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
preparingibytene 5 oligoners and tert-butyl ethers

from C4 hydrocarbon atons, by_.converting the

i sobutene to butene oligoners, * in particular to
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Depending on whether the butenes have a high or low 1-
butene conteht; the C4 cuts are worked up in different

25 ways. The first step which is common to all workup
variants 1s the removal of the majority of the
butadiene. If butadiene can be profitably marketed or
there is an internal demand, it is removed by
extraction or extractive distillation. Otherwise, it is

30 selectively hydrogenated to linear butenes down to a
resicual concentration of approx. 2000 ppm by mass. In
both cases, a hydrocarbon mixture (known as raffinate T
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 linear butenes having a high 2-butene
content, preference is given to the follow ng workup
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When 1l-butene is 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 conversion. After the removal of the
iscbutene, a hydrocarbon mixture (raffinate IT) remains
which comprises the linear butenes and the saturated
hydrocarbons isobutane and n-butane. This mixture can
30 be further separated distilliatively, for example into
isobutane and l-butene and a mixture of the two 2-
butenes and n-~butane. 1-Butene can be obtained in high
purity from the . 1l-butenic fraction in further
distillation steps .and contains only small amounts of
35 isobutane. This i=s necessary, Ssince l-butene is used to
a large extent as a comonomer in ethylene
polymerization, where . isobutene impurities are
undesired. Typical specifications of l-butene therefore



pol yneri zation, where isobutene inpurities are

undesired. Typical specifications of 1-butene

therefore O Z 6154 - 3 limt the content of

i sopugengika the 1-butene to less than 1000 ppm The

chem cal conversion of the isohlutene can be carried 5

out in water to give the tert-butyl al cohol (TBA)
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20 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

25 ether (MTBE) which finds extensive use mainly as a fuel

30

35

additive.

Owing to the groundwater contamination which has
occurred in the USA, an increasingly critical view is
taken of the wuse of tertiary butyl ethers, in
particular MTBE, as an octane number improver in
gasoline 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 anmpunt of isobutene in the
future, there is interest in other nethods of renoving
O Z 6154 4 isobutene fromC4 mixtures with chemca
conwekrsi @ls4 The preparation of oligomers of isobutene
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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

25 presence of methanol or ethanol over an acidic ion
exchange resin in a reactor. The losses of l-butene are
not disclosed. A disadvantage of this process is the
low isobutene conversion which, according to the
examples, is only between 78 and 94%.

30
The use of modified ion exchangers for oligomerizing
isobutene is disclosed in DE 101 13 381. However, the
isobutenic streams used here contain virtually no
further unsaturated compounds such as n-butenes.

35

DE 29 44 457 describes a process for coproducing
isobutene oligomers and MIBE 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,

for exampheqraffinate I. In a first reaction step,
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removed, it is an object of the present invention to

20 dévelop an improved process.

It has now Dbeen found that isocbutene can be fully
removed from a substantially butadiene-free - C,
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 been modified by the addition of
moderators or ion 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
portion of the-l-butene present in the mixture is lost
35 Dby 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 tthe 2-dquzenes. O Z. 6154 - 6 The present invention
therefore provides a process faof _ coproduci ng butene
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20 1- or 2-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 wvalue tert-butyl ether and isobutene
oligomers, but also isobutene-~-free residual streams
which are suitable for preparing l-butene. In addition

35 to the unconverted constituents of the C; feed {in
general €4, aliphatics), the isobutene~free residual
streams only contain n-butenes, i.e. l-butene, cis-2-
butene and trans-2-butene. It is possible to remove 1-



ol i gomers, but also isobutene-free residual streans

which are suitable for preparing 1-butene. In addition
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Preference 1is given to using C4 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 oil, 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 i1scbutene. Further main constituents are
1, 3-butadiene, l-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 be effected by known processes, for example by



30 butane and i-butane. In the case of C4 fractions
from steam crackers, typical isobutene contents in
the C4 fraction are from18 to 35% and in the case
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20
In the process according to the invention, preference
is given to catalytically hydrogenating the
polyunsaturated hydrocarbons contained in the
isobutenic C; 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 is 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
ovely 3, 3¢ qpal | adi um catal yst. To reduce the

1, 3-but adi ene content to bel ow, 1000 ppm a noderator
whi ch increases the selectivity of the palladium

cat alyytodenhaadded bh thenaldsig shagerekabiene is known as
hyd em n. T‘?Iktﬁ noder at.or used is, preferably

car b Xi dESHTTH S P IFRat B9 privpRfFRi®n ofcf. EP
frof 0805 044 ;100r ppm bKomdieghtsrddwes, coatestheh, 1986, 39,
pol yunsat ur at ‘ed hydrocarbons in the feed to this

stage ‘shoul d preferably be below 1% preferably bel ow
D.5% Inthe literature, this type of selective O Z
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conversion can be ected In an
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The Thydrocarbon mixtures comprising isobutene and
linear butenes used in the process according to the
invention preferably have the following compositions:

25

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.I/SHP CCy CC,/SHP
isobutane [% by wt.) 1—4.5- 1-4.5 1.5-8 1.5-8 37 37
n-butane [% by wt.} 5-8 5-8 6-15 6-15 13 i3
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 12
isobutene {% by wt.] 22-28 22-28 33-50 33-50 15 15
c-butene [% by wt.] 50 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
the d nverdjion Steam cracker Steam cracker Catal ytic
cracker Conponent HCCA HCCA/ SHR Raff.l Raff.i/5Hp CCA
/- SHP !cnhutanpf%bvvw_] 45145158158

37 %"?la f %.b 1@@3 len5 8?6 b]7%5 6d1§ 13h13 o o
t-put eneg cﬂtﬁg «@& % Tpdfyoq ghe cr_acuL ; of a steam
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stleam - réE‘kreFe ‘%} gevi@Fity) after the hydrogenation

of| the agggjﬁjt 20STUI0R 1P6LL * SAGRCh GHA b BReRRdOoFFoBfa catalytic

t he cat ed.,ysaatp CtC, E@@Aéf@% ll'f%hcf’rfpﬁla&:.egg r'eglj.d\{l\@ gg:e been further
1,13- but exfiuegein edeBles have been further reduced-in

an SHP. - Raff.l (raffinate I): typical of a C4
m xt ure whi ch |s obtained fromthe crack-C4 of a
st eAfiPEPackerehi g afdiigratsy) Taf ebr HOx r émpvalh dfsdthetenic

1, 3ahylubadieos, ﬁﬂ&t@&@ﬂphﬁﬁﬁy a@l@MP B¥LFEELHhYE for the
Raff .l /SHP. Raff.l conposition in

rec 0
e S S 1EEERGGRe HAHE N SHERT hBAants for
E?edﬂ@éﬁlnﬁ dn SkPhydrGC4arboupi aak @@ﬁﬂ@&ﬂﬂ&o@o@%t&ucted as

k ed-fro racker. A
?r%}%ﬁﬂ““'%ﬂ“ﬁ%&lﬁ?oﬁf.% TRty f mfeflT ie i
r esP‘aI%%%biﬂ%véth@ée har e inggguckd oin BECSHPas demnghrough

ot hers, ofaﬁbk@abQHeﬁﬂ'fﬂggkéssfggééoggfgf.CenEry into the

hydr ocarbon m xtur.e used w th erence
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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 éomponents. 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 1is
saturated with water after water scrubbing. In order to
30 avoid 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 ndivizduglqlsy, adapted overall plan for workup can be
reaI|zed in each case with the;appropriate product
portfolio. Typical process stages whi ch may precede

t he ppiceeess stb@saCQQfedlﬁ&étqarhecéntﬁ/eefHﬂ% %r?ef’@t&'iould be
|on on adsorbers, selectiv

scrubbin

hydﬁgggf?%er"aﬁelfs& nehetes togr i sparrture of the water
di ssicirhabiion. WAt er scrubbing 20 Water scrubbi ng can

be used to fully or partly renove hydrophilic

conponents fromthe hydrocarbon mi xture conprising

3 sobdsenbeznd |inear butenes, for exanple nitrogen

conneae@bersE&%aﬂdaéif}ﬁ'6£&§§”t8 %ﬁlch%hé%&ggles This

acetonitrile or pyrrol | done
resBfY, Ber %gﬁﬁﬁﬂ%QGQ¢$an£QF 3@ ﬁenewegnrammbb@ metal

di stathayse@) ar@XYgR capesndss (AL examelse %%%&%ne Often,
CC crac kersé %an al so be partly renoved b%
scrﬁ% FRISOTHE | 88bEEENIP rBoR <SigRdrRd sby uPStream

1&at adatvedewst h mﬁkemphéser materam:u@@rilg die or d€lluminas,
to ﬁgl§¥gi 'QE%?E%'ty Bl&ggsrea% VéttheQ%§§9ﬂ<n1ClaY

subsequent proceéss ste
t enp@r Bhar érwpﬁerg@aswamdlm mapp&axu mSe:l:qbemocaaa@oseld by

t hevhenpesat UERs Of rbhecwBhBic AREEYDDL 8912 PSENbEr S
Adsorbers are used in order to renove Inpurities. This

may be advant ageous, for exanple, when noble netal
15cat $¢Yactive chydedgemabienof SEhe process steps O ten,
nit c unds, are ved by u stream
ﬁgggn%ggtéy o %%R%P aﬁ%orb%{%fgre P small

10 ads ers anpl €
nmol BRAURES si evds, pradliicdsr acti dbtwethdbehon, akay further

ear 4551 & P CORRL ede i { e Fet alg o Adsar beg 1 4, by
varlﬂis flrnsQ@Ior exanpl e %Icga E%Iexsggéﬁé%égklon (ct.
_ 81 041; Erdsl, Kohle, Erdgas, Petrochem. 1986,
20 39, 73). The SHP can be operated either as part of a
butadiene hydrogenation {see above), or as an

independent process step.

TBA synthesis

25 Portions of the isobutene can be reacted with water to
give tert-butanol (TBA). Processes for preparing TBA
from isobuteniec hydrocarbon mixtures form part of the
prior art (cf., £for example, Erdsl, Frdgas, Kohle,
1987, 103, 486). TBA is, for example, used as a

30  solvent, but is 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. Suitable processes are, for example, the

distillative removal of water as an azectrope. 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

further gglsgctive hydrogenation (cf. EP 0 081 041;

Erdol, Kohle, Erdgas, Petrochem, 1986, 20 39, 73). The

SHP can be operated either as part of a butadiene
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wat n ar synthesis can.be renpve
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azeotrope. Oten, O Z 6154 - 12 an azeotrope wth C4

hydr ocarbons _present can be wutilized or azeotroping

ageRt&t4tE25498d. The drying of the hydrocar bon

m xpuseinbytben adepbt ageOUs ey Ar EOHSLBABORS, thOlremove

exanple_reductio 5 of_the forpgation of. al cohols
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(unggntrgll e at i in. the,. huten .
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Distillation steps can be used, for exanple, 1o renove

or more other process stages. Direct 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 out
homogeneously, 1i.e. using catalysts soluble in the
reaction mixture, or heterogenecusly, i.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 1is
preferably carried out over solid heterogeneous
catalysts which are additionally 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
congentrghkans. This can be effected directly with the
raffinate I or the HCC4, or af{egr_passing through one
or nore other process stages. Direct distillation of

20 fheedatfddatso | thatoh tdestiG4anakesRasehbbar f@talyst
paration into a 2-butenes- and n-butane-

Ségggbgﬁ?fi§§bHFE%S?FFéH¥r fraction. Inventive

ol i goneri zation of stage a 25 The partia
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re a . [ it _has.to be, renoved, worked up

b 2oL he8rbhr bfller. pdffihasdiingtrs s hodBer g oped
1Gi nconvehtbncetivdr t Imetsdpar atthonpartheupart ivalth transition

ol i gongeizaki on of the isobutene is preferably

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

re i S _unpnecessary. efyl. sqQlid _catalysts are |

acir@%/lgjl%afcgri 55? \?ﬁi’%% asr%éecéziv ubPE i g hdormation of
15reab%@bﬂt%m@d@bigmmaxwr@ndN@sin@ftothhsemmabalfskmation of

bel £ Qa08es Of phhefahl.aw ng %égﬁﬂsgto ahsg}l%grgclzidic ion

acids (e.g. sulfaric acid or phdsphoric aci n da
suppEitangR efHing ey catakysizs or silica) b) zeolites
or other alum nosilicates, undoped or doped 10 with

g; r%%%ﬁ%f% EFIOIBQC ant) Cglrjelegiﬁ:ﬁ\gigag tgraen’sll tflogn exnaFrﬁpaJ!es,’ those

20 which are prepared by sulfonating phenol/aldehyde
‘condensates or cooligomers of aromatic vinyl compounds.
Examples of aromatic vinyl compounds for preparing the
‘cocligomers are styrene, vinyltoluene,
vinylnaphthaléne, vinylethylbenzene, methylstyrene,

25 vinylchlorobenzene, vinylxylene and divinylbenzene. In
particular, the cooligomers 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,
Amperlite 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 on, exclagge resins as catalysts. Suitable ion
exchange resins are, for exanp# , _those 20 which are
prepared by sul fonating phenol 7al dehyde condensates
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sul fo, groups. The properties o e resins
parP?éﬁgarm@@rQB%EPF?c sefinte afen, poameley K 2431 from

st abayet:y nawellliyeg qrsd @ﬁrnﬁbeg@yged BXCNAIPCRohm & Haas.

cap varl ed Vi ration process.

hoRft ot o Hne, e R T Ly TRk ad0 el offor Bdg, <n
10or gpohgeulke ffrom  8t0r ohgl Y50 acmld’gc rressea .o temercial

styﬁgpgﬁdfgégﬂl type are sold, 35 inter alia, under
he fol [ow ng tradenames: CT 151 from Purolite,

Anmber | yst 15, Anberlyst 35, Anberlite IR 120,

Anberid i e r2Q@1fr Oﬁ@h@f& ﬁﬂﬂ@sregﬁﬂeﬁéw ﬁgeﬁéf%%e}ﬁween
26%% K 2431 fr (gaﬁ O Z 6154 -
exch&h cﬁﬁ‘gm]to%}a fHPhe %sﬁ’%t%‘é}?%npﬁ’ﬁé’??n |§90( higm and
15H+ I@®®1mm typically between 1 and 2 nol, in
particular from1.5 to 1.9 nol, of H per liter of
noi st resin (as obtained connerC|aIIy) 5 1n the
prd@@%spéftﬁﬁéelnw%m&|@nstpthblemceeﬂscgedemwﬁoIbe narrow

Usi g WRAEOPHRUSEEFHTIS, r

Bayer Anber | yst 1§ﬁ§? Anberﬁ gro%%%ﬁbg 9%%}%3 very

Thé Ib]o?%ff%omﬁn%t%%l%reﬁﬂe%eabuyﬂqrmﬁwn@ 6aefing) i san be
2010 yps&gd i cular from40 to 50 mM /g (based on commerci a

it may be advantageous to wuse 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 ion exchange resin 1is advantageously
adjusted to an activity which does enable the
35 oligomerization of isobutene but barely catalyzes the
ccoligomerization of iscbutene with linear butenes, the
cligomerization of the linear  butenes or the
isomerization of the linear butenes. Also, the heat



noi st resin). The particle size of the resinis
preferably between 500 mand 1500 m in particular
between 600 gmand 15 1000 m The particle size

di stg.ifoutdizy sel ected may be narrow or wide. For
exanpl e, ion exchange resins_haing very uniform
particle size (nonodi sperse resins) can be 20 used.

It ﬁﬁpﬂwtmmWamtagbeuseb@tuseﬂ#ﬂfﬁ%$§iéd185?% value which
ar | e h i erentia
Pea%ig%s§§M|c é%g: %ﬂ &ﬁfﬁy g RMat QHQﬁéarPOIHt of
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dvgﬁtg&ggﬁsﬁﬁge hs fed BAY, REWwIigsel useful
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| i ne ut en
1hut eRESTEr SUed a%oﬁ@rrczauwa; ofettthd | ¢oear HNTBReS. either

Al sgg thﬁ heate O 4up8iladce 15n:evﬁi£{ P@s'n %Qggefence is

reafb i.s adjuysted to a value which can be sa
of F

con gar?raﬁyﬁnt&ﬂﬂﬁ%ﬁﬂykﬂﬁn?uBfth€|@WlQPNFﬁézatlon in

desbtedecatialiyst tlaet pyekgnean dzelades@tﬁsd&k%how? tIﬁe this

i d. to ese.materij,al s ar assed over
o SPhndBEERa PhserlioHRITR SAdas AR O BPSER €6 be® £rom
1q)sefubl ﬂﬁﬂeﬁht@ﬁéflnprﬁﬁermhlgr faadrcolol0d sueh S mol, in
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etha or 10 et hers such as tert
*PERRe. as a pure substance or mixtures.
Preference is therefore given to carrying out the
ollggnerIZEuﬁégkégg according to the invention, it 1is
20 advantageous to use that alcchol 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 MTRE.

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, {ransition metal ions (group 1 - 12 metal ions

35 such as chromium, manganese, iron, cobalt, nickel, zine
ions) and aluminum ions, and alsc ions of the lanthanide
group (rare earths). Preference for this purpose is
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
par i gul ak ¢ fron10 01 to 0.7 nol, of noderator per nole
of |sobutene In the process_ aggordlng to the
invention, it is 20 advantagedus to use that al coho
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form ‘protons can exc ah ed for
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2gbe 10 replaced by protons with the aid of acids. In

rinciple, this jon exchan can_be effected either in
P {he amount "o soiventg¥%r slurrying the i1lon exchange

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

suspended. It is advantageous to use the same solvent.

The ion exchange 1is preferably effected within the

30 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 optionally

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_lzy shisiar abl e suspension. A solution which

contains the desired ions is.ngyered in. After

conpl eted i on exchange, the ion exchange resin which
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after 24 hours at the |atest. After the ion exchange,
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?H%ggﬁﬁguctggglnﬁhe adhering solvent or its

155ubsequent products lowin 5 the first days after the

st apfap iQfh o hei FiRaghetn The gé¥£ﬁgfgﬂkgeb§rf £&d may be

under _reduced pressure or. In an In gas strean1 fo
exafptBtiana nPfr odWiizoxicsen, TR (ﬁ§4¢® t@ﬁpepaganeg or

ar eihyphealty atteitd@en 1110 apd 1206 BF Aspiekerdedpoiybasic
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20f orlivk¢al s¢ oposisibilee taguesds co@pdendsashitly 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.qg.
sodium nitrate), alkaline earth metal hydroxides and
alkaline earth metal nitrates.

30
Depending on the degree of exchange, ion type and
resin, the dbove-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 is equally possible that a reactor



the partly exchanged ion exchange resin wth water and
subsequent drying. 15 The ions with which the resin is

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

of @.ganig sy inorganic acids. In the case of salts

of polybasic acids, it is alsggpossible to use acidic
salts. It is 20 |ikew se possible to use conpounds
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When a fixed bed flow reactor is used, the liguid can
flow upward or downward. Preference is usually given to
20 the liguid 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.

25 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 liquid hourly
space velocity (LHSV), different superficial velocities

30 can therefore be achieved.

The reactors used in the industrial process may be
operated adiabatically, polytropically or virtually
isothermally. Virtually isothermally means that the
35 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 is 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
usugy |y, fquty not exclusively, used. An exanple of a

di fferent concept to fixed bed;peactors are reactors
in which the ion exchanger is Suspended in a liquid
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The <conversion according to the invention can be
carried out at a pressure egual to or greater than the
vapor pressuré of the starting hydrocarbon mixture at
25 the particular reaction temperature, preferably at a
pressure of Jless than 40 bar, i.e. the isobutenic
hydrocarbon mixtures are entirely or partly in the
-liguid phase during the oligomerization. When the
reaction is to be carried out entirely in the liquid
30 phase, the pressure should be from 2 to 4 bar higher
than the wvapor pressure of the reaction mixture, in

order to avoid evaporation 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 rlace



operate reactors wth recycling of product. 10 The

tenperatures at which the oligonerization is

conducted are between 5 and 160C, preferably between

40 and 1k3G4 The conversion can be effected. with and

wi thout 15 addition of a suitaple solvent. Preferred

sol vents are saturated hydrocarbons, in particular
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of TEHHREMY t& %ﬂ%kﬁﬁﬁﬁ%ﬂcan be 5 adjusted via the
anmount and type of the catal yst used, the reaction
conﬂltlons set .and _nunber of_reactors. In the process

accordi ngeT8 tRe PATERTESn, F536hEE t CUBLEIRS tmainly Cg
20j sddmatentai nkd Bﬁdihﬁoheaetaﬂﬂa diiscbutene, this may

also contain codimers and higher oligomers (Cjs, Cig).

1

n

This fraction can be separated in further distillation
steps. For example, it is possible to remove a fraction
of highly pure diiscbutene, 1A order to use this

25 separately, for example for chemical syntheses. For use
as a fuel component for gasoline engines, it may be
necessary te remove high-boiling components (boiling
point preferably >220°C).

30 It is also possible to fully or partly hydrogenate the
butene oligomers, 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

35  hydrogenating olefins are described, for example, in
F. Asinger, “Chemie und Technologie der Monoolefine”,
Akademie Verlag, Berlin, 1957, page 626 — 628 or DE
187 19 833.



particular frome60 to 90% is oligonerized. 10 The
reaction, mxture of the partial isobutenic
ol i goneri zation can be worked up in different ways.
Theo w Xtgulkg i s either passed directly to the
etherification or the buteng ghlgoners are renoved
before 15 etherification. The oligoners and any
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6154 - 21 In a preferred enbodi nent, the
hydrogenation is carried out in the liquid phase over
a sOIfd dSChrepsHemlaties i G« t heydmpearhont o miecture  is
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support ed cata %@PMhIC onsi st of "an 1 no
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20amﬂ&maxnmnguhanbandﬁer1®Idﬁﬁoved by addition of alcchol
to give the corresponding tertiary ether. If reguired,
additional low-isobutene C; hydrocarbons (for example
raffinate II, optionally bought in) may also be added
to this C; hydrocarbon mixture. These streams may stem

25 from other processes, for example a TBA synthesis or an
isobutene removal by hydroisomerization/distillation
{(cE. EP 1 184 361).

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

The alcohols wused therefor are primary, secondary,

mono- or polyhydric alcohols having from 1 to 5 carbon

atoms, preferably methancl or ethanol.

35. 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
acidic 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

hydeogenatisen, further fractions can be obtained by
distillative separation. It Lsppossible to obtain

fuel additives having definite properties from these
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reaction Stage is carried out as a reactive’ .
di stRFY APf¥noe| APERAtBleMdhRt 6F( Withautemeriténl recycling,

i xépit Bored 11 hewl env- ¢ sObLt ener Ghstreape Bods@bsghol is
prepared over an acidic catalyst and1s in the
vicinity 5 of the thernodynami c equilibriumwth

20r edthrel t®actors are typically operated at from 30 to 110°C

and from 5 to 50 barss. (bara). Since the thermodynamic
equilibrium between alcohol/isobutene and ether at low
temperature lies substantially to the side of the
ether, prefereﬁce is 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 catalyst 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®



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 mxture

iIs bee.i ghgathe reactive distillation colum, where a

10 further portion of the isobyjene is converted to

the ether. The prereactor or prereactors in which the
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inte r%gigﬁfﬁéééﬁg pa%ﬁﬁgggqgor exa';r'fr:%%”?l ataﬁéf?r) C)?rths'
615 LE rmtedre hropml wesyxideat aPeRRYr{EFoNiBes 650pcidic
or M td:Redifge AdHidd 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
20ef fRecpreheraddi tgrampof ol @elidlict ccdsobpseneidndaie t Beocess

according to the invention are solid ion exchange

U‘t

resins having sulfonic acid groups. Suitable ion
exchange resins are, for example, those which are
prepared by sulfonating phenol/aldehyde condensates or
25 cooligemers of aromatic vinyl compounds. Examples of
aromatic vinyl compounds for preparing the cooligomers
are styrene, vinyltoluene, vinylnaphthalene,
vinylethylbenzene, methylstyrene, vinylchlorobenzene,
vinylxylene and divinylbenzene. In particular, the
30 cooligomers which result from reaction of styrene with
divinylbenzene are used as a 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
35 of the styrene-divinyl type are sold, inter alia, under
the following tradenames: Duolite €20, Duolite C2e6,
Amberlyst Al5, Amberlyst 235, 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

f or gati og4qf5zom two nol ecul es of the al cohol used. Wth
regard to a high yield of 1-butgne, the activity for

the attai nment of equilibriumbetween the |inear
butemesrsn@éIQdH;IDMWei555¥am@wﬁt£H ysef yhgsolidarit spc

cat st ol i aci d-activated béentonites
and o% c%g %%gé?'sghfiﬁgged zi rconi um oxi des,
nnntnnrlllonltes or acidic ion exchange resins 20 A

pre&ﬁ% ngggg%ﬁéy 5¥”§%gs§a£§EXﬁ S In thg;p specific

accor e invention are so
5esﬁﬁ§fH§@|nga§aﬁfon|Doa@ﬁdtgroupsta§wliable immelling or

eXCBEB&’Jﬁk&@é' '&%dare%cl'faq{ &[t nosenWILCh 358y via the
pre are henol/ ehyde CONdeRsat &s 'of

fonating p
68P9§6£%P§ BFC&P8fmti c vinyl conpounds. Exanpl es
aromati c vinyl conpounds for preparing the
Co0 e styrene, vinyltol , ,
VIh%h {gﬁiuﬂééﬁgss vFﬁ?PEFﬁng Qeﬁg”anépﬁ§P§F9Penethe ion
10y n%changebeazene cani bpl xpkeneénamthedizvilnyldrenzeneference
In rt r h 0 i C sult from
pa @f@éﬁ <B eué”:@m? %é%é?cgrls%ﬁ(@ J_heg%é. used: Sexgmple

reaction, of stgrene Wi di vinyl benzene “ar
pr eb&Y@btt f otCK hd 18pr epavatibn %ﬁPl 3@ 8exchahgelyesi ml5 or

haVAzﬁ]geglJyé’DnB&GS?PKQGEI Oupse Higd e§bﬂ§m&a@sbefrom 0.3 to

prepared.i,n a ge cro Or ous _or. - spon

for(r%ééfq’ %glyﬁé p&rge% FO5f Phe s’F?refﬂeg dln%/li/r%/-l The

15typlea3atec:S@| dgilient exf altiha, uradeh Lhe potho¥hn®d.3 mm and
trage 6, Anberlyst 5,
Anbgr st’ Aégu%Ar%Ib rfar D%‘gji‘ﬁ%gnc% 5 g endyy -

%@?O@l@méxswlbuémnl ISSPEDTJ.&CS magwabé t JSEfg'e or

10&nm52§11Eb&ngiam§Eé15oﬁon-”@%d% rtk@él?@ tHE#%%g very

resins, in particular specifi rface
por§H SEM s tRAF §1¢4E %qln@“%}o Jssiﬂell%ﬂ@agé‘e@ri@s) can be
20exchengie Thpachbnciedn dE vieEi ednViekd®ger, based on the

commercial form, is 0.7 - 2.0 mol/l, in particular 1.1-
2.0 mol/1.

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

cXCess,

In particular, the remaining isobutene is removed by
30 reaction with methanol to give MTBE. The procedure is
in particular as described in DE 101 02 082. The low-
iscbutene C; hydrocarbon mixture is fed into the
prereactor together with methanol. A mixture is formed
there 1in which isobutene, methanol and MTBE are at
35 equilibrium or virtually at equilibrium. This reaction
mixture is 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
MachHOpRor gygqr esins, for exanple Lewatit SCP 118,
Lewatit SCP 108, Anberl yst AgSzgr_ Amber | yst A35,
K2621. The pore volune is from0.3 to 0.9 m/g, in

par Mbeel amethafoQ. Smb9 0b8 npigsedhe 1B pakdi k&S Z8F the
of QSC §%En Z%tb tween 0.3 and. 1.5 mm in,
par T Earar Shétwicen ‘65 Win G o thAT Tife Tparirefefor the
si zecwpdetebutéuvesel et exf maypebeikabgeene srdll. d@fsent.
exa l.on c resi Vi very. uni.form. .
T er et SR ARTIR S I MolfdVRe Toitey, in such
hed cHpdciigtoPnt FBei oncexehgndderebdsed amfifiecient amount

CONPEr ChathhbM ¥8r0. Zhe _ZaQeSPJ:%%e | DePARLL ML, ana  c,
/ renmi ni ng 1 sobutene is reacted

1.1- é.o nn$ | . Tge

wi t AYEFRGRBPORD YrNED F9rMFe &Y expores ngthert hapg not so

bﬁtmhfbt Iue:ati nnetﬂ}%dndlen@@maﬁ ugetr ange OEhéllobot%éﬁC-product,

The Ls_used i xcess. Ln particular,_t

ren%?n?%ggi8gbﬁPgﬁeM#EErSW§$§8nﬁg C§6t?8%cﬁ9§¥QH%a4y below
10ret h@AS| rrm gbve WATRERTThé spratvtedined i s Howevear,t i thlar only

as gesciibed jRePE 10] 02 082, ét}ﬁsel oW, JSobytene C4removed

hydrocarbon m xture 1s fed into prereactor
t ogethere iR f- nBERERBLSCA A Rigrtaltss 9HrWEBRE ahdr @lilgomers

whi th ¢sobaiese, nethanol and MIBE are at 35
equilibriumor virtually at equilibrium This reaction
m xture is passed into the reactive distillation

13colWimen ChZ. m@thdncl2ScoMare: et hahel awyunbe Ps@sents below

in Ny Hiv istil j on_col um.than ‘
is %@%u??ggm?%r%?ﬁguS%%%%Feﬁéiﬁ%ﬂmééﬁ%#?%ﬁgihEEtﬁaHOl may
| SOt ALY | Pepagdest. IHoaddérionhemeshhand] arcess fed
shois dafbetmérrt&pdpfntﬁecheécew@ydiaehQi@tgeﬁ eﬁﬁumﬁn@ia a
there is a sufficient anount of methano or the

az eUtROFE- O 2 RRATRGT - and 4 ,
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 is between 50°C and 80°C, preferably
between 60°C and 75°C.

Depending on' the pressure in the column, the 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 w710 63320 ppm by wei ght) is obtained. However,

this only applies when the al bgoners have been

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

oI i goreer sreeiasti:‘melt aidﬂedt;ll&t\ih&n tdswmfm hanel cpi@ed at

el ow erm.ssi bl e
vaI ae, S%SJIt ona an% the Oﬁl ﬁg?}lg & 140%ag.of from
In SddBEdore net I#H?ri-’tﬂ c;mﬁﬁmfdke@ ﬁrrpnatStlrttera opo of baea, in

r eagiained diistd el o LEQLUMD Wi & &,,Separate

pparatus. 20 In the reactive di stiT1ation col um, the
one above the catal yst packing consists of from 5to

20, The maiﬁawlﬂcarléa@iméolho the PheiepridhBacREALYYE the

zone he est | 8 as_havi a distillative acfion

of 1 gHWHT 75 108 ?Pg%]r%tf’é%w Egat &8 P ¥metRgieigirably from

packifg tei ght, oTfhe tsepiratd ngoi@tle lbekiQWgt. hle.‘he hydraullc

cat on¥ i se 0 rticular

20 ch?)%}%)m‘é’pIlgfr as.élﬁj(f)i;isa%%?%v(égg §g%8ﬁ.80 |t|tch"13 “hiform
14 eadtPyn dsmaasisr €11 k1o wlaurem uﬁﬂsandet:hn.ongﬂm'utthet heising

t enpepatuse rebint el Gr@n
n'ﬁ?ﬁ[or e rebnt BRg & %ﬁl@ﬁﬁdg@é%@fu‘éﬁe%r%%ng nghﬁq upper

80C | y.. between 60C and
pr erstggldé gnafﬂ%ltcollﬁ CatRE g afaximymt ekrgidiar byi vapor
t heavdt atgStuz odd gusi dpr ebevabltynidgon}h@csépafgﬁmgmaﬁ:tlon
| Z 154 -
P;Ziftsiﬁ%\g sttr‘?n}:é? %{8 Eurm i s o%]é?:’a?r&%lmét or accumulation
15pre§§uft€’se Aebbwx ediguitheéy ophef xid ngol wapor obtkeam. The
3 bakaet01dadka ainﬁﬂﬁg%égbhﬁef&ﬁﬁhﬁuga&%aﬁﬁn% RAN%w which

articular from7 bara
hdegﬁl i CARHANGI n RBLeAt alfAlils paeki ngdflapses as  a
col aonséqueneéerabl ¥ ciregm 0% t 0ol 1% phef et@bhin f 1Mning

empty, for example the trays. {(Vauck/Miller,

20 “Grundoperationen chemischer Verfahrenstechnik [Basic
operations of chemical process technology], p. 626, VEB
Deutscher Verlag fir 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 von Kolonnen mit
modernen Fillkdrpern und = Packungen fir

30 Gas/Flissigkeitssysteme” [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.



10

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

rispong. gapar streamand the refluxing liquid stream

The upper loading limt indicates the maxi num | oadi ng

by vapor and reflux |iquid above which the separating
actThe Omwnasreafhmsequﬂncde@fena@t i NPBAt t@koughput of

acc I fi t £ i.qu the ris

vaporstrage i | 60 KR T el b 1 ntRfmsaLemn
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colunn runni ng for exanple the
S(VatekFM T Fer, 26‘“‘?% bR | onen l‘@rﬁ@rﬁ@blher isobutene

Veréaﬂnmem’sr&thmk [iBast ige gaggghaegz of ﬁbgm\a/ga:tern} for a
ec ut scher _Verl ag, fur

G CRERESHE T Raustr by 9P rans | €5a5HoiTh , Lt Aesuhaghene and

st rle%@@stw@hsb’ér Aledsf rduan 2153&mepga3bjz0wélﬂghltl qqﬂr‘éferably

ares® ghgabyt e ent f., 1] aui d

entr ai nlg%l Wlbg %tlgfh as%{ér#}{ﬁje I?JIP o’?‘L ropret & ararBOO ppm

Ot haltY t¥etehts (Bﬁz‘i@é ofy il ope imittere cmunhe(austlllate) ,

Mackes @t 2 1dddlj ddynani k von Kol onnen nit nodernen

Ful | kor pern and Packungen fur 30

Gas/ Fl ussi gkei t ssystene” [Fluid dynanmi cs of col ums
havihren nottes n baneiven patkgogsrandasér uetnoeddpapkicBgs  the

. forrmidﬁg{v&ﬁs&%ﬁ% q to t %l | g%rgl agplfgagpcltuxo% the
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35

reactive tion corurm is opé&f
535 §eaGivef diads tlisgrion 5 colmmpar piredlearbdly t bossists of

V\hlmeE ar thrpaéEérw@g %&n@&[ﬁ]é ei%stshagﬁ&n 2500 pom by

prefer bet

opt"fer?ljfﬂq:r & et }ros%‘ér}é‘h@él o‘?ﬁtlﬂ% 2p¢ obghputhar 2606 ppm
conposidiigit aff theheakuvaarbead.and on the col um

pressure. However, it is always within the

abovenenti oned ranges. In the distillate of the 5

r edds vieordistdductt ioh, thesteaat ivsotilsehElation column may

CO@%”%JEH'Q@SséBaEQEe&a ihipate ¢ ﬂ&é?ggarﬁgﬂnéfgture and
methancl, and the C; hydrocarbon mixture preferably

contains less than 0.5 ppm by weight of MTBE and/or
TBA.

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
way by selective hydrogenation (SHP) . The Cy
hydrocarbon mixture obtained from the reactive
distillation and optionally freed of methanol may be
further separated distillatively. For this purpose,
there are two preferred routes:

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 l1-butene. The isobutane can be removed



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

i sobutene) of 1ess than 1000 ppm by wei ght, preferably
500 ppm by weight, very particularly less than 300 ppm
10 bygweighty (based on the C4 mxture in the
distillate), are obtained. wheg the butene oligoners
are renoved before the reaction with nethanol, the

bot t om bf@ldutheOFtot;jhafra]cﬁ:J[cﬁﬂCiﬂ}VQ dusttinleratd it 100l 46 b so
It preferably contains

refera consi

Pess thglrllXES}@) I %ureﬁ%%%? FEPRYTS 5eRE but vl

et hér anemdess thén 2660 ppebubpneei ghtl ofarG8 further low
hydr ocagbpnis, 29, The £PPPI Q gg%&l Lebhg gé've wpich 1-

distillation colum may urn e Separat ed i it o
T4 hydrigeseBon m?XPHF@ﬂaﬁd apst handtutainml themgin in  the

hydr ocasderoms xt urgubegberal Yoe C@BE@&H@d' & h@BwO bdiler
ppm by ht of MIBE and/ or TBA. The nethano
may, o%rl\e%"ga%ﬁ?eb OB e EE byl xd r%‘é‘E‘FW $ighillation.
water. |f traces of butadi ene have not already been
bef or.e tene Ilgonerlzat on, the
benﬁéﬁgveg{?é%or%%]h k%:}’ 87175t A heden %Fg 3%‘” the
1QNayebbesef@catw@nhydrb@@natpamaméﬁéas 'ThEECMﬁthe reactive

hydgp t t reactive
d|st|%?%%?%Eﬂgﬁdeﬁg?ggngbggg?éégglﬁgfﬁethanol may be

further separated dlstlllatlvely For this purpose,
t heTiee alpezﬂe\l\Dl-plﬁ@E@ﬁé e@rre@utr@& thisepaiAt EOALthNLY less

on_whi.ch co utene and
|sog§? gﬁbgngayk%ﬁt% %oﬁ%ﬁ%qﬁﬁ DeGHPE i §8sin demand
1on- bas arsn  Anfpetrowed adrd aﬁy resi dusdd, aﬁnmntsx@ﬁple, as a

1- b&éﬁ@ﬁomgye hSQ%%t ﬁﬁﬁE%urt ggpv §%%ﬁ¥fé§é éEEDPE or

fromthe top ractlo er d on"s
t hatPRE hhlgndured s thfen%tliiEhﬁlil@lsPr@PYQenql erngs Lygfers. It

t heais®but B®s antheanysf Uéhheélkgam/atb%' ef§eth® rddrsits the

dlstlllatlon stegrlaf f

arting mat preparlng butan-2-0l, butene

20 oxide, valeraldehyde.

A further use of the virtually isobutene-free raffinate

IT prepared in accordance with the inventicn is the

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

The hydrocarbons remaining after reaction or conversion
of the linear 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 bottom 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 of 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.
Wieg al cghelys other than nethanol are used for the 10
etherification, the paraneters,gf _the reactive
distillation change correspondi ngly. The pure 1-butene

pr efiar eldidﬂtlfo{i)hl &d/vai;heCQfﬁealarBS %Qﬁiﬁn ddrllcﬂilslt 1992#’@5‘1 e fuel,
t utene an |n as
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in Ehemprleparlaise@na(n‘ pols,(elxl'a/rlteneTlt)LL@PEaDﬁ MIPRF) of high
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finds us® as an al i Ny~ age
Srat BPEEPTY Sropuepatiing isutramctiole, diteid atd@mxideyined in
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|so tene-free raffinate prepared I n accordan
H?ﬁerFﬁVEﬁFlGﬁel§°Pﬁ€nipﬁgbémﬂHQ%¥%ﬂ3lﬂﬂﬁﬁﬁﬁﬁaln small
oI | gnoenss i (Equar bkerpae, bine 25,1t NeeECbOL v Pr @G85S, TBE Hes,
hyd garggns r ining after reaction or conversion
?%e Ilnear gn?énes fromthe raffinate Il my

1{?optlonally be worked up by hydrogenation 30 (CSP =
Con@hgtedg.%tsB%@%Ltqgnpr Q)%ess% THE 9Lye bBQQELanq.SO ukene  is

n- but ane. The tert er occurring
pr odBEETiRed héolreaﬁﬁal%% sii| P&t i16® n%i/o b%4 &se&hﬁorpurlty

var bpusthe35 ipobpesas. bpraddedi qrstaeb€§dlé§% asarﬁong other
use,

f or
coranedl! oOg e (yEhs, 1 b (o s
13t heke pHEBEde Depiesolingermn ofhdi pbgplrétynt£ Zth81MIBE used
29 gbp @Hg'kﬁ%gokﬁa%Q%n” AScie %an6$6b5e|28 %ﬁg&&gégd to

fuel obt ai ned en e
exa‘i’r’pf-%er%%’édd%&r%le%Wﬁeh@teﬂ“@l%@n%ﬂ MIBE of hi gh
purity which is preferably used as a solvent, the 5

the reactive distillation obtalned
bot%ﬁg&pr%ggft gilgomers are not Tremoved before the

20 etherification, the bottom product obtained in the
reactive distillation column contains MTBE and the
oligomers. This mixture may be used as a fuel compornent
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,
Cs-Cs,. ghBA al cohols). 10 The dissociation of MIBE
to obtain’isobutene is describkgd, for exanpl e, in DE
100 200 943. The purity of the’isobutene obtained is
ot Iyl s Bty ot o r ey haC e - pabehqrioy fod 1, an
met L sec- butyl ethe n .the : endi ng of
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per SPIEPREAA5E0E; A8 BRrr AR D N S BBt Hlso fed
bt ahked ithithe reaweat vefdr st hiydabgenacdbumm dbmt aimsactor
MIBErandehbe iQl | GAMRISre S M LY €My 00 usr%f%&%ra for
fuel component as such or after hydrogenation of the
ol ePPHEECATGDI EeSBEHad. Byitasdaney, hyireg@netuos my  into
be fnhaehi Mﬂl@l{@iﬂ}erﬁighﬁ%i gdﬂr? chead g{ja@hé?%af%rtt%ﬂ hete 1 uent
used_as al,ready . described., Two enbodi nents o e
pr ogggrsn adcordi ng e ERET Sy &Rt | g%ear & FESEH bed n butene
1et aligswhepaertahl yomi tim 8Bithe tdid dkobleehiegut €Smainiy

Fi | Qe 2, MM t | Lm.ti the invention to
ChosotuBREel Ged JdLEIPU! | clihcdd ' g MERLEARCES.  ohe
t hec8836ARtal f3CHgestiak® SRaGEOrForisa beramsferred to a

OveﬂﬂEEM%éhﬁoM h@%ﬁﬁ]ﬁt WFﬂnOfdhit%HStt‘Rga‘b\ﬁtfégl%g%gi%.gomers are
streans or. _ex olln er stre ,
ci r tufat $dn o8 r%én%s,goggPﬁil ;%g‘to@ dycfe g&‘leeasr%re%? freed of

1 ecyetenst okagemeandisr condtomagdy vappanat 4sp b the column
exaqpl at, e ng par at ors, . has _heen
X J.‘?nécnjk?vviat h?ﬁ%%.%z. g%§g§59%g N t?ﬁ%l%? odels condensable

di spense 0 ( _
i | e_nghtedentherae capndensedi gTheéseamrd spbut &ni cecycled

andi d¢3- butadisgni 6 C4ny dkoqanpon, 1 1is figd pLpto XManger,
or gc?rrxgorrlgggégtglselgo%@%f@ugn’ggtggleeggd to a further use as
20 a gaseous offgas stream 17, The distillate of the
column 7 is fed together with additional methanol 10
into the MTBE fixed bed stage 9, and the isobutene
still present is reacted with it over the fixed bed
catalyst to give MTBE. The effluent from the fixed bed
25 stage is 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 isobutene-free n-butene stream. These are partly
recycled as reflux to the top of 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 offgas stream 18.
The process illustrated schematically in Fig. 2 differs
from the process illustrated in Fig. 1 in that, instead
cf 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 ecti v qrgsi dual but adi ene hydrogenation 4, into

whi ch%wy?rogen isinturn fed §4 The reactor effluent

from4 is transferred to the reactor for butene 10

ol i g.merfgczrat é}gcﬁlmlﬁlei Hnm@xﬁiaﬂﬁ&aﬂém@ﬁQthﬁdﬁi MY carried

converted t.o.diners, trinmers and. tetr rs.. The )
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2ol den suPSefueTH eat r axehanged , tPnankiestrtiche for selective

congensaila KPS LNENtS, R Sondensed, TJl%?eti'ﬁ%%t  further
n e

partly recycled .into the top of the colum 7.
heat'9&¢EHaNgefs iRofd@ndénsabl e constituents are fed
to a further use as 20 a gaseous offgas stream 17. The

distillate of.the .colu 7.1s fed tpgether with |,

addﬁ%ﬁbn FoRet fiangh b‘nfﬁ}%ovhérﬁw R & sthtjestrate
1®, abe¢ thénivepbibrpe withdupresemrdwsineact-bed W shope  of
ove L,xed ke Cc Lyst .gi.ve MIBE. The
effPﬁ%ﬁt%c;trl)g% toﬁeqpiexg(%\%g}let1 fgglglgge is fed into a

reactive distillation colum 11 below the reactive

packE:agplds At the bottomof the colum, a stream

contai ning MIBE 14 is taken off, while the top

product is conducted into a heat exchanger, in which
15 heTeendends abldeadopsbicksentst epise feanders adbds b BG crack-

i soput epe- e te r These are parntly
r e’c?él e%%%grﬁef Fggﬂt on"%%:é t g%“[gﬁc’ Czec%:oll‘j]rm%e anlaaboratory
di seRalgeaupLynteh&hpr bsesssasidlpetnnt8d TheFigure 1.
fractions of the top product which cannot be

heat exchanger-are fed to a_further

con%enseg int hg C )
use*¥8R1GadecuseISstEVRgRUtEtieaf hEIreHenpEdeRss
20 | | aat Hat ed xsofenbliviall Y hen donghos3 tdidnf efpeciffiem tike Table

proEe_sisiI}ﬁu trated(ie Flg. éLi ,that, instead orf t he
but 4di Re Q]%F%%%H%Fl‘gn 20 A bu&a}éﬁ neb‘?‘gnv‘?/%ﬁcr@ 7. over a
615heterogeneous 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
cocler in order 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/(rn’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 1l.6ie but adi ene-depl eted streamfromthe

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

" o SRRIDLES WOLED Lol Lo are e maEO T

illustrate 1

e 1 nvention, W

scope of profeegfFBacof the patent clainms. Etabplas
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crack- 4 stream ([CCA) were-Tept oducet—tr—the
| abot &S5 ¥ aREFobBtisEytranenet prveeasure| usb i@t ed in
Figure 1. Exenpseude- Sel ective butadiene g ppy

hydr ogenat i on, 20

m xture having the conmposition

speet-iied—in G%B?ﬁysgﬁic hydrogenated in a @?gédP®é@1}U603
reactor over a heterogeneous palladiumcatalyst. In a

si mpl.aR Jmagner_ t P.0 523 48 t he hydro ation is
carrﬁg eou?nin #é&%i%%fgh 5 r cw%ﬁ%bﬂ @it of the

opePitagirnes dydeogandtidbn are each equi pped with

a
separator and a liquid circuit. In each of the liqu
Ci FCuits T35 1 nstarted—a cooter—in—order—to—be—-able—t
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6154 - 32 Stage 1 Reactor entrance fénperature

PreS¥aRre-Butpaealstat al4rt 0.5% Pd dbh.2A1303 19.7
l-butene [%] 1i5.9 37.1 40.4
isobutene [%] 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

10

15

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

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 palladium catalyst.

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



Stage 2 Reactor entrance tenperature 45C Pressure 9

tiara Catalyst 0.5% Pd on A1303 Table 2 - Anal yses of

feed and effluent of the butadi ene hydrogenation 5

Feed &t agesl Stage 2 effluent effluent C3-HC [%

n.d., <0.1 n.d., <0.1 n.d., <031 _isobutane [%4 2.3

2.3 2.3 n-butane [%9 5.5 5.9 6.3 trans-butene [%
9C1302 €9 7 Thdutenrel [ Ba 17<pr3éeht40. 4 hsebutenecr c,

%é%fg %gﬁgn% ‘«arbl%%s %Ut 8ﬂg %%dél aoftg%rllre:rlnoval of the
1 31b@thdtéﬁée{1% £30m4tBe 3c0agk-Byt gmage 794 0.75
n.d., <0.1 n.d., <0.1 1-butyne [%4 0.2 n.d., <0.1
n.d., <0.1 n.d. = bel ow the detection Iimt Exanple 2
2 sﬁ@? fifT t ReEtMEgdct PRNLRY thie 1c3mpgsadione seentBhed in

10 Resigdual a&@tﬁdrﬁlﬁd 1w§t1bueadp9m %Mf@r@(ﬁ@nséhgl 2 ppm
pres n m xture can be Teduce

ot PR TRYGF CBnat Ron WRSROSPRE | SBaMAROR tgFcted in
Smfixe@mﬂ@tse@ét@arMemml flel 1 et e@sesndeions:

sel ecti v pal | adi upm gat l t
exper| nreir; ﬁ{%\géa%%%‘% ed out E@ 8 %W‘?EIP%]I’]{] raw
10nat eri al Breshere eed specif i eblhkmhea 2b corresponds to

a conposkgyon as obtained fsomipe prpcess of Exanple
1 (hydré) tion of the 1, 3- but adi ene contained in
the Q Z %tlagﬁy crack- Cc4- Tf@ff%%oo@a&"ﬁépiaes%mgort

a mxture of 4 hydrocarbons whi ch is obtained after
re@%ﬁﬂeo% t-I—“:“Analysis'of-.feed and effluent of the S8HP

15 (selective hydrogenation process)

Examplé 2a 2a 2b 2b
feed effluent feed effluent

C3-HC [%] 0.0 0.0 <0.1 <0.1
isobutane [%] 3.9 3.9 2.3 2.3
n-butane [%] 8.5 8.5 5.9 5.9
trans-butene [%] 8.5 8.6 17.¢6 17.6
1-butene [%] 27.6 27.7 40.9 41.1
iscbutene {%] 43.1 43.1 24.8 24.8
cis-butene [3] 6.9 6.9 8.2 8.2
1,2-butadiene [ppm] <100 n <1 n.d.
1,3-butadiene [ppm] 2176 3 1960 2
butenyne {[ppm] n.d. n.d. 12 n.d.
l-butyne [ppm] n.d. n.d. 56 n.d.
n.d. = below the detection limit

Example 3 - Iscbutene oligomerization and distillation
20 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 oil bath. The
catalyst used was 54 ml of Amberlyst 15 from Rohm &
Haas. Before use, the catalyst was washed with water,
25 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
car pon mgRe@xyi de. The hydrogenation was effected in a
fixed bed reactor under the fokhow ng conditions:
Tenperature: 40C (isot herrml) 10 Pressure: 13 bara

LHS\ion%ﬁa@]:/(Mh)l:)aﬁat ®|s)i_$1tg’ 9. 3% i Bk 0V ALZ03 a4t the

su T of fe d and effluent_ of
p@%ﬁ%mf sel et t‘ﬁ}&r&_ Ma SRITSIS B laRhant was

2a Paezbt2l J?ce:ed2éf fHCUlB:I'H dréd tewfeflpuecmiucmwlz@ [Ascarded.

0.0 i ne J © 9 23

n- bﬁ\th%gﬁ?@a tills E&%%kg S)f t{?haenﬁb ene g %O]gleéﬁf)e% over

37. 6097 pouns bGPélned{%lnyefé dn 7240.8p%Rtbry soblitene The

[96f§3Ci16§S 0B4a8n2d. Gerel SmlY @%@% b@ é%éaé%f%ﬁ%é%graphy

bu adlene [ pp <100 n.
3%%9% 21%53 P@F@@efs bu?@nglh*él?pgnj EeRctant

n dc:ofh_ﬁoaldloné bamynEth[eppﬁ]mamyéesn SiE . 8, dhd. the cq
bel 93%&@?09“ fﬁ“cﬁ% %f‘é}?u xal oI e 3 - |sobutene

ol i gonerizafi on an n 20 The isobutene was
1%l i goneksdeutene acombetraioneaptropootiochendt Hs2Bteme which

- (woundyd9 GorsRiF@dd »id L nal di aneter 6 _mm  The

tube is_heated externally by an oil bath. The

cat al yst® PSS Wy 184 mS e ety At MhighrRRsdAcarbons

Haas. Belimergiseoft haheat abyséndes washed WdmdBt €ty  the
25 ther%e\ggé thanol. The reactor was operated at a
O Z 61 A 'constant 22 bara usi ng a pressure

15 egul atBre atatuwe quazsd oforexd 14, At eimstiay Ipgntdie under Cg

experi ne@als i a 88 the proportion (percentage by mass)

of the dimers of isobutene in the Cy fraction.

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



operated for 24 hours and the product was di scarded.
Afterwards, the product of the plant was coll ected
over 5 100 hours and distilled in a | aboratory col um.
The o fraghisans obtai ned were anal yzed by gas
chromat ography. Table 4 |istssthe process conditions,
reactant conpositions and the anal yses of the C4 and
theT@®lefract+ommeddride tahl@itikhs l90PULBABysis of the
conv%r% 3en p%ﬁ porti on of i sobutene which was

a5 né

conver IPERELGALIONCG sel ectivity:
selectivity at which C8 hydrocarbons (diners of the

st‘ﬁéétﬂné bﬁ@botﬁmpn (per
di égcggrl§.gatene in thel C8

ex B
20 FH ;‘

cal pk¥s 4 gbl e 4 57 Reag
copgrtrons arrd debelb of the—i+sobytene

ol | 48RBEESRRI an ' Sipe  Healing(bhth tlenp.2(43 62|5  2.07

1N
62 5 bﬁ@gﬁéor f eed (kg/h) D. 3005 0. 304 nge3@ropene 9.20

(9 . g0 -Tsobutane (Pg 2,22 2797 n=butarre (%
10 §§a§3’2 UEEPSns. butene (209 26%R83 9121 2%.Bdtene (W 2-21

2. P2-Riitdfe i sobutene (% WKU5.84s46.12 cis-duteng (%27, .19
0 = i bt
1%?§;oég§gngﬁrenalnder (9 U.AY%V.45 UNNhS.SthUJldHE46'12

= v J r=r

cis~butene (%) 12.67 5.825
0.48

remainder

1sobutane (%) 4.16 3.74

n-butane {%) 17.41 15.77

trans-butene (%) 42,41 16,84

1-butene (%) 4.84 42 .67

isobutene (%) 11.71 9.75

cis-butene (%) 19.21 10.66
(%)

Iscbutene conversion (%) 84,33 87.38

C8 selectivity

2,4,4-tri-Me-pentene

5 Example 4 - 1Isobutene oligomerization over semi-

neutralized ion exchanger

a) Preparation of a semineutralized catalyst,
adjustment of the acid capacity

10

The Amberlyst 15 ion exchanger from Rohm and Haas used

had an original acid capacity of 1.7 mol of H*/1. To



n-butane (%9 17.41 15.77 trans-butene 3) 42.41 16.84
1-butene (% 4.84 42.67 isobutene (% 11.71 9.75
cis-butene (% 19.21 10.66 remainder (%9 0.25 0.58

| sobutzenggenversion (% 84.33 87.38 C8 selectivity

(%9 77.82 77.91 2,4,4-tri-M-pggntene (% 91.40 92.60

5 Exanple 4 - |sobutene oligonerization over sem -
neutaﬁahjszed;ﬂe()m@cofhatrygetoaihﬁ’teﬁéééﬁsban @fped of the acidic
sem.neutr. Ilwzed catg adj ust ment of the acid

capaC| ty 0" THE AT rt)f/aéﬁz i on exchanger from Rohm

and Haas used had an orlglnal acid capacity of 1.7

mol p diust fhe acthv
to t%gt H{esl r gﬁ}pggé of the aci clofgl 1t%%ntjérs VET (l?ang% resin
heubPER zeBUrFoedt it Pdi0fosel 1000 ddimfizdwe wemer and a

eXCB@mﬁelbﬁydT iﬁ“@rﬁ @ﬂ“ﬁdd%%drhg§ﬁg&ﬂ&e°f 8 mol) and
er .and a_ solution of odi'um

de|g§|ze % S .
hydr8i B¢ (DL 6 §iPizel B E I WerederBRrdeddiapetse with
wer etaddedgdr bpwi isiee W ddhpestdtyddg rafhglehe ri-empepat ke 40°¢

ran m to 40C ithin one hour. Stirri s
con??nfﬁég Nty aﬁ}é\ﬁ'iﬁl?ﬁewiagn C&%Fr’gfé{ r‘g‘gjrr \r/:@vvﬁgn and
1Q hehh@asivad eEChéugealxiets)in wad ttheee wastesd 1860 mdutofality

dei pnipedipber cIhes SUDSSAURNT SAPARIL Y, IEAPUNENENL

of the artlg neutralized ion e I%er gave
0. 05URBFIBENC Hi/ $2PFRELY At alPIEUKREECAE edOdt 70Df or partly

15 hetetal £zed5 itse. ebthhFQQnﬁjiﬂﬁlUDUOThE/iSSbQ%ﬁnﬁg} of
oneri Ze sim [ar .manne npl e
n of)Jt%eEEemzc q: ﬁ%l 78 i gﬁlg cﬁaafngég %C\ﬁerjé uBedpefore

13Theuseact or was operat ed at 22 bara. After

b) Oligomerization
The isobutene was oligomerized 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 experiments (4a, 4b) were carried out using feeds
of different composition. In each experiment, fresh
catalyst was used. -



an activation phase of 24 hours, the effluent of the
reactor was anal yzed by gas chromatography. Table 5
lists the process conditions, reactant compositions
and Othe 6red ysis, separated into the C4 and the CB
fraction. 25 Two experinents (¥%a,. 4b) were carried
out using feeds of different conposition. In each
expefalmemt 5 f resReacatahystondst isesd. DT Hihd siB7
Tabl & dout d7eacd 1 Qbrdnd) 4 OCEEZ and anal ysis of the

I sobut ene ol i gorrerl zati1on ; Heating

% 0.00

ne

tr ptit ene
ci qu‘ﬁiene (% 150076 9.

‘.‘l-l'- at@mpdﬂ ()()

of the

bath tenp (C) 100

re enad:e:ror(%ee(ai 60 0.35 igobutgme) (% 3.¢lkdh 06

n- G
iispmam@mm (°/<) 8.37 14.77 |remgignder (% 0. @@ 0. 3_5L 0.00
| sORuLene cnversion (97 5.6 1922 | Co SelpTiey S
5 Exaipiten® - MIBE synt hes s |ruﬁf)| xed bed gr.@act or|[s Fonsz.gs
the cexperineats, a construgti Ong§im rar tqT 17 23
1-butene (%) 2%.00 19.17
isobutene (%) 44,40 40.00
cis-butene (%) 5.76 9.37
(%) 0.60

isobutane

n~butane 10.80 20.17
trans—-butene 12.31 26.33
l-butene 34.07 24,15
isobutene 30.45 14.18
cis-butene 8.37 14.77

remainder

Iscbutene conversion

C38

tivity

2,4,4-tri-Me-pentene

Example 5 — MTBE synthesis in fixed bed reactors
the

isobutene

For

experiments, a construction

oligomerization was used. The
into a
heated externally by an oil bath.

(apprex.

consisted of a tube wound
10 the first quarter)
charged with catalyst,

the desired temperature. In experiment 5a,

similar to the
reactor
spiral which was
The front portion
0of the reactor was not
in order to preheat the feed to
the back



i sobut ene ol i goneri zation was used. The reactor

consi sted of a tube wound into a spiral which was
heated externally by an oil bath. The front portion 10
(approx. ghhg first quarter) of the reactor was not
charged with catalyst, in ordefsto preheat the feed to
the desired tenperature. In experinent 5a, the back

O Zpobthén- w38 Pidad washchasged Wi hidRS Herhded) andg
exchanger, and |né§{pegkg§nh 5b with 94 m of jon
exchingeFPeTHEE T etk o dat™®l %ot REFMEPFGIBYIERe The
oi | rbathotro w&ChdatEie dabahyshalded was tAbepliystbath to
15. . Ibg pressure of the plant was 8 bara. The feed

used was the C4 fractions from Exanple 3. Anal yses
fandTheedabablintsuged ypecPiibed lystTabl.e TBe pressure of the

Per$§g5@9@§sageb59ape interpreted as % by mass. 10
Table 6 - Feeds and anal yses of the MIBE fi xed bed

expePf meiied ciseeedvy/ Mhe 06+ 1dragieidismo thmedEtghple 3.
7. TahatyMs MandrefBafol arfdntls 1axd 26,6:08ida 1k Table s.

i soQutene, (%9 10.87 _0.57 9. 15 0.57 BE (29 0.00
16. %r%}‘?%‘(“i%.s 50° Nt BuP BNt  F84Pig 49 %Ft’i?bw.ﬂ%is 14. 82

10 sobutane (% 3.84 3.86 3.52 3.51 1-butene (% 4.48

4. 49.49.07 40. 19, Cg:é's-};te:gg'io 7.84 17.8 . 04,
10.0% ?[ans-buté%e (53L H39. %ﬁﬁ%9°%5ﬁéfaléﬁ%§1 éiXEd bed
r enBXRRENEDFS0. 24 0.23 0.56 0.55 15 Exanple 6 a -
Reactive distillation The schematic constructi on of

methanol {%) 7.15 1.26 6.03 1.11
igobutene (%) 10.87 0.57 9.15 0.57
MTBRE _ (%) 0.00 16.12 0.00 13.50
n-butane {%) 16.19 16.17 14.81 14.82
isobutane (%) 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 ZXatapak-SP 12. The lower section of the
column consisted of approx. 3.6 m of Montz-Pak A3-500.



20 as a rectifying section. Below this, |ikew se in

the rectifying section of the colum, were di sposed

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

t he ol @4consist ed of approx. 3.6 m of Montz-Pak

A3- 806 5) . 6154 - 39 The fe position was di sposed

in the upper third of the lo ‘Mont z- Pak A3-500. The

cat@hezstfeléaedpcb@li{@n Kahapak-3R ke Was %mer%g%r ?:ﬁi d of

The ﬁrefsure E.Ipar atus ‘was 7.5 bara e Tead

f or “the eﬁ?ﬁnﬁo%é Ba 2fur€made up of product

st reass ceftadlysithduséd i dh seied expbaphx- Ebe 14 sQBYt eerlyst
Bf% fh tngol congegtéat ons_were

substan Poehti %8I T t%pli’%%%“%fwi*ﬁe eP fPEEML s of

&heTh%bﬁeaCbrf-m:eather scobomm Exeapl @ Smikhere made up of

cor@pgaﬁ?en &Qrﬁémé he e'@r& ni g}gj%ﬂlyadjb DAS ISnt . The

conpar able to t uents ory
r eatt R ICERDOM %@ﬁfpl éng mertﬁear‘fce]edcpapenmgtmmkgwwe set

A‘r@ﬁ&$%éﬁ@&é£ﬂ9f1&eﬁ91$@§1 seb,. Eﬁ@%é‘&Q/Btheffluents of
distillate -and 121. /h of bottom Ero uct were

obt He ab?%?%%ﬁ¥aﬁ%§¢ PESt 6FBE EX8MPheerpr dhEd coEPRsition
10by efissheTherissiohiiene, clopd enta ABESEr €6 idbiderable to the

di hanol 1.26 1.14 0.00
sobit %ﬁ%{jﬁ%@%ﬁ%%ﬁf%ﬁﬁﬁ%sl 0 TGrELe 5

95. %bze heedt aate(9Rs14.007 k74 B . gaf Lissobat Bmeof % .09 was
4. 995 6. 88305 0Q /A *élft %ﬁ%t(ﬂ@la%e%a%& 13% OZOQg/I(} of bottom

ci s- b(%gge (62 6. trans- buten
37.BACYs ahfigiqsd (9 Beresrdanesy. 1Prezo to  be
. 15Exaimterfrdted Fé@c% ibve is¢j [ lation In the sane
re v atior Iant as_descri be e 6
a, al;}% egpgﬁsltrcren wa s 5185‘88?9% tH? a%hﬁeaq:]t PES vas
strkﬁﬁnmﬂmdlfferent conp03|t|on

methanol (%) 1.26 1.14 .00
isobutene {%) 0.57 0.01 0.00
MTBE (%) 16.195 0.00 95.82
n-butane (%) 14.17 17.24 0.01
iscbutane (%) 4.995 6.08 0.00
I-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 0.00 4.11

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



10

15

20

25

The catal yst used was |ikew se Anberl|yst 15. The 25
pressure of the apparatus was 7.5 bara. The feed rate
was 700 kg/h. Areflux ratio of 1.09 was set. 595.5
ko/ b ef dhshillate and 104.5 kg/h of bottom O Z. 6154
- 40 product were obtained._Pgpcentages are to be
interpreted as % by mass. An i sobutene content in the

di spirbbate ofwéﬁa ppabmgﬁneaeasup@ﬂceﬁ&&@ééﬂ netbanol, pe
(0) sobutene (s) 0.57 0.01 0.00 MIBE

0.0
(o)1?§e§8r8%%8 58 36bV RBtieane (0) 12.84 15.09 0.01
i soBut dseb(%Ens. 4Pret 0100 the- hiitsend I(e 36f 77043 p2R was
0. Oles€i;palutene (o) 11.13 13.07 0.03 trans-butene
($) 18 05 21.21 0.02 remainder ($) 0.55 0.00 3.65
SThe Fig. 1 and Fig. 2 have the

FNO.éKhﬁhbiS 6. Butene dligonerizs

tiom, 3 Distil baééon
;?ig%llfggggaésnnvﬁl)ni;hsaggygn Ilg%gzé?t?vewugim
di [st78H ati on col {nmms12.] Reacsive |packing of [t hese. g
reaggﬂ&g%ngistlllatlgp COH%QE4 15 09 0.01
isobutane {%) 5.49% 6.46 0.00
l-butene (%) 36.77 43.23 0.01
cis-butene (%) 11.13 13.07 0.03
trans-butene (2) | 18.05 21.21 0.02
remainder (%) 0.55 0.00 3.65

The reference numerals in Fig. 1 and Fig. 2 have the
following meanings:

Isobutenic C4 hydrocarbon stream
Butadiene hydrogenation

tHiydrogen

Selective residual butadiene hydrogenation
Hydrogen

Butene coligomerization
Distillation for oligomer removal
Butene oligomers

MTBE fixed bed stage

Methanol

Reactive distillation column

o Wy ol WM
[N T S Y o T ' . . N . . . N
- L] L[]

Reactive packing of the reactive distillation
column

13. Iscbutene-free n-butene stream

14. MTBE

15. Butadiene extraction

16. Butadiene

17. Offgas stream



13. Isobutene-free n-butene stream 14. MIBE 25 15.
But adi ene extraction 16. Butadiene 17. O fgas stream
O Z 6154 41 - 18. Ofgas stream O Z. 6154-WD - 42 -
Whaty izs @Jqaigmed is: 1. A process for coproducing
butene oligoners and tert-butyh ethers from
i sobutenic C4 streans by a) partly oligonerizing the
I solidt.eniof G4 sStsiceaamn over an acidic catalyst to give
butene oligonmers and subsequently b) etherifying the
remai ni ng i sobutene with an al cohol under acidic
catalysis to give tert- butyl ethers, characterized in
that the etherification is carried out under acid
catalysis in stage b) in at |least two reaction -
stages, of which at |east the | ast reaction stage 1is
carried out as a reactive distillation, and the
but ene ol igoners obtained in stage a) are renoved
before the acid-catal yzed etherification in stage b)
2. The process as clainmed in claim1, characterized
in that the acidic catalyst used in stage a) is an ion
exchanger whose protons have partly been exchanged
for metal ions of groups 1 to 12 of the Periodic
Table. 3. The process as clainmed in claim 2,
characterized in that from1l to 60% of the protons of
t he i on exchanger



used in stage a) have been exchanged for netal ions.

4. The process as clained in any of clains 1 to 3,
characterized in that the oligonerization in stage a)

i s CaEri édsadutjoup to an isobutene conversion of from

50 to 95% AMENDED SHEET O Z.4$154-WO - 43 5. The
process as clained in any of clains 1 to 4,

chaFBeEciF edaimedhds:t he ol i gonerization in stage a)

is carried out in the presence of a noderator. 6. The

pr o%ess as clainmed in claim5, characterized in that

t he P atRFORIY ILOMIBEPTPEACimSt hanbener watermeisn and
a nDIar taiteb@fyirQﬂh@r@lff@m5l§§ﬁu€@ﬁfc0é Streams by

I sobut eng, process claimed in ang clalns

1to 6, S BT B PIOG TR e R, ol EBRBY 9%%3@ Ca streams
st age b) i sovet harol oac:.dlthanoiataSlysTthe RHOCESEyAS butene
clainmed in £ 9. 7 aracterized in

that the po ﬂu%sa‘?urg.‘{“l ?11“ %%?rb% contained in the

i sobut ek @h%ﬂ@amg ar‘feh@atraan}amrc:aiq y isupdregenatadh an

before the ol dQoNEr il 0NaENgsta _
process as clal d i claimé c%%?ﬁ 3§?izeg-|r9%“%ttert

t he pol yun ec%’?vpounds are hydrogenated in at
| east tv@amﬁeme&i agesshaf which at |east the Iast

reactio a carried out.in the resence of 0.
- 100 pgﬁ? yg§%¢% P'?a%i?nloﬁsTh%aﬁFbg ss°4k cPﬁﬁﬁEd acid

in any ofat@laisies 1ino Sagehdacteriaxedléasthatwo reaction
stages, of which at least the last reaction stage

is carried out as a reactive distillation, and the
butene oligomers obtained in stage a) are removed
before the acid-catalyzed etherification in stage
b) .

2. The process as claimed in claim 1,
characterized in that
the acidic catalyst used in stage a} is an ion
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,
characterized in that
from 1 to 60% of the protons of the ion exchanger
used in stage a) have been exchanged for metal
ions.

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 isobutene conversion of from 50 to 95%.

AMENDED SHEET



nore than 90% of the butene oligonmers obtained in
stage a) are isobutene oligoners. AVENDED SHEET

0.2.
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The process as claimed in any of claims 1 to 4,
characterized in that
the oligomerization in stage a) is carried out in
the bﬁesence of a moderator.
The process as claimed in claim 5,
characterized in that
the moderator used is MTRE, TBA, methanol or water
in a molar ratio of from 9.0l to 5 per mole of
isobutene.

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

the alcohol used in stage b) is methanol or
ethanol.

The process as claimed in any of claims 1 to 7,
characterized in that

theApolyunsaturated hydrocarbons contained in the
iscbutenic Cq streams are catalytically
hydrogenated before the oligomerization in stage
aj .

The process as claimed in claim 8,

characterized in that

the polyunsaturated compounds are hydrogerated in
at least two reaction stages, of which at least
the 1last 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 9,
characterized in that

more than 90% of the butene oligomers obtained in
stage a) are isobutene oligomers.

AMENDED SHEET



