1 Process for renoving 2-butanol fromtert-butanol/water m xtures The
present invention relates to a process for separating secondary butanol
(also referred to as 2-butanol or SBA below) fromtertbutanol |l water

m xtures which are obtained in the dissociation of tert-butanol (TBA), in
particular tert-butanol prepared fromindustrial C4-hydrocarbon m xtures,
into i sobutene and water. |sobutene is ja starting material for the
production of butyl rubber, polyisobutylene, isobutene oligoners, branched
C5- al dehydes and C5-carboxylic acids. It is also used as an al kyl ating
agent and Bcisdfdremoviak S-bhlinol REmREERALALI NP hiRElX des. I n industrial
streans, isobutene is present together wthn saturated and unsaturated C4
hydrocarbons | sobut ene cannot be separated econom cally fromthese
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is usually enployed to separate isobutene fromC4 fractions, for exanple
the C4 fraction froma steancracker. After the major part of the nultiply
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between isobutene and 1-butene. Isobutene is therefore isolated from industrial hydrocarbon

mixtures by converting isobutene into a derivative which can easily be separated off from the
remaining hydrocarbon 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 extractive 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 redissociated 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.



2 I 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 mnum perm ssilg e 2-butanol concentration of, for
exanple, 0.2% by "Mass in the TBA or in the TBA/ water azeotrope is not
exceeded. If, however, the industrial TBA or TBA/ water azeotrope is
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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 mass of water (the literature reports
values at atmospheric pressure of from 10 to 12.5% by mass) (point H in fig. 1) and the binary
water/SBA azeotrope at about 28% by mass of water (the literature reports valves at
atmospheric pressure of from 26.7 to 32% by mass) (pointJ in fig. 1). This distillation
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-H-J-A and
distillation field 2 in the region H-E-D-J-H. In the distillation 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.



the low boiler in this region is the TBA/water azeotrope and the
internmediate boiler is the SBA/water azeotrope which cannot be separated
off in pure form 3 To discharge SBA from an integrated TBA-i sobut ene
plant, it is nost economcal to use the streamwhich is richest in SBA for
this purpose. However, the streans obtained in the dissociation of TBA
have a relatively | ow SBA content. They usually have conpositions lying in
the distillation field 1. These streans usually further conprise small
anounts of additional substances whose presence need not, however, be
considered in this context.. If an attenpt is nade to work up such a

m xture having a conposition in the region of distillation field I by
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it is possible
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‘ enriched in SBA, virtually
without losses of TBA when the feed mixture is depleted in water by means of a single-stage or
multistage distillation process so that when the pressure is changed the composition of the

_ mixture obtained in this way is then located in the region of the distillation field 2 and this
mixture can thus be separated by distillation into SBA and a TBA/water mixture.

As aresult of the pressure change, the pdsition of the distillation boundary line moves from the
region B-C at low pressure via approximately H-J (the precise position of the eﬁd point is
located between C and I) at intermediate pressures to B-I at high pressure. Thus, it is possible
firstly to approach the boundary H-J by distillation in the distillation field 1 and, after changing
the pressure, separate off essentially pure SBA in the distillation field 2 described by the
boundary B-C at low pressure or B-I at high pressure.



firstly to approach the boundary HJ by distillation in the distillation
field 1 and, after changing the pressure, separate off essentially pure
SBA in the distillation field 2 described by the boundary B-C at | ow
pressure or B-1 at high pressure. 4 The invention accordingly provides a
process for separating SBA froman industrial mxture which conprises SBA,
TBA and water and in which the proportijon by nmass of water is greater than
the limt concentrations of the distillation boundary |ine connecting the
two azeotropes TBA/water and SBA/water, i.e: the SBA/ TBAl wat er conposition
of the m r: ks i o) istillation field 1. . wherein, in
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Thus, the SBA s separated off in the process of the invention by means of a combination of

two distillation steps, with the pressure being changed between these steps.

The process of the invention is based on the fact that pressure, volume and temperature are all
necessary to describe the state of a system, with the individual parameters in multiphase
systems being dependent on the concentration of the individual components. The points H and
J shown in fig. 1 apply to a first approximation only at pressures in the region of atmospheric

“pressure. At higher pressures, the distillation boundary line shifts and connects the points B and
I; at lower pressures, the distillation bqundary line shifts and connects the points B and C. It is
thus possible, at a constant compositibn, to increase or reduce the pressure so that this
composition lies in the distillation field 2 and SBA can therefore be separated off from the
mixture by distillation. For this to be successful, the composition of the mixture has to be
adjusted in a first distillation step so that although it lies in the distillation field 1 it is at the
same time in the field bounded by the lines connecting the points B, H, J and C or the points B,
HandI.



t hus possible, at a constant conposition, to increase or reduce the
pressure so that this conposition lies in the distillation field 2 and SBA
can therefore be separated off fromthe mxture by distillation. For this
to be successful, the conposition of the m xture has to be adjusted in a
first distillation step so that although it lies in the distillation field
| it is at the sanme tinme in the field bounded by the |ines connecting the
points B, H J and C or the points B, Handl. 5 The process of the
invention makes it possible to separate SBA from m xtures which conprise
SBA, TBA & fBss of water is greater
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water is, in a first step, separated off fromthe m xture by neans of a
distill ati on process in such an anount that the distillate obtained has, in
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SBA/TBA/water composition, a proportion by mass of water which at a predetermined pressure

is just 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, and, in a second step, the pressure is subsequenﬂy changed
so that the mixture has, in terms of its SBA/TBA/water composition, a proportion by mass of
water which at a predetermined pressure is less than the limit concentration of the distillation
boundary line connecting the two azeotropes TBA/water and SBA/water at this pre_ssﬁre and
the mixture is separated by distillation at this pressure into a stream comprising SBA and a
stream comprising predominantly TBA and water. The change in thé pressure shifts the
distillation boundary line in such a way that the mixture obtained in the first step has a
composition which after the pressure change lies in the distillation field 2.

The removal of the water in the first step of the process of the invention can be carried out in a
single-stage or multistage, in particular single-stage or two-stage, distillation process.
Preference is given to separating off the water in the first stage by means of a distillation

column.



boundary |ine connecting the two azeotropes TBA/water and SBA/water at this
pressure and the mxture is separated by distillation at this pressure
into a stream conprising SBA and a stream conprising predom nantly TBA and
wat er. The change in the pressure shifts the distillation boundary line in
such a way that the m xture obtained in the first step has a conposition
which after the pressure change lies irngthe distillation field 2. The
renoval of the water in the first step of the process of the.invention can
be carried out in a single-stage or multistage, in particular single-stage
or two-stage, distillation process. Preference is given to separating off
the water in the first stage by neans of a distillation colum. 6 It can |
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found to brRartwelacly peetreablpsatfesst 3t he pressure in the second step to be reduced
to from0.05 to <0.7 bara and the renoval by distillation of the SBA to be
carried out at this pressure or for the pressure in the second step to be
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Pressure o edirdMh Ge Secbit Jer B t2 idrased s >3 1o 13 bal aad e remmen by Jistillation of
the SBA to be carried out at this pressure. Particularly in the case of SBA concentrations in the
range from 0.001 to 30% by mass, the pressure range can also be changed so that the first
process step is carried out at a pressure of from 0.4 to 5 bara and thé second process step is
carried out at a pressure of from 5 to 15 bara, in particular from 5 to 10 bara; in such a case, the
pressures should again differ by a factor of at least 2. This is made possible by the end point B
or H of the boundary of the distillation fields 1 and 2 at moderate pressures (from 0.5 to 5 bara,
in particular from 0.6 to 2 bara) being close to point H'and at pressures of less than 0.5 bara and -
greater than 5 bara being close to point B. The end point C migrates continually in the direction
. of end point I from low to high pressures.
The water separated off as residue in the distillation process of the first step preferably has a
content of organic constituents of less than 10% by mass, preferably less than 5% by mass and
~ very particularly preferably from 3 to 0.05% by mass, in particular of TBA. Smaller values
down to 0.001% by mass can also be achieved, but this is usually not necessary and not
economically viable. TBA and SBA can be separated off together from the aqueous residue to

leave pure or virtually pure water. This separation can, for example, be carried out purely by



carried out at a pressure of from5 to 15 bara, in particular from5 to 10
bara; in such a case, the pressures should again differ by a factor of at
| east 2. This is nmade possible by the end point B or H of the boundary of
the distillation fields 1 and 2 at noderate pressures (fromO0.5 to 5 barn,
in particular fromO0.6 to 2 bara) being close to point H and at pressures

of less than 0.5 bara and greater tham 5 bara being close to point B. The
end point C mgrates continually in the direction of end point I froml ow
to high pressures. The water separated off as residue in the distillation

process ofg; L. 3L SRR has. cont ent,. .or i,C constituents

of |ess thcg%]tﬂﬁgcgg E@Eenigéss, pr 21 eir% ys1P§%gﬂP%§ﬁmg&(? Eﬁéﬁﬁ?&% ﬂglﬁd ang gpxg or

parti cul arviguably gheerediérycah ibe whinkd 2Ohigh Yoikyt ah#aSnixiufe FSBA/TBAAVat@ cad BA.

Smal | er val,ues . do 0..0.Q01% by, nmass.can .al so pe, achieved, but this is

usual I'y no?b%rﬁ'éegeasgsﬁ)?yﬁ%{:ﬁ'an ABt? d‘@ﬁ%ﬁf%’h f I gPiainedrig, tap, dragigm eamn bpe

separ at ed redifculaegeltiie in fiy @MirdeN6r iA Yo ORKF dIsCiSirHST ol sBbsrbBAVEMP BFL 51 ofthé t Ual |y
n can, for exanple, be carried out purely by 7 -

pure water. Thi sf sggar ati )

di sti| | at iR5peessqtthedhyspioniox waterto hs separaied 9Haemipi on in the region of ,
distillation field 1 and pure or virtually pure water can be obtai ned as
high boiler and a m xture of SBA/ TBA/water can be obtained as top fraction
in a di stilfrepronsiate. Apf spg plihercaidpasandd used direglys foaexangle asarocses water in a
recircul atgg &t ifoes entirety or in part after discharge of a
substreamltﬁo tﬁeﬁfﬂi{ersst gstep of the process of the invention for water to
be separated off again. If appropriate, all of sone of the residue can be
used dire iy . ter in | ant f or nt hesi zi ng
Ton i ¢ s iy B sRLRE SRF A BloctrRofie i Biton 8 SBR[ e

i nvent i on,stream SBAprising Reliutinnlpand possibinhiglobgiletsds olgaidedustbaioh pRackt eIy y hi gh
boilers. is ohtained,a ott.om product .. The TBA conte of, this - .

2- but anol -cc?%tﬁlt%e{)?rtil?l %g"bgé?tgéfﬁ?%ngﬁgmw gﬁ%@ﬁ%?%@&d&?ﬁbﬁswgﬁ mthiion in
the secomnecoat efepfiroaniii Ritstitlts toblalndd &n Gletfabinesh ik Prefddblf ickSthad DO LY Mass,
preferably |es t‘hargq%‘yfguy mass,  preferably |less than 1.7% by nmass.
stream - dEHFPYEilFY HBAl- BAPYWES: A SHERE Ifomagsing dBA andnvatsth meidlers, is

taken of f castainGpwboDErsIGE takdh 8ff%s Rey Ao@hct CRIR LRkl cddiit bO e REP PG ct i
preferably | ess than 4% b¥, mass, in particular |ess than 3% by nmass. At the
bot t om of Pr¢ferably less than 4% by mass, in particular less than 3% by mass. At the bottom of the

column, 2-butanol which is free or virtually free of high boilers can be obtained by taking off

* the 2-butanol from the vapor phase of the vaporizer or in gaseous or liquid form as side stream
in the stripping section of the column. Part of the TBA- and water-containing stream obtained
as top product in the second step can be mixed with the distillate obtained in the first step and
used as feed to the fractional distillation of the second step.

The TBA fractions which are separated from the mixture by means of the process of the
invention and are obtained as distillate in the second step of the process can be employed for
known purposes. For example, they can serve as starting material for the preparation of

isobutene. Any low boilers present therein can be separated off by distillation.

"+ 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 methyl 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.



colum, 2-butanol which is free or virtually free of high boilers can be
obt ai ned by taking off the 2-butanol fromthe vapor phase of the vaporizer
or in gaseous or liquid formas side stream in the stripping section of
the columm. Part of the TBA- and water-containing stream obtained as top
product in the second step can be mxed with the distillate obtained in the
first step and used as feed to the fragtional distillation of the second
step. The TBA fractions which are separated fromthe m xture by nmeans of
the process of the invention and are obtained as distillate in the second
step of t 2 : . known purposes..For exanple, they.
can ser vehgéeo%teg???%lgﬁnﬁ%t&gs rﬁgﬁ éa?%fo%ﬁ]ng&&!éﬁ ?Oﬁ?slggir:] anvegtgogb&pgﬁ:@qpah% | ow
boi | ers prdsilate fidwethsifisstpareatepepartateaded bt ibyndbshér lalunanprotiaed Riut anol
whi ch has | S ated off can be wutiljzed for cystomary industri al

appl i cat i ol%"s%&%hﬁgi?ﬁ R eex%?ﬁﬂ éO?aqntg 1 ﬁmlﬁe randery nggkipg é’g%?rs%del’ff@npaﬁ%@gayl

ethyl ket Ofreferease Bogivanto cdrfyingSoltfREE tHeOALIIAGS BRMek AFIAS fird St &ANGL! t uent
of brake f%q{lﬁﬁ and as constituent of cleaners. Furthernore, it 1Is

enpl oyed i HEHREOLHFEFERAREseeAndsien gt avigecolyprer S5 wet ti ng agents. 8 The
fractional distillations of streans obtained in the process of the
invention, in particular the distillate fromthe first process step, can

be carri eddifcass Pl gpkams trayr fhe feliomingfpes covbiedseil:wi t h i nternal s which may be

trays, otk AfiideHofs BALIRS in' lqm packi ng and/ or ordered packing.
Preference i's given to carrying out both the distillation process of the

first steptanbavingaecksios ehimneysivdirhpromeesd by bittheasechnds;step in a single
col um pery, inolH31 I tra .the follow ng types can be
used: trayaz a\_/lgng eﬁgﬁggeﬁgos Ig%ﬁagfév?l%‘h%heﬁ%?’e; trays having necks or
chi meys \iyehavinge speviad cargtringtiobi | | s, 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 either

sprayed by eelamss iofvingebtatingrigtefnald the finbak i GthefpRe Bmant bf BaANSfnAefeat ed
tube wall by neans of. a rotor, .Di.sordered beds of various packing el enents
can be us e"ayﬁ Sﬁre?ﬂgs ac%lfrlﬁ?'l‘?sa g‘?ﬁ?ﬂ&?&d"aﬁﬁy fans o2 rotor

Disordered beds of various packing elements can be used in the columﬁs employed in the
Pprocess 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,
rinigs having smooth or profiled surfaces, rings having internal webs or holes in the Wﬁll, wire

mesh rings, saddles and spirals.

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

The column used for the preliminary dewatering of the industrial mixture used in the first step
- of the process of the invention preferably has fiom 3 to 50 theoretical plates, in particular from
6 to 40 theoretical plates: The inflow plate depends on the composition of the mixture in
distillation field 1. The feed is preferably introduced onto the 2nd to 45th, counted from the



process of the invention. They can be nmade of virtually any materials, e.g.

steel, stainless steel, copper, carbon, stoneware, porcelain, glass,
pl astics, etc., and have various shapes, e.g. spheres, rings having snooth
or profiled surfaces, rings having internal webs or holes in the wall, wre

mesh rings, saddles and spirals. Packing having a regular geonetry can
conprise, for exanple, sheets or woven greshes of netal or plastic.
Exanpl es. of such packing are Sul zer Gewebepackungen BX, Sul zer
Lanellenpackungen Nbllapak made of sheet netal, high- perfornance packi ng

such as r z t|f| antz
euch 22 Vb RERUR D SSRGS 70 L0 SHLATEa (5B ) Dk
dewat eri ngmweumlatmsbmoadtormeotmﬂ distitglionntapds first step of the process

of the invention preferably has from3 to 50 theoretical plates, in
particular from 6 to 40 theoretical plates. The.inflow plate depends on

t he conposTtie distiliafior fe the secotidesti of GeSprbdesbf @R fb&hidn Lin Jikeh HEEeYnhA Sis
preferably intr dﬂp nto the 2nd to 45th, counted fromthe 9 top,
Pheor et i o b il f pepdly cairad oiv o ceRaeging gt Y(ht’smréthal:alatepllat e (in

thi's cont epgticulat R8QI@tth @almee%eaee@ﬂa@e@rmmwpﬁ@ a, 91; i3 thg %u%“ on

stages). The distillation in the second step o rocess of
i nvent i on, ot the firtag apd ds grkrably the 2pd ity b 2H, @Flilted |ﬁs>npﬁleft@,abdoyet1cairpiatednout in

a colum Wcﬂﬁr&E@fHQSBﬁlﬂZ&reﬁ%&mﬁ?' cal plates, in particular from10 to

60 theoretical plates eln pl ate again depends on the conposition
of the mixture and is preferably the 2nd to 55th, counted fromthe top,

t heoretic a ar t e 3rd to th theoretical plate. The
oper at i ngaiglr gdg) glt&rgneg glgssuﬁe&i%‘fg gé%nm% fe %?‘?‘ig}? E{S SeF‘i’quHm?fFrHSt@Ec‘%nd

p[) ocesst rs]t131:fsralalsr frapx eDé{tﬁﬂ)ﬁ Yarfyr @lmd) A5 déseribkd abWeabt& ;;rﬁd@@-éaﬂ thagéi,hﬁgksg,f [ besl
above e _pressure in the col ryi ou e second process step
shoul d be cﬁg‘gnﬂé u“ﬁ © eSS PIR “tPﬁEmgﬁli B%@gﬁ T %%‘feh@‘a’&@etﬂ‘ﬁ‘fs‘“? Bribg eplyyR ng out
the first foraaemg osttkpfirsiiiecesy @gess of the invention enables 2-butanol to

be separated off fromany ternary m xtures of TBA;, SBA and water lying in
the distillation field | without |osses of TBA. This succeeds even -

The process of the invention enables 2-butanol o 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 further comprise up to 5% by mass of high boilers (e.g. C8- or C12-hydro-

carbons formed by oligomerization of isobutene, C8-alcohols) and/or low boilers (e.g.
isobutene or other C4-hydrocarbons). Thus, 2-butanol, in particular 2-butanol mixtures having
a tert-butanol content of less than 2% by mass, preferably less than 1.7% 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 climination of water are used in the process of the invention. These streams
usually further comprise C4—hydrocarbons and downstream products of C4-olefins as additional

components.

A block diagram of a plant in which the process of the invention can be carried out is shown in
fig. 2. The feed mixture (1) is firstly worked up by distillation in a column (2} to discharge a
water-rich stream (3) at the bottom of the column. The distillate stream (4) which has been
partly dewatered in this way is then optionally mixed with part (5) of the distillate (8) from the
column (6) and introduced into the column (6). In this, the mixture (4) is separated into a



when the m xtures further conprise up to 5% by mass of high boilers (e.g.
C8- or Cl12 hydro- carbons fornmed by oligonerization of isobutene,

C8-al cohol s) and/or |ow boilers (e.g. isobutene or other C4-hydrocarbons).
Thus, 2-butanol, in particular 2-butanol m xtures having a tert-butanol
content of less than 2% by nmass, preferably less than 1.7% by nmass, can be
prepared by neans of the process of thegginvention. In particular, TBA
streans enriched in 2-butanol fromplants in which isobutene is prepared
fromTBA by elimnation of water are used in the process of the invention.

These stregyism potadh |(Y) Eathidisl &Qrﬁ;lfdt&%l %"b@ysgéa.%t%{ %ﬁg%}(dagi 3%'%\5!\1@% &gm

products of CA-ol efins as ‘addi'tion conponen pl ant
in which t9&wpFsiag B4, witerand ppssibnlpivdnilersThe eoluan (6)ég aautdingsto Sediventich, fi 9.

2. The fe te4t k: j.r rked pstillation i.n a ¢olum
(2) to dis ﬁfaﬁreggygﬁm\%\%ﬂ%eeér@?%}gh&g ?ﬁé‘%"(’@j"ﬂg@' ?ﬁe"g{?& %}W‘B’F COHANPE IO, The
di sti || at epreporigmmf(high beflersthéprodine ea bepakenl off flewaticerapet phaset dTitke Wakrides t hen
optional |y sy xed wi part (5) of .the distillate (8) fromthe colum (6)
and i ntrodth Eﬂee d %ﬁﬁno(%f?‘{é“ %a(ff’%ﬁﬂr %‘gﬁl& E’Fﬂ 2 ﬂ%ess,treflﬁz’“gh 1 fhsEppmg section afthe at ed
into a 10 dobrinof6).pklbdrpirt 67 Jhe Cllate Stritgh (8)ear bBWbAPkirdcRy BE Fe@RARakHM Of f
and a top drJrod ct (8) conprising TBA, water and possibly |low boilers. The

col um (6)"78%®%8cording to the invention, operated at a pressure
different fromthat in colum (2). To obtain 2-butanol containing a | ow
proportion_of hjigh boilers, the product can be taken off fromthe vapor
phase of tie feah®r the éplumar(6} ise it sispachof 8y weter icntepis modistillation Fieldi2datfthe m as

si de stregmstd@endobytd e ShikinRPls ' 0 6). Al or part
of the di ??gisl late stream %W%E%Bgﬁf%@%gg%iﬁreﬁtllé %gﬁ%%ﬁg tGB’%%’Y‘i‘ERI ,
di ssoci at icelmn Bl The swter oorténs ix Ishsuthen (18) déssribeid rbyrths pamtlargfB-Ctia thedhese-
content, g dbshi Isﬁlfﬂi ﬁﬁlthe ressure enpl oyed | | um (6)
but in di s?t?kpi)atil%l?‘lt@#li el'd g}a te%'he Dressur e j@ﬁ%‘%ﬁa@g’% n'f?otf’gr‘%g))(??*?s’ The
wat er contieparticgar 1&7;17_%5\@51 mdsatvedemmlz icubnelgl pb@ferhﬂ;]l_g upaol a;jsa/; Yy Bra, iof fﬁtﬂ‘]ﬂ_ rthr ete-
conponent ter urthernmore, this mxture can contain up to
5% by msg,g%ﬁﬁgnﬁg%’grgﬁx@lﬁﬁg\r&l? P8 o5glepRPliass. very particularly preferably
up to 2.5% by mass, of further

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 example illustrates the invention without restricting its scope which is defined
by the description and the claims. '

Exainple
SBA was separated off in a plant of the type shown in fig. 2 with the stream (5) and (7A) being
omitted. The diameter of the column (2) was 50 mm. Metal distillation packing having
12 theoretical plates was installed, and the feed was introduced ontd the 7th theoretical plate
counted from the top. The diameter of the column (6) was likewise 50 mm. Metal distillation
packing having 20 theoretical plates was installed, and the feed was introduced onto the
6th theoretical plate counted from the top. The feed (1) was taken from the industrial plant and
 used for the experiments. The stream numbers in the following table 1 are the same as those in
- figure 2. The distillate (4) from the column (2) was collected and part of it was used as feed to
the second column (6). Comﬁonents having a concentration below 0.1% by mass in the mixture

are generally not shown in the table,



conponents, for exanple Cg-olefins or -alcohols. Customary conponents such
as punps, conpressors, valves, heat exchangers and vaporizers are not
shown in the bl ock diagrans, but are of course conponents of a plant. The
followi ng exanple illustrates the invention without restricting its scope
which is defined by the description and the clainms. Exanple SBA was
separated off in a plant of the type st]?wn in fig. 2 with the stream (5)
and (7A) being omtted. The dianeter of the colum (2) was 50 mm Met al

di stillation packing having 12 theoretical plates was installed, and the
feed was ipijequced onto the 7th theoretical plate counted fromthe top.
The dianmeter of the colum (6) was |likewi se 50 nrm Metal distillation
packi ng haStraag @fabeih e ofSitetn abme| at es waMiasssibal | ed, anCorhpRitos 8Shyas
i ntroduced onto the 6th theoretical pliaje counted fromthe top. The fleed
(1) was taken fromthelindustrial plant used for |YI&MSRpebY Mesits| The
stream nuhbers in the frRdshawdng tabl e 1jjagoe the sane aghgsd,i N figure 2.
The distiflate (4) fromthe columm (2) was collected and part of it was
used as feed to the slecond colum (6).| Conponents halihy3&2¥oncentrati on
bel ow 0. 1% by 'mass in the mxture are [generally not ;j]gg\g%&q t,/pe tablfe. 11
Tabl e 1. Btream nunberi{St ream naneMass f{l owconpositi on{ of the ﬁkg/ h] st 1 eam
in %by mass 1Fresh feedl. 80Water 63. 5% TBA 30. 2% 2- BlEsaslbhod 15% Cg- Al cohol

1.7% Ot her conponents [0. 1 % 3Waste wat er 1. 03Wat er .96. ag&;%émgbé‘éso 19%
- 5 gi]

3 Waste wafer 1.03 Water 96.9%

' TBA 0.1%
2-Butanol 0.1%
C8-Alcohol 2.9% -

4 Dewatered mixture, 0.77 . Water 18.9%
distillate from column (2) TBA 70.3%
2-Butanol 10.4%
Ci-Alcohol 0.1%
Other components 0.3%
4 Dewatered mixture, feed [0.40 : Water 18.9%
to column (6) ‘ TBA 70.3%

2-Butanol 10.4%
C8-Alcohol 0.1%
Other components 0.3%

5  |Recycle stream Omitted

7 Bottoms from 0.03 Water 26.3%
column (6) TBA 1.6%
2-Butanol 71.1%
Cs-Alcohol 0.9%
Other components 0.1%
TA Side stream taken off Omitted

from column (6)




2-Butanol 0.1 % C8- Al cohol 2.9% 4Dewatered m xture, 0. 77Water 18. 9%
distillate fromcolum (2) TBA 70. 3% 2- But anol 10. 4% C3$- Al cohol 0.1 % O her
conmponents 0. 3% 4Dewat ered m xture, feed0.40Water 18.9%to colum (6) TBA
70. 3% 2- But anol 10. 4% C8- Al cohol 0. 1% O her conponents 0. 3% 5Recycl e
streanOmtted 7Bottons fronD. 03Water 26.3% col um (6) TBA 1. 6% 2- But anol
71.1 % Cg- Al cohol 0.9% Ot her conponent §50. 1% 7ASi de stream taken of fOritted
fromcolum (6) 12 8Distillate fronD.37Water 18.2% colum (6) TBA 76. 7%

2- But anol 4.8% O her conponents 0. 3% The colum (2) was operated at 1

barabs. afg a Tef T UX T Rifon 0 Cot Y= 6 —was—opefgtet - —6-—1+bay abs.
and a ref|ex ratio of ?551 aeiro 6:37 Watér 18.2% '
column (6) TBA 76.7%

2-Butanol 4.8%

Other components 0.3%

The column (2) was operated at 1 barabs. and a reflux ratio of 3.5. Column (6) was operated at

0.1 barabs. and a reflux ratio of 15.

It can clearly be seen that the process of the invention makes it possible to separate mixtures
ébmpﬂsing TBA, SBA and water in such proportions that the composition lies in the
distillation field 1 in a simple manner 36 as to give an SBA fraction which contains less than
2% by mass of TBA. The process of the invention thus achieves the object of the present
invention, namely provision of a process by means of which SBA can be separated off from-

mixtures comprising TBA, SBA and water without significant losses of TBA occurring.



It can clearly be seen that the process of the invention makes it possible
to separate m xtures conprising TBA, SBA and water in such proportions
that the conposition lies in the distillation field 1 in a sinple nmanner
SO as to give an SBA fraction which contains |less than 2% by mass of TBA
The process of the invention thus achieves the object of the present

i nvention, nanely provision of a pI’OCﬁ s by neans of which SBA can be
separated off from m xtures conpri si S TBA, SBA and water w thout
significant |osses of TBA occurring. 13 Cainms: 1. A-process for separatin
2-but anol ¢ . froman industrial m xture which conprises 2-butanol, '
tert-butano BA) and water and in which the proportion by nass of water
is greater than the limt concentrations of the distillation boundary |ine
connecting,the fwo azeotropes,TBA/ r.and SBA/water, wherein, in a first
step, water is As’@%ﬁ?%?%&"’%?fa?mgfz;li’blmn%gﬁi) PRy 3R Ipgnsirishméxtege which comprisest i on
process in such-amnalyeurbutdnBRITBIAY 8ndhvaér anl 8 WhiclPfb ﬁioB&ﬁoRﬁﬁmds\%%ﬁ%f@ of
its SBA/ TBA/ wat er c sitioon, a proportion by mass of water ichat a

pr edet er m ned ﬁeé‘?éﬁﬂgg edimit copeegrations pf e distildtien bouridery diop ewnedtiag iheriwof  t he
distillation bougadps TBARPRICSEAME L Woherdil\On _quﬂﬁtsgegpﬁétc;r E’%’eﬂ@%}t@c{ ofnd
SBA/water and, in a second step, the pressure is subSequently changed so
that the mi xtuf®nhhemiftere by seans ofe distibatoBatoeaw imetch an conwd shat fhedjstitlate

proportion by nB&se®hadvah e d_pressure is |ess than
the limt concentration o?gntn}q%rg?ss?ltl | a%ﬁegﬁéﬁh%@;ﬁ’ 2 BrBSon BB 00 ¢ he
two azeot r opes WaBAMchat 2 predet@Binadatressuratis jubli greqtar dlsmuthe limftdohdestratizh 6Fure i s

separat ed by disst i i an’ hi S pressure.into .a st co i Si SBA and
a IOst ream cgrrp;ﬂ?esdllgr%lg%drng%gl?n&aﬂ;almel C)?B"Ielgé?gath%lmvﬁa%?t?(’p? f% a5y g%%@&%tea ai ned
in claim1l, whendiimaidévend stem\ia predsuredd @ibsdqertly@hdnigedto BlRe bSxtmedhs, ied out
by nmeans of a ctiin%ti gl agh | um. The, process as clainmed in claiml or 2,
wherein the di StPTPAIF W Jaler cqmiposyian.c4 proporipn By mass efawaterewhighiat ar a
pressure of fr prad@erfiied peshilte & lesh.thabBe BERCREGNERiIo R IHEEMstiBiH Riulldy

wherein the pressure i.n the second stTeBD is set to from
ne connecting the two azeotropes TBA/water and SBA/water at this pressure and the

mixture is separated by distillation ‘at this pressure into a stream comprising SBA and a

stream comprising predominantly TBA and water,

2. The process as claimed in claim 1, wherein the removal of water in the first step is

carried out by means of a distillation column.

The process as claimed in claim 1 or 2, wherein the distillation process in the first step

is carried out at a pressure of from 0.7 to 5 bara.

4. The process as claimed in claim 3, wherein the pressure in the second step is set to from
0.05 to <0.7 bara and the removal of the SBA by distillation is carried out at this

pressure,

3. The process as claimed in claim 3, wherein the pressure in the second step is set to from

> 5 to 15 bara and the removal of the SBA by distillation is carried out at this pressure.



0.05to < 0.7 bara and the renoval of the SBA by distillation is carried
out at this pressure. 5. The process as clained in claim3, wherein the
pressure in the second step is set to from > 5 to 15 bara and the renoval
of the SBA by distillation is carried out at this pressure. 14 6. The
process as claimed in any of claims | to 5 wherein the distillate obtained
inthe first step is separated by digéillation in the second step to give
a 2-butanol -containing fraction contalfning | ess than 2% by nass of
tert-butanol. 7. The process as clained in any of clains | to 6, wherein

part of thg disgil btained in the second step together with the

di stillat e&obt Zlfhﬁé’lrd‘?ﬁ%% *’gh“’ia""fi?ﬁ% angtogﬁﬁ’ings ﬁ% wheraus thy disgillpty obtajned dn fsnal

di stillation offirstisepsesaparhtet igiistBlatie th QEO8Ssi@Sto i A8 uialo1dNiaQl,,C! ai M
i to 7, mhereiqggge 2-butaqol is taken off from the vapor phase o he
vaporizer of a ¢§ n P thene alycmarg oklerhuteroli n gaseous or  liquid form

as side streami.n the stripping section of this colum. 9. 2-Butanol

pr epar ed by a process as claimed in any of clainms | to 8.
. The process as claimed in any of claims 1 to 6, wherein part of the distillate obtained in

the second step together with the distillate obtained in the first step is used as feed to the
fractional distillation of the second step.

8. The process as claimed in any of claims 1 to 7, wherein the 2-butanol is taken off from
the vapor phase of the vaporizer of a column used in the second step or-in gaéeous or

liquid form as side stream in the stripping section of this column.

9.  2-Butanol prepared by a process as claimed in any of claims 1 to 8.



