- 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 goners, branched C5-al dehydes and C5-carboxylic acids. It is also used
as al kylating agent and as internediate for producing peroxides. In
i ndustrial streans, isobutene occurs together with saturated and
unsaturated C4-hydrocarbons. OsMng to the small boiling point difference
and the very | ow separation factor between i sobutene and I|-butene,
i sobut ene capnot pe separated ecqonom cal l romthese mxtures by
di still ati on-ropessior preparing isohutenelrom tert-butanol ; 5| ated from i ndustri al
hydrocarbon m xtures by converting isobutene into a derivative which can
easily be separated off fromthe rerrai-niofnr? hydr ocar,bon 'x‘%,ur'e and t hen
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deri vati ve- ftert-Buthi®d! ABN) bver h&i@ nleRf@ndegesizsual | y separated from C4 fractions,
for exanple the C4 fraction froma steam cracker, in the follow ng way.
After the major part of the nultiply unsaturated hydrocarbons, mainly
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temaining hydrocarbon mixture and then redissociating the isolated derivative to form

isobutene and the derivative-forming agent.

' Isobutene is usually separated from C4 fractions, for example the C4 fraction from a steam
cracker, in the following way. After the major part of the multiply unsaturated hydrocarbons,
mainly butadiene, has béen removed by extraction (or extractive distillation) or selective
hydrogenation to linear butenes, the remaining mixture (raffinate I or hydrogenated cracking
C,) 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 carried 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




US 3 665 048, or over zeolites, for exanple as described in WD 93/21139: A
di sadvant age of these processes is that, owng to the high tenperatures
and hi gh i sobutene concentrations inherent in the process, by-products are
formed by dinerization or oligonerization of the isobutene forned.
Attenpts have been made to minimze these secondary reactions by reducing

t he i sobutene concentration in the gasedus starting material 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, ekdnplelehyaderitied o EPO I5BA48, Br otdrraldeingt loxides, ForCexbiiple agilessaibddaner
part is pac%ed w th packing el ements_ and whose upper. part is filled with
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is suspended in_a solution of TBA and water. A m xture of water and TBA is
passed i n Hfladditional BrogessaleB t he | i quid phase in this reactor. At the top
of the reactor, a gaseous mxture conprising isobutene, TBA and water is
obtained. At the bottomoutlet, a liquid m xture conprising water, TBA and
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separ at ed Q¥ ~diskbi At} QLo d t . 1, X1 f ter, . A
wnron 1 o rBEaP 3R dRunBhEyt R ERAANE s QbR R g Bl FRIEY 1
| i qui d forwith packippaelahads amd ahodeagpér parDis filtdd uwikis an atid imatxahange \reqin. odlnct s
such as oligoners, of .i sohutene and TBA which is regifcul ated 0 the,
eact or . ASHRUS Bty Rl Qutmpuy i the soin Ju§ beloit e i oecliten foigge i s
that the cad abbstbne-dt%arl 350BERPYs bitEhddB PrrlAtCal i kdcHEEd invWifiithef Eslthd S0 I N A
short operating life. In DE 31 51 446, the redissociation of TBA into
i sobut ene %Yﬁdlsg%‘feéﬁ having  pyrity 9f 82,95% n he Thb aesyeision isOWadl heiisbpigngvigldds at
t enper at urgsqQRélodeiom 80C to 150C and pressures of from5 to 25 bar over a
strong acid 1 on-exchange resin present in a fixed bed, and the honbgeneous,
-3- liquid reaction product mxture is separated in one or nore colums

into isob Y4 %9 By7_-96, the dissociation of TBA is carried out in a pressure range from 5 to 7 bar and
a temperature range from 110 to 120°C in a stirred vessel in which an acid ion-exchange resin
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
columns 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 opérating 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,



products, water and a water/ TBA m xture which is recirculated to the
reactor. In this process, the anount of water present in the total TBA
recirculated to the reactor is greater than that which corresponds to the
tert-butanol/water azeotrope. As a result of the recirculation of a large
amount of water, the space-tinme yield of the process is not particularly

hi gh and a high energy input is necessdaly for the materials separation. In
addition, the large anpbunts of circulating material require a very large
outlay in terns of equiprment or correspondingly |arge dinensions of the
appar at usediquidi reacioh sroduRo WixRfeORERpABted i JhetorSbre oRMInS MiMtol Bobu@nEB biRf
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i sobut ene and water, over a strong acid ion-exchange resin arranged as a -
fixed bedmplerighrequites vepnlarseontiayon terps ef equipment ar corespendiesinlangesdimensionsm 80
to 150C angefe pifanadse€ Oof from5 to 25 bar, and subsequent separation of
the reaction mXture into isobutene, by-products, water and at |east one
m xture of undissociated terti-ary butanol and water, wherein the reactor
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reactor i O(%Pr‘f)t wythete disadentaesed st ream and one or nore recycl e streans
which conprise a mxture of undissociated tert-butanol and water, with the
mass ratio of fresh feed streamto the sumof the recycle streans being
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pseudoisothermally.

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 m at least one reactor, preferably at a temperature of from 80 to 150°C and a 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 tertiafy butanol and water, wherein the reactor
is operated pseudoisothermally, i.e. the difference in the temperatures of the inflowing and
outﬂowipg streams (feed stream and product stream) is less than 15 K, preferably less than
10K and particularly preferably less than 5 K 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.



isothermally in the |liquid phase over fixed-bed catalysts, where at | east
one of the reaction products is partly, preferably predom nantly, present
i n gaseous formunder tenperature and pressure conditions under which all
starting materials and at | east one reaction product are predom nantly
present in liquid form in particular for carrying out the process of the
i nvention, wherein the reactor system-ias at |east 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
reacti on zdhepresieinventiondiksepapratidesischateae prapiratbyhepdcd:osf the inkgitiog. at

| east part of at |east one of the products of the equilibriumreaction
into the gas phase by changing - the pressure or tenperature, separating it
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’ isoolefins and alcohols. ‘

The process of the invention makes it possiblevto_A 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

zZones.



conversions per path through the reactor can be increased further. The
process of the invention is described bel ow wi thout the process being
restricted to these enbodinments. In the process of the invention for
preparing isobutene by dissociation of tert-butanol into isobutene and
wat er over a strong acid ion-exchange resin arranged as a fixed bed in at

| east one reactor, preferably at a temgmrature 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 atreg rénfdval GRvatdr fRInEMB AdacBHShtR b from lofiRr W@l@ﬁ&ﬁlfaiﬂit% AREhE6PHeans
pseudoi sothermally with a difference in the tenperatures of the i'nflow ng
and out f | oRf Agpembiane smployediadheTBA disseeintiop imibie prefested wanignt ofithe progess hbithe 15 K,
preferably; t reicu f t han nd
very parti (l:%vl%gt? “yg’%‘?g% gtpggﬁ?%glﬂggig tt%hlgenh%t% t#%% r?%‘%% %ﬁgth%?ﬁ% t?’%ag? % rlﬂh?s
conposed oftordvesiins pergdthsthroegintharsdctonean be imTaed fatit.l e st reanms whi ch
conprise a mxture of undissociated tert-butanol and water, with the mass
ratio of fresh feed streamto the sumof the recycle streans being |ess
than | * 1Ghe pfodésslo MleVinbéisn IsEeribed beloRRHMGEY the PRIckds Bein@ rdsHictdd®d Shdsban 1
: 3. It can be advantageous to use a plurality of ‘reactors which are
connect ed PRbodimentes or in parallel, with preference being given to al
reactors being operated isothermally. It 1is possible to use various types
of reactor in which ion-exchange resin can be present as a fixed bed, for
exanpl e fi lnethe lppotesseaft the risventiore Fdr-paeparihg) isobutermc by dissoofatiore af teptrisutandl ditder
types. The, reactors used have to .have ans _for enahling.igothernal
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the top downward or vice versa. The redction tenperature in the
di ssoci at i iseudoisathennally) witls apdifferencgbinythé tempecatyrem g tifer inflowdg and outfRedng nor e
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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 pafticularly
less than 1: 3. It can be advantageous to use a plurality of reactors which are connected in
series 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 used have to have means for enabling isothermal operation, i.e. for the removal or
introductioh of heat, e.g. heat exchangers. The reactor(s) is/are operated pseudoisothermally,
i.e. 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 100°C to 130°C, in the process of the invention.



in the reaction zones of the reactors to remain virtually conpletely and
éssentially honpbgeneously dissolved in the reaction m xture w t hout
formati on of a gas phase. In general, 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 |ast
reactor of a reactor cascade to separatée t he i sobutene obtained fromthe -
product stream because the expansion vaporization can then be utilized to
aid the renoval of isobutene and a punp can be dispensed with. The process
i's pref er alWhenaPhirhlRgloPéhctord aRWSed)the 1M Rrd@a R bSideRtioM VrQifdent Par ti cul at e
acidic ion exchanger is present as catalyst in a fixed bed. A preferred
group of acid ion-exchange resins used as catal ysts conprises solid
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phenol - al dpfeysties teinpchelestad esasoo befsufficiehtlygiagie fos thefisabueA@fored ini thy teagtor@peunds.
Exanpl es of aromatj.c vinyl coppounds for preparing the coqligqners are:
styrene, vithyt% 649 ,ZOQ%nﬂfrfggl‘FF?Féqr%nt@, rERagy | Yb@ﬁﬂ’&ﬁ%}’ et By ¥ ene,
vi nyl chl or BhasERasly dissdVdasH IR teadHBA nitkiieWHnBR T8 iifon 6P bdshsd! IneRlrar ence
is given to using the cooligoners formed by reaction of "styrene with

di vi nyl ben# éhadvastaggoas fir Jbe sreswre inr thp dissoviption neastor kmbe) areptes thas thehendyramg
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st yr ene- di & reagliob emzsiectot separatartke ssobulenel otiteinedafrora, the prodect stlesmf bdchwrei the
trade nanes; olite. C20 li.te.. , rlyst 15, erlyst 35,

Arber | 1o SRETSE Vet B i e Sl so 8 B iyt ot ispbtleprignd o opn bpc
108, Lewatdidpendé@®ith, Lewatit K2631, OC 1501, Lewatit K2671, Lewatit K2629,
Lewatit K2431l. The properties of these resins, in particular specific
surface area, porosity, stability, swelling or shrinkage and ion-exchange
capaci ty, Thr&@ssi8piefdatly caFRaNSutGh ohd\6r M6 eieholsARn vﬂﬁ%ﬁ@ﬁaﬁﬁmﬂa@é aliBEE ci al ,
macr oporous cation exchangers which have been nodified by partial ion
exchange ¢¥chapeerienresgnt ajeatalystipafixehbedan al so be used if desired. In the
process of the invention, the ion-exchange resins are preferably used in
their Hform The ion-exchange capacity is preferably from2 to 7 eq/Kkg,
in parti cul prefefmed grodp tof aéid dep-deghdriga sesthsaned aswatalysts eoiuprises ablid iofiendhange

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, vinyltoluene, 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.



Particul ar preference is given to using macroporous resins, for exanple
Lewatit SCP 118, Lewatit SCP 108, Lewatit K2631, Anberlyst 15 or Anberl yst
35. The ion-exchange resins can 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 from0.5 to 2 nm However, the particle
size distribution chosen can al so be nar7ewer or broader. Thus, for
exanpl e, ion- exchange resins having a very uniformparticle size

(monodi sperse resins) can al so be used. It can be advantageous to use
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hi gh |i near velocities, so as to reducé the differential pressure, and to
use smal | erexchengadrby thermal desbfonation camalsubgusehifdesitethe reaction m xture flows
at a lowlinear velocity, so as to achieve optinmm conversion. Wen using
a plurality of reactors, these can be charged with resins of identical or
di fferent Ipteprockss ofihznvedtion) thetiorsextharge eesthis aferprdferabl n3eddn th&lrlﬁhfodh JfTier ent
or identical shaped bodi es. gﬁ vent the resins fromelimn cid
groups  dur IEXSHAIER EAPBALY 19ARe Ky o 2879 ’keip ptigplar frqm £ 46 &(Risdgect i on
of the proeRsscoibcialrefB).Ntain a high catalyst activity over a very long
period of time, the ion-exchange resin can be pretreated, for exanple by
rinsing with water, the TBA or TBA/water m xtures. Rinsing is preferably
carried ou fu ce b Y in
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o ant . To-Rewed ar et ool pNGe S RPRRRAE Hothe  wor keup of t he
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enploy particular types of reactors or_ reactor ﬁétem; whi ch _al |l ow a node
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equi l'i brium of the dissociation reaction in a first reaction zone,

i sobut ene ¢xehinge sesipahatingp iy uhiforgaedislessizedmonddisparse isbinskpae also h@psad ation
zone and the dissociation being continued (virtually) to the equilibrium
of the dissociation reaction in a subsequent reaction zone, and, if
further sepaanbé advantageess wnserlagert pavticlesoinasactutethprugh ertiich the hexsonpmixties s
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particles in reactors through 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 equilibrium and/or the

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



the di ssociation reaction proceeds not only to a one-off establishnment of
equi libriumbut instead the reaction can be carried out a nunber of tines,
dependi ng on the nunber of separation zones, to establishnent 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 convent%ongl reactors or reactor
systens. The abovenenti oned node of operaffon can be achieved in various
ways. Thus, for exanple, it can be advantageous in the process of the
invention to use at_|east one reactor having at |east two reaction zones
whi ch each hdpEistedissgeigtionoithe EﬁAé&éwbaﬂgémﬁf@m the ampwm §E eirauatiag majesgl ip dhe,
wher e bet wee ' j ] ' j
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be achi eved baihg tefed oittviriagly) eGk bQMIERAESE thel iSsoRl285S Ha&QioR e Fi&?
tenperature in the reaction zones of the reactor are pref era% y chosen so

that the readtcien 30kt isptartong bsingsensratedoff Hogaseays ifempldswbseipent sphegadigy e@ieand

the tenper at yh@mbRidsiifaRARRIRL doRfinA® Midudly FoRheEGfihh SRS ARsRRtibY Alactith
| east part of the isobutene’is present 1n the gas phase. Fig. 3 shows the

structure of inysubsegupatredction apne; erd ifofurtherseparatian tzomes fapd tha¢iXB) zones dre drefanbm
below into i ; | ti L on.

There. cat al Soye dr86AR 80 BafeRaRREE e dbop et of " AERFERRLPRsk e,

i nt er nedi at ettspdisedatiobhseactiomc piocsed Wiabic bnlp ac ur snd-aff rEtablishmbnit @heyud ibdivnalive r
to a maxi mumextent limted by chenjcal equilibgiumbeing.reached. -9- -
When an appr BEEAGHE BpioR 19000 FESELAE  PURRE PleliBPoraPSEitoRe e pupher o
the i sobut engpyasl ktes toaREbLMAE! af 18 ReActiPh 3GEIHrRE). , InVihis GllayC &fbre @6mplete

pr oduct stregxm (31),.be passed directly to colum (4) of fig. 1 or 2. The

vapori zat i ondgecipfion issishistehin @ sivelsepastial thedration a1HPEG: Gevehhateasier of than

optional heajchddst sPREh thhn (Sakhievdd @ cbinfHiichaPRAR6:s b33ct&ahsthifs. br ought back to
the perm ssible rteaction tenperature by neans of a fufrther heat-exchange

el enment (34) before it is passed into the second reaction region (35)
can be neat et PRarehiFed FRRELE Bl Bl Aol ity HARATE W T YRR
the cheni calan égadvantagsammnin Tegroesscdfi thninvedion e ufe2 Jeasinshe(r84s)or deing at least
physi cal ly B ¥ ich éorngsm WRILR 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. 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.



another as a result of the reactor construction. The substreans (36) and
(31) 'leaving the reactor correspond in total to the stream(3) in fig. 1
and 2. Wiile stream (31) is fed directly into the 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 differant 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 from

the top anghdans Fﬂ ﬂ[)ﬁhtté)oﬂeﬁﬁoﬁ bresdurd i A feReor [ EDbA, l(a?t%f theliSbuRne $pbRL¥St 1S
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into a colum for work-up, .g. 1nto colum (4) The liquid
phase (33) catelmsttaed bm)lwdmateda’ﬂlm thet teaction pmtsmq:stib@ mw@aumu eztent lemml’&t thee by
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order to save energy ore it 1Ismp ron region (35)
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can be heat ed. ‘There, reactiqQn .conti to a 'nu extent. [imted
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t hrough thg i reaction regions of the reactor in cocurrent fromthe
bottom -10- upward or fromthe top downward. The substreans (36) and (31)
| eaving the reactor correspond in total to the stream(3) in fig. 1 and 2.

Wil e st reﬁ%f?e% &%53%"3 g q%ﬁra dh Pfs%h(%‘b'ne Oimréa%}?or fe%{%1 @%‘ggtédz@o &en: as

shown in fi mete
separatio memﬂoneeﬂgalm thla(bnttdite in mmamﬁumhbgbumtto figo3 wmte(némvaby framathegtbis0 be

fed direct i ntg.the i s node of operatio al so be
achi eved b%yP(lltqﬁlés A é}éesgﬁgfe]a@hoearlcglplégﬁ%uﬁ’ﬂqrﬁ catragfst 8 located in heatabls fubes or

other heatable 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



| east two reactors and the liquid reactor output fromthe first reactor
being transferred to a zone 'in which part of the reactor output is brought
into a gas phase by changing the pressure and/or tenperature and thus
bei ng separated off fromthe |iquid phase and the |iquid phase being
passed to the second reactor. This internmedi ate vaporization in the
two-stage or nultistage reactor systenm@an be carried out by, for exanple,
reduci ng the pressure to below the reaction pressure. It can be :
advant ageous, in the case of vaporization in a two-stage or nultistage
reactor sy o} e C efppe | i eANR

vapori zati gé}ﬁdglrl] rt ﬁ%ﬁ]l ?‘t&uﬁgg &g@?@aﬂ ret ﬁ@%%%ﬁfrcgﬁf\%g%g%pzati O%Q@(x%?%agtor
carried outarresjpantl it osalde theastredie (Hvvifiget and 2. tWhite sagm (3 1JH$ fedplinectytintocthe

requi res no,co i cate ppar at.uses_and t at u osts, for the peactor
ot em cancBES L irHn GR35 N e I pdo HRREb I Witet & mbdif L
react or f eqgaradd udis(2l Pehd thénl 1R ihlaRlutdd ifito doR@BI[UPH dak gis6 Be fedBiretty iatonmanner
anal ogous to fig. 4. This reaction region conprises one or nore reactors
in which t$uBest al yst is |ocated in heatable tubes or other heatable

i nternedi ate spaces. The flow through the reactor(s) can be fromthe top
downward or vice versa. The reaction which occurs fornms isobutene and
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preferably a kettle vaporizer, and faorms s a result of
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and thus preheat -11- the stream (37).in order. to saye_ener before it is
Pnsseq & o SeF Cawih dTaon Sy ot il ioi® GRES T plMBLoct | on
region (29) configured as a single reactor or a plurality of reactors and
is charged wth catal yst and can be heated. There, the reactjon continues
to a maxi niR Pragadure TR ogcoplicaied APRIFAMSE %WIWW?W%%” EPft8ans

(36) and (sjldm kspvd ngt tokx@A&l%ggJogﬁate SREMPRRAM inhid. 8! Bhe fefetdrTBedSRBEBTRd 3) i N
fig. 1 and” 2. Wiile Stream ( is fed directly into the ) -
into the first reaction region (29) in 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 vapqrizer (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. 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 (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. The mass fraction
of vapor which is generated in the reactors of fig. 3 to 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 nmass, mre preferably from5 to 75% by
mass, of the feed stream (28). The process of the invention enabl es
tert-butanol (TBA) to be dissociated into isobutene and water. In the
process of g @ﬁedni‘t’ﬁ?id &fder iotsabéc&f%sdeﬁiré itli® phS&l B thé SécohPreldtion dbgisH Ea3§ TBA
contam nated wth ol i goners of |sobutene, for exanple diisobutene, or pure
TBA. Pr ef ewhiglr,dikieghe fifstweartion regionr(29) kBafiguatdeas arsinglancantor of o plusglifngf reactors

TBA/ wat er azeot o .,as _are obtaipned i rksup. by distillati
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for the di s;oci ation of TBA will be described in nore detail below by way
of exampl €Wt hout the process of the invention being restricted to these
enbodi nents. A person skilled in the art will readily be able to adapt the

appropriate process steps for, the dissqciation, of her dition oduct s
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recycle stream is prefera from40 to 99% by mass, nore_preferably from
55 to 98%tb§0%ﬁ’§31.lassm@r%ﬁa@@¥>béﬁ’%ﬁf%/7ﬁ%bbwa$ss°%?Mﬁﬁe&?q@s)advant ageous in
an individual case depends on the water content of the reaction m xture
and to a |l arge degree on the reaction tenperature and the activity of the
cat al yst UBhegremess dfabe inveisnchastdesitertdutanol (ITBA) tab¢ issasiateddiote iscbutengged The
space vel qcity HSV) in literss of feed per .liter of.cat ) I

svel i ng efhé‘&h‘? V‘)""ﬁé oy %‘Fﬂi}vef‘;‘%‘%h g w3t ﬂ(“fg he}tﬁ%t %é%?éé‘lag{a{l% A BA

t enper at urcent@hirfated WiBGligoméd 0sotukens) fdbexiample diisobutene, or pure TBA. Preference is

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 Cs, 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



3001/ (1*h) at a reaction tenperature of from 100 to 130C and up to
6001/(1*h) at a reaction tenperature of from 130 to 150C. However, | ower
space velocities can also be chosen. The reactor output fromthe

di ssoci ation according to the invention of TBAis 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 | ess than 18% by mass, and nore preferably | ess than 10%
by mass and particularly preferably from3 to 9% by mass. The output from
the react OfmdeiaPhRd & ABAYwGT HeEF 1R, $EPRERIUIN FroB! B0 tHDINRLP MmARA ol the
i sobutene fromthe reactor output as an i|ISsobutene/water azeottope 'at the
top of a fipreferatdpfromm$s to AB%dy maspar ati ng of f part of the water fromthe
over head product fromthe first columm, e.g. by phase separation,
virtually water-free isobutene can be obtai ned fromit by azeotropi C

di still ati Qhe kpace veleiGNohizh!is partiCul&)y: advanthdebts oah individusiodasd Gdpendiooti the a
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ppm can b @c‘m?ga L DEBci m ht %Eise% er otl Yagyﬁ dat?er swAHm% pet Hour is

i sobut ene- I'hi ng conp srng ut ene water
abovenent i generdllg Giroae nO rcauoco)m*h) St hlrkzems empuhmebf fraint 88 toof00t ) efrgm dSeatat

2 by- pr oA Hh Y Eag R ampen b L e o A bR oD Ropediefom
the i sobut @hgerbfufifo it m@rlgdw;ct{o%@mléxb& sfﬁdé%lomi@scaﬁ@fsb‘ﬁ@clbﬁém for

exanpl e as overhead product in a thi rd col um (6). However, it is |likew se
possi ble to separate off the Cg hydrocar bons and any Ionger-chal n
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product in a ourt oI um ide stream en 0 _
or |iquid feparated indorisobwgerfe, bwmdwtumter(am)l aj EBAliveater Inlinture Wluch:anectmulated to

advant age r e fi [ SL oS thi rd
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and TBA, vdmdmtompryfecabm lassithan K0bbst e andgariicubirlygacienablo Gonit3 ta9eh byagadsot t om
product, water which may contain organic inpurities, wth the

tert-butanol/water mxture being at |east partly recircul ated to the
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as inpurity in the bottom
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 obteined 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.

Cs-hydrocarbons and longer-chain hydrocarbons which are present as by-products in the output

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



product fromthe first or third colum can, for exanple, be separated off
fromthe water separated off as bottom product by distillation in a
further colum or as side streamin the fifth colum (9). The distillate
(12) fromthe isobutene enrichnent (4a), which consists essentially of an

| sobut ene/ wat er azeotrope, can be worked up in various ways. In particular
It can be condensed and transferred teol®a- settling or separation vessel or
alternatively be condensed directly in a settling or separation vessel

havi ng heat - exchange el enents and subjected to a liquid/liquid separation.
After the lolamhqh), 'f&%x@m@l%%r@éﬂh% prB@ict inOf tHitACcoRirtA(6) CHbW&eE, Gk BafkeRRef €d .
to a further colum1(1 at the top or in the up part of 'the colum to
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| ar ge procmken&ffnexa:parorrlﬁ;uni&“m%omdmﬁmagamu$4)f19dxsﬁllm react or out put before
separation into various fractions in a first colum or a fraction obtained
fromit after separation to be subjected to removal of part of the water
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pervaporation and/or Vvapor permeation by means of nbr ane. Preference
is given t@bﬂsepeﬂtedhreav@ﬁherolmé%n@tmarﬂnmepéar@teeranMBpﬁutwh@kdéwcqnéﬁmthe

part which; e I be
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be advant ggedus fiofh &RPRrsiabE thixdf cofirt camf fdrhﬁcaﬁ@le?be sepeaen bif fifodintidh®atepact or
feed prior to ent‘rfy I nto the reactor, rom stream (1), stream (10)
Y

and/ or t hecP@¥ed it iag boHorpprodyqt By distl W%éw@&s?raﬁorw fr78 AP StieamdR thecifibat i on
by nmeans Qfngnn @gbrane. The renoval of water fromthese streanms or
fractions conprising m xtures which may conprise water, TBA, isobutene and
Cs- hydr ocar bons and possi bly further organic conponents is carried out

over membrapege k ri‘r’onﬁ’%{%%gnet OnrY B Eht EM}; VRS bn &maﬁ}é‘)&f gn
| npermeable to overren I oned organi ¢ subsStances. e renoval t he
water wt hsdbhtyndwdtenizeatrmmm@n evodad ubp @& waaons walysolnt patticulaeit earste @ad@seds
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 column to give virtually water-free isobutene
(18) at the bottom and an isobutene/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 separation
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 oufput or in the fractions
obtained, e.g. by pervaporation and/or vapor pefmeation 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



(retentate and perneate are liquid), by pervaporation (liquid retentate,
gaseous perneate) or by vapor perneation (retentate and perneate are
gaseous). Separation by sinmultaneous pervaporation and vapor perneation is
al so possible. The renoval of -the water by neans of a nenbrane according
to the invention is preferably carried out by pervaporation (liquid
retentate, gaseous perneate). To separatg-off water by reverse osnosis,
pervaporation or vapor perneation, it is possible to use conmercial
hydrophilic menbranes. These nenbranes can be pol ymer menbranes or
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foll owi ng: SM5 (Sul zer Chentech); Silica (Pervatech); NaA (Mtsui or Smart
Chenmical). It is also possible to use conbinations of an inorganic
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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 examplé, polymer membranes from fhe
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-H018 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 inorganic 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



preferably has a content of organic constituents, in particular TBA, of
less: than 10% by nmass, preferably |ess than 5% by mass and very
particularly preferably from3 to 0.05% by mass. Snaller values down to
0.001% by mass can al so be achieved, but this is usually not necessary and
al so not economically viable. The renoval of water by pervaporation can, as
descri bed above, be enployed at variousipoints in the process. Suitable
streans are, for exanple, the reaction m xture | eaving the dissociation
reactor or the recirculated TBA/water m xture fromthe azeotrope colum
(colum (9 T S,
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reactor feed. There, for exanple, part of the water present can be renoved
fromone of the streanms (1), (10) and/or the m xed stream by pervaporation
and/ or vapBhe prcessaf ithmninygntion dn grefirably wamind anteat armessurm%%leumlxm dimide to
achi eve TBA.cont e .
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i sobutene by azeotropic disti|lation, is
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 (column (9)). The
reaction mixture leaving the dissociation reactor is, apart from the wastewater streams, the
s&em 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 feéd. 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 |



separated off. b) Only part of the water of reaction is renoved by neans of
a menbrane process. |In case (a), the TBA/water azeotrope colum can be
omtted. A block diagramof 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/ wat er azeotrope or approximately azeotropic conposition (10)
is fed into the reactor (2). The reactore{2) can consist of a single
reactor or a reactor system (see below). The reaction mxture (3) |eaving
the reactor (2) is fed into the colum (4). If desired, the reaction

m xture (3l i ] A bes
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menbr ane process, which |ikew se produces an organic li1quid stream (3A) and
an aqueousreaqtorgnerepses: froapgthenyaiant ofitbe arangement shaym ig figt %gbmmerabxynq rocess
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passed t o fikm éetfirstisggaodiah colisn (A)end equrthrredwralnted ithe faactor. t he col utm (4)
(4a+4b), -17- isobutene containing small anpbunts of water is separated off
and is separated in the settling vessel (13) into an isobutene phase and a
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i sobutene (18) and a water/isobutene azeotrope (17) which is returned to

the separation vessel (13). To inprove the separation of the TBA fromthe
i sobut ene If watetis gampved by means of s memhrang, typ basgyatiagy arggassitdgit i onal | y be added
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whi ch nmay by Onlyaiaft of e wated 6Dt tN & remS el byahéand b aiRBlra@PFOdedd) ) .  Stream

10) is recirculated to the reactor (2). Any organi c conponents (e.qg.
(2_ szt anol Ir(ggg\ aB, tﬁe TBAPwater azeotrope colun(m <):an be o%/nitted.g P (e.g

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),



and/ or Cl12- hydrocarbons) present in the wastewater stream (11) can easily
be separated off frompure water by distillation. As an alternative,

2- but anol can be discharged in a targeted fashion by taking off a stream
fromthe 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
bl ock di agram of an alternative plant Fd7which the process of the invention
can be carried out is shown in figure 2. The feed (m xture) (1) together
with the TBA/wat er azeotrope or approximtely azeotropic conposition (10)
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reactor or a reactor system (see below). The reaction mxture (3) |eaving
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wat er phasgBAAfter @addtbfe {16¥whith thalyREntaid GlndMnolits ofBsbutddt (kb8 siré@bUoPne

phase is recircul ated as recycle streamto the top of the colum E4E) and
(

the ot her erm (1953 recirculajed t thereactor 42) iy PreapirePmPPRetS {6 8e PuBRRl (18)
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vessel (13). To 1 nprove separation of the TBAfromthe iIsobutene in

col umm ( 4)from phrecwitervont distillation ad {2 aljernngine, Doputanohgdn e dischatpgddn attargeted t op
or in the ' ' I T 0 ) is
cepar at ed TV b S e S MiahR R of G e Mgl A ook
conponent or ligeidgtredtn from alrodtrigpivgy soction b tHeyedluamd 9 )Yon sy stichin) (1hAY a TBA/ wat er
azeotrope (10) which may contain snmall anounts of isobutene (from stream
(19)). Stream (10) is recirculated to the reactor (2). Al or part of the

vapor (27)A blosktiafemCFlabl Bifertddive pRft iR S/hidAlthestoeRsofithe Bvéfion 0%h Keldarried out
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 systém (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),

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



in order to save energy and adjust the concentration. Apart (26) of the
bottom stream (5) can be fed directly to the reactor. Any organic
conponents (e.g. 2-butanol and/or Cl2-hydrocarbons) present in the

wast ewat er stream (11) can easily be separated off frompure water by
distillation. To separate off C38-hydrocarbons, a gaseous or |iquid side
stream (22) is taken fromthe colum (#§-and passed to colum (23) where
t he Ca- hydrocarbons together with TBA and water are taken off as bottom
product (24). Isobutene and TBA are recovered as overhead product (25) and
are returnggsd913)ho &R ks‘dﬂﬂ&ex(e%ase%nfl W Fabk® bhaR Sithe I%ﬁ‘er Eﬂisé 019) tah Yel fbBinto/thb O
introduce the feed stream (1) into one or nore furt reactor(s) and to
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such as apa
TBA and water are taken off as bottom product (24). Isobutene and TBA are recovered as

overhead product (25) and are returned to 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 coniprise trays, rotating intemnals,
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 movable valves.

Trays having special construction.



packing from Sul zer (Optiflow), Mentz (BSH) and Kubni (Ronmbopak). The
operating pressure in the colums used in the process of the invention, in
particular the colums (4), (6), (9), (16) and (23), is preferably in the
range from0.5 to 15 barabs. (tiara), particularly preferably from1l to 10
bara. The colum (4) used for separation of the reactor output preferably
has from5 to 80 theoretical plates, ntte preferably from 10 to 60
theoretical plates. The feed plate depends on the conposition 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 fromthe top, in particular
the 5th to 50th theoretical late, in the |ower section of the colum, in

par ti cul ar IneeBmnsibaying (Qiﬁljlgéﬁtefp?lg the;rugbagk f5 qitherspraypby meass pf wigting fuenely | s
fed in at 1. This likew se applies to
t he runba%k ‘%QESQﬁﬁigﬁ%g?%ﬁ&?m%g%gggm?é§%ﬁ¥(27) fromthe colum (9) is
fed in at the bottomof the colum (4). In a particul ar enbodi nent of the
pr esent ntlo f the type sho in fig. as bee found to,be
P vant ageolieRilar e of et Bsie, Seump risirbg Sop5e! BootuRen S nghe: he
4th to 65t ocasb@aheinlv&ﬁionprw;ﬁc@@glaéﬁsm 62@%&%0?%&?%?3&%&1%'@@ stéde 5th

to. 60th theoretical plate, of the 20 colum (4)

i sobut ene-§tgiglgsssiteeh acﬁpleezafaarbog, sterpwgEes Rofcplaia glasiePlation 0&31 et migfuresptheseak abl y
a hi gher r I “?@‘% t S%,RIF
thelo?etl cg@hq? at gag{;:\%u%ﬂtd eg’ ?ﬁo?ﬁe&g .g% (v#ﬁ)smgtr)tthl c aglfe?%e d IL?ngQG t

t heoreti cahtepiamtm,ts wtholeh through direrw4l Y yvire fnesh g'ngszsaddlm spipdleirm (9) used for
di scharging the wastewater and concentrating the TBA preferably has from5
to 70 theoretical plates, nore preferably from8 to 65 theoretical plates.

The bf eeg [Hagkifig hd%igsd‘lﬁgulﬁlrgebﬁetrﬁmi?g? bidnqﬂk]:c %nsishefxﬁaelﬁbr plastidighsetd gemeiho ]th nd
to be adv ous. far the m infig or_the strea i.n fig.
1o be. f HIHIES,PLeHG: 9ES b paBig 4mculet med ﬁ%@%ﬁﬂ?@dw 88 t op,
in parti culalaphth grads bf ! Tslibe{lﬁfe&lt %ﬂ{)&fohﬁﬁ{ce Paékifs subh s SR FQ&P%sV\@&ﬁ&%d er
(3B) and (19) is fed in on the to 60th theoretical ate counted from

the top, ibackieg fromJukeer Optiflaw), MagtayBSH) a@%@%(ﬁ%@m&)are The col um (16)

used for drying the isobutene preferably has from4 to 35 theoretical
plates, nore preferably from5 to 30 theoretical plates. It has been found
to be advéiﬂnrba)ga@m prossutetio thé edainiis) &sed tim tHeepréass ofithe mventéon] it particubirtthe

theor et i caly B3l $5URHSHef RMNGs bR Rerats) PR oS4 Bom Y5 to 15 bars (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



the 1st to 4th theoretical plate. The colum (6) used in fig. 1 for

‘di schar gi ng Cg- hydrocarbons preferably has from4 to 75 theoretical

pl ates, 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 tops20n particular the 1st to 45th

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

C8- hydrocarbons preferably has from4 to 65 theoretical plates, nore

pr ef er abl ycdliam®) b0H8Q. tIRGkHutchdkich|sBtMs (29)tis Tad bh&eh oM dahé pbfit or
advant ageous for the feed éﬂZZ) to be fed in on the 1st to 25th tﬁeoretl cal

pl at e counPEfsrablyoahights poinbihigherumizthe eolynan (4o) i.ernn the2nd to 658 theordtisalrndate cal
pl ate. The B)iad St he-1 op of
the colu rm%%g E@Irn tﬁ%\{og’as (%%l gl)l%ﬂrtﬁf ?@E‘? 50@ glieﬁ]%aﬁarl g#’%’l’ éﬂ*g&ﬁ%&% g@ ‘e)gitié' %f orm
Cust omary conponents such as punps, conpressors, valves, heat exchangers

and vaporizers, arge not found in the bl ock diagrams, but these are
sel f - evi deHi® @Bi‘?ﬁb&é}'ﬁeé £t d{%?g?fslé‘ﬁtﬂ}e wasiewater aud CyCeAang é*stT BApreffrably pas

reactor Sygdm 3 th 90 tHedretivdl PhhtedUihoR PRkl KM § RPCH theistidaPALRE "R iled pidle t he
l'iquid phase over fixed-bed catalysts, Wwhere at |east one of the reaction
product s idepessds on the compesitionaifithe foede B bag bram foupd tbeaduantagepusfastho steeafndSn
under te gt r kb y ' I '

mat or | al o Ak AP AR TRHLE ) APRED WP e IS sol et i Bihlclhom | |

| i qui d f orthg topninparticilatthed stfted5thaheoyatiog) pbas¢. Thh pogpibbeeasewnter (3R dnd YENts on,

is that t teactl.or S has at .| east _ sically separate reaction
zones mhiBﬁi3b@h&ﬁéﬁé%é&%ghﬁ?§§?38PF5ﬁ8335ﬁﬁmggéﬁﬂ&éﬂp%@ﬁﬁgh@cﬂggPl es
f or mai nt ahedidtigaliptedd. ner mal operati on, where between each two reaction

zones there is a separation zone having neans for bringing at |east part of
at | east one of the products of the equilibriumreaction into the gas

phase by cihgreiubs (16)ushd &3 Uiy B i{BHBE! FbiifBly had SRA @tt% B4 tHebreRLal Rfsagée,m the

reaction mxture and discharging it fromthe reactor and for transtferring

t he renni Mg Prefaably Bomd totI0rtheargsicalplates |1 knsibaep fovnd ta bnadvertegeond fon the
furth i | in.the.
urther ngapng sy bé ?egg@%p fS1d 'E'oeﬁéﬁi){/%?{u%&l%& BburPlaSRRY Eh%rt%é@ i psmaﬂgso quent

reacti on zone t'o 0 precisel e‘value1n ng reaction
zone bei nghedlst © 4hothbwetpaldaat i f desired. The nmeans of setting the
tenperature can be, for exanple, customary plates or tube heat exchangers.
The nmeans of bringing at | east one of the products of the equilibrium
reaction [Thé oolule (GPGsef iR FHR. L &t discharging Cg-hydrocarbons preferably has from 4 to 75

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 1st 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.



| i kew se be a heat exchanger, so that this reaction product is vaporized by
introduction of thermal energy into the reaction mxture. It is |ikew se
possible for the means to be a kettle vaporizer or a heated vessel which
enabl es the pressure . to be decreased when the reaction mxture enters the
separation zone. In such a reactor design, the pressure of the reaction

m xture as it enters the reaction zone-Ilol |l owi ng the separation zone is
“lower than in the preceding reaction zone. The foll owi ng exanpl es
illustrate the invention without restricting its scope which is defined by
the description 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
par ti cul arAfpediculaefestheetofithe neactonssistern foramying o3y euilibrinng feagtipas ipotenmally M) was

The 1 resh URIERE g ol SRFoud BB Wil T e i e iR PR GAR Raldy N0

wi th. The pwefeisblyair&iontitidn€lgpresenl) invgascots fopnsmder-tedperariredind @osssuye cohlditions
reaction section (Ziﬁvvas In two s ages as shown i fig. . .The reactor (29)
was a | abdigeioyRich all gatingmategals 6‘{5&?‘ gl pnp Eféft}?é‘rpﬁ‘éiuf"f“ predoppjpantly grasent ith g o
catal yst fin PRAEI1ar P cdftying oTRE bloksss of fhe WREntIGASR % tHe@éadloY Syfsterl NE
second reactor (35) was |ikew Se a |aboratory tube reactor operated

i sot her malHay ahleat 20.C physicalizisepagate reaation Zoses which wachdfave lsatalyst granged in a

Amber | yst 15 | i kewi. d | A..h | f
Ao Yol e R SR RSBl e R B e i [
(16) was iZdn&dthére GOs sepafdtitiizomalnging niehafor biagikg ademst pareof & lvast eneudahk:

e and .t he .reactor

About 30 thepretical .ates were .install i ol um_(4),

out put (3 PReroEteeab i sosstsi s piass Py GRUHEE 86 irul TGRS op.
The runbaGlpardtikg) it WS flot HRAHGEbnAM RS dn@Nditharkih@ i€ AtdsTihe Reaplofitatd or About
18 theoretical plates were installed in colum (6), and the feed (5) from

col umn ( 4)trapaferring ghejremaping praction Mixtyraiorthe follawing Kraghion 7086 i °A8S t op.
About 13 ' &h@te&%m F fredsBaliinl SebsbqtefiQbatibn &bk to Bt tojRecidefied (8)
from col ut‘ﬁ%@g%gsg&l?e In o%\%tﬁg S2nd %hheorsg({hiecal plate c%unt edOt}??ccl)r%the
top. The shelealusin tarpricediay reastion adnsrbeiiaf ablatovgpresenb indesireda ghe oncenmaet| y
the 10th tsggggr teI t%r%{)ergtlmaé &n lge(,) (g}t g{gmple, 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 dispénsed with. The wastewater stream (19) was disposed



fromthe top. 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 1. Some Cs-hydrocarbons and other high boilers are already
present in small anounts in the feed and further anounts of them are forned
in the dissociation of the TBA in the reactor system The stream nunbers in
the following table correspond to thosZ4in fig. 1, and those in the
reaction section correspond to those in fig. 5. Conponents present in a
concentration of less than 0.1 parts by mass in the m xture, are general
not report gfditdatly.he table. -23- Table 1 Stream nunber Stream name Mass flo
Concentration of [kg/h] conmponents in parts by nmass 1 Fresh feed 2.5 9.4
water 90.5 TBA 0.1 SBA (2-butanol) 3 Total reactor output 7.891 21.4

271 wat or T sBhiheion @) Vel e Bt B AL Tl A GBI T RbRAE |
g SAZ TBA - @Be 8eaCor Bpdated dsothefmaliy at R0 afdShavinglB Batalyst volvateeof abda@t M0TBA 0. 2

y
w

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 plafes 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
isobutene 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 tb 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

geherally not reported in the table.



10 Distillate fromcolum (9) 5.391 17.0 water

‘streamtaken fromO0.04 21.3 water
conponents 1 |

0.1 wx-er

Mass flow

[kg/h]

(4) 0.1 water
17 Distillate fromcolum (16)
0.5 water 18 Bottons fromcolum (16) 1.689 99.96

19 Wastewater from separation 0.015 99.9
852

891 14 6 wat er

Concentratlon of
components in parts by
mass

15 Feed to

Fresh feed

2.5

9.4 water
90.5 TBA
0.1 SBA (2-butanol)

Total reactor output

7.891

21.4 isobutene
21.4 water
57.0 TBA

0.2 SBA

Bottoms from column (4)

6.187

27.1 water
72.7 TBA
0.2 SBA

Distillate from column (6)

0.003 -

13.0 water
58.2 TBA
28.8C3

Bottoms from column (6)

6.185

27.1 water
72.7 TBA
0.2 SBA

10

Distillate from column (9)

5.391

17.0 water
82.8 TBA
0.2 SBA

11A

Side stream taken from
column (9)

0.04

21.3 water

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
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
vessel (13)

0.015

99.9 water
0.1 TBA

28

Feed to reactor (29)

7.891

14.6 water
85.2 TBA
0.2 SBA

82.8 TBA 0.2 SBA 11A Side
colum (9) 74.9 TBA 3.7 SBA 0.1 other
Bottonms fromcolum (9) 0.754 99.995 water 0.005 ot her
conponents 12 Distillate fromcolum (4) 2.503 99.3 isobutene 0.6 water
Ext ernal runback to columm 0.8 99.9 isobutene
colum (16) 1.986 99.9 isobutene
0.297 99.5 isobutene
i sobut ene 0. 04 ot her conponents
wat er vessEibld 13) 0 1 TBA 28 Feed to reactor (29) 7.
TBA 0.2 SBA -24. : s 3
wat er 30 %ﬁqmmmm@w& $8

14

8.5



36 Qutput fromreactor (35) 6.76 14.7 isobutene 23.6 water 61.5 TBA 0.2
'SBA 37 Qutput fromreactor (29) 7.891 17.3 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 bars,., and the internediate vaporization (38) was
carried out at 15 barabs. The columms (4), (6), (9) and (16) were each
operated at a pressure of about 6 barab?t-at the top. Columm (4) was

equi pped wth a dephl egmator 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 amount of
catal yst used was obt giviapek phtseaspurateofThe 1,03 epar at i on 605 isobalend ene was
carried ogt in a plant|@3) the type shown|in figure 1,[8Wwdert he particular
feature that no rem)vel of water by neans$ of the noduhgoh®ly was carri ed
out and the streams J and 3A therefore had the sane |gqmgsi tion. The fresh

wat er str egem("20)and [T utﬁ@ﬁ ga\e@}%r STTEaET (3B) WeT[g, 6L SREREd W th| The

wast ewat eff " stream (19) sposed o gdirectly. Theg s gactlon sect i onj (2)

was confngured as a sijngl e stage. The reactor (2) wagia W oratory tube
reactor operated isothermally at 120C angl having a c3 P vol une of about

285 m . Aaberlyst 15lwas used-as—catalyst, - 5
(4), (6),|30) and (16) Owtwst from reagion(2¥hse | 58m  Met al lgéclﬂgpﬁﬁlleel enent s
(Pall rings) were used in each case. Abolit 30 theord# éNatebI ates were
installed|{in colum (4), and the reactor|output (3) Ws4IB4A in on the POth
theoreticél plate coumted fromthe top. The runback ((94)SBdas introducel at
the top of the colum on plate 1. About 18 theoretical plates vvere

|nstalled n col um (5 from col.u ) in on
the 12t TGS dn et s 5 anty dicamtgie AL TRactd o s, bkt
' ]pl gt es werghdithe intdrinedlate Vagopizetioh (38) wasdaetiddhaut beESibar3). The @otuamb N (6)HP) was
ed tnon a:nﬁ%l-@ were each 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 11.5 kg/h. A space-time

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

Ex#mple 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 composition. The fresh water stream (20) and the
wastewater streatﬁ (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
each 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 2nd theoretical plate counted fromthe top. The side stream (11A) was
taken off in gaseous format about the 10th theoretical plate, counted
fromthe top. The feed (1) used for the experinments was taken from an

i ndustrial plant for the preparation of isobutene and had the conposition
shown in table 2. Some Cs-hydrocarbons and other high boilers are already
present in small anounts in the feed an@5further anounts of themare forned
in the dissociation of the TBA in the reactor system The stream nunbers in
the following table correspond to those in fig. 1. Conponents present in a

concent r at ieren@fthdofebisal tplidelcdinfed Hidki the Rip. ThPSde dtidarh (1 AYiwek tiken affén gaeausal |y
not reported in the table. Table 2 Stream nunber Stream nane Mass fl ow

Concent r at fo5m & pbouf the /1 Ath thesrstisalalate cpuntekirqm thefop. nass | Fresh feed 2.5 9.4
water 90.5 TBA 0.1SBA 3 Reactor output 9.756 17.3 isobutene 20.1 water

62.4 TBA 0.2 SBA 5 Bottons fromcolum (4) 7.988 23.6 water 76.2 TBA 0.2
SBA 7 Di st The feed () usent foothe mrpdritjens. viid 4aksn Froimsambindusiial pladt f6r thepreparatdim.of TBA

191 Cs 8 Bt ons, K0 LMk shonih 21ed. W, 1A anPoheSEi
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
[kg/h] components in parts by

~ mass
1 Fresh feed 2.5 9.4 water
90.5 TBA

, 0.1 SBA

3 Reactor output 9.756 17.3 isobutene
20.1 water
62.4 TBA
0.2 SBA

5 Bottoms from column (4) |7.988 23.6 water
76.2 TBA

o 02SBA
7 Distillate from column (6) |0.004 3.3 isobutene
12.5 water
65.2 TBA

. 19.1 Cg

8 Bottoms from column (6) {7.984 23.6 water
76.2 TBA

: 0.2 SBA
|10 Distillate from column (9) |7.256 16.4 water

) 83.4 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




10 Distillate fromcolum (9) 7.256 16.4 water 83.4 TBA 0.2 SBA 11A Side
‘stream taken off from0.040 22.7 water columm (9) 73.6 TBA 3.7 SBA 0.1

ot her conponents 11 Bottonms from columm (9) 0.688 99.995 water 0.005 ot her
conponents -26- 12 Distillate fromcolum (4) 2.568 96.8 isobutene 3.2

wat er 14 External runback to columm 0.800 99.9 isobutene (4) 0.1 water 15
Feed to columm (16) 1.988 99.9 isobuter®- 0.1 water 17 Distillate from
colum (16) 0.300 99.5 isobutene 0.5 water 18 Bottons from col um (16)
1.688 99. 965 i sobutene 0.045 other conponents 19 Wastewater from

separ at | OfiZ)" UST 99 VT Sieliple Gt edtheah (47) [9,568 157 The DIGEisitRich he T epct or
(2) was 1D bar... Thej colums (4), (6), (9) and (16) vg—:j@atg[perated at| a

‘ b & T ooy (%) WS

pressure pfy about—6b

th—=a
dephl egmaj’or and opecﬁxﬁeﬂglﬂus I'ng a rum%}\tck st ream of aobp,k} &@R—T kg/ h. A

Space_ti m viald ~f IZ kallfl*hY hacad + At ol

y] A v | AV A | ||l Ao CUTU ||e UL Al A t
used was pbt ai ned. Th‘é?e@éérfb r essi|¥ 8?%/ denonst r ? ﬁ%aef”ﬁe circuf at ed
streans t rmlgh the rleactor_can hp reduced h\/ nmeans— for
prepari ng|i7sobut ene: |Bistilimmscolined 68380 es in  wh 9<9P§1§qli’8tefl‘*at i 0 of fhe

mass flows _of fresh fieed to circulated dtreans i s renc&iﬂﬁefas from1 -|7.4
18 Bottoms from column (16) |1.688 99.965 isobutene

0.045 other components

19 Wastewater from separation | 0.081 99.9 water
vessel (13) 0.1 TBA

f\ Q)

The pressure in the reactor (2) was 19 bar,. The columns (4), (6), (9) and (16) were operated
at a pressure of about 6 bar,ys. 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 yleld 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 1n
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 .1 : 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).



~to-1: 16.6 (see table 1 in that docunent), while exanple 2 achieves a
ratio of the mass flows of fresh feed (1) to recycle stream (10) of 1 :
2.9 and exanple 1 achieves a ratio of 1: 2.16 as a result of the higher
partial conversion in the reactor system These values can be inproved
further by, for exanple, increasing thg dggsee of concentration to the
TBA/ wat er azeotrope in colum (9). 27 0 0 Cains: 1. A process for
preparing isobutene by dissociation of tert-butanol into isobutene and

wat er ovey..a.strong acid ion-exchange resin arranged as a fixed bed in at

| east onE—Tteactor at a tenperature of from80 to 150C and a pressure of
from5 to 25 bar, and subsequent separation of the reaction mxture into
i sobut ene, by-products, water and at |east one_ m xture_ of undi ssoci ated
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with the dicastof hid tdipddRinedDIRoni i80to A¥D°C and AGréaute!of Bromi$1tef25tHag and

di ssociation reaction in a first reaction zone, isobutene being separated
of f in gase#ibsequgrinseparation ohibe gerstion suparainioisobytence buntpdupts, WatssdW it i on
bei ng conti d to the equilibriu f e, di;ssoci ation : i I
subsequent TEcri<oRiREHE S R b tebels BRE Pl Dbl e, Pk £,
zones are pémesed gs&lb@is@tham@lg,switﬁ LaBHpBRIRY dITRRSE Betwlebe (RNRMOPInghE
nunber of tines. 2. The process as clainmed in claim1, wherein the feed to
t he react orout§owingpgeatsoff fepedtan FeKd véreramthapeocesselsosarniest eut saifacthe

streans whi ¢h conprise a m xtur f undi ssocikated tert.- but apol ter and
Sosei by by BGHIED SR tafiefhalh fo e difitstay S MeSfisopiior SR EShin § e oum
of the recygh&iontZofaTBotu&in Being $epdrited off in gddéousdformie a R eGSht 8¢pakdtiohmed i n
claim1l or 2, wherein a plurality of reactors connected in series or in

paral | el arzongsand threddisbdciativacheing cantnundetoathed equibbriem nedl the. dissocptien
process as clgined in19q¥ og claims 1 to BWA%QErein a% | east one reactor
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reaction zones there is a separation zone in which a | east part of one of
the products of the dissociation is separated off fromthe reaction

2. The process as claimed in claim 1, wherein 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, water and possibly by-products, with the mass ratio of fresh

feed stream to the sum of the recycle streams being less than 1 : 10.

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 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.



~mxture by bringing it (partly) into the gas phase and is discharged from
the reactor, is used. 28 005. The process as clained in any of clains I
to 4, wherein the pressure and the tenperature in the reaction zones of
the reactor are chosen so that the reaction mxture is present in the

| i qui d phase and the pressure and the 4genpayature in the separation zones
are chosen so that part of the isobutene is present in the gas phase. 6.
The process as clained in any of clains | to 5 wherein the process is
carried gutin at |east .t reactor.s .and the Jiguid rgac tRut . fLrom
Che first r Tafoers, 25l BUR% Srecmif LAF o' Bl T RSB BB im0
i's brought iefperatur s tHehes@iol YokddadTdhd eattOr afelcBE S0 thanky eacticaphat ur e
and is separated off fromthe |iquid phase and the liquid phase is  passed
to the secoldressatimthe liquidrphasgrand ébe pressut ahdndlee tompgrajurefin dhapeparationo 6,
wherein the internedi ate vaporizati.on in.a {wo:-st Qr _nultistage reactor
systemis cATFT &8 ¢ 8§ent§9 ﬂ?aggﬁléf) gletl??é’ubepgéssmPSgn{@tﬁggﬁsﬂaﬁﬁe reaction
pressure, 8. The process as clainmed in any of clains | to 7, wherein, in
the vaporization in a twd- stage or nultistage reactor system heat
exchangeb.i sThxapnocesd apglaithed iweany aftekaims dup &, wheneisule beasessds caaed gpoiniaat i on
and the liquid,streamreturned fromthe vaporizatign., 9. .The Qcess as
clai med i nqlﬁﬁﬁ e r??lcg’:r%%“él%f’ ?‘q‘é‘,dr é‘?’réﬁuﬁpﬁﬁé’mréﬁf’tr%rma(gg{rbmasfés)d’tg éparst ed
into i sobut@nehiclpPardbPLBeGEator Wk istdught IBOVaak Bhaseiby cHAgsingihe bridge a

wat er content of |less than 10% by mass and is recirculated to the reactor.
10. The prowdds tespehtireread isnseparptedfoft fraimthe liquid phasevand dhenliquié phegeds part
of the isobutene s separated off fromthe reactor output as an

i sobut ene/ i tﬁiléeo?ef’?fggreﬁ‘ftorthe top of a first colum. 11. The process as
claimed in any of clainms 1 to 10, wherein part of the water is separated
off fromthe overhead product fromthe first colum by phase separation and
a vi rt udl.l yThenproeess fas ekrithed budrgne dlams Heto 6, ydieatie thebipteamedinteojaperization
distillation in a second E}%l um (16). 29 oo 12. cess,as _cl ai

Th r din
any of claifte ti”‘t‘?}a&ﬁ?r mREIstagH T E‘Hféﬁt@@alﬁ ﬁ&ﬁgﬂdé}%%p’%ﬁ ng the pressurqu

below the reaction pressure.

8. The process as claimed in any of claims 1 to 7, 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.

9. The process as claimed in any of claims 1 to 8, 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 recirculated to the reactor.

10. The process as claimed in any of claims 1 to 9, 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.

11. The process as claimed in any of claims 1 to 10, 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).



- chai n hydrocarbons which are present as by-products in the output fromthe
reactor are separated off fromthe isobutene-free bottom product fromthe
first colum (4) as overhead product in a third colum (6). 13. The
process as clainmed in any of clainms 1 to 11, wherein the C8-hydrocarbons
and any |onger-chain hydrocarbons whiygh ?66 present as by-products in the
output fromthe reactor are separate& off as bottom product in a fourth
colum (23) in which a gaseous or liquid side streamtaken off fromthe

first coju 4) is distil]Jed. 14.. The.proce as «lal.ned.i cl ai s
Vo 15 Vhihetithedsha® Baimss iR G ey bl hevior i S iBarRamof foBeert ThIT
col um (6) dnginSIRRBSARAs Fhich de Prebédt b by Pratiidts (iR hd Aitut Fronibetredoforaire Wat er
and TBA, which rmay contain isobutene, as overhead product and, as bottom

product, weseparatefli affi fromy thho irohitanefrgabotoinnprodiati feem the thisstt ¢pdurpe (¢) as
but anol /wat er .m xt ure hei t .lea partly recirculated to the reactor for
di ssoci ati cﬂYef;’feaéP@dPgtdﬁlagﬁB‘f@hi@? e process as claimed in any of clains

1 to 14, wherein 2-butanol is separated off by distillation fromthe water
whi ch has been separated off as bottom product or is separated off as side
stream i 18. tThe firdéesh ag daimed Sy of elaithé tel bodyseinshaCahyasocarbongapd ny cl ai ns

1to5, whereinthe distillate (12) froman .isobutene enrich t (4a),
whi ch consﬁglﬁ%ﬂ‘é g npdEgeptpogs “5{1&&1 %b‘ﬂf?%fﬁlg/aﬁ&y Oé@j%gso{nr e?u%pqr{?%ﬁg%nsed
and transf e eg 48 séharfild bR bOtkors BRABE IO foURE SEhunf (28] 1nekmiah b\badasus S
condensed directly 1'n a settling of separation vessel having heat-exchange
el enents andiqualf dide sttchm thkepaffifrbidbe firss eplamat(#)oim displed. of t he organic
liquid is fed to a colum (16) at the top or in the upper part of the
colum to give virtually water-free i sobutene (18) at the bottom and an

I sobut engy/ wgl.el,a%eq! Eﬁﬂﬁetﬁﬁ. A riARmOt é@) hB?wﬁ&EfrﬁWﬁe b¥¥tdh pkdiRict from the

i sobut ene/ wat'er azeotrope being returned to the liquid/liquid separation
vessel . 30 fist dolumith@) pr teethird asluhmiGyed separatng offf incd fifthrecolunro (AEntonher ei n

part of the water present in the output fromthe reactor .is separated off
fromthe | duiBRe 9¥ Wstsr wagh JBab déﬁ’&)’&P“R?H’p‘é&“%’@r Aeayehsad ‘ﬁ’ﬁg 8 a

membrane Db H6aEAWr W b SRRRS Arthib Nhfputiel,Oith fth@Clekons 11
buta.n-ol/water mixture being at least partly recirculated to the reactor for dissociation of

tert-butanol.

15. The process as claimed in any of claims 1 to 14, 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).

16. The process as claimed in any of claims 1 to 5, 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 alternatively is
condensed directly in a settling or separation vessel having heat-exchange elements
and, after the liquid/liquid 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 isobutene (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 clainmed in any of clains 1 to 17, wherein part of the
wat er present is separated off fromthe reactor feed prior to entry into
the reactor, i.e. fromstream (1), steam (10) and/or the resulting m xed
stream by pervaporation and/ or vapor perneation by nmeans of a menbrane.
19. The process as clained in any of %balgs 1 to 18, wherein part of the
wat er present in the output fromthe reactor is separated off by

separation in a separation or settling vessel before the output fron1the

react or ar at ed |nto vari ou tra ti s inafir col.um

process %12 ili‘ TRERSS AhClpimFdin #y 0 ' (E)II% h?remﬁléerwgfxggseg{)mt eexcept
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process as mdrmieatith bynnm odifa mdnabrame Hefore tROreaviheowput i separatestiato wariops ai ned
ina purity of 99% wi th the maxi num water content being | ess than
250 ppm 22frackigng uIt‘?‘Bnt ai ning mxture prepared by a process as
clainmed in any of clalms 1 to 21. 23. An isobutene-containing m xture as
claimed in claim22 in which isobutene is present in a concentration of
great er IS]&Haé)ﬁ%dssy aswismediéh whyi efclhias htodl,evharantperitof dhe Wetss preséntris 250

ppm 31 o 0 24. A reactor syste for carr qui |'i br eact|.ons
i sot her mal | Sepatated 1€t from the T eedRrior te ieﬁ 9"5%&%5?%?’%/%?3 é?aénél) | east

one of the J@a%?t%ey d?ld%quﬁfesrésﬁltﬂl tdiXed e yngeﬂz% Gation TR/ UDEhRE

tenperature and pressure conditions at whic aII tarting materials and at
| east one rgea@kativh Hrmetns bf akenfbragoni nantly present in liquid form in
particular for carrying out the process as claimed in any of clains 1 to
21, wherein the reactor systemhas at |east two physically separate

r eact | oM ¢ Off EQQASSFS QRGaNRY 46y B Gk lyidtis, FhbRM %df@h@w% V\gxgsekaﬁﬁk med
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reaction z Qﬂﬁ[ﬁntﬂlﬁﬂi ¢hd Ra@oSBRepahted ofiZHnsephation th aeemsatiooror lsetﬂngl vegsel at
| east part of at |east one of the products of the equjlibri actlon into

the gas phadorefiie Wﬁgﬁ%theﬁéacﬂ?ré%%%’?@t@rm@&?ﬁ%% gitions %g E\?q W%t of f
fromthe reaction mxture and discharging it fromthe reactor and for
transferring the remaining reaction mxture to

20. The process as claimed in claim 19, wherein all of the water of reaction except for the

part which may be necessary to allow isobutene and Cg-hydrocarbons to be separated

off by azeotropic distillation is separated off.

21. The process as claimed in any of claims 1 to 20, wherein isobutene is obtained in a

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

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

21.

23. An isobutene-containing mixture as claimed in claim 22 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.



the follow ng reaction zone, with a further means which enabl es the
tenperature 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.

31 o o0

24. 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, in particular
for carrying out the process as claimed in any of claims 1 to 21, wherein the reactor
system has 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.



