1 Process for separating 2-butanol fromtert-butanol/water m xtures The
present invention relates to a process for separating 2-butanol from
tert-butanol/water mxtures which are obtained in the dissociation of
tert-butanol (TBA), ‘in particular tert-butanol prepared fromindustrial
C4- hydrocarbon m xtures, into isobutene and water. |sobutene is a starting
material for the production of butyl rubber, polyisobutyl ene, isobutene

ol igoners, branched C5-al dehydes and C5;carboxylic acids. It is also used
as an alkylating agent and as internediate for the preparation of
peroxides. In industrial streans, isobutene is present together wth.
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of an aci dsoﬁfff’?? aﬁgy'tb}‘tﬁ?e' EB?WF i tagrefse isyiafad from industrial hydrocarbon mixtures by

converting isobutene into a derivative which can easily Ee separated off from the remaining

hydrocatbon mixture and redissociating the isolated derivative into isobutene and the
derivative-forming agent,

‘The following procedure is usually employed to separate isobutene from C4 fractions, for
example the C4 fraction from a steamcracker. After the major part of the multiply unsaturated
hydrocarbons, mainly butadiene, has been removed by extraction (or exiractive distillation) or
selective hydrogenation to linear butenes, the remaining mixture (raffinate I or hydrogenated
cracking C4) is reacted with alcohol or water. Use of methanol as alcohol gives methyl tert-
butyl ether (MTBE) and use of water gives tert-butanol (TBA). After they have been separated

off, both products can be dissociated to give isobutene in a reversal of their formation.

The dissociation of TBA is easier to carry out than the dissociation of MTBE and gives smaller
amounts of by-products and is thus the preferred method of isolating isobutene. The
dissociation of TBA is preferably carried out in the gas or liquid phase in the presence of an
acid with partial conversion of TBA.



| f isobutene-containing hydrocarbon streans in which |inear butenes are

al so present are used for preparing TBA fromisobutene, small anpbunts of
2-butanol (SBA) are also formed. Whether this presents any further problem
depends on how the resulting reaction mxture is worked up to give pure
TBA or a TBA/water azeotrope. OMng to the | ow 2-butanol content of the
reaction m xture, the maxi num perm ssi bl e 2-butanol concentration of, for
exanple, 0.2% by -nmass in the TBA or in,the TBA/water azeotrope i s not
exceeded. If, however, the industrial %A or TBA/water azeotrope is
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i sobutene fqgf re riched. in 2-but anol
(SBA). This mﬁﬁdﬁ%g?ﬁiagﬁ%suﬁg%@%/ ? or tlﬁgph%%g%%afggmﬁaﬁ arfalsQ DHTRE ate gped qual ity
TBA or  TBAMRrparing IEs: fopsowienhouell 2nbuntsafidbutei (PAepalatatedf f. 1t is

| i kew se not practical to prepare isobutene fromthis m xture, because an
i ncreasi ng 2-butanol content also results in an increase in the

concent r at i OYhe8rr thissesents prvefidlher probletmedepandb ut bove thesesulthgtredctid Sieed &i cat i on
of - the | attQf e ce t o, di scharge
part of the% klggta gtr?o vetb%fem (grég?} Mterla%e;bsege b%m%é%\the ? E%@?"éﬁ%@ an
obj ect of tH@f?ﬁCB@e‘m’““F%%maﬁmﬂltmnpwmh gdutangp cocesstinhifcor eaigs, 0.1%

possi bel t oy meRa At BRBAN amﬁ,gt ng ,SBA, TBA and wat er

wi t hout Iosses of TBA (?ﬁ’élt}l?ﬂ@ng S‘o egg&g:tg%eo%gnt m xture of SBA, TBA
and wat er-- however, difficult to. separate by distillation since thi.s

t hree-co WDOIfelin&éfSﬁ@ mdﬁytr%ﬁ’ TAX r 3B hither bl @b, R0 UE ya{ o§1at?g§t§(\)lm ?lg:\\%ae er (the

connects the binary water/ TBA azeotrope at
literature P¥pWRtELsSeppatingeft the ispbuoseploamddoresvite i u TB Adkatdr rmistuikOentiched 2n 5% by

Mess) (Poi Np-bRahd) Eémg Thb mAf & s RAAAY e YRR oS azee%gﬂggl t,éfnagbout 28%

by mass of i%ter the literature report es at &sure of
from 26.7 t GPATHIH pzartiens) withest 2rbutamof heing eeparated ofth ftsis dikewisd hattpirasical Boundar y

line separ apleﬁaré MWbutthStrbdh b ditfird, b&LESS an inlf1& r@%ﬁ%@f&ﬁtgg %Psg?e {ﬁltesnt system

shown in. %rel thus displays two distilldtion " & i on
field | in PHESF é‘b‘i’h‘E)FPnﬂenEa@anHW byiengy in| thepisqbytend, ise thet the specifitution efthon

B-E-D- C-B. laftertdagnofl b bdhkdvad. 10 there@brs ndoesshulyGo k<Ol S pﬁﬁn the | ow
boiler in th| Sy rel\ |oanr§At he TBA/vvartgr esasgznlgo(t)rospe éaégdghq{getﬁelzn erme B’h%l e

boiler-is tH Ses o

It is therefore an object of the present invention to provide a process which makes it possibel to

separate SBA from mixtures comprising SBA, TBA and water without losses of TBA

" occurring.

The three-component mixture of SBA, TBA and water is, however, difficult to separate by
distillation since this three-component system displays a distillation boundary line which
connects the binary water/TBA azeotrope at about 11% by miass of water (the literature reports
values at atmospheric pressure of from 10 to 12.5% by mass) (point B in fig. 1) and the bihary
watet/SBA azeotrope at about 28% by mass of water (the literature reports values at
atmospheric pressure of from 26.7 to 32% by mass) (point C in fig. 1). This distillatioe
boundary line separates two distillation fields. The above three-component system, shown in
figure 1, thus displays two distillation fields: distillation field 1 in the region A-B-C-A and
distillation field 2 in the region B-E-D-C-B. In the disﬁllaﬁon field 1, the high boiler is water,
the low boiler in this region is the TBA/water azeotrope and the intermediate boiler is the

SBA/water azeotrope which cannot be separated off in pure form,



SBA/ wat er azeotrope which cannot be separated off in pure form To
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m xt ure by neans of a
However, it has surprisingly been found that SBA can be separated off from a production

stream which comprises water, SBA and TBA. and whose composition lies in the region of
distillation field 1, in particular a production stream which is entiched in SBA, ﬁrttmlly
without losses of TBA when water is separated off from the production stream used as feed
mixture by means of a membrane in such an amount that the retentate has a composition lying
in the region of the distillation field 2 and the retentate can thus be separated into SBA and a
TBA/water mixture by dlstllla’uon

The invention accordingly provides a process for separating SBA from an industrial mixture
which comprises SBA, TBA and water and in which the proportion by mass of water is greater
than the limit concentrations of the distillation boundary line connecting the two azeotropes
TBA/water and SBA/water, i.e. the SBA/TBA/water composition of the mixture lies in the
region of the distillation field 1, wherein water is separated off from the mixture by means of a
membrane in such an amount that _the retentate has, in terms of its SBA/TBA/water
composition, a proportion by mass of water which is less than the limit concentration of the
distillation boundary line connecting the two azeotropes TBA/water and SBA/water, ie. in



menbrane in such an anount that the retentate has, in ternms of its

SBA/ TBA/ wat er conposition, a proportion by mass of water which is | ess
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SBA/ TBA/ wat er conposition lies in the region of distillation field 2, and
the retentate is separated by distillation into a stream conprising SBA
and a stream conprising predom nantly JBA and water. Thus, the SBA is
separated off in the process of the invention by neans of a conbination of
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The Ap'roc'ass of the invention is described below without being restricted to these embodiments.

In the process of the invention for separating SBA from an industrial mlxture \;v'hich comprises

~ SBA, TBA and water and in which the proportion by mass of water is greater than the limit
~concentrations of the distillation boundary line connecting the two azeotropes TBA/water and
‘SBA/water, ic. the SBA/TBA/water composition of the mixture lies in the region of the
distillation field 1, water is separated off from the mixture by means of a membrane in such an
amount that the retentate has, in terms of its SBA/TBA/water composition, a proportion by
mass of water which is less than the limit concentration of the distillation boundaryr line
connecting the two azeotropes TBA/water and SBA/water, i.e. in terms of its SBA/TBA/water
composition lies in the region of distillation field 2, and the retentate is separated by distillation

 into a stream comprising SBA and a stream comprising TBA and water,

The separation of the water from the SBA-containing feed mixture by means Aof a membrane
can be carried out by reverse osmosis (retentate and permeate are liquid), by pervaporation

(liquid retentate, gaseous permeate) or by vapor permeation (retentate and permeate are



into a stream conprising SBA and a stream conprising TBA and water. The
separation of the water fromthe. SBA-containing feed m xture by neans of a
menbrane can be carried out by reverse osnosis (retentate and perneate are
liquid), by pervaporation (liquid retentate, gaseous perneate) or by vapor
perneation (retentate and perneate are 5 gaseous). It can al so be separated
of f by sinultaneous pervaporation and, vapor perneation. The renoval of
the water by neans of a nenbrane according to the invention is preferably
carried out by pervaporation (liquid retentate, gaseous perneate). The
removal of water by reverse osnosis, pervaporation or vapor perneation can
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support material and a polymer membrane or applied polymer separation layer.

Inorganic membranes can offer advantages since they are often stable at relatively high
temperatures and can more readily be operated using superheated steam. Their stability to
organic components can in some cases likewise be higher. On the other hand, polymerr
membranes offer the advantage that they do not have any catalytic properties, e.g. for

polymerization reactions, as can be the case for inorganic membranes.

The removal of water according to the invention using inorganic merbranes is preferably
_.can‘ied‘ out at a temperature of from 20 to 200°C and when using polymer membranes is
-preferably carried out at a temperature of from 20 to 150°C. The removal of water is

* particularly preferably carried out at a temperaﬁlre of from 60 to 140°C regardless of the type

of membrane.

The process of the invention is preferably carried out at a pressure of the mixture fed to the
membrane unit (liquid, gaseous or as a mixed phase) of from 0.5 to 30 bar, preferably from 0.8

to 20 bar. The pressure on the permeate side of the membrane is preferably from-0.001 to 1 bar.



of menbrane. The process of the invention is preferably carried out at a
pressure of the mxture fed to the nenbrane unit (liquid, gaseous or as a
m xed phase) of fromO,5 to 30 bar, preferably from0.8 to 20 bar. The
pressure on the perneate side of the nmenbrane is preferably fromO0.001 to 1
bar. 6 In the case of polynmer nenbranes, the differential pressure is
preferably from0.01 to 20 bar and in the case of inorganic nenbranes it
is preferably fromO0.01 to 30 bar. The differential pressures. are
particularly preferably in the range from1l to 5 bar. The nmass flow (kg of
perneate per square neter of nenbrane surface per hour) is preferably from
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substreamto the ne ne nodul e for water to be separated off again. If
appropriate, all of some of the perneate can be used directly, for exanple
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top fraction in a distillation. The mixture obtained as top fraction can be recirculated either in

its entirety or in part after dischatge of a substream to the membrane module for water to be

separated off again.

If appropriate, all of some of the permeate can be used directly, for example as process water in

a plant for synthesizing TBA.

. In terms of its water content, the retentate lies in the distillation field 2, i.e. has a proportidn by
mass of water which is less than the water content of a mixture having a composition
corresponding to the distillation boundary line B-C connecting the azeotropes SBA/water and
TBA/water. The water content based on the three-component system SBA/TBA/water at SBA

_contents of from 0.0001 to 6% by mass is preferably less than 11% by mass, preferably less
than 10% by mass and particularly preferably less than 9.5% by mass. At SBA contents of from
6.01 to 15% by mass, the water content based on the three-component system SBA/TBA/water
is preferably less than 15% by mass, more preferably less than 14% by mass and particularly
preferably less than 13% by mass. In addition, the retentate ‘can further comprise up to 5% -by
mass, preferabljr up to 3% by mass, very particularly preferably from 2.5 to 0.01% by mass, of
additional 'substances, for example C8-olefins or C8-alcohols.



contents of fromO0.0001 to 6% by mass is preferably |ess than 11% by nass,
preferably less than 10% by mass and particularly preferably |ess than
9.5% by mass. At SBA contents of from 6.01 to 15% by mass, the water
content based on the three-conponent system SBA/ TBA/water is preferably

| ess than 15% by mass, nore preferably | ess than 14% by nmass and

- particularly preferably |less than 13% by nmass. In addition, the retentate
can further conprise up to 5% by nass,spreferably up to 3% by mass, very
particularly preferably from2.5 to 0.01% by mass, of additional
substances, for exanple C8-olefins or C8-al cohols. 7 The .fractional
distillation of streans obtained in the process of the invention, in
particul ar Hﬂe retentate, can be carried out in one or nore columms

provi ded wi tiHe frpftiena) istllafipn efstiapms dbtained fncthe progest et thergvantit fmpdroulaf @@dom
packi ng andiedntses, 481 Bc juP o ' bstillation, is
preferably carried outEﬁﬁﬁghgghg%g@ggﬁﬂﬁﬁg&%gﬂ?ﬁ%dgg%ém%?ﬁ%3$ﬁﬁﬂmyﬁﬁys, t he
fol | owi ng t YpEstoting termalseigndom pagking andipr ordererbipaglsing The beptrstidnrbytdisillgioat e
trays havi ng pieakisly Sdridalb 8 ¥R Mgt ar e covered by bills, caps or hoods;
trays having hol es covered by novable valves in the plate; trays having a
speci al construction. In colums having rotating internals, the runback is
ei ther sprageitle e STRERSN hys! B RilbwHy HPARE! % @ IS spread as a filmover a
heat ed tube magl_by means, of a rotor. Di sordered beds of various packi ng
el enents cafi®§&airechelss g fifsdn hgplatths enpl oyed in the process of the

I nvention. Eﬂgﬁmm@ﬂmgé093@@né¢mﬁ%ﬁ&@&kh¥dﬁﬁ%ﬂ, ?E{ﬂ%&? e.g. steel

stainless s eeh,, copper, carbon, stoneware, .porcelain; glass, plastics,
etc., and h&¥8 @%W?BE§°§ﬁ§6€%Fm@ﬁkvﬂgﬁwéﬂEQER;rings havi ng smooth or
profil ed. sutdyat®sng 4 b cdidvichch. i nternal webs or holes in the wall, wire
mesh rings, saddles and spirals. Packing having a regular geonetry can
conprise, for exanple, sheets or woven neshes of netal or plastic.
Exanpl es ofmammhmpmﬁ&gmgmag§m§mmz&£nﬁfﬁﬁ@ﬁﬂﬁ&%ﬁaﬁﬁgﬁﬁ%mw??ké%ﬁ funnels

Lanel | enpackungen, Mel |.apak nmade of sheet netal; -performante packin
such as pacg 18 s%read as gé]m%ver a heated fube wall by means of a rotor. P P 9

Disordercj,d beds of various packing elements can be used in the columns employed in the
process of the invention. They can be made of virtually any materials, e.g. steel, stainless steel,
copper, carbon, stoneware, porcelain, glass, plastics, etc., and have various shapes, e.g. spheres,

rings having smooth or profiled surfaces, rings having internal webs or holes in the wall, wire
mesh rings, saddles and spirals.

Packing having a regular geometry can comptise, for example, sheets or woven meshes of
metal or plastic. Examples of such packing are Sulzer Gewebepackungen BX, Sulzer
Lamellenpackungen Meilapak made of sheet metal, high-performance packing such as
MellapakPlus, structured packing from Sulzer (Optiflow), Montz (BSH) and Kithni
(Rombopak).

The coluran used for separation of the retentate obtained from the membrane module preferably
has from 5 to 70 theoretical plates, preferably from 10 to 60 theoretical plates. The inflow plate
depends on the composition of the retentate. It has been found to be advantageous for the

retentate to be fed onto the 2nd to 55th, counted from the top, theoretical plate, in particular
onto the 3rd to 35th theoretical plate. '



Mel | apakPl us, structured packing from Sul zer (Optiflow), Mntz (BSH) and
Kti hni  (Rombopak). The columm used for separation of the retentate
obtained fromthe nmenbrane nodul e preferably has from5 to 70 theoretical
pl ates, preferably from 10 to 60 theoretical plates. The inflow plate
depends on the conposition of the retentate. It has been found to be
advant ageous for the retentate to be fed onto the 2nd to 55th, counted
fromthe top, theoretical plate, in parjicular onto the 3rd to 35th
theoretical plate. 8 The, operating presSsure of the colum for
fractionation of the retentate is preferably fromO0.1 to 15 barabs.
(bara), particularly preferably fromO0.8 to 10 bara. Distillation of the
retentate gives a bottom product conprising 2-butanol and possibly high
boi | ers. Th&ha@aratingrressire of the tuhsmshor BaToratosrakeatemhty is fﬁe‘réaﬂlm dyoby ness,

nore prefer f‘?ﬁa)‘abs gﬁ@oéaﬁﬁq?g}f 5‘3496?%%@&1]1%&0& xture of TBA, water and anyr

| ow boilers 1Is fanol content of the top
product is preferabl y less than 4% by mass, in particular less than 3% by

mass. 2-Butg [ Lr.e tual Ly free of high boilers can be
obt ai ned by ﬁﬁht¥ﬁagg?fa?ﬁm Vﬁh?éﬂ%?ﬂ?@6%#F%@”@Qﬁ&ﬁmgﬁé§@d@ﬁ“ﬁh@mﬂhpor|zer
or in gaseobmslersy Thei ThA doxﬁeot ofi this strauincie proferabiedsithdnis 5§ ﬁlhs@PnhB}Q pRE&IHLPN Of
the col um. h%hﬁhﬂ@%&ﬁ cligns s% ed f the xture means of the
process of the |nvent on can 3@%18?@ ﬂ%ﬁﬁ%ﬁ%égat¢@Fmexanple
they can s eTllee? laﬁﬂngt @ntehtrog thasmb;eprbaict ik pfefetrdw,r lesaltlﬁaa!%%yl 10435, 6 pdr&lbicgNe. Any
IOM/b0|Ier h n.can, be.sepat d.off b dlstlllatlon The

2- but anol has a'%)eg r%su%%da?'ﬁ:{‘ STt %gee&f P}ﬁxf’@’&m’f B be gltrigedtlyy
|ndustr|altﬂa&yﬁf@aﬂﬂmﬂwﬂﬁﬁhu®¢v@xﬁpﬁmﬁﬂmﬁ&mmédmmhamlQ@aﬂ§&qmﬁﬂi&&?&ﬂrsor
for methyl gihy %MEEMQEFEF§€“%&$‘EQE f,or surface coatings and resins, as a

constituent of co@%ﬁstltuent of cl eaners. Furthernnre,
it is enployed in the production of fragrances dyes and wetting agents.

The proces f utanol 0 _be separated off from any
ternary ni ijﬁgg%r%Ch&gg‘%ya%EEg %ﬁ% feﬁrb IVihg° |ﬂheW??§SS&?E’FHVF’5‘PP8Whﬁ eld 1
wi t hout "I oseEwloyest for mowr pnmposes cBeetamplv.cthey wivesertehss stiriig meGridl abh e

conpri se uﬁ’l’ép@raéoﬁ’&YsoﬁR&% Z-ny 1&& g&eﬁ%&és&ﬁ ﬁler(efﬁ e be separa(%ed oﬁ%]}?%ls a(%{og :

The 2-butanol which has been separated off can be utilized for customary industrial
applications. Thus, for example, it can be used as precursor for methy] ethyl ketone, as solvent
for surface coatings and resins, as a constituent of brake fluids and as a constituent of cleaners.

Furthermore, it is employed in the production of fragrances, dyes and wetting agents.

The process of the invention enables 2-butanol to be separated off from any ternary mixtures of
TBA, SBA and water lying in the distillation field 1 without losses. of TBA. This succeeds even
When the mixtures firther comprise up to 5% by mass of high boilers (e.g. C8- or C12-hydro-
7 carbons formed by oligomerization of isobutene, C8-alcohols) and/or low boilers (eg.
isobutene or other C4-hydrocarbons). Thus, 2-butanol, in particular 2-butanol having a tert-
butanol content of less than 1% by mass, preferably less than 0.5% by mass, can be prepared by

means of the process of the invention,

In particular, TBA streams enriched in 2-butanol from plants in which isobutene is prepared

from TBA by elimination of water are used in the process of the invention. These streams



carbons formed by oligonerization of isobutene, C8-al cohols) and/or |ow
boilers (e.g. 1isobutene or other C4-hydrocarbons). Thus, 2-butanol, in
particul ar 2-butanol having a tert- butanol content of |ess than | % by
mass, preferably | ess than 0.5% by nass, can be prepared by neans of the
process of the invention. In particular, TBA streans enriched in 2-butanol
fromplants in which isobutene is prepared from TBA by elim nation of

wat er are used in the process of the inyention. These streans 9 usually
further conprise C4-hydrocarbons and downstream products of C4-ol efins as
additional conponents. A block diagramof a plant in which the process of

the inventi Qn,GARRE GRIL 84l LS sh in fig. 2. eed mxture (1)
together with an optiona ‘“’g‘gﬁ‘ﬂ‘%"@?mo gﬁ“gsﬁmsnﬁrcﬁluﬁtf%f((gqlgﬁénfﬁ%?ﬂm%’éﬂlum (8)
is fed intocempenendsrbrane unit (2). The retentate (3) which has been
depleted in water is separated in the colum (5) into a top product (6) .
conprising TBA, water, snmall anounts of SBA and possibly. |ow boilers and
a bot t om pr &cdlrsk deprmebaplntdn niich the pRedabithoinvdnton e b epaddates sfh.in TO
Caken of 1o tho v aarte, APWeER A yCipsitel 3o Bl i Sl U0 Wt a.
formas a sfdwnn () dofed ity Me rendmare eit §2)r Thepicentals €5)t wideh bk bedbedesRlednm (5) .
2

In the colu )sepatdi& te (4 LS.separated into a water
stream (9) {g]‘r;:te gsf%p pr%ﬁ?%ﬁc@%r?é?#&u%gﬂcog'ﬁﬂs,mﬁz\g?‘é’r walf smally | ow
boi | ers. Thimountsef Hip 4 dedsossidnlopeboilers andaubotidng prothet (7 eonipeisiay &8 @-Hufhél t 2) 1 N
its entiret i : r.at |- off a.supstream (11). As_an
alternati ve%/“? %até%%e%g%g%?ﬁgu%a?ﬂ% m%%lgoq'bcémtelgiorf glgg ?Vjeffs@f Kofetfan beys
process wat @ken; off onT Ba vayon hass pEthp vapatizer bnintgasesusam diquid fhre 4@l idd3wéd) | S
not necess beSt: 4T Fren f the process of the
i nventi on, a(rv—%g ggﬂit%e%@%%tgﬁqﬁ %%%%ﬁ?uwg‘gﬂl%n@ ;(t(al P88y RFFEEA ¢ht i on
before it i§s¢nagted dnte pavaivp piRm(®) andjattop MDodei (1Madoimprising TBASEA) Cast b

m Xt ur e . Sepakddveboilets. [ t.0 a.top. product
havi ng -a wap%gr contenﬁ%%@%@&%éﬁ}%&ﬂ%ﬁggﬂet eglgﬁg%nw}%rkg)olﬁé% %??ron of
the disti| |'BPPANESTAGERSOHT ¢ Absteeom(blt Avvn dltbroativeitbe pzmeta tpes (4B kat er  and
SBA/ vat er, direfly skt fuRFid¥Bs Prbcesd SataBivh TBA/ YRh&Ts pRARPHL bR e column ®) is

not necessary and is omitted.

In another embodiment of the process of the invention, water is removed from the industrial
mixture by distillation before it is fed to the membrane unit. Distillation of the industrial
mixture separates it into a water-rich bottom product and a top product having a water content
which is greater than the limit concentration of the distillation boundary line connecting the
two azeotropes TBA/water and SBA/water, i.e. in terms of its SBA/TBA/water composition
lies in the region of the distillation field 1, but is below the original water content. The
industrial mixture which has been prefreated in this way is then depleted further in water in a

- membrane unit and is appropriately worked up.

A block diagram of a variant of the plant in which this embodiment of the process of the
invention can be carried out is shown in fig. 3. The feed mixture (13) is firstly worked vp in a
column (14) to discharge a water-rich stream (15) at the bottom of the column. The distillate
stream (1) which has beeén partly dewatered in this way is then introduced together with an
optional part (12) of the distillate (10) from the column (8) into the membfane unit (2). The
water-depleted retentate (3) is separated in the column (5) into a top product (6) comprising



lies in the region of the distillation field 1, but is below the original
wat er content. The industrial m xture which has been pretreated in this
way is then depleted further in water in a nenbrane unit and is
appropriately worked up. A block diagramof a variant of the plant in which
this enbodi nent of the process of the invention can be carried out is
shown in fig. 3. The feed m xture (13) is firstly worked up in a colum
(14) to discharge a water-rich stream (;15) at the bottom of the colum. The
distillate stream (1) which has been partly dewatered in this way is then

i ntroduced t oget her mﬁth an optional part (12) of the distillate (10) from

th | t | et ed t t at
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be able to antent of high boilers. The
aqueous per %E%B?%e%gﬁg%p %{de’a%e col g) rﬁ‘nwa(teé)st“?aﬁ’t ) andadpR prodyct eam ( 9)
and a top pﬂ@M@anSl{I&'O?Aoiﬂm miaist agl a'n’:BI@w 1SR, ’[mtt@fpradisdt @l Ye }e@iwul%féult@r s.
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entirety or in part a separ at
al ternat i vealtemgiévepthe rmmeetesstrcaaam) (cz(h) becé:ecﬂ);eusdai hetbd 3 pised akk e rTES

process wat §fmbdl ;l'%ﬁhl t In this case, .the colum (8) is
not necessas?% an s omst%%{'(’legdﬁE ‘%0% gﬁl AR RRrEssaY B ant i s that the
concentration of water in the feed (1) to the nenbrane wunit is reduced in

t he prellmﬁﬁrauﬂgg@‘; Tt that the. c on of this feed
in the distillation fi?i(;al% rr%)ves e((: ggseera Ono ‘ﬁaeerdﬁ'gjf?ﬁnﬁgﬁt% ¢ y line
BC. This mefds tepused indheprelipinay devatering Cddmms @ nscatha dheadbfapsittmof e faed

Stream  (1)inb didifSR R0 M ideed QB b o RO R0 honCent LAt Lon i nt o

the distillation field 2, TR ®Ssmal | er
and is. ched}pss hagto @Gﬁwﬁét‘)ﬁfﬁ@l the iﬂleii B#qaar(il) id dhwarh@utirang uaid knllerder to brirgS

possi bl e t Ghdlsdhcerratiddl MEULE WRLRABA 151 bid 1.2 ' on, ghis, colum
preferably haaﬁ from5 to 70 theor etdleca%]%gﬁggttgﬁse mg‘!#l'i era% F o T8 o0 60
er and is cheaper to construct.

As preliminary dewatering column, it is possible to use a column custornarily used for
distillation, This column preferably has from 5 to 70 theoretical plates, preferably from 10 to 60
theoretical plates. The inflow plate depends on the composition of the feed. It has been found to
be advantageous for the feed to be fed in onto the 2nd to 55th theoretical plate, counted from
the top, in particular onto the 3rd to 35th theoretical plate. The operating pressure of the
preliminary dewatering column is preferably from 0.1 to 15 barabs. (bara), particularly
preferably from 0.8 to 10 bara.

" In a further embodiment of the process of the ihventiqn, the mixture to be separated is
introduced as feed into a column in which water is discharged as side stream by means of a
membrane module and the retained mixture which has been depleted in water is returned to the
column. Distillation of this mixture in the enrichment section of the column separates it into a
TBA-enriched top product and a water-enriched product having a water content which is
greater than the limit concentration of the distillation boundary line connecting the two
azeotropes TBA/water and SBA/water, i.e. in terms of its SBA/TBA/water composition lies in



theoretical plates. The inflow plate depends on the conposition of the
feed. It has been found to be advantageous for the feed to be fed in onto
the 2nd to 55th theoretical plate, counted from the top, in particular
onto the 3rd to 35th theoretical plate. The operating pressure of the
prelimnary dewatering colum is preferably fromO0.1 to 15 barabs. (bara),
particularly preferably from0.8 to 10 bars. In a further enbodi nent of
the process of the invention, the mxture to be separated is introduced as
feed into a colum in which water is di'scharged as side stream by neans of
a nmenbrane nodul e and.the retained m xture which has been depleted in

water is retgr : Distillati.gn of thi.s mxtyre in the
enri chnent’ réﬂébcr't@?ﬁgl}l&g?lé ?ﬁtglag% ﬁ% 1’5@6%%{“8@ Olft(al G cﬁ[“gnaﬁ%gﬂpﬁlﬁﬁhilﬁlﬁ@ﬁ Bop
product and teneff Gpm gdistfatign priwehiiotzaseansiontiquid famh 69 a sidertr@R! oMbty ihs

greater thagehhe;dimt; rati f the.disti]lation boundary Iine
connect i ng theq{%wcg azlségrtg&geglje&g @éﬁ {/\gfg@zénre %ﬂ%gesgwtb@t %‘F wafer-gich ipppdpct igg  of
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this, the wWatgtamkd &hn [ ptrated.according to the invention by
di scharge of Iwz_;lt er as@%_er atogﬁ]feo EI‘I ﬁﬁtfﬁe%m g‘%at&getséf‘le%(‘i’ﬁmréﬂ?w’ﬁkw{f‘h is

| ess than t felativerd the pogiticaref thapbiotet ehich e silie stréal iatakanofpasndaslt of whih
connecting R4, BALYatLEr Awater. This retentate

whi ch has been depl etﬂ%g&%e?ﬁ%?%et% e ﬁlfﬁﬁelﬂ% é/v\flgﬁeéc?‘ﬂ%ﬁnmbg‘r‘fm@fm? he
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SBA/ TBA/ wat &f atdbshssemnof acdlymmhi ch the proportion by mass of water is |ess
than the limt concentration of the distillation bounary |ine connecting
the two azeotropes TBA/water and SBA/ water and enriched SBA can be
separated Oftfockidiagrm ofor vasiantor thenplant h lrivh this leinbalimetit af emra@tssaf\dar i ant  of
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- upper part of a coJumn (1 (% apd worked up there 50 as to give a TBA-rich stream (17) at the top
of the column. Below the feed point, a gaseous or liquid side stream (18) is taken off and is fed

into the membrane unit (19). The retentate (20) which has been depleted in water is fed back

into the column (16) at the same point or a lower point (number of theoretical plates from the

top downward). In the part below this recirculation point, the composition is in the distillation

field 2 ancl_ a bottom product (21) comprising the 2-butanol to be separated ﬁﬁ' can be obtained.

In this case too, the product can be taken off from the vapor phase of the vaporizer or in
gaseous or liquid form as side stream (21A) from the stripping section of the column (16) in

order to be able to obtain 2-butanol having a low content of high boilets. The aqﬁcous permeate

(22) is continuously discharged from the membrane module, with the amount of water
discharged being such that the composition of the retentate obtained is in the distillation field 2.

The water can be reused as process water in a TBA synthesis plant. As an alternative, the

- permeate (22) can be worked up in a subsequent distillation 50 a5 to give pure water as bottom
product and a top stream comprfsing predominantly TBA, other organic components and small

amounts of water.



upper part of a columm (16) and worked up there so as to give a TBA-rich
stream (17) at the top of the colum. Below the feed point, a gaseous or
liquid side stream (18) is taken off and is fed into the nenbrane unit
(19). The retentate (20) which has been depleted in water is fed back into
the colum (16) at the same point or a | ower point (nunber of theoretical
plates fromthe top dowward). In the part below this recirculation point,
the conposition is in the distillation,field 2 and a bottom product (21)
conprising the 2-butanol to be separate& of f can be obtained. |In this case
too, the product can be taken off fromthe vapor phase of the vaporizer or
in gaseous 2 f,romthe strippi section
of the. col une P Esuras lhas, Bhiin>ho3lh Sh ket T ot roerbi e | ow
content of ﬁF@ﬁ~@ F%#%demﬂﬁﬁﬁmwm%%ﬂypeﬂwamménm¢Zﬂ&mksmﬁQﬂmmﬂuouﬁbmy
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bei ng such that the conposition of-
di stillatiofieldildp @ezilmliﬁth’e ﬁmhl%rAS@aWSltltethlemwuaarezpreqm&ﬁs Hrﬁztll%faddrtha TBA

synthesi s phafbrandiiodils ol b kAR ok ecpuper MeaL € (22) can be worked up in
a subsequent distillation so as to give lfo re water as bottom product and
atop stream conpri sing predoninantly TBA, other organic corrponents and
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to use industrial colums whose OSSI%# con {ruc ion%y r eady

been descr i 9¥Ha8FPUS fa dhedpadgo b%ﬂg@%ducﬂfdmn@abq Ind o 86ith theoretival platke emmterl iomn of the

fracti onal #¢&p)ihbatiév®h oRb e t ocess. of the
i nvention. hg cgl um pref e?ﬁ)iﬁgﬁg@mﬁ%& gﬂate%efg%&?heo m‘f& HIHE Kt es,
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to beintrod ced ont ttge 2nd to h theoretic at e
' er 1s returned to the column (16) at the 3rd to 111th ﬂleorehcal plate, preferably the 5th to

96th theoretical plate. The operating pressure of the column in this embodiment of the process

of the invention is preferably from 0.1 to 15 barabs. (bara), particularly preferably from 0.8 to
- 10 bara,

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

are not shown in the block diagrams, but are of course components of a plant.

The following examples illustrate the invention without restricting its scope which is defined
by the description and the claims.

Example 1

SBA was separated off in a plant of the type shown in figure 2 with ﬂle column (8) and thus the
- streams 9, 10, 11 and 12 being omitted. The diameter of the column (5) was 50 mm. Metal

distillation packing having 20 theoretical plates was installed, and the feed was introduced onto

the 5th theoretical plate counted from the top. The feed (1) used for the experiments was taken

from an industrial plant for the preparation of isobutene and had the composition indicated in



the top, in particular onto the 3rd to 75th theoretical plate. The gaseous
or liquid side streamis taken off below the feed point at the 3rd to
110t h theoretical plate, counted fromthe top, preferably at the 4th to
95th theoretical plate, and the stream (20) which has been depleted in
water is returned to the colum (16) at the 3rd to 111th theoretical plate,
preferably the 5th to 96th theoretical plate. The operating pressure of
the colum in this enbodi ment of the prcess of the invention is
preferably fromO0.1 to 15 barabs. (bara), particularly preferably fromO0.8
to 10 bara. Customary conponents such as punps, conpressors, val ves, heat
exchangers v i.n.th bIo ans, but are of
8B 1VRRAS !t’e%l% asecgllé ?Qfﬂcﬁlt_? %P:I membrane mo lgl? :ﬁ 8{ % DYEVAPQITFEr-

course conponents of ant OW Ng ex
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for the prepseation of isobutene and had the conposition indicated in 13

table 1. It—was.fed in gaseous forminto the nenbrane nodule with the aid
of a prevapStreamenmber The| Swedhane treat Menks MRS carri e@og&h&%n ggtg%lppr
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TBA 33.7
2-Butanol 3.4
C8-Alcohol 0.7
Other components 0.2
3 _ Retentate 1.50 Water 9.1
' TBA 80.7
2-Butanol 8.0
C8-Alcohol 1.8
Other components 0.4 |
4 Permeate N 2.16 : Water 98.7
' TBA 1.1
2-Butanol 0.}
_ - | Other compdncnts 0.1
6 | Distillate from 1.38 ' Water 9.9
column (5) TBA 88.0
2-Butanol 2.0
Other components 0.1
7 Bottoms from 0.12 TBA 0.1
column (5) ' 2-Butanol 75.5
C8-Alcohol 21.7
Other components 2.7




[ by mass 1Fresh feed3.66 Water 62.0 TBA 33.7 2-Butanol 3.4

ICQ- gla(r:grs]ol y0. 7 O her conponents 0.2 3Retentatel.50 Water 9.1 TBA 80.7
2-Butanol 8.0 C8-Al cohol 1.8 Qther conponents 0.4 4Perneate2. 16 Water 98.7
TBA 1.1 2-Butanol 0.1 O her conponents 0.1 6Distillate froml.38 Water 9.9
colum (5) TBA 88.0 2-Butanol 2.0 O her conponents 0.1 7Bottons fron0D.1.2
TBA 0.1 colum (5)2-Butanol 75.5 C8-Al cohol 21.7 O her conmponents 2.7 14
The pressure of the distillate stream (j4) on the feed side of the nenbrane
was 1 bar and the pressure on the perneate side (4) of the nenbrane was f
0. 055 bar. The colum (5) was operated at 1 barabs. and a reflex ratio o

10. The pressure of the distillate stream (1) on the feed side of the membrane was 1 bar and the
pressure on the permeate side (4) of the membrane was 0.055 bar. The column (5) was operated

at 1 barabs. and a reflux ratio of 10.

Example 2 _
SBA was separated off in a plant of the type shown in figure 3 with the column (14) being
.operated separated from the remainder of the plant. The diameter of the column {14) was
50 mm. Metal distillation packing having 10 theoretical plates was installed, and the feed was
introduced onto the 5th theoretical plate counted from the top. The feed (13) used for the
' -experiments was taken from an mdustrial plant for the preparation of isobutene and had the
"'composmon indicated in table 2. The resultmg distillate which had been depleted in water was
collected and the concentratmn of water was subsequently reduced further in the vapor
permeation. The vapor permeation was carried out in an experimental laboratory plant using a
Sulzer 2201 membrane from Sulzer. The column (5) corresponded to the construction in
example 1, but the SBA was taken off as a side stream (7A) from the packing above the
i'aporizer with the aid of a liquid collector. The region between the vaporizer -and the liquid
offtake was provided with distillation packing corresponding to about 1 theoretical plate.
Colummn (8) was omitted, so that the streams 9, 10, 11 and 12 were also absent. The stream
numbers in table 2 below refer to the numbering of the steams in fig, 3. Components having a
| concentration below 0.1 parts by mass in the mixture are generally not shown in table 2.



Exanpl e 2 SBA was separated off in a plant of the type shown in figure 3
with the colum (14) being .operated separated fromthe remai nder of the
pl'ant. The dianeter of the colum (14) was 50 nm Metal distillation
packi ng having 10 theoretical plates was installed, and the feed was

i ntroduced onto the 5th theoretical plate counted fromthe top. The feed
(13) used for the .experinents was taken froman industrial plant for the
preparation of isobutene -and had the nposition indicated in table 2. The
resulting distillate which had been depleted in water was collected and.

t he concentration of water was subsequently reduced further in the vapor
per meat i on. Tikhi€2vapor perneation was carried out in an experinental

| aboratory plant using .a _Sulzer 2201 nenbrane from Sul zer. The col um (5)

correspondeﬂutmnﬁﬂmﬁaconst doh fiind N exafdsesidw DUt t heyoBA.NaS aKen of f
as a side dtream (7A) fromthe packing a the wvapori zer mnfﬁ he aid of
a liquid cgllector. The rlegi on between t i K GPPIFELS g bgui d
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theoreticall plate. Colunn (8) was omttled, XEM&%Eﬁﬁgﬁ 9, 10, 11
and 12 wer gyl so absent . pe? fyeam f to the
nunberi ng (% the steans i|n % 3. Conpgreénts havi ng pVateiddent rati on bel ow
0.1 parts by nass in the |m xture are generally not shamnmjo table 2| 15
Tabl e 2 Concentration of |{the Stream nunber Stream naneMags, | L ¥/conponents
to be [kg/ ] separated off] (parts by masg) Water 96.6 {3Fr esh T eed25{TBA 3.0
2- But anol (-3-—C8-Al-cohol {0, 1 . C8-Alcohol 0.1
15 Wastewater 23.72 Water 99.9
o TBA 0.1
1 (as distillate) Distillate 1.28 Water 34.6
(was collected for |[TBA 58.3
membrarte 2-Butanol 5.8
experiments) C8-Alcohol 1.0
Other components 0.3
1 (as starting material) | Feed to membrane Collected Water 34.6
product: 3.93 TBA 58.3
: 2-Butanol 5.8
C8-Alcohol 1.0
‘ Other components 0.3
3 Retentate 2.60  |water3.1
' TBA 86.3
2-Butanol 8.6
C8-Alcohol 1.5
_ _ Other components 0.5
4 Permeate 1.33 Water 96.1
TBA 3.4
2-Buianol 0.3
C8-Alcohol 0.1
6 Distillate from 2.34 Water 3.5
column (5) TBA 95.7
2-Butanol 0.6
Other components 0.2




15 Wastewat er23. 72 Water 99.9 TBA 0.1 | (as distillate) Distillate 1.28
Water 34.6 (was collected for TBA 58.3 nenbrane 2-Butanol 5.8 experinents)
C8- Al cohol 1.0 O her conponents 0.3 i (as starting naterial) Feed to
menbrane Col | ected Water 34.6 product: 3.93 TBA 58.3 2-Butanol 5.8

C8- Al cohol 1.0 O her conponents 0.3 3 Retentate 2.60 Water 3.1 TBA 86.3
2-But anol 8.6 C8-Alcohol 1.5 O her. conmponents 0.5 4 Perneate 1.33 Water
96.1 TBA 3.4 2-Butanol 0.3 C3-Alcohol {1 6 Distillate from2.34 Water 3.5
colum (5) TBA 95.7 2-Butanol 0.6 Qther conmponents 0.2 16 7ASi de stream
fronD. 19TBA 0. 6 :

TA Side stream from 0.19 TBA 0.6

column (5) 2-Butanol 98.8
C8-Alcohol 0.4
Other components 0.2
7 Bottoms from 0.06 - |TBAOD.1
column (5) 2-Butarol 31.6
' C8-Alcohol 58.8
Other components 9.5

A The pressure of the distillate stream (1) on the féed side of the membrane was 1 bar and the
p_;essﬁre on the permeate side (4) of the membrane was 0.055 bar. The column (5) was oberated
. at 1 barabs. and a reflux ratio of 5. The column (14) was operated at 2 pressure of 1 barabs. and

a reflux ratio of 2.8, -



col um (5)2-Butanol 98.8 C8-Al cohol 0.4 O her conponents 0.2 7Bottons
fronD. O6TBA 0.1 colum (5)2-Butanol 31.6 C8-Al cohol 58.9 O her conponents
9.5 The pressure of the distillate stream (1) on the feed side of the
menbrane was | bar and the pressure on the perneate side (4) of the
menbrane was 0. 055 bar. The colum (5) was operated at | barabs. and a
reflux ratio of 5. The columm (14) vvaf7operated at a pressure of 1 barabs.
and a reflux ratio of 2.8. 17 Clainms”’ 1. A process for separating
2-butanol (SBA) froman industrial mxture which conprises 2- butanol,
tert-butanol (TBA) and water and in which the proportion by mass of water
is greater (idi@y the [imt concentrations of the distillation boundary |ine
connecting the two azeotropes TBA/water and SBA/water, wherein water is
separated off fromthe m xture by neans of a nenbrane in such an anpunt

that the retlem po&shfs RS -PRard] (B ositi.on,
proportion by .na l% " of \?\?ap?ﬂea? g\e;\zh f(SBAZsﬁg Eﬁ/ %\éﬁ%ﬁ ﬂ@bﬁé’ﬂ’ﬁfﬁsgfl on of
the distillat |b8tﬁn o autaspl I(T% @ém*%tanﬁgl whigh thmprmem bppess JiBAdweL er  and

SBA/ wat er and gtehfet ﬂl&i R liconSenBRRAL 8 @ halon inta a stream
corrprl Si ng SBA &ﬁ& rea?n cg risi grgg'(lj'%%uaglr)\%%{;\"/{g ;ﬁ%h Vit gn T’h&%%s as
clai med-in cl éfer‘ﬁr ©s ‘?lmidh(@3 ereif Vigket Erseﬂayltem&‘rf&nom:e mum&aby ane is

carried out byhemerwaa%aﬁurﬁia mssucm BAAGE St Afe UG Yad, o O] s wher ei n
t he renoval ogB%er neans,  of a nenbrane is carrie dUt 8?
per nmeat i on. A{:/)V?f FOmposition) 3 prepattion byamgss of wetemwhieh is ld:ss)th’an thwtiimiei n t he

renoval of wat@&icentytidiesibe @ktilRtion boundary line connecting the two azeotropes TBA/water
and SBA/water and the retentate is separated by distillation into a stream comprising SBA

- and a stream comprising TBA and water.

2. '_I'he process as claimed in claim 1, wherein the removal of water by mesns of a membrane

is carried out by pervaporation.

3. The process as claimed in claim 1, wherein the removal of water by means of a membrane

is carried out by vapor permeation.

4. The process as claimed in any of claims 1 to 3, wherein the removal of water by means of a

membrane is carried out by pervaporation and vapor permeation.

5. The process as claimed in any of claims I to 4, wherem water is removed from the
- industrial mixture by distillation before it is fed to the membrane module.

6. - The process as claimed in any of clalmsl to 5 wherein an inorganic membrane or a

polymer membrane is used.

7. The process as claimed in any of claims 1 to 5, wherein a combination of an inorganic

‘membrane or morgamc support material and a polymer membrane or applied polymer

separation layer is used.



menbrane is carried out by pervaporation and vapor perneation. 5. The
process as clainmed in any of clains | to 4, wherein water is renoved from
the industrial mxture by distillation before it is fed to the nmenbrane
nodul e. 6. - The process as clainmed in any of clains | to 5 wherein an

i norgani ¢ nmenbrane or a polyner nmenbrane is used. 7. The process as
claimed in any of clains 1 to 5, V\/nerf' n a conbi nation of an inorganic
menbrane or inorganic support material and a pol ymer nenbrane or applied
pol ymer separation |ayer is used. 18 8. The process as clained in any of
claims 1 to 7, wherein the retentate which has been depleted in water and
is worked ug. BBhe Girdckds! dsal4ih VRIS t .0f | ess.than,10% b nass,
based on the t rgjé-,corrponen(?1 g&f@{gﬁ] SBA/II %X/ﬂv\vgi%e%q Ih@.r&%%ge &%ﬁ@é’@%%ﬁ%‘
clained in an;f;gPJPtCQ:ina‘?’% and jsgvogked g by distiflatiorehas e tvetst edntent 6f 165 ian A0BhybY
distillation tmhs@b¥ed éniBe Brkablbs Sl * Lon containing |less than
1% by nmass of teﬁt but anol . %#On%lﬁg}procﬂgggéégﬁ%*'ai med in any of clains 1
to 9, wherein a side streamtaken off froma distillation colum in
gaseous or bi qué Grdceds Mk dlaiBedPR t he, f : int is.fed as. mxture
to a menbrane rmq’u_l e, water d?%%?s%%%édgt%e‘%ﬁgs%%é%%%t?és SReraed &y
retentate is UEPLGA feEiveR Hbtel-estaining feeptiontvontaining losoihmt 1% iby aabsofdit- POI Nt |
as a result obutbyich the mxture in the |ower part of the colum has an
SBA/ TBA/ wat er conposition having a proportion by nmass of water which is
| ess than the limt concentration of the distillation boundary |ine
connecti ng 10)&hé WocRZ BPLLRBE S WRLS er.and enri ched SBA is
separated off, lm.t he bottom O%@ﬁt}“e qollu%nwv?%g{n%%t%rﬁ%ql p?’éBﬁ F by a
process as cl & on Folup, ity pasequg jofriquid foym1ay 2 point below the feed point is fed as

mixture to 2 membrane module, water is discharged there as permeate and the retentate is

fed back into the column at the same point or a lower point, as a result of which the mixture
in the lower part of the column has an SBA/TBA/water composition having a proportion by
mass of water which is less than the limit concentration of the distillation boundary line

connecting the two azeotropes TBA/water and SBA/water and enriched SBA is separated
off at the bottom of the column.

11. 2-Butanol prepared by a process as claimed in any of claims 1 to 10.



