O Z 6154 - 1 Method for producing butene oligoners
and tert-buyl ethers fromC4 flours containing

i sobutene The invention relates to a process for
prepari ngLdutene 5 oligoners and tert-butyl ethers
from C4 hydrocarbon atons, by,converting the

i sobut ene to butene ollgoners in particular to
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Depending on whether the butenes have a high or low 1-
butene conteht, the C; cuts are worked up in different
25 ways. The first step which is commen to all workup
variants 1s the removal of the majority of the
butadiene. If butadiene can be profitakly marketed cor
there i1s an internal demand, it is removed by
extraction or extractive distillation. Otherwise, it is
30 selectively hydrogenated to linear butenes down to a
residual concentration of approx. 2000 ppm by mass. In
both cases, a hydrocarbon mixture (known &s raffinate I
or hydrogenated crack-Cy) remains which, in addition to
the saturated . hydrocarbons n-butane and isobutane,
35 comprises the olefins isobutene, l-butene and 2-butenes

(cis and trans).



2 Wen the aimis to prepare isobutene and 2-butene

or a mxture of |inear butenes having a high 2-butene
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When l-butene 1is one of the target products, the
further procedure may be as follows: isobutene is

25 removed from raffinate I or hydrogenated crack-C, by
chemical conversicon. After the removal of the
iscbutene, a hydrocarbon mixture (raffinate II) remains
which comprises the linear butenes and the saturated
hydrocarbons isobutane and n-butane. This mixture can

30 be further separated distillatively, for example into
isobutane and 1-butene and a mixture of the two 2-
butenes and n-butane. 1-Butene can be cbtained in high
purity from the 1l-butenic fraction in further
distillation steps .and contains only small amounts of

35 isobutane. This is necessary, since l-butene is used to
a large extent as a comoncmer in ethylene
polymerization, where isobutene impurities are

undesired. Typical specifications of l-butene therefore
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pol yneri zation, where isobutene inpurities are

undesired. Typical specifications of 1-butene

therefore OZ 6154 3 I|imt the content of isobutene
inghe sibigene to less than 1000 ppm The chem cal
conversion of the isobutene cap be carried 5 out in

water to give the tert-butyl alcohol (TBA). OmsMng to
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current Ut ure di scussi ons
restriction of the wuse of tertiary- butyl ethers in
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a g%ct?%n with alcohols, for example methanol or
ethanol, to give the corresponding tertiary butyl

ethers.

The industrially most important process is the reaction
of isobutene with methanol to give methyl tert-butyl
ether (MTBE) which finds extensive use mainly as a fuel
additive.

Owing to the groundwater «contamination which has
occurred in the USA, an increasingly critical view is
taken of the wuse of tertiary Dbutyl ethers, in
particular MTBE, as an octane number improver in
gasoiine fuels. It cannot be ruled out that the current
and future discussions will lead to restriction of the

use of tertiary-butyl ethers in fuels.

Since the use of butyl ethers as fuel additives will
not take up the entire amount of isobutene in the

future, there is interest in other methods of removing



not take up the entire anpunt of isobutene in the

future, there is interest in other nethods of renoving

O Z 6154 4 isobutene fromC4 mxtures with chem ca
conyersiensa The preparation of oligomers of isobutene
and their renoval fromthe regaining C4 mxture is a
prom sing possibility. 5 EP O 048 893 descri bes a
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38LndHoweuehicchBe cbsobyt enic shreans Hsed entn fraction

contain virtually no
removed 1s too high to obtain on-spec l-butene

therefrom.

us 5 723 687 likewise describes a process for
coproduction of isobutene oligomers and MTBE or ETBE by
reaction of a C; cut, for example raffinate I, in the
presence of methancl or ethancl over an acidic ion
exchange resin in a reactor. The losses of l-butene are
not disclosed. A disadvantage of this process 1is the
low isobutene conversion which, according to <the

examples, is only between 78 and 94%.

The use of modified ion exchangers for oligomerizing
isobutene is disclosed in DE 101 13 381. However, the
isobutenic streams wused here contain virtually no

further unsaturated compounds such as n-butenes.

DE 2% 44 457 describes a process for coproducing
iscbutene oligomers and MTBE from C, hydrocarbon cuts,

for example raffinate I. In a first reaction step, from



further unsaturated conpounds such as n-butenes. 35 DE

29 44 457 describes a process for coproducing

i sobut ene ol igonmers and MIBE from C4 hydrocarbon cuts,
forpexanpiearaffinate I. In a first reaction step

fromQO Z 6154 5 50 to 90% of st he i sobutene is

ol i gonerized over a strongly acidic catalyst. The

remdd nitg iSGbuténeths iwavtesheM ik methgspkbrifed over a
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15in a first reaction step over acidic catal ysts whose
acgéyﬁég Qﬁ% Q%@Qvgﬁgﬁéiggegy gQ%é%géglgn Omnsatisfactory
noderators or 1on exchange, and Tremnovi ng t he I emai ning
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30 abcohol 4o gitMe &, terfabityly L her Jih R reastkygate 11)
removed, 1t is an object of the present invention to

20 de&elop an improved process.

It has now been found that iscbutene can be fully
removed from a substantially butadiene-free - ¢4
hydrocarbon stream with only small losses of linear
25 butenes, by oligomerizing a portion of the isobutene in
a first reaction step over acidic catalysts whose
activity has Dbeen modified Dby the addition of
nmoderators or icn exchange, and removing the remaining
isobutene in a second reaction step by reacting with
30 alcohol to give a tert-butyl ether in a reactive

distillation column.

In contrast to the existing processes, only a small
perticn of the-l-butene present in the mixture is lost

35 by isomerization to the 2-butenes.



distillation colum. In contrast to the existing
processes, only a small portion of the-I|-butene
present in the mxture is lost 35 by isonerization to

t hep2sbutenes. O Z. 6154 6 The present invention
therefore provides a process _fgr - coproduci ng but ene
ol igoners and tert-butyl ethers from isobutenic C4
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r enaspbngenRsobut erferadmsh an  al cohol under aC|d|c
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catal ysi s |ﬁve§tag%1b)apﬁdéﬁ | G2 V0" r edéti opive butene
stages, of whigbméts hgastubbeqghastiyeaction stage is
carried o reactive distillation. 15 For the .
pur poses gfegﬁ%rbf%ﬁ%ﬁt FA% ent PR D HRA enkS O3 T gohersith  an
are in partabubh@llthuhEHGCQBEQOHEiSaBpﬁhSa&o dgyive tert-
tri- or tet gobutene To a slight extent,
t hese nmay SO conprlse cooligoners with or of 20 1-

1Cor @bbgbeﬂ@@prﬂﬁ@Sbutene ol i goners prepared according
to the-yinyephiopnpr eERLAREY cCRARNI $&4aRr %ctllaa%a%%{“}%és in

i sobut ene Ol i gomers, and the oligonmer m xture nore
pr efe73B| §) hd® GO - 1@@%&@%&9&%@%@%5 af - wggeh at

of 1§@start£hen Dl&%&neréﬁethgﬁneéﬁa@@ id. karrd¥%ofout as a
but ene. ol Wth the aid of the process

acc%?%?%bv?o f%%lf%%%h?|0n it is possible fromcC4

15streanms to produce not onIy the products of val ue
terféPUtQﬂee&mﬂbégggi§qu%§ﬁ§ present invention, butene
oligomers are in particular isobutene oligomers such as
di-, <tri- or tetramers of isobutene. To a slight
extent, these may also comprise cooligomers with or of
20 1~ or Z-butenes.

The butene oligomers prepared according to the
invention preferably comprise more than 90% of
isobutene oligomers, and the oligomer mixture more

25 preferably has

90 - 97% of isobutene oligomers
1 - 8% of iso- and n-butene cooligomers and

0.1 - 2% of n-butene oligomers.

30 With the aid of the process according to the invention,
it is possible from C, streams to produce not only the
products of value tert-butyl ether and isobutene
oligomers, but also 1isobutene-free residual stireams
which are suitable for preparing l-butene. In addition

35 to the unconverted constituents of the C; feed (in
general €4 aliphatics), the isocbutene~free residual
streams only contain n-butenes, i.e. 1l-butene, cis-2-

butene and trans-2-butene. It is possible to remove 1-
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which are suitable for preparing 1-butene. In addition

35 to the unconverted constituents of the C4 feed (in
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streans only contain n-butenes,7 i~ e. 1-butene, cis-2-
butene and trans-2-butene. It is possible to renove 1
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synt heses, m xtures from't ydrogénation
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ol efins, These technlgues are descrlbed in the
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gases, naphtha, gas oil 25 (l1quefi petrol eum
gasy L ERR NG ( nafur K- Jiasi3seimad), Hof- cAtabytil@dustrielle
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I SO u tonstituents are

- 201, 3- but adi ene, 1-butene, c-2-butene, t-2-butene, n
Preference 1is given to using C; fractions from steam
crackers which are primarily operated to produce ethene
and propene and in which the raw materials used are,
for example,' refinery gases, naphtha, gas o0il, LPG

25 (liquefied petroleum gas) and NGL (natural gas liquid),
or catalytic crackers. Depending on the cracking
process, the by-produced C; cuts contain different
amounts of isobutene. Further main constituents are
1, 3-butadiene, 1l-butene, <c¢-2-butene, t-2-butene, n-

30 butane and i-butane. In the case of C; fractions from
steam crackers, typical isobutene contents in the C4
fraction are from 18 to 35%, and in the case of FCC

catalytic crackers are from 10 to 20%,

35 For the process according to the invention, it is
advantageous to remove polyunsaturated hydrocarbons
such as 1,3-butadiene from the starting mixture. This

can Dbe effected by known processes, for example by
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In the process according to the invention, preference
is given to catalytically hydrogenating the
polyunsaturated hydrocarbons contained in the
isobutenic C4 streams before the oligomerization in
25 stage a). The polyunsaturated hydrocarbons are mainly

1, 3-butadiene; 1,2-butadiene, butenyne and l-butyne, if
at all, are present in a distinctly smaller amount. The
hydrogenation can be effected in a one- or multistage
hydrogenation process in the liguid phase over a
30 palladium catalyst. To reduce the 1,3-butadiene content
to below 1000 ppm, a moderator which increases the
selectivity of the palladium catalyst is added in the
last stage of the hydrogenation. The moderator used is
preferably carbon monoxide which 1is added in a
35 proportion of from 0.05 to 100 ppm by weight. The
content of polyunsaturated hydrocarbons in the feed to
this stage should preferably be below 1%, preferably
below 0.5%. In the literature, this type of selective



at all, are present in a distinctly smaller anount.

The hydrogenation can be effected in a one- or

mul ti stage hydrogenation process in the liquid phase
ovep.a .3@ipal | adium catal yst. To reduce the
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The hydrocarbon mixtures comprising isobutene and
linear butenes used in the process according to the

invention preferably have the following compositions:
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Table 1
Typical compositions of hydrocarbon mixtures which are used in the Process
according to the invention

Steam cracker Steam cracker Catalytic cracker
Component HCC, HCC,/SHP Raff.I Raff.l/SHP CC, CC./SHP
isobutane [% by wt.] 1—4.57 1-4.5 1.5-8 1.5-8 37 37
n-butane (% by wt.} 5-8 5-8 6-15 6-15% 13 13
t-butene [% by wt.] 18-21 18-21 7-10 7-10 12 12
l-butene [% by wt.] " 35-45 35-45 15-35 15-35 12 i2
iscbutene [% by wt.] 22-28 22-28 33-50 33-5C 15 15
c-butene [% by wt.] 5-9 5-9 4-8 4-8 11 11
1,3-butadiene [ppm] 500-5000 0-50 50-8000 0-50 <10 000 0-50




i nvention preferably have the foll ow ng conpositions:
25 Table 1 Typical conpositions of hydrocarbon

m xtures which are used in the process according to
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CG e [8 by wt J 1-4 5 1- 4 5 1.5-6 1.5-8
31 é anatlﬁut g il §f gyC % 2 13he k-C f steam
t -|but en@:af:%r j\ﬁﬁ s]avelfgvél firé i hﬁ :]Il:k 1 c3ratfuLa;112nea :

1dbut enetb@ztbgddmtm ha 1350452 36n 45 aqé caéalwt 35 12
i sobut efi‘Fg U b{~Gat <! E“POEQUES ip2urR 8h 3335@t@39r50reib5du2b5 have been further
c-butenﬁ]’gep @\im}’ 94§ .
1’ 3- bUt !:}8-1&? h gh ]@ch%b@tﬁ %g; r;lb@v;qjﬁ £ Ege 1, i—
0450 O rtraothd forl@xa-mpEX aﬂ&ﬂp @Eltra‘ct ct f){@ét(i of

a|C4 mB@thlfIéS%N@ﬁfiISC@Mﬂtncevdlrf roToht e i@rack- C4-oftadiens have been

stleam et ty) after the hydrogenation
off the g%ﬁf%. 8 e““‘”% RO At Er ShHP %ﬂ%ﬁaﬂﬁdoﬁ%ﬁ catalytic

t he catc&LzyssP ce, HoE4diSHR: A‘ICQ}hCQm%hctﬂeQ@ rkd W ga_hre been further
1, 3-butrafdil@rieinr€fsi3ﬂlﬂes have been further reduced-in

an SHE. - Raff.l (raffinate I): typical of a C
m Xt ure which |s obtained fromthe crack-C4 of a
st €Y adldie (T gk addveritey) Lafeer Adfe réfovail dfsavgenic

1 Saydrbadiene, hoktexanphedy a\rhd‘ﬂ\/P BXEFABLHNE  for the
Raff.l/SHP. Raff.l conposition in

0
R HEeRs T LR o b TRl S pfance cor
or edieeiding ap SHELydr@CArboypi aak genpesiliorcoltaucted as

k~£4; whi tajned-fro t. Iyt| racker. .
S e R e s R
r eR B Hav & hBéer-Her TAEF inaseucedoin P&ECqSI—IFESMnghrough

ot heies, of ahbirBabenkrofp r'é@@dsd Ssti’fg%é§0£’@f§ enﬁry into the

hydr ocar bon m xt ur e use W th erence

purhoses®vf AP lﬁ\gen??oﬁh%&}éV%Ftlgﬂncérbl shts fery, an
105 wordd nigdugl GA hyidraear bonsrale gener altoy CQB%:kﬁ};éCt@é% be

?Sxé%1*§%£ @gp”%gg%ﬁ'ggsgf & glur llty %Eggrlate product

portfollo.

Typical process stages which may precede the process
15 according to the invention are water scrubbing,
purification on adsorbers, selective hydrogenation, TBA

synthesis, drying and distillation.

Water scrubbing

20 Water scrubbing can be used to fully or partly remove
hydrophilic components from the hydrocarbon mixture
comprising isobutene and linear butenes, for example
nitrogen components. Examples of nitrogen components
are acetonitrile or N-methylpyrrolidone (which may

25 result, for example, from a 1,3-butadiene extractive
distillation). _Oxygen compounds {for example acetone
from FCC crackers) can also be partly removed by water
scrubbing. The isobutenic  hydrocarbon stream is
saturated with water after water scrubbing. In order to

30  aveid biphasicity in the reactor in the subsequent



possi ble that the raffinate I or HCC4 passes through

one or nore other process stages before entry into the

process according to the invention. In this way, an 10

i ndpvidughky adapted overall plan for workup can be

realized in each case with theyappropriate product

portfolio. Typical process stages which may precede
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di s¢¢crikhbion. Water scrubblng 20 Wat er scrubbing can

be used to fully or partly renove hydrophilic

co gnents fromthe hydrocarbon m xture conprising
dFeFReeERd | i near butenes, for exanple nitrogen
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subsequent O Z procéss steps, reacti'on
t enfpRf Bt fir éMPRegeasROulv e mapptBxi AviselnpeleC aibwveold by
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Adsorbers are used in order to reane |npur|t|es Thi s

may be advant ageous, for exanple, when noble netal
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varlous flrns for. exanpl e Al coa elexs 3

EP 041; Erdsl, Kohle, Erdgas, Petrochem 1986,

20 39, 73). The SHP can be operated either as part of a
butzadiene hydrogenation (see above}, or as an

independent process step.

TBA synthesis
25 Portions of the isobutene can be reacted with water to
give tert-butancl (TBAR). Processes for preparing TBA
from isobutenic hydrocarbon mixtures form part of the
pricr art (cf., for example, Erdsl, Erdgas, Kohle,
1987, 103, 486). TBA 1is, for example, used as a
30 solvent, but 1is also used for preparing highly pure

isobutene by dissociation to give isobutene and water.

Drying

Any water present in the isobutenic hydrocarbon mixture
35 which may, for example, stems from the water scrubbing

or TBA synthesis can be removed by known processes for

drying. Suiltable processes are, for example, the

distillative removal of water as an azeotrope. Often,



15 Sel ective hydrogenation (SHP) Pol yunsat ur at ed

conpounds still present in small anounts, in

particul ar 1, 3-butadi ene, are further depleted by

furpher sekective hydrogenation (cf. EP 0 081 041;

Erdol, Kohle, Erdgas, Petrochenz 1986, 20 39, 73)
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Di stlllatlon ste s can be used, for exa 0, renove

more other process stages. Dlrect distillation of

20 the raffinate I or of the HCC; makes possible, for

‘example, a separation into a 2-butenes- and n-butane-

depleted, isobutene-richer fraction.

Inventive oligomerization of stage a

25 The partial oligomerization in stage a) of the
isobutene can in principle be carried ocut
homogeneously, i.e. using catalysts scluble in the
reaction mixture, or hetercgeneously, il.e. using
catalysts insoluble in the reaction mixture. The

30 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.

35 Owing to the cost and inconvenience of the separation,
the partial oligomerization of the isobutene is
preferably carried out over solid heterogenecus

catalysts which are additicnally often arranged in a



impurities (for exanple | ow boilers such as C3 15

hydr ocar bons, high boilers such as C5 hydrocarbons) or

to obtain fractions having different isobutene

congent r@gtsons. This can be effected directly with the
raffinate I or the HCC4, or -after_ passing through one

or nore other process stages. Direct distillation of
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ol i gorsizptj on of the isobutene is preferably

carrled out over solid heterogeneous catalysts which
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fixed bed, so that a costly and i nconveni ent catal yst

acﬁgy%kha?egpgﬁgea% 1% ayggzglﬁﬁsg'usggta %szgmmtlon of

15r edacdmtygroduictoonsdturand Mpsingf tot besentadal §stmation of
bel AR of pEQ?eﬁ:@hE@‘M 1@ % %Hs:to ahsg}laer:ﬂidic ion
aci (e.g. sulfuric acid oric acl on a
surﬁi%ﬁbtaq‘iﬁ FIHNY &5y. Caélal}riﬁ*as or silica) b) zeolites
or other alum nosilicates, undoped or doped 10 with

tal's, in particul ar wi,th transition netals,

g; é%ﬁpﬁgjioEogx ($%3Fﬁ§lns are, for example, those

20 which are ©prepared by sulfonating phenol/aldehyde

condensates or cooligomers of aromatic vinyl compounds.
Examples of arcmatic vinyl compounds for preparing the
cooligomers are styrene, vinyltoluene,
vinylnaphthaléne, vinylethylbenzene, methylstyrene,
25 wvinylchlorobenzene, vinylxylene and divinylbenzene. In
particular, the ccoligomers which result from reaction
of styrene with divinylbenzene are used as a precursor
for the preparation of ion exchange resins having sulfo
groups. The properties of these resins, in particular
30 specific surface area, porosity, stability, swelling or
shrinkage and exchange capacity, can be varied via the
preparation process. The resins can be prepared in a
gellike, macroporous or spongelike form. Strongly
acidic resins ©of the styrene-divinyl type are sold,
35 inter alia, under the following tradenames: CT 151 from
Purolite, Amberlyst 15, Amberlyst 35, Amberlite IR-120,
Amberlite 200 from Rohm & Haas, Dowex M-31 from DOW, K
2611, K 2431 from Bayer.



Owm ng to the high selectivity for the formation of 15

i sobutene oligoners and owing to the mnor formation

of by-products, preference is given to using acidic

i o . exchpnge resins as catalysts. Suitable ion

exchange resins are, for exanplg,_those 20 which are

prepared by sul fonati ng phenol/al dehyde condensates
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styrene-diyvifnyl type are sold, 35 inter alia, under
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15H ¥@rimpss. t ypi caIIy between 1 and 2 nol, in
particular from1l.5 to 1.9 nol, of H per liter of
noi st resin (as obtained commercially). 5 1n the
pr odessrattinéei miast i dhstpiefere@nceclscgbdemayo be narrow

USidlg {RGEOPFLRUS r
Bayer, Anberly tSelSa(?%%lr@An‘oggﬁyggéli"{gf%k1 ron%égl#sf Q%élng very

Théﬂb]o%f%mﬁ%‘et%%lepr eFi&abl Yicshspe nse 6@ efiing) | gan be
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It may be advantageous to use relatively large
particles to reduce the pressure differential in
reactors which are flowed through at high linear rates,
25 and to use relatively small particles to achieve the
optimum conversion in reactors which are flowed through

at a low linear rate.

Optionally, the ion exchange resins can be used in the
30 form of shaped bodies, for example cylinders, rings or

spheres.

The acidic dion exchange resin is advantageously
adjusted to an activity which does enable the
35 cligomerization of isobutene but barely catalyzes the
cecoligomerization of iscbutene with linear butenes, the
oligomerization of the linear butenes or the

iscomerization of the linear butenes. Also, the heat



noi st resin). The particle size of the resinis

preferably between 500 mand 1500 m in particul ar

bet ween 600 mand 15 1000 m The particle size

di sprzbugien selected may be narrow or w de. For

exanpl e, ion exchange resins-haying very wuniform

particle size (nonodi sperse resins) can be 20 used.
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ollfgnmgﬂgeuﬁégkégg according to the invention, it is

]

20 advantageous to use that alcochol which is used for
etherifying isobutene in the second reaction step or
the ether formed in the second reaction step as the

moderator, for example methanol or MTBE.

25 Also used for oligomerization in the process according
to the invention are solid sulfonated ion exchange
resins which have the desired activity without the
addition of moderators. These are in particular partly
neutralized ion exchange resins in which from 1 to 60%,

30 preferably from 1 to 30%, most preferably from 5 to 15%,
of the acidic protons of the sulfonic acid groups have
been exchanged for metal ions. Metal ions which can
replace the protons include alkali metal, alkaline earth
metal, transition metal ions (group 1 - 12 metal ions

35 such as chromium, manganese, iron, cobalt, nickel, zinc
ions) and aluminum icons, and also ions of the lanthanide
group (rare earths). Preference for this purpose 1is

given to using alkali metal ions, in particular sodium



stage a) in the presence of these noderators. In this
connection, useful nolar ratios have proven to be from

15 0.01 to 5 nol, preferably from0.01 to 1 nol, in
pargigul @i £r0n10 01 to 0.7 nol, of noderator per nole

of |sobutene In the process_ ag§ord|ng to the

invention, it is 20 advantageous to use that al coho

Whi Chné s mseds fOTsc epdesifyd Nenhd S ol enen idkd dgﬁaeCl&IBjm is
reaction st or the ether, ned in . the secon

reaction Etep FE tHe "Hod éfgnﬁpgsnethano

or MIBE. 25 Al so used for ollgonerlzatlon in the

pr ogess co h nyent i ol j : :
D ORes 0L LEch Ne 4 ED! e 92 bl g o0
5act¢&¢h@n®¢trﬁﬁﬁlﬁ$m iéddﬂﬁionO§ﬁlhbderb@or@ppﬂmeséiffrent

ar e FH-pakLl culiarepardly Jheut aégtﬁg aonlﬁxwgecechmcal
resins in which from1 to 60% Fera ly from1 to

30% 1 hdER T pFef ellabhy Fhomisnt @Xﬁ%ng%frﬁﬁénadﬁduén the B

pr of ®AS, Oﬁréﬁ@n§utéﬁnbé é@:bﬁaﬁ@@dpﬁolﬂam%talleqfams When the
exchan ed for, i on

whi ch c
repl Atk t HE p?%t |W8%ﬁ& a%hl%OﬁETaJme%?ﬁaﬁcﬁé can be
10eartéplaetdl , byr ansicticors metathi onse(gradp 1lof 123cids. In

neb§%1ﬁ8£§l§5 %HQQ %%nCQ£&%Hdﬂ§? < %Qgsgffééged glther in

ZinC ions um num i ons,
al SOTJVMES oF T t B¢ AN hapsplens gpoup (rare eart hs) .
Preference for this purpose is given to using alkal

metal ions, in particular sodiumO Z.. 6154 - 16 ions.

It 1% é1s§lBB§§|bP§o?ﬁ%§ tﬁgnioﬁxéﬁgﬁﬁngethéshﬁnPsEXChange

15l adess i t hnt wbe OR* D6 Emdi & enemha&t arlltho&szlffE@rlehlte liquid

aration_of the a neut r al
exdﬁange rgg Fgagl Xs§|6Féa%g aﬁﬁﬁ?egﬁﬁpgreﬁtSOIHtlon
pr ocessles cwirnrtahnar elad | ddescedbeidbrin fihe tesmddcain. After

| tenA Hreeq MIER 6o 90 EXCNAN08 LESIRIRAN ThEth wnich

form protons can be exchahged for et al
t hehay deeen iR Tl hly netahanged farvgsihed aamcﬂ o%%l%@n
20be 10 replaced by protons with the aid of acids. In

prlqglple this jon exchange can_be effected either in
e amount of solvent Tfor slurrying the ion exchange

resin 1s typically from one to ten times the intrinsic
volume of the ion exchange resin. For the preparation
of the solution o¢f the desired type of ion which is
25 metered in, it is advisabkle to select a solvent which
is miscible with the scolvent in which the resin is

suspended. It is advantageous to use the same solvent.

The 1on exchange is preferably effected within the
3C temperature range of from 10 to 100°C, more preferably
from 20 to 40°C. The exchange is generally complete
after 24 hours at the latest. After the ion exchange,
the catalyst is separated from the solution, for
example by decanting or filtering, and then opticnally
35 washed with a solvent. It is advantageous to use the

same solvent in which the catalyst was suspended.



organi ¢ or aqueous suspension. In a sinple process,

for exanple, the ion exchange 15 resin in the H+ form

is slurried with sufficient liquid to result in a

readi fy stkarabl e suspension. A solution which

contains the desired ions is_nefered in. After

conpl eted i on exchange, the ion exchange resin which
hasIbees paitimidgemdxchangeityi ssashetlsandadriledt, 20Firstly
The,_ano f .sol vent_ for _slurrying, the ign exchange

resFﬁ i?ﬂ%§§i65|if r%%wgﬁe OTEn TS ?ﬁ&er%?Pﬁﬁgﬁé and
vol aaecpfllyhdd oheekcidsgecerisimindoron hefprigpar aticdnct by
of the 595%&&%6_%%ﬂd@iﬁkEErf@st¥PSsg&u599 ?gbanc%§ ﬁ%w in

netered in, it’is advisable to select "a solvent whic
s MeciiiretwithvE hetssFvete i AtakFen fe Fleai wepgtor. The

suspended. ckh ibe abMH@REEOUSIdO HS€utbe SamBssokvent .in an

The.ion_exchange is preferably effected wthin the 30

{embRFAL uPE®r ShGEBr  FPEmI6 PAC160CE More et iaiap . The

frodr2OngotdiGerIherexchangeypscgeheriabtyeeonpbetad 120°C.

after 24 hours at the |atest. After the ion exchange,

the catalyst is separated fromthe solution, for
1lexafpbaschyrdedamaurig of ofi brerkmgnoanthe hemt apysonallsgd in

35 washed-wihth a 50l . 1S @ us .t S
t he sageosolvenf§%ﬁw%ﬁ?¢#%r&ﬁ%aggﬁgé?gggs§§ug€§n%%fhange

0 2T eRBatong 7Lof MpkaddvaRtfadolid st ¢ WepP ¥h@hasisst washing
cat ahyspartilyskixrhangemkier teeasdefe t febandhettMi@er and
free-ﬁégmﬁgg% gndinsecondly to keep the contam nation
of The pgodu t %¥ Fhe adhering solvent or its

15%ubsequent products lowin 5 the first days after the

st aprigfnst heifgaghobs e drying can be effecied .o pe
under_reduced pressure or 1n an i1nert gas stream for
exadpletiena nPfrofenirsedidam The doF3ihy tefiperavarés or

areifyphai &y Letaeen 10 and 1206 1F Aspretersed polybasic
route. for greparlng the catalysts used in _the process

accoTHihy L6 tife 3 MMRMEPOALPLS L hE echatfgedlof SptbEondt 1s
20f orlhedwl s¢ opesisibilke BHUESHS cR@SENAMASH 11 other organic

radicals, for example alkoxides or acetylacetonates.
Preferred sources of the metal ions are metal
hydroxides and salts of inorganic acids. Very
particular preference is given to the use of alkali
25 metal hydroxides {(e.g. sodium hydroxide), alkali metal
halides (e.g. sodium chloride), alkali metal sulfates
(e.g. sodium sulfate), alkali metal nitrates (e.q.
sodium nitrate), alkaline earth metal hydroxides and

alkaline earth metal nitrates.

30
Depending on the degree of exchange, ion type and
resin, the adbove-described method can be used to
prepare catalysts of different activity and
selectivity.

35

A reactor in the process according to the invention may
contain a mixture of ion exchange resins of different

reactivity. It 1is equally possible that a reactor



the partly exchanged ion exchange resin with water and

subsequent drying. 15 The ions with which the resin is

to be | aden may be solutions of hydroxides, or salts

of @rgankcs@r inorganic acids. In the case of salts

of polybasic acids, it is alspgpossible to use acidic
salts. It is 20 Iikew se possible to use conpounds

Wi t boot hens orqggerd oy s raadbcal @iff@fewarﬂataﬁrmﬂyoxhlelegn@éd in
ace ton . Preferred sources of .the netal ions
areiﬁtgg?' h@ g%xi Sggan Eggltgmgf CRSFgati ¢ ‘aci ¢ged,  the
Ver yndpatdilell arequtefsr eneg it gohenged thigluseadhlysts of

al kahi 25,8etal dffgéPé%geécﬁfvgt sodi um hydr oxi de),
[ides (e SO |%

al kali metal hali . 0. m chl ori de), al kal

“metal sul fates (e.g. sodiumsulfate), alkali neta

ni t ret eshéeifduss0dhunpBi-Fbahe)hceabkakhre Larkh smetalor the
hydr oxi des and | kal ine earth netal nitrates. 30

Depbhdi MgtRHC t By FEGREE s Bkehange; iVGif iyise gmgiants are
r espas sihee abGue- descrd heibrireihkod beancHer usedoti® batchwise

prepare tal yst.s of .different activity and .
sel(g%ti %%yf%r%% A régct orh - HhE pr o&é@?tggéor dihgceo are
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resigs: ofpdid ferenl  reacnd tyo It ptggequal lyivey ped is
57
possi bl e that a reactor OZ. 6 187 °cént ai ns

cat@fy3t sy of PHith f BPEnte%ecySA S/, var r BAGEd A0 expepde of a

Whedti s et hadoRBept east 0 xe8 Hs8drebb@orsndirl dédl-tors in
react or.s gg% be_charged with cq%%%gshigff, t he _sane orh
di f&rEht “R%t FOPt ¢ BAEGE T N | T ber forlddide phase
of tde- coMBerysiron pfothas”isobhkﬁﬂic_hmdrodﬂﬁbnﬁ, Erdgas,
M XU ESon AL OU VAT | AL Sy Bl G POSSLDLE - S,
conversion nmay be carried ou atchwi s
When a fixed bed flow reactor is used, the liguid can
flow upward or downward. Preference is usually given to
the liquid flowing downward. A cooling liquid flowing
around the reactor may optionally have the same or
opposite flow direction. It is also possible to operate

the reactor with product recycling or in straight pass.

When wusing tubular reactors, the ratio of length to
diameter of the catalyst bed can be varied, either via
the geometric dimensions of the reactor or via its fill
level. At the same amount of catalyst and ligquid hourly
space velocity (LHSV), different superficial velocities

can therefore be achieved.

The reactors used in the industrial process may be
operated adiabatically, polytropically or wvirtually
isothermally. Virtually isothermally means that the
temperature at an arbitrary point in the reactor is a
maximum of 10°C higher than the temperature at the
reactor entrance. In the case of adiabatic operation of

the reactors, it 1is generally sensible to arrange a



or preferably in continuous reactors which are 10
typically used in solid/liquid contact reactions. \Wen
continuous flow reactors are used, a fixed bed is
I}y, gpyg not exclusively, used. An exanple of a
d|f erent concept to fixed bed; yeactors are reactors
|n whi ch the ion exchanger is suspended in a liquid

?Euﬂéliﬁfr of Baygerprocensserked( 8hE) koaRd KON ween the
Petrochem e, 1974, 27, Vol une 5, page 240).

V\he FACEP%Rd PRUCTPHW We%boﬁr?ssaééablﬁhéon qeilyteapic or
fl mmﬂyonsdQM\mrad chf@faetrmceah:é USﬂtad|¥xgﬂnpSBQ tube

to oW N oolin i qu
RS RS A e SRR T
Ssanme or opposite flom1d|rect|on It is also possible

to P@efgtﬁosébglée%t 851111%5@ Qr gﬂcﬁ%l&%gcglfl l}%a%rtolfg also

stral ght pass en using tubular tors,
rat?o 6ffifedgiR t9°s dimrret di oistﬁéldéétlélrsaé{leeQO%%mble to

be yaeiete Lldbesryigich heegponBlgi&r dbpeapsions of the
reactor or via its fill | evel. At the sane anount of

catalyst and liquid hourly space velocity (LHSV),
10dif1m$entemppeathcéal meloo&hkﬂs Bﬁbcaolﬁbemeﬁoﬁatben is

aCQ&%%%%tg@e ega%} ¥§eglﬁy (%dt UStrI??ygégge%etween

Oper a I ca ytTophta
V|r4Qwﬂ¢® 11%d$herna||y V'rtuaIIy I sothermal |y neans
that the 35 tenperature at an arbitrary point in the

reactor is a maxi mum of 10C hngher t han t he
t enfdet at GPRVAFSLRR  FéBct &° ertfiieesd | n"ihe case ofvithout

15adi 2dd ¢ Cordpert aki Giiafab lidhes ¢ Basiior SPréfei’ﬁe@e@@&@bh‘is are

bI t a,.0 Z 6154 plural ity of
et SR oot DB AAAE . FehcrgrsOF Ciz

Redttdrecatbats ar ¥esyi tpbteifolapolptafpienar is given to
v ﬁlﬂ{(};yiéé@é@mﬂ' i ?&ifg@négeaf:reo'éd‘caiéanplt%efru%%tntent

eactors, stirre réeactors
|s boskiamn el tee coMbi i depboral pr9f@fabéactfop@ Oalteo 30% by
2p0f @hidfigrent designs. It is additionally possible to

The conversion acceording to the invention can be
carried ocut at a pressure equal to or greater than the
vapor pressuré of the starting hydrocarbon mixture at
25 the particular reaction temperature, preferably at a
pressure of less than 40 bar, 1i.e. the isobutenic
hydrocarbon mixtures are entirely or partly in the
liquid phase during the oligomerizaticon. When the
reaction is to be carried out entirely in the liquid
30 phase, the pressure should be from 2 toc 4 bar higher
than the vapor pressure o¢f the reaction mixture, in

order to avoid evapcraticn problems in the reactors.

Even when the reaction is conducted at a pressure at
35 which the reaction mixture is not entirely liquid (for
example 1in a reactive distillation or in process
variants similar to US 5 003 124), the oligomerization

in the process according to the invention takes place
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operate reactors wth recycling of product. 10 The
tenperatures at which the oligonerization is

conducted are between 5 and 160C, preferably between

40 gngl 140 The conversion can be effected with and

wi thout 15 addition of a suitgble solvent. Preferred

sol vents are saturated hydrocarbons, in particular

CA, n&aiette (A2 Iﬂpidrt@@arbﬂﬁhﬁldvghﬁsﬁartﬂ QUl &dver a “moist”,
preferen eis given usi 9 | sooct ane. \When sol vents

ar e adde q?ﬂ% F< T on @d?at?g $Tom 0 to 60% by wei ght,
preferably fromO to 30% by 20 wei ght. The converS|on

ac [ h n_ca carr at

o o e L L £ DR AL L 8 0eT hrBbed, g e
of 3feiskedtvhy ﬁpar@@@ﬂ@@naﬂ®auymeemfzsheheatalyst used,

FﬁﬂﬁH§U£@£cf§@ﬁtb@ﬂd&%ﬂ@ﬁ%ag%EeaﬂH &ﬁﬁggyoﬁtr@actors In
pressure of |ess than 40 e | sobutenic

hy drite b BOFe7F xEGFeEane Bh iote ylfﬁfefﬁaquqry fFPRHE0 to 953
li oquti d ph6861¢@mwu¢ddﬁié&ﬁ@&&ﬁ%dzaﬁhon11M¥enré9@tant in
reactlon | o be c rle ut entirely in the liquid

30 PHase: e Prdsstt & 3ndlitd e %1 var

hi gher than the vapor pressure of the reaction
MO e, ribl - QLder IBP %d %‘@DOE?L' on, prapl £ms

the reactors. ven he -reactron s conducﬁe
a pt %la%at%?w\/rﬁ%rh ]@%ewwéla%@u@m pixtyféersnnovays. The

ent el yrd | Ti & {f OF p@%@@@'&lk@C@l&e@@tkﬁg etherification
dlstlllatlon 0] oce s variants simlar to US 5

009124) 1% he %PIGB 955 t HeFrocesBoved  before
ac&ammnmfﬁqnﬂﬂunlrn&ﬁélO@li@k@@r@la@ﬁdC)Zny6159droaarbons

no t . the qui d |

EEHE 80 180 oAl SBPE% oG At convBraT BHouS T
of quﬂﬂﬂduhytdiaﬂmkﬁaﬂﬂﬂm.can be 5 adjusted via the
anmount and type of the catal yst used, the reaction
conditions set and number of reactors. In the process
accdrdi nkcRevede PhLERMESN, FrsihiBm t cO5int thainly Cs

I sohutrene Al ned hﬁd‘ih@oﬁe@%t aMe di¥sobutene, this may

also ceontain codimers and higher oligomers (Ciz, Cig) .

gbutenlc

This fraction can be separated in further distillation
steps. For example, it is possible to remove a fraction
of highly pure diiscbutene, in order to use this
separately, for example for chemical syntheses. For use
as a fuel component for gasoline engines, it may be
necessary to remove high-boiling components (boiling
point preferably >220°C).

It is also possible to fully or partly hydrogenate the
butene oligecmers, in particular the Cg-olefins. Methods
for hydrogenating the products of 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 Technoclogie der Monoolefine”,
Akademie Verlag, Berlin, 1957, page 626 - 628 or DE
197 19 833.
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particular from60 to 90% is oligonerized. 10 The
reaction m xture of the partial isobutenic

ol i goneri zation can be worked up in different ways.
They . s x¢use 1S either passed directly to the
etherification or the butene ©|igoners are renoved
before 15 etherification. The oligoners and any

hydimcar boaserhasi agbbtomeht] 0 tReCaben g@ahels car € s Carrled
The .renoved

adv ageo y e dlstlllatlon

o|.€%%e$§f?§%t%% ggn g?ﬁé FAFRI § ES 150 Ry ar dEhr orvelubie
I n @@mtﬁhﬁ1t@wthgl@ﬁlsobutedaatlhyﬁnngen&ﬁam Comtraiferred
co and- h Qi r C

fraéﬁﬁﬁﬁgcan %%gsgparéygggFH§¥%r%%%¥Q%?St|IF ?a%%Sts which
st €PN FoOr &anple, 11eryanpossitineonto rafpveaa the active

fragdion ebnhighl pﬂl@’eliﬁm@ll éﬁ@békeﬁﬁi1bal%d%dt/%ru%%cke1
this 2 for exanple for chem ca

5 separa
SyrTHosEETORGR GEE e Wil el LGNGO Gasol Fne=rricd
eng:»mtes:,s|pmﬁgr3umynmessaryah@er eppme1bi gh- beblngnd the

;BJPé‘segﬁf Q%&é%}!dl}pgrilgt]p@teﬁf)%ably >220C). 30 It is

pOSSI y of hydr ogenate the
butene ollgoners in particular the Cg-ol efins.

Methods: fore hy}q¥@98<?éﬁé@ﬂoﬁhe Prodycts 92? tions can be

ol i gonmeri zati on COH‘eSpOI’]dI ng para I NS are
suffRictettd yovie Pl SkidwAt Ve ©logeadkion-ed i nig hpoasible to

Corgrh iret haag faadl&adwrﬁgen@ R@ fAlefidNSy AbSercies from
descri bed, "Cheni'e and

r e
Technol ogi 8" %er {fb‘l?‘lr;gol é"fqene"unh Saaﬁ?@t%rl dggactions by
Berdliamdil9567,S pagef 626 torf2&ar dfso 19 J9B3ZF lkents.
6154 - 21 In a preferred enbodi nent, the
hydrogenation is carried out in the liquid phase over
a 941§ d éaphiysnerdselletked |®: t hevdnteariadnt o lexture  is

hy drgrnated. : £r ef eéé@@lndhx%eg%ﬁt'@J&;?a‘féwgés a}feln the
support ed catalysts whi ch onsi st of "an i1 no
sué&@ﬁe%ﬁuia%ﬁ??@k?%wt?%e thet alnveshiann pFﬁtlwbhﬂh the

and/etfa ipalrpdi sopandher ikl Gk@hoved by addition of alcohol
to give the corresponding tertiary ether. If required,
additional low-isobutene C; hydrocarbons (for example
raffinate II, optionally bought in) may also be added
to this C4 hydrocarbon mixture. These streams may stem
from other processes, for example a TRA synthesis or an
isobutene removal by hydroisomerization/distillation
{ct. EP 1 184 36l1).

The etherification of the iscbutene is carried out as
an acid-catalyzed reaction.

The alcohols used therefor are primary, secondary,
mono- or polyhydric alcchols having from 1 to 5 carbon

atoms, preferably methanol or ethanol.

In order to achieve virtually complete conversion of
the remaining isobutene, the addition of the alcohol to
the isobutene is carried out in the presence of an

acldic catalyst in at least two reaction stages, of



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. 10 After the

hydsogenaison, further fractions can be obtained by
distillative separation. It is;possible to obtain

fuel additives having definite properties from these
andwifif oim tiies urltaysdrogeaat&dnfrﬁﬁ:&cﬁ@nsii)yc]a&rbb@ndbﬁg- as a
Song_frac Lops_ca $0_be_us as _sol vents.
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5t 0 Yt véhetabrredppaiiifg e@itl Hpylenhetith f rpeguir edo its

addi § bionodnéd OVVaﬂ@@ﬂ@le%@t@ﬁ’@lwﬁypoaﬁh@ﬁro%mﬁtlon
raffinate ||, a?g i onal |y _boug may al so he added

|
N A v oyas oy LS AL WL A B o SRR
25 fsomeat hen psrrmbeSSfes,1sf3®ﬁ_1t@~).(1@n'F&(ﬁn8eﬂ'saA3r$ynThQSI Sixture

or an -L§o ne enoval

hy r%lsoﬁesgéhtf%ﬁ di § |Fﬁa?|dlSt%%la3§9@Lﬁ%&ﬁ%%ﬂ)Where a
L10Thefwt ez f poatiion off t hbei sichliered siearadreckmgtd ase the

30 an,acid-catal yzed reaction. The al cohol s used

therefor are primary, secondary, nono- or polyhydric

al cohols having from1l to 5 carbon atons, preferably

nEtTtiﬂéﬂobr@EeﬁbBaBObr ?réfb@cf@@fs t Qnamie;gletﬁ/ﬂét H?%bbﬁol is
ete conversi on.o remai ni ng i sobut ene, e
gglp‘?ei‘% %f Vﬁtgal ool 1P lfth‘:én‘?soﬁ ter® i StXFFiefe the

15outtherm¢mymﬂm$@n@@uni1bn1umcmdycbeabahyshtﬁbnaﬂ lfeasd bed
L0, L £AELL 0N (558080 O A BISA, - 22, LD LN LAst,

reacti on sta e 1s carrled 0 as & reac
di skhey a(tl&iionbe | prehetpderdbbt ok( sr)Lthaurce@@trrtoal recycllng,

M Xk 85,08 1 16,1 QY& SOPYL ener étféﬁ%%%‘ds@%&é}ﬁ‘.o' I's
prepared over an acidic catalyst and 1s in the
vicinity 5 of the thernodynami c equilibriumwth

20r egeidl tadtSrs are typically operated at from 30 to 110°C
and from 5 to 50 baras. (bara). Since the thermodynamic
eguilibrium between alcochcol/iscbutene and ether at low
temperature lies substantially to the side of the
ether, preference 1is given when using a plurality of
25 prereactors to operate the first of the reactors at
higher temperature (high reaction rate) than the

following (utilization of equilibrium point}.

The cataiyst used both in the prereactor and in the
30 reactive distillation column is a solid material which
is soluble neither in the feedstock mixture nor in the
product mixture and has acidic centers on its surface.
The catalyst must not give off any acidic materials to
the product mixture - under the reaction conditions

35 because this would lead to yield losses.

In the reactive distillation column, the catalyst is

either integrated in the packing, for example KataMax®
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i sobut ene, al cohol and tert-butyl ether concentration.

For net hanol /MIBE, for exanple, this is generally

bet ween 94 and 96% i sobut ene conversion. This m xture
isdedl iaduthe reactive distillation columm, where a

10 further portion of the isobutene is converted to

the ether. The prereactor or prereactors in which the

al cotml 0i <28r et )ed mt@%h@ | @ Fbue eeesumaoq Cd0SBul 0iPak®

the t.her a e be convent i onal
eucféljgl ﬁeg%%rqsn}‘gu qéj 33{ rsorc@g@f“éeﬁjozned to

rea’ﬂiaﬂ@sﬁ} Jbodimy MY &JeZ%e?Zade vvlth or wi thout

partial recycling, optionally with cooling of the

rec cle stream 20 The reactors are typically operated
Tom B theu1bes ambivibr 6Tt Bh80ChaRABSLS( bar ajar they

s| neerdde th@r aad{maashc ofeul EbRE1 Urcbetywan HLCohRhdy the
i sobut ene and her at erature |lies

ow te

sub<teEmth Al | 90?61Fh8n§| @éltofhff Y eBhEFCTprdrerafféetiqn to
gi Viemeshen usiemgsa prhegl i hysof 25sepr eyaaﬂh WYreat@lyze the
oper-at J81 of Ahe.reactars,_at hi ro..

Jlalqgcfr%e:%{% g’ reafE:t ?one?gte TERARS ¢ h%“:?f SHPokivtg Sther
(u?ﬁp JrimEtiiagn brforeqtlwbl briemupesno)f. tThe mahcylstuased With
bOtﬂ'éqan:d' heoPrereagt oL and idy tfebuf?’gn%eac& ! Veact1v1ty for
distillation columm i58 a solid materi a 'S
soltif e FeFihErenh t RE f SOUdtlddR Lkt lheét"fﬁﬁ'nl nthpe linear

pr oducings XHge Ak hasy aci dic centers on its surface.
The catal yst nmust not give off any acidic materials to
the product m xture under the reaction conditions 35
bedaurse ltdd sowoulsk fielhd stbd iyl etdtbbgses. ij:JIdt&a zeolites,

reaglide diStddAt | OBeaobHIN, Sthe Ll alyst 18, #ither oy,
|nte%_ate int epacmg, or exanpl'e Kat a x( )
6154 L @t qdER i 48l e 5)x 1 dacut afakinyr { EPoi 896 650pcidic

or iMH td:Ralde AdMiidd ty nodel No. 298 07 007.3) or
pol ymeri zed to shaped bodies (US 5 244 929). 5 The

rule for the activity of the catalysts is that they
ef frecprt heraddi irempofo Bl @ehalict a-d sobpsene iundale t Beocess

according to the invention are solid ion exchange
resins having sulfonic acid groups. Suitable ion
exchange resins are, for example, those which are
prepared by sulfonating phenol/aldehyvde condensates or
ccoligomers of aromatic vinyl compounds. Examples of
arcmatic vinyl compounds for preparing the cooligomers
are styrene, vinyltoluene, vinylnaphthalene,
vinylethylbenzene, methylstyrene, vinylchlcrcbenzene,
vinylxylene and divinylbenzene. In particular, the
cooligomers which result from reaction of styrene with
divinylbenzene are used as & precursor for the
preparation of ion exchange resins having sulfonic acid
groups. The resins can be prepared in a gellike,
macroporous or -spongelike form. Strongly acidic resins
cf the styrene-divinyl type are sold, inter alia, under
the following tradenames: Duclite C20, Duolite C26,
Amberlyst AlS, Amberlyst A35, Amberlite IR-120,



reaction conditions but hardly effect the addition to

i near butenes. They nust al so barely catal yze the

ol i goneri zation of l|inear butenes and dial kyl ether 10

forgati ogpdgomtwo nol ecul es of the al cohol used. Wth

regard to a high yield of 1-buigne, the activity for

the attai nment of equilibrium between the |inear

but Enesr 5hosl Iaoloe Irmmc;eﬁ55(Exanphzgsi@f s;&efldii,solt,bdatit SPC

cat sts, | olite aci d-activate entoni tes

and o?’c?%éfga??%%%f’s%¢f%%%}Ed zi rconi um oxi des,

montnorillonites or acidic 1ion exchange resins. 20 A

m“%ﬁ%FﬁQo?éQH egfo%mfﬁégéxﬂégyﬁ%f BN %g%tergig%sspecific

according to the invention are soli1d i on exchange

r esTWaL #E® i nP 534 £ oniRC &S I Wyr ouppatSuliittabl e issielling or

exCliaRaekd /S A8dakchbaheexamala c\t hoss, Wi Ch R84 via the

epar ed by, sul fonati ng phenol / al dehyde condensates or

é%ﬁ??@% '8 RF°EFOTati ¢ vinyl conpounds. Exanpl es
aromatic vinyl conpounds for preparing the

o

pr
25
of

coolig rs re_styrene, .vinyltoluene,, . .
VT R hRF BREsS VARGt S bevente mERSTsigRendhe Lo
10vi rspt @iy oberzsne, cavi byl wuykenénandedicvinybhenzeneference
I'n far t(jicd‘gr?r td h%s%LQl%COQAa' el r%uvg“ %sri%%m t ffor omexample
reacti on of styrene wth I'vi-nyl'benzéne "aré used as a
pr &etitEort f &R hél8pr epriraltilon SHF | 6A%exchapgelyesi @l or
havinige SIu} $1ONEE5ACIKP 620r.0UPSe  Phe el 8l NgnLaNsb&rom 0.3 to
pr%gl e%ﬂ;n a .gellike, gacrogorous or -spogﬂellke
form” Srdhgl yacPare FEsiths 35°8f Phe styrdhel divdi/@yl The
15t ypmdriee lsol ¢sident eif akha, unaden ide oM N®.3 mm and
trad SH i , olite 6. _Anberlyst Al5,
Angeﬁq%g{f A%&%Rr%gﬁ%%é: %E‘i"é%‘? 75 ehashary o mn. Tne
Anﬂéﬁﬁﬂﬂ§£206}ZEDM@&SE@ibMQM@mitSéﬁattExB,maamabét 18RGe or
108nd@2611 5 o262dam O 150y, TheBLABRrties: 0l WIfS%, very
resins, in particular specf}lc 5 sdrface area,
POrBEit3EN sPAHTHANE ST | dgosodishermeagsegads) can  be
20exchange TePachb¥ci€dn Jfe Mad i ednVieachR®ger, based on the
commercial form, is 0.7 - 2.0 mol/l, in particular 1.1-

2.0 mol/1.

The remaining isobutene is reacted with alcohol to give
25  the corresponding tertiary  butyl ether in the
temperature range of 10 - 140°C. The alcchol is used in

eXCcess.

In particular, the remaining isobutene is removed by
30 reaction with methancl to give MIBE. The procedure 1is
in particular as described in DE 101 02 082. The low-
isobutene Cy; hydrocarbon mixture is fed into the
prereactor together with methanol. A mixture is formed
there in which iscbutene, methanol and MTBE are at
35 equilibrium or wvirtually at equilibrium. This reaction
mixture 1is passed into the reactive distillation

column.



preparation process. In the process according to the
invention, the ion 10 exchange resins can be used in
their Hform Preference is given to using

mack oporous, resins, for exanple Lewatit SCP 118,
Lematlt SCP 108, Anberlyst Al5:0r_ Anberlyst A35,
K2621. The pore volune is from0.3 to 0.9 m/g, in

paerF]zﬁeJl atefrom 0. ndp &P MrAdsenkhe 1]r5 p;@{etl @e%c& Z& the
the resin
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si zeowdb st tre butdrorerselcect ed maebel d@sgeso¢ sl . p@rsent.
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Corﬁ@r%éﬂhir%lm f&r 0.the %&J@Mge | e pé}ﬁéﬂr?é%{@f and C,

1.1- 2.0 nol/ The remai ni ng i sobutene is reacted
W%WO% Hiveh 58TTRe E5Er &Fpoith nMYtReF thapg not so
butﬁyllcl’et beati metthendiempeiad uget r ange afhdObotd4ACproduct,

Th | cohol d t I th

ol gL | SOETR Enar B r GG BA"BY 30tFBACPEBHerRY belov
10net‘maﬂibl pbo ghye welEBEC ) Thes proddgedureel i sHowavpar t itcrwl@r only
CJ.rébéjed V}I{EIPE Jt%]e OZ&Q.%.%{OHI—Q}% | o‘@fa\)eSOb te%rple removed

hy on mxture 1s fe prereac
t og@Herevind nethanetseA @i wdtaries Cf%rh%r”él%iE tihér @ligomers
whi ch dsohut.ene, nethanol and MIBE are at 35
equilibriumor virtually at equilibrium This reaction
m xture is passed into the reactive distillation

15colWhem he. m@iﬁénolZﬁ:orMmﬁ: rrje;thanel JrRYInide ﬂi‘é@:seﬂé below

in the feeg of the e ;L8a 2, istil égloq)ga etﬁgnol ma
i s PEquit et For PERELSES Fet? ¢orvet Ot t hé Y
ISHﬂHnKﬂﬂﬁkiY|bepE@§edt.:h?b&édet1OMheHHEhhandlCENESBS fed

sho dybecdd Mpdot nepUChoa-R: ¥BYJE Rt 190188 88 RANG: 4 -
ere Is cl ent anount 0] ano
aze’iﬁﬁ%ﬁé%faﬁﬁt%@- and C4

20
In the reactive distillation column, the zone above the
catalyst packing consists of from 5 to 20, in
particular from 10 to 15, plates. The catalyst zone can
be estimated as having a distillative action of from 1

25 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, plates.

Irrespective of its composition, reaction pressure in

30 the column and throughput, the temperature of the
column feed 1s between 50°C and 80°C, preferably
between 60°C and 75°C.

Depending on the pressure in the column, the a&average
35 temperature in the catalyst zone is preferably from
55°C to 70°C, more preferably from 58°C to 67°C.



hydr ocar bons whi ch fornms, but on the other hand not so
much that nethanol could get into the bottom product,

so that on-spec MIBE (et hanol content preferably

bel owz10556Q0 ppm by wei ght) is obtained. However,

this only applies when the ol ygoners have been

renmoved beforehand. Ot herw se, a mxture of MIBE and

ol i gbaer wedcicent ailnetil1dt When thd uwet hanol eeBt-eRbd at

n below th ssi bl e
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feaﬁék!?cglék'kkéﬁ'@anQEUHB ¥3 Ba apgeparate
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%one above the cat al yst packi ng consists of from5 to

20, Th8 nRarkiuqularl J4PmMd0ihothe, dl@dls:iThgacRt y%tf the
Zone

be esti as_ havi a_distillative ac
S A SIS S B SR T LR U L
packdagtheigh, ofhetsefdratd ngp zonelbetiongt hehe hydraullc

cat onpris to 3 rticular. from
?&X%%na EE %ﬁ't{?géﬂéil}v%pg'm ggg%ﬁﬁo Pty wriform
U%eaéi@@ndsmégéar@niﬁhﬁ)Qdﬁﬂmml@n@sandethmougbguthatnislng

te u t u f S e n
S L R o e Sy s

pre%%%?éngn]ﬂﬁéibo+ﬁﬁﬁcaFﬁ% & ageximgmt dfseiidicur byi wapor

t heagat a&Q@IUPZ ODL@qUS.dpr@ﬁ@ﬁ@b|%fd}pmth55csépal7§&n@0ra%tlon
pre ef f from58C to 9 54 - 26 The Lot
reac Fve éle%|F8PF%ﬁu%8Fﬁﬁﬁ)Ise%%%?%ﬁ%%n%tor accumulation

15preséu¢@§ reflsur etlighithéyt ophef rtilkéngolwapnr obtkeam The
bfé@efol&?dpﬁ alnB%S%@éQkaeS&gg%%uRaﬁ%a?%n% %elow which

part I CU rom ar a
hyd?}a%ll i 9PGaditigd n apelent alfiptlile paeki ngdflagses as  a

col 4emsdgudrh ef erabl ¥ fegmm 0% £ 05,1 10% Eﬁéfeé@¢ﬁﬁhfrfﬁﬂning
empty, for example the trays. {Vauck/Miller,

20 “Grundcoperationen chemischer Verfahrenstechnik [Basic
operations of chemical process technologyl, p. 626, VEB

Deutscher Verlag filir Grundstoffindustrie.)

At the flood point, the shear stresses transferred from

25 the gas to the liquid are so great that the entire
amount of liquid is entrained with the gas in the form
of droplets, or that there is phase inversion in the
column (J. Mackowiak, “Fluiddynamik wvon Kolonnen mit
modernen Fiillkdrpern und Packungen fiir

30 Gas/Flussigkeitssysteme” [Fluid dynamics of columns
having modern random packings and structured packings
for gas/liquid systems], Otto Salle Verlag 1991).

The reactive distillation column is operated at reflux

35 ratios of less than 1.5, in particular at those which
are greater than 0.4 and less than 1, preferably
between 0.5 and 0.9.



20% to 70% of its flood point |oading. The hydraulic

| oading of a distillation colum refers to the uniform

10 fl ow dermands on the colum cross section by the

risong. oeppr streamand the refluxing liquid stream

The upper loading limt ind cates the maxi num | oadi ng

by vapor and reflux |iquid above which the separating
actTon opalimsmaseélaxxnsmmmwepéneﬁt lr;;zmj et thtoughput of
accyml t I ui t risip

vapor st@%{élggsﬁ?‘ﬁ% IJ(?\AET?E og |lnggl| n%el%%té 8% né' mﬂ‘?nﬁr‘ﬁlumn
| ol $%F et ow WHPEhverhe separ atlisng a@lwmfal Wstbin the

col dipsasedsi ghefONSEAHEACE Ofy i ML QU %{l ﬂwa&f thee  the
colum running enpty, for exanple the
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Verécﬁhfe&ltsifﬂ:hfﬂ% [ Basire Q@E\E/ghh@?;l?f EH§H!\3/Ea:termf for a
pracess techno og ut scher_Verl ag fur
B (e | Rauser R T | abacgorin <t heoehuarene and
st rmgetrrea)nscﬁér tedsf tbmm 25)Otohq>}_:g1a3b§z owtheht| qpirdferably
ar at,. t hat e i t I| uid is
enteSrOZI(?)nlgfgd‘-ﬁ Qg%éﬁjle Q,Jgtryf ﬁ)e ]%@Cl{ﬂ ydr Bt &R 300 ppm
10t heiithw@ts Jpﬁagé pﬁvé’rhsa Oh imistthere cmuhhe(austlllate),
MaGlkaw 3G a il ddynam k von Kol onnen mit nodernen
F(err)ll k(err)rpern and Packungen fur 30
Gas/ Fl (err)ssigkei tssysteme"” [Fluid dynanm cs of
Colwhms i r@lmd@rnoxmm@acgr@gsw@gr?arugé.ﬁ&@@ the
packi.ngs _ for s/ | yst o0 Salle Verla
19 a. e rea%?1 g;%%c’l rat i 5‘5]08(1&%‘?“} spaﬁélluﬁFedgét the
15y effapct i35 ratJJSOTSlefatIJ@sB tdodnurh, Spriefepabtliycukbansatts of
thesepwhi 6h - 3re-gr gaf or Agﬂ% & h
preferéggly blg vveenglgig 181 ﬁ%@s gia}l ;#C;Orhégpm by
optishehtr f e ttut os%l@d@ihfd&sl orchéve #hd olghputhafi 20A8 ppm

composidiien ofr thengekdra-hegd . and on the col um
pressure. However, it is always within the

abovenenti oned ranges. In the distillate of the 5
20r edttd wevpdirstdddat i @h, tiiestsuat i ¥SoBUsBNBlation column may

congent fat l}ggsslelgag:g%er aflfnltr(])atae é ! h( ucf'uoaclagbeornm rgloétgre and
methancl, and the C4 hydrocarbon mixture preferably
contains less than 0.5 ppm by weight of MTBE and/or

TEBA.
25
The methanol may, for example, be removed by extraction
with water. If <traces of butadiene have not already
been removed before the butene oligomerization, they
can be removed from the raffinate II obtained in this
30  way by selective hydrogenation (SHP) . The Cy

hydrocarbon mixture cbtained from the reactive

distillation and optiocnally freed of methanol may be

further separated distillatively. For this purpose,
there are two preferred routes:

35 1. separation into a top fraction which comprises 1-

butene and isobutane, and a bottom fraction which

comprises n-butane, 2-butenes and any residual

~amounts of l-butene. The isobutane can be removed



m xture of C4 hydrocarbons freed of 1, 3-butadi ene and

i sobutene) of less than 1000 ppm by wei ght, preferably

500 ppm by weight, very particularly less than 300 ppm

10 Hy; wekghi (based on the C4 mxture in the

distillate), are obtained. Wen the butene oligoners

are renoved before the reaction with nethanol, the

bot t omfyduehe ot obh& rakh i@adti ve diisthkhatiienicokumBn so

f on ts of E. It preferably contains
et RaIR B0 bt vt Mt s G2 bt o1
et her ardhdvesls Uh%n 2500 ppobubyneei ghtt obn€g further low
hydrocarhans.. 20, The Eﬁpstpré??é‘%h L-1hg set%g%l Ver% which 1-

di stillation col um na urn e separ at
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ppm by wei ght of MIBE and/ o TBA. The net hanol

may, forr@ahi 0T é?ﬁﬁfjé%ﬂ:boy“‘eﬁ r%btﬁw diigty 1latlion.
mater If traces of butadi ene have not already been
ved before .t he tene_ol i goner.i zatjon, the ca
e ity TSI nEFBFr | mave MGl R hed en Thed 3P the
lOmayeﬂiyezsefE@atmhydrtdg@natpmm&@s Thef C4 the  reactive
t bt 2 reactive
di g‘%?ﬁﬁ%%{%%nd&%%t@ ona ‘Fi\gg?ree%“?f%et hanol nmay be

further separated distillatively. For this purpose,

t hefige ab@rtemlmﬁ&[é edrepytes: 135 %hl§e%ryatb8ﬂtwﬁ9 less
rrses - butene and

on which co
|s&§§? 286 n&PE bt t Bt ?%c?ﬁoﬁ%ﬂﬁ%ﬂ?nﬁxﬁﬂﬁl%%sln demand
15n- bag anre, anatmﬂdiaa@d any resi disald, amountsxa@fple, as a
1-b The. e _can . he r ed 0. Z 6154 -
1 O TRET D, TP act oRE L OrTher. dret T FoRe sprtlee or
truﬂDREghkyKbuﬁéSQ-bgfen@tmph@maspr©myﬂeneemmmmlymers It
t he,i s0b and.any, .f urthe l e r st
e 1 SObULANG, ¢ é%eal %! HBRD 51!<9Wat99e; 1Sehf Gdd 'Sls  the
starting material for preparlng butan-2-0l1, butene

20 oxide, valeraldehyde.

A further use of the virtually iscobutene-free raffinate

IT prepared in accordance with the invention is the

preparation of n-butene oligomers, in particular by
25 the Octcl process.

The hydrocarbons remaining after reaction or conversion
of the 1linear butenes from the raffinate II may
optionally be worked up by hydrogenation
30 (CSP = complete saturation process) to give isobutane

and n-butane.

The tert-butyl ether occurring as a bottcm product in
the reactive distillation may be used for various
35 purposes. In addition to the use as a component for
gasoline fuels, it finds use, for example, as a
solvent. Dissociation o0f tert-butyl ether provides

isobutene of high purity.



5 butene, 2-butenes and n-butane remain in the
bottons. 1-Butene can be obtained as a | ow boiler
fromthe bottom product in a further distillation.
Wheg al cohohs ot her than nethanol are used for the 10
etherification, the paranmeters,of_the reactive
distillation change correspondi ngly. The pure 1-butene

prep@r@ddiﬂlbﬂlﬁoW@MeCQBEaE@Sa|%%&poh@@ﬁ 100QRpMikE fuel,

ht of obut ene and s in de 15.as an
|nt %Edg%%é g?énﬁ edw FBr @?gﬁﬁPSl adSa &§fF6notsr for
in emmepan&tadonasf molsp&trleyﬂteneT(;Ll:BRﬁm ME@EE)of high
of et hyl ene- I copol.yme
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val gfal dehy ég%S‘AHE#Jthr P§§tﬁértrﬁhfﬂfféﬁﬂldﬁs illatively.
i sobutene-free raffinate prepared i n accordance

mnt%b%%er¢%%%%%|3%eu§OPE@ﬂtpP£pémQPréﬁl@ﬁ RIGGEBHe in small
ollm@fms I(Topardtomb b, berBy1t hee O 0ty Preeess, TheHcs,

mai ning after reaction or conversion
ofdf§%9 'ﬂ%%? gﬂ%Enesgfron1the raffinate 11 may
10optional |y be worked up by hydrogenation 30 (CSP =
COMpLEL 8q3aLIELL RN P OGeSShrgdi® Glye LspRUfang c BNdene 5

n- but ane But yr er occurring as a
pr ORREr Hyedit hEoFegerimpe odi siti | Pat L6 )P b¥d Ysedhpopurity

Varépu%he’35l§5f>99§ﬁ§ e addidiQn t QebBEAMEE, ASarfong other
onent for ggﬁollne fuels, it finds_use, for

e s  VBREPOBF $88cPAt PEANSHE ?@Frbﬁﬁﬁf}l ether in
15et hte1ie pMDBEdeBepEﬁdbufgerdm thehl@ehq@ilfdaxﬁe}ht@ Z:h818%4BE used

n he use as_.a co |n aso
fue ﬁg bﬁ% %?aﬁﬁedﬁlf%st égkﬁ chisk epgrlngd to
exaiﬂpfiéerm‘feoﬁ%r@essotﬁemteﬂmet@m MTBE of high

purity which is preferably used as a solvent, the 5

bott om product of the reactive distillation obtalned
|,]When the oligomers are not removed before the

o

20 etherification, the bottom product obtained in the
reactive distillation column c¢ontains MTBE and the
oligomers. This mixture may be used as a fuel component
as such or after hydrogenation of the olefinic double
bonds. Optionally, this mixture may be fractionated.

25 The individual fractions are then used as already
described.

Two embodiments of the process according to the
invention are described in detail schematically with
30 the aid of the figures, Fig. 1 and Fig. 2, without
limiting the invention to these embodiments. In the
schematic diagrams, only the essential stages are
shown. For a better overview, the illustration of
customary process streams, for example cooling water
35 streams, circulation streams, catalyst recycle streams
or recycle streams, and/or customary apparatus, for
example heat exchangers or separators, has been

dispensed with.



the process may be further purified distillatively.
This reduces the content of inpurities present in
small anounts (for exanple, nmethyl sec-butyl ether,
C8-4iGs, 1B al cohols). 10 The dissociation of MIBE
to obtain Isobutene is descrifed, for exanple, in DE
100 200 943. The purity of the isobutene obtained is

dep:ﬁmldené, pgmélgsoﬁﬁqrustfr%&te@' ﬁscmmBatE&te:ﬂgpgiﬁi engof 1, an
met sec- but et in 15 the endi ng an .

Thel YT e e e MG DUt [ bf PHOTEELhorar o fed
hasittwer eboee beenmarrepuriddedto oiffenénh degr érsadiene

£ PEC g ,
o LPLEmRLtenesy  hep Dpccliecnyrsygre el semet.o oo
Sobt @ied thithe regegetti velai sthvinegonatobum &bat aimesctor

MIBE: andbthe 0l | geaBLFerIRLS Mptdir &, may . be U%%gc%éra for
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desc%ibed. T egﬁodinentg of the but
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ovesviem 1 4 e | E&BEFARL 70Dn0hn i EHSEQRBEY tRKRCRSS gomers are
streans, for eﬁgggge coollng_mater 35 streans,
r

ci rctUfAf§dnast botbey) predisty e SPreaitgeagt freed of
15r eayiel €nst s ebddme BNdi O ceghotaiyvappanat 4sp HOr the column

CXAD! Gufeat, SHSLPIOELE, SRR ALOT Gy IFS 88N conensanee
i | lustsatetestheruti calidernigedti gThéseamrd sphut ni cecycled
and; Jy, 3- PHEaCHO i&f C%\Aﬂ.gy@oq%@ﬁrpo‘?. 1Iins {Hﬂéj h.ég£oe%%anger,
or nore reactors in I ch a butadi ene

noncondensable constituents are fed to a further use as
20 a gaseous offgas stream 17. The distillate of the
column 7 1is fed together with additional methanol 10
into the MTBE fixed bed stage 9, and the iscbutene
still present 1s reacted with it over the fixed bed
catalyst to give MTBE. The effluent from the fixed bed
25 stage 1is fed into a reactive distillation column 11
below the reactive packing 12. At the bottom of the
column, a stream containing MTBE 14 is taken off, while
the top product is conducted into a heat exchanger, in
which the condensable constituents are condensed as an
30 1isobutene-free n-butene stream. These are partly
recycled as refiux to the top o0f the column 11 and
discharged from the process as stream 13. The fractions
of the top product which cannot be condensed in the
heat exchanger -are fed to a further use as a gaseous

35 o¢ffgas stream 18.

The process illustrated schematically in Fig. 2 differs
from the process illustrated in Fig. 1 in that, instead
of the butadiene hydrogenation 2, a butadiene removal



hydrogenation is carried out, 2. Hydrogen 3 is al so

fed 5 into this reactor for hydrogenation. The reactor
effluent is transferred into a next reactor for

sel gcti vgikgsi dual butadi ene hydrogenation 4, into

whi ch hydrogen is in turn fed 5 The reactor effluent
from4 is transferred to the reactor for butene 10
0|igBHEESZa@%?mﬁleiJhW@kﬁhath@géS@b@t@ﬂ&ak§$ﬁaiMQ/carried
converted to diners, trimers_.and. tetr rs. .
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col umn 7. .
ST EF o nBP I9D THEP T ha R BE T LT bEt stlgstrate
10, ahd thenvsobitene wsitiHduipr esentrowdingeacted w sbopé  of

of 1 PERRECFH o PherPrvBa bl 5524Mase is fed into a

reactive distillation colum 11 below the reactive

packkpgpids At the bottomof the colum, a stream

containing MIBE 14 is taken off, while the top

product is conducted into a heat exchanger, in which
13heThendﬁﬁ?abﬁeamopsbbéuenbie@@ef@&nd&ﬁﬁ@dnﬂﬁg?mﬁs&.crack—

i soputene-free p=butene stream_These, are partly

recytl et 5E ef Pcé’z"ldt o 1He t optof® uncee%ollumrma?ie amgfPoratory

di sehatgedustpntthehprpresssasisineamei8d Thefigure 1.

fractions of the top product which cannot be

condensed in the _heat exchanger-are fed to a further

useE#amalgaden u§91§StbFPgh§t§gF-@Bﬁ1 hgdregenpEdenss

20 || gt pat pdxsahemibivealyl Y Hen donfbosA tdidrf e ciffiem tihe Tabie
process il]Justrated in Flg. 1 in that, instead of the

but adi L PYIFBFERAEFEN 20 a2 but FEnePFenVAACTE Y, OVer a

6158eterogeneous palladium catalyst. In a similar manner
to EP 0 523 482, the hydrogenation is carried out in

two fixed bed reactors which are operated in series and

25. are each equipped with a separator and a liquid
circuit. In each of the liquid circuits is installed a
cooler 1in orcder to be able to remove the heat of

reaction of the hydrogenation.

30 The hydrogen required for the reaction was fed to the
reactors in accordance with the amount of 1,3-butadiene
to be converted. The LHSV over the entire plant was
8.5 t/(m’h).

Percentages of -the analyses are to be interpreted as %

35 by mass.



- 31 15, for exanple an extractive distillation, is
carried out, which renoves the majority of the

1, 3-butadiene 16 fromthe isobutenic C4 hydrocarbon
stream.ls1Fhe but adi ene-depl eted streamfromthe

but adi ene renoval 15 5 is subseguently transferred to
a reactor for selective residual butadiene
hydrogenation 4, and then further worked up as in

FidgrlyeThe Ich follow are 1niended. to
i |1 ust Pgtg 1% tﬁeﬁln%v}q(;% TEH, WEHOW et r oWl ng t he
scope of prdimadwre of the patent clai ns. Exampas

15 The indivigyalpyocess steps for the V\ordf.ugp% Fsyan a1.0
cr ack=—C4 streanm { C&A)were reproduced—+H—the 323

| abBFaEBry daIdgrustyt Banche givrrcessife | ustrated in

Figure 1. BExamid#nde - Selective butadiene g 5,5

hydr ogenati on, 20 An HC m xture having the corgoosi tion
speci-fi i ¥sH ¢ hydrogenated in_a 4iSéedhen Als0s
reactor over a heterogeneous palladiumcatalyst. In a

sim.l manpner o EP 0 523 48 t he hydro ation is
caﬁ?%gjeou in %J\IRBE °Y8d Kdd %&?@t oﬁsrycs\hi it of the
opebatedietneskyilesgandt25nare each equipped with a
separator and a liquid circuit. In each of the liquid

Ci
renove the heat of red&d&ghn of theShgdeogenati oftage 2

The hydrogen required for the reactippiu@sefed t QekhGent
reacLors Lp.accordance Wit tire_anmount—of
1, 35butad{ 8he to be cohmfert éd.- TThentfisv o0et the.d., <0.1

entisebptaneé was 8.5 tJ.(aBh). Percegngages of-the 3
anal yses_are .o be interpreted as % 35 by mass. O_Z.
6154 DU53e f & 88 59¢

age 1 React'or entrance’teénperature

Pressane-ddtbaeal? Cat al4yst 0. 5% Pd dh. A1303 19.7
l-butene [%] 15.9 37.1 40.4
iscobutene [%] 24.8 24.8 24.8
cis-butene [%] 4.0 5.1 6.1
1,2-butadiene [%] 0.2 n.d., <0.1 n.d., <0.1
1, 3-butadiene [%] 41.4 6.3 0.2
butenyne [%] 0.75 n.d., <0.1 n.d., <0.1
l-butyne [%] 0.2 n.d., <0.1 n.d., <0.1
n.d. = below the detection limit

Example 2 - SHP, further reduction of the 1,3-butadiene
content

10 Residual amounts of 1,3-butadiene which are still
present in the C4 hydrocarbon mixture can be reduced in
a further hydrogenation step. The addition of small
amounts of carbon monoxide increases the selectivity of
the palliadium catalyst.

15

The experiment was carried out with two different raw
materials. The feed specified under 2b corresponds to a
composition as obtained from the process of Example 1

(hydrogenation of the 1,3-butadiene contained in the



5

Stage 2 Reactor entrance tenperature 45C Pressure 9
bara Catal yst 0.5% Pd on A1303 Table 2 - Anal yses of
feed and effluent of the butadi ene hydrogenation 5
Feesl 5t agesd Stage 2 effluent effluent C3-HC [ %
n.d., <0.1 n.d., <0.1 n.d., <G3l_isobutane [9%4 2.3
2.3 2.3 n-butane [%9 5.5 5.9 6.3 trans-butene [%
4. CAxcR-d9..7 Thebutfene [ % 15e]_9r8§’e11t40 4 msobutenesf ¢,
g_ éd%cl%oc Aelbng 24W%('} IS bUt ﬁjln a(%tgé 1:§er%oval of the
1, 3L birtladi afies a4 £ Adm 43:1& chQk—QJ;ut ényne 2)94 0. 75
n.d., <0.1 n.d., <O 1 1-butyne [ 0.2 n.d., <0.1
n.d., <0.1 n.d. bel ow the detection |imt Exanple 2
- SR ﬁ@rtqﬁéﬁt%%cthmr& tthe 1¢guposhaiene swontemd in
10 Rasidual a@goléﬁitrrﬁx%fd hl%muggdpgﬂeo%Imﬁg%§téﬁ$ 2 ppm
pres nt |n the C4 drocarbon m xture can be Teduced

Tk %rm‘F%l’Po nat Pon"¥¢EpIe AR GRdIEPoRLERCEES 1n a
Sﬁaﬂixecﬁmmt&aﬁtdzarmmlﬂﬂlm@&ﬂﬁldﬂﬁons

sel ectivit the palladiu 15 , .The
experi rreﬂn?r&/v%% tcuar r'i ed out VVIJq @Dél(ﬁ}ﬁ Bt raw

10mat eri alBrestherdeed specifi €l rmdsr 2b corresponds to

15

20

25

a conpagidyf.on as obtained fyom{ he process of Exanple
1 (hydrogenation of the 1, %n?t a}&ﬁeneo)cont ained in

the QO Z.CHEH4SC33 crack-Céf) TheF & Fa répresaritmrat
m xture of C4 hydrocarbons which is obtained after

reqﬁﬁﬁheog t-beZ—‘malysis of feed and effluent of the SHP

(selective hydrogenation process)

Example 2a 2a 2b 2b

feed effluent feed effluent
C3-HC [%] 0.0 0.0 <0.1 <0.1
iscbhbutane [%] 3.9 3.9 2.3 2.3
n-butane [%] 8.5 9.5 5.9 5.8
trans-butene [%] B.5 8.6 17.6 17.6
l-butene [%] 27.6 27.7 40.9 41.1
isobutene [%] 43.1 43.1 24.8 24.8
cis-butene [%] 6.9 6.9 8.2 8.2
1,2-butadiene [ppm] <100 n.d. <1 n.d.
1,3-butadiene [ppm] 2176 3 1960 2
hbutenyne [ppm] n.d. n.d. 12 n.d
1-butyne [ppm] n.d. n.d. 56 n.d.
n.d. = below the detection limit

Example 3 - Isobutene oligomerization and distillation

The isobutene was oligomerized in a tubular reactor of
length 200 cm “(wound to a spiral), internal diameter
6 mm. The tube is heated externally by an o©il bath. The
catalyst used was 54 ml of Amberlyst 15 from Rohm &
Haas. Before use, the catalyst was washed with water,

then with methanol. The reactor was operated at a



1, 3-butadiene fromthe crack-C4 (Fig. 2). 5 The HC

m xtures having the conposition specified in Table 3

are adm xed with 85 ppm of hydrogen and 2 ppm of

carpon npnoxi de. The hydrogenation was effected in a

fixed bed reactor under the fol4 awi ng conditi ons:
Tenperature: 400C (isothermal) 10 Pressure: 13 bara
LFE&@nﬁﬁaﬁﬁéFﬂ?gbhrﬁat?ﬁyﬁﬁi&?-?QQEEUE@ 0?$?u£é853f at the
support abl e alysis, o and e u 0
CheP T S Sbi eRET 0B HoOF BBNat ) Gn FFELAEE] CtaRprat vas

2a Qebted fbeedl4ef hbuent drebdteéf lpuemtuctCIwdle [Mscarded.

0. ' [ 9 .3 3 2.

0. R SOy LB (W Sotef0 2t g, oves
217.8A7heurs. b@@‘énéil[%ll’}'ﬁcb 27. B 40a9043t0ryi subitrene The
[qﬁff§h@16ﬁ%]o@€a§n@& §er§'§nQM9§@§ B%qggs B2 tédgraphy.

%ﬁ&z butadlene [ ppm <100 n.
%di éne {ppht DERE 3 E%Geés bﬁfé?@welcrwﬂ Fegctant

B Fbora;?c;]mtglonsl euwrehépp@ganyflesgdi | S_ﬁgn d, afdd.tRe Cg
el ow the detection |i anple 3 - |sobutene
ollgonerlzatlgn éﬁd %ﬁéﬂ?1lation 20 The i sobut ene was
100Irgow@mabaianezﬁannﬂewoneamI@poxﬁlomengthsBBOtene which

- (woung, L0 & SR faly ,ln| '{th%r &ae'acdeoafﬁetef mm  The

tube is heated extern an ol l bath. The
caralyé% G648 HAT 154 i nise ﬁcﬁﬁﬁé¢Wy§¢ MR ifgto ReRGrgcarbons

Haas. Befigleasusegrtheneat ahyadnawds washed Widdhasatefn  the
25 then with nmethanol. The reactor was operated at a

0 7. 6182 4 constant 22 bara using a pressure
15r egul atTbre ata luee qucgaet dioreXd t4 , Afteimesttaripgn tdie under Csg

experi menh3)s R A M8S the proportion (percentage by mass)

of the dimers of isobutene in the Cz; fraction.

Two experiments {(3a, 3b) were carried out with feeds of
20 different composition. In each experiment, fresh

catalyst was used.



2,4,4-tri-Me-pentene (%) 91.40 82.60
5 Example 4 - 1Isobutene oligomerization over semi-
neutralized ion exchanger
a) Preparation of a semineutralized catalyst,
adjustment of the acid capacity
10

operated for 24 hours and the product was di scarded.

Af

t er war ds,

the product of the plant was coll ected

over 5 100 hours and distilled in a | aboratory col um.
They fragiipns obtai ned were anal yzed by gas

chromat ography. Table 4 |ists;d he process conditions,
reactant conpositions and the anal yses of the C4 and
theT&BlefhﬁCP40Beabﬁlb&€ tabberidBs- k5QbULRABysis of the
conyver.si on; ggort on o{ i sobut ene which was
conv%??%ﬁen% IPREEL B O C8 sel ectivity:

sel ectivit t he

at whi ch C8 hydrocarbons

(di mers of

t‘ﬁfé(gngvas used O Z. 61

bl e (ﬂ. 01 Rea

comdrtions—and anatysis ofthe—t+sobutene
ol i bRt Z2a% i on 73xper Tng "' ' (Heating ba-E2enpl| (C) 2.07
62. ﬁL@@%@neREactor f eed (kg/h) @)300 O 39@ 3§bng: 9.20
propene (% 0-01 0-00 TS DULdne 99 22207
n-luE2RE-PeAeAD 22 9 20 tlranstblut ené (@8523383 21 9.21
1-utieneedd) 2.92 27.10 i|sobutene (99 4% 8% 46.12 27,19
cilsrbutene (% 12.67 5.829 renmminden (95 0,20 0748
isgﬁﬂéﬂﬁ%e?,@ 416 3.74 d-buthbe (0 177431545 7 46.12
cis-butene (%) 12.67 5.825
_remalnder {%) 0.20 0.48

isobutane

Isobutene conversion

(%) 4.16
n-butane (%) 17.41 15.77
Lrans-butene (%) 42 .41 16.84
i-butene (%) 4.84 42.67
isobutene (%) 11.71 9.75
cis~butene (%) 19.21 1C.66
remainder (3) 0.25 0.58

C8 selectivity

The Amberlyst 15 ion exchanger from Rohm and Haas used

had an original acid capacity of 1.7 mol of H'/L.

ToO




tr.ans-butene (% 42.41 16.84 1-butene (% 4.84 42.67
i sobutene (% 11.71 9.75 cis-butene (% 19.21 10.66
remai nder (% 0.25 0.58 |sobutene conversion ($)
84.337, 875884 C8 selectivity (% 77.82 77.91
2,4,4-tri-Me-pentene (% 91.40;92.60 5 Exanple 4 -

| sobut ene ol i gonerization over sem - neutralized ion

exc@@mﬂ ahePaemaﬁratyortooftrmtsecﬂ@@Md,al bgedof the acidic
cat al ment t he acid capacity 10 The

Anb‘é‘?lly ysts 1%&% %&Eﬁ%‘ﬁbﬁdf rom Rohm and Haas used

had an original acid capacity of 1.7 nmol of H/I. To

ghoooflﬁﬁls 2? ¥§9£85t1b%% Qﬁi'VH;y %8 HHQJ Qgéhgﬁﬁe resin

the act centers viere neutral ized.
Spurpese, sloOT-idd ofint hé0PBn mkchlangdedesiimeds vierer and a

sl ugasl@@llm é@owﬂz of dei %%'d%%gm v@t@foﬁ a os@ds %’b@n and
dﬁf of so i.um hydroxi de (0.6 and
of %l%@ zétF watSdPNiEs alf@é8 dr BpIPsed Wi e R %If‘?l?"flrsrﬁg with

i n &hertemperiat ured am@@pfeﬁ:@mm%@ teadge Wbhi moenes 40°C
hour. Stirring conti nued for 5 mn . and 10 the_ion

exchargs’ rggﬁn}\ﬁ%t ' Washed ed RERCraNEEy 4 th Min and
10t hrigest ioes LOOhmde ofedénonmzedthahewasHee to neutrality

Su a aﬁ% rl%ht
neﬂ?f&ﬁl zedlc?%nc%%(c %ﬁger (gave 105& h%l%g{ (fl’o;d watfer The
H /$ubgeeuent al yseraastdri edeasuyeuensdr 15th béhere partly

15 r‘}@@trmlﬂzdgqf&lﬂé@&hQﬂggPe giaS«RJJUt_LefJ@ Wla/&so 03 mol of
e

ol '1%?@? e% IﬁgﬂialSI m | ar n’gnner % N 1hmbefore
eGEFAIY2Ed Toh %&ﬁﬁn@é:r 0CwéPE used!
15Theu$eeactor was operated at 22 bara. After an
activation phase of 24 hours, the effluent of the
b) Cligomerization
The isobutene was cligomerized in a similar manner to
Example 3. 51 ml of the semineutralized ion exchanger
20 were used. The reactor was operated at 22 bara. After
an activation phase of 24 hours, the effluent of the
reactor was analyzed by gas chromatography. Table 5
lists the process conditions, reactant compositions and
the analysis, separated into the C; and the Cg fraction.
25
Two exXperiments (4a, 4b} were carried out using feeds
of different composition. In each experiment, fresh

catalyst was used.



react or was anal yzed by gas chromat ography. Table 5
lists the process conditions, reactant conpositions
and the analysis, separated into the C4 and the Cg
fractizons1525 Two experinents (4a, 4b) were carried

out using feeds
fresh

experinment,

| sobut.ene oLi go
(CD 100 100 Rea tor

bheatl,

00 19. 17
Heat329 pakhi hEBP-(% 0

peatilh

pe~
75 0.0

of different gonposition.

catal yst was used. O Z. 6154 -
Tablleb3e- React iRgrciong t ionstiandranalysi saablybes
Heati ng bath tenp.

4

In each

37
of the

g/h) 0. 509 0. 480 propene
n- but ane

. DBesntbut @req( % 10.80 2

bé@butene conver si on

: (% (45. 16
sel ect ktg (99 87. 71 7800 Z, 4 4-tr|i - Me-pentene (%
94| A8°8BE83%5 Eyanmie 5 . MIBE(&Ynthdsis ixed bed ©.0¢4
reantonsaker the experinents, a°¢onstruct@ogzsinilar 13.85
to I sobut ene ol 1 goneri zati 0 USE€E
reaéfg?s_§gi§1§ted ofga t-ube mémgd iAto n% érnl which’:23
wakl-butene (%) 29.00 19.17
isobutene (%) 44,40 40.00
cis-butene (%) 5.7e 8.37
remainder (%) 0.60 0.35

lsobutane

Isobutene conversion

45.16

(%) 0.06
n-butane (%) 10.80 20.17
trans-butene (%) 12.31 26.33
1-butene (%) 34.07 24.15
isobutene (%) 30.45 14.18
cis~butene (%) 8.37 14.77
(%)

75.22

2, 4 4-tri-Me-pentene

C8 selectivity

87.71

94.48

78.01

90.53

the

isobutene

For

consisted

experiments,

cligomerization

of a tube

wound

a
was

into

construction

used.

a

heated externally by an c¢il bath.

10 (approx.

the first guarter)

charged with catalyst,

the desired temperature.

of the

spir

similar

The
al

Example 5 - MTBE synthesis in fixed bed reactors

to the

reactor

which was

The front portion

reactor was

not

in order to preheat the feed to

In

experiment ba,

the back




heated externally by an oil bath. The front portion 10
(approx. the first quarter) of the reactor was not
charged with catalyst, in order to preheat the feed to
thq3q%5|gfg htenperature. In experinment 5a, the back
154 - 38 portion was ¢ ged with 125 m of ion
exchanger and in experinent 5b with 94 m of ion

| 7 thrta wagocm@ tTe%r wmt hE@%eﬁhll %Qihﬁcﬁlﬁmlak&thM?EB? and
0| a 0 e, ca st .used was erlys
T5. ST SRAGSSTTE ofbt N Rl aH WS Biharar THEHARP*
usezoba/vatsmt heraG4 heattdonssdtioerixanpl é&3. thénabySeSbath to
q?d amounts are specified in Table 6.

Perce ages are to be interpreted as % by mass. 10
STabllee Goatdbesls apeld anak yAebeol vehe IMIBENEi vedsbede of the
ex&g&hﬂ@ ntss G4 feed (g/h) 100 100 nethanol feed (g/h)

net hanol (% 7.15 1.26 6.03 1.11 isobutene

(%Tho. §redt 5¥s9d15738 s7heMBE fopcdices16f19mo. Bpmple 3.

13 mams@yt ane (%edG bRl 7a2d. &b 824 1 sebutane: 6.

3.84 3.86 3.52 1 1-but 4.48 4.49 40. 07
0 B SRR G (W 1 AT B0 T L007Tass-

1Dtrans butene (% 39.38 39. 39 15. 82 15 83 remai nder
%OEH%EA’ % 23 %‘e%@iso §§ Rﬁ%%&ﬂl VPlxed bed
ation The schem |c co truc on o
rea%&@@ﬁﬂmﬁﬁﬂﬁll ation colum is reproduced in Figure
1 and 2. The dianeter of the colum was 312.7 mm. In

methanol {%) 7.15 1.26 6.03 1.11
isobutene (%) 10.87 0.57 9.15 0.57
MTRBE {%) 0.00 16.19 (.00 13.50
n-butane {3%) 16.19 16.17 14.81 14.82
iscbutane (%) 3.84 3;86 3.52 3.51
1-butene (%) 4.48 4.49 40,07 40.10
cis-butene (%) 17.84 17.84 10.04 10.02
trans-butene {%) 39.38 39.39 15.82 15.83
remainder {%) 0.24 0.23 0.56 0.55

15 Example 6 a - Reactive distillation
The schematic construction of the reactive distillation
column is reproduced in Figure 1 and 2. The diameter of
the column was 312.7 mm. In the upper portion of the
column, approx. 2 m of Montz-Pak A3-500 were installed

20 as a rectifying section. Below this, likewise in the
rectifying section of the column, were disposed approx.
11.4 m of Xatapak-SP 12. The lower section of the
column consisted of approx. 3.6 m of Montz-Pak A3-500.



11.4 m of Katapak-SP 12. The | ower section of the

col umm consi sted of approx. 3.6 mof Montz-Pak A3-500.

O Z 6154 - 39 The feed position was disposed in the
{d, of the [ower Mntz-Pak A3-500. The

catalyst used in the Katapak- %P 12 was Anberl|yst 15.

The pressure of the apparatus Was 7.5 bara. 5 The feed

forrtdhergolumy Was & %%éuﬁgs%@%duﬁrpfthgr%ﬁetr third of
streans, of an industrial_ scale plant. The isdobutene,

MTBE SandP st R0 2 dote et 724 ons were set
suhx:st@nt:iaalakystdemdccaihy the thesepok- sne 1ef fhaentepeklyst

oot 1o S 1 58 rebh T OF Tl bomr boiRet s

SCorﬁjHJ alﬂe@d ofbhe tleéf |arelntren ofwatshe al aboratioey made up of

e?g%cﬁ{ux r;tl 0 0 91E5 anThgé{&%%-frgladgl k\%ﬂoopﬁg The

di s?tﬁthl-é?t@%ndMI@E 281/ megthavstlt oﬁ?nﬁﬁﬁﬁnétlmﬁe were set

obtainadnRelicent agesc arL119 be t%%slent@fr ptfﬁé egf§§ue/?1ts of
by nass. The isobutene content neasured

di §t}}ef |Jﬁ@%@rﬂ3@%§ﬁr%§ﬁ%oﬁx%wlg 56 ThT4C@m@951tlon
101 saiyut ene &%ﬁa&n&ﬁﬁ)dm.K&&Ebc&ﬁﬁﬁhigﬁslﬁdﬂbdldﬂle to the

95. ut an 17 17.24 0,01 _ispbut
2. S 205 Y e Y i T et
C| gfkmn@md(%taﬁwsa 20049agah03At1rea&ﬂs»bur@mo(@@ 1.09 was
r I r:1G%- 0. . 2
Exanp e ‘ﬂ% & gggét Be ] %’?tlull(l ati c?rﬁ;q 012%3 Z %ﬁeh Bt botton
r e &N | st"‘{qxleatlé%*i’tﬁllé?ﬁd -as dedGapedssn BYanpl o6 be

15a, J.afteqégiﬁﬁéﬂfrgs VA S € afdded out with a react ant
stream ofﬁﬁﬂfferent cor%gswl on. The catg . used was
| i Kt séSRRBEFNGstCas-© eééuﬁfféssldie £ thestillate was

apdar@atassnwas 7.5 bara.

methanol (%) 1.26 1.14 0.00
isobutene (%) 0.57 0.01 0.00
MTBE (%) 16.19 0.00 95.82
n-butane (%) 14.17 17.24 0.01
isobutane (%) 4.995 6.08 0.00
l-butene (%) 7.855 9.57 0.00
cis-butene (%) 16.84 20.49 0.03
trans-butene (%) 37.39 45.48 0.03
remainder (%) 0.73 0.0C 4.11

20 Example 6 b — Reactive distillation
In the same reactive distillaticn plant as described in
Example 6 a, an experiment was carried out with a
reactant stream of different composition.
The catalyst used was likewise Amperlyst - 15. The
25 pressure of the apparatus was 7.5 bara.
The feed rate was 700 kg/h. A reflux ratio of 1.09 was
set. 595.5 kg/h of distillate and 104.5 kg/h of bottom



10

15

20

25

The feed rate was 700 kg/h. Areflux ratio of 1.09 was
set. 595.5 kg/h of distillate and 104.5 kg/ h of bottom
O Z 6154 - 40 product were obtai ned. Percentages are

to hey |

edfegpreted as % by nmass. An isobutene content

in the distillate of 102 ppm was _ measured. 5
Expe~. nen~' 6, nethanol (% 1.11 '0.93 0.00 isobutene

(Npodic®. Olndkd0 IMBEAIQ. 13.20- QL PQU P 28 are to  be
n butane é 2.84,15.09 0.01 isobutane (%9 5.49 6.46

00" "1

(TeHe T99° 3 7793 23 0.01 cis-butene (%

111m3 1306aten@3comman$-butenbe(@@siaimﬁtglxﬁi DD2ppm was
reqﬂ&ﬂggé?égﬁ 0.55 0.00 3.65 The reference nunerals
g

._lsobutenic CA4 hydrocarbon stream 2. Butadi ene

and Fig. 2 have the follow ng neanings: 10

ol § 5.

8.| Buthene1 0l i goner g5 9. NWBﬁ;ﬁjxed be@ @gage 105 g0

MET hanol 20711, <Ba0t|\e adistittation ctotom 12

ReactiteePackingl of *t he rective |disthi-Platign €dUm

13.m1e30but ene-fr ee (gy but eng _sphream I4ooMIBE o¢ 29
n-butane (%) 12.84 15.09 0.01
isobutane (%) 5.4% 6.46 0.00
i-butene (%) 36.77 43.23 0.01
cis-butene (%) 11.13 13.07 0.03
trans-butene (%) 18.05 21.21 0.02
remainder (%) 0.55 0.00 3.65

The reference numerals in Fig. 1 and Fig. 2 have the

follo

13.
14.
15.
16.
17.

wing meanings:

Isobutenic C; hydrocarbon stream

Butadiene hydrogenation

Hydrogen

Selective residual butadiene hydrogenation
Hydrogen

Butene oligomerization

Distillation for oligomer removal

Butene oligomers

MTBE fixed bed stage

Methanol

Reactive distillation column

Reactive packing of the reactive distillation
column

Isobutene~free n-butene stream

MTBE

Butadiene extraction

Butadiene

Offgas stream



25 15. Butadi ene extraction 16. Butadiene 17. O fgas
stream O Z. 6154 - 41 - 18. Ofgas streamO Z. 6154 -
42 - What is clained is: 1. A process for coproducing
butgne okigeners and tert-butyl ethers from

i sobutenic Ca streanms by 5 a) partly oligonerizing the
i sobutenic C4 streans over an acidic catalyst to give
butepe oOfFfgesessrasd subsequently b) etherifying the
remai ni ng i sobutene with an al cohol under acidic
catalysis to give tert- 10 butyl ethers, characterized
in that the etherification is carried out under acid
catalysis in stage b) in at |east two reaction

stages, of which at |east the |ast reaction stage 15
Is carried out as a reactive distillation. 2. The
process as clained in claiml, characterized in that
the acidic catalyst used in stage a) is an ion 20
exchanger whose protons have partly been exchanged

for metal ions of groups 1 to 12 of the Periodic
Table. 3. The process as clained in claim2, 25
characterized in that from1l to 60% of the protons of
the ion exchanger wused in stage a) have been
exchanged for nmetal ions. 30 4. The process as
clainmed in any of clains 1 to 3, <characterized in
that the oligonerization in stage a) is carried out up



to an isobutene conversion of from50 to 95% 35 5.

The process as clained in any of clains 1 to 4,

characterized in that the oligonerization in stage a)

iscarriggout in the presence of a noderator. O Z

6154 - 43 6. The process as- cdzined in claimb5,

characterized in that the noderator used is MIBE, TBA,

metWisato|iprelwmimed is: a nolar ratio of from0.01 to 5

per nmole of 5 isobutene. 7. The process as clainmed in

any of clains 1 to 6, <characterized in that the

butene o} i gorses sobtairnedobnoduageca)barenc 10 rigovers  and

before tﬁ@r@%&ﬁt@w@@g etderi ddcat %ﬁb dns%&%%%sb)oy

8 The process as clainmed in any of clalns 1

Schar act &tli zfé%ifqertﬁéf-gTEGf-’ﬁélﬁgc% Laeh b er b¢ a&e ) reans

is rreghalrmloﬁrl etahgnoggct@lcThQ;aw S aﬁocl IR | Butene

any of clai to aracterize n that t he

pol yunsaturoﬁ %féﬁbﬁﬁs%‘:ﬁﬁ%ﬁ%d in the

i sobut erbijc e(tél*lesaiirﬁaimsg artenec atradmytiirciald y 1sh>)]tﬂrt@g1eenam<ih an

before the ¢ omer i.on a O The

process as % éachlrée% :uﬁ%te gdféc%zartaac yeSrJ‘lsze i it terte
10t he pol yunéatwlateefdlas@rpounds are hydrogenat ed in at

| east twahd.0a6td00 &t agessnpf which at |east the | ast

reaction stage is carried out_ in the 30 presence of ,

0.05 - 10F ppih Wi gt it i 192rThedpreebssuggder acid

cl ai ned dat aAnys iof @halﬁ$a§etﬁ)10ln char agheti z6gh | Reaction

t hat rmrsecthan - Q% Cﬁhgtbliten% olﬂegOfers obt aj ned

in ages, eas st reactlion stage
15 is carried ocut as a reactive distillation.
2. The process as claimed in claim 1,
characterized in that
the acidic catalyst used in stage a) is an ion
20 exchanger whose protons have partly been exchanged
for metal ions of groups 1 to 12 of the Periodic
Table.
3. The process as claimed in claim 2,
25 characterized in that
from 1 to 60% of the protons of the ion exchanger
used in stage a) have been exchanged for metal
ions.
30 4. The process as claimed in any of claims 1 to 3,
characterized in that
the oligomerization in stage a) is carried out up
to an iscbutene conversion of from 50 to 95%.
35 5. The process as claimed in any of claims 1 to 4,

characterized in that
the cligomerization in stage a) is carried out in

the presence of a moderator.
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35 stage a) are isobutene oligoners.
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10.

11.

6154
- 43 -
The process as claimed in claim 5,
characterized in that
the moderator used is MTBE, TBA, methanol or water
in ainmlar ratio of from 0.0l to 5 per mole of

iscbutene.

The process as claimed in any of claims 1 to 6,
characterized in that

the butene oligomers obtained in stage a) are
removed before the acid-catalyzed etherification

in stage b).

The process as claimed in any of claims 1 to 7,
characterized jin that
the alcohol used 1in stage b) 1is methanol or

ethanol.

The process as claimed in any of claims 1 to 8,
characterized in that

the polyunsaturated hydrocarbons contained in the
isobutenic Cq streams are catalytically
hydrogenated before the oligomerizatien in stage

al.

The process as claimed in claim 9,

characterized in that

the polyunsaturated compounds are hydrogenated in
at least two reaction stages, of which at least
the last reaction stage is carried out in the

presence of (0.05 -~ 100 ppm by weight of CO.

The process as claimed in any of claims 1 to 10,
characterized in that
more than 90% of the butene oligomers obtained in

stage a) are iscbutene oligomers,



