| Process for preparing tert butanol The invention relates to a process for
preparing tert-butanol by addition of water onto i sobutene in the presence
of an acidic ion exchanger. tert-Butanol (TBA) is an inportant product
produced on a large industrial scale and is used as solvent and as
intermediate for the preparation of nethyl methacrylate. It is a precursor
for the preparation of peroxides such as peroxy ketals, peresters or

di al kyl peroxides having at |least one tertiary butyl group. These
compounds are used as oxidants and as ihitiators for free-radical

reactions, for exanple olefin polynerization or crosslinking of plasti-cs.
tert-Butang serves as internmediate in the isolation of pure isobutene
from i sobureAESSHRLPIEpadue Erirbitanalore, it is a reagent for the introduction
of tertiary butyl groups. Its alkali nmetal salts are strong bases which
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these starting materials are used, industrial processes enploy conditions
in which.virtually exclusively the isobutene but not the other olefins are
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tertiary Hﬁ¥§ﬁ6P“P§WS %t ed fromthe reaction solution by distillation
the yield is reduced by the backreaction and the formation of by-products.
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Tertiary butanol can be obtained by acid-catalyzed addition of water onto isobutene. Industrial
~ isobutene mixtures frequently further comprise other olefins such as 2-butenes. If these starﬁng.
-materials are used, industljial processes employ conditions in which virtually exclusively the _
isobutene but not the other olefins are hydrated and secondary reactions such as
homooligomerization or heterooligomerization of the olefins - are virtually completely
suppressed. Such processes are usnally carried out in the liquid phase and can be divided into
two groups: a} processes in which the reaction is carried out in an aqueous catalyst soluﬁon and
b) heterogeneously catalyzed processes in which solid catalysts which are insoluble in the
reaction phase are used.

Homogeneously catalyzed processes employ sulfuric acid, heteropolyacids, p-toluenesulfonic
acid or other strong acids as catalyst. These highly active homo geneous catalysts usually form a
homogeneous phase with the reaction product, so that the catalyst cannot be separated off
mechanically. In some processes, a solvent is additionally used. If the tertiary butanol is

isolated from the reaction solution by distillation, the yield is reduced by the backreaction and
the formation of by-products. ‘



2 Heterogeneously catal yzed processes are frequently carried out using
acidic ion exchangers as catalysts. EP 0 579 153 describes a process in
whi ch an aqueous solution of a sulfonated polynmer (polystyrenesulfonic
acids or polyvinylsulfonic acids having nolar nmasses of from1 000 to 100
000 g/nol) is used .as catalyst. |sobutene or the isobutene-containing
starting material and the catalyst phase flow in countercurrent through
the reactor. The output fromthe reactor consists of two phases and
separates into a tert-butanol -containing organic upper phase and the
cat al yst phase. The organic phase is worked up by distillation to isolate
tert-butanqgl. Water is added to the catal yst phase to replace the water
whi ch has BERogeREdlheralzed prosessesarafisayently shrise outsising esidic éui axchihgdness t 0 t he
reactor. Theafusration of isobutene to formtert-butanol with the aid of
solid acidic catal ysts which are soluble neither in the starting materials
nor the products has the advantage that the reaction mxture is free of
acid and Cah to isolate.tert-butanol w thout |osses caused by
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wat er. and fﬁégﬁﬁaOb b ne _or an isobutene-contal ning rocarbon' nxture.

tert Butand t Rbate; togerlsee theppter whiels heshegn mwsedjwdbhjae satalgstas

products. . phns&ltHen esbRcifiBet to BlelrgoRt i ¢ carboxylic acids having from1l to 6
carbon atons are used as solvents for both starting materials. The
tertiary butyl esters of these acids are forned as by- products and have to

be hydr ol ymyaﬁnmﬂlsdamlfoﬁmﬁaaMw@t& EE?I “Ses
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soluble neither in the starfing materials nor e products has the advantage that the reactaon

mixture is free of acid and can be worked up to isolate tert-butanol without losses caused by
redissociation or other secondary reactions. The reaction proceeds at the surface of the cafalyst
For areaction to oceur, both reactants have to be present simultaneously at the active site of the
- catalyst. This is made relatively difficult by water and isobutene or an isobutene-containing
hydrocarbon mixture not being miscible with one another. To obtain acceptable conversions,

use is made of solvents which make it possible to obtain a homogeneous mixture of water and
isobutene feed mixture.

DE 30 31 702 describes the use of methanol as solvent for this purpose both for water and for
isobutene or an isobutene-containing hydrocarbon mixture. tert-Butanol and methyl tert-butyl
ether are obtained side by side as products.

In EP 0 010 993, aliphatic carboxylic acids having from 1 to 6 carbon atoms are used as
solvents for both starting materials. The tertiary butyl esters of these acids are formed as by-

products and have to be hydrolyzed to tert-butanol and carboxylic acids.

DE 030 31 702 uses sulfolanes and US 4 327 231 uses polyhydric alcohols of the neo type, for




3 exanpl e neopentyl glycol. These solvents have to be separated off from
the tert-butanol. In addition, there is a risk of the solvent used being
deconposed in | ong-termoperation of such a plant. W 99/ 33775 descri bes a
process for preparing tert-butanol by reaction of a m xture "~ conprising
wat er; tert-butanol and isobutene or an isobutene-containing hydrocarbon
m xture over a cation-exchange resin in a nultistage series reactor. The
reaction tenperature in the individual reactors is below 65C. Part of the
internediate product fromthe first readtor is recirculated to the inlet
of the same reactor. The recirculation ratio (the anmobunt of internediate
product m xture which is recirculated to the first reactor divided by the
amount of fes&Bple ppoperiyieglydol Thessrsolvess havelto basepatae ff Gparthé er-taynyeight of

tert-butyl ahae0@lerd 9aly . of tert-hutyl alcohol. and
hydr ocar bon m xture 1? S E‘%ggétﬁig%é@‘%(&é%{e&énrﬁ Jﬁc%mrﬁ‘l) Se@tlﬂje%‘gﬁ%"é’ﬁ‘ﬁ?‘ﬁﬁgé‘)wh Bt the
inlet of tientirst reactor is from0.5 to 3.5. The part of the mixture from

the first reactor which has not been recirculated fl ows wi thout
internedi ate i ntroduction of water through two further reactors in a
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- which has not been tecirculated flows without intermediate introduction of water through two

further reactors in a single pass. The crude product from the last reactor is worked up by

distillation. If desired, part of the text-butanol obtained is recirculated to the first reactor.

A disadvantage of this process is the low space-time vield. The production rate of tert-butanol
in the first reactor (operation with product recirculation) is, according to examples 1 to 6, from
0.078 to 0.085 kgr per hour per liter of catalyst (at an isobutene concentration at the inlet of
from 8.3 to 16.2% by mass and conversions of from 60.2 to 66.1%).

DE 30 25 262 describes a process for preparing TBA using a three-component mixture of
water/isobutene/TBA.

The process is preferably carried out in the miscibility gap of this system, but can also be
cartied out in a heterogeneous and homogeneous region outside the miscibility gap. The
working range of the process is described by a triangular diagram, and there is wide variability
of the composition of the mixture both in the heterogeneous and homogeneous phases because

of the ternary mixture,



4 The conpositions of this mxture in the honbgeneous, i.e. single-phase
regi on begin at the conpositions having the nmaxi mum water content
(solubility limt of water in the m xture, achievable by neans of water
separators) and end at m xtures having a | ow water content (less than
about 5% based on the solubility limt). The ternary m xture of

i sobut ene-cont ai ni ng hydrocar bon/water/tert-butanol having a varying
proportion of isobutene in the hydrocarbon m xture therefore | eaves open,
with the aid of DE 30 25 262, a |arge fiunber of possible conbinations for
preparing tert-butanol highly selectively and at satisfactory reaction
rates in the presence of a honbgeneous catalyst. However, to obtain high
reaction rdhesompmitiond ethisunixivesin e homogaeonk) dsesingé-phiase eipioRefindht he Cl OSE
to the solupility Limt are preferapl S in.DE 30 25 262. Since the
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and/ or sel glftil\:/i })é,/ bit i s.an QFJ’_rﬁ,ct, of the invention to provide a process
whi ch makedE2Wh2%bated op fe selpbefty imi9+ - hut anol from i sobut ene or

i sobut ene-containing mxtures with good space-tinme yields and selectivity
at a high_|sobutene conyersion. It has surprisingly been found that
reaction r?j‘%,te‘% By ot obne sppteiping hydsospben/gyateritertfhutaned devinga varyinga
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i sobut ene- Pr%ont ai_ni ng hydrocarbon m xture over an aci di on-excﬁlange resin
to formtePENE03Rb| 2 taage mamber 9f messihlel combinationse for sebarin tantlatanohhighlys | ess
than the agaetielpland'at SiishitoR rchdtioR 458k 1 Threschli® of BARnTbeBloalEuaRL UDI 11 LY
of water in the terpary m xture. The present invention aCEOr I 'ng yysprow des
a process PBVeYstdpabaighighsreactipntraias Pnchselectivitiasi wixtués whosh oy enmentsareeact i on
m Xt ur e of Jb@lt6the sbiBbili HHRO) - F ont ai ni ng hydr ocar bon

m xture over an aci di cw?igirll-exgﬁ%%gl resﬁ%ﬁg?ggrs%% 30 to 120C, wherein the
honbgeneous reaction m xture. at the start of the reaction has a proportion

by mass of gj,soRy Qe LnikRY : K a proportion of. water. which

is from30 to 80% og ﬁ*’u% an%%?é%ef %%ﬁgﬁgﬁg?e oSt Sssngg?’séo%ﬂ 48P Basi s of

t he sol ubi Wprkyupdfut gretnot sitisfactoey indemtsi ofthenspadetting: yield and/or selectivity, it is an :
object of the invention to provide a process which makes it possible to obtain tert-butano! from

isobutene or isobutene-containing mixtures with good space-time yvields and selectivity at a

high isobutene conversion.

It has surprisingly been found that reaction rate, selectivity and space-time vield in the reaction
of a homogeneous mixture comprising water, tert-butano! and isobutene or an iscbutene-
containing hydrocarbon mixture over an acidic ion-exchange resin to form tert-butanol can be
increased when the feed mixture contains less than the amount of water which is possible on

the basis of the solubility of water in the ternary mixture.

The present invention accordingly provides a process for preparing tert-butanol by reaction of a
homogeneous reaction mixture of water, tert-butanol and an isobutcne—contajning hydrocarbon
mixture over an acidic ion-exchange resin at from 30 to 120°C, wherein the homogeneous
reaction mixture at the start of the reaction has a proportion by mass of isobutene of over 10%
by mass and a proportion of water which is from 30 to 80% of the amount of water which is

possible on the basis of the solubility of water in the reaction mixture.



5 The proportion of water in the reaction mxture is preferably |ower, e.g.
50-80% 60-30% or 70-80% These figures are in each case based on the
maxi nrum anount of the main anmobunt defined by the solubility of water in

t he honbgeneous reaction m xture. According to the | aw of mass action for
the reaction of isobutene with water to give TBA, equation 1 applies: - C$ =
K*Ci*Cw (eq. 1) CB : nolar concentration of tert-butanol in the reaction

m xture Cl : nolar concentration of isobutene in the reaction mxture Cw
mol ar concentration of water in the reaétion m xture K equilibrium constant
The follow ng equation applies to the rate of tert-butanol formation in the
reaction of a honbgeneous tert-butanol/water/isobutene solution (E Vel o,
L. Pui gj andhe prportie afwster, in therreackipn indntude yis Refadbiytiowd, &.460-80%, 60-30% or

Li qui d- Phagg- j f lsobutene to tert-Butyl Alcohol;Kinetic and

Eqﬂi libri u%&%@ﬁgﬁe%? a‘ér%‘g‘;.ga" &R bapgdoon ‘k@g’é’,“\ﬂl"ffﬂzﬂé‘?ﬂ‘z@ § main amognt | * Qw
- CB/K) : (léfined by GB)otubility bf watein {iethomdenkous réabtamtnhiirel ate k and c are
constants at a given tenperature, catalyst and anmount of catal yst.
According to this equation, the reaction rate for the formation of
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Accordi ngly, the nmaxi mum possi bl e anount of water is used ingWDEgﬁ?3775
and DE 030&§§h?Bbq“H@ﬁ usi ng a honogeneous solution. 6 It is therefore al
the nore surprising that the maxi numreaction rate for the formati on of
tert- butanol at a inen i sobutene/tert-butanol ratio is found to be

achi eved not wteT E&hHgv a solution saturafead)wi th water but when using

m xtures having a | ower water content. In the reaction of a honbgeneous

m xture of an isobutene-containing hydrocarbon m xture. (e.g. raffinate
), tert-butanol and water over an acidic ion-exchange resin, the reaction

rate for t8g :molar concentration of tert-butanol in the reaction mixture
C; :molar concentration of isobutene in the reaction mixture
Cw : molar concentration of water in the reaction mixture

K : equilibrium constant

The following equation applies to the rate of tert-butanol formation in the reaction of a
homogeneous tert-butanol/water/isobutene solution (E. Velo, L. Puigjaner, F. Recasens,
‘Inhibition by Product in the Liquid—Phase—Hydration of Isobutene to tert-Butyl Alcohol:Kinetic
and Equilibrium Studies, Ind. Eng. Chem. Res. 1988, 27, 2224-2231):

r=k(Ci*Cw - Cp/K): (1 + c*Cp)" n=lor2 (eq.2)

1 : reaction rate

k and c are constants at a given temperature, catalyst and amount of catalyst.

‘According to this equation, the reaction rate for the formation of tert-butanol increases with
increasing concentration of water. Accordingly, the maximum possible amount of water is used
in WO 99/33775 and DE 030 25 262 when using a homogeneous solution.



formation of tert-butanol is tinme dependent when the paraneters are
constant. Depending on the water content of the ion-exchange resin used,
the initial rate of TBA formation can drop or. increase. Starting with a
resin having a | ow water content, the rate of tert-butanol fornmation
initially decreases and beconmes constant only after 2-6 days. During the
sane tinme, the catalyst absorbs water, as can easily be determ ned from
t he wat er -bal ance. The anobunt of water absorbed by the catalyst is
dependent on the water concentration of 6the reaction mxture and on the
di stance the water concentration is away fromthe solubility limt. The
closer the water concentration to the solubility limt, the greater the
anount of s drereferk eth thepndoy surprisingaha theshaximis reahiidn Waé B tatrseiaaes obytt he
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butanol decreases under otherwise identical conditions. The reason for this could be the

reduction in the acid strength of the active centers caused by hydration and/or inhibition of
- mass transfer, in particular for isobutene, by the water-containing swollen layer of the catalyst.
The water content of the starting mixture thus influences the reaction rate for the formation of
tert-butanol in long-term operation in two Wa}'fs, namely by means of the concentration effect
(cf. equation 2) which increases the rate and by the water absorption of the catalyst which

reduces the rate.

- The economics of an industrial process are determined not by the initial rates but by the rate in

the steady state, i.e. in long-term operation of a plant.

The composition of a homogeneous mixture for the process of the invention is illustrated with
the aid of a phase diagram. Figure 1 shows the phase diagram for water, tert-butanol and an
isobutene-containing hydrocarbon mixture in a triangular coordinate system (coordinates from
0 to 100% by mass). The hydrocarbon mixture (raffinate I) coxﬁprises 45% of isobutene and
55% of saturated and monounsaturated Cy-hydrocarbons. The phase diagram applies for a



m xture, so that it is suitable for explaining the invention. The curve
fromone apex Wof the triangle via the nmaximum Mto the ot her apex K of
the triangle represents the boundary between the honbgeneous regi on and

t he het erogeneous region. Below the curve, the mxture is heterogeneous,
while the area above the curve 'is the regi on of honbgeneous sol utions. The
curve al so indicates the nmaxi mum proportion of water in the three-conponent
system for a honbgeneous solution to be obtained. In the process of the
invention, the reactor feed preferably fas a conposition which in figure 1
is in the area bounded by the section KM of the curve, the line MD and the
line DK. The precise conposition of the mxture at the begi nning of the
reaction i slerﬁpar:itﬁterrauget faor 20hiossaCemd DpRaufcatdle &H&sah@éﬁoﬂ@ir&&m@%ttﬁ‘é‘t
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m xture (t f t @i ten can be
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i nterest (Ibeweeie homTgracas eqgioatand the hatemgerieaws rogidn. Belawethe tivee, the Imxture

i sobut ene- different co
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by mass In}ﬁgs ﬁu QOE$ qdayention, . the water content of the

honbgeneous re ctor utron is accordlngly | ower than the maxi num
val ue whi ch woul d be p055|ble (litne KM. It is from30 to

In the process of the invention, the reactor feed preferably has a composition which in figure 1
is in the area bounded by the section KM of the curve, the line MD and the line DK. The
precise composition of the mixture at the beginning of the reaction is further within this area
- because of the low water content specified according to the invention. MD is the perpendicular
from M to the baseline KB. It represents the composition of the mixture when the water
concentration is reduced from point M at a constant hydrocarbon/tert-butanol ratio,

In the temperature range from 40 to 90°C, the maximum water content (solubility curve) for the
+ three-component mixture (tert-butanol/water/raffinate I containing 45% of isobutene) can be
- caleulated by means of the empirical equations below for the region of interest (line KM).
'The‘se equations are also valid when the isobutene-containing hydrocarbon mixture has a

_different composition.

'ln Xw=10.0570 Xg - 0.8215 {eq. 32)
or
 Xy= EXP [0.0570 Xg - 0.8215] (eq. 3b)
where

Xw : water content in % by mass



80% in particular from50 to 80% 60-80% or 70-80% of the anmount of water
made possible by the solubility of water in the m xture of tert-butanol
and the isobutene-containing hydrocarbon m.xture and can be determ ned by
means of sinple experinents or calculated wusing equation 3 alb. According
to the invention, the isobutene concentration in the reactor feed is above
10% by mass, in particul ar above 15% by nmass. The reactor feeds are thus
m Xt ures whose conpositions in the preferred tenperature range from 35C to
.70C are far renoved fromthe thernndyﬁanlc equi li brium between i sobut ene,
mater and TBA. As starting material, it is possible to use an
i sobut ene- cgnt ai ni ng hydrocarbon nlxture or else pure isobutene. The
i sobut ene- éght%.ﬁ?ﬁ@’ﬁ?ﬂ@%éh@bbwﬂﬁlxture preferably contains no acetyl ene
derivatives, less than 5 000 ppm of dienes and no further ol efins having
one or nore branches on the ol efinic double bond. Industrial mxtures
cont ai ni ng Jpdkpreepseofdheinvengen, él)@a\mﬂre:ontleliltgntﬁ thefetogdneaumr@plor febd fdl@hiions

from refi F ackers, m xtures
fron1Flschg§&¥§gpsgﬁW$g€ﬁ?%eses eC&% %ﬁ??ﬁﬁaﬁé drinfrem A0 ¢

but anes, 8P irepartfquianfreinei0at 80%, @em% mzm—smzra of BF ahbieaf wﬂbﬂrﬁﬂﬁ?ossiﬂléﬂ ures
f or med by h oI fins_or i nduystri al processes hese

m xt ur es a?&lg%egﬁhﬁﬂf %gbg%gl ?“%H%‘#nvg P?%% ang ; the) deqbptepe-epntaining enpva
of the mul thyﬂdoyarbamnmatuﬂe ameehnmrmmﬁai b Hea X R e efpeRttbdia bl @m&ﬁ%&#t ene

m xture can _be obt. a|£ fromthe C4 fraction froma steancracker
extraction ‘GfEEUE or by sel ective hydrogenation of the butadlene to
| i near. but enes. ThIS feed stock (raffinate | or selectively hydrogenated C4

cracker fracti gpggrlses n- but ane, isobutane, the three |inear butenes
and i sobut HEorHiRg ‘? veption dherigfuteraonronatingin teakactafeadtie alpnvedé%sbwf t he

i nvention. n&w&ﬁﬁfpﬁﬁ&@n|ﬂah¥d5ﬁgg ahie e oL r n hydr ocar bon
m xture haV|n&Fa S|n1 ar ° nggflflon coul dE%%f?%ﬁ%I y%%ﬁ ﬁ%%H0|son%r|zed

in a react CHRPEHIHHR, 9@%&%%1 Pﬁﬁ“%RMEﬁQQQTC@pﬂﬁgﬂﬁErhmwMﬂﬁmnﬁmand
i sobut ane @fPmaEnakit squliiulbetwitPis¥iRYene, Wifer GRAMEEQL ration of isobutene in

t he hydrocarbon mixture can vary within a w de range.
As starting material, it is possible to use an isobutene-containing hydrocarbon mixture or else
- pure isobutene. The isobutene-containing hydrocarbon mixture preferably contains no acetylene

derivatives, less than 5 000 ppm of dienes and no further olefins having one or more branches
on the olefinic double bond.

Industrial mixtures containing isobutene are, for example, light petroleum spirit fractions from
refineries, C4 fractions from FCC plants or steamcrackers, mixtures from Fischer-Tropsch
syntheses, mixtures from the dehydrogenation of butanes, mixtures from skeletal isomerization

of linear butenes, mixtures formed by metathesis of olefins or other industrial processes.

These mixtures are used in the process of the invention, if desired after removal of the multiply
unsaturated compoimds. For example, a suitable isobutene mixture can be obtained from the Cy
fraction from a steamecracker by extraction of butadiene or by selective hydrogenation of the
butadiene to linear butenes. This feed stock (raffinate I or selectively hydrogenated C, cracker
fraction) comprises n-butane, isobutane, the three linecar butenes- and isobutene and is a

preferred starting material for the process of the invention.




However, in the interests of the economcs of the process, it is advisable
to use hydrocarbon m xtures having an isobutene concentration of greater
than 30% by mass, preferably greater than 40% by nass. As catal yst, use is
made of an acidic ion exchanger which is soluble neither in the starting
material mxture nor in the product m xture. The catal yst nust not

i ntroduce acidic substances into the product m xture by hydrolysis or

ot her reactions under the reaction conditions, because this would lead to
|l osses in yield in the work-up of the r&action mixture. Suitable catalysts
need to catal yze the hydration of isobutene but barely of the unbranched
ol efins under the reaction conditions. Furthernore, they nust catal yze the
ol i gonrer i zRaffmteol, hydiogdniated Gsocradkers frautivi iof anhydeoch®od miAusUiavmb! £sighgup Of

catal ysts l| cha yesins haying sulfonic acid

gr oups. P%?IE{ ﬁ1t C?&dﬁgu fyb giﬁ ‘5% PSR Qhmmn. Agrixgsephipiteneesi ns
pr epar ed bypcsab}bdnmtene)mnafsobmenmuea)bdﬁlh&ﬂﬁmﬁazaﬂensat es or of cooligoners
of aromatic vinyl compounds. Exanples of aromatic vinyl conpounds for
preparing the oligomers are: styrene, vinyltoluene, vinylnaphthalene,

vi nyl et hyl ﬂmmm my lisbyteena, mamy&b@&b@rﬂkﬁm&ﬂ%mww%&y Qem%gd
d|V|nbeen@ﬁne |culg t he cool i goners forned reaction
styrene w Hhigy eonpanics %@W@'@ﬁﬁﬁ ¥ds aWbIP tevgsrhygaraidon of
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pr epared sg@ga g be in the formof gels; macroporous or spong Re.
Suitable r @od¥ymapie st yrene- di vinyl benzene type are.sold, inter alia,
under the following trade nanes: Duolite C20, Duolite C26, Anberlyst 15,
Anberlystpgg Anberlite | R-120, Anberlite 200, Dowex 50, Lewatit SPC 118,
Lewatit SPESTHalsY wikdis ma Kzfsmat(nil? fCE) galgaege)r whigheigsoluble Ki2iSr in theGti#H@1 (from
Bayer), _Lewalelidt iRddnor kPR plotudf BiaThe, hitGilyle dRERH inidbucl1GaR! Oﬁ)?ﬂnt Les of

these resins, in particular specific surfacé area, porosity
swel | ing oF“’@ﬁFPW%&@Eﬂﬂﬁ&Yh Obatmaﬁgem@ﬁpaumﬂyﬁmvammMEcmﬂnmeﬁbhymﬁeans of

t he procesgiakih r.ocess of the invention,
i o el 1o it er ahﬁk&% thlgréagt?ot PP form The

t he i on-exchange resins are pr use

Suitable catalysts need to catalyze the hydration of isobutene but barely of the unbranched
olefins under the reaction conditions. Furthermore, they must catalyze the ohgomenzat:on of

olefins to no significant extent.

A suitable group of catalysts consists of solid ion-exchange resins having sulfonic acid groups.
Pérticularly useful ion-exchange resins are, for example, resins prepared by sulfonation of
phenol/aldehyde condensates or of cooligomers of aromatic vinyl compounds. Examples of
aromatic vinyl compounds for preparing the oligomers are: stytene, vinyltoluene,
vinylnaphﬂialene, vinylethylbenzene, methylstyrene, vinylchlorobenzene, vinylxylene and
-divinylbenzene. In particular, the cooligomers formed by reaction of styrene with
divinylbenzene are used as precursor for the preparation of ion-exchange resing having sulfonic
acid groups. The resins can be prepared so as to be in the form of gels, macroporous or sponge-
like. Suitable 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 (from Bayer),
Lewatit K2631, OC 1501 (from Bayer), Lewatit K2621, Lewatit K2629, Lewatit K2431.




i on exchange capacity is preferably from2 to 7 eq/ kg, in particular from
3. to 6 eg/kg (based on npist commercial resin). Preference is given to
usi ng macroporous resins, for exanple Lewatit SPC 118, Lewatit SPC 108 or
Lewatit K2631. The particle size of the industrial resin is generally in
the range from0.5 to 2 nm The particle size distribution can be selected
so as to be narrower or w der. For exanple, ion-exchange resins having a
very uniformparticle size (nonodi sperse resin) can be used. \Wen a
plurality of reactors are used, these c@n be charged with resin of the same
or different particle size (or particle size distribution). The
ion-exchanqﬁ resins (% nFFgrpt_i onally be used as shaped bodies, for exanple
cyl i nders, ‘P AgReTes0 35 €8BS, i partichlar abic rfapearen; porssityhatabily swhilinghorf | ow at
i gh | NeakhiRhRCAH! BB REGHE Sapabhy, CANbD Faric By ALAIEPHS fRoel SBedor YT
particle size in order to reduce the pressur rop, and 1R the Chsefof
reactors t RFBY8HIhi ch flow at a low |inear velocity occurs, it -can be.
advant ageous to use a smaller particle size so as to achieve opti num
conversion. To avoid the elimnation of acidic groups fromthe resin during
oper at i on, i piecesoefl the ipventien, theebif-envbangeresing are preterabbrisediin tarH foah, THae

process, al _al LD j at al. yst activity oyer a prolanged period
of time, the e?‘%hn- x%él%ir{gles%ﬁrée%%ﬂygglﬁaﬁg%ﬁ?@’%%ﬁr%%‘@%% 342 &k 435rdMashi ng
wi t h wat er moisBsnomerdif#Aésilt er mi xtures in the tenperature range from40 to

120C. 11 Since water is consunmed by the hydration of isobutene, the water
content of the reaction mxture drops. To obtain the highest possible,

yi el d” and- Pe&edncois gieheo uiing inB@spordis @ésingafr H@mPR ettt $PT 1 M eBvaiskpg only

one reactoyf,e trzjes ng 6£1e achi eved by, for exanple, feeding water in at
various poi nt 54 % "tube reactor. However, it is difficult in practice

to introduce precisely the necessary anmpbunt of water and to achi eve

i -mredi at e rmat i on of. .a.honbgeneous solution. It . is technically sinpler

and theref’(})'geeprgghcfé/easﬁﬁeé’éggd%&f'ﬂ S eeneraliy i, the rangs from 0548 2mpsp.he partidlei es and
size distribution can be selected so as to be narrower or wider. For example, ion-exchange

resins having a very uniform particle size (monodisperse resin) can be used.

When a plurality of reactors are used, these can be charged with resin of the same or different
particle size (or particle size distribution). |

The jon-exchange resins can optionally be used as shaped bodies, for example cylinders, rings |

or spheres.

In the case of reactors through which flow at high linear velocities occurs, it can be
advantageous to use a larger particle size in order to reduce the pressure drop, and in the case of
reactors through which flow at a low linear velocity occurs, it can be advantageous to use a

smaller particle size so as to achieve optimum conversion.

To avoid the elimination of acidic groups from the resin during operation, which could cause
malfunctions in the work-up part of the process, and to maintain a high catalyst activity over a
prolonged period of time, the ion-exchange resin can be pretreated, for example by washing
with water, TBA or TBA/water mixtures in the temperature range from 40 to 120°C.




to introduce the necessary anount of water between the reactors. Since the
concentration of tert-butanol rises as a result of the reaction, the
solubility of water in the output fromthe reactor increases. It is
therefore possible to add nore water than has been reacted in the
precedi ng reactor between the reactors. According to the invention, the
wat'er which has been consuned is replaced and, in addition, |ess water

t han woul d be necessary to reach the solubility limt is added. This can
optionally be deviated fromin the casellof the iast reactor and the latter
can be supplied with a solution saturated with water or be supplied wth a
m xture conf.ai ni ng sonewhat nore water than corresponds to the solubility.

This has t HE"CaRIEHE £gemp by ihrohydsuion of iwbeteney deswaer dostenhef tesedtiad | ght | y
at | ow | SOhkRRSIGANTSR itk Bifest YAISDLE ORI B AGLAK ) ASpgfilesg ont LY

| arge, but has the disadvantage that the tert- butanol/Wwater comes
| ess favordbl e for the work-up by distillation, particularly when a high
proportion of anhydrous tert-butanol is to be obtained. The amount . of
water in the starting material m xture originates froma tert-butanol/water

sol uti on whiVess usipg ply pheoreesterethisicambadchieved by} far txamplepfeadisg wits: ipbt @iipgd i n

ocyel i ng. Spis e s 3ok Seacdy BOREREAPACGRRE i Gt ToRoEe Rstiey 81 vt o1
i s not suf fieesssantamonkdiftviatn abd teatideveiimmicdiste ifttmafRal SRCdntoRehehRIERASES & PUT €

water or a.m [ wat er. Wi.t h tert-butanol can be introduced. It is also
possi bl e f5$9par§Sgﬁhﬂﬁﬁgg$§§ﬁg%?Vﬁﬁg§m5909§gﬁga8 ﬁhﬁPﬂﬁﬁﬁ@Fﬂﬁﬁﬂﬁﬁm@e
recycl ed f dointrhdicpthe pasestiyamonit ofwheregRBEOY feactBisXt Ure. wWith water and the

i sobut ene-cont ai ni ng hydrocarbon m xture. Water can be fed in between the
reactors to. alter the equilibriumof the reaction. 12 According to the

i nvention, Simk the barBgRiaDkersBiltatiol 808 2P Rsultedt teQeactifie ﬂfe%@iﬁl%iﬁfy?yﬁ wigi&r or

water/teft-bu%&&o s%%ytions t herefore have to _be m xed w e starting
hydr ocar bofef h#@n rreagtor e Bhinations ossibla toadd swyesterdhan lasbeni on has
been f or medeabied &r the @RkEding RidtortREvekh B treactoR? AleBirdifl 1PBE ifentidh® aRUPRGAUEN
reactors. T ] Cq% be achle,ved1 for exanple, using a static mxer. The
desi red wat'ioh EBHEN TS Feplacribandemcaddifion, desg viater then vioyldrbe geteataivrty t he
amount s of reaéthe botabith tith is Sdde@aMEs dah bSkonIMBASH AR Fof in tRGte WM Ekst
contents.

reactor and the latter can be supplied with a solution saturated with water or be supplied with a

mixfure containing somewhat more water than corresponds to the solubility. This has the

advantage that the isobutene conversion is increased slightly at low isobutene oonoentratioﬁs

when the reactor volumes are sufficiently large, but has the disadvantage that the tert-

butanol/water ratio becomes less favorable for the work-up by distillation, particularly when a

high proportion of anhydrous tert-butanol is to be obtained.

The amount .of water in the starting imaterial mixture originates from a tert-butaﬁol/water
solution which, with the exception of t-he start-up phase, is obtained in the process itself after
hydrocarbons have been separated off, i.e. by recycling of part of the output from the reactor. If
this amount of water is not sufficient, additional water is fed in, Between the reactors, pure
water or a mixture of water with tert-butanol can be introduced. It is also possible for part of
the TBA obtained by means of the reaction to be recycled for the preparation of a homogeneous

- mixture with water and the isobutene-containing hydrocarbon mixture. Water can be fed in

between the reactors to, alter the equilibrium of the reaction.




The process of the invention can be carried out in batch reactors or
continuously operated reactors as are customarily used for solid/liquid
contact reactions. Wien using continuously operated flow reactors, a fixed
bed is usually, but not necessarily, enployed. If a fixed-bed flow reactor
is used, the liquid can flow upward or downward-. Downward flow of the
liquid is wusually preferred. Furthernore, the reactor can be operated with
product recirculation or in a single pass. Wen tube reactors are used, the
ratio of length to dianmeter of the cataldst bed can be varied, either by
means of the geonetric dinmensions of the reactor or via its degree of fill.
It is thus possible to achieve different enpty tube velocities at a

const ant arfGeRdingfto dha mvension.apnly Spmegsncous kejutiony atel flbW) theReatdrarWatkmort he

case of whiygh. payr Fon mlxture is recirculated can be operated
at enpty tube %%&@ E)]i Sté’gﬁi gése@%fog%ﬁ%ﬁ#éo%xﬁ“ﬂb&ﬁé&ﬁf"ﬁ%yg'ﬂca?@ad’%w whi ch
are oper atwed réaptonowpui gd thahabemogetr@uesubitipn hasteen D&l BefR6 erfy8nlbo)Ri Gad | Yy 1 n
t he range fé iy o) rrﬂfj. Accordin . thg space, vel oci tﬁygf_ t he catal yst
(LHSV) in Felok or o em%]*?%%s“aﬁe@@“ SR This %P@&ﬁj“d’e forexampley usineomstatie f r om
0.3 to 10 -Intifer. The desirediveatdr @bnckiittiiod irf e Falidrlfeed! {9 sdt b9 r&p@RBnPhe WEBEHLES

whi ch are erated.in a single pass, the space velocities are in the range
fromo.1 tglpeér.mg“ﬁ ?“WS%%?TWf?fﬁhWH@%rmtSfrom 0.4 to 3 h-1. The
“process of the invention can be carried out in one reactor.or in a

plurality (ﬁ! reactor%Jn particular 2, 3 or 4 reactors, connected in
series, whiChPPSHS RLME Beetion ot be caripow iy beeh reactoror contippousls enstatedn. 13

If the fir sdactolastedy cdfomarily! Mécﬁkdrtsmmﬁqu{cﬁ@%&réadﬁ%sameﬁH@ih%‘c&ﬂm%&
u

product recirculation, a recjirculatjon factor (ratio of ntity p%rrped
around t he “RFFELF™ ’Eeﬁ‘)"t?rﬁ’ésﬁ’%‘eg%’df ugplly; pympigreqessagly) gmploysd Jée fixefded flow

“recircul at feattof Bl thedliquid Barf 716 tupW8AGE Wwiward® TSHEHAR Hodh 0 Me! rqﬁﬁb g in
particular from to 3.5. In a preferred process variant, the 1T st

2
reactor i s TEN¥PEETHt with product recirculation and the further reactors
~are carried out in a single pass. The nunber of reactors used is, depending

on the desired conversion, typically from2 to 10, in particular from2 to
4 Furthermore, the reactor can be operated with product recirculation or in a single pass. -

. When tube reactors are used, the ratio of length to diameter of the catalyst bed can be varied,
either by means of thg geometric dimensions of the reactor or via its degree of fill. It is thus
possible to achieve different empty tube velocities at a constant amount of catalyst and space
velocity (LHSV). Reactors in the case of which part of the reaction mixture is recirculated can
be operated at empty tube velocities of typically from 13 to 26 m/h. In reactors which are
operated in a single pass, the empty tube velocities are typically in the range from 1 to 13 m/h.

Accordingly, the space velocity of the catalyst (LHSV) in reactors which are operated with
product recirculation is from 0.3 to 10 ™\, in particular from 1 to 5h™. In the case of reactors
which are operated in a single pass, the space velocities are in the range from 0.1 to 5.0h™, in
particular in the range from 0.4 to 3. -

The process of the invention can be carried out in one reactor or in a plurality of reactors, in

~ particular 2, 3 or 4 reactors, connected in series, which can have decreasing temperatures in the
flow direction.




Each reactor can be operated adiabatically or virtually isothermally, i.e.
wth a tenperature rise of |less than 10C. An excessively high tenperature
ri se shoul d be avoi ded because of the adverse effect on the equilibrium
(redissociation). The tenperatures at which the process of the invention is
carried out are in the range from30 to.- 120C. At |ower tenperatures, the
reaction rate is too |low, and at higher tenperatures there is increased
occurrence of secondary reactions, for exanple oligonerization of olefins.
The .reactors are preferably operated i3n the tenperature range from35 to
70C. The tenperatures in the various reactors can be identical or
different within the range indicated. In one process variant, the.

t enper at ur &f itte fist reesedr hrphﬂmlttjaa:ftr&fctotsolsfa%asﬁe%ted With HRoduboMoit aﬁ&%' 2N
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Hovever, [ ts ies TRotechellition bloer 10 0ieSHUGRcioIS iR R & 4.1 pBELAY ARG o1 nce
the reacti hen beconmes too sl ow for an industrial proceg exanpl e,
in the cas 3 “four reactors connected in series, it is possible to react
the first at a nean tenperature of from67 to 70C, the second at a nean

tenperature of from53 to 56C, thetmrdatarmantammaUMeoffrmn42
to 46C and1# harefesisd procese suriank thatfirst resptoniis cme@@mmmrpmdmammmm antl g

i nvention al r above.the, vapor
pressur e o?ﬁﬁﬁgﬁgggé%Fn groca?bgh f%gé ‘FﬁgW§g§ﬁg£F,¢@ Wing o on

t enper at ur &e dpflﬂ@fié@l&’sfsgpn tmwiélylﬁpméstuﬂ@ ubﬁirtnwla#&oﬂnarto 4To avoi d vapori zation
problens in the reactors, the pressure should be from2 to 4 bar higher

t han the vapor pressure of the reaction m xture. 14 The total. conversion
of i sobut eRechdeqstandan wrppeiaed adighatieatisl onvitiuly iothearillg) iyes vithl s @shpetalife figaCt i On
condi ti ons e f..reaction sta e onom c. reasons,

t he |sobutgﬁE%Sg%ﬁggﬁgfggggggﬁdpln$le?ﬁgtPgﬁgﬁ%grwhggﬁ“? essguse, pEther abl y
from 70 t oad@tss effgct prstha belibaiumi(sdisdoeiation)n order to maintain a high
space-tine yield, to use hydrocarbons having an isobutene content of not

| ess than 20% preferably not |ess than 40% The reaction m xture | eaving
t he | ast r’éhﬂcmperﬁtgrepasﬁm thegpreceshi of tHeIixhehﬁdnris @aied ¥t atbtinGhe RRRHALEDH Bt OF
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increased occurrence of secondary reactions, for example oligomerization of olefins. The

reactors are preferably operated in the temperature range from 35 to 70°C. The temperatures in
the various reactors can be identical or different within the range indicated. In one process
variant, the temperature is decreased from reactor to reactor in the flow direction. Since the
pdsiﬁon of the equilibrium becomes more favorable as the temperature drops, a higher
conversion can be achieved in this way. However, it is not advisable to reduce the temperature

to below 35°C, since the reaction then becomes too slow for an industrial process.

For example, in the case of four reactors connected in series, it is possible to react the first at a
mean temperature of from 67 to 70°C, the second at a mean temperature of from 53 to 56°C,
the third at a mean temperature of from 42 to 46°C and the fourth reactor at from 42 to 38°C.

The reaction of the invention can be carried out at a pressure equal to or above the vapor
 pressure of the starting hydrocarbon mixture at the respective reaction temperature, preferably
at a pressure below 40 bar. To avoid vaporization problems in the reactors, the pressure should

.~ be from 2 to 4 bar higher than the vapor pressure of the reaction mixture.



at the top of the distillation is a hydrocarbon m xture conpri sing
unreacted butene and the "inert" hydrocarbons introduced with the starting
material. The product obtained fromthe bottomis an aqueous tert-butanol
solution. The hydrocarbon m xture which has been separated off can be

wor ked up to give further products of value. For exanple, if raffinate |
or selectively hydrogenated Ca fraction has been used as starting
material, the product fromthe top corrp4i ses unreacted isobutene together
with I|inear butenes and isobutane and n-butane. The residual isobutene can
be separated off from this mxture by reaction with nethanol to form
nmethyl tert-butyl ether. in the remaining raffinate, the |inear butenes
can, optionally after 1-butene has been separated off, be converted into
di - n- but enghantil visiitio byisathichl 1GRARILA hoARRhE Imdthordbial NG LSARULERS 1 e@
mxture is wor K- uFt'tO ﬁ{eod]ﬁ_@e pure l-butene. Part of the .aqueous

t ert - but anSTCEEPE PO AP BE STHMDEr OF Feastion sfages ¢ fipraeestontic cessohsedbe isobithe

process.  dtymesioheykepein theGape REmUHRSIO B, pRMEDHI0 ko NOb lfo%‘#f' Re i% ?lséjéé)v%?@g pure

tert-butangl gnd an. azeotrope of water "and tert-butanol.
possi bl e t B F&TYY Bginkine bighsnaes-time piskriousapydredarbgnsieying aadsdbutér@rcontast anol

“which is ommmmwngmwwﬂwkgm%%rude tert-butanol to the first
reactor. The recirculation factor of the tert-butanol recycled in this way

is preferably fromO0.1 to 1.7. A block diagram of a plant having four

reactors i ThéMeicibn bb&ur REES ' ng j.an,. .be carried out
continuously. is s’ho_wnpi[n f|%ﬁ?‘%r%l%ﬁgs%%%g%htagﬁséﬁ%@ﬂfgwWé‘“ﬁ)‘?ﬂ‘i’rﬂé“aﬂtbon
mxture 1 ¥belorghe prRuglobthe likfreavtardut it.a powstupesf a2Rast | 4N THrédubbai@@Ct Or 3

and a tertghu ] ompr.i.sing a.recycle stream 18 and, if
appr opr i at?ei mﬁ?gﬂ%hﬁug%ﬁégﬁ ﬁ)fdgocf’%(%g%”ftﬁe CS@B'&W cacted bpteng, pnd; the :
react or outipRit’ hydfogarbensiinteadnerdewitit thet stmtify materidl eBled podidt dBinbd GoptMET part
is. passed_g&g&g@gﬁ%%ﬁ%{aﬁ&sa‘ L9 the second reactor 6. The reactor

oge

output 7 i s passe er With Wwater 8 to the reactor 9. The reaction
solution 10 together with water 1 i is reacted in the reactor 12. The

reactor o dh Lj.onat ec?l in.the colu 4. The product 15 obtained at
the top is a%hfg?%%ngﬁiﬁ)’lgﬁe g uf?*’é REFR Smatats it %aésbet‘ﬁ@‘e%w & &ivh drthenhi ch
are inert nuerbets of meue. Eactxiample, i€ eiffiidtd DRSclBAN S BRrbocafBHO] Ba®bn HARAS €d
i sobut ene. roduct ,16 .consi sts
- usg;f'& sgﬂiﬂtg%té%af? gle produgt from the fop comprises unreacted isobutene together with
' linear butenes and isobutane and n-butane. The residual isobutene can be separated off from
this mixture by reaction with methanol to form methyl tert-butyl ether. In the remaining
raffinate, the linear butenes can, optionally after 1-butene has been separated off, be converted

mto di-n-butene and their higher oligomers. Another use of the isobutene-free mixture is work-

up fo pi'oduce pure 1-butene,

Part of the aqueous tert-butanol solution obtained can be recirculated (recycled) to the process.
The other part can be used as such or worked up to produce pure tert-butanol and an azeotrope
of water and tert-butanol. It is also possible to recirculate another stream comprising water and

tert-butanol which is obtained in the work-up of the crude tert-butanol to the first reactor.
The recirculation factor of the tert-butanol recycled in this way is preferably from 0.1 to 1.7.

A block diagram of a plant having four reactors in which the process of the invention can be

carried out continvously is shown in figure 3. An isobutene-containing hydrocarbon mixture 1




essentially of tert-butanol and water. A part (18) of this is recircul ated
to the first reactor 3 while the other part (17) is used as such or is
worked up in a distillation (not shown) to produce tert-butanol/water
_azeotrope and/or tert-butanol. The follow ng exanples illustrate the

i nvention but do not restrict its scope, which is defined by the
description and the clainms. Exanples: The raffinate stream used for
experinments 1 to 6 had the foll ow ng co??osition: n- Butane: 8.2 %

| sobutane: 2.3 % 1-Butene: 30.3 % Butene (cis - trans): 14.2 %

| sobutene: . 45.0 % The isobutene content of the raffinate is typically in

the range f finate streamwas reacted with water and
recircul at e%&%%\g%g so: 4{)19' | Eﬁt E@EOTE%E i T84C19R d a%ﬁé%&*@e%wwanimmme f eed
tother eacqoawgsmgatehwlqmtmms wrolif phROiriaWR S atkSIBhrdRd fREA FRE ?

| abor at ory cgpi;ta %t gure ﬁ@i 2‘2??“ caII shows the ora oryaIE)I ant
enpl oyed. E] ¥ echrigiedio rﬁtff’%@f é%‘iﬂleﬁﬂm@msaassadeo@ﬂﬁrfed
into the |amﬂrmtmoﬂeae¢oﬁméaarwm%&@%u 6 PREAALAGLBOLIELIR LY, AL 60C

except in ex mi.,E 4 where it was oper &t or
contai ned & °§3d %feﬁ?t%ts‘”]ﬁ@‘a‘ Hhiaepheravidi water Hr isgbactkd dmilendactor| lenghd of 20

cat al %feﬁffs_;fﬁ::m@&‘Aﬁb”Eﬁ‘g“s%“%E%‘?n % PO PR S ot e BRySt v

* del i berate ondpxfure which cgprises the. lemlamrhms twhichedré @it @fied M8 rMRLGT
cont ent NDicEnditicds Sn - e u a zed by
smbllCaRSRRUSE uRbdRAMsirt Wa';lw gaqub Wpg 1 écﬁﬁﬁsésne (cis

. chronat ogr%%hgl The conponents n-butane, 1S0O
+ trans) afeeitalls obtertrhyieelnad vestoroh tpert (13) of Thieisaesiioaiel OB ﬁrgtqggcg&g are

based on pkagdegk ot 0 akal e ilibrium which was
reached after, a E) i rreﬁgt(?? ?%ur%ecg%%y%oggse‘ﬁour suP“T?\g‘S'g e (Fetshpym) thgrodpeent  was

12 bar abs Brithutanol/water azeotrope and/or tert-butanol.

The following examples illustrate the invention but do not restrict its scope, which is defined
by the description and the claims.

Examples:

The raffinate stream used for experiments 1 to 6 had the following composition:

n-Butane: 8.2
Isobutane: 2.3 %
1-Butene; 303 %
2-Butene (cis + trans):14.2 %
Isobutene: . 45.0%

The isobutene content of the raffinate s typically in the range from 30 to 60%.

This raffinate stream was reacted with water and recirculated TBA. as solubilizer i in the existing
production plant. The feed to the reactors of the production plant was used as feed for the
laboratory experiments. Figure 2 schematically shows the laboratory plant employed. The feed
(1) was preheated to the _desired temperature and fed into the laboratory reactor (2) which was




Exanple 1 (according to the invention) The stream nunbers in the foll ow ng
table were the sane as in figure 2. Percentages are percent by mass. The

feed (1) corresponded in terns of the isobutene content to the feed to the
first reactor of the production plant. The feed rate was 0.3 kg/h. Stream
nunber St r eam desi gnati onPercent by nass 1Reactor inlet2l.87% of isobutene

1. 00% of water 33.40% of TBA 43.49% of other C4 0.23% of other conponents

3React or outlet20.72% of isobutene O. 6308 of water 34.92% of TBA 43. 49% of

ot her C4 0.24% of other conponents The conversion achi eved was: 5.30% The
proportion of water in the feed to the reactor relative to the proportion
by mass of . kSoed QI LIt ap was_35,39% 17 Exanple 2

(conpar i soﬁ?éﬁﬂgﬁﬁﬁua%@é%cﬁp ttLﬁg ] ﬁ@d # Bibere iymeseopetated shfiCas i n

figure 2. deastos gemaineden fixperoaialyit toy hakssa dikiGe 80 d & Rhld 56 90 dto
lant. The Teed rate was

the feed t L I or, of the, production
0.3 kg/ h. %txr grlé r?£ E)'é're%?%% ge‘%qegnﬁ&agrﬂ:’ &b pf %ycrm?se peRdyst tused was
i nl et 21. 58%mtferlystGbih éral GoBd THe Mo 08 tatdst HaUQTerbRA kept small in order o

‘examine the eﬁ'ect_ of the water content more closely. The product stream (3) was analyzed by

gas chromatography. The components n-butane, isobutane, 1-butene, 2-butene (cis + trans) are

listed together as other C,. The compositions reported are based- on product outputs at
- pseudosteady-state equilibrium, which was reached after a time of from 20 to 30 hours,

The pressure in the plant was 12 bar absolute.

Example 1 (accdrding to the invention)

The stream numbers in the following table were the same as in figure 2. Percentages are

percent by mass. The feed (1) corresponded in terms of the isobutene content to the feed to the
 first reactor of the production plant. The feed rate was 0.3 kg/h.

Stream number | Stream designation Perceﬁt by mass

1 Reactor inlet 21.87% of isobutene
1.00% of water

33.40% of TBA

43.49% of other C;4

| 0.23% of other components
3 Reactor outlet 20.72% of isobutene

| 0.63% of water

34.92% of TBA

43.49% of other C,

0.24% of other components

The conversion achieved was: 5.30%
+ The proportion of water in the feed to the reactor relative to the proportion by mass of water at
the miscibility gap was 35.39%. '




42.92% of other C4 0.23% of other conponents 3Reactor outl et20-61% of

| sobut ene 2.00% of water 34.25% of TBA 42.92% of other C4 0.23% of other
conponents The conversi on achi eved was: 4.53% The proportion of water in
the feed to the reactor relative to the proportion by nmass of water at the
mscibility gap was 83.66% . Exanple 3 (according to the invention) The
stream nunbers in the followng table were the sane as in figure 2.
Percentages are .percent by mass. The f.eed (1) corresponded in ternms of
its isobutene content to the feed to the first reactor of the production
plant. The feed rate was 0.3 kg/h. Unlike the other exanples, the reaction

t enper at ur | .he, case of the production plant) 55C. A further
TR Ryl

di fference ot her exanpl es was that the catal yst bed had a

| ength of ZBrecstrea nambléraim ther follwing. tabl8 w8 (5 E@RMs RS Ral,
| et 15, 42% of i sobut ene 2.%%@6%3 wat er

designatio rcent b 1React or |
40. 21 % of i&i’i i m“g‘gsf%‘td C%&%Pdeaé%ﬂﬁffe%ﬁ tedthe Eshisartermf she3Redictior
out | et 14. 54an0fThe fedistens 013 kpAPo of water 41.38% of TBA

Stream number | Stream designation | Percent by mass

1 Reactor inlet ~ 121.58% of isobutene
2.31% of water

32.96% of TBA

42.92% of other C,

0.23% of other components

3 Reactoroutlet = |20.61% ofisobutene
2.00% of water

34.25% of TBA

42.92% of other C,

0.23% of other components

The conversion achieved was: 4.53%
The proportion of water in the feed to the reactor relative to the proportion by mass of water at
the miscibility gap was 83.66%.

Example 3 (ﬁccording to the invention)

The stream numbers in the following table were the same as in figure 2. Percentages are
ppercent by mass. The feed (1) corresponded in terms of its isobutene content to the feed to the
first reactor of the production plant. The feed rate was 0.3 kg/h. Unlike the other examplés, the
reaction temperature was (as in the case of the production plant) 55°C. A further difference
“compared to the other examples was that the catalyst bed had a léngth of 25 cm at a diameter of

1 cm.




+

42.05% of other C4 0.31 % of other conponents The conversion achi eved was:
5.73% The proportion of water in the feed to the reactor relative to the
proportion by nmass of water at the mscibility gap was 49.3 8% Exanple 4
(conparison) The stream nunbers in the followi ng table were the same as in
figure 2. Percentages are percent by mass. The feed (1) corresponded to
the feed to the first reactor of the. production plant. The feed rate was
0.3 kg/h. Unlike the other exanples, thg, reaction tenperature was (as in
the case of the production plant) 55C. farther difference conpared to the
ot her exanples. - was that the catalyst bed had a I ength of 25 cmat a

di amet er ofgyk 2201 Streqn ghat+enkercent by mass 1Reactor
et e, 23] S e | e P By Biounot of 1BA 454006 of ot hor Ca
0. 30% of oflher conponRedewr BReact or [AvubBbideREHE0T 1Spbut ene 3.04% of water
19 40.77% pf TBA 41]49% of other ( g 31 % of other tonponents The
conversi on| achi eved Wwas: 5.47% The ﬁﬁ#ﬁmﬁﬁ of watef in the feed to the
reactor refative to {he proportion fagaomegsTeh Water.- af the mscibility gap
was 84.07% Exanple b (according tqg the invention)
. : 42.06% of other Cq
10. 13% of other components
3 Reactor outlet 14.54% of isobutenc
' { 1.72% of water
41.38% of TBA
42.05% of other Cy4
0.31% of other components

‘

The conversion achieved was: 5.73%

The proportion of water in the feed to the reactor relative to the proportion by mass of water at
the miscibility gap was 49.38%.

Example 4 (comparison)
. The stream numbers m _the following table were the same as in figure 2. Percentages are
- percent by mass. The feed (1) corresponded to the feed to the first reactor of the production
plant. The feed rate was 0.3 kg/h. Unlike the other examples, the reaction telﬁperature was (as

in the case of the production plant) 55°C. A ﬁlrﬂ:Ecr difference cdmpared to the other examples
was that the catalyst bed had a length of 25 cm at a diameter of 1 cm.

Stream number | Stream designation - | Percent by mass

1 Reactor inlet 15.21% of isobutene
3.31% of water

39.68% of TBA

41.49% of other Cy

0.30% of other components
3 Reactor outlet 14.38% of isobutene |

| 3.04% of water




The stream nunbers in the following table were the same as in figure 2.
Percentages are percent by mass. The feed (1) corresponded in terns of its
i sobutene content to the feed to the first reactor of the production

pl ant, but at an isobutene content of 50% by mass in the raffinate |I. The
feed rate was 0.3 kg/ h. Stream nunber Stream desi gnati onPercent by mass
1Reactor inlet25.38% of isobutene 1.00% of water 33.38% of TBA 39. 26% of
other C4 0.97% of other conponents 3Reagjior outlet23.90% of isobutene 0.53%
of water 35.32% of TBA 39. 26% of ot her 0. 98% of ot her conmponents The
conversion achieved was: 5.82% The proportion of water in the feed to the
react or relativeto—the—propertionbynmss of water at the miscibility gap
was 35.56% 20 Exanplle 6 (conpari soffil-7keofFBAeam nunbérs in the fol | owi ng
table were|the sane gs in figure 2. ﬁgfg%}toﬁigleé“ are percent, by mass. The
feed (1) cprrespondeq to the feed tp the first reactof of the production
plant, but|at an isobutene content F315p0kdther prmgwnéns § he raffinate 1. The
feed rate was 0.3 kg/'h. "Stream nunber Stream destgrat+onPer cent by nass

1React or i nII,het 25. 00% of isobutene 2.50% of water 32..88% of TBA
¢ converston achieved was: 5.47%

The proportion of water in the feed to the reactor relative to the proportion by mass of water at
the miscibility gap was 84.07%.

Example 5 (according to the invention)
The stream numbers in the following table were the same as in figure 2. Percentages are
‘percent by mass. The feed (1) corresponded in terms of its isobutene content to the feed to the

first reactor of the production plant, but at an isobutene content of 50% by mass in the
raffinate I. The feed rate was 0.3 kg/h.

Stream number | Stream designation | Percent by mass

1 Reactor inlet 25.38% of isobutene
1.00% of water

33.38% of TBA

39.26% of other Cy

0.97% of other components -
3 - Reactor outlet 23.90% of isobutene
0.53% of water

35.32% of TBA

39.26% of other C,

0.98% of other components

The conversion achieved was: 5.82%

- The proportion of water in the feed to the reactor relative to the proportion by mass of water at
the miscibility gap was 35.56%.




38.67% of other C4 0.96% of other conponents 3Reactor outlet23.83% of

| sobutene 2.13 % of water 34.42% of TBA 38.67% of other C4 0.96% of ot her
conponents The conversion achieved was: 4.67% The proportion of water in
the feed to the reactor relative to the proportion by nmass of water at the
mscibility gap was 91.09% Exanple 7 (according to the invention) The
stream nunbers in the following table were the sane as in figure 2.
Percentages are percent by nass. The fged (1) corresponded in ternms of its
| sobut ene content to the feed to the first reactor of the production

pl ant, but at an isobutene content of 60% by mass in the raffinate |I. The

feed rate % . St.ream nunber St r eam desi gnati onPercent by mass
| Roact or i LRl 6‘5%@4’“?@obutene 1.21 %of water 21 33.32%of TBA 31.50%

of other CAh¢ 5886 ofminthir the ol table 3R e ame Ul 18163052 WeRbnth SORIL €NE
0. 52% of W%EI%EH %6. 14%I(Plf TEA\ 31.50% of other C4 1.32% of other conponents
) t by mass, The feed (1) corresponded to the feed to the first reactor of the production

plant, but at an isobutene content of 50% by mass in the raffinate . The feed rate was 0.3 kg/h.

Stream number | Stream designation | Percent by masé

1 : Reactor inlet 25.00% of isobutene

7 "~ |2.50% of water

32.88% of TBA

38.67% of other C,

0.96% of other components
3 Reactor outlet 23.83% of isobutene

2.13% of water

34.42% of TBA

38.67% of other C;

0.96% of other components

The conversion achieved was: 4.67%

The proportion of water in the feed to the reactor relative to the proportion by mass of water at
the miscibility gap was 91.09%,

Example 7 (according to the invention)

The stream numbers in the following table were the same as in figure 2. Percentages are
- percent by mass. The feed (1) corresponded in terms of its isobutene content to the feed to the

first reactor of the production plant, but at an isobutene content of 60% by mass in the

raffinate I. The feed rate was 0.3 kg/h.

Stream number | Stream desigl1ation Percent by mass
1 Reactor inlet 32.67% of isobutene
1.21% of water




The conversion achi eved was: 6.58% The proportion of water in the feed to
the reactor relative to the proportion by mass of water at the mscibility
gap was 42.88% Exanple 8 (according to the invention) The stream nunbers
inthe following table were the sane as in figure 2. Percentages are
percent by mass. The feed (1) corresponded to the feed to the first reactor
of the production plant, but at an isobutene content of 60% by nass in the
raffinate |. The feed rate was 0.3 kg/ h,, Stream nunber St ream

desi gnati onpercent by mass 1Reactor |nI21t32 34% of i sobutene .2.20% of

wat er 32.99% of TBA 31-18% O Clher Q 1. 29% of ot her corrponents 3React or
out | et 30. 683% of  TSobytEeNne—1—66%of 31.18% of other C4
1. 29% of her conponpents The conve Pof 1’3‘eved wasf 5.28% 22 The
proportiongf of water {n the feed to [Bhso%edsh&ic,rel ative to the proportion
by mass off water at {the m sci bi Iit){ agp was 79.72% [Exanmple 9 (conpari son)
The stream_nunbers ih the foll ow ng £ Ioé‘“«%rrcém?%ﬂ@ me as in figure 2.
Percent agqd$ are per (foattodyatle@ss. b@sj%ﬁﬁgsébuengone ponded to the feed to
the first [reactor of|the producti or ant, but at an isobutene content of
60% by mags in the rpffinate I. Theoﬁgé@fwatﬁle’ was 0.3 kg/h. Stream

nunber St r gam desi gnal i onPer cent by 88854 of TRA
' 31.50% of other C,

1.32% of other components

The conversion achieved was: 6.58%

The proportion of water in the feed to the reactor relative to the pr0port10n by mass of water at
the miscibility gap was 42.88%.

Example 8 (according to the invention)

The stream numbers in the following table were the same as in figure 2. Percentages are
percent by mass. The feed (1) corresponded to the feed to the first reactor of the production
plant, but at an isobutene content of 60% by mass in the raffinate 1. The feed rate was 0.3 kg/h.

Stream number | Stream designation | Percent by mass

1 Reactor i_nlet 32.34% of isobutene
2.20% of water

32.99% of TBA

131.18% of other Cy

1 .29%.01‘ other components
3 Reactor outlet 30.63% of isobutene
1.66% of water

35.24% of TBA

31.18% of other Cy

1.29% of other components

The conversion achieved wﬁs: 5.28%




1Reactor inlet32.17% of isobutene 2.71% of water 32.82% of TBA 31. 02% of
other C4 1.28% of other conponents 3Reactor outlet30.61% of isobutene 2.21
% of water 34.88% of TBA 31.02% of other C4 1.29% of other conponents The
conversion achieved was: 4.87% The proportion of water in the feed to the
reactor relative to the proportion by mass of water at the mscibility gap
was 98.83% Exanple 10 (conparison) The stream nunbers in the follow ng
table were the sane as in figure 2. Per%nt ages are percent by mass. The
feed (1) corresponded to the feed to the first reactor of the production

pl ant, but at an isobutene content of 60% by mass in the raffinate |I. The
eam desi gnati onPercent by nass

feed rate §’§‘§/ 3 Str unber St
1React or i n: ot g’f gA)Og at%s%ﬁ“uet ‘%2&) .eﬁf'&/gobfeli%? fertheznoppgigndyy mespof39at 8806 of
ot her C4 1 .t¥missibilitygahems 20TPe0Nnent s 3React or outl et 31. 17% of i sobut ene
0.20% of water 35.57% of TBA

Example 9 (comparison)

The stream numbers in the following table were the same as in figure 2. Percentages are

percent by mass. The feed (1) corresponded to the feed to the first reactor of the production

- plant, but at anrisobutene content of 60% by mass in the raffinate I. The feed rate was 0.3 kg/h.

| Stream number | Stream designation | Percent by mass

1 Rexctor inlet 32.17% of isobutene
 12.71% of water

32.82% of TBA

31.02% of other C;

1.28% of other com;ioncnts

3 Reactor outlet 30.61% of isobutene
2.21% of water

34.88% of TBA

31.02% of other C,

1.29% of other components

The conversion achieved was: 4.87%
The proportion of water in the feed to the reactor relative to the proportion by mass of water at
the miscibility gap was 98.83%.

Example 10 (éomparison)

V’I'he stream numbers in the following table were the same as in figure 2. Percentages are
percent by mass. The feed (1) corresponded to the feed to the first reactor of the production
plant, but at an isobutene content of 60% by mass in the raffinate I. The feed rate was 0.3 kg/h.




31.66% of other C4 1.40% of other conponents The conversi on achi eved was:
5.06% The proportion of water in the feed to the reactor relative to the
proportion by nmass of water at the mscibility gap was 24.79% Conpari son
of experiment 1 with experinent 2, of experinment 3 with experinent 4, of
experinment 5 with experinment 6 and conparison of experinents 7, 8 and 9
indicates that in each case the experinents using the | owest water content
gi ve the hi ghest conversions of isobutgge into TBA. Conparison of exanpl es
7, 8 and 10 shows that -when the water ntent goes below the clained
limt. of at least 30%of water based on the proportion by nass of water at
the m sci ity oaprothe—achi-evable-eonversiondrops again. 24 Cains: 1.
A process [oOr pre b ﬁgeafnecef‘g’?ﬁﬁ‘f”éno Pefﬂfintrbéfa‘@ﬁ on of a|honpbgeneous reaction
m xture ofj1 water, t¢REaxcRdinddaol and;gg4%§g@5hﬁ?g comtpi ni ng hydrocar bon

m xture over an acidifc ion- exchange resin at om 30 bis 120C, wherein the
honbgeneouk reaction|m xture at the/0-Meeftwatdk t he reaftion has a proportion
by mass of] i sobut ene{of over 1096by3gQ§%C§qua propoytion of water which
is from30 to 80% of |t he anmobunt of ter which is posgible on the basis of
the solubiflity of water in the reacﬁﬂéﬁ%nfnmuﬂa 2. The process as cl ai ned
in-claiml, wherein.part of the terH3q%b ﬁ% obt ai ned| by neans of the
reaction ijs_recycledlto prepare the 38 LHIPPREELf on mi xture. 3. The
process ag3cl ai med i fRetktarontld, wher{el.n7%heisbagdnt cul atf on factor for
recycling lof the ter{- butanol obt3gi 38? ?§rneans of tlhe reaction is from
0.1to 1.3. 4. The pfocess as cl ai m2g07o? ¢ of cl ai 1 to 3, wherein the
reaction ifs carried put in a plurgBssysefTegactors cgonnected in series. 5.

The procegs as claingd in claim4, rein water is i|ntroduced between the
react ors. %gﬁoo of other Cy

O

1.40% of other components

The conversion achieved was: 5.06%

The proportion of water in the feed to the reactor 'relétive to the proportion by mass of water at
the miscibility gap was 24.79%.

Comparison of experiment 1 with experiment 2, of experiment 3 with experiment 4, of
experiment 5 with experiment 6 and comparison of experiments 7, 8 and 9 indicates that in
each case the experiments using the lowest water content give the highest conversions of
isobutene into TBA.

Comparison of examples 7, 8 and 10 shows that' when the water content goes below the
claimed hm1t of at least 30% of water based on the proportion by mass of water at the

miscibility gap, the achievable conversion drops agam




6. The process as clainmed in any of clains 1 to 5 wherein gg$/m§$e:he
content of the honpbgeneous reaction mxture is from50 to I tg o e in
maxi mum anount. 7. The process- as claimed in any of clains o_n,the rein
the reactors connected in series have decreasing tenperatures

di recti on.

24
Claims:

1. A process for preparing tert-butanol by reaction of a homogeneous reaction mixture of
water, tert-butanol and an isobutene-containing hydrocarbon mixture over an acidic ion-
exchange resin at from 30 bis 120°C, wherein the homogeneous reaction mixture at the

 Start of the reaction has a proportion by mass of isobutene of over 10% by mass and a
proportion of water which is from 30 to 80% of the amount of water which is possible on

the basis of the solubility of water in the reaction mixture.

2. The process as claimed in claim 1, wherein part of the tert-butanol obtained by means of

the reaction is recycled to prepare the homogeneous reaction mixture,

3. The process as claimed in claim 2, wherein the recirculation factor for recycling of the tert-
butanol obtained by means of the reaction is from 0.1t01.7.

4. The process as claimed in any of claims 1 to 3, wherein the reaction is carried out in a
plurality of reactors connected in series.

5. The process as claimed in claim 4, wherein water is intreduced between the reactors.

6. The process as claimed in any of claims 1 to 5, wherein_ the water content of the

homogeneous reaction mixture is from 50 to 80% of the maximum amount,

7. The process as claimed in any of claims 1 to 6, wherein the reactors connected in series

have decreasing temperatures in the flow direction.




