1 Process for preparing 1l-butene fromtechnica
m xtures of C4 hydrocarbons The invention relates to
a process for preparing 1-butene fromtechnica

m xtures of C4 hydrocarbons which conprise at | east

1- but ene, isobutene, n-butane and 2-butenes. 1-Butene,
as well as other C4 hydrocarbons such as isobutene and
2-butenes, is obtained in |large anmounts fromtechnica
C4 cuts, for exanple the C4 cut from steanctrackers or
FCC units. These C4 cuts conpsist essentially of

but adi ene, the nonool efins isobutene, 1- butene, and
the two 2-butenes, and al so the saturated hydrocarbons
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separation factors, a distillative workup is difficult
and uneconom c. Linear butenes are therefore usually
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t he presence of |inear butenes (w thout noticeable
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vari ous process technol ogy variants have been
devel oped. The techni que of reactive distillation has
been found to be particularly useful for achieving
hi gh i sobutene conversions. The industrially nost
significant process is the reaction of isobutene with
met hanol to give nmethyl tert-butyl ether (MIBE) which
finds a great degree of use mainly as a fuel additive.




A further neans of chem cal conversion of the

i sobutene is the reaction with water to give
tert-butyl alcohol (TBA). OsMng to the low solubility
of water in C4 hydrocarbons, this route is technically
nore conpl ex than the ether synthesis. Another
possibility is to oligonerize the isobutene and to
renove the oligonerizate. A disadvantage is that a

| arge portion of the |inear butenes present is
converted to co- or honooligoners in the course of the
full isobutene renoval by oligonerization. A 3
further disadvantage is the partial i soneri zation of

ut th but f ch I
and PRSI 4% N PR e M TR S et o
isoGhtahy dh@ A HURARS aheP a RIS BE T ihe rin' A Byt R dRBvIc. nT Bfrther

product s obt ai ned are processed further, for exanple
dw@ﬂmngewPSObb@#mﬁ\NQMyC@ﬁmnh@nknamnHcmnnm&sobnmbmﬁnecmlbe

r .exa to tert-b .al cohol (TBA), or
ob aérgza El}é‘l ;zﬂnl% X tﬁndf %‘ tf(B’l:.J fsd[s peqegmt(sgfgg)l -butene is
us&PRY £N&LONeSle %f; faoédiln&{(‘)h')ér Qﬁ%fhy%le %tlyr(géﬁz!aﬁén axt.%%le 98butene

conversions in the presence of “I1 near” buten
impwatigs| ereofindesisal. uTypoeal pspepidisatibriss ofy 1elmndrien sereforeofestrict the

these.processe ith a sinmult ous (EP 0 048 893, DE
cmﬁ@“éﬁ“ﬁ%??”%F”iﬁﬁg%ﬂ%@ﬁ?bggﬁvgﬁgwﬁﬂLof t he remai ni ng
i sobutene to tertbutyl ethers. US 4,797,133 descri bes,

inter alia, a process in which, in a first reaction
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The industrially most significant process is the reaction of isobutene with methanol to
give methyl tert-butyl ether (MTBE) which finds a great degree of use mainly as a fuel
additive.

A further means of chemical conversion of the isobutene is the reaction with water to
give tert-butyl alcohol (TBA). Owing to the low solubility of water in C4 hydrocarbons,

this route is technically more complex than the ether synthesis.

Another possibility is to oligomerize the isobutene and to remove the oligomerizate. A
disadvantage is that a large portion of the linear butenes present is converted to co- or

homooligomers in the course of the full isobutene removal by oligomerization. A



DE 25 21 964 describes a two-stage process for
preparing al kyl tert-butyl ethers, in which isobutene
is reacted with alcohol in a first stage, the ether
formed is renoved and the renaining residue is
conducted into a second reaction stage for the
conversion of the remaining isobutene. 4 Al
processes which are detailed in the prior art and
conprise a partial conversion of the isobutene have
the di sadvantage that, afteg renoval of a portion of
the i sobutene, the remaining fraction is converted
fromwithin the entirety of the C4 hydrocarbons. This
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whi’ch does not “have one or nore of the di sadvant ages
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DE 25 21 964 describes a two-stage process for preparing alkyl tert-butyl ethers, in
which isobutene is reacted with alcohol in a first stage, the ether formed is removed and
the remaining residue is conducted into a second reaction stage for the conversion of

the remaining isobutene.




c) distillatively separating the C4 hydrocarbons |11
into a fraction IV conprising at |east 1-butene and

i sobutene, and a virtually isobutene-free fraction V
conprising at |east 2-butenes and n-butane, d)
reacting the isobutene present in fraction Ww th an
al cohol VI in the presence of acidic catalysts to give
tert-butyl ethers VII, e) renoving the unconverted C4
hydrocarbons VIII fromthe effluent of stage d) and O
distillatively renmoving thegl-butene fromthe C4

hydr ocarbons VIII obtained in e). The particul ar
advant age of the process according to the invention is
that, by virtue of the additional renoval of the

2-but enes and n-butanes fromthe reaction mxture in
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be used particul arly advant ageously when sw tching

existing plants for preparing MIBE and 1-butene to
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these hydrocarbons by distillation in stage c) into a fraction comprising at least 1-butene
and isobutene, and a virtually isobutene-free fraction comprising at least 2-butenes and
n-butane, reacting the isobutene present in the isobutene-containing fraction with an
alcohol in the presence of an acidic catalyst to give alkyl tert-butyl cthers in stage d),
removing unconverted C, hydrocarbons from the effluent of stage d) in stage e), and

removing 1-butene in stage f) by distillation from the effluent of stage €).

The present invention therefore provides a process for preparing 1-butene from a
technical mixture of C4 hydrocarbons I which comprises at least 1-butene, isobutene, n-

butane and 2-butenes, which is characterized by the process steps of




The process according to the invention will be

descri bed by way of exanple bel ow wi t hout any
intention that the invention, the scope of protection
which is evident fromthe clainms and the entire
description, be restricted thereto. The clains
thensel ves too are included in the disclosure content
of the present invention. Wen ranges or preferred
ranges are specified in the text bel ow, al
theoretically possible partsranges and indivi dua
values lying within these ranges are included in the
di scl osure content of the present i nvention, w thout
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renovi ng the unconverte C4 hydrocarbons 111 from
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|IIat|ve arating the Cht hydrocarbons |11
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distillativel'y renoving the 1-butene
hydrocarbons VIII obtained in e). Process step a)

The particular advantage of the process according to the invention is that, by virtue of
the additional removal of the 2-butenes and n-butanes from the reaction mixture in step
¢), a smaller volume stream has to be conducted through reaction step d), which is why
the reactor(s) in process step d) can have a relatively small design or, with the same
size, higher conversions can be achieved in comparison to conventional processes. The
further advantage of the removal of the 2-butenes and n-butanes in step ¢) is that the
starting concentration of isobutene in step d) is correspondingly higher, which

simplifies the reaction of the isobutene with alcohol in process step d).

In comparison to classical procedures, the reduced volume stream in stages d) to f)
additionally gives rise to a significantly lower energy consumption of the overall

process, for example in the form of the heat carrier steam.

The process according to the invention can also be used particularly advantageously
when switching existing plants for preparing MTBE and 1-butene to ethyl tert-butyl
cther (ETBE) and 1-butene. Owing to the less favorable equilibrium position in the



The products Il obtained in step a) by conversion of

i sobutene can be prepared, for exanple, by reacting it
with water, alcohols or formal dehyde, or by

ol igonmerizing the isobutene. So that renoval of the
products fromthe remaining unconverted hydrocarbons
is possible in a sinple manner, for exanple by
distillation, the products nust have a boiling point
at standard pressure (101 325 Pa) of greater than 30C
Such products are, for exangle, tert-butyl nethyl
ether (MIBE), tert-butyl ethyl ether (ETBE)
tert-butanol (TBA), 3-nethyl-3- buten- 1 -0 (MBQL),
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preferably in the lower third of the colum. Onmng to
the narrow boiling point of the m xture to be
separated, the columm is designed with preferably nore
than 100, preferentially nore than 125, nore
preferably with 150 or nore theoretical plates, and




To heat the evaporator of the columm, it is possible
to use a typical heat carrier, for exanple steam or
hot water, and al so preferably waste heat from other
processes. In the latter case, it may be advant ageous
to equip the colum with nore than one evaporator. The
colum is preferably equipped as a sinple colum wth
at | east one evaporator and at |east one condenser.
Owm ng to the high energy denmand and t he snmal
tenperature difference betwgen bottom and top of the
col umm, energy-saving arrangenents are particularly
preferred enbodi nents. Reference is made here by way

AP TS DRSSk L SRR M s .

ofy;
]
f ur
t wo- pressure connection (double effect distillation)
inintegration with a second columm. The second col um
Prpesps pepfadr abl y be a parall el -connected colum with the
sane,or different separation tasks..One of the colum
11 PRl P e in FEBR MY GPoweinnoh e S Gee el bs puepered. fo
ex&ﬁjﬂ!@,eﬂﬁ ok @iy 1t SBE (vateH! BedbDisSott fohﬁhl@@ﬁyd%?orh@}abli%d?ﬁeﬁzing the
~other colum. In the arrangenment of colums Wt
isofpfcher dot teadpagmaevahgof bk spioducthefivinnghp uepesesg urtcongerted

ossible in i nci pl.e for an ui tabl.e col.umm .fromthe
v B3EbeL s oReBerts TPl RFLD! GHITRG LY LhatOB g pipducts
mudhh&R d BoiRALBERE atQndheprbiGr X108 835 P@YSPél‘ééthgtth 3b*t§ Such
invention at the plant |location, to be connected wt
praduetsi areerion wrargpleu tert-biityp mutled setbere (M3 BE),Thet-batgbrthyl ether

[ S r ref erably the e ting,colu )
T betd Gply A 7iid G Cou RS, AP et Logionane
or @isdRfene THE Yo tsAFreRLANNY Abld1d RARY poihl aP@hddacd #J?erssure of
it is suitabl'e for preparing n-buterie ol 1 goners, in
grogter tthaut3iC dind préfercetidlyogrenter bhanef¥C. five rexcivoak én Biep a) are
t.he .OCTCL .process, of O A efi nchen H, as
PSRy BN BEirh8 5 GG FoREPtage g SR enpin process scp
a) B Ce%ates HRR Z@%,T]B}%férwgfe%wr‘%hﬁ a6d;! fbférynt%l?lﬁlgdf:%gater than
fromstep c) is converted in the process accordi to
T0%ohendi morerirelerablng@maten thah 80%. dadhé mactsiregl ishegedyith water or

i,ch, the remnining isoputene is conyert by .
ol HaE GOSFSBRols D GRS BiFets ofiibo o T eepivaley of the

| coBeffin of S RERES N bk %ﬁt@r&[bd?%orteagmbﬁl’_ H%lr}ﬁmﬁ%]r GRfRL g% used
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whi ch has small anounts of inpurities. The purity of
Predess sibgbhol used, reported in % by mass of alcohol, is

over 90% re preferably over 95% npst preferably
Thearonseigd Gnbydedarhons 1A @meyed o %%b)eﬁr% e HEpe ofstep 2)

ahl % S S
by e el s Sl St o e A, B ogiext of the
preped hiut@mienwiot meah deldgl fr éxampdy, tdistill@ionviahl FREbARNs, and
to.give nethyl tert-butyl ether, various process
ext(ﬁﬁ?l?%t‘%hwecm &h Irdylsh gpsertiverdistillatippenipcess step b) may take

Y% ' ri ] l4 21 Si Ok
plas O fRREY Pa OB Bt ot o7 Sldbie g ol U lgion
and 4 $ephata it 16) dag Ge dhpemsed GiBNUSHrofidté.z; Droste,

W1 helm Erdoel & Kohle, Erdgas, Petrochem e (1980),
33(6), 271-275; DE 26 29 769; DE 28 53 769). In
principle, all known processes for reacting isobutene
with al cohols are suitable for use as process step d)
in the context of the present invention. Preference is
given to using processes in which the reaction is
effected in the |iquid phase over an acidic ion
exchange resin. The reactors in which the alcohol is
reacted wth the isobutene up to close to the

f)



The reactors may be operated at tenperatures of from
10 to 160C, preferably at tenperatures of from30 to
110C. The pressure is preferably from5 to 50 bara,
preferably from10 to 20 bara. Since the thernodynam c
equi | i brium between al cohol /i sobutene and ether at | ow
tenperature is predomnantly on the side of the ether,
it is possible when using a plurality of reactors to
operate the first of the reactors at higher
tenperature (high reaction gate) than the downstream
reactors (exploitation of the equilibriumposition).
The nolar ratio of alcohol to isobutene in the feed to
p Frocess inep d) is preferably in the range from10:1
YPEFSYSUP Yhpre preferably from5:1 to 1.1:1 and nost
: )
ARE SO g MRS hhg dedned Mpoungy reen
whidabgvey beati wdeﬂlﬂtnewammlmtsmp Py deerdsuliting chydodcatbon stream is

subs nce i.ch.is so |l e neither in the, feedstock
e B ﬂvﬁh afipp. j1j gtep rckudﬁket dighiliatiyp sepaationis Greqed eut in such a

wa%' 1th§ts aOffadtiod ISVU bRAGSin éUQtd Rlast” $BGEdnE N 801%8'% thf Sing! ?%rtually
Catal yst shoul d not ease any aC| I'c su ahces o!
isobhenpified uitction xVu centaini@aais deakh i2shit@res | /Rl nthutatieehll having

|.0s The actiyity of the catalysts is preferably

Pf%feﬁ@at lese Shpon 5t/ﬂh§V gy Peedersnially tase thayilts F t & Bpss and more

préf&rﬁ@l@%ssttﬂad ?@(H} gssWseoﬁ)ufeﬂg afe (ﬁqbgutlgdq 15 rf%b{lf)rﬁ) N Gontains at
arely t Itionto I near enes

leatths% zbyaile}sstpreﬁmhw at 1bat @Dy, byi hadt makd preﬁ@.ﬁ‘tﬂj/ ﬁtzl%ait@@ 8% by

| i near_ but enes and di al kyl et her

ri.zati on of
maﬁ%PﬁéﬁEarbUF%m%mn%meMYee g ydsensahon, geqam pptaned as the
e
o RERU0 rA VL ol My 805 19, AR iyt By
lesptlehed. 2t yy bewsd ofun-blmesThé disaHhtiteysdparatis @am®¥ cafridd out in
aci d-activated bentonites and/ or

aplgﬂ)r(%\q? wsed Eg%‘;l%g%‘é{: §a the sepiatinh ek iS@ehs hydrocarbon mixtures. Such
apﬂﬁ‘?aﬁﬁé‘?ﬁ%#,' beé‘A dat% d 1'11?1!1&1 énﬂl? LB %%%%LL ins. 12 A

group of’ acl erre e process
according to the invention is that of solid ion
xchange .resins, especially those having sulfonic acid
% S Z(R QR YINGrPUE S ichaiatipr & ASUpeTEACtosatien splgime, The
fee% Egﬁlgf Mugﬂlhﬁ Zefg%lﬁ Eletﬂ 2%”%?1210%@%&&5}[%% i théeflower %Iid of the
columny@wmgmaummova@ﬁpg pSme)f e Qﬂﬁ@t@to\’de&)ébarﬁt@ﬂﬁﬁél Bétemn is
for preparln the cool i goners are:. styrene,
designsd it BF@FF‘é Ly meye HepH 3ﬂapref¢éentwllﬁwce@ ﬂwﬂéﬁz@ﬁee preferably
st n I r nz e a
w1tge¥/§ll)’h ?bﬁe{%l?eﬁlg()% 1@;}’1 glla{elgc U C? St éef::écr)ao ¥ g9 rlr{e:%ré’ m\/\ﬂ%g pio 200
theaedcdl @ﬂkitesl dtle b@/ﬂlfx&aﬁb I(@ﬂuﬂfaté td/dlgﬂillﬂiate\!\fwﬁthdrawal) is, depending on
di vi nyl benzene are used as a precursor for th
the Jrignpsr o istigeprealised and ﬁ)art@e opersting msswesmefmhlm lessitban or
equgf Q)Uﬂ)s pp%{i%alryiﬁen%arng%é ore greé%el%lx éegg ?l}agg iﬂe condensatlon can
be mﬂatmal a|g§(1n§m©hﬁ%<ﬁra§3ﬂ bf ﬁﬁ THRIIA1aROFOR] {dpretAR) (Iiés@ﬁed as
swel | ing or shrinkage and exchange capacity, can be
a ligyid-Bepigyseparatog, eTbTS iﬂh?eVSp PR AT msemt doeths . fepdh strham to be

C i .nvent on e
renfd BT RS2 B0 P O RURP b AR ooty et r Dottom
prof@&ichs bObbthided st yr ene-di vi nyl benzene type are sold,

inter alia, under the follow ng trade nanes: Duolite
C20, Duolite C26, Anberlyst 15, Anmberlyst 35,
Anberlite Amberlite 200, Dowex 50, Lewatit SPC 118,
Lewatit SPC 108, K2611, |1C2621, OC 1501. The pore
volune is preferably from0.3 to 0.9 nm/g, in
particular fromO0.5 to 0.9 m/g. The particle size of
the resin is preferably from0.3 mmto 1.5 nm in
particular from0.5 mMmto 1.0 nm The particle size
di stribution can be selected relatively narromy or




13 data in nol/kg are based on the ion exchange resin

dried in each case to constant weight in a hot

nitrogen streamat, for exanple, 105C). In a preferred

enbodi nent, the addition of the al cohol to the

i sobutene is carried out in the presence of an acidic

catal yst in such a way that at | east one reaction

stage is carried out as a reactive distillation. Mre

preferably, the acid-catal yzed etherification in step

d) is carried out in at |least two reaction stages, in

whi ch case preferably at |east one, nore preferably

the last reaction stage is carried out as a reactive
o e o B e GRS et S o 1
baG@ll! (bR}, preadably dt A0REGuEof frdin I55BLUL LR rheAk MBI 8R0which

tert-butyl ether concentration is first prepared over
thezpgparefieti s cemiedlopsis preforablyhieom $6bo 6630, préfemblyi foom KV tafiGPC.

t he al cohol VI. The conversion of the isobutene is
preferably greater than 90% In the next/last reaction
ToHe@Othe dAbSratr WURE chBrinS G isToRsiblieo &R fypReal Peat carrier, for

distillation colum, where a further portion of the
exdng)b stcemeorihot watey,entl @tbotprefetublyet e heat firotthetherg@otdses. In the
lt1part of thﬁﬁrﬁactive distillatio colugn, the sane
AELFASFAIE Y PEPIRHIIRCAES 10U HHYIE calant VER gnoge g ong evaporator.
Thé tHBIR 1§ PRIGLBE MuBhbed fEa Eihﬂ)‘f@t%&lﬁn%%@ﬂl WILROW e LGRS and
of a reactive distillation. "I n the reactive

at gasitdnie| @niemsec dPwimg, totthe higt aleyst deragndeirtdhiie sheall temperature
Jntegrated i he packing, .for _ exanple KataMax(r) (as
g (e, Do Hagop 6%) the ool upny | Pes B3 Y Mo SEHIgEwANts are
artiBut R i /, '
P B e (s petpher atte 5 g3 Tignghe o the
methedceli vapoofcotipeessivobt Enthenipatticalaiyhmlefered gire@géhent is two-
correspondi ng,tertiar utyl, ether is effected in the
prepit £ (9Pl el Pibrian) (r iiesEnn wiber seeond oolurn
Thé 8898d fcbRMnL f &Yoo fnfMy
90C, m;:r e pr glfase/ﬁ)a{%ﬁg%{;l t&% rgc??hfagl%I tb @ng%t(e:& P Lgl onﬁgftfl?ﬁ%me o
differsntiseparationtthskh. Ohe of dteatojstind & piemypabaduffidentlyatiglopressure
" temperature of the colum %4 na¥ bhe significantly
that, 1§ h&0denyalop AiCPERRYE | ist FETIFIERh (R d1vat ithe odippvetiupy. In the
dRembh ' ' I B Ot ;
RSO R TP IR 0o, AepH Bl T8l i AL TRl % i
pospidid i yiracipdes fole any i soiable ncobimd OftorA2th@8grobess 4daerding to the
. _reaction gf nmet hanol w th i sobutene. The C4 .
VERRNG P BSA GrPXpmnevRishy? imgpssat pulsidattBp @recsss aerording to the
: : ' t hanol Qr
iRl PR ok 0P T Rhn e BT R hTY D308 o gposs
stet bje The eremdtwienn & i preferdbly Wi Chsdpa@bing eslamnatréaRbcess
t hanol , ethanol) and correspondi ng al kyl tert-butyl
stelbher (ATBE) are present in equilibriumor virtually
in equilibriumis fornmed. This reaction mxture is
passed into the reactive distillation colum. In the
The gedionfV thainee & ticy €) cirshd hicdtab @A alGAAiNE iagedfOeparticular, it is
.al cohol (methanol, ethanol) may be present than is
suithlle fef PRI a-fuiene elegnesrsi prpasicularedirsbhignene tabutere, for

| excess.shoul.d be such. .
R R T DS I T S
196aDemicr@ P ks F orns from al cohol (nethanol, ethanol)
and 4 hydrocar bons.




Optionally, for exanple when the al cohol content in
the columm feed is bel ow the nmaxi mum perm ssi bl e
val ue, additional al cohol may be added to the col um
feed. hi addition, alcohol may be fed in by neans of a
separate device at the top of the reactive
distillation colum or at other points, for exanple
directly above or in a liquid distributor of the
catal ytic packings. The reactive distillation colum
preferably has, above the cgfal yst packing, a region
of purely distillative separation. The zone above the
cat al yst packing has preferably from5 to 20, in

P Eart%cuhir from10 to 15 separating stages. The
TeERHTER i*hg zone bel ow the catal yst conprises from 12

Thé KoBftenicirRAbA TOWALindd £#8h38ep § i3QLoSRPRE 3 %8t A&98Scording
The height of the catal yst zoné/reactive zone can be

to thetinvantior dn asughdrunadtionrstepf (stehel) de sihigdthe sahainapasobutene is

conver Si by sjnple preljmnary experiments. The
conthpy afdipgpaRiepoliie Bivey %Ffé”feég%\flﬁﬁ CeiaseeBEr- at such

a level that an isobutene conversion of from75 to

99% preferably from85 to 98% and nore preferably
Thé etreri@iSation 67 the balseehcois tdnded sobad emeclontantediwadtioa. The

feed to the reactive distjllation, is _ achieved. The
alophaly ! MY Do RETTDe PR 89N ® Py IRg yAlekolsBrgerably

haBfig BRLPW: toPY B85 Blo%nsD F"A(ﬂg\’ %T@ra?@t RBEYSHo1 22N -IC;P erfeefonol
to the reactive distif atlgn colum i1s prefeﬁg% y
usddehawmb¢ hizhbemot iakehpla phrendgcotpt ef elcahdlywiiclo mSBsrhal aBpunts of

. nmore preferably from4 to 10 theoretical plates bel ow
ImpHics o Lig P%W&fé[z? A Phqih@e&er&ew%{emd rsby mast phalcekplytprover

IS t ur, e th o) :
R R OB 2B PR 2B oo A nfee b Groter s
prefaatey thelobb 3baby madss) mpeuet prefekably belom 7 %bdyanin, ddstpweterably

Th%u%%%&aulic | oading in the catal ytic packing of the
belay) dP3feferably from 10%to 110% preferably from
20% to 70% of its flood point |oading. The hydraulic
| oading of a distillation colum is understood to mean
Fort the remetibo bfisoboand ethratcohols) epaaatulamwich asshadsClol @i Biethyl
t.he ascendi ng vapor stream and the refluxing |iquid
terighytda thetsh g aiipiise PrOcSEH g aRts nhave; heen Aexslopeh (ghii Wimann’s
EndRRA00 Y ARAL 2GR Bhibl AWibon ABONE WALE . SO, under
eparating action declines owng to ’entrai nent or
methyt tertybrhigt iether, odndt heratek| dived| thepe] dbeyadsh EFriag cRRdien Vilhelm,
vapor_stream The | ower Ioadin%élinit i ndi cates the

Erdoeh&niinhle obiighy Pepashsmiani 10RO Ra(QepHr At mE 36 290199; DE 28
[ - o) ' ta i l. | ow gr

53 g8 yraiipiE il RR5GR PUGRAS' By LAY Popler 8N atcotols are
suitabeUuoKidd ds Ipk@iess stép dyrid aipesontdx0 OLihe pREBItSBIRKion.

Ver f ahrenst echni k" [ Basi ¢ operations in chem ca

process technol ogy], p. 626, VEB Deutscher Verlag Rh-

Bl i AL the f .0t the shea o

Prf RS e Blls Batetnin Ruleh B LS PG olbs iguio
phas@ ogéreat adifiation BRclRnbé FRIAMDYTbactlrs lih QHidh ihe LhbRisnRa ted

Wth the gas in the formof drops, or that there is
with hgsisobyiors wn enclpse toHbe drmadynemic rawkibrigmknay be conventional

" FL oyl mk .vo | onnen m t. der.nen Fi.il |l korpern . .
s b e Pl PR e R CEDEL e Sitaion
reaYRANTIES Bfay G bFaRstedMviith OPAGHduf PAARMBICKIA I € recycle

and structured packings for gas/liquid systens], Qto
stregal hay spsianaldy beodoled.



The reactive distillation colum is preferably
operated with reflux ratios of from0.2 to 4, in
particular with those which are fromo0.4 to 2,
preferably from0.5 to |I. Wen al cohols other than
met hanol and et hanol are used for the etherification,
the paraneters of the reactive distillation change
correspondi ngly. Wien a reactive distillation is used
as the last step in stage d), it is possible for step
d) and al so step e), specifijcally the renoval of the
ATBE from the unconverted hydrocarbons, to take place
therein at least in part. It is then possible if
appropriate to dispense with a further step e). The
generic termreactive distillation includes al

TR REQSS f8F RO RIMARAIUNFGatufes Y GBI §th | 1685E OPrediidoly at
reaction are carried out sinultaneously. In the

temppragtnes sofldbsor Bhed, 1 10AC s The presievisdproferablp drom Gutcas0 bara,

esjgn .of t ackings j.n a colum. Jt is also, .
orefgat fam oltf B 25@@53 Sifest e fﬁsme%fmﬂalq SoENbriBR bgtween

al SRSV koheSERAEBRLL i 0§ Mﬁ@{é&ﬂ&&@ﬁmﬁtﬁs bR%hd BRle of the

advant ages of a reactive ' ation. In one process
cthegrif mmogsibleevireaastngeepldriadity bf mtdton tc opemte the fide oif greadactors
a distillation colum wth one or nore external , .
at figh (PP A e gk Wteﬁn)thqnﬁ@e gatvaﬁtgf@fn rgAgorsdppleitation of
thORRNPERh pstidod)ypass stream Process step e) Wen no
reactive distiflation colum is used in process step
d) for etherification and sinultaneous separation, a
separate step e) has to be prqvided in the process )
ThE Gt SF GBI 1 ROBHEROM, (FF Pl BICR G B fabin the
QRER S 0Sit @P1:4) i | 81010t N1 1al gy
rmg%her and ?ﬁe ﬁ%%%%@%§?§3§ﬁ§ rgéa?bgﬁéak@ﬁéoégggﬁgﬁbﬁkl&m
ranganirde ®f ftedt2d, Thoratekanpid, bdily if gbeifixgd thed sefgeb uadtin any
fromthe reactor of praocess step d) into a ) X
reagigg fi‘\SPﬁi‘ti%‘nc Y RSO HE aéBl@ Arpstagge B@lé'qkﬁisﬁb@k Withgr i the
fecAQLEIO Mi SR idi {i
ce Ry P s Pe A0 (FRNACHRE s Qigit S L ARface. Under
reagtici corlditiorsnthechiatyst slouATRE raleskeamy aeXiesdsahasholkhe product
.The top product y be returned partly into the colum
n“é%“%%ﬁé%ﬁ@t ndeadp Yt 195§ can be fed to process
step f). The colum has preferably nore than 20,
preferentially nore than 25, nore preferably nore than
Thaactiigorfahd cailypt atpesterabbpetudiadguctn thahthenvnthBte Ofe addition of
sh&ges,realized the reflux ratio is Ereferabké:[ess .
alcpholtogisotugieng updsr she peaction, cendifians; \puf darely hgradditiophio linear
' ' . i Li . Qf.
ofeRRCSIELCPINE Bilis SAOY Bl e A9, Bl O oo hion of
linprrdnitdlee and diallep atheh €ormiabion Seors tt@amolbéul eyt dlechol used. With
advant ageous to pass the feed streamto the colum

regapt © ¢ Righoaeldipd 1-Potene, theaagtivipy den (hepramasrizgben et d-bugmngmto 2-
' ' tly into the colum. For this
bu%%?%%%%%ﬁﬁgg?ﬁ¥gégﬁ%plied to the feed streamin an
external heat transferer, for exanple by utilizing
waste heat. To achi eve partial evaporation, a kettle

The yelisbeaitlyyts nsedimay, SviePapipid be rpditemapid-astivatpd berdemites and/or
. | b nt ) .
R R S BT L S

| evel with process or waste heat is used in the | ower
section of the colum. Irrespective of whether the
step has been carried out in a distillation or
reactive distillation colum, when the top product of
process step e) still conprises residual anmounts of

al cohol in the Cht hydrocarbons, it may be

advant ageous to renove themin at | east one additiona
process step. Processes for renoving al cohols, in
particul ar nethanol or ethanol, formpart of the prior
art. The renoval can be effected, for exanple, by




18 When net hanol or ethanol is used as the al cohol,
resi dual anounts of the alcohol in the C4 hydrocarbons
are preferably renmoved in an extraction colum wth
wat er. The residual content of alcohol in the C4
hydrocarbons is preferably |lowered to bel ow 0.2% nore
preferably to bel ow 500 ppm nost preferably to bel ow
50 ppm The extraction columm has preferably from 25
to 2, nore preferably from15 to 5 theoretical plates,
and is preferably operated gt tenperatures of from 10
to 90C and pressures of at |east one bar above the
vapor pressure of the C4 hydrocarbons. The

| hol -.1,ad bbi .wat f th t tion i
A BoEp 8F AR REIREP BTN It MeReSR E-CORTEE (e FRERHoRg that of
soldd idre@sdhahdl RAME, é@%&aﬁﬁ%e@é%‘a@%&isg_ffoniyh%id"@ﬂ'olﬁﬂsf? blg ion

be effected, for exanple, by a drstillation™in whic
exehange) atekys ahisphvr - Exaeploattbosel rveuth oarci prapbtedi bgd silfonating

th tom and an al cohol -rich_fraction as the top
oY aliEhy R EuEles 25 FORLEERETT 6 Sreticr it comPOBN G gmples
f BRAG Wenl BEdpblifds! P pROLUAD tHeScoBiESRER Bl S
O_to aﬁ'exﬁsactﬁbn goluﬁﬁgﬂﬁ%g ﬁhfcﬁgan extrggﬁgﬁ??ﬁ§g§ﬂﬁnQ
vingkmpplhelengt enylethylbfepzbnien nethyittgese) r vieyithlvicheazcheedinylxylene
i.sposed at the top. The extractant y be w thdrawn .
and RN e F. RO Bt FoTHEOmern iR home o geacipn of
tyRine bt GnyHRnzdnBerPERAUC L PRLANRS (he i
° yg?ter acti orlllslfi sn% I’Ille stream ofp %iﬁroocarEoﬁ@%ﬁ%%%lropgémange
resins witlgelfd)ic awd] gwhes.eTipr esantmaepe iVigel,  madophoussof gghnge
f to step 0. The alkyl tert-butyl ether which is
°Tgbt ai ned as a bottom product in the reactive
distillation or distillation of steps d) and/or e) and
may still contain residual anounts of al cohol may be
Thetprbperees Hbrthasariesius pupegele spedific addidd areal @oidsiy,ustability,

ac nent for_ gasoline fuels, it finds use, for ,
Swaﬁaﬁﬁr hrinkase and, (XrLRRES PREBDT BRI G itk @lyth greparation
pro@bdsai nabl e by dissociation of the tert-butyl ether.

19 conponent in gasoline fuel, utilized as a sol vent.
To obtain MIBE of high purity, which is preferably
@ged as a solvent, the MIBE qQbtained in the process i
In b prosessageringdo s mHertiony theiiey pxqhgrgcgissiny Fnsbe wsgd dptheir H
h FEIENE it egent 1 [ a n -
o e D10 Bt S Pl FR gL SR g e i,
undg clehlllsyvingrhadednamsac DabliterC2Y, DMbBE €26, ahbértyst 15, Amberlyst
%ﬁgguhene i S desErLbed for exanple, .in DE 100 20 943.
35, F 1Ry 18t Amerioplt Dioevesmlal meatit $PG A% Ieaxatit SPC 108,
t on factors including the fraction of
K2ﬁ§523392g2¢§§9§| ether in the MIBE. Depending on the
requi renents, MIBE prepurified to a different |evel of

i ntensiveness |s used for the dissociation. In a
The,paeeioluwae Bnisgrabbniromr0.3 e Ol sds pattiralar &wet P Srioidd ml/g.

# _ ! POty _
2 8BRS Rt S TP R Gafr om
0.5tre to da®inny Thdipdttidld aiké antibtich shi bt sdle@dd AfatBEBRRrdvly or

and/or.e} and cont ai ns al kyl tert-butgl ether and ]
relativglyavridelya o mxample, agn sxdlangs resgsuwiile refsupnijorsy particle size

r ' n r o T rati o of alcohol .to

o Rlpbest DT ERP P o T b8 s 08 Pu B By fng B oy 18 tne
supbly Idhm)yQiréfenbly Boaf erab v.0 s@mid. phriiquiR HB/ L1 bm.bRLE, or

variant in step d), the reaction'is preferably carriéd
prefsgably giog O o g-édnqdé% i getistlor dieen 8.8diost.B matkigvighe capacity

separation in a distillation colum is carried out in

step e). The unconverted C4 hydrocarbons VIII are

obtai ned as a top product and the bottom product

obt ai ned, which conprises at |east tert-butyl ether

and residual anounts of alcohol, is returned fully or

partly into step a) and/or b).



Process step O 1-Butene is renmoved by distillation
fromthe C4 hydrocarbon m xture VIII which has been
obtained fromthe reactive distillation or
distillation in step e), may have been freed of
al cohol and consists of unconverted hydrocarbons which
conprise essentially 1-butene, isobutane and | ow
boilers. The 1-butene is renoved by distillation of
the m xture VII1 in one or nore distillation colums.
20 In a preferred enbodi nenf3 the 1-butene is renoved
inadistillation colum in which very pure 1-butene
is obtained as the bottom product. The top product

but ane-rich fr tron

da iR ars R0 R B A esh e <t @ cemstant weigh
in DUEH GEEERAMSIm af TEr SQRAPAU0ST) S Pr ef erably carried
out in a superfractlonatlng colum. The feed to this
colum is preferably into the upper half, preferably

t h th hal f ,of, [
e T M R
theSRBRNS 6kn 4didc %&bﬂr@ﬂn'sﬁclpﬁ ek rﬁﬂa@ L¥1efg ShoRadiM {hed R cBiried
than 100, preferentially nore than 125, nore

Ouﬁcﬁseﬂenfab'leydlﬂ‘mdiaeon MMdere pPeferably, ﬂmsrmdpuram‘lﬂedl@thenﬁr:amn]lﬁ@tep d)
the et cal pl.ates. The lux r refl ux

is G0 TG IR oK éef{%E%éﬁgﬁs PovhE b Rt AN fijgast one, more

préi’éiﬂﬁl?rth@fast%ﬁgﬁ)% k2@ 1é ERAePPE K1 NS0 fa?s‘hﬂ'érﬂl&g In the fixed bed

presSure, preferably [ ess than or equal
reapioe(fs)s réeereaciad ynixtesswhithnis tysenortbe mlneeﬁuadﬁtalrryc qusﬁrbhhmnwﬂh

st prefer ratio js.fro
re23B! o e B SRo PG df RO St EPCGT AP Rt prepared over
an 6981c d&ﬁhh}’é@ﬁ%ﬁl @k 15"i‘>'b{1tem-5rf?acﬁb§ ﬁ‘VlahQ'ﬂ?e MEIREW I Pre comﬁ]rsmn of

preferably designed as a |liquid-liquid separator
thealsdlmt@leamyrefeaalﬂy gates éran 9|0% ilin thef reetlastt reaciontstgb gthis mixture

d pha e |n he distill ate vesse
s g doig ttq% Hf &%ﬁ WHGE RONTBFGRAESD R Fepgobutene is
cmﬁ%héﬂ&ﬂﬁeeﬁﬁnheat the evaporator of the colum, it is
possible to use a typical heat carrier, for exanple
steam or hot water, and also preferably waste heat

t her p esses. latter case, it may
In e gy Euti Ll BachTe dinalaln (RS b AR g be used
as ﬁ%?@@és@ﬁ@é'd abble f&oél H%Ié S EhenER e 1%‘6’:5@%@3% %th%ut the use
imple colum wit [ east one evapo ator and a
0f¢emsWWﬁhﬂﬂbundenser OnM ng to the high energy denand
and the small tenperature difference between bottom
and top of the colum, energy-saving arrangenents are
preferred enbodi nents, Reference is nmade

articul arl
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arrangenent 1S pressure connectl Fect
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Szlygzﬁecond colum may preferably be a
paral’l el -connected colum with the sane or different
separation tasks. One of the colums is operated at
[
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is dffeetedrinahgesmetite dfstlﬁe)ﬂlmrrpﬁfwalilh iflithd &rn@f&atﬁﬁnaﬁ@d 86 10 to
tasks for heating purposes, i's possible
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at the plant Iocatlon to be connected with the
i nventive colum of process step f). The second col um
Is nore preferably the C4 separating colum from
process step c). One of the colums is operated at
sufficiently high pressure that its condensation
tenperature is sufficient to heat the other columm. In
a further preferred enbodi nent of process step 0, |ow



Pure 1-butene prepared by the process according to the
i nvention contains preferably | ess than 5000 ppmw (ppm
by mass), preferentially |ess than 2000 ppnw and nore
preferably | ess than 1500 ppnw of isobutene, and is a
sought-after internmediate. It is used, for exanple, as
a conononer in the preparation of polyethylene (LLDPE
or HDPE) and of ethyl ene-propyl ene copolyners. It also
finds use as an al kylating agent and is a starting
material for the preparatiopy of butan-2-ol, butene
oxi de, val eral dehyde. A further use of the virtually
isobutene free 1-butene prepared in accordance with
e an the preparation of n-butene
n“%'eﬁgﬁ% lyﬁéﬁﬁﬁlcular by the Cctol process. 22
wor ked up further, preferably to give pure isobutane.
The i sobutane obtained in the workup preferably has a
In pmtibmlyr, diic iaobutemss r@m%eﬂjoyu%:ﬁomﬁwiuhmﬁhmmmm gin® MTBE or with

ferabl % by. mass _of isqQbutane, and contains_.
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i sobut ane can be effected, for exanple,
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te anoI éEB Step a) can be carried out in such
pasée‘%\)é?‘) fsdpactiye disilatiancalumny) oyed for preparing TBA
Preferred processes used to react the isobutene wth
water to give TBA are processes with a heterogeneous
In ﬂlatfaddyci’tthe ﬁmcﬂitvepdistdhﬁmas:ohmﬁl tese blicbles],(methaneslx afipha?) may be
%f 10 2004 030, 94 DE 103 30 710, EP 0 579 153, US
Pfeéefﬂ any eneggledpor 3 ] o ersymeolpthe psabuiens st oresents iHemever,
t
e o o R R e b Lol i proses iy he
azeotrepe whichdbmhcfroranl@kchangenot &thanol&ﬁbcahydfaoeﬂbcaise
place in one, two or nore reactors. It may al so be
advantageous when at | east one process stage,
f at i
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mat?imafm pemaiasibke \@l]ﬂ@ radﬂmoﬁa'l'pmmhloh ¢had Her flded 3o H column feed. In
eacting isobutene with water in which the reaction is
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dmnﬁmmhwéﬂkcmhﬂﬁhqn@hhgsat a tenperature hlgher than t he
boi ling point of C4 hydrocarbons, preferably TBA, are
i ntroduced into the first stage The cosol vent alloms
3 1.0n. of £ to I Necr eas
Thd %%ﬁtfn;ea&%ﬁl?e@]log COY%& réageer%l;l %Fsmaﬁéve ﬁlfspagtryﬁagac?(}p& a regton of

purblydiiaillative Q&fpataﬁ@ﬁ Urlﬁﬂébné QPSS civally S packi® h I%ferably from 5
content in the reaction mxture falls. In or
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isobutene conversion by simple preliminary experiments. The amount of catalyst is



According to the invention, preferably only
honogeneous solutions are fed to the reactors.
Therefore, water or water-tert-butanol solutions have
to be mxed with the starting hydrocarbon m xture or a
reactor effluent, so that a honogeneous sol ution has
formed by the tine it enters the first reactor or one
of the downstreamreactors. This can be achieved, for
exanpl e, using static mxers. The desired water
concentration in the reactoys feed can be established
by quantitative control of the individual streans
after neasurenent of their water contents. The anount

f te t e |nd|V|duaI a
ol EiselE i oieh naevel Bt BobyERR topage pbipredaie 9%
pre¥érabl)Srdn® 8 ttc5398% %3 tnor gﬁeﬁ%ﬁg %rﬂ 55 @ ¥2R, daQed'Sil 19 i@butene
wat ef content of from 3 0% by mass,” nore
cofentfin theeblicgd fortberrcadtiveodi984iby, imads¢vedf t he anmount of
wat er possible by virtue of the solubility of water in
the reaction mxture. The process according to the
Thé QNG 8 r&RAvE §1sﬁﬂ£tfdne&llﬁﬁﬁ nhdy R4S BeRly, preferably below
continuous reactors which are typically used’
theswitalght [ Zogeli Theclend ae ther maghvieatigtillation tchhm&qareferabgebﬂﬁw the
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reagitye g %%i%fo s?b[y %am %% ﬂ%anﬂr‘}( S5eieahlys fromy 4 é%épaheqrgtwal
pla%é%élowt e rbdchyd gac%ﬁ& fl ow upward or downward.

Preference 1s usuall¥y given to downward fl ow of the

I|qU|d It is also p035|ble to operate the reactor
or in straight pass. _24 can be

roduct .recycl i
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dersarrdadmgytite @dsBn ctdse sautipe rh‘yl the ahceméﬂng(Mapmesrdmyand the refluxing

. _preferab be in the range froml1l to 20 mh
ligRg égﬁwnéﬁv HPP?{eloa%w&ﬂ%? indicadisrige (nmgwm leading byaggor and
t
reﬂ?& lli(?ﬁ?e?i(%le;\@?lrgg %ﬂ%%gﬁaqﬁﬁ%g&ow bdk1 éérj g%ﬁga:if %Xﬁ‘lilhﬂlg{{[ or
accumnilﬂatﬂ(ﬂjlof tha re¢fhex Basé befthe ea:ehdmg ijitbr@ﬂre&heTﬁé weag loading
strai ght pass, the | oadings are preferably
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connected in series which nmay have_tenperatures .

chepryeq] prRyessiesingipeyis Pe 626, OB sutscher & erlng §ir Grandsteffingystze.)
plurality of reactors is/are operated with product
recycling, preference is given to setting a

At dher ftaddapdin tHeadkear stk ek it@nsbrradgnt thewapesl tieiguid become so
circulation to fresh feed) of from0.1 to 10.(#he

gregli thatha entdis ampunbet ighd ﬂﬂw@ltfaﬂli%itwﬁ]éﬁ@tgﬁﬁ in ﬁlepﬁoéfﬁ@deW, or
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from2 to 10, in particular from2 to 4.



Each reactor can be operated adi abatically or
virtually isothermally, i.e. with a tenperature rise
bel ow 10C. Too high a tenperature rise is to be

avoi ded owi ng to the unfavorable influence on the
equi l i brium (dissociation) and possibly by-product 25
formation. The tenperatures at which step a) of the
process according to the invention is carried out are
preferably from30 to 120C. The reaction rate is too
low at | ower tenperatures ajy an increased |evel of
side reactions, for exanple oligonerization of the

ol efins, occurs at higher tenperatures The reactors

e pre ted in th 70C te rature
anf’s FH;CE” ‘Sr ip@?ﬁ@f BBt el Qi aised P8 Dray be
the sane or different within the range specified. One

process variant consists in |lowering the tenperature
The mabtiW\difﬂﬁlizéiﬂni wiurhe onprefesablpopdrated eadihtreflux Sitmus @f tioen 0.2 to

uili U ositji.on becones more favorable wt
4, i Pl ThiEh 2f% TS DG, Bisdaty Gopto Aéhieve a

hi gher conversion. However, it is not viable to | ower

the tenperature bel ow 35C, since the reaction then
Wipacdoe®ld othes ltian fethaasl amid chbiio] adre piset éasthe Tdilerification, the

i nvent i reactl cording to this enbodi nent of
Pﬂﬁ?@@&%ﬁg? Ectiye g1 %tﬂ%ﬂ@p shawegorapepdaeut at a

pressure equal to or above the vapor pressure of the

starting hydrocarbon m xture at the particul ar
W"lreﬁaltlteh@ivatcﬁs‘(ﬂhnam s wsed a5 efeclastistep iatstaye ) 66 Su@dsibR] fowstep d)

40 _bar, order., to avoi d evaporation problens in the
and @lsoy gieg, © rBe hipepifie @mf%e SEeavel gf éh%r%g? fempthg amgenverted

&chaf‘b(Qf?:r tohﬂaﬁé1 gfacé bih Q?le\égtlgﬂ o' &S5 Wn S?lt)ﬁeif aERroRnate to

Yeaction m xt e overall ‘conversi o

dispependd alpcahertdxp ¢)ype and anount of the catal yst used,
the reaction conditions established and nunber of
reaction stages. For econonic reasons, the isobutene

SO S A0 e, A B0 NS
d1sﬂ]ﬂatidflemr1rr6£(cﬁ9ﬁ a&ca}l@ﬂiﬁﬂ dilg straultdieowsiy & tHeBactéd desceiod, ahis is

of the unconverted CA hydrocarbons 111 fromthe
aclbq,vggl (Pytaspgrficu lpts s gy :éﬁ,tg@p?cl@pgse@t ggolggan. It is also possible in the

process according to the invention to spatially separate these regions without losing the
advantages of a reactive distillation. In one process variant, the reactive distillation
column is designed as a distillation column with one or more external reactor(s) which

contain(s) the catalyst and is/are operated in a bypass stream.

Process step e)

When no reactive distillation column is used in process step d) for etherification and
simultaneous separation, a separate step €) has to be provided in the process according
to the invention, in which the product from process step d) is separated into the alkyl
tert-butyl ether and the unconverted hydrocarbons. The separation can be effected, for
example, by feeding the effluent from the reactor of process step d) into a distillation

column. The column may be equipped with a bottom evaporator and a condenser for the




distillation, in particular by feeding the reaction

m xture leaving the last reactor into a 26
distillation colum which works at or bel ow the
pressure of the |last reactor, but at least at a
pressure of above 1 bar. In the distillation, the top
product obtained is the unconverted hydrocarbons I|11.
Since the C4 hydrocarbons form azeotropes with water,
a pol ar, aqueous phase is additionally obtained in the
condensation of the vapors gt the top of the colum as-
wel|l as the C4 hydrocarbons. This is preferably
renmoved. This is done by standard industria

roce , [far exa ecan er.. Preference
tof BIO?H%? 3?18 PQ%SF\/@HH;E% OPEA%%‘I ﬁ@%ﬁg Iﬁ%‘} SeldMBolssA TRE and
any %Q&@s@ AR oHBATHELSRY prBtiod: Wiy BOQ &f 1§f bitd thd Edihfan as reflux.
wat er. The hydrocarbons [Tl can I n process
Ths oéper pyrtioh cadbe fddo pesemctarfili ng to the i nvention

before or after the water renoval, preferably after
the water renoval. The bottom product obtained is an
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raty i Pr%sﬁﬁ@yrl?%ft 01 siutlets dh proge prstasaly fespihapdy AbrFondensation
callbOEMEEA BEF adh NG glfng%tg} og LACRE kﬂga‘ttgg ggap]py@(% &C{Bé lem.ﬂ

product may ‘be used &s such or ~wor
is ﬂ'qspiblmforfeuampker tovuse kuapm hm&ly&fefaﬂeﬁr&ﬁgebﬁs togdks ﬂi&tf&fmﬂtream to

anhydrous qd t he a trope of water_ and
e dpta ARy colpgn lflﬁlé aPresHERsratethFRfay gufe flash it directly

mtB e cmw 1% ggrpgﬁg, ?g%tlg %Lg)pgir&? gAr @lg ??edss‘?ﬁégrg\% g ext)ernal heat

processes cite
trahdferies fat mngfbssy btikzihg waertehe Tanehhee psitiabavapohitioh, a kettle
consi st.s wat er _and tert- butanol and is _obtained in
EVANRE o ik -t ?) Rseterped epbrsamendy of ghe el tramstregsr deaay also be

adv;ﬁ%lgd% ags’ W%le T elahehhYai %t@teg%ﬂoli]ﬁof hda df,td th %818'&!?{ tex%lfpell%ﬁg'g fRR1 with

a cosolvent 1s use

proebdsair wedtei heat ib @sdaah i wef sdchen df gieicbluaid.on owi ng to

the boiling point. It can be renoved fromthe bottom
product by neans of suitable thermal separating

Irr&{o@&ﬁésﬁs @@t‘ﬂef it 4 gﬂeﬁ OhofsUhdeX HrriBPToht Yn 'amd%uﬂﬁt?o%e%is reactive

d1st111at10n column when the top product of process step e) still comprises residual
amounts of alcohol in the C4 hydrocarbons, it may be advantageous to remove them in
at least one additional process step. Processes for removing alcohols, in particular
methanol or ethanol, form part of the prior art. The removal can be effected, for
example, by means of adsorption on molecular sieves, membrane processes,
azeotroping agent distillations or extractions. The removal can be effected particularly
elegantly in an extraction step by extraction of the alcohol with water. This scrubbing is
effected by the known standard industrial processes, for example in an extraction
column or in a battery of mixers and separating vessels. Compared to the other
processes, it has various advantages, for example low capital cost and low operating

costs.



preferably into the first reactor of process step a).
The actual catalyst used in all (both) stages of this
enbodi ment of process step a) is a solid substance
which is soluble neither in the feedstock m xture nor
in the product m xture and has acidic sites on its
surface. Preference is given to using a catal yst as
described in process step d) as the catalyst in this
enbodi nent of process step a). The catal yst can be
used in all usable reactorsygi.e., for exanple, both
in fixed bed reactors and in the reaction part of
reactive distillation colums. Acidic catal ysts usable
in this process variant are preferably solid ion
exchange resins with sulfonic acid groups. In t he
WheRMBEhANE of BIRGEH1TBBed Ok Rl ﬁ@olﬁﬂ rediBi@al laffd cohol in the
resins may be used in their Hfoorm Strong y am
C4 rivdiavartofs tadne psefprablyereationied yik ben zeinectiby pehane vaid dvater The
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with very uniformparticle size (nonodi sperse resins)

na e ed. The acid capacity of the ion exchan
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effertdl, 1f0):r eﬁtaﬁlpmp by hgha(tlﬁlb’ew: apakich y vdmaalylal‘colm] frégwateefraction is
based on_the |o exchange resin dried in each case to
obtagd iy b\%?@rﬂl iR akcopRlrrich %&‘é@éﬁs rerteR poduct. f or
exanple, 105C). In a further preferred variant of
enbodi ment 1, the last stage is perfoinied as a
The egcprodectdifshd disdliatom. coburph o€ esstifodispl &Rardohgnd BApréfegably
t he process of reactlve dlstlllatlon i s described, for
tr tg anj Y tpgtiopoeolen guje whidg an exteapint. iopexamerlqatietar, 1s fed
- [
in %(fnelgeggg%eﬁf QJg ge\?vﬁ ?ﬁ%{)%éeﬁa Ct?%‘l% Edpjz LOI%E egﬁacg Lﬁq%}l be W1thdrawn via
theroageioat thajotem pif elseatlubet Aear thped t}&ncdnlmr@ﬁgcme @fble@ln@)tamed
Bel ow the reactive region is disposed a
from; the jexfragtiopds thgptemamndy Byfireearhens WoRsHiE) én ﬂage #Band righere

XGRE Sy € Fed q?tton1product of the reactive
mﬁ%?%fﬁf?aflon 65n?5§%§mp ‘edomi nantly TBA and water,
ideally with water concentrations |ower than in the

wat er/ TBA azeotrope. OQptionally, a further
Th% .aBGtYi teriPrivh ethegiwirick ans o8l 2bevkottore prasuet iy ghe reactive
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process ste is thus part of step a). Since the C4
gaspling Gk, 9b rfgldﬁ oBen &Ze@%ﬂm@sasm tshlvwalt deobutenp aifahigh purity is
dltlon obtalned in the
dﬁ%%%g gdﬁg%%§1 Wg F “t he top of the colum as
well as the 4 hydrocarbons I11. This is preferably
removed and optionally recycled fully or partly into
The Md Edbphimmed Then meathanal isi uscéis, utesdmple, scablititantoghevischas a
the standard industrial processes, for exanple in a
top decanter. This process variant has the advantage
that the water of reaction is substantially circul ated
and the top product of the column contains only snal
anounts of water. Optionally, a portion of the organic
distillate phase or a portion of the entire distillate
can be recycled into the reactive distillation colum.



In the rectifier colum, the reactive distillation
columm contains the catal yst; above and bel ow t he
cat al yst packi ng may be di sposed separating trays
and/or distillation packings. The catalyst is either
integrated in a packing, for exanple KataMax(r) (EP O
428 265), KataPak(r) (EP O 396 650 or DE 298 7 007.3),
or polynerized onto noldings (US 5,244, 929).
Preference is given to using catal ytic packi ngs having
a high catal yst content, fojg exanple Katapak-SP 12 or
nore preferably Katapak-SP 11. The generic term
reactive distillation i ncludes all process technol ogy
neasures in . which di. 4Iat|on and re ct|§E can be

corppengng 4n garoling gl AHilged AS Retobysnh Touvgtaun iqf high purity,
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to the invention to atially separate these regions
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distillation. In one process variant, the reactive
distillation colum is designed as a distillation
The oflissnwiation hoHNETBIE nor ebteit ésobalene eiac ﬂeﬁfc&bwbi €t example, in

contain the catal yst and are operated.in a
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.partjcular from3 to 50. Preferably from5 to 58
dissoiitioft | ng st ages are accounted for by the stripping
section, from2 to 55 separating stages by the 30
reaction zone and fromO to 20 separating stages by
Int Ipeefelem ehbedineacsi hie pbaye théiecaceacid asp dpieconducted w1th a
Addi ti gnal water can_be netered into the colum at a

stojgaiompedric sxegse ridndeohod agi\iba Rostorh praselc Whirhwist eltaiagd) i in the
B LSRR ) LIt 0 SO D b 0 [ REL 2 A e

andatesidnel drapuras of hleoksil i Meturmied fhiey ve partls 1ﬂt@dst@ﬂa)b@fdaor BNThe
art|0ﬁlar between 4 and 12 bara. The reflux ratio is

ratipptiafee 9%@@@@?%@@ seoaductedingagien dlisdiom h.1ttad 0 mol/mol,
{
rrfGBRT ASE0D 3 8080 1y TRRPy S Bl ey

cardabodi waht 1nZ‘ﬁxed bb&&eﬁt@@%ﬁ ACDinlgivg sé}ﬁrdtia}ﬁ in a distillation
|nvent|on the i sobutene fromthe i sobutenic technica

colppa % EHFIBS ALY Q- The Moy e % Ideqeaghony NdB rareyebtained as

l, kool
O T s L e B
and lesigust nbedhiRittalcohol fs&eﬂumﬁ&ﬁﬁy alcmﬂjal @ steP af zhﬁl/or b).
i nvention, the reaction of isobutene with alcohol may

be over 90% preferably over 95% The al cohol used nay
cul ar be nethanol or ethanol The
Pr&wﬁ§$| bcatlon of the isobutene is carried out as an

1-Baednd-i€ aérabyoaesl, fealit@niom hBe @4 Q‘@/Hfﬂcﬁrbblﬁ e6ix Y VOB which has
pri mar secondary, nono- or édrlc al cohol s,

y
beeﬁr@ﬁ@n%ffynhﬁm ngactivechistillation @rdhﬁﬁ Homtowsp qfpmey have been

t hanol .or eth al c used

freQl G ERY pl BN o oS PR e S e Sty
1-bbiRfie, SRBbtarRMBUN totw BbiléPURS tiRTenc RGeRUVEd Yy RfistliRBon of the

al cohol used, reported in % by mass of alcohol, is
mixypref\Eildh jope ovmpr@@%llatmne:olgmeiser ably over 95% nost

preferably over 99% The content of water is

preferably bel ow 3% by mass, nore preferably bel ow 1%

by mass, nost preferably bel ow 0.3% by mass. The

et hanol can be dewatered in a conventional nmanner by

azeotropic distillation or by nmenbrane processes.



31 Encycl opedia of Industrial Chemstry, Online
Versi on, 2004, Wley & Sons, under nethyl tert-butyl
ether, and literature cited there; Oobenaus, Fritz;
Droste, WIlhelm Erdoel & Kohle, Erdgas, Petrochem e
(1980), 33(6), 271-275; DE 2629769; DE 2853769). In
principle, all processes for reacting the isobutene
with al cohols are suitable as process step a) in the
context of this invention. Preference is given to
processes in which the reacijgon is effected in the
i quid phase over an acidic ion exchange resin. The
reaction of isobutene with al cohol can be effected as
described in process step d). The reactors in which
the alcohol is reacted with the isobutene up to close
In b QrétBRed BALSMALHETHE 1 DAL IDFdIVTRY aRBstARRYERbARAI which
fixed bed reactors (tube bundle reactors, adiabatic
vetfyi el [Hpdenedaebbtiired asi the bbaomqmodweacTlor ®p peodict obtamed is an
. be opgrated with or w thout partial recycling, and
isoPRng el cresighy ‘é(mﬁi*nﬁ@lﬂ%n ofnihipy l9¥p PS‘E?TP atfer Crpmple Cs
hy®b&{r8éisgd enbodinent, the reaction of the isobutene is
carried out in at |east two stages, in which case the
first stage is conducted as an adi abatic fixed bed

reactor with.r cling and the downstream stages are )
Th SERRIRAS BENTYS RS ouf RARPRFTHoRating ol d N degdde this

18mnd ' Itgd | j at |

ot PRASHA ) b 01 8 BT BRI e v

of its @lwher@ping fortbmn@rrbwtiwilafy pdint ofrdreanixtiet es dblsypdrated the
be operated at

1l ta5¢t/t.. The reactors
colfitigs Puierrbly GrspeEruh ey Maroihos prefgem i more than 125, more
r i h e
0RO 08 A PR B T
refhikefge dbifipxf ratemoldistilint@ Gerhavad). isSegadinigeort Her modtya arti tages

guj | i bri um between al cohol /i sobut ene and ether at | ow
feaﬁé‘#p@fl t B gﬁlﬁs%ﬁr@t&@mpﬁ%\lrﬁy P{%fgfﬂfqg Jrslotign pheBing? 100,
r ichY s
P B I ahp PO B PRERSIR 100 Wl 6b) Mt pREGISYS ot
ratipasmpermal uiroec (. Hihgkondeasdtionrvan &t ejricl ant ddaensd ovviBigrveasn or air.
reactors (exploitatjon of the equilibriumposition).
The EISBfl@P &é%f@ Pﬁ%&#@. dsigned,aya gl %ena%wr- Thi Hhows any
wafeP PMRER i PtheQbed SROMIERE r&ﬂ&éﬁ%s%%%@&{g@ﬂm%&in%@&ﬁﬁﬁate vessel
step a), a lower al cohol excess nay advant ageous ’
anccoteplariedlytwatprbeetsstost ppddit.cah be abfainefler r ed
enbodi nent, the addition of the al cohol onto the
i sobutene in the presence of an acidic catalyst is
To GRAt {hg%vg atol of Wc&u%}/ittig Bsﬁlgleltg Eﬁ%% .aqglgcﬁle}?e%{ 'ﬁ/gr%er, for
stage is carried out as a reactive distil i on, re
exanipdé eteabloy hot Wateg ahd alsapadfyrably vedshetidaf fromtdibdd pricesdegdn the
a) is carried out in at least two reaction stages, in
lattgh¢ase, 1EWay bp pdvastagsrys acarPabe colnan wigh Bopt e papeyaporator.

1l 5L 900 L0 RO S 0 858 S8l e o
at leist tone eowfdnsdr. iCBviag a8 ehd Bighhectdyeddmenadi the small temperature

Lequilibriumwth éggard to its_1sobutene, alcohol and
diffegsinee (hgtyaen diaiiom @ahdemtof £he salumn, faneegy-Spyinparegcenerts are

ol t . sohut eni c techni cal
porfChRS, Bl A R SR ke bERIR T T o e
methb@ dfSedput ebpteSsiph.eAefiaibey paitiealdy froRRe AManddthdént is two-

mxture is fed into the reactive distillation colum
prepsyre penngediany {doubler elfest idotillstiem)an intearasion With ehrecond column.

portion of the isobutene is converted to the ether.

The catal yst used both in the fixed bed stages and in

the reactive distillation colum is a solid substance

which is soluble neither in the feedstock m xture nor

in the product mxture and has acidic sites on its

surface. Under reaction conditions, the catalyst

shoul d not rel ease any acidic substances to the




EP 0 396 650 or DE 298 07 007.3) or polynerized onto
nmol di ngs (as described in US 33 5,244,929). The
i sobutene is reacted with al cohol to give the
corresponding tertiary butyl ether in the reactive
distillation preferably within the tenperature range
from10 to 140C, preferentially from40 to 90C, nore
preferably from60 to 80C (region of the colum in
whi ch the catal yst is disposed. The bottom tenperature
of the colum nay be signifjicantly higher). In
particular, the isobutene is renoved by reacting with
al cohol (nmethanol, ethanol) to give ATBE (MIBE, ETBE)
The pr.ocedure is in rticular, as described in DE 101
Thg segpgd qogfmw. Pf?ﬁ@%&%ﬁﬁoﬁ%%ﬁweﬁieﬁtcmw i the jsage or
B B 9int P
R e, G o? A St B Plod AUGIRIEHY il pressure
that hes posdepsationr ssmpeeratupet isr euffivienhite hhdas abeitgine, c@l@@hah the
and ATBE are present in equilibriumor virtually in .
arrgRfsmenh of NS, el edifterenh separging: fasks farx hetiag| pprposes, it is

A ve distillati . _
o525, b ! AT e e
inveRorh euprabsen teotunan wihichngestesknt outsideetht Wrbcaa®nv@srgingno the

. of the isobutene still present. However, the al coho
inveRiirs at R A lpetisncly hehepnngeted, mthcthe prveative aelusm of process

I kS 10 . r f..alc | and CA
stof (AR bRV R s e bURAAF DY PP Serlagfle SR BOfhrRes
step he). abnohdl theovbleninsi 3 bp&aeo! smsuffieRetly ohigheplesmed itha its

dj stillation colum_is bel ow the maxi mum perm ssi bl e
coRggnsadion spparatareds sefficishblo healthp ethsredamn) n addi ti on,
al cohol may be fed by nmeans of a separate device at

the top of the reactive distillation colum bel ow or

In & furthet pplirtbddinstiod irheitt @F procds stdpoN 186 HotledbTrs fRAFAE a8 the top
stages. The catal yst zone can be estimated at a )
progpett i 3 first\distidlatip soloirs ip e bettam tafdbe eeluaml, apnisters which

- f [ [.aht rati one .bel ow
co TG0, 91oRaRLAT.BELAD1: o TNFP 8L IS TARE F bt
mifth@ms2@pirated dnge pdughe,Nghsh dg@btaintdeashBe Boattodf probeet, and an
. catalyst zone/reactive zone can be determ ned as a
isobyara-fighhfragtion{topgeedycdd i sobut ene conversion by sinple

prelimnary experinents. The anmount of catalyst is
preferably selected at such a | evel that an isobutene

PureOnbetesd piepaied fiyoie Prodeds Q% diRs &f eHeaial dntiohWBniimst Sreferably
98% and nore preferably from95 to 97% based on the
lesy SwputWR@pasn (M bynmassd pretedentiolly Aessrthare 209 ppmw and more

pregér%ﬂf llésgttﬂaqplSdOSpp%(l:\pio%\{seo%Utene, and is a sought-after intermediate. It is
used, for example, as a comonomer in the preparation of polyethylene (LLDPE or
HDPE) and of ethylene-propylene copolymers. It also finds use as an alkylating agent
and is a starting material for the preparation of butan-2-o0l, butene oxide, valeraldehyde.
A further use of the virtually isobutene-free 1-butene prepared in accordance with the

invention is the preparation of n-butene oligomers, in particular by the Octol process.

In process step f), isobutane-rich fractions are typically obtained in addition to the 1-

butene (depending on the starting composition of the C4 hydrocarbons). These may be



The nean tenperature in the catal yst zone is,
dependi ng on the pressure in the columm, preferably
from55C to 70C, nore preferably from58C to 67C. The
reactive distillation colum is operated at pressures,
nmeasured at the top of the colum, of from3 bara to
15 bara, preferably from5 bara to 11 bara, in
particular from7 bara to 10 bara. The hydraulic

| oading in the catal ytic packing of the colum is
preferably from10%to 110%> preferably from 20%to
70% of its flood point |oading. The hydraulic | oading
of a distillation colum is understood to nmean the

wollec BT T TTTY d8 bt Qe e R PR goaotisp potained T the
worHkUE fit¥erddl§ hEPR %ﬁtyg@gaetpleask lov4 by RALCHE RSbichife, MRS g}h‘férably

| oadi ng by” vapor an ux |1 quid, above which th
95%e par mnssngf astbutmef ahd sootaimsgpreterady rlaisnthent 160 ppmw, more
cc | atjon t he ref liqui.d by the ascendin
prIGEHR e B2 0h oMot s g €O s e deobiffae can be
£8Le8d, L LFAL NG, filpgh hitdh $@e SARAELLIINGreBG PRk
© declineszgﬁchgiapségm%%?ng to i?reguFar gw oﬁpm'mwsand
sulsseptonit digtibdtiache col um - for exanple of the trays
(Vauck/Miller, "Gundoperationen chem scher
Ver f ahrenst echni k", p. 626, VEB Deutscher Verlag far
ExBRRRhOTS RODh o Srobptchle vhi ifjt, the shear
stresses trang?ef}eg%yﬁéﬁﬂbﬁg“gggq?g gﬁg liquid becone
In s dirgpeabrréhanbodimenndt the parossrdccatlirg tquheinventamt theiinetitene
in the formof drops with the gas or that there is .
ProsPRdR thetpehnia) & R dpoarbes R 5 reﬂféﬁimt%@ with water to give
teri-biyt dgﬁﬁ%?. i ¢ Jaly! e i
euﬁd%%gc un eﬁh%g%)%%%q%£§¥ggyfg§?85%@§2§§? é%égﬁﬂkﬁ%%aﬁ '
emphlyee Ve ptapgrid® TBA. Fheéerredapitotessesdiigddi lol sattotheciobhimne with
i S prefergﬁiy operated with reflux ratios of |ess than
waler o gige E PEUPRCCIRPY Wit digteipgepsrus r@talisbatsh pRggises are
3 ar e a e .
o088 L S8ty b PR R8BI SO0 B0 15,
USdb,$11,14%41 0B 36a5w6R. preferably consists mainly of
ATBE. It preferably contains |ess than 2500 ppmw of
al kyl sec-butyl ether and | ess than 2500 ppnw of C8
ThEYHE - Chy Rlach |
o AR er R bR IRTIRHChy, RachilE lerhlae 04 bydrocarbon
stréwydl | erith momer isrefidatedeprafechbdy cwadrah acidiv ivh erthaagsesinhBtef4) may
hydr ocarbon m xture preferably contains |less than 0.5
takg 3 ORSFHEO A ANYE T9agiors. Hhimay jalsg g adyaniagoons whsm apleast one

r Y, [ ' . C fy -
L T L e ST
comspeges a)eactinedistiiatidre renoved fromthe raffinate |

t hus obtai ned by sel ective hydrogenation (SHP) (cf.
Erdoel & Kohl e, Erdgas, Petrochem e (1986), 39(2),

Prefifeile s ol EORRER IS K R MR LRl SR JEhappicn
thef feaefbrols alfeabdlin caplbdity e tepsPbRGess asitiRPich) exAMBREE resin.

al cohol s ot her than net hanol and ethanol are used for
Proferablytonbt o1 legid shasetiharepentahies € Bydspearbensy waiet pikoptionally

|.St.) I: nge_cporrespondi naly., The ATBE obtai ne
o 3Dl S NS a7 R ERRRECHRe, el e O & BT
hydrD¥:£hdrsOpre€dibly TR s€inBe de@AtinloGhé Rest 8Ade. USRS 0solvent allows

descri bed under process step d).
the fraction of water in the mixture to be increased without two liquid phases forming.



36 been used, C4 hydrocarbons, if appropriate together
W th residual anpbunts of al cohol, are renoved in stage

b), preferably by distillation, fromthe product Il in
a first step, and, if required, the alcohol is renoved
extractively fromthe C4 hydrocarbons Il in a second

step. When a reactive distillation colum is carried

out as the last process stage in step a), it is

possible to dispense with the distillative separation

in step b), and the top proguct which is obtained in

the reactive distillation and is conposed of any

unconverted al cohol present and unconverted C4

hydr ocar bons can either be fed directly to an

extraction to renove the al cohol or to step c). The
Sm%éttﬁ@ ;;Eﬁﬂoﬁ' ¥t i d?(ﬁ) b Qnb%edsaAESAE PRL Lihedt qﬂ fid reaction

nbodi I goneri zat I on of ’i sobut enée as

mlxinm/hﬂsllnrmrdan ts bbtfalrﬂi) miarinaurh yieldhend/eaaicrmeedit may therefore be

enbodlnenbr process according to the invention
advaREgPABh e a lfrelwtqf ES3CHED SR8 ¢ PEEARi toanoter in water in each

casElégf)?&ﬂ{e%%gﬂrégnPEtﬁés converted in step a) to
I sobut ene ol i goners? especially to diisobutene.
| sobutene oligoners in the context of the present

|nvent|on are in particular |sobutene ol i gomers such
Acgardigg_to fhej Inveptiqne irefprebly enly; Resprgeasys Johutipnd are dad to the

reagﬂaa '[‘H%}’eﬂ?ljes Qafe? rbtra\i/ﬂiercﬁﬁlﬂu%%? i ‘E%l’ishhwe t%fbelmu?crd ¥v1th the

tenes. The parti a oneri za n ste

stafting Hydaleathen emaam b a méacnﬁleﬁl&nhe;oﬁhﬁrd lesin@i¢heous solution has
honpgeneousl y, usi ng catal ysts soluble in the
formgg by ithsntime %teaﬁeés th@rﬁrﬁé@@t@g% Redakihy dopngireagiieggjors. This can

be gl e C?Yls Tosraéxgﬁ%# kﬁ%ﬁgh%tfcqﬁlfeﬁa%b %@sﬂ:@dx&r%F COI%-I(-JEI%{M{OI}’]L in the

ant onpgeneous processes
reactat &eylsdanl E&a&%lﬁsﬂi&l be Qﬂztrﬁlltatil\iletd’c’hntrhleoﬂ ﬁadhdlmfdlu@ﬁ Afasls after
and unconverted reactants, fromwhich it has to be
mepikgiyEy of tsideaien gontaats- dlsposed of or recycled. Ow ng
to this high level of separation conplexity, the
partial oligonerization of the isobutene in step a) is

Theuebestald wateaneterd 01t the welividedlisthgbeisgirofgeBoish that a single
catal ysts which are additionally often arranged in a
ligyigt %@@ﬁedé drreseiy af g reacten el Replenceds glvga to pep®garaterscontent

of ﬁibrﬁgﬂgﬁ %g% ﬂmass’3 \%%orerﬁ?efér%{)lydfr t7§|tg @IE% l#ﬁl%gssngy th% amount

acl ces are nso

of watach@siblatyodtiat ofihesulibilitMesatef intthe factiai mlxrgks
bel ong to one of the follow ng groups: m neral acids
(e g. sulfuric acid or phosphoric acid) on a support

O%EAS%CC&I‘%}}% toathg ni'lVG%tlgn an E)C %%)ned O%P %)(L: t)EﬁCh\%ng %1' continuous

reactors which are typlcally used in solid/liquid contact reactions. In the case of use of
continuous flow reactors, a fixed bed is usually but not exclusively used. When a fixed
bed flow reactor is used, the liquid can flow upward or downward. Preference is usually

given to downward flow of the liquid.
It is also possible to operate the reactor with product recycling or in straight pass.

In the case of use of tubular reactors, the ratio of length to diameter of the catalyst bed



acidic ion exchange resins, especially acidic cation
exchangers. zeolites or other alumnosilicates OmM ng
to the relatively high selectivity for the formation
of isobutene oligoners and owing to the relatively | ow
formati on of by-products, preference is given to using
acidic ion exchange resins as the catal yst. Suitable

i on exchange resins are, for exanple, those which are
prepared by sul fonating phenol/al dehyde condensates or
cool i gomers of aromatic vimy conpounds. Exanpl es of
aromati c vinyl conpounds for preparing the cooligoners
are styrene vinyItquene vinylnaphthalene

| st | b
bR BB TR LR Ra: SRS PbUeArierpi DY means
of ‘i:t@‘ﬂll QQHehf'tﬂé’fEa@oﬁ&ﬁlaf 0B (mf:afa%%f: Eﬁrpfbagi‘ngs(LHrSQﬂelt is thus

wi th divinyl benzene are used as the precursor
pomlépaw athiove (bttfferemh smﬂtamlg'&lmcemsnﬁewtbﬂs is uﬂfldne pomon of the
S. The e t|e of these.resi eclall
feag[s RIS iy Reddo Feh ﬁarra tyith gp I?IF‘]t Hogiign pf Rigferably

froff 18hbi KR9R. ﬁﬁ%eef%%%fbg%hﬁﬁpﬁf@'ﬂéﬁvedcﬁﬂoﬁﬁm M}agﬁ'ﬁ% gﬁ/ass the
virtue of the preparation process. The resins nm

supprBpalretbdithesgedy, prafecabbiplor imube ongs fromgketof 2rmh. St r ongl y
acidic resins of the styrene/divinyl benzene type are
sold, inter alia, under the followi ng trade nanes: CT

Akl THEUAbAL Rag ATREHSXAtipIRe ATk ShrIPich

¢ %il?t e f’b Aﬁ'ﬁrgt{ S?‘@ HZIOOe fcr om Reﬁrr&rlf’laas1C Dove Ogerated
w1ﬂ1r18€hdtfqt mwﬂﬁlg(ls ;sireiﬁa‘ﬂly ft(;m? 43 %o £0 &ih Baeeentiallpéoirohto 10 k.

exchange capaci ty of t esi ns converted fully to the
they 6458 PloFFACHES (YR Y Betbarrer T Gaieliopass fle 10adingS are
9 1
B 0 Pt B oo
i nventi on, preference is given to using nmacroporous

38 resins, for e |l e K 2431 from_ Bayer, Amberlyst 15,
The progeierocfsingie the gﬁr%w&y samiedwt JopRe FasRevf glso ina
phRAIR] esrakh %baﬁfc%‘( ép RadtbisYeonh ct@(?rntl 's@Hé&a@vhfdilofHay have

0.4°to 0. ase on commer ci al water-no
temeesatnges fallieg mafidw directionze of resin to be used W th

preference in step a) in the process according to the
invention is in the range from500 Rmto 1500 Rm in
WIRA tht ét% AP

distri ut Fon CanaGJ%graﬁ)i ef:%gg}gg Pat %@@eﬁgﬁéﬁ fuct kgc?dmg’

prafﬂbﬁter ivelven oo steliyg a Boculaioanplier (ratmo feanedhmn g&mpﬁisinrtﬁrculatlon
ry. uni form particle size_ (nonodisperse resrns%qlibl
ably

to gﬁ%ﬁl D dipm Pyl el gae aa%lﬁ‘r%@e@g for; the {IE 8646198 e
frof Btd 4 Q}l‘ﬁgmwrﬁpﬁl% _ %.gh linear velocities, to
|

reducé the pressure differential by using nonodrsperse
particles, and, in reactors which are flowed through
at a IOM/Ilnear vel ocity, to _achieve the opti mal
A rsfriaf STRsHYRIIAnt erpsisiin operagngiheriirg rsrcé%rdmﬁapmderterecychng
I
anS L LA’ AL gl o RASBHE 0090 BRI on
thecyhi-¢rsien glesifadnprefepabl § pber 6. 10T hepatiulicirden texchange
resin is appropriately adjusted to an activity which
enabl es the oligonerization of the isobutene but
r catalyz I zatl of ene
Ea&a galc])(orng%‘lr ? erclitle]r? %ah?aqgﬁ rrle i a 1so %1 eﬁeg/i;th a
tenﬂiﬁ“zﬁm%&‘ns@ rbelolwelms;o Teb lh@lta Rhpefatird elsb rmare ab'bid@ﬂ' 8%ing to the
Moreover, the evolution of heat is thus set to a
unfewesabicc ditlugnesownr diel gavilibriamu&isseciatieny end tssibishdy-product
setting of the desired catalyst activity can be done '
with the aid of noderators. These substances are
passed over the catal yst together with the reactant.
The noderat or used may, for exanple, be water,
al cohol s such as tert-butyl alcohol (TBA), nethanol,
i sononanol or ethanol, or ethers such as MIBE or ETBE,
in each case as a pure substance or m xtures. The



39 hi the process according to the invention, it is
al so possible to use solid sul fonated cation
exchanger s/ exchange resins which have the desired
activity wthout addition of noderators for the
ol igonerization in step a). These are in particul ar
partly neutralized cation exchangers in which sone of
t he aci dic hydrogen atons of the sulfonic acid groups
have been exchanged for netal ions, in particular
metal ions of the elements @f group 1 to 12 of the
Periodic Table. Preference is given to using cation
exchangers in which fromlto 70% preferably fromb5 to
P 50%% nost preferably from10 to 40% of the acidic
o' gen atoms of the sulfonic acid groups have been
exchanged for netal ions. The netal ions which replace
the hydrogen atonms nmay in particular be alkali netal,
Theatduaaraterce at whiametteyd a)oof the ansictd aswonBtgio fhensyention is carried

exanpl.e chrom se, i.ron, caobalt, nickel
OutATt: gqu%@y TP 30 thrd A 115R Eeactipymasy §dOP 48 alppWchemperatures
and FRGRABISEL 18/PUP sfdle%sctﬁ,@g,t #aﬁ)egarﬁgll% (ﬁfgbﬂieﬁzﬁyoqf O9/R olefins,
atons are preferably replaced by kal®t nmetal ions, In
ocquer 4t lnpharteimpetntunesi dhs redctors sreapreferabdg spdrhted tihalie 8Heo 70°C

i on exchangﬁh%esin IS Iadgg,mﬁth two or ggre di fferent
tenmg{aélpreiragse: | Fer@g;@atbqeébtb fqrcalﬁ rgﬁctqr?] may tth?/ same or different
B, DR P S L LS AR FoRfiperator in
flowi dischdu fimm naygtdodo eogpitay Sthee Shie lequitibdes Sesit@nebecomes more

descri bed,. for exanple, jn EP 1 388 528, One reactor |
favagfwﬂﬁff@&eg eBRLHIE AigisttBuY ARss| mﬁwer?abl Bngosvrsion.
Ho®ePrXft 4§ RoOfiat10% ﬁ:?%&tf%]?%n%%ﬁitﬁ%_ bRonfb 34 ELEIL the reaction then

reactivity. It is equally possible that dne reactor
becoowet diosdow dbradnyiadstdl phoadsd. f erent activity, for

exanpl e arranged in |ayers. Wen nore than one reactor

Is used, the individual reactors may be filled with

The BB o Por Ao AR oD foif EobBARne BFblotbicteen his prpferably
cartik cbuit matso| preldshifeqeighl conbaciboveaht i wpsr pressiddeof abe sofrting
use of continuouys flow reactors, a fixed bed is used
hydregahqny mixfpre, g H’é)&qﬁi’,@ﬂ ¥ eleHCHioNn ESEFatEs PEEraldy faft e Bressure
tQr Sl : f. reac [
bl T BRE ARl 2 SRR, blaBlenft ! BRTERGrs: The pressure
sholildgprictbrgiihabe af tdast 2 Baydiar Yeshbathaanke vay @fespiir@cFIBd reaction
_.Erdol und Kohl e, Erdgas, Petrochem e, 1974, 27, No. 5,
mixdiige 240). When a fixed bed flow reactor is used, the
liquid may flow upward or downward. Usually,
preference is given to downward flow of the liquid. A
The oadralh gorviegpiorolof Isobniterg: dopendicuponehe epetaad afyint of the catalyst

appropriate, have the sane or opposite flow direction.
usely the geagfion cppdidpmy etablishrdeangirumbes of sefetion sigpesh For economic
: [ I: ' s .ln the S f aco
oS W ENE xS LS TR b PGS B asv
prefirdebaweal 70 el e@tal yst bed may be varied, either by
virtue of the geonetric dinensions of the reactor or
by virtue of its fill level. Wth the same anount of

a t..an oadi (LHSW)., it 4s.thus possible t
profBi ¥ PR PO R et < b aTEioR Tt TrBaudl ot the
uncdf@sltedNCY NEydididibohs (1@ PR IRS Hro@itisL e, apairafeftbly effected by
_adiabatically, polytropically or virtually
disiligipheinrpartigular\iyr feeding yhe rwoctioer minting leavamstheast redetor into a
tenperature at any point in the reactor is a maximm
of 10C hi gher than the tenperature at the reactor
inlet. In the case of adiabatic operation of the
reactors, it is generally advisable to connect a
plurality of reactors in series and preferably to coo
between the reactors. Reactors which are suitable for
polytropic or virtually isothermal operation are, for



41 The reaction can be effected with and w thout

addi tion of an additional solvent. The solvents used
are preferably saturated hydrocarbons, in particular
C4, C8 O d 2 hydrocarbons. Very particul ar preference
IS given to the use of isooctane. In the case of

addi tion of solvents, their fractionis fromO to 60%
by mass, preferably fromO to 30% by nmass. The

i nventive reaction can be carried out at a pressure
equal to or above the vaporpgressure of the starting
hydr ocarbon m xture at the particular reaction
tenperature preferably at a pressure belon/40 bar,

dlsftlullg 19;1 67 u}lﬁgo%%ﬁe \r;/:qﬁ? -h%dr ar gggpga%(qtr% ra? aflﬁ ast T arcteo?: e’t?utt at least
at %!u F&f@%ﬂ?é | AaiHo9B - 1 WAE NIt B Hﬁﬁﬁétio%n the &9 pl?@du% E&Ld is the

l'y in the I'iquid phase, thé pressure s
unperefegedbydrotebdnsdth Zintotht Mdryditicgtvens fdmnazbh@opea;mth water, a

essure aqf the action mxture. in order.to event
POl CHBIPAES St I HI IR Sofincida s Fesdeionyyahe vhgrs at the
tof §AHel @Rurki$ a§%ﬂlé§ttl‘?éjC?h (ﬁ‘o%ﬁér%u satt PMPFI qwlgﬁlpved. This is

reaction mxture 1I's no present or m
dof¢ by suaiapl exdustrial pmeﬂses;efodlethplleaﬂnl pnopiletantgpr Bred@snce is
vari ants anal ogous to 003, 124 t he
theégfr%eo HEET A8t B VB thrtre<liJ é@gebaeciﬁl drafg the Tiife/water mixture
toge'tﬁé? REHOR llﬂfevﬁﬁttap q'h%%é/df&ﬁt%%ﬁ?hf‘ﬁﬁl b@ugéaem gégéélséjstep ¢) of the
phase, 1.e. over "noi ui d-we ,
pra@ssaicyatdinglihehomeedidn etime er sﬂt@ﬁh@Wates Dslmttveh @rdferably after the
ollgoners may be adjusted via the type and anount of
WHHACRAYal yst used, the reaction conditions established
and nunber of reactors. In the process according to
the invention, preferably from30 to 95%
Thprt&ftteneptddabtl ybthinedniSAnt Qju8A%Y temetnﬂarptﬂ abhittieh] YW powienS5H the
but ene pres in the reactant is

to 70% 0
OB?I?‘g’éﬂgéM eéﬂef%ra@ TgurResh (Eerye }/%lto PRecss sisafeteterably into the
[
i E e g AL B oy SRR 38 Byt A OSRLR Bon B B, g more
pre@drably drome 820005 1 dilbottomSiredudd perapmicoglt G divdtocatypns fed.
distillation. The distillation is preferably conducted
at a pressure of from1l to 10 bara, nore preferably at

B RGRDHE Dbl SO0 by B 16 B i v

arepeféced ab kort-butamo] Y ath yidauR DA th@haeomef)é uﬁwaat- riod teﬁ-butanol For
preferably set to values of fromO0.1 to 1.

theptretaéttm <9f qgdrops tericyitanod, thcrhter%tpgetdltqlfa%%t aﬁveraé processes (DE
in a colum having a nunber of
10??g%§ég?i¥ront %E?éﬂﬁg; preferably from25 to 35. The
unconverted C4 hydrocar bons thus renoved are treated
further .in the inventive step.c). The o

It if plsp ppesible Enisoede etﬂtteausﬁeawhmﬁoe@sﬁﬁ m?geraaét@t ~hwfanol and
18 (fméﬁn%c)é\,ﬁe‘{}lg rt]/\?o?fg&}? ﬁf thgtc?usdggtg {1 aﬁS{ {1}1*[10 prrcr)ggs%r ! gar)g%r% reigb'r%y into
thecRaeli ramdtor @Mdodesghigs ay!l | goer s (C12, C16+) The

fraction of cooligoners is preferably bel ow 50% by

mass, nore preferably belom12596by mass. This fraction

Wﬂ%%y % sosl;\?e%?rsa Esee%b lts‘fv[)r% 5Q o’é 0 ik I(.{ l a#l}eol%qtf ! %P5e theoJlstillatlon

owﬁw ﬂlelba}glﬂy lgfnhw IPEEDLE kérﬁ&b:ﬁtﬁd”tﬁ th bORSI. préduck 9 thdans of
rately, for exanple for chem cal syntheses. For

Sultabg? thermeal fsgparatienpronesaes dnskregenies] fully arrmgirthemto iptocassystep a),
be necessary to renove high-boiling conponents
(preferably boiling point > 220C). It is also possible
to fully or partly hydrogenate the butene oligoners,
especially the Cg ol efins. Methods for hydrogenating
the products of the oligomerization to the
correspondi ng paraffins are sufficiently well known to
those skilled in the art. Common nethods for



43 are preferably supportive catal ysts which consi st
of an inorganic support and contain platinum and/ or
pal | adi um and/ or nickel as the active netal. The
tenperature at which the hydrogenation is carried out
is preferably in the range from 10 to 250C and the
pressure between 1 and 100 bar. After the
hydrogenati on, further fractions can be obtai ned by
distillative separation. Fuel additives of certain
properties are obtainable fyoomthese and fromthe
unhydrogenated fracti ons by bl endi ng. Sone fractions
can al so be used as sol vents. Enbodi nent 4: Reaction
f jsobutene in step.a) wth formal dehyde In a further
Pfeg?fég?lé’ e &E%ﬁﬁbff‘iafﬁ@ﬁ Ff %‘%’C?Sﬁ &<p rag cess according to the
i nvention, the isobutene is reacted in step a) wth

formal dehyde or a fornal dehyde derivative. Dependi ng
The actuhlecatad gst tusedh incah (hathJostgges ol ¢hisrembodinedtiof probésaistepdh) is a

' , 4-di 1-1,3- di 3- hyl-3-b -1-ol
SOﬁfﬁ élﬁjﬁwg!% @‘Hﬁ§ TuL t‘: l{llﬁo ar}fel(}.}% g'gﬁglgt%g:lfz ?%uq'ulqe :}Jl};pg H t]heoproduct
mi%ﬂtﬂf@ Lt HECacidiRfREBh QN uPACL. I'pé'_éfe%gg &S5 l@]?ﬁoaﬁﬁpé QUAEhLyst as

or exanple, in the current edition of U
de€Enbyt impedesa sofp dndube catalystGhehissrbodidlint @f phckks step a). The
Ver | ag,, under. "jsoprene", and the references cited
catplyt @ erioggl i alt ddhle IAPI98S, 1. dRfsTramals, %o Galied g reactors
e A G enc G S RS QS | Acto{F gt gl i
proSedswendhehre Refetabdiasdrl jonkxdhinga rdsikotvith sulfbaidger! groups. In
Petrochem e, 1970, 23, 641 to 644. The two products, .
theginjeRtiyg emhodifpei-qf-SHP &n Hhiesion frhangn yesinsamay pe paprein their H

el : . _ h Car _
forrg Srcile FRL 355 o8 mEM Bl B oRArR RO b, Bher ol
undes olicuifodlioeing trindef sl HehytteSEahl §d.coativeCP 408t Amberlyst 15 or
i.soprene, for exanple, by cleavage in_the gas phase at .
Anfliegnto0h hevasibde oy e LeuRtiakPit: [atasl Joril { bhe exknplEme is
B [ ’ [ :
g RS 90 ¢ ML i Rk b OGO SATE DT e size of
thelrpdn dé pocsarablg datvizen N ome aedl 1 agamn in gdfrticulir Be®Bechld.5 mm and
005), 44 e iningti_n,of fornaldeh%de,_can, for .
LOgnainphe particlssigrediggibytion, msy s sekecsd palaiiyaly npsewlygir relatively
. mpphi qpet:hyl - n n [ in - .
WP erte SN etk PIRSERT ot AP BRRE e size
(mexcidivpersd résish mayictused. Ihefaoidwpaatystahe ich eapipm@pr isgRed on
as a solution of forml dehyde i n water or another

thesyppleriormoprefiraty frasyid 7atn & Orcsflitt Bekgedlar fem {attp 2l eq/l or
j f rj ' I f .
ol G PSSR SN RTR, f 85 BURIRLG vty
datwfirt mobkg wiettased origie i exxhtddesiin daibdin echosithkensenit Weight
. inthe liquid phase and in the gas phase (cf. DE 15 93
in gglapt nitpgzen piren @b for ppmple, ¥865%49; US 2, 308, 192; FR 155
6915; Studies in Surface Science and Catal ysis, Vol.
125, 199, 507 to 514). The reaction is preferably
In € &frthiee Pre@iited Varibheo ] dnfioidin@has ehelsitRehe & Jriteinsd ad B@eactive
_catalysts used are preferably netal catalysts,
distlaiont & PravesL Ewi Rreparings TBAaFia; thal pipcess of apative digillation is
[: Q Ny t Lt nmetal catal ysts and acidic
dﬁ?%%ﬁg§%ﬁ§%%gﬂ$g§¢%g§b%Qgg}e al so used in enbodi nent 1
of process step a). The isobutene conversion achieved
in the reaction with formal dehyde is preferably from
Thapobwewio % hydrasahosfseeablapd thowatg¢o or e T@iggure of Cy4 hydrocarbon



The reaction m xture of the reaction in enbodi rent 4
of step a) is worked up differently dependi ng on the
type of reaction selected. Wien a plurality of phases
are present after the reaction, for exanple an aqueous
phase and an organi ¢ phase which contains mainly the
unconverted C4 hydrocarbons and the main products of
the reaction, a phase separation is carried out first.
To renove residual anmounts of formal dehyde, a water
scrubbi ng can subsequently 3¢ effected. The products
Il (allyl alcohols, 1,3-dioxanes or 1,3-diols) and, if
appropri at e, hydrocarbons having from5 to 7 carbon
strmrﬁ%&r &4t h r 5 ?qrgiﬁ\r%)? té% E‘%;pmg%gtlsE]gq%{otgtecgitynrbyreferably below the
reddtiSit 'zbﬂléitA %tﬂ}AﬁVé ?ﬁ%n frfhy BEpELcht bkt v@ete Of@ed: thcy ?Ehcn&ﬁ‘ Gone.
unconverted C4 hydrocar bohs are obtalne
Beppro dhe treactihe seglomstis |dippsaina i mirdf f distilative rregnan ab]lnyh abnm to

B R T P ol B Tl o
I

o5 PRIREALM 065 ORE 10 OB ROS)Big

thedwater/ TBAt azeotromse. Opfibuallyg atfiurtheofdistit lativdregicnocad, follow above the

preferably of approx. ef erabl y _est abl i shed.
reagighicein MU Bridgs! thﬁéscfm@aﬁ&emeeaaw Py seasHe Agne. The
topPpRBE G WhtAHHE Al ARR trhe
o e R R0 S T Rl 11k B8 Riride process
mﬁﬁbemdhsipm1eﬁmqmnls preferably carried out in a colum

whi ch has at | east a nunmber of 20 theoretical plates,

preferably from25 to 50 and nore preferably from 30

t o) t b

S 4 o PR S Bs, Rt Bl AL £ ol MeERsn PR i
adrhtlerp:aﬂgf)obtefﬂmi rtae tomiassatibh af thed-aporstah ehedbs bf tHea:bhmm as well

h may conprijse 3-methyl-3-buten- 1 -ql and
as ﬁleﬁﬁbm?qmmi 14, Elinémr@fer#ﬁy IHROVSH R rou)sanallyrrﬁwec#edt fylly or

4SO thya upt h

palf OB U, 3 AR ARDE R R S

1ndaxil‘1ahq:vtooames Férdstaagits ih ma tdpe detanesnt Thes proeesssariaat lhas the
techni cal C4 hydrocarbon m xtures ty |caIIy avai |l apl e

adpaipgp that hevate] plrsaben S B EBN b ConiBis GRaheioR pradygt of the
| f

coB Bl und L. B8] SABEHELA SR SR FOORERLST b

distﬂlaﬂa yhese br arpoliecbe theTérﬂns clistitlytet H@BSES rechtled WiteSthé reRtive

t.he dehydrogenati on of  bhutanes, m xtures from skel et al

disfigiegr s umR oo RaYORe distilite alals &b nToRyalrbabaG; MRy Delow
FEhathesi jon e

the e lRERART a7 fle BLEb BuyFRe P PR THE Pl ey e
hydiochrbdsp8] dsibad rih efhie vaygard sghelighemieesatWatel bMCHree of

5th edition, 1998, %a ges 23-24; 65- 99; 122-124).
heterogersoun water draghieisn They ¢ thys ba usqdaiatnresess siepe) of the process

ich are operated primarily for the

am%%%%%%?ﬁ%ﬁﬁg tle'hene and propene and in which the raw

materials used are, for exanple, refinery gases,

napht ha, gas oil, LPG (liquefied petrol eum gas) and
ThN@;ed( {9ather @actg@sdlsﬁﬂéqnoa) congginsCprefigralely i lovssthipn g% by mass, in

per R BT LB RO MR S D st BTGB i

m@aaﬁun§awgﬁmk&obuhﬁ@e Further main constituents are
1, 3- but adi ene, 1-butene, c-2-butene, t-2-butene,
n- but ane and i-butane. Typical isobutene contents in
the C4 fraction are from18 to 35% by mass, in the
case of C4 fractions from steancrackers, from10 to
20% by mass in the case of fluid catcrackers (FCC)



For the inventive process, it is advantageous to
renove pol yunsaturated hydrocarbons such as

1, 3-but adi ene fromthe use mxture. This can be done
by known processes, for exanple by extraction,
extractive distillation or conplex formation (cf.

K. Wei ssernel, H J. Arpe, Industrielle O ganische
Chemie, Wley-VCH b5th edition, 1998, pages 119 to
121). One alternative to the renoval of the

pol yunsat urat ed hydrocarbong is a sel ective chem ca
conversion. For exanple, 1,3-butadiene can be

hydr ogenat ed sel ectively to |linear butenes, as

escri bed, f.or exanpl in EP 0 523 482. |t is. also
WA BienRE R iova HES 171 BHSdPEn Eeatcopbssisiopycolumn
belW $8r&REVY BakY BleSbRMRiINe ENBydbo Sttt #RE $0Canck@s form into
exanpi e dinerization to cyéﬁooc adi ene, trinerization
thet madionl wde ded,adiieg & theohipimewr za¢dtape of vwaedr ang 0, hgtitoombons,

reacti ons. \Wen crack-C4 cut was used as the raw
a RAERH PRI Al i dRon BRSO RR . (VAP Op s TRt hegieactant into the
AN URNALG A HA Bfekerdtdn (HGEAdslo R d]ﬁér[gs i
recontains nginlyath% s%turaté%xﬁﬁﬁgg%%?%o S’<ﬁﬁ@%?gﬁ£nmnmn
in thedbottembandme randvadne ol ef i ns i sobut ene, 1-butene and
2-butenes. In the inventive process, in an additiona
purification stage which is connected upstream of one
In ffe rBIFRr h1uR0 & iRt ’ i -
o 1 5038 SR Aot s e
belowd tioec @atabist giacldagsmay ebeplaspescdbkepacaingl whysc ahdsr afidillation
el y hydrogenat ed. e preferabl such a

el ectjv Vb :
Pa%mgSf fllc}'&t FERYEL Bgithe @Ff‘cgsqteé dnad MagsieR bt sranple Jewaldax®
®) icahl [ 0 .
s R et R AT BOG 3 ok Mg, 07 ALl kil onto
mobdingy (Lse5 Aé4.920)s Btcficratds hivdn oc asibgostalytid pakiezs having a high
olyunsatgrated E¥droc rbons are mainly. 1, 3-butadi ene;
catqlyst ogitent furfaampls isagRk-Sih &2 ot matemrelesibly kriaandl 1i4
at all, in a significantly snmaller anmount. The
hydr ogenati on can be effected in a one-stage or
Thergérteris tergerehsttieatigibiation mchrdes al$ pracossttbginbiogy intkaplias® which
_oYer a palladiumcatalyst. To | ower the content of
disillation, and apachen et Bacyried evidplegraieson masesial 2pd paetsstin terms. In
. i o N _ . _
et bS8, R S L B pARTh e pakins
in thy dohgendt isaiso Jdssibhorahaparcesssadoidingdioethe iidlehion & farially
nonoxi de which is added in a fraction of fromO0.05 to
sepgsts (Bt Teglopn Y Ehew dosie therdvankiges At 2 BRCHE JisHEEPDr at ed
hydrocarbons in the feed to this stage should be bel ow
1% preferably below 0.5% In the literature, this
In typeraabsssedrtmt,i the rbydive ginilation cdfuniesd dedned ot £disillation
of 1,3-butadiene is known under the name SHP
colpmg vath preomPEeqtrisRtliresriors gduaisgontain thegptadyyand grploperated
. \ | e, Erdgas, Petrochem 1986, 39, 73). Wen
n %gﬁg)%st%ljéo "“nmore than 1% of pol yunsat ur at ed
hydr ocar bons such as 1, 3-butadi ene are present in the
i sobutenic C4 streans, they are preferably converted
The seagiperrediicehon edganain wrish isthelses nygdnogsdani onwhigha TBA-

: b ¥ | € ut, in the |igpi ase over .
ricf PR R AR 50 bpab o S EBAT EnGir SF scparating
stag SAROnAREE duy & pEECHIaN front Heo BY dpRESAAY M BRY 5B&eparating

carried out in a plurality of stages. For the

stages nieerespwrted fordrvabk s@ppingoieciaons theane ta Sk eepanitity diages by the
content of 1,3-butadiene of typically from38 to 45%
a two-stage version of the hydrogenati on has been
found to be useful. In this case, individual or al
stages nmay be equi pped with partial product recycling.
In the effluent, concentrations of 1, 3-butadi ene of
| ess than 1% are thus obtainable, so that a further
conversion can be effected in a sel ective
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reaction zone and from O to 20 separating stages by the rectifier section above the
reaction zone. Additional water can be metered into the column at all points. Preference

is given to introducing water and prereacted mixture at the same position.

The operating pressure of the reactive distillation column, measured at the top of the
column, is between 3 and 30 bara, in particular between 4 and 12 bara. The reflux ratio

is in the range from 0.5 to 40, in particular in the range from 0.9 to 20.

Embodiment 2: Reaction of isobutene with alcohol in step a)

In a preferred embodiment 2) of the process according to the invention, the isobutene
from the isobutenic technical hydrocarbon mixture is reacted in step a) under acidic
catalysis with alcohol to give alkyl tert-butyl ether (ATBE, also referred to as tert-butyl
alkyl ether). In this embodiment of the process according to the invention, the reaction
of isobutene with alcohol may be over 90%, preferably over 95%. The alcohol used

may in particular be methanol or ethanol.

The etherification of the isobutene is carried out as an acid-catalyzed reaction. The
alcohols used may be primary, secondary, mono- or polyhydric alcohols, preferably
having from 1 to 5 carbon atoms, more preferably methanol or ethanol. The alcohol
used may be highly pure alcohol, pure alcohol or alcohol which has small amounts of
impurities. The purity of the alcohol used, reported in % by mass of alcohol, is
preferably over 90%, more preferably over 95%, most preferably over 99%. The
content of water is preferably below 3% by mass, more preferably below 1% by mass,
most preferably below 0.3% by mass. The ethanol can be dewatered in a conventional

manner by azeotropic distillation or by membrane processes.

For the reaction of isobutene with alcohols, in particular with methanol to give methyl

tert-butyl ether, various process variants have been developed (cf.: Ullmann’s
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Encyclopedia of Industrial Chemistry, Online Version, 2004, Wiley & Sons, under
methyl tert-butyl ether, and literature cited there; Obenaus, Fritz; Droste, Wilhelm,
Erdoel & Kohle, Erdgas, Petrochemie (1980), 33(6), 271-275; DE 2629769; DE
2853769). In principle, all processes for reacting the isobutene with alcohols are
suitable as process step a) in the context of this invention. Preference is given to
processes in which the reaction is effected in the liquid phase over an acidic ion
exchange resin. The reaction of isobutene with alcohol can be effected as described in
process step d). The reactors in which the alcohol is reacted with the isobutene up to
close to the thermodynamic equilibrium may be conventional fixed bed reactors (tube
bundle reactors, adiabatic fixed bed reactors, circulation reactors, etc). They may be
operated with or without partial recycling, and the recycle stream may be cooled if

appropriate.

In a preferred embodiment, the reaction of the isobutene is carried out in at least two
stages, in which case the first stage is conducted as an adiabatic fixed bed reactor with
recycling and the downstream stages are conducted as fixed bed stages without
recycling and/or as a reactive distillation. The ratio of amount recycled to fresh feed (C4
hydrocarbons and alcohol) is preferably from 0.5 to 20 t/t, more preferably from I to 5
t/t. The reactors may be operated at temperatures of preferably from 10 to 160°C,
preferentially from 30 to 110°C. The pressure in the fixed bed stages is preferably from
5 to 50 bara, preferably from 10 to 20 bara. Since the thermodynamic equilibrium
between alcohol/isobutene and ether at low temperature is predominantly to the side of
the ether, it is preferred when using a plurality of reactors to operate the first of the
reactors at higher temperature (high reaction rate) than the downstream reactors

(exploitation of the equilibrium position).

In this embodiment of the inventive process step a), the molar ratio of alcohol to

isobutene is preferably from 5:1 to 0.9:1, preferably from 2:1 to 1:1 and more
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preferably from 1.5:1 to 1:1. Since a low conversion of isobutene can be accepted in
process step a), a lower alcohol excess may be advantageous compared to process step

d).

In a preferred embodiment, the addition of the alcohol onto the isobutene in the
presence of an acidic catalyst is carried out in such a way that at least one reaction stage
is carried out as a reactive distillation. More preferably, the acid-catalyzed etherification
in step a) is carried out in at least two reaction stages, in which case preferably at least
one, more preferably the last reaction stage is carried out as a reactive distillation. In the
fixed bed reactor(s), a reaction mixture which is close to the thermodynamic
equilibrium with regard to its isobutene, alcohol and tert-butyl ether concentration is
first prepared over an acidic catalyst from the isobutenic technical hydrocarbon mixture
I and alcohol. The conversion of the isobutene is preferably greater than 90%. This
mixture is fed into the reactive distillation column in the next/last reaction stage, where

a further portion of the isobutene is converted to the ether.

The catalyst used both in the fixed bed stages and in the reactive distillation column is a
solid substance which is soluble neither in the feedstock mixture nor in the product
mixture and has acidic sites on its surface. Under reaction conditions, the catalyst
should not release any acidic substances to the product mixture because this can lead to
vield losses. The catalysts used may preferably be those as described in process step d),
in which case the process according to the invention can be performed in such a way
that the same catalyst or different catalysts can be used in each case in step a) and d).

Preference is given to using the same catalysts in step a) and d).

In the reactive distillation column, the catalysts may either be integrated in the packing,
for example KataMax® (as described in EP 0 428 265), KataPak® {as described in

EP 0396 650 or DE 298 07 007.3) or polymerizéd onto moldings (as described in US
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5,244,929).

The isobutene is reacted with alcohol to give the corresponding tertiary butyl ether in
the reactive distillation preferably within the temperature range from 10 to 140°C,
preferentially from 40 to 90°C, more preferably from 60 to 80°C (region of the column
in which the catalyst is disposed. The bottom temperature of the column may be

significantly higher).

In particular, the isobutene is removed by reacting with alcohol (methanol, ethanol) to
give ATBE (MTBE, ETBE). The procedure is in particular as described in DE 101 02
082 for MTBE. The C4 hydrocarbon mixture comprising isobutene is fed into the
prereactor together with alcohol. The alcohol is preferably used in excess. In the
prereactors, a mixture in which isobutene, alcohol and ATBE are present in equilibrium
or virtually in equilibrium is present. This reaction mixture is passed into the reactive

distillation columm.

In the feed of the reactive distillation column, more alcohol may be present than is
needed for the full conversion of the isobutene still present. However, the alcohol
excess should be such that a sufficient amount of alcohol is present for the azeotrope of

alcohol and C4 hydrocarbons which forms.

Optionally, for example when the alcohol content in the column feed to the reactive
distillation column is below the maximum permissible value, additional alcohol may be
added. In addition, alcohol may be fed by means of a separate device at the top of the

reactive distillation column below or in a liquid distributor.

The reactive distillation column above the catalyst packing preferably has a region of

purely distillative separation, more preferably having from 5 to 20, in particular having
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from 10 to 15 separating stages. The catalyst zone can be estimated at a distillative
action of from 1 to 5 theoretical plates per meter of packing height. The separating zone
below the catalyst comprises from 12 to 36, in particular from 20 to 30 separating
stages. The height of the catalyst zone/reactive zone can be determined as a function of
the desired isobutene conversion by simple preliminary experiments. The amount of
catalyst is preferably selected at such a level that an isobutene conversion of from 75 to
99%, preferably from 85 to 98% and more preferably from 95 to 97%, based on the

isobutene content in the feed to the reactive distillation, is achieved.

The mean temperature in the catalyst zone is, depending on the pressure in the column,
preferably from 55°C to 70°C, more preferably from 58°C to 67°C. The reactive
distillation column is operated at pressures, measured at the top of the column, of from

3 bara to 15 bara, preferably from 5 bara to 11 bara, in particular from 7 bara to 10 bara.

The hydraulic loading in the catalytic packing of the column is preferably from 10% to
110%, preferably from 20% to 70% of its flood point loading. The hydraulic loading of
a distillation column is understood to mean the uniform flow demand on the column
cross section by the ascending vapor stream and the refluxing liquid stream. The upper
loading limit indicates the maximum loading by vapor and reflux liquid, above which
the separating action falls owing to entrainment or accumulation of the reflux liquid by
the ascending vapor stream. The lower loading limit indicates the minimum loading,
below which the separating action declines or collapses owing to irregular flow or
emptying of the column - for example of the trays (Vauck/Miiller, “Grundoperationen
chemischer  Verfahrenstechnik™, p. 626, VEB Deutscher Verlag fiir
Grundstoffindustrie.). At the flood point, the shear stresses transferred from the gas to
the liquid become so great that the entire amount of liquid is entrained in the form of
drops with the gas or that there is phase inversion in the column (J. Mackowiak,

“Fluiddynamik von Kolonnen mit modernen Fillkérpem und Packungen fiir
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Gas/Flissigkeitssysteme”, Otto Salle Verlag 1991).

The reactive distillation column is preferably operated with reflux ratios of less than
1.5, in particular with those which are greater than 0.4 and less than 1, preferably
greater than 0.5 and less than 0.9.

The bottom product of the reactive distillation column preferably consists mainly of
ATBE. It preferably contains less than 2500 ppmw of alkyl sec-butyl cther and less than
2500 ppmw of Cg hydrocarbons.

The top product of the reactive distillation can in tum be separated into a Cy4
hydrocarbon mixture and alcohol, in which case the C4 hydrocarbon mixture preferably

contains less than 0.5 ppmw of ATBE and/or TBA.

The alcohol can, for example, be removed by extraction with water. If traces of
butadiene have not already been removed before process step a), they can be removed
from the raffinate II thus obtained by selective hydrogenation (SHP) (cf. Erdoel &
Kohle, Erdgas, Petrochemic (1986), 39(2), 73-8). The C4 hydrocarbon mixture which is
obtained from the reactive distillation and has optionally been freed of alcohol can be

fed to process step ¢).

When alcohols other than methanol and ethanol are used for the etherification, the

parameters of the reactive distillation change correspondingly.

The ATBE obtained in this embodiment of the process according to the invention can

likewise be sent to the end uses described under process step d).

When isobutene is reacted with alcohol in step a) without a reactive distillation having




49 Explanation 1-1CC4: typical of a C4 m xture which
is obtained fromthe crack-Ca of a steantracker (high
severity) after the hydrogenation of the 1, 3-butadi ene
wi t hout additional noderation of the catalyst. HCCZ4 /
SHP: HCC4 conposition in which residues of

1, 3- but adi ene have been reduced further in an SHP
Raft'. | (raffinate I): typical of a C4 m xture which
is obtained fromthe crack-Ca of a steanctracker (high
severity) after the renovalzgpf the 1, 3-butadiene, for
exanpl e by an NWP extractive rectification. Raff. | /
SHP: Raff. | conposition in which residues of

beelri gs_eg,u E‘J?%Iy rrg)gar gﬁ/s? itb gp%?oﬂn%geugoeggthgy {Vgtﬂergsi;i:h?al %2101S1nl_|t|:s)'of alcohol,
are removed in stage b), preferably by distillation, from the product II in a first step,
and, if required, the alcohol is removed extractively from the C4 hydrocarbons HI in a
second step. When a reactive distillation column is carried out as the last process stage
in step a), it is possible to dispense with the distillative separation in step b), and the top
product which is obtained in the reactive distillation and is composed of any
unconverted alcohol present and unconverted C4 hydrocarbons can either be fed directly
to an extraction to remove the alcohol or to step ¢). The extraction can be performed as

described in step €).

Embodiment 3: Oligomerization of isobutene as the conversion in step a)

In a further preferred embodiment of the process according to the invention, the
isobutene from the isobutenic technical hydrocarbon mixture is converted in step a) to
isobutene oligomers, especially to diisobutene. Isobutene oligomers in the context of
the present invention are in particular isobutene oligomers such as di-, tri- or tetramers

of isobutene. In addition, they may also contain cooligomers with or of 1- or 2-butenes.

The partial oligomerization in step a) of the isobutene can in principle be carried out
homogeneously, i.e. using catalysts soluble in the reaction mixture, or heterogeneously,
i.e. using catalysts insoluble in the reaction mixture. The disadvantage of the
homogeneous processes is that the catalyst leaves the reactor with the reaction products
and unconverted reactants, from which it has to be removed, worked up and disposed of

or recycled.

Owing to this high level of separation complexity, the partial oligomerization of the
isobutene in step a) is preferably carried out over solid heterogeneous catalysts which
are additionally often arranged in a fixed bed, so that a complicated catalyst removal is

dispensed with.




CC4: typical conposition of a crack-Ca which is
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conmposition in which residues of 1, 3-butadi ene have
been reduced further in an SHP. Anong ot hers, the
raffinate I or HCC4 is an isobutenic hydrocarbon
m xture used with preference within the context of
this invention. Since plants for working up C4
hydr ocarbons are generally constructed as a strand
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The drying of the hydrocarbon m xture may be

advant ageous for various reasons, for exanple to
reduce the formation of alcohols (mainly tert-butyl
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clarity.
isomerization of the linear butenes. Moreover, the evolution of heat is thus set to a

technically controllable value in the reactor.

The setting of the desired catalyst activity can be done with the aid of moderators.
These substances are passed over the catalyst together with the reactant. The moderator
used may, for example, be water, alcohols such as tert-butyl alcohol (TBA), methanol,
isononanol or ethanol, or ethers such as MTBE or ETBE, in cach case as a pure
substance or mixtures. The oligomerization in stage a) is therefore preferably carried
out in the presence of these moderators. In the case of use of moderators, preference is
given to setting molar ratios of from 0.01 to 5 mol, preferably from 0.01 to 1 mol, in

particular from 0.01 to 0.7 mol of moderator per mole of isobutene.




Fig. 1 In the process shown schematically in Fig. 1, a
technical m xture of C4 hydrocarbons is introduced
into stage (a). In stage (a), some of the isobutene
present in the technical mxture is reacted. The
reaction can be effected, for exanple, with water,

al cohol, formal dehyde or with itself. The product of
stage (a) is transferred into the separating stage (b)

i n which unconverted C4 hydrocarbons Il are renoved
fromthe products |11, prefeygably by thermal separating
processes. The unconverted C4 hydrocarbons |11 are

transferred into a stage (c) which can be realized,
for exanple, by a sinple distillation colum. In this
colum, streamlll is separated into a fraction IV
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removed is the stream Il which conprises unconverted
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of the isobutene with water, and excess water. Fig. 4
Fig. 4 is a schematic diagramof a possible enbodi nent




54 the colum. The bottom product obtained is the
product |1, mainly tert-butyl ether fromthe reaction
of the isobutene with alcohol, with or wthout
resi dual anmounts of al cohol. The top product renoved
is the stream D-bl which conprises unconverted
hydr ocarbons, with or w thout alcohol. Wen the stream
conprises al cohol, which is the case, for exanple,
when net hanol and et hanol are used, this streamis
conducted into the bottom ofgan extraction col um
K-b2, into which an extractant, for exanple water, is
fed in countercurrent through the inlet E-bl disposed
t the.top.and is wthdr via the outlet E-ph2 at the
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bott om product obtained fromthe colum K42 is

i sobut ane S42. The top product D42, from which water

is renoved in a decanter if appropriate, can be

returned partly as reflux into the colum. The other

portion of the top product D42, which consists




56 Fig. 7 This figure shows the variant A of a
one-stage process calculated in the conparative
exanple. In this variant, stages (a) and (b) are
carried out in an arrangenent as shown in Fig. 4, a
reactor system R-a being present in place of reactors
R-al and R-a2. The product |11 obtained fromthe
extraction colum K-b2 is transferred into the
distillation colum K-cl in which isobutane, isobutene
and 1-butene are renoved vig the top. The bottom
product S-cl is obtained in a (virtually)
i sobut ene-free fraction V conprising 2- butenes and
n- butanes. The distillate VI of the colum K-cl is
transferred directly into a further colum K-fl in
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bywzass.ant stages (a) and (b) are carried out in an
arrangenent as shown in Fig. 3, a reactor R-al being
present in place of reactors Ral, R a2 and R a3. The
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| genent according to the
evﬂhgﬂgh %ﬁ?ag{n?ﬂgnéﬁ%ggss according to the invention,
as was used in the exanple with the process variants
according to Fig. and 8, Fig. 9 is a schematic
Even warn thegeactignds p@ﬁ@@ﬁérﬁ ajpEesie &k which the reaction mixture is not

present fully in liquid form (for example in a reactive distillation or in process variants
analogous to US 5,003,124), the oligomerization by the process according to the
invention nevertheless takes place in the liquid phase, i.e. over “moist”, i.e. liquid-

wetted, catalyst.

The overall conversion of isobutene to oligomers may be adjusted via the type and
amount of the catalyst used, the reaction conditions established and number of reactors.
In the process according to the invention, preferably from 30 to 95%, preferentially
from 50 to 80%, more preferably from 55 to 70%, of the isobutene present in the

reactant is oligomerized.

The reaction mixture of the partial isobutene oligomerization can be worked up in




57 etherifleation step is carried out both in stage
(a) and in stage (d). Stages (a) and (b) are carried
out in an arrangenent as shown in Fig. 4, a reactor
system R-a being present in place of reactors R-al and
R-a2. The stages (c), (d) and (e) are carried out as
described in Fig. 5. The product VIII which is
obtained fromthe extraction colum K-e2 is conducted
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chemical syntheses. For use as a fuel component for gasoline engines, it may be

necessary to remove high-boiling components (preferably boiling point > 220°C).

It is also possible to fully or partly hydrogenate the butene oligomers, especially the Cg
olefins. Methods for hydrogenating the products of the oligomerization to the
corresponding paraffins are sufficiently well known to those skilled in the art. Common
methods for hydrogenating olefins are described, for example, in F. Asinger, “Chemie
und Technologie der Monoolefine”[Chemistry and technology of the monoolefins],
Akademie Verlag, Berlin, 1957, page 626 — 628 or DE 197 19 833.

In a preferred embodiment, the hydrogenation is carried out in the liquid phase over a

solid catalyst insoluble in the hydrogenation mixture. The hydrogenation catalysts used



58 one-conponent splitters. The MeOH water m xture
obtai ned fromthe extractors was worked up by
distillation in a further columm K-MeOH whi ch was not
shown in the connection diagrans. Both products of the
K- MeOH were recirculated into the process. The
exanpl es cal cul ated were based on a raw material mx
of typical C4 raw naterials obtainable on the market.
The raw material streamof 10 t/h contained 28% by
mass of isobutene and 35% by; mass of 1-butene. The

i sobutene was to be renoved chemically fromthis
stream by MIBE synthesis, and a 1-butene anmount of 3

t/h.wi,th a purity.greater. .than,99. 6% was to be .
ore AR SO it ot sh OF 3B R aeng bRpTond contain
plaARBAOhd/d3 DA adilmt 8/ ob UL REHRIRANS fnet R TH%;& ngi}d@?agﬁe at which

2000 ppm of isobutene were to be present. Table
thechyrppogepgtiothes conpbsitt isqgnefefablynim B4 maw frael( al 230°Ceaid the

of tge desireg ﬁ-gutene speci fication. The anount of
Presah BRSICCRd @i A0 PHe exanpl es was 1900 kg/ h (appr ox.

19% excess). Table 2: Conposition of the C4 raw

mat eri al stream and desired specification of the 1-
Aftzutten dydpeeméint afyethda fractins qeartzeobtapesd Hyydiswssive separation.

0
Fugfo %81%325 0%4 Cfel%ﬁg %ro%lélt'ti%geare[ lf)%{amab{e@ﬁ'om these and from the

unhydrogenated fractions by blending. Some fractions can also be used as solvents.

Embodiment 4: Reaction of isobutene in step a) with formaldehyde

In a further preferred embodiment of the process according to the invention, the
isobutene is reacted in step a) with formaldehyde or a formaldehyde derivative.
Depending on the reaction conditions, the main product obtained is 4,4-dimethyl-1,3-
dioxane or 3-methyl-3-buten-1-ol. The process has been known for some time in the
literature. Information on this process can be found, for example, in the current edition
of Ullmann’s Encyciopedia of Industrial Chemistry, Wiley-VCH Verlag, under
“isoprene”, and the references cited there, in Weissermel, Arpe, Industrielle Organische
Chemie [Industrial organic chemistry], VCH, 4th edition, 1994, pages 127 to 131, and
in W. Swodenk, W. Schwerdtel, P. Losacker, Erdé] und Kohle — Erdgas — Petrochemie,
1970, 23, 641 to 644. The two products, 3-methy1;3-buten-l-ol and 4,4-dimethyl-1,3-
dioxane (1,3-dioxane) are used mainly for the preparation of isoprene. The 1,3-dioxane
obtainable by reacting isobutene with formaldehyde can be converted to isoprene, for
example, by cleavage in the gas phase at from 200 to 300°C over an acidic catalyst, for
example phosphoric acid on a support, in which case half of the amount of
formaldehyde required to prepare the 1,3-dioxane can be recovered again (cf. DE 196

31 005),

The 3-methyl-3-buten-1-ol, which can also be obtained from the 1,3-dioxane by
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elimination of formaldehyde, can, for example, also be used to prepare 3-methylbutan-

1-ol, from which 3-methyl-1-butene can be obtained in turn by water elimination.

The isobutene can be reacted either directly with the formaldehyde, if appropriate as a
solution of formaldehyde in water or another solvent, or with a suitable formaldehyde
derivative. Suitable formaldehyde derivatives are, for example, methylal or dioxolane.
The reaction can be effected with or without use of catalysts and is possible both in the
liquid phase and in the gas phase (cf. DE 15 93 851; DE 17 68 057; DE 12 75 049; US
2,308,192; FR 155 6915; Studies in Surface Science and Catalysis, Vol. 125, 199, 507
to 514). The reaction is preferably carried out in the liquid phase using catalysts. The
catalysts used arc preferably metal catalysts, Brensted and Lewis acids. Particular
preference is given to using transition metal catalysts and acidic ion exchange resins, as

arc also used in embodiment 1 of process step a).

The isobutene conversion achieved in the reaction with formaldehyde is preferably

from 30 to 90%, more preferably from 40 to 70%.

The reaction mixture of the reaction in embodiment 4 of step a) is worked up
differently depending on the type of reaction selected. When a plurality of phases are
present after the reaction, for example an aqueous phase and an organic phase which
contains mainly the unconverted C; hydrocarbons and the main products of the
reaction, a phase separation is carried out first. To remove residual amounts of
formaldehyde, a water scrubbing can subsequently be effected. The products II (allyl
alcohols, 1,3-dioxanes or 1,3-diols) and, if appropriate, hydrocarbons having from 5 to
7 carbon atoms are then removed from unconverted C4 hydrocarbons III in step b)
appropriately by distillation. At least in one distillation column, the unconverted Cy4
hydrocarbons are obtained as the top product. This distillation is effected preferably at a

pressure of from 1 to 11 bara, more preferably from 3 to 8 bara and most preferably
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from 4 to 7 bara. The temperature in the top of the column is preferably from 40 to
60°C, preferentially from 45 to 50°C. In the distillation, a reflux ratio of from 0.5 to 2,
preferably of approx. 1 is preferably established. When, in addition to the unconverted
C4 hydrocarbons, a second aciueous phase is obtained at the top of the column, it is
preferably removed in a top decanter. The distillation is preferably carried out in a
column which has at least a number of 20 theoretical plates, preferably from 25 to 50
and more preferably from 30 to 40 theoretical plates. The unconverted hydrocarbons I

thus removed are treated further in the inventive step c).

The fractions obtained in the distillation, which may comprise 3-methyl-3-buten-1-0l
and/or 4,4-dimethyl-1,3-dioxane, may be converted further to isoprene as described
above directly or after further purification, for example a further distillation or

extraction.

Feedstocks

In the inventive process, all technical C4 hydrocarbon mixtures typically available may
be used. Suitable isobutenic C4 streams are, for example, light petroleum fractions from
crackers (for example steamcrackers, hydrocrackers, catcrackers), mixtures from
Fischer-Tropsch syntheses, mixtures from the dehydrogenation of butanes, mixtures
from skeletal isomerization of linear butenes and mixtures formed by metathesis of
olefins. These techniques are described in the technical literature (K. Weissermel, H.J.
Arpe, Industrielle Organische Chemie, Wiley-VCH, 5th edition, 1998, pages 23-24; 65-
99; 122-124).

Preference is given to using C4 fractions from steamcrackers which are operated
primarily for the production of ethene and propene and in which the raw materials used
are, for example, refinery gases, naphtha, gas oil, LPG (liquefied petroleum gas) and

NGL (natural gas liquid), or C4 fractions from catcrackers. The C4 cuts obtained as a by-
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product contain, depending on the cracking process, different amounts of isobutene,
Further main constituents are 1,3-butadiene, 1-butene, c-2-butene, t-2-butene, n-butane
and i-butane. Typical isobutene contents in the C,4 fraction are from 18 to 35% by mass,
in the case of C4 fractions from steamcrackers, from 10 to 20% by mass in the case of

fluid caterackers (FCC).

For the inventive process, 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, pages 119
to 121).

One alternative to the removal of the polyunsaturated hydrocarbons is a selective
chemical conversion. For example, 1,3-butadiene can be hydrogenated selectively to
linear butenes, as described, for example, in EP 0 523 482. It is also possible to remove
the 1,3-butadiene at least partly by selective conversions of the 1,3-butadiene, for
example dimerization to cyclooctadiene, trimerization to cyclododecadiene,
polymerization or telomerization reactions. When a crack-C, cut was used as the raw
material, a hydrocarbon mixture (raffinate I or hydrogenated crack-Cy (HCC,)) always
remains and contains mainly the saturated hydrocarbons, n-butane and isobutane and

the olefins isobutene, 1-butene and 2-butenes.

In the inventive process, in an additional purification stage which is comnected
upstream of one or more of process steps a), b), ¢), d), ) or f), polyunsaturated
hydrocarbons present in the C; hydrocarbon streams are preferably catalytically and
selectively hydrogenated. More preferably, such a purification stage is provided at least
before process step a) and/or ¢), especially when it cannot be ruled out that the technical

C4 hydrocarbon streams used comprise polyunsaturated hydrocarbons.
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hydrogenation may be carried out in a plurality of stages. For the conversion of crack-

C4 from a steamcracker with a content of 1,3-butadiene of typically from 38 to 45%, a
two-stage version of the hydrogenation has been found to be useful. In this case,
individual or all stages may be equipped with partial product recycling. In the effluent,
concentrations of 1,3-butadiene of less than 1% are thus obtainable, so that a further

conversion can be effected in a selective hydrogenation (SHP).

The hydrocarbon mixtures with isobutene and linear butenes used in the inventive
process preferably have the following compositions, a hydrogenation or selective
hydrogenation being carried out before one of steps a) to d), preferably before step ¢),

depending on the content of unsaturated hydrocarbons.
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Explanation

HCCy: typical of a C4 mixture which is obtained from the crack-C, of a steamcracker
(high severity) after the hydrogenation of the 1,3-butadiene without additional
moderation of the catalyst.

HCC,4 / SHP: HCC4 composition in which residues of 1,3-butadiene have been reduced
further in an SHP.

Raff. I (raffinate I): typical of a C4 mixture which is obtained from the crack-Cy of a
steamcracker (high severity) after the removal of the 1,3-butadiene, for example by an

NMP extractive rectification.

- Raff. I/ SHP: Raff. I compositicn in which residues of 1,3-butadiene have been
reduced further in an SHP.

- CC4: typical composition of a crack-C4 which is obtained from a catcracker.

- CC,/SHP: CC4 composition in which residues of 1,3-butadiene have been reduced
further in an SHP.

Among others, the raffinate I or HCC; is an isobutenic hydrocarbon mixture used with
preference within the context of this invention. Since planis for working up C,
hydrocarbons are generally constructed as a strand (integrated system of a plurality of
plants), it is, however, possible that the raffinate I or HCC4 passes through one or more
other process stage(s) before entry into the inventive process. This process stage or
these process stages may, for example, also be a process or process step(s) as have been
described in the embodiments for process step a). C4 hydrocarbon mixtures usable in
the inventive process may also be those as obtained from processes as per the
embodiments of process step a) and subsequent separation as per process step b). In
particular, those mixtures as obtained in the preparation of TBA from isobutene after
removal of the TBA may also be used. In this way, an individually adapted overall

concept for workup with the appropriate product portfolio can be realized in each case.

Typical processes which can be connected upstream of the inventive processes are

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

Water serubbing

A water scrubbing can fully or partly remove hydrophilic components, for example
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nitrogen components, from the technical hydrocarbon mixture containing isobutene and
linear butenes to be used. Examples of nitrogen components are acetonitrile or N-
methylpyrrolidone (which can stem, for example, from a 1,3-butadiene extractive
distillation). Oxygen compounds (for example acetone from FCC) may also be removed
partly by means of a water scrubbing. After a water scrubbing, the isobutenic
hydrocarbon stream is saturated with water. In order to avoid biphasicity in the
downstream process steps in the reactor, the reaction temperatﬁre there should be

approx. 10°C above the temperature of the water scrubbing.

Adsorbents

Adsorbents are used to remove impurities. This may be advantageous, for example,
when noble metal catalysts are used in one of the process steps. Often, nitrogen or
sulfur compounds are removed by means of upstream adsorbers. Examples of
adsorbents are aluminas, molecular sieves, zeolites, activated carbon, aluminas
impregnated with metals. Adsorbents are sold by various companies, for example Alcoa

(Selexsorb®).

Drying

Any water present in the isobutenic hydrocarbon mixture, which may stem, for
example, from the water scrubbing, can be removed by known processes for drying.
Suitable processes are, for example, the distillative removal of the water as an
azeotrope. Often, an azeotrope containing C; hydrocarbons may be utilized or

azeotroping agents may be added.

The drying of the hydrocarbon mixture may be advantageous for various reasons, for
example to reduce the formation of alcohols (mainly tert-butyl alcohol) in step a) in the
case of embodiments 2 and 3, to prevent (uncontrolled) water moderation in the butene

oligomerization (embodiment 3 of step a)), to avoid technical problems as a result of
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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 HCC; or after one or more other process stage(s) 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.

Depending on the composition of the technical hydrocarbon mixture to be used and/or
on the purities of the target products, the technical hydrocarbon mixture may thus be -
used directly in step a) of the inventive process or else only after a pretreatment by one

or more of the aforementioned processes.

Description of the figures

The process according to the invention will be illustrated below with reference to the
figures Fig. 1 to Fig. 6 and Fig. 9, without any intention that the process be restricted to
the embodiments depicted there by way of example. The figures Fig. 7 and Fig. 8 show
comparative variants. The schematic diagrams show only the essential stages. The
illustration of streams customary for process technology purposes, for example cooling
water streams, circulation streams, catalyst recyclings or return streams, and/or
customary apparatus, for example heat exchangers or separators, has been dispensed

with partly in favor of better clarity.
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Fig. 1

In the process shown schematically in Fig. 1, a technical mixture of C4 hydrocarbons is
introduced into stage (a). In stage (a), some of the isobutene present in the technical
mixture is reacted. The reaction can be effected, for example, with water, alcohol,
formaldehyde or with itself. The product of stage (a) is transferred into the separating
stage (b) in which unconverted C4 hydrocarbons III are removed from the products II,
preferably by thermal separating processes. The unconverted C4 hydrocarbons III are
transferred into a stage (c) which can be realized, for example, by a simple distillation
column. In this column, stream III is separated into a fraction IV which comprises
isobutene, isobutane and 1-butene, and an isobutene-free or virtually isobutene-free
fraction V which comprises 2-butenes and n-butanes. The fraction TV is transferred into
the second reaction stage (d) in which the isobutene is reacted with alcohol VI to give
alkyl tert-butyl ethers (ATBE). In a subsequent separating stage (¢), the ATBE V11 is
separated from unconverted hydrocarbons VIIL These hydrocarbons VIII are transferred
into stage (f) in which the 1-butene is separated by distillation from the remaining

hydrocarbons.

Fig. 2

Fig. 2 is a schematic diagram of a possible embodiment of process steps a) and b), the
reaction of the isobutene in stage (a) being the oligomerization of isobutene
(embodiment 3). The technical mixture I is first conducted into a first oligomerization
reactor R-al. The product from the first reactor is conducted into a second
oligomerization reactor R-a2 (method with equal or different temperature, etc.
possible). The effluent from the second oligomerization reactor is transferred into a
distillation column K-bl which is equipped with a condenser W-b2 for the top product
and a bottom evaporator W-b1. A portion of the top preduct is returned into the column
as reflux. The top product removed is the stream IIT which comprises unconverted Cy4

hydrocarbons, and the bottom product obtained is the product II from the conversion of
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isobutene, which consists mainly of di- and tritners of isobutene.

Fig. 3

Fig. 3 is a schematic diagram of a possible embodiment of process steps a) and b), the
conversion of isobutene in stage a) being the synthesis of tert-butyl alcohol (TBA)
(embodiment 1). The technical mixture 1 is fed into the first reactor R-al of a battery of
three reactors into Which water is also conducted. The reactor R-al has a recycle line,
with which a portion of the reactor effluent can be returned into the feed stream to the
reactor. The other portion of the reactor effluent from the first reactor is conducted into
the second reactor R-a2, into which water is likewise conducted. The reactor effluent
from the second reactor is conducted into the third reactor R-a3, into which water is
likewise fed. The effluent from the third reactor is transferred into a distillation column
K-bl which is equipped with a condenser W-b2 for the top product and a bottom
evaporator W-bl. A portion of the top product is returned as reflux into the column.
The top product removed is the stream III which comprises unconverted Cy
hydrocarbons, and the bottom product obtained is the product II, mainly tert-butanol

from the reaction of the isobutene with water, and excess water.

Fig. 4

Fig. 4 is a schematic diagram of a possible embodiment of process steps a) and b), the
conversion of the isobutene in stage (a) being the synthesis of alkyl tert-butyl ether
(ATBE) (embodiment 2). The technical mixture I is fed into the first reactor R-al of a
battery of two reactors, into which alcohol is also fed. The reactor R-al has a recycle
line, with which a portion of the reactor effluent can be returned into the feed stream to
the reactor. The other portion of the reactor effluent from the first reactor is conducted
into the second reactor R-a2. The effluent from the second reactor is transferred into a
distillation column K-b1 which is equipped with a condenser W-b2 for the top product

and a bottom evaporator W-b1. A portion of the top product is returned as reflux into
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the column. The bottom product obtained is the product II, mainly tert-butyl ether from
the reaction of the isobutene with alcohol, with or without residual amounts of alcohol.
The top product removed is the stream D-bl which comprises unconverted
hydrocarbons, with or without alcohol. When the stream comprises alcohol, which is
the case, for example, when methanol and ethanol are used, this stream is conducted
into the bottom of an extraction colurmn K-b2, into which an extractant, for example
water, is fed in countercurrent through the inlet E-bl disposed at the top and is
withdrawn via the outlet E-b2 at the bottom of the column. At the top of the column,
the product obtained from the extraction is the stream of hydrocarbons III unconverted

in stage (a).

Fig. 5

Fig. 5 shows one possible embodiment of stages c), d) and e). The hydrocarbon stream
III from stage b) is fed into a distillation column K-c1 which is equipped with a bottom
evaporator W-cl and, at the top, with a condenser W-c2 and a decanter, and separated
into a (virtually) isobutene-free fraction V comprising 2-butenes and n-butanes, which
is removed at the bottom of the column, and a virtually n-butane and 2-butenes-free
fraction IV which comprises isobutene and 1-butene and is, if appropriate, separated in
a decanter from an aqueous phase D-cl. The top of the column is equipped in such a
way that a portion can be returned as reflux into the column. The fraction IV is
transferred into the reactor R-d1, into which alcohol is also fed, and isobutene present
in fraction IV is converted to ATBE (stage d)). The effluent from the reactor R-d1 is fed
into a column K-el which can be designed as the simple distillation column or, as
shown here, as a reactive column. The effluent from the reactor is fed into the reactive
distillation column K-el preferably below the reactive packing. The column K-el is
equipped with a bottom evaporator W-el and a condenser W-e2 for the top product.
The bottom product obtained from the column K-el is ATBE. The top product D-el

can be returned partly as reflux into the column. The other portion is transferred into the
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extraction column K-¢2, into which an extractant, for example water, is fed via the inlet
E-el disposed at the top and is withdrawn via the outlet E-e2 at the bottom of the
column. At the top of the column, the product obtained from the extraction is the

stream of hydrocarbons VIII unconverted in stage d) and, if appropriate, e).

Fig. 6

Fig. 6 is a schematic diagram of a possible embodiment of process step f). The
hydrocarbon stream VIII from stage ¢) is fed into a distiliation column K-fi. The
column K-f1 is equipped with a bottom evaporator W-f1 and a condenser W-f2 for the
top product. The bottom product obtained from the column K-f1 is 1-butene S-f1. The
top product D-fl, from which water is removed in a decanter if appropriate, can be
returned partly as reflux into the column. The other portion of the top product D-f1 is
transferred into the distillation column K-f2. This column K-f2 too is equipped with a
bottom evaporator W-f3 and a condenser W-f4 for the top product. The bottom product
obtained from the column K-f2 is isobutane S-f2. The top product D-f2, from which
water is removed in a decanter if appropriate, can be returned partly as reflux into the
column. The other portion of the top product D-f2, which consists predominantly of

low boilers, can be sent to a further use or to a thermal utilization.

The isobutane obtained in this workup (stream S-f2) may still comprise fractions of
unsaturated components, mainly 1-butene. These can be hydrogenated in a downstream
hydrogenation to the corresponding alkanes. This hydrogenation is effected by known
industrial processes, preferably in the liquid phase over a palladium catalyst.
Optionally, this hydrogenation can also be effected upstream of column K-f2; in this
case, the stream D-f1 is fed first to the hydrogenation (not shown in Figure 6) and then
to the column K-f2.
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Fig. 7

This figure shows the variant A of a one-stage process calculated in the comparative
example. In this variant, stages (a) and (b) are carried out in an arrangement as shown in
Fig. 4, a reactor system R-a being present in place of reactors R-al and R-a2. The
product III obtained from the extraction column K-b2 is transferred into the distillation
column K-cl in which isobutane, isobutene and 1-butene are removed via the top. The
bottom product S-c1 is obtained in a (virtually) isobutene-free fraction V comprising 2-
butenes and n-butanes. The distillate VI of the column K-c1 is transferred directly into a
further column K-f1 in which it is separated into a bottom product containing 1-butene
and a top product comprising isobutane and/or low boilers. The bottom product
obtained is a I-butene-rich fraction which, however, contains the majority of the

isobutene unconverted in R-a.

Fig. 8

This figure shows the variant B of a two-stage process calculated in the comparative
example. In this variant, stages (a) and (b) are carried out in an arrangement as shown in
Fig. 3, a reactor R-al being present in place of reactors R-al, R-a2 and R-a3. The
distillatie D-bl obtained from the column K-bl is conducted directly into a second
reactor R-b2 in which the remaining isobutene present in the distillate D-b1 is reacted
with the alcohol which 1s likewise present. The reaction product from the reactor R-b2
15 conducted into a column K-b3 in which the ether formed in R-b2 is removed from
the remaining C; hydrocarbon stream D-b3 as the bottom product VII. The further
workup of the distillate D-b3 is effected as shown in Fig, 7 for the distillate D-b1.

Fig. 9
For better comparison of the arrangement according to the embodiment of the process
according to the invention, as was used in the example, with the process variants

according to Fig. 7 and 8, Fig. 9 is a schematic diagram of an arrangement in which an
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etherification step is carried out both in stage (a) and in stage (d). Stages (a) and (b) are
carried out in an arrangement as shown in Fig. 4, a reactor system R-a being present in
place of reactors R-al and R-a2. The stages (c), (d) and (€) are carried out as described
in Fig. 5. The product VIII which is obtained from the extraction column K-¢2 is
conducted into the distillation column K-fl in which it is separated into a bottom

product containing 1-butene and a top product comprising isobutane and/or low boilers.

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

the scope of protection which is evident from the patent claims and the description.

Examples

The example calculations which follow were carried out with the simulation program
ASPEN Plus. In order to obtain transparent, reproducible data, only gencrally available
substance data were used. The use of kinetic approaches was deliberately dispensed
with, In all variants, the use of a reactive distillation was also dispensed with. These
simplifications make it readily possible for the person skilled in the art to comprehend
the calculations. Although the methods used do not have sufficient precision for the
design of industrial plants, the qualitative differences in the arrangements are detected
correctly. In all variants shown, the isobutene conversion was increased by use of one

or more reactive distillation(s).

The reactors and MTBE columns were calculated with the “UNIFAC-DMD” property
method. For the calculation of the C4 columns, an equation of state was used with the
“Peng-Robinson” property method. The following assumptions were made:
- All reactors attained the equilibrium calculated with UNIFAC fully at 50°C.
- The columns were calculated with a reflux ratio of 0.8.

In the MTBE columns, a Cy4/methanol azeotrope was removed via the top. The

MeOH was scrubbed out with water in extractors, which were modeled as simple
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one-component splitters.
The MeOH-water mixture obtained from the extractors was worked up by
distillation in a further column K-MeOH which was not shown in the connection

diagrams. Both products of the K-MeOH were recirculated into the process.

The examples calculated were based on a raw material mix of typical C4 raw materials
obtainable on the market. The raw material stream of 10 t’/h contained 28% by mass of
isobutene and 35% by mass of 1-butene. The isobutene was to be removed chemically
from this stream by MTBE synthesis, and a 1-butene amount of 3 t/h with a purity
greater than 99.6% was to be prepared. This corresponded to a I-butene yield of
approx. 85%. In the 1-butene product, a maximum of 2000 ppm of isobutene were to be
present. Table 2 compares the composition of the C,; raw material stream of the desired
1-butene specification. The amount of methanol used in the examples was 1900 kg/h

{approx. 19% excess).

Table 2: Composition of the C4 raw material stream and desired specification of the 1-

butene (percentage data are percentages by mass)

C, feed 1-Butene
Component [kg/h] | [%]  |[kg/h] [%]
Isobutane 500 5.0 3 0.1
1-Butene 3500 35.0 2990 99.7
cis-2-Butene 1400 14.0 0.0
trans-2-Butene | 800 8.0 0.0
Isobutene 2800 28.0 6 0.2
n-Butane 1000 10.0 1 0.0
Total 10000 100 3000 100

Three process variants of different suitability for achieving the objective were

calculated below.
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The simplest variant A was a one-stage process which is intended to serve as a
comparative standard. According to Fig. 7, methanol and isobutene were reacted up to
equilibrium in a reaction stage R-a. In the distillation stage K-b1, the MTBE (II) was
obtained as a bottom product. The column had 50 theoretical plates and was operated at
a reflux ratio of 0.8. The distillate of this column was a C4/MeOH azeotrope from
which the MeOH could be scrubbed out, for example, with water in an extraction
column K-b2. The raffinate of the extraction column K-b2 was fed to a C4 column
analogous to K-cl in Fig. 5, in which isobutane, isobutene and 1-butene were removed
via the top. The distillate IV of K-cl was passed directly into a further column K-fl
according to Fig. 6 in which principally isobutane was removed via the top. The bottom
product obtained was a 1-butene-rich fraction which contained the majority of the

1sobutene unconverted in R-a.

The 1-butene prepared with variant A contained 1.9% by mass of isobutene, see Table
3, and thus did not achieve the target of 2000 ppm. Further measures are needed to

increase the conversion.

Another process improvement was examined as variant B and is shown in Fig. 8. In
order to drive the equilibrium further in the MTBE direction, a further reactor R-b2
which reacted the residual isobutene with the MeOH removed in K-bl as an azeotrope
D-b1 via the top was connected downstream of the column K-bl. The MTBE formed
was removed in a further Cy/MTBE distillation K-b3. This required the entire C4 stream
to be distilled via the top for a second time. The energy demand of K-b3 was thus
virtually just as great as that of K-bl. Subsequently, the extraction K-b2 and the 1-
butene distillation K-c1 and K-fl were performed as in variant A. The 1-butene product
with less than 500 ppm then achieved the required product specification. However, the
total energy demand of the plant is about 12% higher compared to variant A (see Table
4).
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In the process according to the invention, variant C according to Fig. 9, a second
reaction, distillation and extraction stage R-d, K-el and K-e2 was connected between
the two C4 columns K-c1 and K-fl. This had the advantage that the greater part of the
feed III of K-c1 is obtained as the bottom product V and only the part of the Cy4 stream
which was to be worked up in K-fl to give pure 1-butene had to be distilled for a
second time. In the present case, the energy demand of K-b2 in variant B was more than
twice as high as the energy demand of K-el in variant C. A disadvantage of variant C
was that a second extraction column K-e2 had to be built. Since the throughput through
R-dl, K-el and K-e2, though, was less than half of the throughput through K-b3 in
variant B, the total capital costs were correspondingly lower. The amount of isobutene

in the 1-butene product in the calculated example was likewise less than 500 ppm.

Table 3 shows the conversions achieved in the three variants. While variant A clearly
fails to meet the quality of the 1-butene product, an on-spec product was calculated in
the two two-stage processes B and C. The increased isobutene conversion was achieved
in both variants by distillative removal of the MTBE reaction product before a second
reaction stage and hence by increased energy input. However, the inventive
arrangement of the second reaction stage in variant C between the two C; columns K-cl
and K-fl reduced the amount of the stream to be distifled additionally to less than half.

This leads to significant savings in energy demand and investment.
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Table 4 compares the numerical energy demands of all three variants. In all three
arrangements, the energy demand of columns K-b1, K-cl and K-fl is virtually identical.
Although variant A had the lowest total energy demand, the product specification was
not met. In vanant B, double the amount of C4 had to be distilled via the top in the
MTBE part, and its energy demand was therefore 12% higher than in variant A. In
contrast, variant C showed a way of achieving the required conversion with energy

demand increased by only about 6%.
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Table 4: Energy demand of the three variants
Variant A, | Variant B, | Variant C,
one-stage two-stage two-stage
Q for K-b1 [kW] 1353 1353 1353
Q for K-b3 [kW] 254 233 328
Q for K-cl [kW] 3530 3493 3530
Q for K-b2 [kW] 1333 620
Q for K-el [kW]
Q for K-f1 [kW] 3741 3672 3669
Q for MTBE [kW] 1608 2919 2300
Total Q [kW] 8878 10 084 9498
Additional AQ demand for MTBE [%] 0 81.6 43.1
Total additional AQ demand [%] 0 12.0 6.5

The designations in figures Fig. 1 to Fig. 9 have the following meanings:

(@)
(b)
(©
(d)
(©)
®

II
III
v

VI
Vil
VI

Partial isobutene conversion to products II

C4 hydrocarbons I removal

Distillative separation of Il into TV and V

Etherification of isobutene with alcohol V1

Removal of t-butyl ether VII

1-Butene removal

Technical mixture of C4 hydrocarbons
Products from the isocbutene conversion
Remaining C4 hydrocarbons

1-Butenic and iscbutenic fraction

Isobutene-free fiaction comprising 2-butenes and n-butanes

Alcohol
Alkyl tert-butyl ether

C4 hydrocarbons from stage ¢)




6. A process according to at |east one of clains 1 to
5, characterized in that pol yunsaturated hydrocarbons
present in the C4 hydrocarbon streans are hydrogenated
catalytically in an additional purification stage
which is preceded by one or nore of process stages a),
b), ¢c) or d). 7. A process according to claim®6,
characterized in that the pol yunsaturated conpounds
are hydrogenated in at |east two reaction stages, at

| east the last reaction stage being carried out in the
presence of fromO0.05 to 100 ppnw of CO. 8. A process
according to at |east one of clains Ito 7,
characterized in that the conversion of the isobutene

in process stage a) is over 70% 9. A process
D-CCDIselng of g -Bny one of clains 1 to 4, characterized
in that

D-b3
D-cl
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Extraction column

Distillation
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I-Butene

Isobutane
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67 the reaction of the isobutene in process stage a)
is carried out wwth water or alcohol as a reactant and
t he conversion of isobutene is over 75% 10. A process
according to at |east one of clains 1 to 9,
characterized in that isobutene is reacted in stage a)
under acidic catalysis with alcohols to give al kyl
tert-butyl ethers (ATBE) or with water to give
tertiary butyl alcohol (TBA). 11. A process according
to claim10, characterized ¢y that an ion exchange
resin is used as the acidic catalyst in the reaction

i sobutene with water or alcohol. 12. A process

of
cording to at | east one of clains 10 and 11,
VV%%a?%B?%&Pied in that the al cohol used is nethanol or
VVQBh@ﬁgbm&gamﬁmﬁfocess according to any one of clains
10 to 12,
W-b4 Condenser
W-c1 Bottom evaporator
W-¢2 Condenser
W-el Bottom evaporator
W-e2 Condenser
W-fl Bottom evaporator
W-12 Condenser
W-f3 Bottom evaporator

W-f4 Condenser



characterized in that, when isobutene has been reacted
with al cohol in stage a), C4 hydrocarbons, in stage
b), are renoved by distillation fromthe product Il in
a first step together with a residual anount of
al cohol, and the alcohol is renmobved by extraction from
the C4 hydrocarbons Il in a second step. 14. A
process according to at |east one of clains 10 to 13,
characterized in that the same al cohol is used in
stage a) and in stage d). ¢8 15. A process according
to claim 14, characterized in that the tert-butyl
ether VIl obtained in process step e) in the course of
ciiigmoval of the CA hydrocarbons VII1 is returned
ther with excess alcohol fully or partly into step
a) and/or b). 16. A process according to either of

clainms 10 and 11, characterized in that,
1. A process for preparing 1-butene from a technical mixture of C4 hydrocarbons I

which comprises at least 1-butene, isobutene, n-butane and 2-butenes,

characterized by the process steps of

a) reacting a portion of the isobutene present in the technical mixture to give
products II which boil at higher than 30°C at standard pressure,

b) removing the unconverted C4 hydrocarbons III from the effluent of stage a) by
a thermal separation process,

¢) distillatively separating the C4 hydrocarbons III into a fraction IV comprising
at least 1-butene and isobutene, and a virtually isobutene-free fraction V
comprising at least 2-butenes and n-butane,

d) reacting the isobutene present in fraction IV with an alcohol VI in the presence
of acidic catalysts to give tert-butyl ethers VII,

e) removing the unconverted C4 hydrocarbons VIII from the effluent of stage d)
and

1) distillatively removing the 1-butene from the C4 hydrocarbons VIII obtained in
e).

2. A process according to ¢laim 1,
characterized in that
the acid-catalyzed etherification is carried out in stage d) in such a way that at least

one reaction stage is carried out as a reactive distillation.

3. A process according to either of claims 1 and 2,
characterized in that
the acid-catalyzed etherification in stage d) is carried out in at least two reaction

stages, at least the last reaction stage being carried out as a reactive distillation,



when i sobutene has been reacted with water in stage
a), the C4 hydrocarbons, in stage b), are renoved by
distillation fromthe products Il. 17. A process
according to claim16, characterized in that, when

I sobut ene has been reacted wth water in stage a), the
4 hydrocarbons, in stage b), are renoved fromthe
TBA/ water m xture together with a little water. 18. A
process according to at | east one of clains 1 to 8,
characterized in that the iggobutene is converted to

di i sobutene in stage a). 19. A process according to
claim 18, characterized in that the reaction in stage
a) is effected under acidic catalysis. 20. A process
according to either of clains 18 and 19,

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

the alcohol used in the etherification in stage d) is methanol or ethanol.

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

characterized in that

the residual amount of alcohol in the C4 hydrocarbons is scrubbed out in stage €) in

an extraction step with water.

6. A process according to at least one of claims 1 to 5,

characterized in that

polyunsaturated hydrocarbons present in the C; hydrocarbon streams are

hydrogenated catalytically in an additional purification stage which is preceded by

one or more of process stages a), b), ¢} or d).

7. A process according to claim 6,

characterized in that

the polyunsaturated compounds are hydrogenated in at least two reaction stages, at

least the last reaction stage being carried out in the presence of from 0.05 to 100

ppmw of CO.

8. A process according to at least one of claims 1 to 7,
characterized in that

the conversion of the isobutene in process stage a) is over 70%.

9. A process according to any one of claims 1 to 4,

characterized in that



10.

11.

12.

13.

14.

characterized in that the reaction in stage a) is
effected in the presence of a cation exchanger. 69
21. A process according to at |east one of clains 18
to 20, characterized in that a cation exchanger is
used whose aci di c hydrogen atons have been exchanged
partly for nmetal ions of group 1 to 12 of the Periodic
Table. 22. A process according to claim 21,
characterized in that from1l to 70% of the acidic
hydrogen atons of the ion gxchanger used in stage a)
have been exchanged for netal ions. 23. A process
according to at |east one of clains 18 to 22,

the reaction of the isobutene in process stage a) is carried out with water or alcohol

as a reactant and the conversion of isobutene is over 75%.

A process according to at least one of claims [ to 9,
characterized in that
isobutene is reacted in stage a) under acidic catalysis with alcohols to give alkyl

tert-butyl ethers (ATBE) or with water to give tertiary butyl alcohol (TBA).

A process according to claim 10,
characterized in that
an ion exchange resin is used as-the acidic catalyst in the reaction of isobutene with

water or alcohol.

A process according to at least one of claims 10 and 11,
characterized in that

the alcohol used is methanol or ethanol.

A process according to any one of claims 10 to 12,

characterized in that,

when isobutene has been reacted with alcohol in stage a), C4 hydrocarbons, in stage
b), are removed by distillation from the product II in a first step together with a
residual amount of alcohol, and the alcohol is removed by extraction from the Cy4

hydrocarbons 1l in a second step.

A process according to at least one of claims 10 to 13,
characterized in that

the same alcohol is used in stage a) and in stage d).
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16.

17.

18.

19.

20.

characterized in that the C4 hydrocarbons 111 are
renmoved by distillation fromthe products Il in stage
b). 24. A process according to at |east one of clains
1 to 8, characterized in that the isobutene is reacted
in stage a) with formal dehyde to give

4, 4-di net hyl-1, 3- di oxane or 3-nethyl-3-buten-1-ol.

25. A process according to at |least one of clains 1 to
24, characterized in that 1-butene is obtained with a
content of isobutene of |esgg than 5000 ppnmw.

. A process according to claim 14,

characterized in that

the tert-butyl ether VII obtained in process step €) in the course of removal of the

C4 hydrocarbons VIII is returned together with excess alcohol fully or partly into

step a) and/or b).

A process according to either of claims 10 and 11,

characterized in that,

when isobutene has been reacted with water in stage a), the C4 hydrocarbons, in

stage b), are removed by distillation from the products I

A process according to claim 16,

characterized in that,

when isobutene has been reacted with water in stage a), the Cy hydrocarbons, in

stage b), are removed from the TBA/water mixture together with a little water.

A process according to at least one of claims 1 to 8,
characterized in that

the isobutene is converted to diisobutene in stage a).

A process according to claim 18,
characterized in that

the reaction in stage a) is effected under acidic catalysis.

A process according to either of claims 18 and 19,
characterized in that

the reaction in stage a) is effected in the presence of a cation exchanger.



21.

22.

23.

24.

25.
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A process according to at least one of claims 18 to 20,
characterized in that
a cation exchanger is used whose acidic hydrogen atoms have been exchanged

partly for metal ions of group 1 to 12 of the Periodic Table.

A process according to claim 21,
characterized in that
from 1 to 70% of the acidic hydrogen atoms of the ion exchanger used in stage a)

have been exchanged for metal ions.

A process according to at least one of claims 18 to 22,
characterized in that

the C4 hydrocarbons Il are removed by distillation from the products I in stage b).

A process according to at least one of claims 1 to 8,
characterized in that
the isobutene is reacted in stage a) with formaldehyde to give 4,4-dimethyl-1,3-

dioxane or 3-methyl-3-buten-1-ol.

A process according to at least one of claims 1 to 24,
characterized in that

1-butene is obtained with a content of isobutene of less than 5000 ppmw.



