| Cbtaining tert-butanol The invention relates to a process for preparing
tert-butanol (TBA) by reacting isobutene- containing hydrocarbon m xtures
with water over acidic solid catalysts in a plurality of reactors, wherein
the conversion is increased upstreamof the |last reactor by renoving a
portion of the TBA present in the reaction m xture. Tert-butanol (TBA) is
an inportant product prepared on the industrial scale and is used as a
solvent and as an internediate for the preparation of nethyl nethacrylate.
It is a pr M sor for the preparation of peroxides such as peroxy ketals,
peresters gi—éﬂ%ﬁ¥§ﬂﬂﬁﬁﬂﬁ&ides, having at |east one tertiary butyl group.
These conpounds are used as oxidi zing agents and as initiators for
free-radicg% reactions, for exanple olefin polynerization or crosslinking
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Ol%ﬂlaly bithrol can be obtained by acid-catalyzed addition of water to isobutene. Technical-

grade isobutene mixtures frequently also contain other olefins, for .example 2-butenes.

Industrial processes therefore employ conditions in which almost exclusively the isobutene but

not the other olefins is hydrated, and side reactions such as homo-

or hete;ooligomerization of
_the olefins are virtually fully suppressed. Such processes commonly operate in the liquid phase

and can be divided into two Broups: a) processes in which the conversion is effected in an

: 'aqueous catalyst solution and b) heterogeneous catalytic: processes in which solid catalysts
which are insoluble in the reaction phase are used. | |

The hydraﬁon of isobutene to tert-butanol with the aid of solid acidic catalysts which are
soluble neither in the reactants nor in the products has the advantage that the reaction mixture is
acid-free and can be worked up-to tert-butanol without losses by dissociation or by other side
reactiops. The reaction proceeds on the surface of the catalyst. So that a reaction occurs, both
reaction partners have to be at the active site of the catalyst at the same time. Thié is
complicated by water and isobutene or an isobutene-containing hydrocarbon mixture not being

mutually miscible. In order to obtain acceptable conversions, solvents are used which enable a



mutually mscible. In order to obtain acceptable conversions, solvents are
used which enable a 2 honbgeneous m xture of water and isobutene starting
m xture. DE 30 31 702 Al describes nethanol for this purpose as a sol vent
both for water and for isobutene or for an.isobutene-containing

hydr ocarbon m xture. The products obtained are both tert-butanol and

met hyl tert-butyl ether. In EP 0 010 993, Al, aliphatic carboxylic acids
having from1l to 6 carbon atons are used as the solvent for both
reactants. The by-products forned are the tertiary butyl esters of these

aci ds. Thebendgameus Qixhee bBeHIQ NI BGbuke Saldh: Rillgao!l and carboxylic acids.
In DE 30 31 702 Al, sulfolanes are usegl, an%, ' US 4 327 231, neo-type
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techni cal -~ grade i sobutene streans, for exanple raffinate |, conversions of
only approx. 82% are achieved. In the application DE 102 60 991 whi ch was

yet to be ﬂxuol%hér%(b g\goii? hlestehd?sagxrralnt%rgelzsf ﬁleclitaargeet p(r)(;cdu;[:t,h '?“BA, is used as solubilizer in some
processes. Such processes are described, for example, in WO 99/337755 or DE 30 25 262. In
these processes, a mixture of a hydrocarbon fraction which comprises isobutene, TBA and
water is converted in a reactor battery over acidic catalysts arranged in a fixed bed. The first
reactor is usually operated in loop mode and the other in straight pass. Upstream of each further
reactor, water of reaction may be metered in. The effluent of the last reactor is separated by
distillation into a hydrocarbon mixture comprising the unconverted isobutene and crude TBA.
A Por’tion of the crude TBA is recycled into the first reactor. The other portion may be used as
“such or worked up to TBA and/or TBA/water azeotrope.

In these processes, the TBA content increases and the isobutene content decreases from reactor
to reactor as a consquence of the progress of the reaction. The composition of the reaction
mixture approaches, at a decreasing rate, the tlwnnodynaﬁﬁc equilibrium between water,
isobutene and TBA, so that complete conversion cannot be achieved. Starting from technical-

grade isobutene streams, for example raffinate I, conversions of only approx. 82% are achieved.

In the application DE 102 60 991 which was yet to be published at the priority date of the



present application, a process is described for preparing TBA in which a
relatively conplicated reactive distillation is used. In view of this
background, it is an object of the present invention to inprove the

econom c viability of the process for TBA preparation. It has now been
found that, surprisingly, the conversions of isobutene to TBA can be
increased and thus also the econom c vizability inproved when the process
is carried out in at least two reactors connected in series, by renoving a
portion of the TEA fromthe reaction effluent of the penultinmate reactor,
bef ore feecbrﬂgntlabplicﬁﬁtﬁl,h Rctsasides ion therefore
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concentration of isobutene is increased and the concentration of TBA
reduced i NThd1QRERCH o.the invention. This is effected by
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In industrial processes for preparing TBA, the concentration of an isobutene in the reaction
mlxture decreases and the concentration of TBA increases from reactor to reactor as a
consequence of the progress of the reactlon Ata decreasmg rate from reactor to reactor, the
composition of the reaction mixture approaches the thermodynamic equilibrium between
isobutene, water and TBA. In order increase the resction rate and thus the space-time yield and
to achieve a higher conversion of isobutene, the concentratlon of isobutene is increased and the
concentration of TBA reduced in the process according to the invention. This is effected by
removing a portion of the TBA from the reaction effluent of a reactor and passing the reduced-
TBA reaction mixture into the next reactor, preferably the last. The process éccording to the
invention has the advantage that distinctly higher conversions are attained in comparison to
conventional processes. The higher conversions additionally make the process more
economically viable. A very particular advantage may be achieved when the reaction effluent is

~ depleted in TBA by fully or partly conducting it into the crude TBA column and using it for



4 depletion of TBA by conducting a portion of the top product of the crude
TBA columm as a TBA-depl eted product stream and optionally conducting a
portion of the bottons of the colum into the subsequent reactor. In this
procedure, it is possible to dispense with an additional colum for )
depleting the reactor effluent of the reactor which is not the |last of the
reactor battery in TBA. In this way, the capital costs can be reduced and
thus the economic viability increased. The process according to the
invention is described herei nbel ow wi thout the - invention being
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stream t_ogperagﬁgoy@%tgr#%% ef fl uent of the subsequent reactor into a colum
for working up crude ‘(crude TBA colum). The renoval of a portion of
the TBA may be effected by flash evaporation/sinple evaporation or sinple
distill atiﬂlnﬁwéﬂ)cghe ﬁ%é&gqe s,according to the invention, the TBA renoval
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removing the unconverted hydrocarbons by distillation, a portion of the TBA is removed from
the reactor effluent of at least one reactor, preferably of the penultimate reactor, which is not

the last of the reactor battery, before the TBA-depleted reactor effluent is passed into the

subsequent reactor, preferably the last reactor.

Preference is given to effecting the removal of a borﬁon of the TBA from the reaction effluent
of the reactor which is not the last of the reactor béttery by distillation or rectification, by
conducting the TBA-depleted product stream into the subsequent reactor and feeding the
TBA-enriched product stream together with the effluent of the subsequent reactor into a
column for working up crude TBA (crude TBA column). The removal of a portion of the TBA

- may be effected by flash evaporation/simple evaporation or simple distillation.

. In the process according to the invention, the TBA removal between two reactors is effected
especially when the reactor effluent between the two reactors has an isobutene concentration of
less than 15% by mass, in particular less than 12% by mass, or a TBA concentration of greater
than 40% by mass, in particular greater than 45% by mass. Typically, these values correlate



than 40% by mass, in particular greater than 45% by nmass. Typically, these
val ues correlate 5 wth each other. However, this is not necessarily a

requi renent. Particular preference is given to effecting the renoval of
the TBA froma reactor effluent of at |east one reactor (which is not the

| ast of the reactor battery) which has a content of isobutene of |ess than
15% by mass. The TBA renoval brings thes TBA concentration in the feed of
the next reactor, preferably of the last reactor, to values of from10 to
50% by mass, _.in particular from?20 to 45% by nass and nore preferably from
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substantially o bFa¥4 hydrocar bons, water and
hi gh-boi | i ng by-products. The top product is introduced into the next

reactor, pr[ﬁé eﬁﬁ{)l g\'Pt haf'l 3’%} reactor, together with additional water and
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achi eve, fQmt8630Plo8boink Lbon .in.the TBA content in the top product
froma stream havi ng W?Pigglg‘lﬂ%aﬂ%ﬂ%ﬁth%@ uaggRverted isphytensqnd plsapygieox. 35%

by mass. and TBA, and into a TBA-enriched bottom product which preferably comprises substantially

TBA, small amounts of C,4 hydrocarbons, water and high-boiling by-products. The top product
is introduped into the next reactor, preferably the last reactor, together with additional water
and optionally with undistilled reactor effluent. The bottom . product may be fed into a
_separaiing column (for example apparatus 16 in fig. 1) or fed to another work-up.

Since the top product which is fed into the next reactor should likewise contain TBA as a
solubilizer for water, a number of vertical plates of from 0.3 to 1 is sufficient in the distillation.
The distillative separation may therefore appropriately be carried out as a flash
evaporation/simple evaporation. In this way, it is possible to achieve, for example, a reduction

in the TBA content in the top product from a stream having virtually 50% by mass of TBA to
values of approx. 35% by mass.

The evaporation is effected either at the pressure of the penultimate reactor, i.e. in the range
from 7 to 14 bara, or at a reduced pressure in the range from 4 to 8 bary, . The selection of the
pressure depends substantially upon the means of heat recovery in the plant. The evaporators

used can be customary apparatuses such as forced-circulation or natural-circulation



The evaporation is effected either at the pressure of the penultinmate
reactor, i.e. inthe range from7 to 14 barabs. or at a reduced pressure
in the range from4 to 8 barabs.. The selection of the pressure depends
substantially upon the neans of heat recovery in the plant. The evaporators
used can be custonmary apparatuses such as forced-circul ation or

natural -circulation 6 evaporators, or amy other vertical or horizonta
vessel s having heating apparatus. The top product usually | eaves the
evaporator in vapor form and has to be subsequently condensed and is then
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renovi ng crude TBA (crude TBA colum, apparatus 23 in fig. 2). A portion
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reaction %I a), i.sobutene-containing’h ocar bon

TBA (20) affa’er Foh: thepddition of wateh of reasitini o aftibhallgndt o dbstdaiimot heedcRACt OF
(3) are ingmgshiced into the reactor (3). A portion (6) of the reaction
effluent (4) is converted in the second reactor (7) together with water of
reaction (1b). The entire effluent (8) fromreactor (7) or a portion (10):

t her eof i spgepar, ﬁ}b&ﬂfd B b e (e A O A O ey of maamt © ©
| ow. | sobut she" i dmells H;tg? Ukt E5raieda tsgavegiion are shown by way of example
as block schemes in fig. 1 and fig, 2 to illustrate the invention. These schemes each have three
reactors. It will be appreciated that the process according to the invention for preparing TBA

may also be carried out using two, three or more than three reactors.

In the first embodiment of the process according to the invention in fig. 1, water of reaction
(1), isobutene-containing hydrocarbon feed mixture (2), crude TBA (20) and a portion (5) of
the reaction effluent (4) from the reactor (3) are introduced intorthe reactor (3). A portion (6) (;'nf
the reaction effluent (4) is converted in the second reactor (7) together with water of reaction
(1b). The entire effluent (8) from reactor (7)ora bortion (10) thereof is separated in the
distillation or evaporator unit (11) into a low-isobutene or virtually isobutene-free bottom
_ product (13) and into an isobutene-rich top product (12). The bottom product (13) is conducted
into the distillation column (16). The top product (12) is féd into.the third reactor (14) together
‘with water of reaction (1c) and optionally with undistilled effluent (9). The effluent (15) of the
reactor (14) is separated together with stream (13) in the column (16) into a top product 17
which comprises isobutene and other low-boiling hydrocarbons, and into crude TBA (18). A

portion (20) of the crude TBA is recycled into the reactor (3). The other portion (19) may be



product (13) and into an isobutene-rich top product (12). The bottom
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5 000 ppm of di.enes a urther ol efins having one or two es) on
the ol efi nf RaQHdS %%nﬂo E hideosprben sitgam A6) fs disshargadi foim o procésse | sobut ene

are, for exanple, light petroleumfractions. fromrefineries, C4 fractions

from FCC uﬂlts Qr steam crackers, mxtures from Fi scher- Tropsch
e starting material used in the process according to the invention may be an isobutene-

containing hydrocarbon mixture, or optionally also 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 two branch(es) on the olefinic double bond.

Technical-grade mixtures which comprise isobutene are, for example, light petroleum fractions
from refineries, C4 fractions from FCC units or steam crackers, mixtures from Fischer-Tropsch
syntheses, mixtures from dehydrogenation of butanes, mixtures from skeletal isomerization of

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

- These mixtures, optionally after removal of the polyunsaturated compounds, are used in the
process according to the invention. For example, a suitable isobutene mixture may be obtained
. from the C; fraction of a steam cracker by extracting the butadiene or by selectively
hydrogenating it to linear butenes. This feedstock (raffinate I or selectively hydrogenated

crack C4) consists of n-butane, isobutane, the three linear butenes and isobutene, and is a



synt heses, m xtures from dehydrogenati on of butanes, m xtures from skel etal
i sonerization of |I|inear butenes, m xtures resulting by netathesis of

ol efins or other industrial processes. These m xtures, optionally after
renmoval of the pol yunsaturated conpounds, are used in the process
according to the invention. For exanple, a suitable isobutene.m xture may
be obtained fromthe C4 fraction of a gteam cracker by extracting the

but adi ene or by selectively hydrogenating it to |inear butenes. This
feedstock (raffinate | or selectively hydrogenated crack C4) consists of
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i sobut ene éﬁfﬁPaéﬁ{“SF%thhereferem1sm@@c@11yinumw&dmmefsef/ence is typically in
the range from30 to 60% Optionally, raffinate 1, hydrogenated crack C4
or- a hydrocarbon m xture having a simlar .conposition may be
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w de range. weyer,, oW to the econom c vi abil
preferencen}a%egglil{}ﬁﬁ@ﬁn%"é’iq%gxSYH?‘S%%@H‘?W)M xtures having an i sobutene
concentration of greater than 30% by mass, preferably greater than 40% by
mass. The tal yst used is preferably an acidic ion exchanger which is

sol ubl e nei thEMCPHrationsof iselrangdk thevhydrasabom onixtire mievary odthid a Widd page. The

cat al yst nugeRPt o LALG t.ances to the product nixture under
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because t hP¥iregeidbpel mistest pvirigedrd isobseres canderittaonVOF koeated fthinh 80% ERE taQy)

m xture. Thes AYIRAY, 0 uitabl e catal ysts has to be such that they
bri ng abou teﬁdgwf%ﬁ%%@%%%}a‘%butene under the reaction conditions, but

barely that. of unbranched olefins. In addition, they nust barely catal yze
the oligo i j f olefins. A.suitable group of catalysts is solid ion
exchange p@i"‘: %@Hﬁ%\g?aﬁa PE ?bgyn?ncacgﬁ 60 gicBinser whitlpis solgblp arifhpr indheafatsistock on
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¢ reaction conditions either by hydrolysis or by other reactions,

because this would lead to yvield losses in the w0r1cu1§ of the reaction mixture.

The activity of the suitable catalysts has to be such that they bring about the hydration of
. isobutene under the reaction conditions, but barely that of unbranched olefins. In addition, they

must barely catalyze the oligomerization of olefins.

A suitable group of catalysts is solid ion exchange resins having sulfonic acid groups.
Particularly suitable jon exchange resins are, for example, those which are prepared by
sulfonating phenol/aldehyde condensates or cooligomers of aromatic vinyl compounds.
Examples of aromatic vinyl compounds for preparing the cooligomers are: styrene,
vinyltoluene, vinylnaphthalene, vinylethylbenzene, methylstyrene, vinylchlorobenzene,
vinylxylene and divinylbenzene. In particular, the cooligomers which result by reaction of
-styrene with divinylbenzene are used as a precursor for the preparation of ion exchange resins
having sulfone groups. The resins may be in gel form, macroporous form or honeycomb form.
Some trade names under which suitable resins of the styrene-divinylbenzene type are sold

include: Duolite C20, Duolite C26, Amberlyst 15, Amberlyst 35, Amberlite IR-120, Amberlite




Exanpl es of aromatic vinyl conpounds for preparing the cooligoners are:
styrene, vinyltoluene, vinylnaphthal ene, vinylethylbenzene, nethylstyrene,
vi nyl chl orobenzene, vinyl xyl ene and di vi nyl benzene. I n particular, the
cooligonmers which result by reaction of styrene with divinylbenzene are
used as a precursor for the preparation of ion exchange resins having

sul fone groups. The resins may be in gel9 form nacroporous formor
honeyconb form Sone trade nanmes under which suitable resins of the
styrene-di vi nyl benzene type are sold include: Duolite C20, Duolite C26,

Anber | yst 130, Rowrexr 0y EewBE SPOIDE Lewaiet SPR-108XK26MTRY L§gie 9 200, Dowex 50,
Lewatit SPC 118, Lewatit SPC 108, K2611, OC 1501. The properties of these
resins,.in particular specific surface area, porosity, stability, swelling
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linear rate, to achieve the optimum conversion, to wuse an ion exchange
resin having.a relatively small particle size. In order to prevent the

resin fronPPimals #ﬁgma@ﬁc egftsimsplay termsed got@pbraa spteres Wk 6o 49 Bijed bhls, cause
and in order 'to retain a

- di srupt i ongk Bxahd€ REICHP ess
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may be pretreated, for exarrpl e,

It may be advantageous, in reactors which are flowed through at high linear rates, to reduce the
_ dﬂferent[al pressure, to use an ion exchiange resin having a relatively large particle size, and, in
reactors which are flowed through at a low linear rate, to achieve the optimum conversion, to

use an ion exchange resin having a relatively small particle size.

In order to prevent the resin from releasing acidic groups during operation which might thus
cause disruption in the workup section of the process, and in order to retain a high activity of
the catalyst over a long period, the ion exchange resin may be pretreated, for example, by

flushing with water, TBA or TBA/water mixtures, preferably 1n the temperature range from 40
to 120°C.

- Since water is consumed by the hydration of isobutene, the water content in the reaction
mixture falls constantly. In order to obtain a very high yield and reaction rate, it is
advantageous to meter in further water. This could be done, for example, by feeding water at

different points in a tubular reactor. However, it is difficult in practice to iritroduce precisely



flushing with water, TBA or TBA/water m xtures, preferably in the
tenperature range from40 to 120C. Since water is consuned by the
hydrati on of isobutene, the water content in the reaction mxture falls
constantly. In order to obtain a very high yield and reaction rate, it is
advant ageous to neter in further water. This could be done, for exanple, by
feeding water at ~ different points in al®ubular reactor. However, it is
difficult in practice to introduce precisely 10 the required anmount of
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prepare a homogeneous mixture with water and the isobutene-containing hydrocarbon mixture.

The process may be carried out in batchwise or continuous reactors which are typically used in
. the case of liquid/solid contact reactions. When continuous flow reactors are wsed, it is
preferable, but not obligatory, to use a fixed bed. Where a fixed bed flow reactor is used, the

liquid may flow upward or downward. Usually, preference is given to downward flow of the
liguid.

It is also possible to operate the reactor with product recycling or in straight pass.

When tubular reactors are used, the ratio of length to diameter of the catalyst bed may be
varied, either by the geometric dimensions of the reactor or by its fill level. At the same amount
of catalyst and LHSV, different superficial velocities may thus be achieved, Reactors in which
a portion of the reaction mixture is recycled may be operated, for example, at superficial

velocities of from 12 to 60 m/h, very particularly of from 12 to 30 m/h. In the reactors which



liquid. It is also possible to operate the reactor with product recycling
or in straight pass. Wen tubular reactors are used, the ratio of length to
di aneter of the catalyst bed may be varied, either by the geonetric

di rensions of the reactor or by its fill level. At the sane amount of
catal yst _.and LHSV, different superficial velocities may thus be achieved.
Reactors in which a portion of the reattion mxture is recycled may be
operated, for exanple, at superficial velocities of from12 to 60 nih,
very particularly of from12 to 30 mh. In the reactors which 11 are flowed
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plurality of4tsegc¢tors connected in series which have tenperatures falling
in the flow direction. Wien one or nore of the reactors are operated with
product recycling, preference is given to setting a circulation factor

(ratio of g I Jated to fresh feed) of fromO0.1 to 10. The
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accordi ng Bﬁéﬁehemcienv.ent hﬁ?‘ﬂ the first reactor can be oper

recycling and the PP fRereieaiersias somegteddn garies phich hatfemperatiyes faliingrieact or s
used i s pr&k@oaldinctibet ween 2 and 10, nore preferably between 2 and 4. Each
reactor may be operated adiabatically or quasi-isothermally, i.e. with a
tenperature differential fromreactor feed to reactor outlet of |ess than
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i nfl uence BHIBGUICHIBRInRFtoH(ratisoef amduphirculared b et RedesrSRon®D. 15049, The
react | ons. circulation factor for the first reactor is preferably from 1 to 5, in particular from 2 to 3.5.

In a preferred embodiment of the process according to the invention, the first reactor can be
operated with product recycling and the further reactors in straight pass. The number of reactors

‘used is preferably between 2 and 10, more preferably between 2 and 4.

-Each reactor may be operated adiabatically or quasi-isothermally, i.e. with a temperature
differential from reactor feed to reactor outlet of less than 10 K, preferably of less than 5 K and
more preferably of less than 1 K. Too high a temperature rise is to be avoided owing to the

unfavorable influence on equilibrium (dissociation) and the increase of side reactions.

- The temperatures at which the process according to the invention is carried -ouf are preferably
from 30 to 120°C. At lower temperatures, the reaction rate is too low, and, at higher
temperatures, side reactions, for example the oligomerization of the olefins, occur to an
increased extent. Preference is given to operating the feactors in the temperature range from 35
to 80°C. The temperatures in different reactors may be the same or different within the range

specified. In one process variant, the temperature falls from reactor to reactor in flow direction.



The tenperatures at which the process according to the invention is carried
out are preferably from30 to 120C. At |ower tenperatures, the reaction
rate is too |low, and, at higher tenperatures, side reactions, for exanple
the oligonerization of the olefins, occur to an increased extent.
Preference is given to operating the reactors in the tenperature range from
35 to 80C. The tenperatures in differed2 reactors nmay be the sanme or '
different within the range specified. In one process variant, the
tenperature_falls fromreactor to reactor in flowdirection. 12 Since the
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of from 50 Rod ekdiple, il hetchier &F Ty sT=ts re of from40 tq 50C, preferably
from 40 to 46ga@and thefourfta‘%r rrgsggogt or gc:tédalgtsee%’etﬁlﬁ &R foeopgriedst ¥ 50C,
pref er abl y ¥78% $F0egtury of froph 80 itoARE, prefecdiy fomi 60 taTEed)ems abing s QUt at
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pressure sheytd be from2 to 4 bar higher than the vapor pressure of the
reaction mxture. The exanples which follow are intended to illustrate the
invention without restricting its field of application which is evident
fromthe dﬁgﬁv%;’von and. t he E’Ieai nms. Exanple: The raffinate stream used for
the experi ments 1t 6 3 HLH 1 Oe FHTLOM AbR protvposiual tror abovelthié eupe: préss@repart s, |
by mass i ebihuhpdrecartdn Jeeddbikrdd tHE R iculdr e S, RaLt S by nass
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at. In order to avoid evaporation problems in the reactors, the pressure should be

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

The examples which follow are intended to illustrate the invention without restricting its field

of application which is evident from the description and the claims.

- Example:

The raffinate stream used for the experiments 1 to 3 had the following composition;

n-butane: 8.2 parts by mass
isobutane: 2.3 parts by mass
1-butene: 29.8 parts by mass
2-butene (cis + trans): 14.3 parts by mass
1sobutene: 45.4 parts by mass

This raffinate stream was convertgd in a laboratory experimental plant using water and recycled
TBA as a solubilizer. 4 reactors were connected in series, and the first reactor was operated as a
circulation reactor. Reactors 1 to 3 consisted of fixed catalyst stages each having a catalyst
volume of from 250 to 450 mi; the fourth reactor was operated at catalyst volume of 950 ml.
The catalyst used was Amberlyst 35 or Amberlyst 15 in H' form. The product streams were



This raffinate streamwas converted in a | aboratory experinental plant
using water and recycled TBA as a solubilizer. 4 reactors were connected
in series, and the first reactor was operated as a circulation reactor.
Reactors 1 to 3 consisted of fixed catal yst stages.each having a catal yst
vol une of from 250 to 450 m; the fourth reactor was operated at catal yst
volume of 950 ml. The catalyst used wad3Anberlyst 35 or Anberlyst 15 in H+
form The product streanms were 13 anal yzed by gas chronatography. The
conmponents n-butane, isobutane, 1-butene, 2- butene (cis +trans) were

listed in t¥pkredaby gas @E@M&I@grapﬁgt TH eornpoip@s inttu@ns, BitRGLE | Louale 2B3REH ON
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s state
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pl ant was JHZOdmt eﬁﬁuenﬂsuine,quﬁsheteady%a% a@ilivrieR | WhEh "R Beell AIRLE" 208 50 MM
and was opef, % 2d, g% ab olute. The first reactor was opera ed al an
inl et terrper Jenea) fimg 0'to 30thouss. Bhe pragsgris ﬂwaﬂ@t speil2bzdbmiute; FRC. For
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constantly %lgpl enmented with such an anmoun
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correspondsot@ B pell&r n. cess te he first
reactor. Exanple 1(accor |ng to %Iﬁ% }nﬁizyledjflll() %%SSSFF@% Rurtresapstantly; he
fol | owi'ng Fepplenented gyithessipl anl wounth(ﬁaédmdmth@ter that frate} BéhtY 3P 9. @P&?rb step
(11), sure ves el was used. The feed of frnate

h
str eama( r :?% n’g}vééa%gfﬁl%é)% A £ 15) Semf“ dioreaseh additione pRarpeesmwater at the

desi gnat i ofiPdreastoby nass (nass flow rate) lprocess water91.3 vvater (0 048
kg/h)8.7 TBA 9bypass (0 kg/h) 10pre-flash6.8 isobutene

o Example 1 (according to the invention)

The stream numbers in the following Table 1 correspond to those in Fig. 1. For ﬂ1e evaporation

step (11), a heated laboratory pressure vessel was used. The feed of raffinate stream (raffinate I)

was 0.3 kg/h.
Table |
Stream number | Stream designation Parts by mass
(mass flow rate)
1 process water 91.3 water
(0.048 kg/h) 8.7TBA
9 ' bypass
(0 kg/h)
10 pre-flash 6.8 isobutene
(0.415 kg/h) 3.9 water
49.7 TBA
39.5 residual Cy4
i2 flash raffinate 8.9 isobutene
{0.284 kg/h) 3.4 water
35.1 TBA




(0.415 kg/h)3.9 water 49.7 TBA 39.5 residual
i sobutene (0.284 kg/h)3.4 water 35.1 TBA 14 52. 6 residual

i sobutene (0.131 kg/h)5.2 water 81.4 TBA 11.1 residual

outlet5.2 isobutene (0.284 kg/h)2.2 water 40.0 TBA 52.6 residual

C4 12flash raffinate8.9

4 13fl ash TBA2. 3
C4 15final reactor
A4

20r esi dual TBA10.4 water (0.066 kg/h)89.4 TBA The overal |l conversion
achi eved was: 87.0 % Exanple 2 (conparatidve) The stream nunbers in the

following Table 2 correspond to those in Fig. 1. Parts by mass are
raffinate stream (raffrmate 1) was 0.3 kg/h. Operation

report ed.

was effect
ef fect -on
mass (Nass

e feed of
pd wi t hout | additional evappeadsidgas g,n Or der
FheconverSton—Fabl-e2 Str am
%IOM/rate) ss wat el 81 igbyiereer (0. 052
(0.131 kg/h) 5.2 water
8§1.4 TBA
11.1 residual C,
15 final reactor outlet 5.2 isobutene
(0.284 ke/h) 2.2 water
40.0 TBA
52.6 residual C,
20 residual TBA 10.4 water
(0.066 kg/h) |89.4 TBA

0 investigate the
desi gnati onParts by
kg/ h) 8.7 TBA

The overall conversion achieved was: 87.0 %

Example 2 (comparative)

The stream numbers in the following Table 2 correspond to those in Fig. 1. Parts by mass are
reported. The feed of raffinate stream (raffinate I) was 0.3 kg/h. Operation was effected without

additional evaporation in order to investigate the effect on the conversion.

Table 2
| Stream number | Stream designation | Parts by mass.
. (mass flow rate)
N process water 913 water
(0.052 kg/h) 8.7 TBA
9 bypass
(0 kg/h)
10 pre-flash 6.8 isobutene
(0.415 kg/h) 3.9 water
‘ 49.7 TBA

39.5 residual C,




9bypass (0 kg/h) OOpre-flash6.8 isobutene (0.415 kg/h)3.9 water 49.7 TBA
39.5 residual C4 15 12flash raffinatesee stream No. 10, (0.415 kg/h)no
flash 13flash TBANo flash (0 kg/ h) 20residual TBA10.4 water (0.066
kg/ h) 89.4 TBA 15final reactor outlet5.7 isobutene (0.419 kg/h)4.4 water
50.7 TBA 39.1 residual C4 The overall conversion achieved was: 82.4 %
Exanpl e 3 (according to the invention) The stream nunbers in the follow ng
Table 3 correspond to those in Fig. 2. In each case, parts by nass are
reported. The feed of raffinate stream (raffinate 1) was 0.3 kg/h. Table 3

St r eam nunpl@r St r eam JéashgaféibitonPar t sebyirdamI%o, (0BRSS T1dw rate) | process
materQliS_mater (O-OE&th&g% .7 TBAlﬁﬂﬁggss (0 kg/h)
13 ' flash TBA No flash
(0 kg/h)
20 residual TBA 10.4 water
(0.066 keg/h) 89.4 TBA
15 final reactor outlet 5.7 isobutene
(0.419 kg/h) 4.4 water
50.7 TBA
[39.1 residual C,

The overall conversion achieved was: 82.4 %

Example 3 (according to the invention)
The siream numbers in the following TabIc 3 correspond to those in Fig. 2. In each case, parts
by mass are reported. The feed of raffinate stream (raffinate I) was 0.3 kg/h.

Table 3
[Stream number | Stream designation | Parts by mas§
(mass flow rate)
1 : process water 91.3 Wate;' :
(0.051 ke/h) 8.7TBA
19 bypass T
(0 kg/h)
10 peﬁultimate reactor | 6.8 isobutene
(0.415 kg/h) 3.9 water
49.7 TBA
39.5 residual C,4




10penul ti mate reactor6.8 isobutene. (0.415 kg/h)3.9 water 49.7 TBA 39.5
residual C4 16 recycled. 10.7 isobutene raffinate 0.9 water 27 (0.280 kg/h)
0.8 TBA 9 residual TBA distillate87.7 residual C4 20(0.164 kg/ h) 6.2 water
recycled TBA 93.8 TBA (0.066 kg/h)10.4 water 89.4 TBA 22final reactor

outl et4.8 isobutene (0.447 kg/h)2.7 water 37.5 TBA 55.0 residual C4 The
conversi on achi eved was: 85.4 %&onpari son of the exanpl es: Both

?x:rglhple evaporation in Exanple | (accordlng to-the invention) - and the
novel ' |
27 recycled.  distillate { 10.7 jsobutene
raffinate 0.9 water
(0.280 kg/h) 0.8 TBA
87.7 residual C4
29 residual TBA 6.2 watef
(0.164 kg/h) 93.8 TBA
20 : recycled TBA 10.4 water
(0.066 kg/h) 89.4 TBA
|22 : final reactor outlet 4.8 isobutene
(0.447 kg/h) 2.7 water |
| (375 TBA
55.0 residual C4

The overall conversion achieved was: 85.4 %

Comparison of the examples:

Both the simple evaporanon in Example 1 (according to the invention) and the novel
connection of Example 3 (according to the invention) allowed the conversion to be distinctly
increased in comparison to the conventional _sene_s connection of the reactors of Example

2 (comparative example).



connection of Exanple 3 (according to the invention) allowed the conversion
to be distinctly increased in conparison to the conventional series
connection of the reactors of Exanple 2 (conparative exanple). 17 Wiat is
claimed is: | - A process for preparing tert-butanol (TBA) by converting a
m xture which conprises water, TBA and an i sobut ene-containi ng hydrocarbon
m xture over an acidic catalyst in a redttor battery which has at |east
two reactors at from30 to 1200C, and subsequently renoving the
unconverted_ hydrocarbons by distillation, which conprises renoving a
portion of X ¢ ! hthe reactor effluent of at | east one reactor which
is not the |ast reactor of the reactor battery before the TBA-depl eted
reactor effluent is passed into the subsequent reactor. 2. The process of

claimi, v%eA@rqweasmPr@amu@hnbﬁtMI pIBA] moﬁéerﬂﬂgea ntizfrd WRGH éJPer se%%?attéron
effluent of tng e ctor ¥h g the last of the reacto tter
ef fected by distirt &t PEHar- “?‘E?ﬂ"% YPGARON eIV doidie st medam ot ed

pr oduct streabmtensttvﬂu&hﬁs&ll&Sﬂ%%hEt FEAGLAM3 JBA-enri ched
pr oduct streamtogﬁé her with the effluent g}%‘?%(;eﬁg%igsgbs&%ueptpéeg@w “to a

col um for wWOFRHY dropagbrns Ppdisiitatione TBA col unm). | The process of claim
| and 2, . wheggiconipisdsenoval of a portion of the TBA is effected by flash
evaporatlon/5|nple evaporation or sinple distillation. 4. The process of
claimi1, whePEPHNE hporheeefiter TM fiomae rebotaraffiient sfRARLD bneVRhEdt whichN@hot! he

| ast of the rgagloL d Part | together with the
effl uent of the |ast Q?{)a%tg Qéaétér b eqé%%rgwpf% 9P l?t W‘?@@eﬁtdépapm into
the subsequent reactor.

2. The process of claim 1,
wherein
the removal of a portion of the TBA from the reaction effluent of the reactor which is not
the last of the reactor battery is effected by distillation or rectification, by conducting the
TBA-depleted product stream into the subsequent reactor and feeding the TBA-enriched
product stream together with the effluent of the subsequent reactor into a column for

working up crude TBA (crude TBA columny).

3. The process of claim 1 and 2,
wherein

the removal of a portion of the TBA is effected by flash evaporation/simple evaporation or
simple distillation. |

‘4. The process of claim 1,
wherein
the reactor effluent from the reactor which is not the last of the reactor battery is fed fully or
partly, together with the effluent of the last reactor, into a column for removing crude TBA

(crude TBA column) and a portion of the top product and a portion of the bottom product

of the crude TBA column are introduced into the last reactor.

5. The process of any of claims 1 to 4,



(crude TBA colurnn) and a portion of the top product and a portion of the
bott om product of the crude TBA columm are introduced into the 'l ast
reactor. 5. The process of any of clains | to 4, 18 wherein the renoval of
TBA is effected in such a way that the -TBA-depl eted product which is
conducted into the subsequent or |ast reactor has a content of TBA of from
10 to 50% by nmss. 6. The process of amy of clains 1 to 4, wherein the
removal of TBA is effected froma reactor effluent of at |east one reactor
which is not the last of the reactor battery and has a content of

i sobut ene of Wwhgeint han 15% by nass. _

the removal of TBA is effecte_d in such a way that the TBA-depleted product which is
‘conducted into the subsequent or last reactor has a content of TBA of from 10 to 50% by

mass.

6. The process of any of claims 1 to 4,
wherein
the removal of TBA is effected from a reactor cffluent of at least one reactor which is not

the Jast of the reactor battery and has a content of isobutene of less than 15% by mass.



