1 Process for fine purification of 1-butenic streans.
The invention relates to a process for fine
purification of 1-butenic streans which have nore
than 2000 ppmw (ppm by mass) and | ess than 8% by nass
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A widespread means of chemically converting isobutene is its reaction with alcohols, for
example methanol or ethanol, to give the corrésponding tertiary butyl ethers. The advantage of
- this reaction is that the isobutene can be converted virtually fully with high selectivity in the -



presence of |inear butenes. For this purpose, various
process technol ogy variants have been devel oped for
the reaction with nmethanol to give MIBE. The use of
MIBE as an octane nunber inprover in gasoline fuels
is being regarded increasingly critically. There is
therefore an interest in devel oping nmethods for the
renoval of isobutene from hyd:ocarbon streanms which
avoi ds the occurrence of MIBE. EP O 048 893 details a
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RU 2167143 describes a two-stage process for preparing ETBE in which a molar ethanol to
isobutene ratio of 0.86:1 is established at the inlet to the first stage and a molar ratio of ethanol
to isobutene of 5:1 at the inlet to the first reactor of the second stage. The hydrocarbon stream
fed to the process has 45% isobutene and 55% other hydrocarbons. What is obtained is ETBE
and a hydrocarbon stream which has 1.4% isobutene and which thus, if it were 1-butene, would

not satisfy the abovementioned specification.

RU 2168490 describes a two-stage process for preparing ETBE, in which a molar ethanol to



et hanol to isobutene of from1.5:1 to 2:1 at the inlet
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reaction zone of the series into a distillation in which the bottom product obtained is a stream
I comprising ethyl tert-butyl ether and in which the top product obtained is a stream IV which
contains 1-butene and ethanol, with or without other hydrocarbdns such as n-butane, isobutane
and/or 2-butenes, then removing the ethanol from stream IV, for example in an extraction, to
obtain an ethanol-depleted fraction comprising 1-butene, and optionally separating the ethanol-
depleted fraction V obtained in the extraction in a distillation into a fraction VI which

comprises essentially 1-butene, with or without isobutane, and into at least one further stream



VIl conprising the other hydrocarbons, and is possible

in a particularly sinple manner when the reaction in
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The process according to the invention has the advantage that 1-butenic feedstock streams with

low concentrations of isobutene can be processed in a relatively simple manner to give 1-
butene or 1-butenic fractions or mixtures which have less than 2000 ppmw of isobutene. The
process according to the invention is simpler than conventional processes in particular because
it does not have any distillative separating step between the reaction steps in which ETBE is
removed from the reaction mixture, The use of ethanol has the advantage that, for example,

bioethanol can be used in the process according to the invention, so that highly pure 1-butene is



obt ai nabl e wi t hout having to use nmethanol which is
frequently prepared fromfossil fuels to renove the
i sobut ene. The ETBE obtai ned as a by-product may be
used as a fuel additive alone or together with the
excess ethanol used. In conparison to MIBE, ETBE is
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The process according to the invention for preparing 1-butenic fractions having less than

2000 ppm of isobutene based on the 1-butene from technical mixtures of C4 hydrocarbons I

which contain at least 1-butene and from 2000 ppmw to 8% by mass of isobutene, preferably

from 2500 ppmw to 3% by mass of isobutene, based on the content of 1-butene, has the process

steps of

a) reacting at least a portion of the isobutene present in the technical mixture I, preferably all
of the isobutene present in the technical mixture I, with ethanol in a reaction zone or a
series of at least two reaction zones connected in series in the presence of an acidic catalyst

to give ethyl tert-butyl ether,



into a thermal renoval in which a fraction Il
conprising ethyl tert-butyl ether and a fraction IV
whi ch conprises 1-butene and et hanol are obtai ned and
c) renmoving the ethanol fromfraction IV to obtain a

| -butenic fraction V, and optionally d) renoving any
C4 hydrocarbons other than 1-butene or isobutene which
are present in the fraction &V in at |east one
further separating step to obtain a 1-butenic fraction
VI, the reaction in the first reaction zone in step a)
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When the acid-catalyzed etherification in stage a) is carried out in such a way that the last
reaction zone is designed as a reactive distillation, the distillation in step b) is also carried out
therein. In this case, it is possible to dispense with a separate step b). When the intention is that
a minimum amount of I-butene be lost by isomerization to the two 2-butenes, it may be
advantageous to carry out the etherification in stage a) without the use of a reactive distillation

column.

The etherification of the isobutene is carried out as an acid-catalyzed reaction. The ethanol used



may be highly pure ethanol, pure ethanol or ethanol
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exEpntgas subPeces (earhedg i01t@BOYd inR@3n6proc@d.1- 275; DE
2629769; DE 2853769). In principle, all known
processes for reacting isobutene with ethanol are
Fos Whd bt @Tisdbaend Svil A6, Hi fitidlar With BRIBANE Hivdfnethyl tert-
the present invention. In step a), the reactions .
bupH efhieratriput BioPEse gttt ihAve bren| deyelPeedpliess dJlbann’saBincyclopedia of
- j [ C
In&ﬁh‘%_l @hélgﬁtrﬁ)@lhﬁl@g@&mlg 904 @ﬁ%r %efc%%f e Ig%\tgflste%%g%? ether, and
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lit¢raturehéitet tharéreOtehawh btitzp Drosea Widleimj Eldod] hee Ko BERAS FeBochemic

e A T

redtih@Babiutend Wil GtHaesl dre aGitadleStor Gké & pRkbRRiep’ HaK YR Sdntext of the
They can be operated with or w thout parti al
PrOSgRivRYePHY- and the recycl e strcamcan optional ly be
cooled. In step a), particular preference is given to
using a reactor systemwhich has two reaction zones,
In e pe thetrbactiones relaebr@ricdmuparthe Golidphdseovériaedidision exchange
. i n_whi th jrst of.t t t f
254068t Bl el Sl A5l SBRERIR St i i
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reactor .is operated in straight pass, preferably at a
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ri.fi i i . i ut a
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ures of 10 to
optiemaihe batenlek lnfted), partitd@Greferknooisesiyenad asiadh Yeadtor system which
0C. The pressure ai which the

tenperatures of 30.to 70C. . .
b S ol 2o Bl PRt P PR gL sty in which
thebstodrstht ke rdabBdfs20f, tho k&R iR Bptatd® ad @ circulation reactor, optionally with
external cooling, and the second reactor is operated in straight pass, preferably at a reduced

temperature compared to the first reactor.

The etherification in step a) can be carried out at temperatures of 10 to 160°C, preferably at
temperatures of 20 to 110°C and more preferably at temperatures of 30 to 70°C. The pressure at
which the etherification is carried out is preferably 5 to 50 barasotuse (bara), preferably 10 to



8 20 bara. Since the thernodynam c equilibrium
bet ween et hanol /i sobutene and ether at | ow
tenperature is predomnantly to the side of the ether,
preference is given, when using a plurality of
reaction zones, to operating the first of the reaction
zones at higher tenperature (high reaction rate) than
the reaction zones which foll®w (exploitation of
equi libriumposition). The acidic catalyst used in
the reaction zones, irrespective of whether they are
20 trapd. eftiecet the thérﬁmdylﬂnﬁﬂ'ﬁhﬁhbﬁaﬁn thebten letlia@aliibsHuten@ and Sether at low
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oce ordi . .
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-humnp antli = idvarledeh @)f ehshﬂluumg cotpleoint, GhaGkivigr i ABe isomerization of
ﬁggg ion e %?1 hns are, for exanple, those
‘ée‘bersélﬁ FEgblE B i hat i ng phenol - al dehyde
condensates or coollgoners of aromatic vinyl

ounds. nmpl es of aromatic vinyl conpounds for

The, rsggé retalysts h'eseé 0B, gorsramplee be sregliten eacldfaqmyhte@ |hgetoeites and/or

1 | N Tl nyl.et rene
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partlcular t he coollgoners whi ch are forned by

A % éon of .styrene MAtE§3|V|nylbenzene are used as_a
%P 851D 108 Aeiiigcafilystspsefl it Rrasessi ¥ Ba HbsBecess grovading to the

invéhtion i§ eat ONidtidash ek @h@IeRSsins] E&?parﬁ@tﬁérﬁ:ﬁos‘é%v{‘ﬂg gﬁ"ﬁ%ﬁ&&j groups.
in gel form macroporous formor sponge form

Suifablsjan exchangsfresinferse forexample, fhaspehich exel paepassddyishifenating phenol-

aldéﬂﬁrﬁ‘f: LWkaeREER orPQo ﬁ%r}xé{'s o%ta?o% fct %hylsélt\)%llplouncg %xamples of aromatic

vinyl compounds for preparing the cooligomers are: styrene, vinyltoluene, vinylnaphthalene,

vinylethylbenzene, methylstyrene, vinylchlorobenzene, vinylxylene and divinylbenzene. In
particular, the cooligomers which are formed by reaction of styrene with divinylbenzene are
used as a precursor for the preparation of ion exchange resins with sulfonic acid groups. The

resins can be prepared in gel form, macroporous form or sponge form.



shri nkage and exchange capacity can be varied by the
preparation process. In the process according to the
i nvention, the ion exchange resins can be used in
their Hform Strongly acidic resins of the
styrene-di vi nyl benzene type are sold, inter alia,
under the follow ng trade nanmes: Duolite(r) C20,
Duolite(r) C26, Anberlyst(r) 25, Anmberlyst(r) 35,
Amberlyst(r) 46, Anberlite(r) IR-120, Anberlite(r)
200, Dowex(r) 50, Lewatit(r) SPC 118, Lewatit(r) SPC
TheQRepdf@&lek thdiefdths, 1%&%@91& sp-EE‘iﬁc E@Ff{fce\éﬁala,uﬁ@oélt? stablhty, swelling or
preferably fromO. 3 /g, in particular fro
shgnigage end exrhangg. camieity cgabet\raclle‘ébfsthzerqparatlhepme@s nis
preferably from0.3 nmto 1.5 mm in particular from
0.5 mMmto 1.0 mm The particle size distribution can
In ltiez jpote@s badrdiag toahd invertion] theligh exchinge xesial @n bk @ed in their H form.

exchan resins th very unlforn1part|cle si ze
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dat & in nDI/ are each based on the ion exchange
Lepatit nSRIr il 8% K2911.d6M3t A€ 1el-ght in a warm ni trogen
stream at, for exanple, 105C). In the reaction part of
any reactive distillation present as a reaction zone

ThepoRd 081858 i§ bRler@ly e 0.358MR0 ABk Y Sk BBV 0456%.8%1/g. The

can be used in the si le reactors. 1n the reactive
pavaicket §iT4 it theresite il Rrpferablyhors 4t mys to hﬁ;me. inlpertichlar from 0.5 mm to
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pagiafled 89mout t@b.0aqgll %Pgﬁ&@iauryeﬁ&ﬁ 0300l 95 mobeg,iiR aﬁlcbﬁ@ﬁ&m 0.8 to
an

one reaction zone a catalyst which has a capac
5. 50no ke the eanapisn dafa tip maj/kg aﬁ@paqbgbased 0 gl iogatxghapge gesin dried to

colBlef BAE A SRARAGLICH olbhed rk BIGGYSREEIC! o are, [or

exanp I on change tesins yst(r) 15
and " Anber|yst(r) 35" fron1Rohn1and Haas. It may

i ke b dvant us, when the reactjon in step a)
in s SERHPF T o AP ROE BiFIARR s 48 B rlifigone shiotess Hep o), the
sarh€ adthlly Q8 ?Tb% 1éd BslcdnObeded 3 theaiAk Fbatls, WA 'ﬂ%rkem&e Qistillation
capacity of 0.5 to 3 nol/kg is used. 10 A catal yst

coluhing kthehestalgst aapacitiey be I’lnte@ﬁteﬂalﬂgme sReahd, | Rfl eksmplé HataMax® (as
exanpl e, the ion exchange resin "Anberlyst(r) 46"

dedctinen RROBPVANG 2bBas KFbak “adk wsiemad iPEp Tofﬁﬁ 68 L T8 07 007.3
tenperature to the capacity of the catal yst can

U1) edpitgmerized be vieptd bdttesf(ay dtritea i0lS 3 ?JZM beges by

I sonerization of 1-
It may be advantageous when the reaction in step a) is carried out at a temperature of 30 to
50°C in af least one reaction zone and a catalyst which has a capacity of greater than 3 to
5.5 mol/kg is used. Catalysts which have a capacity in the range specified are, for example, the
ion exchange resins “Amberlyst® 15“ and “Amberlyst® 35“ from Rohm and Haas. Jt may
likewise be advantageous when the reaction in step a) is carried out at a temperature in at least

one reaction zone of 51 to 70°C and a catalyst which has a capacity of 0.5 to 3 mol/kg is used.



butene to 2-butene. The capacity data are each based
on the ion exchange resin dried to constant weight in
a warmnitrogen stream (for exanple 105C). Mre
preferably, the reaction, in the first process step
-before the distillation step (upstreamof the
distillation colum or upstream of the reactive
distillation colum) is carrildd out with an- LHSV
(liquid hourly space velocity) of 0.3 to 2.5

n8/ (nB8cATh), preferably of 0.5 to 2 nB8/(nBcATh)

A (catalysnwhich ha@@eapaafty i;nOthh’ @dnidBBpeRificaad, Fby SlanPRY, HR0BA kxchange resin
Most  prefer a bly process par ameters are

“AepalFis A gtr e‘?@% and Blagh (Hhevastiysanant eyt sachian, temperature to the
caPh &SR ARNPEn rgﬁ{c@ by Ef(%‘ RRRGIYatibh 3F 89 %ﬁeslporly 1£0§1§ernezqat10n of 1-

are al so used 1 n the pr |ng secti ons.
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presence of an acidic cat aI yst in step a) in such a
way t | east one reaction zone is designed as a
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th& B8 Atfoln CRlunBor lﬂasﬁ&ﬁﬂ? ofIneGRR4iDE d&ﬁﬁz{tio%dcoﬂﬂﬁn) i’ carried out with an

particular in at |east three reaction zones
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di I
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prmceacpmraﬁmtea aﬂee@scdbhs}ra:drrwném iR Whidalons Wof RerhREAHA, HbRssure and/or
B} i sobut en et hanol and tert-butyl ether

ca ﬁ’i:%ﬁ?(‘rﬂé{tlﬁsf& as preferred greelsp gisediia thereqrdgentions.
eqU|I|br|un1|s first prepared fromthe isobutenic
fraction | and the ethanol over an acidic catalyst.

Aﬂﬂlréa@fcﬂﬁ#edr & ls)nosalblet iheng sobodimae df $hqcpre¢ess' ak»bzyimgab ghe invention to

t th
colg P s e BiegRbS oanieey Pe PRSene Pl aBifesaseystin step

a) ihexk aavdyithdthelfeaf @it rabti®f zdnbes SRR 8L rdasive UM RRESH Thus, the
to t Most preferaply, step.a) is carried out

a%%ﬂ@%ﬁﬁ&@@?ﬁ%w it Cho A oo daeiPgardoth ket dbres reaction
zohdd, REWhRE @Afadleli LML, ﬁﬁsre ﬁ'bﬁ:fa'b J #1194, retcugﬁ)nfﬂ;oglé s 8£s1gned as a

the two reactors preferably being oper
reagtec fistillatiorhlor te yedctiog zoﬂe(s)aiep@md (fw ofantphee as dxed ibed reactors, a

:ea?{u@%%{ﬁr gg%chh &fltﬁ gé:g?.ﬂidto rlt% i ?Jutélﬁe? e#hf%%%ﬁﬁ i lggﬂ ﬁigher concentration,

is clesctd dl]le ﬂnenmtglyﬁz&ﬂc quﬁxﬁbﬁnhﬁ i BRE pley@ed iiSin the Mob@Bnic fiRction I and
rgaction Eiart f the reactjive distillation, the
aYs W aeldigeafalys Thesepnyersion o dhe ieludererie greferably more than

80%0 ThishBix &R 84 §hH 6L {‘@&Ivec}fmtﬂfﬂﬁorp Etﬁﬁﬁ Sn ‘Sﬁ] s %"t {lgégon zone,

the use of a reactive distillation ene
whierg o Wgtherepprijn of the fnghetbna is cgiveste@ TBEhei athet. rMoxtqmeﬁziam@ step a) is

a refera tenperature. e from
ar% tou %)égacpr ST EFAbf qg}glb;h BWE 5E6E C‘?PBF%‘?% f‘é’%ﬁ BRg @ reactive
d1sﬁllat14;ﬁ the fil6F the two reactors preferably being operated as a reactor with recycling of
a portion of the reaction product and the second reactor being operated in straight pass, and the

effluent from the second reactor being fed into the reactive distillation.

In the reaction part of the reactive distillation, the same catalysts may be used as those
described above for the simple embodiment of the process stage without the use of a reactive

distillation.



(tenperature in the region of the colum in which the
catal yst is present. The bottom tenperature of the
colum nmay be significantly higher). In particular,
the ETBE is prepared by reaction with ethanol in a
manner as described in DE 101 02 082 for the reaction
of methanol with isobutene to give MIBE. The

i sobut ene- conprising C4 hydrldcarbon nixture is fed
into the prereactor(s) together with ethanol. In the
prereactors, a mxture fornms in which isobutene,

et hanol and ETBE are in equilibriumor wvirtually in
eq U|I|br|un1 This reaction mxture is introduced into

ThFH%) Piche i r5eete ‘%lfh sthape} BreiveblBiin thygeact eedistiliptipn greferably in the
terﬁ glifevi@ngll 88411034 1 '1@(5"(? BlfFbIG 9@5@f0%°@ﬁ§reﬁéx§%&%bfnaet 40 to 70°C

an i s needed for conver si on of
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suffici ent .
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hydrocarbons which forms. Optionally, for exanple
when the ethanol content in the colum feed is bel ow
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feeding can be effected via a separate device at
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Pt EFREis RS B vt ety et e ek i gmiorm or
virnalle, in pegeflidriail Yhisrdabgon’ geitoR Bf inttb@ice®ashi Me ré&Hi€e distillation

ddi ti onal feeding of ethanol can be effected, for
co le, into the reflux of the colum or directly

into the reactive packings. The additional ethano

addi tions should be such that, in the packings of the
The dexst fov e zewntive Wdisllatignhentohn confeigntmarn etﬂataoll thquiigl needed for full
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suiﬁnﬂnﬂﬁimi(ﬁlnpdsiéﬂmhablk; y:rekdérm Ierhé &caﬂ/oﬂé)bf Feasol and0RWedrbB®bons which
P catal yst packing, the reactive distillation colum
OfSef erably has a region of pure distillative
separatlon preferably having 5 to 20, preferentially
having 5 to 15 and nore preferably having 7 to 10
Oprtipreadlyefor esgmpt athes ﬂlemleanelatcallteﬁs in theweluganicbe isdsddwrtiteadaximum

tqQ,. 5 theor al
peo ol Sl B SRR Rl b 02 UDSRELL 5 iion, canc
feedingearl B effeetedwid mparateaﬂeyilsé atﬁf?@ltop offieirsetips @iktela8bh Yolumn above
0. 36, artlcu af fro 0 25 . )
thet%@lapéé?fﬁ%l%ﬁ Koned dsihatoner  lid difebeat #oyg er in the region of the
readiBRE/oNE G bMBlyAR MR C80n BE HiGLELNE D&M, Q}ddﬁgﬁﬁlfgedglg of ethanol can

preI|n1nary experinments depending on the desire
be pHestnds &nesxeonigeingd i refitxeofahe gelumofor directly into the reactive packings.

The additional ethanol additions should be such that, in the packings of the reactive zone, the
ethanol content in the liquid phase is preferably greater than or equal to 1.5% by mass,
preferably greater than or equal to 2% by mass and more preferably from 2 to 3% by mass.

Above the catalyst packing, the reactive distillation column preferably has a region of pure
distillative separation, preferably having 5 to 20, preferentially having 5 to 15 and more
preferably having 7 to 10 theoretical plates. The catalyst zone can be estimated with a
distillative action of 1 to 5 theoretical plates per meter of packing height. The separation zone



catalyst is preferably selected at such a I evel that
the desired residual isobutene content in relation to
the 1-butene in the top product is achieved. The feed
to the reactive distillation colum may be above or
bel ow t he catal yst zone. The feed to the reactive
distillation colum is preferably bel ow the reactive
packi ng, preferably 3 to 13, 12rore preferably 4 to 10
theoretical plates below the reactive packing. The
reactive distillation colum is preferably operated at

bElo® S ABilysIMBRT UWodthriaé p&a@raﬁlgpﬁ&ﬁ e 360 diﬂﬁ&ncﬂér fom 15 to 25

bara to 25 bara, preferabl bars to 15 bara,
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| ower loading limt indicates the m ni mum | oadi ng,
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there is phase inversion in the columm (J. Mck

indigates e e Jaadingdyorpermngirelluokisrid @hovep@mplk ﬁlerﬁepﬂﬂatlﬂg action
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dynam™cs of columms wt em random p gs an
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p
Vef@h’@“ﬂ hBaaeperadipns of dhemicgbprogess tickralogyhi 626, VEB Deutscher
\@ﬂﬁéﬁﬂmhuﬁkuﬁﬁ?ﬂg§%%ble as already described, for

step b name renoval of the ETBE fronmthe
unconverted

—

At the floodpoint, the shear stresses transferred from the gas to the liquid become so great that
the entire amount of liquid is entrained with the gas in the form of drops, or that there is phase
inversion in the column (J. Mackowiak, "Fluiddynamik von Kolonnen mit modernen
Fiillkérpern und Packungen fiir Gas/Fliissigkeitssysteme" [Fluid dynamics of columns with
modern random packings and structured packings for gas/liquid systems], Otto Salle Verlag
1991).

The reactive distillation columns are preferably operated with reflux ratios of 0.2 to 4, in



hydr ocarbons, to take place therein. It i's then

possible if appropriate to dispense with a separate

step b). The termreactive distillation includes al

process technol ogy nmeasures in which distillation and

reaction are carried out simultaneously. In the

reactors described, this is achieved by a particular

design of the structured packidangs in a col um.

However, it is also possible in the process according

to the invention to spatially separate these regions
pavfidult® whithltRst Rhidhhee fréiH \0antb 296 141 PEHRAC by e

distillation. Thermal separation i'n step b) The

thermal separation of the effluent Il fromstep a) can

f ] o] anpl.e. b distillati.on .
W B 18E T onl SRt Bl MRS, Ay OpRplpf g Bossie, o
alredndy ﬂb’ﬁl‘ibml, foeppal)i @ambly thdi 1$3trio|v:hlabf[] ﬂfedEﬁHBElhlfrﬁlﬂntthunconverted
arried out in a customary manner. The distil|ation

hygré?ﬁaf s fortaks Igaée tg%?m- Iéiéafﬁfaﬁ RossIplG 1 awEnpHgteh diseqnse withe separate
stdplb)yf rom the last reactor/the last reaction zone of the

series of process step a) into a distillation colum.

The colum may be equi pped with a bottom evaporator

- roduct.. The bottom.. .. .. .

T P B ch Rt aF ol RS o s i ininion and
resgtion reaunind atut GonilaheasiskT BE thndeatys @¥RE6&], 3his0ROichieved by a
ream || also.contain diethyl ether. The top
parficylay, E%SIW% SBRCTTEE BATIRESD & FlIRD HTF Vpiart 15 yalsgspossible in the
prdc@dsl Botordinthe® e BRveMRInt 1005haGaIly RE SR ihek® rBiQEeRRhd 8Bsing the

c). Adistil]lation colum ‘used has preferably nore
adyqnpgeoef a igpciife fishllatighl y nore than 25, nore preferably

from30 to 50 theoretical plates. Depending on the

nunber of stages realized, the reflux ratiois
Thermealeepdniafiog iestteb) t han or equal to 1, and nore

ef er,abl y ass s .valu of from 0.9 .to.Q.6. The
Th JeHRr SRAHIon L e ent [ oM SeR gabhiockedan i bhndarexample, by
dis@llatiin! or FRcti@atiodshPrefBéAROEALRken Qb éfﬁl%%il‘fg)ltl&mg&mnhﬁl Sebaration by
may be

. possi ble, for example, to use steam .
disglispionrdtdows be sarrigheyt in peustemaay meanen The distdlatiol eamrbe effected, for

' > ' I r.e- evapor at ed rm .
exds0 th 1Byl HER Bl oBP Sl LR bty Bleaf YARRLALRS of Bleeris of
prop@ﬂSps{bqe,a)_ eata iﬂ'stibat'@hlecrcﬂnhhh 1y, ’Elhfppcbl}.lmd oy ]I?h eeqlippel IWithba bottom
stream .in _an extern eat tra rer, for exanple by
veRPIf A g SRS & the 16 RREly 4GPt progyct i obtained from the
diseNARArBIunH s adstié@th WHBCRMARMPE PBE hfd hklCeREQT MO Stream TI may
enbodi ment _of the heat transferer. It 'may also be
alse, aonisin difslyl sthah dhe fp Padust 8 aaxths refymed iathecolewt eyt & reflux.
| l evel wth process heat
m@ﬁ&wﬁ%&ﬁaﬂ bl Ot LR &

eat 1s u I'n | ower section of the

col umm.

A distillation column used has preferably more than 20, preferentially more than 25, more
preferably from 30 to 50 theoretical plates. Depending on the number of stages realized, the
reflux ratio is preferably greater than or equal to 1, and more preferably assumes values of from
0.9 to 0.6. The condensation can be carried out against cooling water or air. To heat fhe
evaporator of the column, it is possible, for example, to use steam. It may be advantageous to
pass the feedstream to the column into the column in at least partly pre-evaporated form or to
flash it directly into the column. For this purpose, heat is preferably supplied to the feed stream

in an external heat transferer, for example by utilizing waste heat. To achieve partial



In process step b), the feed to the colum is
preferably at theoretical plate 10 to 15. The col um
is operated preferably with a pressure of 4 to 11
bara, preferably of 5 to 8 bara. The top tenperature
of the colum used in process step b) is preferably 40
to 70C, preferentially 45 to 60C. Wen process step
a) includes a reactive distill4ati on, process step b)
can take place partly or fully, preferably fully, in
the course of performance of the reactive

evapcgatidnl akettle evaheater iS eRairéfefed ShRRIiBent ©8 fhellRathSRRAS C may also
Renoval of ethanol in step c) To

wmifagommw._ )
ber@éﬁﬂ%%em*@ Q‘TW&F@HFFCB?FF SYaperRier hyated 44 p selafivebn lnwdemperature level
wikl R 08Esh Bedk BO® EstSKdat 158€ed 1 B wRF dectiBYof thEed . For

exanpl e, the ethanol can be renbved by nenbrane
processes or by extraction. Preference is given to

[ t L from.streamlV xtraction. For the
In ggot'g?s\é S é) ’tﬁgPelgd tOet)E(l? rcgggxing i %re%ﬁ;ﬂbgﬁat gl}e re%a:illtp ¢ é(i: togp>- The column
is eptra@d tprefgrablynaiila fre@iressf 2am 11\baPRYrdf8raM§ et 5 kd) 8 bara. The top

stage c), reference is given to carrying out an
te%e&rﬁg%@f S5 SVTHINPEA 1% FROCESR £1eRE irhreiamal 40d GBIG preereatinlly 45 to

so&gueous sol ution. The top product from process step
b), which is obtained at the top of the distillation
colum in step b) or at the top of the reactive

.stillation nn_ (st eps.. nd b IS ef er apl
W hiea MR BRLMRT s (bR BInERE ptent e Bl S face party or
folbyy pref@tldntfpllyl af thexainse etf" p&(fjcﬁ%_ande&)ffﬂgéjre}aéﬁve distillat;]on, and a separate
countercourrent . via a fee i sposed close to the top
Sw?ﬁi°%ﬁ¥¥§@?ﬁﬁ?“Egﬁ%H@“ﬂFFﬁﬁramn via the outlet at the
bottom of the colum. At the top of the columm, the

product obtained fromthe extraction is a stream of
Rempynlodgtiyanbinstemdonverted in stage a) which has been
To3&RLEL E% e It s fed to the inventjve,
°or oc‘%stgg géhg%ﬁ .ﬁp%egm eIS/Ih g’% o enﬁe(ra?‘og A gaové%ortggsteaf?ﬂueg in the art may
be oitdaFneekaatpld, ise Ethirtodvuobe rdoered O Wiisintea: HEccSRPAF BY @iraction.

distillation and the ethanol can optionally, when
Prefiieis it EHER S (oS P pRel BB a4, b s Bt gxtaction, all
exttRANBHAGES Sre it S TR ki-tgnFethehd Honl HrednOR A Pe used. In stage c)
preferably after drying. The drying can be e¥ ected ’

prefirenge ih ivan & efTyHIE elteotaxtpiting ingdneh the ediradtint lused Brwater or an
RY ption with the aid of an adsorbent, for
aqexgﬁ%ﬁggﬁblecular sieve, or by neans of a 15 nenbrane

pl ant (for exanpl e pervaporation, reverse osnosis or
ernmeation). Process step c) can preferably be carried ]

TG Bt Rk PrEGE R Wot bih1s PR Piecor bbe gsition ool i
stePbRdref BRItYp Bafie RabibreihtilBaGT QTG {s?cJIpL ¥) ad bz)ois fn%ferably transferred

theoretical plates. The extraction in process step
to an extraction column into which an extractant, for example water, is fed in countercourrent
via a feed disposed close to the top. The extractant can be withdrawn via the outlet at the
bottom of the column. At the top of the column, the product obtained from the extraction is a
stream of hydrocarbons V unconverted in stage a) which has been depleted in ethanol. This is
fed to the inventive process step d). The ethanol-enriched extractant obtained at the bottom of
the column can be separated by distillation and the ethanol can optionally, when the extractant
used has been water, be returned to the process as a starting material in step a), preferably after
drying. The drying can be effected with the aid of an azeotroping agent by distillation, by

adsorption with the aid of an adsorbent, for example molecular sieve, or by means of a



c) is preferably carried out at a pressure of 5 to 12
bara, preferentially of 7 to 10 bara, and preferably
at a tenperature of 30 to 60C, nore preferably of 35
to 45C. The ratio of extractant, especially water, to
the top product from process step b) is preferably
from0.05 to 0.5, preferentially fromO0.1 to 0.25 and
nore preferably fromO0.15 to {¥2. Distillation in step
d) Wen the feedstock m xture, in addition to 1-butene
and i sobutene, conprises further substances, in
a it
m@ﬁ%feﬂng Al (gﬁtéggﬁégi@?mﬁ&@ewga%g%@@%ﬂrt sis% DUhRARS ).
1- butene conprrsrng fractlon V whi ch has been freed of

nol an as been ai ned
PSS BREFEY PREBHE! PRoB P SV RO g A Seion column
préfdpibleRe o 20apiteréntialy COWDTI Mbdteticht Plaie8Mehe A&RctioRtif process step
at | east one further streamwhich conprises at | east
C)of PTHFRPY REICquE @ 8 pPrespdmof SobutZdieea. prefprgntially ofritito 10 bara, and

I | V.
pfcRCRES DR BRPEE 3 (P o0ee, Plofs BisPRdly & 10 R hffe ratio of
eXft:lraaTalm espeaiald;)awatbe tefhedt paddia froonprooess B@p @) is preferably from 0.05 to

i St en n [ ut ane and
05 esnBebdet B dThas sryoPrre T ReRN o Op i Gre of 4
hydrocarbons used, the 1-butene is renoved, in a
preferred enbodlnent of process step d), in such a
Diggljationddn staper enoval of the 1 -butene is carried out
[ t 0 iC u
FOE A R R S U 0 R apd SReBLAE Bhprises further
Subﬁ@tm%alnepmlar hebiaie osmbujano dud’or éﬂiuaj.inmadt mslyabe advantageous to

ct cont ai.ni ute
sehBELIN? drnbtraer SRt RGOt S R e pf o eplred of
etigAol dricha benioBta@iRE i0probav® sep PEihic PeidHER A WhebhGRPRES  1-butene or
The feed tray of the colum or colums is optim zed

WW@%&?W dhusnes @ddnie) 3t depsleonsy fUrther searm twhieh comprises at least
on%%ﬁﬁaﬁ{d/selécféd'ffmgoﬁﬁltmﬁau ﬁrbuﬁaaétma& B&u %%Qsar’["ﬁy Q!%I&t%?llis preferably

is achieved with m ni num ener eman
digtdlativew The rr¢m€n~g1 plthe i -bafene Vé bmdxatlllatmntczf tbeeﬁscema ratadbe effected in
desrgned with preferably nore than
‘mfagﬁgp q@%%ﬁ “ﬂWP% nore than 125, nore preferably
with 150 or nDre and nost preferably with 150 to 200
heoretlcal | ates. The reflux ratio (anpunt of reflux

B feoutdfies tisqniape SdmdPaicnes er@permlert thpdechnical mixture of Cy
hyBt6aR85nssed R ?—%u{eﬁ@ls'réﬁgvéangr ﬂanfﬁ@ CrBB&hAL %roceﬁstep d), in

pressure and can be Optl mze e use m xture
sugled ax thabthie @em@abp%ﬂle i dtytepe k%@mﬁdmn inox distltptiah colomhQf which the

togg 8? fdx?:%taboé%l%e k3 a:l»bgﬁan% giﬁc '5. ﬁr‘%&eﬁ %gxll mfs S0 rt?ut]éne and the bottom
product obtained is a fraction VII containing at least 2-butenes, n-butane and wnremoved 1-

butene.

The separation is preferably carried out in one or two superfractionating columns. The feed tray
of the column or columns is optimized for the particular feed mixture by the practice customary
in industry such that the separating task is achieved with minimum energy demand. Owing to
the narrow boiling point of the mixture to be separated, the columns are designed with
preferably more than 100, preferentially more than 125, more preferably with 150 or more and

most preferably with 150 to 200 theoretical plates. The reflux ratio (amount of reflux to



carried out against cooling water or air. The
distillate vessel is preferably designed as a |iquid-
liquid separator. This allows any water present in the
feedstreamto be renoved as a second phase in the
distillate vessel and a bottom product which is
water-free for industrial purposes to be obtained. To
heat the evaporator of the cdibunm, a custonary heat
transferer, for exanple steamor hot water, and al so
preferably waste heat from other processes, may be

distisle’. relnBvalNe depbhdnt GRSLhel dumbeRYf B8 RAUANLRYRP ldﬁ._oﬁ Bhe operating
equip the colum wi th nore than one evaporator.

presgiite sad can by peiiraizehioy taquieppiatrasihy reflurgtatio doprehmably tess than or

eqfi‘zh t @@@gﬁ &Eﬁblﬁ %ﬁ;@gy%%gglﬁ%g%%?ﬁg(?% 60 nﬁ%nc%géensatmn can be

camd'pet @alnsazocd)hflg enenoeaib dheeénilbe tvban iapeeferblflp defigied@s a liquid-
particul arly

saving connectlo

ol RE el D ST AHD S TE e o FTHRHE WetewoBgVarhgs 2 sceond
phe i@ ¥RMHBale FedsBRanTRIHIREM Prod@PPRicK APAH&ESPIeQBr inbhstrial purposes to

further particularly preferred connection netho&
GPVBHﬁﬂessure connecti on (doubl e effect dlstlllatlon)

in integration wth a second colum. The second col um

may preferably be a parallel- connected colum with
TOih¢etnﬂ1ie cakpovatordoff the celnmns e pﬁﬂtﬂhmgleﬁtasdﬂsfeﬁiefoﬂéxekﬁlﬂe steam or hot

u operat e uch a hig ressure t hat
wafe T TR VR fuf Tro bt PPt drashhe et ifade piter case, it
ma@thReddva®Btdst® o kduip e Gélﬁllﬂﬁ%ltli) thotd 1R SHENS aMirktBr. The, column is

di fferent separating tasks for heating purposes, it is
prefgady prwpned aﬁﬁuswslemobmﬂbmﬂaﬁw@a preadylaporater anvinat fieasionefvendenser.
OvwRhPRESS c t coI
FEPEPRS BCQILD Nk LIE BN L 0BG, Byl W e
toppodcths scohpemr dmemgr :tamngh eomﬂectimat are npartlmlebky eesferadt esibodiments.

o_the inye e col of , process ste . In the
Re%eéeél &° Of mf“}q ﬂ ;{)IY lid %tpnxﬁwgleptrootg‘é%@éc‘gﬂ’d‘?ﬁ"gw(“@r?sﬁ’é’n A further
particul@dy preferad e@meurb@ th@hdd i@ tweprdiife 899 8dRL (Edupld e?fet:tfkﬁsunanon)
connection of the colums K-di and K-d2 in the f

in Bﬁe%att%wﬁpeas s¢road <cghwae t Thsnsecamph cg]@glgr @py anefprably be a parallel-
corlREQEF §§Iuﬁhe@1ﬂghdénﬁca§%r&ﬁgeﬁuge B [a@ éﬂn@tof $he ¢olumns. may be

pressure of ara pre era a pressur
op@at@cbatgu@m hlgh Ftﬁ@sur@‘[blat ienpedetsaticn temp@nhmwhs tuficient to heat the other

on |. ri,ed t ] ef e m35 to
cohéﬁ%alnpr ~PapecHon gf f%}ur&%s \Evgh g@%re%m af %ﬁl@ or heating purposes, it is
poslslhleagrpalhb@lé fos anypduiethl6l @@lumint frdfR Yhelifo @8y ARERINROH Sh&VAShtion, but

process step i) is carried out at higher tenperature
als) 4 pob gk 1S piresatflgthe pfant 'Ilﬂ@tiﬁﬁl ouisids tbe droogks edsording to the

invGRh bR cbm%d{eﬁ @@glg Bk L SAPUIARE césss stQPk 2 y%%ncgs\?moff?he design

top product can separatec Seco
of thepressse atcoaling/todlic iexantivh yccbhhngiarfg Aami gossislity ethé comditction of

the columns K-d1 and K-d2 in the form of a two-pressure connection.

The separation in process step d) is carried out preferably at a pressure of 5 to 11 bara,
preferably at a pressure of 6 to 8 bara. The top temperature at which the separation is carried
out is preferably from 35 to 65°C, preferentially 45 to 50°C. When thermal integration is
provided, it may be advantageous when process step i) is carried out at higher temperature

and/or higher pressure.



colum into 1-butene which is obtained as the bottom
fraction VI and an isobutane-rich fraction (top

product) D-d2. Wien no isobutane is present in the

technical m xture | used in accordance with the

invention, it is possible if appropriate to dispense

with the second colum. An enbodi nent of the process
according to the invention i nlThich a process step d)

is present which has only one distillation colum for
separating 1-butene from n-butane and/or 2-butenes is
TheswruienD 141 gvhiphy confifien 1 -hotene bt wolsrtanedindris nbtaedas dretsp product

' echnical. ni xt.ure used,in .
o411 BhEAEEIn | Bl RE O Sl el B s s e o
cotih Uin® t-botead nehidt isl easihed as shet Battond GABLRPVIV BH an isobutane-rich
frn-butane %gﬁ/%£ at | east less than 100 ppnw of
R ORELCWAI AT t ual Iy no i sonerization of 1-butene
occurs in step a), it is possible if appropriate to
di spense with the first colum. An enbodinent of the
When se dspbriesvis drasenttio theHechnivalemixinon L bsedvih redordangr witle g8 invention,
it zﬁﬁﬁ%flfo z?ppgdé)gl‘é{feg{) Idiﬁ:é\'gqlsg ?v%tgt?‘fzensggl Oco q%glg g%telérl}pléﬁ{rée%? of the process
acsbudinrg tbnhd ingentioh i whith RrBEeRSESstGLBRs fesent SBRYULANBNE 1088 distillation
fracﬁ%ons may, .dependi ng on the starting conposition
colymR FRt seRERRURE d PyicRe ORST-Dane/ar Adytenes 1 saves iadig: ba.
the 1-butene. These may be purified further,
referably to pure isobutane. The isobutane obtai ned
ngﬁn ;v e-bink et/ gmeflehwidiey ay peesent puthie tarhuital atixtukehistd B0Mrordance
$ [ 1§ referably 95% by mass
it SRS elon, (AP IE o RICR BB S sPethe 3L ST T000 pprm of
n-pytany amiporeat Jeast Bsatiay 100 ppmishain2-B0Rn@PMY @ftuhlyedd RSmerization of
lgﬁrlflcatLon to. pure isobytane can be effected, for
“BYERELPSER SR Py y RATBE T EPBP TR Oad eSSk Tha st column. An
enffo@A8dH of the RLERD S0 hdhial bl i
Shoul d furt h%J?, res| Gl B e SANRLLL 1y BBl irblflh siop o) s prosent
whypleBasrnly epefdigidiatierenlnmp forveparating Ivihitene thrvayisolartanetin shwevn in fig,
premoved with preference owing to the desired use, this
can be done, for exanple, by washing out the al coho

with water in a father extraction step. This
.carried out as described under

extraction step can.b er
In PSSP By lsﬂ%‘gmﬁé‘_@o‘%ﬁﬂ?ﬁd@% SeRGRERE ORftheptaring gpmpsition of the
CENfdieattions) beSbiRRin¥d i a¥REST to tHae1-HESH. tTHaEL Hag%' Piifled further,

freed of water in a subsequent drying step. 1
preferablytte pws isohutars The trebwancabearediim thetworkuperefasabhtliasm purity of at

it o i bl.e. e 4.1y availabl.e .
e 0, R SARCr Y oEAHATIE i, B R, conin
preferobity deve than-1000 pyrew aneke 200 aljip tass than 800 Pyinwes Sleffs. Purification to
pure isobutane can be effected, for example, by fully hydrogenating the alkenes still present to

alkanes and subsequently distilling,

Should further residual amounts of alcohol still be present in fractions V or VI, and when they
are to be removed with preference owing to the desired use, this can be done, for example, by
washing out the alcohol with water in a further extraction step. This extraction step can be
carried out as described under step ¢). It may be advantageous when, after a further extraction

step with water, the resulting fraction is freed of water in a subsequent drying step.



| sobut ene based on the 1-butene, preferably 2500 ppnw
to 3% by mass of isobutene based on the 1-butene.
Sui tabl e i sobutenic C4 streans may, for exanple, be
those as obtained in the work-up of C4 streans, for
exanple fromrefineries, fromcrackers (for exanple
st'eantr ackers, catcrackers) from Fi scher-Tropsch
synt heses, from the dehydrogeH%tlon of butanes, from
skel etal isomerization of Iinear butenes and those
obt ai ned by netathesis of olefins. These techniques
Fegdstogléscri bed in the technical literature.

. ndust | | h
4 USSR o 008 LR AAOATE pp
Ceﬁydromnbonm%reg)wb&h Hage ﬂd)uteﬁ%,dr n—Gﬁtaﬁd)atﬁl%OOD%%mt“D toLl8%) by mass of
streans as

¢
SRR 98 0 & SR IB/BR L2500 PRI PPl 688 o eeeons basod on

thé AakerR! Shit M8 SbRANGEE 8¢ KBESnIVRLE, hfoﬁ'éfangﬂ l%t £se as obtamed in the
primarily for the production of” ethen propene
werkep PhCwpireamst fae exampknﬁ@@rrp&neszeuéi@m erpekers ((fmr ee:mptel stzamcrackers,

ca'Ec%ék j’yﬁcgﬂsﬁfcher-'gx%ﬁ&h%n lst:rS'.,a om? th g ? (51& ena 10n of butanes, from

petroldum gas gas
Skekstai deoaleriyat bt c&"rhneﬁﬁhﬁtm@ds afl thogeosbidigsd ©f n{elfh@hems of olefins. These
|sobutene€gpg iSO ute technical m xtures used are

Teqfptes ficet PRI 05 oG] LA (K WS . de tirpmgndustriclle
Olfg@ihs@l)é R (AR A ga il BRe@lstr )l BRIH WhiE Ssth e&lﬁﬁﬁ q@% pages 23 to

eans fron1ollgoner|zat|ons or polynerizations,
24@??1@(99 &% tosiddut ene raw material  streans such as
FCC-C4 and any ni xtures of the abovenentioned sources.

In the process according to the invention, very
Prefarenee isl g‘verptoeﬁmgﬁm 8trésnsgisvaa obRinediingha wotles il Caktreams from

C4 hydr ocar bons ich has_a content of
ca{PragE?r% fr%%tséeramfzwg T it aggﬂe ﬁﬁeggted Eﬁ@p@}yaﬁgr §he production of
etlghe ah€ préfeas aﬂ(@% Rdhi RS raR [BH8H AN Uil drY, 8F %ﬁcrnﬁ le} %Hery gases,

80% by mmss, nore referably greater than 90%
napltha, r%% pil.list Qm@ﬁ%ﬂp lepwr gaghand @@%(wurnhw hqﬁula,mpnonauy after
C t Lemln i.C
RBP4 88 SRR BB S s g e mos
prQEelbblNéWﬂsommewa&inat%di frhdteng rfmcmp&dimm UBRAQ ETBELRITBE plants,

i on i s _advant a to renove
resi Rl e SR B SO S otrst o aghgane raw matea
strémub}h% RGE-(laid atfy@nixfuésSor G hbBeensi@NEnddotaamn
processes, for exanple by extraction, extractive
distillation or conplex formation (cf K. Wi sser nel ,

In 'ﬂ‘leﬁ predgfzs{gl ch!)lrd S{Or ﬂl@l 1&1@611%9 a?élrg C;%%f?ﬂje lpr&%rﬁnce pjrsg%l\g/%g' to using a

tectlmc@irmimge @ﬁ:ﬁi Hydrqcarbemstl] witich jusef @nence I-sutgiewERrdar than 50% by
whi.ch have a content of

usin res |
mﬂﬁ%@ﬁ%ﬁf&ﬁfv %%‘éa‘h@b"hfé’ta (Bass; PlegRrentiafly gregter daaaa§0% by 2pass, more
preff@Bly greater than 90% by mass and most preferably greater than 95% by mass. Such

technical mixtures may stem in particular from conventional processes for removing isobutene

from 1-butenic streams.

For the process according to the invention, it is advantageous to remove polyunsaturated
hydrocarbons such as 1,3-butadiene from the use mixture. This can be done by known
processes, for example by extraction, extractive distillation or complex formation (cf.

K.Weissermel, H.J. Arpe, Industrielle Organische Chemie, Wiley-VCH, 5th edition, 1998, page



by mass, preferably |ess than or equal to 5 ppm by

mass. An alternative to the renoval of the

pol yunsat urat ed hydrocarbons is a sel ective chem ca

reacti on. For exanple, 1, 3-butadiene can be

hydr ogenated sel ectively to |inear butenes, as

descri bed, for exanple, in EP. 0 523 482. Sel ective

reactions of the 1,3-butadi eh®, for exanple

di meri zation to cycl ooctadi ene, trinmerization to

cycl ododecatri ene, Diels-Alder reactions, for exanple
11921 frathei process decordingiteile amméntn pefer@mbym@meﬂatbimmg technical

.qr_tel |zat|on reactions c al so
et bR P b, B iSO o Rt os 168 o e capeltp 20 ppm
by Migss| peferably leBeth@f drddqualado Bygmasanken mxture (e.g.

raffinate | or selectlvely hydr ogenat ed crack-C4

(HCC4)) renmmins in all cases and contains mainly the

Ansaflltteﬂlraﬁ{'ce th BdLRG3HPANG e &Iﬁ%ﬁﬁgte@%dg)%%%?ﬁsaﬂ ﬁcqwe chemical

the ol efi ns i sobutene, -“but ene a enes’
rea@tmt &nt ewnplsohﬂﬂbahélenm ctthibs Hyychgacaedbgdectinglx ttol rbesabutenes, as
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hydr ocarbons.” The pol yunsaturate ydrocar bons "are
mai nly 1, 3-but adi ene; 1, 2-butadi ene, butenine and 1-
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prockéss 1%he liquid phase over a palladium catalyst. To lower the content of 1,3-butadiene
below preferably 1000 ppm by mass (ppmw), preferably less than 100 ppmw, more preferably
less than or equal to 20 ppmw and most preferably less than or equal to 5 ppmw, a moderator
which increases the selectivity of the palladium catalyst is added in the last stage of the
hydrogenation. The moderator used is preferably carbon monoxide which is added in a

proportion of 0.05 to 100 ppm by mass (ppmw). The polyunsaturated compounds are more



carried out in the presence of fromO0.05 to 100 ppm by
mass of carbon nonoxi de. The content of
pol yunsat urat ed hydrocarbons in the feed to this stage
shoul d be bel ow 1% by mass, preferably bel ow 0.5% by
mass. In the literature, this type of selective
hydr ogenation of residual contents of 1, 3-butadiene
i s known by the name SHP (selZctive hydrogenation
process) (see EP 0 081 041; Erdol, Kohle, Erdgas,
Petrochem 1986, 39, 73). Wuen the isobutenic C4
preferablynisy doagehaied irnatoleat $wo freavtiore sthif@nat1Radp yhenfastsresdtion stage being
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Typical processes which can be connected upstream of the processes according to the invention

are water scrubbings, purification processes in adsorbers, drying processes and distillations.

Water scrubbing
A water scrubbing can fully or partly remove hydrophilic components from the technical
hydrocarbon mixture containing isobutene and linear butenes to be used, for example nitrogen

components. Examples of nitrogen components are acetonitrile or N-methylpyrrolidone (which



exanpl e acetone from FC crackers) may al so be renoved
partly by neans of a water scrubbing. After a water
scrubbi ng, the isobutenic hydrocarbon streamis
saturated with water. In order to avoid biphasicity
in the downstream process steps in the reactor, the
reaction tenperature there should be approx. 10C
above the tenperature of theZhater scrubbing. Adsorber
Adsorbers are used to renove inpurities. This may be
advant ageous, for exanple, when noble netal catalysts
cam stemy Sedexiamplen Eoof a 1 Febytadiae sstratiep distilitioal, Oxyjges @g@pounds (for

or ,sulfur co und re remnoved by nmeans of upstream .
exglg Pt 1y B crecRorgmay 1 ey o pariy| Ry g of @ water serubbing
Aftoph &@idratrubbing MBS isoB8&li¢ hRBocadohisHad® th GRENADwith water. In order to

alum nas inpregnated with nmetals. Adsorbents are sold
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a water scrubbing, can be renoved by known processes
Adfor drying. Suitable processes are, for exanple, the
SPEF |1 ative removal of the water as an azeotrope.
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separation of water  or reygnt ice formation at |ow
VS PB et ("”Fac‘j‘ilp‘i%égﬁ%k%k?xﬁo%h)e course of
internmedi ate storage). Distillation Distillation

steps may be utilized, for exanple, to renove
Dryiggurities (for exanple low boilers such as C3
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makes it possible, for exanple, to Separate into a

relatively isobutene-rich fraction depleted in
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to redid ther @rmrtianot diechopumatiile serihutylhedeohal) G braeesdit £, or to avoid
t he, t echni cal hydrocgrbon m xture may thus be used .

teclm1% PFRjems, as a esult” of separation of water of to prevent ice formation at low

temperatures (for example in the course of intermediate storage).

Distillation

Distillation steps may be utilized, for example, to remove impurities (for example low boilers
such as C; hydrocarbons, high boilers such as Cs hydrocarbons) or to obtain fractions with
different isobutene concentrations. This can be done either directly with the raffinate I or the
HCC4 or after one or more other process stage(s) has/have been passed through. Direct
distillation of the raffinate I or of the HCC, makes it possible, for example, to separate into a

relatively isobutene-rich fraction depleted in 2-butenes and n-butane.



step a) of the process according to the invention or
el se only after a pretreatnent by one or nore of the
af orenenti oned processes. It is possible by the
process according to the invention, depending on the
conposition of the reactant |, to prepare, as the
1-butenic fractions V and/or VI, m xtures containing
preferably above 98% by mass2%of 1-butene, preferably
above 99.6% by mass and | ess than 2000 ppnw of
I sobutene, preferably fromO to 1500 ppnw,
Dppeaflaugent tha kbypdsitiom B @hd @claiid] ppdrvcadfoni miakité @NBs used and/or on the
These _mi xtures preferably contain |ess than 0. 5% by ) _
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stép RUbLME procERCadcPdaiRl tb Be TvEitIneS R &P hedel éQh¥aMmt by one or
contain l'ess than 5 ppm by mass of organic oXxygen
meesri dipraferemerticsicd pigcgséesachi eved in particul ar by
renmovi ng et her conmpounds such as diethyl ether or
ETBE in process step b) and renoving ethanol fromthe
It s pdswibie Wy the pppeopctatihgax thiciat tmios, dupeBi®on the composition of the
scrugbiﬁ%s. Most grggeraﬁé . the inventive m xtures,
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isebugrmgi prgfembbpiremn 04aflEP¢ pramw, erefeeentialbefrom\b@rie 50@ppmw of isobutene.
] : f S
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ofchpatkeyaye The dtvieotiveofixetrey rene pwiférkbl} cbtthi@niess Ak 5 ppm by mass of
i nventive m xture be used, for ex np#e, as a
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Description of the figures

The process according to the invention will be illustrated in detail hereinbelow with reference
to figures 1 and 2, without any intention that the process be restricted to the embodiments
depicted there by way of example. In the schematic representations, only the essential stages

are shown. Some streams customary in process technology, for example cooling water streams,



The designations in figures Fig. la, Fig. Ib and Fig.
2 have the follow ng neani ngs | Technical m xture of
C4 hydrocarbons contai ning 1-butene and 2000 ppnw to
3% by mass of isobutene, with or w thout n-butane,

I sobut ane and/ or 2-butenes. Il Reactor effluent from
the last etherification reactor |1l Fraction

conprising ETBE |V Fraction c&hprising 1-butene and
et hanol, with or w thout n-butane, isobutane and/or 2-

butenes V Stream |l owered in ethanol VI 1-Butene

cifcnlation streais) caflt tdcpeling® OPFetih @@eaﬁmb&ﬂ@d}%om'e%ﬁﬁ&hﬁ&gpparams for
~ and%%r? 2- but enes Et Ethanol D-dl Top product of ’
CXpnRis hegh exERangers Or tpajetogs hayessh hesarshown icfaverof beteralarity.
Extractant inlet E-c2 Extractant outlet K-b 1
Distillation colum K-cl Extraction colum K-dl

T@@Glgh#tatusamﬁgmfeumg 1¥-1dg. 1D sid kibat hanr the kdlmm%'n@!mings :
React or -R-a2 Reactor Wbl Bottom evapor at or 2
Condenser Wdl Bottom evaporator Wd2 Condenser 24

I WidahnRal indimu@\Ey hgdiQEari¥d 4ok RURNS Bktend ainQ-ZOb@ppmw to 3% by mass
of isobutene, with or without n-butane, isobutane and/or 2-butenes,

II Reactor effluent from the last etherification reactor

[l Fraction comprising ETBE

IV Fraction comprising 1-butene and ethanol, with or without n-butane, isobutane and/or 2-
butenes

V' Stream lowered in ethanol

VI 1-Butene fraction

VII Fraction comprising n-butane, isobutane and/or 2-butenes

Et Ethanol

D-d1 Top product of K-d1

D-d2 Top product of K-d2 (isobutane fraction)
E-c1 Extractant inlet

E-c2 Extractant outlet

K-bl Distillation column

K-c1 Extraction column

K-dl Distillation column

K-d2 Distillation column

R-al Reactor
R-a2 Reactor

W-b1 Bottom evaporator
W-b2 Condenser
W-d1 Bottom evaporator
W-d2 Condenser



In the variant of the process according to the

i nvention shown schematically in fig. la, the

technical mxture | is conducted, together with

et hanol (Et), first into a first etherification

reactor R-al which is preferggly desi gned as a | oop

reactor. The product fromthé& first reactor is

conducted into a second etherification reactor R-a2
va@pﬁr tion with identical or different tenperature,

GREVHIOBOT The effluent 11 fromthe second

wetthebhddn§at i on reactor is transferred into a

distillation colum K-bl which is equipped with a

condenser Wb2 for the top product and a bottom

. evaporator Whl. A portion of the top product is
I?%i?urned into the colum as reflux. The top product
In WMet co I ses. es
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top @6‘%#‘8&?\2?3 eenpdugtsd pa the hettem f mp rairagfion soobumre Keelf e which an

trhét@R! ERexMinple | _
T e [T A 4 18 B RGN A i L Pl and is
withgrawthgiactgp lspnﬁetidi‘-ﬁll at ¢he bt pRthesuobimut frett thel 106t th!érbolumn, the
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PP% ﬁgf ing.to figure la. The differencé
CVaRQs 131 fafhe tPR WBR infPndruser Wi and eptiondilyt e esanter, and
sepaiéd By arﬁ&%@ﬂ@l bt 2BR%ERE LB URLAR & ?ﬁjtése{]vech%ravm at the

rather isobutane (top product) 1Is reane
bottqm |9, ff@,f@h(ngmamb ety ;;spyuten'ﬁkﬁa ﬁwtldimﬁ'I catipriéhg 1-butene which is
en stre n1V co es virtua no
optioRF SRR Ol bt O RaBbiE By 1 3 Rrale” The el ol o1 i
.mOd[ﬁﬁdtsuMaﬂlq:toplc&&ﬁﬂ be rdﬁurh@ﬂﬁioatﬁé cdlumﬁ‘ & reff®y. 2- but enes
be fornmed by isonerization of 1-butene. Fig. 2

Fig. 1b

The plant shown in figure 1b for performance of the process according to the invention
corresponds to the plant according to figure 1a. The difference is essentially that, in column
K-d1, neither 2-butenes nor any n-butane is/are removed from the I-butene, but rather
isobutane (top product) is removed from the 1-butene (bottom product). This method can be

selected only when stream V comprises virtually no n-butane or no 2-butenes, ie. these



This figure shows a variant of the plant shown in fig.
la. In this variant, steps a) to c) are carried out
in an arrangenent as shown in fig. | a. In contrast to
the variant according to fig. 1 a, step d) is carried
out in two distillation columps. The ethanol depleted
stream V obtained from the extraction colum K-cl is
transferred into the distillation colum K-dl in which
j utenefre 1-butenjc fraction D-dl is

Suerggt\érr%c\r/eé gﬂ Vi a ot bﬁi’%%"% Mgt glt P?fnmiﬁgbﬁ%’ﬂesé’ﬁtfmﬁédw igorgerization of
I-butand.i on VI conprising 2-butenes and n-butane. The
distillate D-dl of the colum K-dl is conducted
directly into a further colum K-d2 which is equi pped
Figid h a bottom evaporator Wd3 and, at the top, with a
condenser Wd4 in which it is separated into a

This fgerersbows ﬁtwmtrtg’ th@ptahbﬂhommﬂuﬁlg M natsk FarfaBP steps a) to ¢) are
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sufficient precision for the design of industrial

pI ants, the qualitative differences in the
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of t

M y use ‘gl}l oﬁ\ewrgr trroorme Eﬂ‘ tl(’)eol ?fri‘ﬂt’loﬁtl on(s). In

the exarrpl es the property nmethod "UN FAC- DMD' (see J.

EX(Bmalhl i ng . Li, and M Schiller, Ind. Eng. Chem
RS 35 (1993) pp. 178-193) was utilized. The
Thd eXlam®W AGulASSNRLH the reactor
R- al ? a cat al yst vo%l}rﬁrlwev‘y\%&‘é C%Q%S\R/gts“%ﬂggh {FrrERu pPnbragram ASPEN
Plug J8 order 4o optairt transpRent2 repaoduriblecdate, ontyl witelyodyaiatid. sWaGince data
1@ égrgg actor were charged wth
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Slmnlnﬁt@twnsgmabe ki pstible foealid perssdalledV G 4P DRGNS w@rstand the

ensi data was used in the
calcuf(f.lgqfr ﬁ?xgpélp Ehf t@ggg,fﬁpcégotﬂ% ha¥eoyudticient reenidiors fsethe design of
indiBtrBDpIS e Cthé YudlifRive @ﬁ?&éﬂg& ih YRS AL &ive A AT correctly. In all

assuned in the reactor
variants shown, the isobutene conversion was increased by use of one or more reactive

distillation(s}.

In the examples, the property method “UNIFAC-DMD* (see J. Gmehling, J. Li, and M.
Schiller, Ind. Eng. Chem. Res. 32, (1993), pp. 178-193) was utilized. The following
assumptions were made;:

- for the reactor R-al, a catalyst volume of 10 1 was assumed in each case; for reactor R-a2. a

reactor volume of 7.5 1 was assumed in each case. Both reactors were charged with the ion



nodel i ng. Since the conposition of the incom ng and

outgoing streans of the reaction stage is also

specified in each case, it is possible for the person
skilled in the art, by adjusting the reactors with

fixed conversions, to recal culate the exanple w thout

knowi ng the precise equations for the kinetics. The

reactor pressure in all exanpBés was 13 bar (abs). In

the ETBE col ums, a C4/ethanol azeotrope was renoved

via the top. Tﬁ% Et OH was scrubbed out with water in
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In all examples, the isobutene present in the C4 raw material stream (D to the reactor R-al (see
fig. 1a, 1b or 2) should be chemically removed by ETBE synthesis, and 1-butene should be
prepared with a purity of greater than 99.6% by mass. In the I-butene product, not more than

2000 ppm of isobutene, 500 ppm of 2-butenes and 2000 ppm of butanes should be present (see
table 1).

Table 1: Required 1-butene specifications (in % by mass).

1-Butene
specification
Components [%]
isobutane
+ n-butane <0.2000
isobutene < (0.2000
1-butene > 99.6000
trans-2-butene
+ cis-2-butene <0.0500

Example 1a:

Example la corresponds to the variant shown in fig. 1a. The feed to the rector R-al was,



n- but ane, 2% by mass of isobutene and 90% by mass of
1- butene, and an ethanol streamof 3 kg/h (see table
2). Tabelle 2: Conposition of the C4 input stream (1)
and of the ethanol input stream (Et) for exanple 1 a
(in % by mass). C4 feed Ethanol Mass flow rate [kg/h]
10.000 (Et) 3.000 Conponents [% |Isobutene 2. 0000
1-butene 90.000 n-butane 8.0890 trans-2-butene

ci s-2-butene ETBE Et hanol 100.0000 A reaction
tenperature of 46C for R al and 40C for R-a2 gave rise

i ti i ' . 3 N
oSG ) 565y AP 05 LT i by s o

nRytaph 2% by tmoass o isotiutete §190% bhrase of Urbutdiadar@Om ethanol stream of

' pl ates and was operated at a reflux ratio
3%%85633%?1%5)' at a pressure of 6 bar (abs). The feed was
above stage 30. The distillate of this colum (I1V) was
é&ﬁé/ Et OH azeotrope from which the ethanol was
T B PTRRAS LRI thia Ce inpiuh stréren @) andof itlencthaol Gipat stream (Ef) for

exbmble 1a (@& yInasGonposi tion of the input and output
stf%)eearag of tyheaS olum K-bl (I'l, I'l'l and 1V) for
K-bl feed K-bl bottom K-bl

exanple la (in % by mass).
H L

neaduect L
U

h 13.000

Mass—flow.rate 0

di gtt+t+tate Foguect -
3. 055 9. 945  Conpd nent%gﬂ% i sqbut itkang! 1364 0. 1783
1- bttepne-69.1938 40 449 : (Et}
Mass flow rate [kg/h] 16.000 3,000
Components [%]
Isobutene 2.0000
1-butene 90.000
n-butane 8.0000
trans-2-butene
cis-2-butene
ETBE
Ethanol 100.0000

A reaction temperature of 46°C for R-al and 40°C for R-a? gave rise to the composition listed
in table 3 for stream II. In the distillation stage K-bl, the ETBE was removed as the bottom
product (II). The column had 50 theoretical plates and was operated at a reflux ratio of 0.9 and
at a pressure of 6 bar (abs). The feed was above stage 30. The distillate of this column (IV) was
a C4/EtOH azeotrope from which the ethanol was scrubbed out with water in the extraction

column K-fl.

Table 3: Composition of the input and output streams of the column K-b1 (IL, IT and IV) for

example 1a (in % by mass).

K-bl feed K-bl bottom K-bl distillate
() product )
Mass flow rate [kg/h] 13.000 (H?.oss ) 0.945|
Components [%]
isobutene 0.1364 0.1783
1-butene 69.1938 90.4494
n-butane 6.1538 8.0442
frans-2-butene 0.0185 0.0242




n- but ane 6.1538 8.0442 trans-2-butene 0.01851 0.0242
28 cis-2-butene 0.0185 0.0242 ETBE 2.5533 10. 8649

et hanol - 21.9257 89. 1351 1.2797 The et hanol -free
raffinate (V) of the extraction colum K-cl was sent
to a C4 colum K-dl in which principally n-butane and
2-butenes were renoved via the bottom (VII). The
colum had 150 theoretical pRates and was operated at
areflux ratio of 19 and at a pressure of 8 bar (abs).
The_colum feed was above stage 85. The top product

(VI) cikt-biatseed was a [fraction gwfiggh contar nmed oyer 0.0042
99. 6%1mE: mass of 1-Dut éne ang =3y ST Es “%8‘649, -
SPECiiggt T ONs required—Tmt f—f-or kg4 —_bit-ene

pr oguct (?bl:‘l:‘ t-abt-e—4)y—Fab eﬂ?:zgu rposi-tigRof Ll he 1.2797
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""?16519‘?%&"“5%?%&3&%% o po cusiey tieisaerifiapHionarrewired in table 1
fot thg.1-bdene product (see table 4).

Table 4: Composition of the input and output streams of column K-d1 (V, VI and VII) for

example 1a (in % by mass).

K-di feed K-d1 distillate K-dI bottom
) (VD product (VII)
Mass flow rate [kg/h] 9.818 8.998 0.820
Components [%]
isobutene 0.1806 0.1968 0.0029
1-butene 91.6217 99.7000 3.0002
n-butane 8.1485 0.1032 96.4089
trans-2-butene 0.0246 0.2939
cis-2-butene 0.0246 0.2939
ETBE 0.0002
ethanol
Example 1b:

The example calculation which follows corresponds to the process variant shown in fig. 1b.
The feed to reactor R-al according to fig. 1b was assumed to be a raw material stream (I) of
10 kg/h with 4% by mass of isobutane, 1% by mass of isobutene and 95% by mass of 1-butene,
and an ethanol stream of 1.5 kg/h (see table 5).

Table 5: Composition of the C4 input stream (D) and of the ethanol input stream (Et) for



The feed to reactor R-al according to fig. |b was

assuned to be a raw material stream (I) of 10 kg/h
with 4% by mass of isobutane, 1% by mass of isobutene
and 95% by mass of 1-butene, and an et hanol stream of

1.5 kg/h (see table 5). Table 5: Conposition of the C4
i nput stream (1) and of the eghanol input stream (Et)
for 29 exanple Ib (in % by rrass) C4 feed Ethanol
(1) (Et) Mass flow rate [kg/h] 10.000 1.500

but ane 4. 0000 i sobutene 1.0000
e%g%teng&é%gy({% " trans-2-butene cis-2-butene ETBE
et hanol 100. 0000 A reaction tenperature of 41.5C for
R-gl—and-35C for R-a2 gave rise tao the conposition
lidted in table 6 [for Gtfeehm H | nEthieldi s{illation
stage K-hi1, the FETBE wa$Drenoved as(Bthe bpttom
pr oBlses f1¢w rdig [keMfjg nunber 10008t ages, pnesglre and
r efi Compomdntsqyjer e junchanged cojnpared To ekanple |a.
The igbtakdnk! at e of [the colulgpd[rVv) Was agarp a CA/ Et OH
az ¢oksRRGe F OM Whi ch [nel%bo scrubbed

ou W'dl.el T the—ex Tabl e 6:
1 f‘l’\ﬁg]?tjib‘ﬁ:t' of—tH4 i..wubiﬁ of col um

{15 QL:J 1\)—for 06 by mass) .
110“- :theRe bl_bhotlt om K-h | di roduct ( Mass
1.500 1.465 onents %

Lo K |
1

1\AETBE e [kg/lh]

[sthaaple 3. 4783

100.0000

A reaction temperature of 41.5°C for R-al and 35°C for R-a2 gave rise to the composition

listed in table 6 for stream II. In the distillation stage K-bl, the ETBE was removed as the

bottom product (III). The number of stages, pressure and reflux ratio were unchanged compared

to example 1a. The distillate of the column (IV) was again a Cy/BtOH azeotrope from which

the ethanol had been scrubbed out with water in the extraction column K-f1.

Table 6: Composition of the input and output streams of column K-bl (I, II and IV) for

example 1b (in % by mass).
K-bl feed K-b1 bottom K-bl distiilate
(ID product (

Mass flow rate [kg/h] 11.500 D?.465 = 10.035

Components [%] '
isobutane 3.4783 3.9862
iscbutene 0.1612 0.1847
1-butene 82.5744 94.6337
trans-2-butene 0.0171 0.0195
cis-2-butene 0.0171 00195
ETBE 1.2900 10.1233
ethanol 12.4619 89.8767 1.1564

The ethanol-free raffinate (V) of extraction column K-c1 was sent to a C4 column K-d1 in

which principally isobutane was removed via the top (VII). The number of stages and operating

pressure of the column corresponded to example 1a; the reflux ratio was adjusted to 184. The

bottom product (VI) obtained was a fraction which contains over 99.6% by mass of 1-butene



3.9862 isobutene 0.1612 0.1847 1-butene 82.5744

94. 6337 trans-2-butene 0.0171 0.0195 cis-2-butene
0.0171 0.0195 ETBE 1.2900 10.1233 ethanol 12.4619
89.8767 1.1564 The ethanol-free raffinate (V) of
extraction colum K-cl was sent to a &4 colum K-dl in
whi ch principally isobutane mq@ renoved via the top
(VIl). The nunmber of stages a operating pressure of
the col um corresponded to exanple 1la; the reflux

usted.tq 184. T e ottom product (V
e SRR b S o R vl craiept pib (e table 7)
mass of 1-butene 30 and whi ch satisfies the

ecifications required in table 1 for the I-butene
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Example 2:

The example calculation which follows corresponds to the process variant shown in fig. 2. For
example 2, the feed to reactor R-al according to fig. 2 was assumed to be a taw material stream
() of 10 kg/h with 5% by mass of isobutane, 2% by mass of isobutene, 61% by mass of
1-butene, 10% by mass of n-butane, 8% by mass of trans-2-butene and 14% by mass of cis-2-

butene, and an ethanol stream of 1.5 kg/h (see table 8).

Table 8: Composition of the C4 input stream (I) and of the ethanol input stream (Et) for

example 2 (in % by mass).

C4 feed Ethanol
Y (Et)

Mass flow rate [kg/h] 10.000 1.500
Components [%]

isobutane 5.0000

isobutene 2.0000

1-butene 610000

n-butane 10.0000

frans-2-butene 8.0000

cis-2-butene 14.0000

ETBE




(1) of 10 kg/h wth 5% by mass of isobutane, 2% by
mass of isobutene, 61% by mass of 1-butene, 10% by
mass of n-butane, 8% by nass of trans-2-butene and 14%
by mass of cis-2- butene, and an ethanol streamof 1.5
kg/h (see table 8). Table 8: Conposition of the C4
i nput stream (1) and of the et3r11anol i nput stream (Et)
for exanple 2 (in %by mass).” C4 feed Ethanol (1)
(Et) Mass flow rate [kg/h] 10.000 1.500 Conponents
[%Eﬁ%uﬁ%—&—@@@?—i—seun-ene 2-000Q__1 -hutene
61, ol . butane 100000 trads- 2- bi08880E. 0000
ci s-2-butene 14.0000 MBE 31 ethanol 100.0000 A
: i r b 0f, 5C o3 nd 42C for Ra2 .=
A G BB B 8 8P i st aercitreao dhy cmpositon sted
i tabbalnfod. stdeamtih dn diesdibtillaibh tags KA the BTBE wdd %:%ﬁ as the bottom

d as the_bottom product (I11). The nunber
p\é\c’?dsug{ @Hg\éﬁlepqugg)gﬁ PEStagRs Prepsurs andareflgx wrttoe warecinehayedd compared to
LanpIan 8 arieQlisteNRMR g b tibhihat NS Solum . .
(V). vias agzﬁ n a CA/ SE%él Oamglzaﬁe‘gs#%gg&b%o%/ﬁ #c%ze?tﬁ%m ffom which the
et(eh@ml, el bercoryblead ant with tveatkr duthe wkitdutivmtetami K-flhe
extraction colum K-fl. Table 9: Conposition of the

i nput and output streans of colum K-bl (I1l, 111 and
V) for exanple 2 (in %by mass). K-bl feed K-bl
late (I1) product (I11) V) Mass

t K-bl , distj
TRPl P aasicin it tha Mo ad saabibEE0s oshiyemeREd (I T and Tv) for

example 2 (in % by mass).

| K-bi feed K-bl bottom K-b1 distillate
| | (@ product (ITT) av)
Mass flow rate [kg/h] 11.500 1.534 9.966
Components [%]
isobutane 4.3478 5.0170
isaobutene 0.0457 0.0528
1-butene 52.9649 61.1167
n-butane 8.6957 10.0340
trans-2-butene 6.9958 8.0726
cis-2-butene 12.2132 14,0930
ETBE 3.0838 23.1198
ethanol 11.6531 76.8802 1.6137

The ethanol-free raffinate (V) of extraction column K-cl was sent to a C4 column K-d1 in
which n-butane, 2-butene and approx. 25% of the 1-butene were removed as the bottom
“product (VII) (see table 10 for composition). The column had 160 theoretical plates and was
operated at a reflux ratio of 18 and at a pressure of 8 bar (abs). The feed was added above stage
80. The distillate (D-d1) consisting principally of 1-butene and isobutane was sent to a further
distillation column K-d2 for purification of the 1-butene, the isobutane being removed via the
top (D-d2). The distillation column K-d2 has 150 theoretical plates and was operated' at a reflux
ratio of 85 and at a pressure of 8 bar (abs). The feed was added above stage 75. The bottom
product (VI) obtained was a fraction which contains over 99.6% by mass of 1-butene and
which satisfies the specifications required in table 2 for the 1-butene product (see table 10).
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n- but ane 10.1986 21.0022 0.1500 0.1676 trans-2-butene
8.2050 17.0264 0.0001 0.0001 cis-2-butene 14.3242
29.7246 ETBE ethanol 33 Cains: 1. A process for
preparing 1l-butenic fractions having | ess than 2000
ppm of isobutene based on the 1-butene fromtechnica
m xtures of C4 hydrocarbons | ghich contain at | east
1- butene and from 2000 ppnM/? 8% by mass of
i sobut ene based on the content of 1-butene,
;ﬁharacterlzed by the process steps of a) reacting at
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i n teafiraction IV in at least one further separating step to obtain a 1-butenic fraction VI,
the reaction in the first reaction zone in step a) being carried out with an at least threefold

molar excess of ethanol based on the isobutene present in mixture I.

2. A process according to claim 1,
characterized in that
a technical mixture of C,4 hydrocarbons I which has a content of 1-butene of greater than

50% by mass is used.

3. A process according to either of claims 1 and 2,
characterized in that
the technical mixture of C,; hydrocarbons I comprises isobutane, n-butane and/or 2-
butenes, and the ethanol-depleted 1-butenic fraction V obtained in process step ¢} is
separated in a further process step d) into a fraction VI which comprises 1-butene and into
at least one further stream which comprises at least one compound selected from

‘ isobutane, n-butane and 2-butenes.

4. A process according to at least one of claims 1 to 3,



the technical m xture of C4 hydrocarbons | conprises
i sobut ane, n-butane and/or 2- butenes, and the
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ou&hatg{@teslggd\mahway that no reaction zone is designed
as_a reactive distillation. 8 A process according to
at thp gaidreatphezed retherifipaon1ing sagp, 2) igivamigdtat iizeddc n whathat the last

aneRX{habhd R r(‘ieéléwﬁ 3kh k&gtn%%stﬂlgugﬁ ﬂ:g'ﬁhlﬁl)l st%ﬁq g][ I'itS (I%%O cggried out.

extractant used I1s water or an aq
process accord| ng to at Ieast one of cI ains | to 8,

xf‘hgr acterize E resi armunts of et hanol

oredent i fnoTT m Oat s prgof n}frlet ser ubbed out with

vvacthefacteﬁzai mfﬂmt her extraction step.
the acid-catalyzed etherification in stage a) is carried out in such a way that no reaction

zone 1s designed as a reactive distillation.

8. A process according to at least one of claims 1 to 7,
characterized in that
an extraction is carried out in stage ¢) and the extractant used is water or an aqueous

solution.

9. A process according to at least one of claims 1 to 8,
characterized in that
residual amounts of ethanol present in fractions V or VI are scrubbed out with water in a

further extraction step.

10. A process according to at least one of claims 1 to 9,

characterized in that

a technical mixture I which has a content of polyunsaturated compounds of less than or
equal to 20 ppm by mass is used.
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10. A process according to at |east one of clains 1 to
9, characterized in that a technical m xture | which
has a content of pol yunsaturated conpounds of |ess
than or equal to 20 ppmby nmass is used. 35 11. A
process according to at | east one of clains 1 to 10,
characterized in that polyunsaturated hydrocarbons
present in the C4 hydrocarbon3&treans are
catalytically hydrogenated in an additiona
purification stage which is inserted upstream of one
or nore of process steps a), b), c¢) or d). 12. A
r s.according to cl ai 1, characterized in that
?Hg%g%F§ﬁi%3FﬂggggdmﬁUﬁﬁﬁghégn%}E’M&drogenated in at
| edhatacteviBedi@alghi on stages, at least the last reaction
stage being carried out in the presence of 0.05 to 100
p atgsesed ydrosaghpet preserd do otheli Gighydooatboh eastmonge @ftalytically
chggH% A eri.zed in that the acidic
cat al yglgat%gg gi‘ aiagdlgﬁ&lﬁ g%%?%ﬂ%n e Wﬁélgl? K. IHS.FE?‘?EPSHF@B &§ gne or more
acd oraessgtape apbd), kpast). one of claims 1 to 13,
characterized in that the reaction in step a) is
carried out at a tenperature of 30 to 70 C. 15. A

12prfopessss agalifld Ba1diq 1t | east one of clainms 1 to 14,

characterized 1n that the reaction in step a) is
cShapelerizsdin et o tenperature in at |east one reaction

yA | yst .whi ch has an acid
- anepdiuritlplfe SlpoA B §R-Bkitka Hn 1o B0 SReion reos, at leas
i fhe Tedh atactidrestagedetnigearried o8tie thegpredeficeQ@N0588! 1 0MEprl, oRCO.

tenperature of 51 to 70C and a catal yst which ""has an
acid capacity of 0.5 to 3 nol/kg is used. 16. A

13promesss #26:difd 10t lefkt Bhe d@RSMhs PRE1Rf clains 1 to 15,

cggract,eri zed in that the reaction in process step a)
i shagagierizedingidt pefore the distillation step b) with an

Lide¥cafc catalyst used is an ion exchange resin.

14, A process according to at least one of claims 1 to 13,

15.

16.

characterized in that

the reaction in step a) is carried out at a temperature of 30 to 70 °C.

A process according to at least one of claims 1 to 14,

characterized in that

the reaction in step a) is carried out at a temperature in at least one reaction zone of 30 to
50°C and a catalyst which has an acid capacity of greater than 3 to 5.5 mol/kg is used, or in
that the reaction in step a) is carried out at a temperature of 51 to 70°C and a catalyst which

has an acid capacity of 0.5 to 3 mol/kg is used.

A process according to at least one of claims 1 to 15,
characterized in that

the reaction in process step a) is carried out before the distillation step b) with an LHSV of
031025 m3/(m3CATh).



0.3 to 2.5 n3/(nBcATh) 36 17. A process according to
at least one of clainms 1 to 16, characterized in that
the reaction in the first reaction zone in step a) is
carried out wwth a 10- to 15-fold excess of et hanol
inrelation to the i sobutene present in the mxture I|.
18. A m xture containing over 98% by mass of 1-butene
~and | ess than 200 ppnw of isoBétene, obtainable by a
process according to any one of clains 1 to 17. 19. A
m xture according to claim 18, characterized in that
1i7t Acnteas asoldégdo bhiasst Oncbdbchymipss1®@f 2- butenes.  20.
A mxture according to either of clainms 18 and 19,
'chgﬁaé%#%}zﬁilé‘otg?tn that it contains less than 5 ppm by
mags redetiof Gané : - : it upe
according to a%sﬁggggﬁgﬁ%@g %@%Z}Sr%g%g Oﬁto%%?%' to 13-fold excess of
chathanol & feleéien torthe isabuténe peesmitan tis nhigsse Lhan 50 ppm by
mass of water. 22. The use of a mixture according to
any one of clainms 18 to 21 as a 1-butene-containing

18.edsioekcdnmifiigoeppsiobyendst f 1-80teRf aRiiBNIERE 0 bt of isobutene,

- t ene.
cgjl)tamaeble by a process according to any one of claims 1 to 17.

19. A mixture according to claim 18,
characterized in that

it contains less than 0.5% by mass of 2-butenes.

20. A mixture according to either of claims 18 and 19,

characterized in that

it contains less than 5 ppm by mass of organic oxygen compounds.

21. A mixture according to at least one of claims 18 to 20,
characterized in that

it contains less than 50 ppm by mass of water.

22. The use of a mixture according to any one of claims 18 to 21 as a I-butene-containing

feedstock in the copolymerization of ethylene with 1-butene.



