 2, firstly be depleted
In water by neans of a separation unit (21) and then be introduced into
colum (4) or can also be fed directly into the colum. A different
construction of such a reactor is shown in fig. 4. The reactor feed (28) is
fed into the reactor once again fromthe bottomin a manner anal ogous to
fig. 3 or alternatively fromthe top afd passed into the first reaction
region (29). There, catalyst is |located in heatable tubes or other

heat abl e internmedi ate spaces. The reaction which occurs fornms isobutene and
wat er to a Whananappropneteaperatipmpressirely theheavioc &lchesgnyiplait of the isobetemeyaperirehed.

The operati reaction is chose as to. be sufficiently
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| eaving the reactor "correspond in total to t tream

- Wile stret@Wmm1) is fed directly into the colum (4), stream (36) can, as
shown in fig. 1 and 2, firstly be depleted in water by nmeans of a '
separation unit (21) and then be introduced into colum (4) or can also be
fed di r ect Ayliffenént cérisguctionbfiswh a Mavieris showtnhih fig v The RhctofesRRBIB fdamodleso be
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the press ucgtﬁer%rc]:gtélﬁg intermediate spaces. The reaction which occurs forms isobutene and water to a
maximum extent limited by chemical equilibrium being reached. The operating pressure of the
reaction is chosen so as to be sufficiently high for no vaporization to occur in the reactor. The
reactor output (37) is fed into a vessel with vaporizer or directly into a vaporizer and forms; as
a result of the introduction of heat by means of the heating element or vaporizer (38), a vapor
phase (30) which can be passed, as product stream (31), directly into a column for work-up,
e.g. into column (4) of fig. 1 or 2, The liquid phase (33) can be brought back to the permissible
reaction temperature by means of a.heat-exchange element (39) and thus preheat the stream
(37) in order to save energy before it is passed to the second reaction region (35) which, like
the first reaction region (29) is charged with catalyst and can be heated. There, the reaction

. continues to a maximum extent limited by the chemical equilibrium. The reaction regions (29)
and (35) are physically separate from one another as a result of the reactor construction. This
type of construction is simple to achieve in engineering terms. As an alternative, the reaction

mixture can flow through the two reaction regions of the reactor in cocurrent from the bottom




tenperature and thus being separated off fromthe |iquid phase and the

| i qui d phase being passed to the second reactor. This internedi ate
vaporization in the two-stage or nultistage reactor systemcan be carried
out by, for exanple, reducing the pressure to below the reaction pressure.
It can be advantageous, in the case of vaporization in a two-stage or

mul ti stage reactor system for heat exthange between the liquid streamfed
to vaporization and the liquid streamreturned from vaporization to be
carried out. Heat | osses can be avoided in this way. This procedure

requi res napwadpdi fametheappadatmset Hrdsibltecamppaspant (F)Slesvih®thd R@ctoeact or

system can be kept. |.ow.. An ropriate. s Is shown in fig. 5. The
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downwar d ogomMhCe versa. The reaction which occurs forns isobutene and
water to a maxinmumextent limted by chem cal equilibrium being reached.
The operating pressure of the reactor is chosen so as to be sufficiently

high for n ri i to occur i he r.eactor. The reactor ,output (37)
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of heat by, neans of e heating el enment or vaporizer (38), a vapor phase
(30) whic hmcmglﬁab%%%fstg%ﬁ?“%fs“ﬁ% thheeusht into-agas phase by chasgink yhe pressurg apdpumn

for work- tempeRiugs akdihls 66hp pafod &F fbinOihe Ji ise VAR 7igkil ?ﬂa%a&,% so be
ai ded by redgci ng. t he oper%?i&)ng pressure giﬁfgﬁpp%\isgp%’rgiqgée%%}i this Y,
the produckasied todhe seppd Frgpipr. ibifeintramediate vanenization in Hee tiyostasedwsovliistagh
construct i RRctbYRESM cahlBe bdrGid &?g- t. back to the

perm ssi bl e reasgt&i on tg?r%)er at(ﬂlrt gngﬁlp@n{g%ﬁ?se’ 0 ﬁgg?gg%g%tg%a@we¢%%%0% 39)
and thus piredseegt It-cap behadvantagsows, (1Be ¢ase of daporitatios di e wvoestapy dyahelfistaget | S

passed to | region (35) ..which, .like the first reaction
regi on (29‘%6902%%5 %%%ﬁ‘(rjfgéﬁ%gEjg:ggrfgﬁg%gc%&‘g?%wd\g?eaﬁ" £ 4¢ ¥pnopigation aF‘zg’(?thSP’él and
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to a maxi mum extent limted by the chem cal equilibrium The subStreans

(36) and (31) leaving the reactor correspond in total to the stream(3) in

fig. 1 andrids pMbédute flhiemol Shplicsted Ghathd: '
stream (32'5) izgn, as ?ﬁom ion fi gl._ 1 glﬁ)d 23%1?%&%?% 3&%@&%2%(15%%5@%&?%‘?“ by
means of &YSER5aR Bg ke loyhiAn appropriaie aystereis shewn intfigodluededctor deed (28)rimfedd) or

can al so hgof @l fls RALHM PR (29Cin a manner analogous to fig. 4. This reaction region
comprises one or more reactors in which the catalyst is located in heatable tubes or other
heatable intermediate spaces. The flow through the reactor(s) can be from the top downward or
vice versa. The reaction which occurs forms isobutene and water to a maximum extent limited
by chemical equilibrium being reached. The operating pressure of the reactor is chosen so as to
be sufficiently high for no vaporization to occur in the reactor. The reactor output (37) is fed
into a vessel with vaporizer or directly into a vaporizer, preferably a kettle vaporizer, and
forms, as a result of the introduction of heat by means of the heating element or vaporizer (38),
a vapor phase (30) which can be passed, as product stream (31), directly into a c-olumn for
work-up, e.g. into column (4) of fig. 1 or 2. Vaporization can also be aided by reducing the
operating pressure of the vaporizer. In this way, the product is less strongly superheated than in
the above-described construction types. The liquid phase (33) can be brought back to the

permissible reaction temperature by means of a heat-exchange element (39) and thus preheat




colum. The mass fraction of vapor which is generated in the reactors of
fig. 3to 5 and is passed as stream (31) into a work-up colum, for
exanple colum (4) of fig. 1 or 2, is preferably from1l to 80% by nass,
nore preferably fromb5 to 75% by nass, of the feed stream (28). The process
of the invention enables tert-butanol (TBA) to be dissociated into

i sobutene and water. In the process ofllihe invention, it is possible to
use either technical-grade TBA contam nated with oligomers of isobutene,
for exanple diisobutene, or pure TBA. Preference is given to using
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wor k-up by _gdi gt |.at i or. direct in.the TBA.synthesis. The T used can
be obt ai ne c?}’_ l}ﬂ eeat@% llirgﬂw%(fm%%oﬁt@%emgﬁgqr?oaﬁli'ts -TE%?ﬁFaF ﬁPW&?‘R@S@ on
m xtures, bl pahiigediivith catallyétianadicgn be Béat@LTRGE, e ehctith BoRGRBAILS nakfild N

4, with water ,or. me, fromother jndustrial processes in which TBA has
not necess&HFity! @gg’yﬁ?%@t?@éﬁfﬁ‘ymﬁ’ﬁm@d dhe pubstreams £3¢)i a9 (BLtleqvingdhe rhaptet as
by- product c@# iR tHAllte tHeQfreX ®YRA gl Nadde WM BAESH $3 19 syt

hydr oper oxicdees%drﬁai n epo?d c?ati on?jgsi %gl %I{glr? u{%y%&%%?rlggseﬁeg@%%’g& %ethe
process of calfan (4habigetn 636) o, as $hewd s B diand 2 offrstlyf beTdapleteil fin witer tyarseani bed i n

nor e det ai : . Wit hout the process.qf..t ..nvention
bei ng rest %crp%t‘:a{elg [t]op(?pé\@eﬁ @J%bggﬁgnge&h%g.moﬂoh%@f’s@nms% %f%ge feﬁ dfrﬁ%@dptp | |
readily becdiohe to adapt the appropriate process steps for the '

di ssoci ation of other addition products of isoolefins. The TBA content of
the feed to the first dissociation reactor, which conprises fresh starting
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given to using TBA/water mixtures, for example TBA/water azeotropes, as are obtained in

work-up by distillation or directly in the TBA synthesis.

The TBA used can be obtained by reaction of isobutene or isobutene-containing hydrocarbon
mixtures, in particular raffinate I or selectively hydrogenated cracking C4, with water or come
from other industrial processes in which TBA has not necessarily been produced by an addition
reaction but is obtained as by-product or coproduct, for example in the synthesis of tert-bﬁtyl
hydroperoxide or in epoxidations using tert-butyl hydroperoxide,

The process of the invention for the dissociation of TBA will be described in more detail below
by way of example, without the process of the invention being restricted to these embodiments.
A person skilled in the art will readily be able to adapt the appropriate process steps for the

dissociation of other addition products of isoolefins.

The TBA content of the feed to the first dissociation reactor, which comprises fresh starting



The reactor output fromthe dissociation according to the invention of TBA
is preferably separated into isobutene, by-product, water and a TBA/ water
m xture which is recirculated to the reactor and has a water content of

| ess than 20% by mass, preferably |less than 18% by mass, and nore
preferably | ess than 10% by mass and particularly preferably from3 to 9%
by mass. The output fromthe reactor islpreferably worked up by separating
off the major part of the isobutene fromthe reactor output as an
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product in a fourth colum (23) in which a side stream taken off in vapor
or liquid formfromthe first colum (4) is distilled. It can be
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colum (6) | fl I i.nto g.mixture of ter
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exanple, b sgﬁgr ted off frgmthe water separated off as bottom product
by distill &% Syt drom the teantar 1 grefmsblioworked 3p by senarasiagnoffithe majof iphnt fof the

isobutene from the reactor output as an isobutene/water azeotrope at the top of a first column.
After separating off part of the water from the overhead product from the first column, e.g. by
phase separation, virtually water-free isobutene can be obtained from it by azeotropic
distillation in a second column (16). In this way, an isobutene having a purity of greater than
97% by mass, preferably greater than 98% by mass, particularly preferably greater than 99% by
mass and very particularly preferably greater than 99.9% by mass, with the maximum water
content being less than 10 000 ppm, preferably less than 1000 ppm, particularly preferably less
than 250 ppm and very particularly preferably less than 50 ppm, can be obtéined using the
process of the invention. An isobutene-containing mixture comprising isobutene and water in

the abovementioned concentrations is likewise subject matter of the present invention,

Cg-hydrocarbons and longer-chain hydrocarbons which are present as by-produets in the output

from the reactor can be separated off from the isobutene-free bottom product from the first




colum (9). The distillate (12) fromthe isobutene enrichnent (4a), which
consists essentially of an isobutene/water azeotrope, can be worked up in
vari ous ways. In particular it can be condensed and transferred to a
settling or separation vessel or alternatively be condensed directly in a
settling or separation vessel having heat-exchange el enents and subj ected
toaliquid/liquid separation. After the liquid/liquid separation, part of
the organic liquid can be fed to a further colum (16) at the top or in

t he upper part of the colum to give virtually water-free i sobutene (18)
at the bot comardd. dor ¢xemiplet asrraetheadeprodizieint o third @iumnhe).tipvestr, itht dikewiseimm. -

This isob r can.be returned to.the |iquid/liqui
separ at i onlI%%{sbgéeqe/fa&e oatg\%/ggﬁcfs ‘?83“38%0 C%P%né gag ey lp E%eﬁfl,cl)a“? Fydﬁ%{’ﬁr%ﬂ’és Igﬁe\‘fg‘rﬂsg’éﬁeous
for the reaotocts duthgterctmfutyue asietemakddatt in b FRth\dlub@US3) ik ¥alch QRFeished T i I St

col um or fraction obtained fromit_ after separation to be subjected to
renoval of ﬁ?ﬁﬁvaﬂ’ﬂreor\tm{‘@ OrB}é Hie first colhmn (D e digilledut put or in the
fractions obtained, e.g. by pervaporation and/or vapor perneation by neans
of a menbrane. Preference is given to all of the water present in the
react or oultyan besdvanegepns for the bpiem prattict Frometle first cohwure@ ar the thirdabluow (6)

i sobut ene P I D, off b otropic - .

di st ||ati%%ﬁ?s@%ﬁ@f@“@?@%ﬁ%@%@ggg{ ?VSL?‘S%@SQ Wi}}‘gt“il?éf RAPE from
t he react oisobuiensues prétheadtodust pal; at ibottorh Ip@iuva et SyHficha fiay @Bistaih Norgarfid I St
columm can. al so _be .achi eved. b ase separatiqQn in -14 separafion or
settling vlengps"élg?s’ I‘fflt%etaf %g%wxgxg%erﬁgx%gaﬁg%gp E"é‘ﬁ%\’iaé?detodﬁ’? TeaePt  of
the water foprdissesmdtiohrofrtet-betatiot.aZ-Botandl @@chP b be tphestiitak ¥mpititd il AR BRBEL OF
i.e. from strea:%);%%h, tream ((10) and/qgr the resulting m xed stream by
per vapor at P8k evé‘ﬁ'of"f B oo spnp for Eampleo be sep fafiem theewstethpval
of water fgpitaiel 8% SbERR iR LRNRE Siueh dTaXki ar\gm'

conpri se v;c/gter TBA, iso u?ﬁﬁg}gﬁﬁldgg@%drocéﬂr%%dgrﬁglg%g%l Iy&?uﬂﬁ%er
organic co?Pé‘Bﬁ‘é@D-s is carried out over nenbranes which are perneable to
wat er but barely pernmeable or inperneable to the abovenentioned organic
substances. The renoval of the water with the aid of a nenbrane can be
carri ed outhebdistilbpe(Ed femobe ssobltemt emichtnentad), peliitie 2bisty Essédti@glly &F , anby

pervaporatiagn. (Liqguid retentate aseous perneate) or, by . vapor perneation
(retentat els%r%eg %ﬁggﬁ%gﬁ%g%eec ;5 &5’8‘5? up g’eﬁgﬁ"%ﬁ V- Bypadicplay if (fendensed

and transferred to a settling or separation vessel or alternatively be condensed directly in a

settling or separation vessel having heat-exchange elements and subjected to a liquid/liquid
separation. After the liquid/liquid separation, part of the organic liquid can be fed to a further
column (16) at the top or in the upper part of the célumn to give virtually water-free isobutene
(18) at the bottom and an isobutenc/water azeotrope at the top of this column. This

isobutene/water azeotrope can be returned to the liquid/liquid separation vessel.

To avoid large process streams, it can be advantageous for the reactor output before separaﬁon
into various fractions in a first column or a fraction obtained from it after separation to be
subjected to removal of part of the water present in the reactor output or in the fractions
obtained, e.g. by pervaporation and/or vapof peﬁneation by means of a membrane. Preference
is given to all of the water present in the reactor output except for the part which may be
‘necessary to allow isobutene and Cg-hydrocarbons to be separated off by azeotropic distillation
being separated off. The separation of part of the water from the reactor 'output prior to

separation into various fractions in a first column can also be achieved by phase separation in a




pervaporation and vapor perneation is also possible. The renoval of the
wat er by neans of a nenbrane according to the invention is preferably
carried out by pervaporation (liquid retentate, gaseous perneate). To
separate off water by reverse osnpsis, pervaporation or vapor perneation,
it is possible to use commercial hydrophilic nmenbranes. These nenbranes
can be pol ymer menbranes or inorganic-benbranes. In the process of the
invention, it is possible to use, for exanple, polyner nenbranes fromthe
conpani es Sul zer Cherntech, CM Celfa, GKSS or Sophisticated Systens

(pol yi mi de sepmeation ansettlind yesed. Dikéwike, dtaan beadiagidgsteto sbtikat@sRk 6f thPMateRp
2200, P‘erv%g %E}?fn% E]grvaE0 e3%02. or Pervap 2510 from Sul zer or_the ti/pe
2S- DP- H018 PP Eh B Seacton fesd PEYE foushlry X the Teasters hf- dromeRsem{d) siteaghtiOdn may
be made, f apd/BxABRERItING mikEEstiea! Qﬁgﬁﬁgépo%)& eRYbZor SebabdBE BY meahd bER

(Pervatech); NaA (Mtsui or Smart emcal). It is also possible to use

conbi natio angn i norgani ¢ nenbrane or inorganic support material and a
pol ymer nenbrane or applied separation |ayer of polyner. According to the
i nvention, the renoval of water over the inorganic nenbranes is preferably
-15 carri edhotamoat! of wiatemffemahese streafns br Hactidfd dompASAESixures Wike meyemppied y mer

menbr anes IS, pref.er.abl carri.ed out at te rature Qf from 20 to 150C.
The rermvalwageg ’ésrog\l%nepaéﬂ%t(fsélé{&tﬁf’qrépnﬁ R M&?ﬁgﬂ%‘dc"é‘m‘)ﬂ% ig carried

t enper at ur eutadves hexibraRkstve dAREpQMBIbIDE thtdr YRESrd pdREM AR SmpdRgaHi RARSS Of
the invention is preferahly carried out at a pressure of the mxture

(liquid, g eBaYoned RERuesUbRARES fed to the membrane unit of from0.5 to
30 bar, preferably fromO0.8 to 20 bar. The pressure on the perneate side
of the nmenbrane is preferably from0.001 to 1 bar. In the case of polyner
menbr anes, Thpeengivek ofithewatss with diesaid of # snembeine carb by cdrriainoud by tevese 28mbsis |

and in the i 1L.G: I L 1 Sq: DL ly from0.01.to 30
bar  The altFFaficahd bRlote e TR Y MR Rpdrdioh A ISLAR, LostdRPet by 0
from 1 to Safonrpermbationn frsteftatowaidk greaficatep eraventeug)erSeparhtione bye tiatultadeous
nmenbrane s .pner hour) is preferably fromO0.1 t 0 kg/ (n2h),
particul ar ﬁér(r%‘réga,rng? 5%‘1[]‘{/@10% BWEQ{OB l%alf{ag?%ﬂ@ﬁ) ﬂe'rfﬁ%wwipéﬁleé'@g%&laﬂ%%?ﬁa as
pernmeate pesbenabisordiag ta theRtitior0fs prefRblL c&RBE ol 34 NefvapbrRtidde (lidusd| ar

TBA, of less than 10% by mass, preferably less than 5% by mass and very
parti cul ar T BBPAUSIPFIRREM 3 to 0. 05% by nass.

To separate off water by reverse osmosis, pervaporation or vapor permeation, it is possible to
use commercial hydrophilic membranes. These membranes can be polymer membranes or

inorganic membranes.

In the process of the invention, it is possible to use, for exampie, polymer membranes from ihe
companies Sulzer Chemtech, CM-Celfa, GKSS or Sophisticated Systems (polyimide
membrane). Types which can be used are, for example, Pervap 2200, Pervap 2201, Pervap
2202 or Pervap 2510 from Sulzer or the type 2S-DP-HO018 from Sophisticated Systems. As
inorganic membranes, mention may be made, for example, of the following: SMS (Sulzer
Chemtech); Silica (Pervatech); NaA (Mitsui or Smart Chemical). It is also possible to use
combinations of an inorganic membrane or inofganic support material and a polymer

membrane or applied separation layer of polymer.

According to the invention, the removal of water over the inorganic membranes is preferably




Smal | er values down to 0.001 % by mass can al so be achieved, but this is
usual |y not necessary and al so not economcally viable. The renoval of

wat er by pervaporation can, as descri bed above, be enpl oyed at various
points in the process. Suitable streanms are, for exanple, the reaction

m xture | eaving the dissociation reactor or the recircul ated TBA/ wat er

m xture fromthe azeotrope colum (colui®- (9)). The reaction m xture

| eavi ng the dissociation reactor is, apart fromthe wastewater streans, the
stream having the highest water content. A relatively |large part of the

wat er can tcheikdbata htperaRADTHoBD0a ROCCCOMdithat Byer FBIGMS Rémbtari¥® MR 8Ly
process with the |east energy input conpared to other streans. Further

possi bi | i t c&EehaYIEe Feawrare Pl g 3048 d P Thasgmovah of waterip partisudasiyipecferphly ¢  of
the wat er REBSEAl: aCARmBEalRAPHE o) PMROGeLlo BiestithABRn{ 1), (10) and/or

the m xed stream by pervaporation and/ or vapor perneation by nmeans of a
menbrane. This nakes it possible to achieve TBA contents of greater than

90% by nas ' ow.a particul arly high conversion .jn the reactor
Cayotom - phe PSR b nBuRRls ity S ot Sob presist ot ey CRRHE ¢ 1
recircul at gebebws dr exddgmaded fed-td the friznbrdda Sni@6f gD 0.9 BBbL] preRBOBIFRPO0.8 to
corrpositioa I . a wat er content g{e fromabout 20 to 12% by mass. Use of
a menbr ane Bpﬁfc&@rﬁ‘é{ﬁp@g‘e@ﬁ@%&s of & ragp ismiplerably figm ¢.¢H e d 9at o
values of less than 12% by mass, in particular froml to 10% by nmass, so

that particularly little water is introduced into the reactor, as a result
of which t Fethsgaseat pplymesmembrangs, the diffrensialgiressireis prefesablyokon A dad@bar, | n

anot her varjant .arr : ' ' t Dl OCEeSS
(20) ‘can DEE 08 bk AREEARIEER S My omroof BRI A mRREE "
obt ai ned aprebsutes cars patfticamaly prefdrabls in $epmnget fran £ od Grbar, (Ehe mmd flew ey bf y
recirculated to the reactor,. It is . naturally al so possible .to_.separate off
water at vBPISHE B55i P %reolflet%é)%d?%l&bég? B#a%é’ﬁ’é%t? ﬁe?{ﬁ#eﬁ?ﬁbs,ﬁoﬁl. a:l 8 poth
of the abovekshihypadicphiye peferably fah @fto 8 ke/(BIMRVEE vRYer REARSINET & penakitane,
two basic va_;i%?gﬁware R0S ible: a) Al of the water of reaction, possibly
with the eREEFRYOWSGrooRicntptiorsapigLpiiitneq(s; ip pastigular, BRAQfdess thag 1 0pbyntnass; ng

of f Cg- hyd?&fe’r’db!%,oré& &bl 5YSHPHbRNAd R¥ryARRRhlaAP pferdity inoh?s 19 0.05%Sy BeRar at ed
off. b) Only part of the water of reaction is renoved by neans of a _
menbr ane pﬁgé}iq Falues down to 0.001% by mass can also be achieved, but this is usually not necessary

and also not economically viable.

- The removal of water by pervaporation can, as described above, be employed at various points
in the process. Suitable streams are, for example, the reaction mixture leaving the dissociation
-reactor or the recirculated TBA/water mixture from the azeotrope column (colurnn (9)). The
reactiqn mixture leaving the dissociation reactor is, apart from the wastewater streams, the
stream having the highest water content. A relatively large part of the water can therefore be
separated off from it by means of a membrane process with the least energy input compared to
other streams. Further possibilities may be found in the reactor feed. There, for example, part of
the water present can be removed from one of the streams (1), (10) and/or the mixed stream by
pervaporation and/or vapor permeation by means of a membrane. This makes it possible to
achieve TBA contents of greater than 90% by mass, which allow a particularly high conversion

in the reactor (system).

The overhead product (10) from the azeotrope column (9), which is recirculated to the reactor |



In case (a), the TBA/water azeotrope columm can be omtted. A block diagram
of a plant in which the process of the invention can be carried out is
shown in figure 1. The feed (m xture) (1) together with the TBA/ water
azeotrope or approximately azeotropic conposition (10) is fed into the
reactor (2). The reactor (2) can consist of a single reactor or a reactor
system (see below). The reaction mixturéé{3) leaving the reactor (2) is fed
into the colum (4). If desired, the reaction mxture (3) |eaving the
reactor (2) can be dewatered and thus largely freed of water of reaction

before it (3, hastan@meromateb»taaeatru@xcamirmmm(m; e. alvmetr bantem bfifpbigabout 38 & 129he
or settling

dewat eri ng ?%%gé%é f’l% d can be a gﬁ ant er
vessel ) separat & ¢ PIRGSY fogpbles ex‘f‘ﬁ?recP ¥ gh]ﬂ?t rgdpcest Gasiues
liquid str efilwy @ 1maymss aqsm&rhbﬂw %) 1@%%&%@%%&%&1&@%&& kv)itefmf e

wat er can be, separated of f means of a menbrane process, wiich |I'ikew se
produces aff B¥g 1to &g Wa‘"é?fr &% h1esalt) of alichn the sqersdims vitldgjaithe dissosiation 3B) .

The organi 4 and t he
aqueous || arGFRbRasl 16 P Hridel of Bk OSEREh g b1, £ Rmbiale s
further pu€ll)cenbd '@tﬂlzai tmdwatemmeewat@{mntmnmgsam {26) dhick ¢4 oldisddas dbottords

head I 4b 17 but
cont o i ot St e AT B Pl ettt SCpar e i n the

settling vessel (13) |nto an |sobutene phase and a water phase. The water
phase (19).can be fed into the u a&ﬁ!) Part of the isobutene phase is
reci rcul at &d° 5@“%%5‘8? B"sé’g]reet&ﬁ?ﬂa@t? ?l&n“t apyariopepointy pfthe brogyss byrraeanhef ot her
part (15) inSmbrRA& &k ek both ofithe @bdveRMentibBdd piMee, PUre isobutene (18) and a

wat er/i sobutene azeotrope (17) which is returned to the separation vessel
(13). To inprove the separatl on of the TBA fromthe isobutene in columm

4 f the t

Lhb ent | chreaeiatmbltg ] ARl BRIBEG 1 (5) of ' the

col um (4)a)|éllpﬂ’stbedvatﬂs chrbmmn,(mssmhewﬁlﬂ&r a:rfbsosmalhlrmduahﬂﬁcloisf as
head ted

Phto vt er iy o ke 13 ﬁ”ﬂyﬁfgwgk%anﬁgﬁ)l i egeonty’ d50PRn G

and/ or Cl%ehgtduedaoﬁr bons) - (11) and a TBA/ water azeotrope (10) whi ch may
contain s obut ene (from stream (19)) Stream (10) is
recirecul a{%éﬂrtl ?ﬁ?&ttﬁe‘%’? reaghon Inpenog P by means of ATBFEIRLS Rrecess:  2- but anol
(SBA)  andhe@sc@?the TBAGS AEMARES opHEFRBA barl Y3 chiifedast ewat er stream (11) can
easily be separated off frompure water by distillation. As an

alternative, 2-butanol can be discharged in a targeted
A block diagram of a plant in which the process of the invention can be carried out is shown in

figure 1. The feed (mixture) (1) together with the TBA/water azeotrope or approximately
azeotropic composition (10) is fed into the reactor (2). The reactor (2) can consist of a single
reactor or a reactor system (see below). The reaction mixture (3) leaving the reactor (2) is fed
into the column (4). If desired, the reaction mixture (3) leaving the reactor (2) can be dewatered
and thus largely freed of water of reaction before it is introduced into the column (4). In the
simplest case, the dewatering module (21) used can be a decanter (separation or settling vessel)
which separates any two-phase mixture formed into an organic liquid stream (3A) and an
aqueous liquid stream (3B). Significantly more water can be separated off by means of a
membrane process, which likewise produces an organic liquid stream (3A) and an aqueous
liquid stream (3B). The organic liquid stream (3A) is introduced into the column (4) and the
aqueous liquid stream (3B) is fed into column (9) for discharge and further purification of the
water or is passed to direct disposal. As overhead product (12) from the column {4) (4a + 4b),



fashion by taking off a streamfromthe vapor phase of the vaporizer of the
colum or a gaseous or liquid streamfromthe stripping section of the
colum (9) as side stream (11A). A block diagramof an alternative plant in
whi ch the process of the invention can be carried out is shown in figure
2. The feed (mxture) (1) together with the TBA/water azeotrope or
approxi mat el y azeotropic conposition (14J-is fed into the reactor (2). The
reactor (2) can consist of a single reactor or a reactor system (see

bel ow). The reaction m xture (3) leaving the reactor (2) is fed into the
col um (4) isobptegesontsining smaell peltty ofwatirxs serarated) off emivis separdte] indthe samling 2)

can be de ' Jarqely freed o er of reagtion_before it is
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the separation e TBA fromthe isobutene in c S ter
st r eam ( 2034 Crzdipdroekong) proenttidiéel vestewiter steepm(i 1) cantdasilyeby saphmeedtoff
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contain Il amount s of . 1 sobutene. (framsire 19)). St m (10) is
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adj ust the ncentration. art (26) of the bottom stream (5) can be fed
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is shown in figure2. The feed (mixture) (1) together with the TBA/water- azeotrope or

approximately azeotropic composition (10) is fed into the reactor (2). The reactor (2) can
consist of a single reactor or a reactor system (see below). The reaction mixture (3) leaving the
reactor (2} is fed into the column (4). If desired, the reaction mixture (3) leaving the reactor )
can be dewatered and thus largely freed of water of reaction before it is introduced into the
column (4). In the simplest case, the dewatering module (21) used can be a decanter (separation
or settling vessel) which separates any two-phase mixture formed into an organic liquid stream
(3A) and an aqueous liquid stream (3B). Significantly more water can be separated off by
means of a membrane process, which likewise produces an organic liquid stream (3A) and an
aqueous liquid stream (3B). The organic liquid stream (3A) is introduced into the column (4)
and the aqueous liquid stream (3B) is fed into column (9) for discharge and further purification
of the water or is passed to direct disposal. As overhead product (12) from the column (4),

isobutene containing small amounts of water is separated off and is separated in the seftling




Cl12- hydrocarbons) present in the wastewater stream (11) can easily be
separated off frompure water by distillation. To separate off

Cg- hydrocarbons, a gaseous or liquid side stream (22) is taken fromthe
colum (4) and passed to colum (23) where the Cs-hydrocarbons together
with TBA and water are taken off as bottom product (24). |sobutene and TBA
are recovered as over head product (25)1%md are returned to the colum (4).
A further possible optionis firstly to introduce the feed-stream (1) into
one or nore further reactor(s) and to feed the prereacted m xture into

col um ( 4a)/eSSﬂlKé3)ﬁnta@n iisobnztenedxh&teiahdl awatenplofse. Jhe eatesphakd @D)@d be fed il the ocess

of thelnvetlo arrj in ane, or, nore col unns cont ai
internal s \%AQI rt?r);? ago%ﬁ? ésgf“ﬁ% 5. 15t TR A A Pl Stream é%&t?rﬁoar?%/tgq

or der ed bed@lumh (@aaiﬁlmtgoth&rpmmw dr@8d fifa dolignd FOPHHRR lédbqtféhé h%) hRegt or
output by distil |atI0nI88I’e erably carried out in a single colum.

Exanpl es ofafef/jsautene ageptraps (17 hwhich i 1’§“’W@F‘(§%ﬂlé&@a@§0m%§ﬁlélr :To impagrs theavi ng
hol es or s e t 40 by
bubbl e capgé%%gg{s]og:ﬂ% l?gé .ﬂl}lﬁl'II??;I;/E;::EB gw ngaﬂu@g%)s {nﬁﬁ%asep a e&v\L%gln are
covered byopitvrally be vdded et the @p ay $n ﬂawnnghrsqme«sembn ob thet dolunin G Thelﬂotlom

col ums ha %t TR ng. i;,nt ernal the run elther Spr ed rreans
of rotatin ll? r@ lglgép(%lr%tegp Algmé?)éntplwaﬁﬁra@é Hﬂ’a S f
rotor. |rregl2ebutinetiandir Cahbdrocarlpask(ing agd Q”ﬂﬂi]ﬁrat@laﬁlzeaﬁ@é @1e) eMRhayugd in
colums used. i.n taﬁ rocsg gf th? i nventi E@)Q The packing el enents can
consi st of 4R §Z f‘ﬂgﬁ‘?}s fopytepes (from gtreagy gQ)). Stream (1)) ds geciscelated te dhsper

car bon, stﬁa@wﬁmmrpﬁﬂb%eva@km?ﬁoﬂlﬁéédl&% 9?&&1 be Iﬂfodﬂée&%tb%ﬁmfnhg&)%f

and have vari ous shapes, e.g. heres, rings w snooth or profi :
surfaces, 195ges tupav energy @dr’PéJ“S the gengersrating | A sart (F6okthe bottonnairdam () e mesh

rings, Sadﬂ’el eﬁdo'alr?ﬂl'yr%sthep KloR9 A1RVI gatngc Or%ﬁe%wge(gg:ti?f wik: adPbe

exanpl e, consist of netal asti c “she es of "such

types of @W@C&b@smbwtmmwamw sigeaBX(1 1 Buh zesity be quataaad qffifréai pgre

Mel | apak t i rfor nce packin

Mel | apak Pl”%%& @{ ?Igt“ﬁ?’ﬁ}rmeﬁ% %‘l%?‘fép ngbﬁgl %Ta %&quis £t g@\‘)}l‘? %Brs&‘fa?l BXlS and

Kuhni ( Ronthlogmatkgm th'Ehelumn(ﬂ)aﬁltl mgss@f 1@3:8111&@ (3) Vil thOCHARHSocHhOfk fofethdrGvifhl OCESS

of the i nv,F&LI water a?eatra}(elzncgilf as bottom product (24). Isobutene and TBA are recovered as
overhead product (25) and are returned fo the column (4).

A further possible option is firstly to introduce the feed stream (1) into one or more further

reactor(s) and to feed the prereacted mixture into column (4a).

The fractional distillation of streams obtained in the process of the invention can be carried out
in one or more columns containing internals which may comprise trays, rotating internals,
random and/or ordered beds or packing. The separation of the isobutene from the reactor output

by distillation is preferably carried out in a single column.

Examples of types of column internals which can be used are:

Trays having holes or slots in the baseplate.

Trays with necks or chimneys covered by bubble caps, caps or hoods.
Trays having holes in the baseplate which are covered by movabie valves.

Trays having special construction.




colums (4), (6), (9), (16) and (23), is preferably in the range fromO0.5
to 15 barabs. (bara), particularly preferably from1l to 10 bara. The
colum (4) used for separation of the reactor output preferably has fromb5
to 80 theoretical plates, nore preferably from10 to 60 theoreti cal

pl ates. The feed plate depends on the conp05|t|on of the feed. It has been
found to be advantageous for the react o’ output to be fed in on the 4th to
55th theoretical plate counted fromthe top, in particular the 5th to 50th
theoretical -plate, in the |lower section of the colum, in particular the
colum (4a) of fig. 1 and fig. 2. The fresh water (21) is fed in at the

top of the w.se a |esto
(14). The é";?*. ‘g’%ﬂ"’% atﬂtgrq‘étg%gif é%ﬂ ‘L”tﬁ?a&ir‘n tehee”éB’fag%n by tagans ¢ fPéH“% ﬁmﬁtst he
bot t om of b:h@read(akmﬁhn@ﬂe)-ahbmemﬂbhytm@uwﬂmﬁﬂbodl ment of the present

i nvention of the type shown in fig. 2, it has been found to be
advant ageous for the gaseous or liquid stream (22) to be taken off at the

4th to 65t reghlRPBE®! bTTMriold BhRinsOURh&GES Ed'nomot b@eﬁlgﬂyed & agmscwear e Sth

to. 60th theoretical plate, of the 20 colum
i sobut ene- Piogess §f the iventiom) Thespagking plempats wnawnsuﬂh ef'setmélypoy métetials, o efeely abl y

heor ot | ool aioat 8 epiDerfte; NonGily Bikcbit®) al, PPl Sovia RuhR bl

t heoreti cablldohfa«teevanoﬁs shapess @lgu rsphe(eﬁ) rings Wity smBotth‘reproﬁiledJ FOrf{ce), rirspe dwittor

di scharging,th entratln t he TBA ferably has fromb5
to 70 theoret a&gégtmgg%?&ﬁ?‘gh ngeﬁh?’?%ﬁagdl?sooré&"i%eoretl cal plates.
The feed pl ate depends on the conposition of the feed. It has been found

to be advaﬁa us, for the stream(gpé infig..2 or the stream(8) in fig.
to be fe 2 VPR §OmshY Fany FE GFastnle, SPnsist ef tactel o aloatis sheadner 1aerd. t op,

| n parti CUEfdinﬂékeoflﬁbh ttﬁ)eél%t‘?aé 4r6 (SufR m@i}ﬁh inNigX, %ﬁeﬂ%ﬁm g o

(3B) and (19 in on st to 60th theoréti ca ate co " from

the top, iM ﬁtakurwmf shegs meal, high-paforsmanch datking seh apll\éftﬂepald’he, stolctmed ( 16)
used for Mfﬁ ftze(r?g 35 theoretical
PR SRR Bﬁ? to illi[)ﬁleor et g%@ pP |

pl ates, nore preferably fr ates. It has been found
to be advantageous for the feed (15) to be fed in on the 1st to 6th

t heoretic d. fromthe to n the 1st.to 4th

t heoretica +P%{a%ng %eéug% e C((I%‘}m%gsgg “?hj °f %ceﬁg ‘?flcﬂle Htv Bygicular the

C8- hydr oc acroﬂmm @), qbenab @6) had (13),08 pleftrdbly 3n the range from 0.5 to 15 barabs_ (bara),
particularly preferably from 1 to 10 bara.

The column (4) used for separation of the reactor output preferably has from 5 to 80 theoretical
plates, more preferably from 10 to 60 theoretical plates. The feed plate depends on the
composition of the feed. It has been found to be advantageous for the reactor output to be fed in
on the 4th to 55th theoretical plate counted from the top, in particular the 5th to 50th theoretical
-plate, in the lower section of the column, in particular the column (4a) of fig. 1 and fig. 2. The
fresh water (21) is fed in at the top of the column (4) on plate 1. This likewise applies to the
runback (14). The optional vapor stream (27) from the column (9) is fed in at the bottom of the

column (4).

In a particular embodiment of the present invention of the type shown in fig. 2, it has been
found to be advantageous for the gaseous or liquid stream (22) to be taken off at the 4th to 65th
theoretical plate counted from the top, in particular the 5th to. 60th theoretical plate, of the



theoretical plates, nore preferably from5 to 50 theoretical plates. The
feed plate depends on the conposition of the feed. It has been found to be
advant ageous for the stream (5) in fig. 1 to be fed in on the 1st to 55th
theoretical plate counted fromthe top, in particular the 1st to 45th

t heoretical plate. The columm (23) used in fig. 2 for discharging.

C8- hydr ocarbons preferably has from4 té8065 theoretical plates, nore
preferably from5 to 50 theoretical plates. It has been found to be

advant ageous for the feed (22) to be fed in on the Ist to 25th theoretical
pl at e countcelum ¢nof Hig. 2t The isobutpmrrichcuteam (2§) ishied batk froatlfht lsambgotnetor cal

pl ate. The ean 5) is.taken off as distillate at the t of
t he col urm,Ppéel f ﬂ g%h%’&gpgogletg%'@%}lpfq%ﬁf %ﬁﬁ?’ lﬁr%tg}?g%‘h?q%wté%%ﬁ]sﬁﬁﬁr m
Cust omary compehtet thesots h mstiqulafme 3rCRB0thabaedtisal plad, vehe cdl@dh (H¥Ehanger s
and vaporizers are not found in the block diagranms, but these are

sel f-evident conponents of a plant. -21 A particular feature of the reactor

system f or ThatbhiA Qoaid i His!:ﬂa@?ﬂ;,%kﬂk %@E&z{té}%ﬁd E&ﬁ&ﬁ%@ﬁ%ﬁe B A refelifly Hagli d
phase over fixed-bed catalysts, ere at least one o e reaction-products
i s partly, fropr&fociOdbeoyetisaleniated, morg proferaplycfnmmB to 65 thasretieab plates.harfeterplate

t enper at ur | nder i.ch.all starti terigls and
at rrPeast ogg&rﬂgsa(g{tﬁggdﬂ r 8@&@8{’ tg% geg%rlteh oﬁ? gﬁ\{#’ldﬁo )3 %(ngﬂtf‘gqo'r‘? ttg’ﬁhggﬁ“?f“? #m in
par ti cul ar iff fig. 2cethreystagm (B)tin fipel tprbe dakia oafihet REtoi IFULHEIrERA liléiebdm?l\niedtfh:‘\j\ﬁnli1 .
reactor sygtem .has.at |.e t hysi cal | epar ate reacti on_zones iC
each hav eygwg?ﬂ’é? %P"“;ﬂr Fﬁ%&ﬁ’ ‘fgﬂl %‘e‘}/rf’tf%gﬂa%'e’ﬁwg’ﬁﬁ‘&l%ﬂzvﬁt?"(qt@@ Blysnd (19) is

mai nt ai ni Nged ia@nlth MAlto GP@ItAEr@TRal PUIE cOunRRIt HBE thePBF,Nin AR HBARE 190 FpDES
there is a_separatjon zone having nmeans for bringing at |east part of at

| east one HPOIIF‘)’H%’TPBWoducts of the equilibriumreaction into the gas phase
by changing the pressure or tenperature, Separating it off fromthe

reaction m xture and discharging it fromthe reactor and for transferring
t he remai nTAycHlune (16)usedi far dyimgtihs isohutehe prefmibiyhasclan tde 35 dreeretival tphates,

further ne ] I . t or _pressute in the subsequent
reaction z%ﬁl} }%r%gi}sfg{%? (gg%(r) gg??é@%‘%‘eﬁl@% i ??1““??5%5% P‘i"é&taﬁ??as °é§€ i on
zone bei ngfead () tobdfed i es értlsi th Geticsretikal flhie comaabsirah thestop,tih partither on

t enper at ur W for. ex | e, customary plates or tube heat exchangers.
The rreans&lgﬁgg??%gieﬁ’ﬁeuﬁﬁpﬁ‘gst one of the products of the equilibrium

reaction into the gas phase can |ikew se be a heat exchanger, so that this
reaction product is . vaporized by introduction of thermal energy into the
reaction cifenn {9 bl i1 gl gé diseheaging Es-hysroqarhensriesfisably hasefrem Wetot T5

theoretical plates, more preferably from 5 to 50 theoretical plates. The feed plate depends on
the composition of the feed. It has been found to be advantageous for the stream (5) in fig. 1 to
be fed in on the Ist to 55th theoretical plate counted from the top, in particular the 1st to 45th
theoretical plate. |

The column (23) used in fig. 2 for discharging Cs-hydrocarbons preferably has from 4 to 65
theoretical plates, more preferably from 5 to 50 theoretical plates. It has been found to be
advantageous for the feed (22) to be fed in on the 1st to 25th theoretical plate counted from the
top, in particular on the 1st to 15th theoretical plate. The product stream (25) is taken off as

distillate at the top of the column, either in gaseous or liquid form, preferably in gaseous form,

Customary components such as pumps, compressors, valves, heat exchangers and vaporizers

are not found in the block diagrams, but these are self-evident components of a plant.



vaporizer or a heated vessel which enables the pressure to be decreased
when the reaction mxture enters the separation zone. In such a reactor
design, the pressure of the reaction mxture as it enters the reaction
zone follow ng the separation zone is lower than in the preceding reaction
zone. The follow ng exanples illustrate the invention w thout restricting
its scope which is defined by the desciption and the clains. Exanple 1
The preparation of isobutene was carried out in a plant of the type shown
in figure 1 and fig. 5, wth the particular feature that no renoval of

wat er by neans of the nodule (21) was carried out and the streans 3 and 3A

t herefore had th a C osition. The fresh water .stream (20 and .t he
wast enat er tl‘s afrtécgfﬁr ?‘?Eb% 9\@ TR oL gaRne ‘?‘i’{é“q\ﬂg Wi\ ERaghons {sp I was
di sposed - &R InfuidipHagCovey fixddedr ARGk ORhes@attlbRore 2 thF8adtitn bMAuds AGRRLAS

shown in fig. §5b The reactor (29) was a |aboratory tube reactor operated
i sot her nal P%f% lﬁw%’%ﬁaﬂwam%@t 1 gageoys form wpder jpmpaptuegied presawe eanditions
Anmber | yst JderasicHaR r : Likswkse a

| aboratory tube cr eagttagég%g%%g%é 2hd @%%@r%?ra 3}1 lg?ﬁfg%%g%%mﬁ%@? r]i’gééa

cat al yst v#uifdorns inglagieulagfiod carrying outriemrogsds of thewasntidnk wha ¢heurametbr atem

cat al yst. h was _used.for internedi,ate vaporjzation, The

di anet er oﬁhst %g&gﬁ*"ﬁ)n?\fnh?%?%y SEpHHe Teagflon, gogey Ygﬂcge\ﬁé%h 3ye é‘a??ﬁ‘i)yég@’@“ it
Random net fiked lrdakd fgiliekefie ramtaging isuhechal Meution Iohekd 1Bk &h et twbracgsn wer e
installed in cg{eurm ( and the  reactor 3utput (3) was fed in on the 20th

4), it p
t heor et i cafo45f E‘”ﬁ&fﬁ%aé‘ﬂ“’f‘rzt?ﬂ‘? 4ying Beans frLripgipg atcieast path ot gideast eperfdlfced at

the top of ploligutssrthy@uibrithabRtidn inﬁattﬁ&%as %ﬁasfe Bﬁ&{aﬁ%ihgaie Rls@h&6r tiRpFature,
installed 1 n cqolum {%6 , and the feed (5) from colum (p4) was fed in on the
12t h t heor &Ppatne ithpthtfEong dhg reagtion sHxtugeandoischagging: it 1fom Hho resctor and fomt es

ver e i nst aled Rebniid) {0} %f Lactidf it e qﬂﬂ égﬂ Wd in
on the 2nd t heor ettﬁcae p Igg?[e ccount en%gfor omﬁgﬁgﬁ%épa.rcg%%%’i e 4 stream (11A)
was t aken which erablea hertethparaturgtor prspruredn thetsebspquehireddiinh zorivdo beset Gepreqidelit e,
counted f f . (1) used f.or the experi ment s takep.
froman in ggaplgg? tﬂ%o?fﬁérelaﬁlgrr%?%gﬁ 5%%% o ?bg%too & presdat if desired. The means o

setting the temperature can be, for example, customary plates or tube heat exchangers. The

means of bringing at least one of the products of the equilibrium reaction into the gas phase can
likewise be a heat exchanger, so that this reaction product is vaporized by introduction of
thermal energy into the reaction mixture. It is likewise possible for the means to be a kettle
vaporizer or a heated vessel which enables the pressure to be decreased when the reaction
mixture enters the separation zone. In such a reactor design, the pressure of the reaction
mixture as it enters the reaction zone following the separation zone is lower than in the

preceding reaction zone.

The following examples illustrate the invention without restricting its scope which is defined

by the description and the claims.

Example 1

The preparation of isobutene was carried out in a plant of the type shown in figure 1 and fig. 5,
with the particular feature that no removal of water by means of the module (21) was carried
out and the streams 3 and 3A therefore had the same composition. The fresh water stream (20)

and the wastewater stream (3B) were disliensed with. The wastewater stream (19) was disposed




| sobut ene and had the conposition shown in table 1. Sonme Cs-hydrocarbons
and other high boilers are already present in small anmounts in the feed
and further anounts of themare formed in the dissociation of the TBA in
the reactor system The stream nunbers in the follow ng table correspond
to those in fig. 1, and those in the reaction section correspond to those
infig. 5. Cbnponents present in a condentration of less than 0.1 parts by
mass in the mxture, are generally not reported in the table. -23 Table 1
St ream nunber St r eam naneMass fl owConcentration of [kg/h]conponents in parts
by mass 1Fwoédhectlged2. 59. 4 water 90.5 TBA 0.1 SBA 2 butanol) 3Total reactor
out put 7. 89121. 4 isobutene 21.4 water 57.0 TBA 0.2 SBA 5Bottons from col um
(4)6.18727.1 water 72.7 TBA 0.2 SBA 7Distillate fromcolum (6)0.00313.0

wat er 58. 2 ThBAadfbnSestion 3Bk ds Girbvd stpaR ShoWRin(fR) 6. ﬂﬁ&@a%t& (2@%& a TaborbtoRPA 0. 2
SBA 10Emst|IIate from col um (9?5 39117.0 water 82.8 T
‘tube reactor operated isothermally at 120°C and having a catalyst volume of about 310 ml.
Amberlyst 15 was used as catalyst. The second reactor (35) was likewise a laboratory tube
reactor operated isothermally at 120°C and having a catalyst volume of about 310 ml
Amberlyst 15 was likewise used as catalyst. A heatable vessel was used for intermediate

vaporization.

The diameter of the columns (4), (6), (9) and (16) was in each case 50 mm. Random metal
packing elements were used. About 30 theoretical plates were installed in column (4), and the
reactor output (3) was fed in on the 20th theoretical plate counted from the top. The runback
(14) was introduced at the top of the column on plate 1. About 18 theoretical plates were
installed in column (6), and the feed (5) from column (4) was fed-in on the 12th theoretical
plate counted from the top. About 13 theoretical plates were installed in column (9), and the
feed (8) from column (6) was fed in on the 2nd theoretical plate counted from the top. The side
stream (11A) was taken off in vapor form at approximately the 10th theoretical plate, counted
from the top.

The feed (1) used for the experiments was taken from an industrial plant for the preparation of
iscbutene and had_ the composition shown in table 1. Some Cg-hydrocarbons and other high
boilers are already present in small amounts in the feed and further amounts of them are formed
in the dissociation of the TBA in the reactor system. The stream numbers in the following table
correspond to those in fig. 1, and those in the reaction section correspond to those in ﬁg. 5.
Components present in a concentration of less than 0.1 parts by mass in the mixture are

generally not reported in the table,




0.2 SBA 11ASide streamtaken fron0D.0421.3 water colum (9)74.9 TBA 3.7 SBA
0.1 other conponents 11Bottons from col um (9)0.75499. 995 water 0.005 ot her
conponents 12Distillate fromcolum (4)2.50399. 3 isobutene 0.6 water

14Ext ernal runback to col um0.899.9 isobutene (4)0.1 water 15Feed to col um
(16)1.98699.9 isobutene 0.1 water 17Distillate fromcolum (16)0.29799.5

i sobutene 0.5 water 18Bottoms from col ufh (16) 1. 68999. 96 i sobutene 0.04

ot her conponents 19Wast ewater from separation0.01599.9 water vessel (13)0.1
TBA 28Feed to reactor (29)7.89114.6 water 85.2 TBA 0.2 SBA -24 31Vapor
phase separfgbled of f1.1361.5 i sobutene (30)8.5 water 30.0 TBA 0.1 SBA

n At oy

+ L DEN\N QA 204 4 o 2P I+t Lo Lo N Ad
36Qut put N T [Std ndma 1 | SO e S et ration oF
[kg/h] components in parts by
_ mass
1 Fresh feed 25 . 9.4 water
: 90.5 TBA
0.1 SBA (2-butanol)
3 Total reactor output 7.891 21.4 isobutene
21.4 water
57.0 TBA
_ 0.2 SBA
5 Bottoms from column (4) |6.187 27.1 water
- 72.7 TBA
0.2 SBA
7 Distillate from column (6) {0.003 - 13.0 water
58.2 TBA
28.8 Cg
8 - Bottoms from column (6) |[6.185 27.1 water
172.7 TBA
S 0.2 SBA
10 Distillate from column (9) |5.391 17.0 water
' 82.8 TBA
0.2 SBA
11A _ Side stream taken from 0.04 21,3 water
column (9} 74.9 TBA
3.7 SBA
0.1 other components
11 Bottoms from column (9) |0.754 99.995 water
-{0.005 other components
12 Distillate from column (4) [2.503 99.3 isobutene ‘
0.6 water
14 External runback to column | 0.8 99.9 isobutene
4 0.1 water
115 Feed to column (16) 1.986 99.9 isobutene
0.1 water
17 Distillate from column (16) |0.297 99.5 isobutene
0.5 water
18 Bottoms from column (16) |1.689 99.96 isobutene
0.04 other components _
19 Wastewater from separation | 0.015 99.9 water
vessel (13) (.1 TBA
28 Feed to reactor (29) 7.891 14.6 water
85.2 TBA
0.2 SBA




61.5 TBA 0.2 SBA 37CQutput fromreactor (29)7.89117.3 isobutene 20.1 water
62.4 TBA 0.2 SBA The pressure in the reactor (29) was 19 barabs., the
pressure in the reactor (35) was 18 barabs., and the internediate
vaporization (38) was carried out at 15 barabs.. The colums (4), (6), (9)
and (.16) were each operated at a pressure of about 6 barabs, at the top.
Colum (4) was equipped wth a dephl eg%ﬂ or and operated using a runback
stream of about 11.5 kg/h. A space-tinme vyield of 2.7 kg/(1*h) based on the
total anpuntof catalyst used was obtained. FExanple 2 The preparation of
i sobut ene As carried 0ol phase sspaasted off t hé3t ype showlbhsobutgnre 1, with
the partifcul ar featurd3®hat no renoval of water by mdanetaf the nodul p
(21) was qgarried out and the streans 3 and 3A thereflaoeTBad t he sane
conpositign. The fresh water stream (20) |and the wasogwss er stream (3B)
were di spgased w th. Timwagbawededr (3hr eaprg 19) was Jispesseerf directly.
The reactijon section (}2) was configured as a single gbaggafhe reactor| (2)
was a | abgratory tube | reactor operated iisothermally |g{ AC and having a
catal yst volunme of abgut 285 m. Anberlyst 15 was us&ﬂs%ahcatalyst. The

di anet er qQ7Uie corumTy LA =61 CHeramt{46)—was s gach-—case—56—m
Met al pacKing el enents z&g‘i{fg‘c}lkl?%]a&o}é\%re ?jggehd in eacr%ggésg Welifout 30

t heoretical plates werfe installed in colum (4), and vﬂ_vg%ctor out put (3)
was fed in on the 20th theoretical plate counted fraoif: op. The runback
(14) was int+rotduced—at—thetop—ofthe——eolum—on plat 2 £B

theoretical plates were installed in colum (6), and the.feed (5 from

col umm (4) TH@Brebsask inMhdRadtBe2dP i f&&%@ftﬂ{}%&ssﬁk% EheGRARr §85) RT3, [ OP-

~About 13 theoretical plates were installed in colum (9), and the f'éed (8)
from col un?iid 9y ferneriat vaporizatiom 8} was camied: qvé ot bt bacad. The splumos (Dt G PY om

the top. The (gadﬁ%f biof 3Rrhrdd o paSucd BB ﬁpa_r,,i,s_“at GRIES runkOlf WA eqdipplt L he

10th theoreti ate, counte rom
with a dephlegmator and operated using a nunback stream of about 11.5kg/h, A space-time

yield of 2.7 kg/(}*h) based on the total amount of catalyst used was obtained.

Exﬁmple 2

The preparation of isobutene was carried out in a plant of the type shown in ﬁgure 1, with the
particular feature that no removal of water by means of the module (21) was carried out and the
streams 3 and 3A therefore had the same compositilon. The fresh water stream (20) and the

wastewater stream (3B) were dispensed with. The wastewater stream (19) was disposed of

directly.

The reaction section (2) was configured as a single stage. The reactor (2) was a laboratory tube
reactor operated isothermally at 120°C and having a catalyst volume of about 285 ml.
Amberlyst 15 was used as catalyst. The diameter of the columns (4), (6), (9) and (16) was in
cach case 50 mm. Metal packing elements (Pall rings) were used in each case. About 30
theoretical plates were installed in column {4), and the reactor output (3) was fed in on the 20th
theoretical plate counted from the top. The runback (14) was introduced at the top of the
column on plate 1. About 18 theoretical plates were installed in column (6), and the feed (5)
from column (4) was fed in on the 12th theoretical plate counted from the top. About 13

theoretical plates were installed in column (9), and the feed (8) from column (6) was fed in on



The feed (1) used for the experinents was taken from an industrial plant
for the preparation of isobutene and had the conposition shown in table 2.
Sonme C8- hydrocarbons and other high boilers are already present in small
amounts in the feed and further anmounts of themare forned in the

di ssociation of the TBA in the reactor system The stream nunbers in the
following table correspond to those in2tfig. 1. Conponents present in a
concentration of less than 0.1 parts by nmass in the mxture are generally
not reported in the table. Table 2 Stream nunber Stream nanmeMass

f I owConc e nthedind direoodticil lpiptdrdamotep drosnths topnTheesidesstrbym (A3 whitakahoff Beghfeond. 4
wat er 90.5_.TBA,0. 1 SBA act or tput9..75617. 3 i sobutene 20.1 water 62.4
TBA 0. 2 SRS eflpé‘ﬁﬁ%%‘f“ﬁﬂﬁ?#%f%‘gf‘é‘sﬁg’?%‘em er 76.2 TBA 0.2 SBA

7Di stillate fromcolum (6)0.0043.3 isobutene 12.5 water 65.2 TBA 19.1 C8

8Bottonms from colum (6)7.98423.6 water 76.2 TBA 0.2 SBA 10Di stillate from
col urm (9) The 6 €1) s¢thfop the gaperimepys was taken from an industrial plant for the preparation of

isobutene and had the composition shown in table 2, Some Cs-hydrocarbons and other high
boilers are already present in small amounts in the feed and further amounts of them are formed
in the dissociation of the TBA in the reactor system. The stream numbers in the following table
correspond to those in fig. 1. Components present in a concentration of less than 0.1 parts by

mass in the mixture are generally not reported in the table.

Table 2

Stream number | Stream name Mass flow Concentration of
[ke/h] components in parts by
: mass
1 Fresh feed 2.5 9.4 water
190.5 TBA
, 0.1 SBA
13 Reactor output 9.756 17.3 isobutene
20.1 water
624 TBA
0.2 SBA
5 Bottoms from column (4) [7.988 23.6 water
76.2 TBA
. 0.2SBA
7 Distillate from column (6) |0.004 3.3 isobutene
12.5 water
652 TBA
. 19.1 Cg
8 Bottoms from column (6) |7.984 23.6 water
' 76.2 TBA

0.2 SBA
110 Distillate from column (9) {7.256 16.4 water
) 834 TBA
0.2 SBA

11A Side stream taken off from | 0.040 22.7 water
| column (9) 73.6 TBA
3.7SBA
0.1 other components
11 Bottoms from column (9)  [0.688 99.995 water
0.005 other components




0.2 SBA Il ASide streamtaken off fron0D.04022.7 water columm (9)73.6 TBA
3.7 SBA 0.1 other conponents 11Bottons from colum (9)0.68899. 995 wat er

0. 005 ot her conponents -26 12Distillate from columm (4)2.56896.8 isobutene
3.2 water 1l4External runback to col um0. 80099. 9 isobutene (4)0.1 water
15Feed to colum (16)1.98899.9 isobutene 0.1 water 17Di stillate from col um
(16) 0. 30099. 5 i sobutene 0.5 water 18Botd%ons from col urm. (16) 1. 68899. 965

i sobut ene 0. 045 ot her conponents 19Wastewater from separati on0.08199.9

wat er vessel (13)0.1 TBA The pressure in the reactor (2) was 19 barabs..
The col um$2 (4), (6), |Disllanflor) tdxmued)e G683 at ed at @Pégriedhatene of about 6
barabs. af the top. Colum (4) was equi pped with a depdegemat or and
operated @is4 ng a runbe@itersd radmkab ca@dt 0304 Ko/ h. A BpaGeshics®e yi el d jof
5.8 kg/ (11h) based onj4j he total anpunt Jof catal yst uedypgs obtained.| The

exanpl es ifpressivelry % (gw}’%m(@ NoOW THg ggk T CUT ated [goloqaffhiehd” 0UON tihe

reactor can be reduc neans f the novel plant fioy, pLgPari ng

i sobut ene '_ 3151446 ! eS pen the—r " | ows
of fresh 1%ed to ci rculﬁgql@gﬁ %% f165 g‘glgrted as fr%%‘f‘fsogugnﬁ to :

16 6 (See tahlo. 1 .4 docu o avammlaoa 2 Fae a rat Of

C)l—‘

. AT O . T || ||MI. ulll.r LAY JALILE I A>3 UI\MIIPI A2 [~ L 1 T
the mass {1ows of fr é& 3““@“(51@& %@?% stream (f8f6S¥S°l?LUtenez 9 and
exanpl e 1lachieves. a fratio of 1' 2.16 a9 45 other components
19 Wastewater from separation | 0. 081 99.9 water

vessel (13) 0.1 TBA

The pressure in the reactor (2) was 19 bar,ps . The columns (4), (6), (9) and (16) were operated
at a pressure of about 6 bary,, at the top. Column (4) was equipped with a dephlegmator and
operated using a runback stream of about 5.1 kg/h. A space-time yield of 5.8 kg/(1*h) based on
the total amount of catalyst used was obtained. '

The examples impressively demonstrate how the circulated streams through the reactor can be
reduced by means of the novel plant for preparing isobutene: DE 3151446 gives examples in
‘which the ratio of the mass flows of fresh feed to circulated streams is reported as from 1: 7.4
to 1 : 16.6 (see table 1 in that document), while example 2 achieves a ratio of the mass flows of
fresh feed (1) to recycle stream (10) of-l : 2.9 and example 1 achieves a ratio of 1:2.16 as a
result of the higher partial conversion in the reactor system. These values can be improved
further by, for example, increasing the degree of concentration to the TBA/water azeotrope in

column (9).



result of the higher partial conversion in the reactor system These val ues
can be inproved further by, for exanple, increasing the degree of
concentration to the TBA/water azeotrope in colum (9). -27 Cains: 1. A
process for preparing isobutene by dissociation of tert-butanol into

i sobutene and water over a strong acid_jon-exchange resin arranged as a
fixed bed in at | east one reactor at a'z?énperature of from80 to 150C and
a pressure of from5 to 25 bar, and subsequent. separation of the reaction
m xture into isobutene, by-products, water and at |east one m xture of

undi ssoci atdaimser t - but anol and water, wherein the reactor is oper at ed
pseudoi sothermally, with a tenperature difference between the inflow ng and
outflowi ng streans of |less than 15 K 2. The process as clainmed in claiml1,
wher ei n t héd. f dgutotess fon preparingtisnbuiese bydigsosiatiomdf tEnt-bsthnol irve thokitéreaimi antkrone

or nore recycle streans . .which conprise a mxtur ‘undi ssoci at ed
tert-butanol, Oﬂtaﬁoﬁ%flﬁoﬁqxﬁﬁaﬁg%v§lﬁﬁgaﬁﬁ?@§§ avﬁafﬁ%?(ﬁ’é‘ QugIPESIoEAt 1 esh
feed stream t gnipeiturs 6Mfiel 801& (SSECING ShicQABoLROMS 1E55bat, AR shbseqidht 3.
The process as clained in claiml or 2, wherein a plurality of reactors

connect ed i n @psatan ofthe wagliop mmixre inte isgbetanes da-raaducts,cwaieroams atrleashpee at ed
i sothermal l'y. pfeturtNEr RIASESS: eﬂsteﬁlb%.aﬂgld ' A , in
the process is carried out vvltth thek I gggc‘?%%lrf S‘Ir(lhegéé?ntg@cr%arcﬁoﬁeg 8%%0 t he
equi | i bri um opsetdmasotfiesnallyl #ithartempastdedtifférenca befweed the isflostingmdzamiywing

i sobut ene bei t ff in gaseous form.in a subsequent separation
zone and the ﬂ%@ggf@%tﬁ% ellé'ng continued to the equilibriumof the

di ssociation reaction in a subsequent reaction zone, and, -if further

separation,zones and reactiqn zone e .presen t hese process steps being
repeat ed tfe EfgeprBEﬁsF a gaﬁtﬂ‘f t“Fl(‘)’“B’i‘ ’tﬁgliiFé%‘BtIS?f%?‘Lg’ %Fé"c"ﬁ@%‘saf?m@f’%d@é sl any
of claims 1 tRedstrodtCamdhe@dt nloPPRbycR BrehBaGhRh DAYHRG Alknlré8Findids¥Qated

reaction zones whi ch each have_a strong aci d ion-exchange resin arranged as

a fixed bed,eibutagolEatgeud Pasiily bxwroductse with thespsetatip hifresh fepd strerspterthe i on

zone i n whi chedf off tRERbyclAReimOleifdEss fantingopr oduct s of the dissociation is
separated off fromthe reaction mxture by bringing it (partly) into the

gas phase and is discharged fromthe reactor, is used.

3. The process as claimed in claim 1 or 2, wherein a plurality of reactors connected in series

or in parallel are used and all reactors are operated isothermally.

4. 'The process as claimed in any of claims 1 to 3, wherein the process is carried out with the
dissociatiog being carried out to the equilibrium of the dissociation reaction in a first
reaction Zone, isobutene being separated off in gaseous form in a-subsequent separation
zone and the dissociation being continued to the equilibrium of the dissociation reaction in
a subsequent reaction zone, and, if further separation zones and reaction zones are present,

these process steps being repeated the appropriate number of times.

5. The process as claimed in any of claims 1 to 4, wherein at least one reactor having at least
two reaction zones which each have a strong acid ion-exchange resin arranged as a fixed
bed, where between each two reaction zones there is a separation zone in which at least
part of one of the products of the dissociation is separated off from the reaction mixture by

bringing it (partly) into the gas phase and is discharged from the reactor, is used.



-28 6. The process as clainmed in any of clains 1 to 5 wherein the pressure
and the tenperature in the reaction zones of the reactor are chosen so
that the reaction mxture is present in the |iquid phase and the pressure
and the tenperature in the separation zones are chosen so that part of the
i sobutene is present in the gas phase. 7., The process as clainmed in any of
claims 1 to 4, wherein the process is-@8rried out in at least two reactors
and the liquid reactor output fromthe first reactor is passed to a zone in
which part of the reactor output is brought into a gas phase by changi ng

t he pressué.e Hrdrowess dselipedin anyeofabaiing btosks pheminghe mbdsute modihe benderague th phase
and the |iqui hase is ed to th second reactor. 8 The process, as
i e i n - arfye BRCE e FE B stk g8 Pagsht oo BE Bers mb e SRS 1 a
t wo- st age or 1rqahid pisds@ 8R] thePedsSiire ENESthE fanhperabat il 8 sepbatiol zbedUed Bibséhe
pressure to below the reaction pressure. 9. The process as clained in any
of claims 1 tthatPartwfthedsohuteneds pigeentiadhngasahasen in a two-stage or

mul ti stage reactor system heat exchange is carried out between the |iquid
streamfed to the vaporization and the liquid streamreturned fromthe
vapor i zat i &n. THe@roctkses glanoeiss amsofclaminet 4, whenaip tiof prodess insaried out 9y atdgast ei n

the reactor output. is rated into isobyten by-products, water, .gnd a
TBAI wat or i SPQRERCHR R TR achal ottow o e 59t peadtbe S piised © Gofiniud o g
isr eci)r c\t,u1 atyaet 6f0tﬁé €actoe dalpar is bl‘(?ught'rl; o preas gbse &y dhh@iﬂﬁeﬁeipmgaﬂ? aﬂc]!/ocl ai Lns
1to 10, erein the mgjor par the i sobutene is  separated o omthe
react or out pUfBatye qngb*b?ﬁ?&ﬂé‘; 9\%#@‘1‘“ ﬂéle%‘f‘f apd theJiquidphiaggyis pass té’td:‘e
colum. 12. TheRreeessS as clainmed in any of clains 1 to 11, wherein part
of the water is separated off fromthe overhead product fromthe first
colum by phase separation and a virtually water- free isobutene is then

i sol ated by J Bstddlat ] l: : ~29::13: The
process a?’ c?%%ﬁ%%g?gn&g%ﬁ%df ﬁl(ﬁi)ﬁ(gm}fgtlgo ?’(29‘91?6? e?—%id#%e_ﬁ%;%ﬂaggﬁz?sgﬁ? aand _
| onger - chai rtwhsthge onmbliisegaeaatdy sgatan preasied puldsy thducmgdich pressuierio bélewdlst put
fromthe reactor. are separated off fromthe isobute-free bottom product
fromthe firdt2C8R %) as over head |

9. The process as claimed in any of claims 1 to 8, wherein, in the vaporization in a two-stage
or multistage reactor system, heat exchange is carried out between the liquid stream fed to

the vaporization and the liquid stream returned from the vaporization.

10. The process as claimed in any of claims 1 to 9, wherein the reactor output is separated into
isobutene, by-products, water and a TBA/water mixture which has a water content of less

than 10% by mass and is recitculated to the reactor.

11. The process as claimed in any of claims 1 to 10, wherein the major part of the isobutene is
separated off from the reactor output as an isobutene/water azeotrope at the top of a first

. column,

12. The process as claimed in any of claims 1 to 11, wherein part of the water is separated off
from the overhead product from the first column by phase separation and a virtually water-

free isobutene is then isolated by azeotropic distillation in a second column (16).



product in a third colum (6). 14. The process as clainmed in any of clains
1 to 12, wherein the C8-hydrocarbons and any | onger-chain hydrocarbons

whi ch are present as by-products in the output fromthe reactor are
separated off as bottom product in a fourth colum (23) in which a gaseous
or liquid side streamtaken off fromthe first colum(4) is distilled. 15.
The process as clainmed in any of clains2?-to 14, wherein the bott om product
fromthe first colum (4) or the third colum (6) is separated off in a
fifth colum (9) into a mxture of water and TBA, which may contain

i sobut ene, l3s véﬂﬁéﬁdwpﬂ@mmﬁnn%mkbeﬁmnbéﬂoda;Wbﬂaddhﬂwmmaﬁbnmwmdmh@may

Const partly oot FRADSHGRS oty e pidfert B by oS L 87 abpulsp Hrett tnal
16. The pr oce@am&ddfﬁﬁmadhé mo’tmmgtﬁ'éﬁ‘batﬂoﬁnpfsddct from kbe fidh@h@hi(43 2Hbvalall | S
separated off b d| S‘&]érl |02 romthe water which has been separated off
as bottomproB{? d§§Bﬁ‘P§ off as side streamin the fifth. colum
(9). 17. The process as clainmed in any of clains 1 to 6, wherein the
distillate S‘la froman isobutene enrichment (4a), which consists
essential | § @Bropess 196 clairegd iat any of glaimsg prIZ,Hshermﬂm@nswdroamﬂonsr@dsahgr r ed

to a settling tiv condense

in a settli nglog eré:@%%ﬁ@:b%aﬁbo&éi@ﬁ# aﬁé&\)/rgﬁgte%%gtp me(ﬁl?:%ghé‘g Icéiﬁ gleé?'flﬁ or af t er
the 14iquid/l arqucpjraabdfas batom padﬁctufafdmﬁhmblj;mm(m)l ih Githiih o gaséorsl of Hqud
colum (16) at.,t It of he colum to give
virtually wat ffey e%%‘ fﬂf@ﬁb& %‘?}Jg‘g 150‘3?’(‘ and an i sobutene/ wat er
azeotrope at the top of this coI um, with the isobutene/ water azeotrope

bei ng returge to the I|i ;{?[l i qU| d separation vessel. 18. The process as

claimed in ‘?ﬁm‘&eﬁ%\ B 2y of dpiasdith 1 avherein thethatton podugs fomahe firsh ¢ he
out put from tamlrﬁ@@gfo%eltﬁﬁ@&ﬂﬁﬁ@t@ds %?&a{ea%mlﬁg%dh%¥uﬁﬁl OYinREL HBRGEAF! ON

and/ or- vapor . - 30 perneation by neans nbrane before the reactor
output is sep¥fiat aufl TR Which sy coptaiicispbirtenci @s avedheash proditctirand, asobotTie

process as cl &ﬁl £t er
pr esent |s slgBar eagerg%}yc?%o)%the ré ?1 tl\é@%@l@?P b%ta%?y‘flg?rr{?%bf e
reactor, i.e. beﬁngﬁﬁe@strpQJaMréciljculateé toethme@dt&)foaahsldomandm terelutddol.ng m xed
stream by pervaporation and/ or vapor perneation by

16. The process as claimed in any of claims I to 15, wherein 2-butanol is separated off by
distillation from the water which has been separated off as bottom product or is separated
off as side stream in the fifth column (9).

17. The procéss as claimed in any of claims 1 to 6, wherein the distillate (12) from an
isobutene enrichment (4a), which consists essentially of an isobutene/water azeotrope, is
condensed and transferred to a settling or separation vessel or ﬂtematively is condensed
directly in a seftling or separation vessel having heat-exchange elements and, after the |
liquid/Tiquid separation, part of the organic liquid is fed to a column (16) at the top or in
the upper part of the column to give virtually water-free isobutené (18) at the bottom and
an isobutene/water azeotrope at the top of this column, with the isobutene/water azeotrope

being returned to the liquid/liquid separation vessel,

18. The process as claimed in any of claims 1 to 17, wherein part of the water present in the '

output from the reactor is separated off from the latter by pervaporation and/or vapor



means of a nmenbrane. 20. The process as clained in any of clainms I to 19,
wherein part of the water present in the output fromthe reactor is
separated off by separation in a separation or settling vessel before the
output fromthe reactor is separated into various fractions in a first '
colum. 21. The process as clainmed in claim20, wherein all of the water of
reaction except for the part which may3be necessary to all ow i sobutene and
Cs- hydrocarbons to be separated off by azeotropic distillation is
separated off. 22. The process as clained in any of clains 1 to 21, wherein
i sobutene is pirmeativachy means piinimgmbrafe 1BGe e romts output 13 sefveateinkoruaricoat er
content Dbei ngﬁL&ss Ihaiﬁ_thS pm 23. An isobutene-containing mxture
prepared by a pr(%l%]élsa @ dinany of clains 1 to 22. 24. An

i sobut ene-containing mxture as clained in claim23 in which isobutene is
present in_a _concentration of greater than 99% by nmass and which has a

wat er cont 4%t Thg PIOgES 2 1etmeb i Hpnet Jaims A te dcwhareisynsiteth the Waten prepemids out
equi | i brium rgaghiansr ksathe gﬁgty Yeell 'i')riBIt"% ke Y g'?e%&or, 9.¥.gﬁ0$'s§§%? z§gn .

catal ysts, where at least one of the reaction products rs partly in
gaseous for m tieate(10} andfethe resudtingrmeixest stesamurby peoaghirdtionasd/art vapdr petmeatibn by

starting mat eﬁfh&'ﬁ% Qﬂgmb%el east one reaction product are predom nantly
present in |iqul Form I'mparticular for carrying out the process as

claimed in any of clains 1 to 22, wherein the reactor systemhas 31 at

| east two physically separate react|on zones whi ch each have a catal yst
arranged ig&aﬁ‘eﬂ?rﬁés ‘gmﬁlﬁ i} ah; qficiaiag 1 f‘b’rg= N@P‘i‘f’f“al?am‘}féhq ‘é’%f?l}ﬁﬁﬁﬁqmﬂ.\l/e
operation, whamsut FRIVERYeRRM Ts bWRratddeSHE by 9ha@Be fn b RESBtbR of &AL
zone having neans for bringing at |east part of at least one of the
products of tbféoreghsiontont frermtheaarctar éxsepasater infoevagjous fiantiens iy ficsheplighmg t he
pressure or tenperature, separating it off fromthe reaction m xture and

di schargi g it fromthe reactor and for transferring the remaining
reaction it Theereesss 4selaimed nwlairg 20.cderdinal ofshewatermfireactiorf except dor thepars

o be ser 1o rarref SRR SARAE bl TSUBRETIER whRach Ry 2ol <

t 0 be presentazestfopitatistiiledon is separated off.

22. The process as claimed in any of claims 1 to 21, wherein isobutene is obtained in a purity

of 99% by mass, with the maximum water content being less than 250 ppm.

23. An isobutene-containing mixture prepared by a process as claimed in any of claims 1 to
22. | |

24, An isobutene-containing mixture as claimed in claim 23 in which isobutene is present in a
concentration of greater than 99% by mass and which has a water content of less than

250 ppm.

25. A reactor system for carrying out equilibrium reactions isothermally in the liquid phase
over fixed-bed catalysts, where at least one of the reaction products is partly present in
gaseous form under temperature and pressure conditions at which all starting materials and
at least one reaction product are predominantly present in liquid form, 1n particular for

carrying out the process as claimed in any of claims 1 to 22, wherein the reactor system has
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at least two physically separate reaction zones which each have a catalyst arranged in a
fixed bed and facilities for maintaining isothermal operation, where between each two’
reaction zones there is a separation zone having means for bringing at least part of at least
one of the products of the equilibrium reaction into the gas phase by changing the pressure
or temperature, separating it off from the reaction mixture and discharging it from the
reactor and for transferring the remaining reaction mixture to the following reaction zone,
with a further means which enables the temperature or pressure in the subsequent reaction
zone to be set to precisely the value in the preceding reaction zone being able to be present
if desired. '



